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©  Nozzle  assembly. 
A  nozzle  assembly  for  casting  continuous  metal  strips 

includes  a  nozzle  for  extruding  molten  metal.  The  nozzle  has  a 
nozzle  body  (12),  a  nozzle  inlet  opening  (14),  a  nozzle  exit 
orifice  (16)  and  a  nozzle  mounting  surface  (24)  located  proxi- 
mate  to  the  nozzle  inlet  (14).  A  reservoir  (1)  contains  the 
molten  metal  and  is  in  fluid  communication  with  the  nozzle. 
The  reservoir  (1)  has  a  reservoir  outlet  (10)  opening  for  flow- 
ing  molten  metal  therethrough  and  has  a  reservoir  mounting 
surface  (22)  located  proximate  to  the  reservoir  outlet  (10).  The 
reservoir  mounting  surface  (22)  is  adapted  to  mate  with  the 
nozzle  mounting  surface  (24)  and  allow  a  relative,  sliding-type 
movement  therebetween  due  to  a  differing  thermal  expan- 
sion  of the  nozzle  relative  to  the  reservoir  (1).  A  heat  resistant 
seal  (21)  between  the  nozzle  mounting  surface  (24)  and  the 
reservoir  mounting  surface  (22)  minimizes  molten  metal  leak- 
age  therebetween,  and  a  force  mechanism  (30)  resiliently 
urges  the  nozzle  mounting  surface  (24)  toward  the  reservoir 
mounting  surface  (22)  to  mate  the  nozzle  and  reservoir  (1) 
together. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   i n v e n t i o n :  

The  i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   f o r   c a s t i n g  

m e t a l   s t r i p .   More  p a r t i c u l a r l y ,   t he   i n v e n t i o n   r e l a t e s  

to   a  n o z z l e   a s s e m b l y . s y s t e m   f o r   m o u n t i n g   a  c a s t i n g   n o z -  

z l e   to  a  c r u c i b l e   r e s e r v o i r   to  c a s t   c o n t i n u o u s   m e t a l  

s t r i p .  

2.  D e s c r i p t i o n   of  the   p r i o r   a r t :  

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

m e t a l   has   t y p i c a l l y   been   e x t r u d e d   f rom  a  p r e s s u r i z e d  

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

q u e n c h   s u r f a c e .   R e p r e s e n t a t i v e   a p p a r a t u s   a r e   shown  i n  

U .S .   P a t e n t   No.  4 , 1 4 2 , 5 7 1   f o r   " c o n t i n u o u s   c a s t i n g   m e t h o d  

f o r   m e t a l l i c   s t r i p s "   i s s u e d   March   6,  1978  to  M. 

N a r a s i m h a n .  

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

p e r i o d s   of  t i m e ,   i t   has   been   d e s i r a b l e   to  c o n n e c t   a  

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

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

m u l t i p i e c e   a s s e m b l y   has   r e q u i r e d   s e a l i n g   means   to  p r e -  

v e n t   l e a k a g e   of  m o l t e n   m e t a l   b e t w e e n   the   c o m p o n e n t  

p a r t s .   A  c o n v e n t i o n a l   n o z z l e   a s s e m b l y   i s   r e p r e s e n t a -  

t i v e l y   shown  in  U .S .   P a t e n t   No.  4 , 1 5 4 , 3 8 0   i s s u e d   May  1 5 ,  

1979  t o  W .   S m i t h .  

The  s e a l i n g   means   of  Smi th   i s   c o m p r i s e d   of  a  

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

w h i c h   i s   a d a p t e d   to  mate   w i t h   a  c o r r e s p o n d i n g   t a p e r e d  



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

w e i g h t   of  t he   n o z z l e   p l u s   ths.  m e t a l l o s t a t i c   p r e s s u r e  
h e a d   h o l d s   t he   m a t e d ,   t a p e r e d   s u r f a c e s   t o g e t h e r .   T h e s e  

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

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

a d d i t i o n ,   t he   c l o s e l y   m a t e d   s u r f a c e s   do  n o t   a l l o w   f o r  

any  d i f f e r e n c e s   in  t h e r m a l   e x p a n s i o n   b e t w e e n   t h e   c r u c i -  

b l e   and  t h e   n o z z l e   b o d y ,   p a r t i c u l a r l y   w h e r e   t h e   c r u c i b l e  

and  n o z z l e   body  a r e   c o n s t r u c t e d   f rom  d i f f e r e n t   r e f r a c -  

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

e x p a n s i o n .   As  a  r e s u l t ,   t h e   n o z z l e   can  e x p a n d   more   t h a n  

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

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

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

f r a c t u r e .   I f   t h e   n o z z l e   s h o u l d   f r a c t u r e   s e v e r e l y ,   t h e  

f l o w   of  m o l t e n   m e t a l   i s   no  l o n g e r   r e s t r i c t e d   by  t h e  

r e l a t i v e l y   s m a l l   n o z z l e   e x t r u s i o n   o r i f i c e ;   l a r g e   v o l u m e s  

of  m o l t e n   m e t a l   may  t h e n   e s c a p e   and  damage   t h e   c a s t i n g  

s u r f a c e   and  any  n e a r b y   a u x i l i a r y   s u p p o r t   e q u i p m e n t .  

T h u s ,   c o n v e n t i o n a l   n o z z l e   a s s e m b l i e s ,   s u c h   as  t h o s e  

t a u g h t   by  S m i t h ,   have   l a c k e d   a  m e c h a n i s m   f o r   p r e v e n t i n g  

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

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

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

m e t a l   f rom  a  f r a c t u r e d   n o z z l e .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   p r o v i d e s   an  e f f i c i e n t ,   l e a k   r e s i s t a n t  

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

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

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

a  n o z z l e   b o d y ,   a  n o z z l e   i n l e t   o p e n i n g ,   a  n o z z l e   e x i t  

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

n o z z l e   body  p r o x i m a t e   to   t he   n o z z l e   i n l e t .   A  r e s e r v o i r  

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

c o m m u n i c a t i o n   w i t h   t h e   n o z z l e   m e a n s .   The  r e s e r v o i r  

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

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

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



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

n o z z l e   m o u n t i n g   s u r f a c e   and  a l l o w   a  r e l a t i v e ,   s l i d i n g -  

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

e x p a n s i o n   of  t h e   n o z z l e   r e l a t i v e   to  t he   r e s e r v o i r  

m e a n s .   Hea t   r e s i s t a n t   s e a l i n g   m e a n s   b e t w e e n   the   n o z z l e  

m o u n t i n g   s u r f a c e   and  the   r e s e r v o i r   m o u n t i n g   s u r f a c e  

m i n i m i z e   m o l t e n   m e t a l   l e a k a g e   t h e r e b e t w e e n ,   and  a  f o r c e  

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

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

and  r e s e r v o i r   m e a n s   t o g e t h e r .  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e r e   is  f u r t h e r  

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

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

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

to  a  r e s e r v o i r   o u t l e t .   M o l t e n   m e t a l   is  e x t r u d e d   f rom  a  

n o z z l e   means   w h i c h   is   in  f l u i d   c o m m u n i c a t i o n   w i t h   t h e  

r e s e r v o i r   m e a n s   and  has  a  n o z z l e   m o u n t i n g   s u r f a c e  

l o c a t e d   p r o x i m a t e   to   a  n o z z l e   i n l e t .   The  n o z z l e  

m o u n t i n g   s u r f a c e   and  the   r e s e r v o i r   m o u n t i n g   s u r f a c e   m a t e  

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

t h e r e b e t w e e n   due  to   a  d i f f e r i n g   t h e r m a l   e x p a n s i o n   of  t h e  

n o z z l e   means   r e l a t i v e   to   t he   r e s e r v o i r   m e a n s .   T h e  

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

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

m e t a l   l e a k a g e   t h e r e b e t w e e n ,   and  t h e   n o z z l e   m o u n t i n g  

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

m o u n t i n g   s u r f a c e   to   ma te   t h e   n o z z l e   and  r e s e r v o i r   m e a n s  

t o g e t h e r .  

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

t h e r m a l   e x p a n s i o n   b e t w e e n   t he   n o z z l e   body  and  r e s e r -  

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

l a t e r a l   c o n t a c t   b e t w e e n   t he   n o z z l e   and  r e s e r v o i r ,   a n d  

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

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

a v o i d   the   b u i l d   up  of  e x c e s s i v e   l a t e r a l   s t r e s s e s   t h a t  

c o u l d   f r a c t u r e   t h e   n o z z l e   or  c r u c i b l e .   A d d i t i o n a l l y ,  

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

r e s e r v o i r   m e a n s   t o g e t h e r ,   a l l o w s   a  l e n g t h w i s e ,  



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

b u i l d u p   of  e x c e s s i v e   i n t e r n a l   s t r e s s e s .   The  s a f e t y  

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

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

f r a c t u r e d .  

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

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

f o r c e   means   or   w i t h o u t   a  s a f e t y   d e v i c e ,   t h e   p r e s e n t  

i n v e n t i o n   more   r e l i a b l y   and  more  e f f i c i e n t l y   c a s t s   c o n -  

t i n u o u s   m e t a l   s t r i p .   The  i n v e n t i o n   m i n i m i z e s   n o z z l e  

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

n o z z l e   and  t h e   r e s e r v o i r   means   and  m i n i m i z e s   t h e   e s c a p e  

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

become   i n a d v e r t e n t l y   f r a c t u r e d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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  

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

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

p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n   and  t h e   a c c o m p a n y -  

ing  d r a w i n g s   in  w h i c h :  

FIG.   1  shows   a  r e p r e s e n t a t i v e   p r i o r   a r t   a p p a r a t u s  

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

FIG.   2  shows   a  r e p r e s e n t a t i v e   c r o s s - s e c t i o n a l   v i e w  

of  a  n o z z l e   m o u n t e d   i n t e r n a l l y   to   a  c r u c i b l e ;  

FIG.   3  shows   a  r e p r e s e n t a t i v e   c r o s s - s e c t i o n a l   v i e w  

of  a  n o z z l e   m o u n t e d   e x t e r n a l l y   to   a  c r u c i b l e ;  

FIG.   4  shows   a  s i d e   e l e v a t i o n a l   v i e w   of  a  n o z z l e  

m o u n t e d   e x t e r n a l l y   to   a  c r u c i b l e   w i t h   a  f o r c e   means   c o m -  

p r i s e d   of  s p r i n g s ;  

FIG.   5  shows   a  s i d e   e l e v a t i o n a l   v i e w   of  a  n o z z l e  

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

c o m p r i s e d   of  a  p n e u m a t i c   a c t u a t o r ;  

FIG.  6.  shows   a  b o t t o m   p l a n   v i e w   of  t h e   p h e u m a t i c  

a c t u a t o r   m e c h a n i s m   t a k e n   in  t h e   d i r e c t i o n   A-A.  of  F I G .  

5;  a n d  

FIG.  7  shows   a  r e p r e s e n t a t i v e   c r o s s - s e c t i o n a l   v i e w  

of  the   a p p a r a t u s   shown  in  FIG.  5 .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  p r e s e n t   i n v e n t i o n   is  s u i t a b l e   f o r   c a s t i n g   c o n -  
t i n u o u s   s t r i p   of  c r y s t a l l i n e   or  a m o r p h o u s   m e t a l .   W h i l e  

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

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

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

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

For  t he   p u r p o s e s   of  t he   p r e s e n t   i n v e n t i o n   and  a s  

u s e d   in  the   s p e c i f i c a t i o n   and  c l a i m s ,   a  " s t r i p "   is  a  

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

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

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

s e c t i o n .  

FIG.   1  shows   a  t y p i c a l   p r i o r   a r t   a p p a r a t u s   f o r   t h e  

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

g e n e r a l   use   of  t h e   p r e s e n t   i n v e n t i o n .   M o l t e n   a l l o y   c o n -  
t a i n e d   in  c r u c i b l e   101  i s   h e a t e d   w i t h   a  h e a t i n g   e l e m e n t  

4.  P r e s s u r i z a t i o n   of  t h e   c r u c i b l e   w i t h   an  i n e r t   g a s  
e x t r u d e s   a  s t r e a m   of  m o l t e n   m e t a l   f rom  n o z z l e   1 0 2 ,  

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

5  of  r o t a t i n g   q u e n c h   w h e e l   6.  The  s o l i d i f i e d   m o v i n g  

s t r i p   8  a f t e r   i t s   b r e a k - a w a y   p o i n t   f rom  t h e   q u e n c h   w h e e l  

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

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

a l l o y s ,   t he   e x t r u d e d   m e t a l   is  q u e n c h e d   a t   an  e x t r e m e l y  

r a p i d   r a t e   of  a t   l e a s t   a b o u t   1 0 4 ° C / s e c ,   and  the   s o l i d i -  

f i e d   s t r i p   moves   r a p i d l y   o f f   the   q u e n c h   w h e e l   a t   a  s p e e d  

r a n g i n g   f rom  a b o u t   4 0 0 - 2 2 0 0   m / m i n .   The  c a s t   s t r i p   i s  

q u i t e   t h i n ,   t y p i c a l l y   a b o u t   2 5 - 1 0 0   m i c r o n s   t h i c k ,   b u t  

c o n s i d e r a b l e   s e l e c t i v i t y   may  be  e x e r c i s e d   w i t h   r e s p e c t  
to   t he   w i d t h   and  c r o s s - s e c t i o n .  

FIG.  2  shows  a  r e p r e s e n t a t i v e   n o z z l e   a s s e m b l y   f o r  

c a s t i n g   c o n t i n u o u s   m e t a l   s t r i p   in  w h i c h   a  n o z z l e   m e a n s  
f o r   e x t r u d i n g   m o l t e n   m e t a l   is   shown  g e n e r a l l y   a t   2.  T h e  

n o z z l e   has   a  n o z z l e   body   12,   a  n o z z l e   i n l e t   o p e n i n g  

shown  g e n e r a l l y   a t   14,  a  n o z z l e   e x i t   o r i f i c e   16  and  a  

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



s u r f a c e   24 .   A  r e s e r v o i r   m e a n s ,   c o m p r i s e d   of   c r u c i b l e   1 ,  

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

o p e n i n g ,   shown  g e n e r a l l y   a t   10,   f o r   f l o w i n g   t h e   m o l t e n  

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

as  s u b s t a n t i a l l y   p l a n a r   s u r f a c e   22,   is  l o c a t e d   on  t h e  

r e s e r v o i r   means   p r o x i m a t e   to  t he   r e s e r v o i r   o u t l e t .  

R e s e r v o i r   s u r f a c e   22  is  a d a p t e d   to   ma te   w i t h   n o z z l e  

s u r f a c e   24  and  a l l o w   a  r e l a t i v e ,   s l i d i n g - t y p e   m o v e m e n t  

t h e r e b e t w e e n   due  to   a  d i f f e r i n g   t h e r m a l   e x p a n s i o n   o f  

n o z z l e   2  r e l a t i v e   to  c r u c i b l e   1.  In  a d d i t i o n ,   t h e  

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

c l e a r a n c e   d i s t a n c e   3  b e t w e e n   n o z z l e   2  and  c r u c i b l e   1 .  

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

a  d i f f e r i n g   t h e r m a l   e x p a n s i o n   of  n o z z l e   2  r e l a t i v e   t o  

c r u c i b l e   1.  A  s a f e t y   d e v i c e   is   c o m p r i s e d   of  a  c o v e r  

member   26  h a v i n g   a  c o n s t r i c t e d   p a s s a g e   28  t h e r e -  

t h r o u g h .   C o v e r   26  has   a  p e r i p h e r a l ,   o u t w a r d l y   e x t e n d i n g  

c o v e r   f l a n g e   29  a d a p t e d   to  moun t   a t   t h e   i n l e t   p o r t i o n   1 4  

of  n o z z l e   2  to  l i m i t   t h e   f l o w   of  m o l t e n   m e t a l   f r o m   c r u -  

c i b l e   1  i n t o   the   n o z z l e .   A  r e s i l i e n t ,   h e a t   r e s i s t a n t  

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

21,   i s   i n t e r p o s e d   b e t w e e n   n o z z l e   m o u n t i n g   s u r f a c e   24  a n d  

c r u c i b l e   m o u n t i n g   s u r f a c e   22  to  m i n i m i z e   m o l t e n   m e t a l  

l e a k a g e   t h e r e b e t w e e n .   F o r c e   means   30  r e s i l i e n t l y   u r g e s  
t h e   n o z z l e   m o u n t i n g   s u r f a c e   t o w a r d   t he   c r u c i b l e   m o u n t i n g  

s u r f a c e   to  m a t e   t he   n o z z l e   and  c r u c i b l e   t o g e t h e r .  

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

m i z e s   any  s t r e s s e s   c a u s e d   by  d i f f e r i n g   a m o u n t s   of  t h e r -  

mal  e x p a n s i o n   b e t w e e n   n o z z l e   2  and  c r u c i b l e   1.  In  p a r -  
t i c u l a r ,   l a t e r a l   c l e a r a n c e   3  a v o i d s   l a t e r a l   c o n t a c t  

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

s u r f a c e s   22  and  24,   d i s p o s e d   s u b s t a n t i a l l y   p a r a l l e l   t o  

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

m o v e m e n t   b e t w e e n   t he   n o z z l e   and  t he   c r u c i b l e .   S u r f a c e  

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

c r a c k   and  b r e a k   the   n o z z l e   a r e   m i n i m i z e d .   i n   a d d i t i o n ,  

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

e x p a n s i o n   w h i l e   m a t i n g   and  h o l d i n g   t o g e t h e r   n o z z l e   2  a n d  



c r u c i b l e   1  w i t h   a  f o r c e   s u f f i c i e n t   to  p r e v e n t   m o l t e n  

m e t a l   l e a k a g e   t h e r e b e t w e e n .  

The  n o z z l e   a s s e m b l y   i l l u s t r a t e d   in  FIG.   2  is   a n  

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

s u r f a c e   i s   an  i n w a r d l y   f a c i n g   s u r f a c e   22  of  c r u c i b l e   1 ,  

and  t he   n o z z l e   m o u n t i n g   s u r f a c e   is  a  n o z z l e   body  s u r f a c e  

24  f a c i n g   in  t he   d i r e c t i o n   of  t h e   i n t e n d e d   f l o w   o f  

m o l t e n   m e t a l .   P r e f e r a b l y ,   n o z z l e   m o u n t i n g   s u r f a c e   24  i s  

l o c a t e d   on  a  s u r f a c e   of  a  n o z z l e   f l a n g e   15  w h i c h   e x t e n d s  

r a d i a l l y   o u t w a r d   a l o n g   a  p e r i p h e r a l   edge   of  n o z z l e   b o d y  

12 .   W h i l e   f o r c e   m e a n s   30  can   be  c o m p r i s e d   of  a  d i s t i n c t  

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

i s   p r e f e r a b l y   p r o v i d e d   by  t h e   w e i g h t   of  n o z z l e   2  a n d  

c o v e r   26  a l o n g   w i t h   t he   m e t a l l o s t a t i c   p r e s s u r e   head   o f  

any  m o l t e n   m e t a l   c o n t a i n e d   in  c r u c i b l e   1 .  

FIG.  3  shows  an  e x t e r n a l l y   m o u n t e d   n o z z l e   w h i c h  

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

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

m e t a l   in  c r u c i b l e   1.  A  s t o p p e r   rod  66  can   be  e m p l o y e d  

to   b l o c k   p a s s a g e   28  w h i l e   t he   n o z z l e   is  b e i n g   p r e h e a t e d  

or   s e r v i c e d .   In  t h i s   e m b o d i m e n t ,   t he   r e s e r v o i r   m o u n t i n g  

s u r f a c e   is  an  o u t w a r d l y   f a c i n g   s u r f a c e   25  of  c r u c i b l e   1 ,  

and  t h e   n o z z l e   m o u n t i n g   s u r f a c e   is   a  n o z z l e   body  s u r f a c e  

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

of  m o l t e n   m e t a l .   P r e f e r a b l y ,   n o z z l e   m o u n t i n g   s u r f a c e   23  

is   l o c a t e d   on  a  s u r f a c e   of  n o z z l e   f l a n g e   15  to   i n c r e a s e  

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

b l e .   The  s e a l i n g   means   f o r   t h e   e x t e r n a l l y   m o u n t e d   n o z -  

z l e   is   p r e f e r a b l y   c o m p r i s e d   of   a  g a s k e t   c o m p o s e d   of  a  

c e r a m i c   f i b e r ,   such   as  a l u m i n a   s i l i c a .   Such  a  g a s k e t   i s  

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

the   n e e d e d   a m o u n t   of  m o v e m e n t   b e t w e e n   p l a n a r   s u r f a c e s   20 

and  25.   The  e x t e r n a l l y   m o u n t e d   n o z z l e   a d v a n t a g e o u s l y  

e l i m i n a t e s   t he   need  f o r   a  s e p a r a t e   c o v e r   f o r   t h e   s a f e t y  

d e v i c e .   With   t h i s   e m b o d i m e n t ,   t h e   c o v e r   member   of  t h e  

s a f e t y   d e v i c e   is  c o m p r i s e d   of  t h e   b o t t o m   w a l l   64  of  c r u -  

c i b l e   1,  and  c o n s t r i c t e d   o u t l e t   p a s s a g e   28  w h i c h   c o m -  

m u n i c a t e s   t h r o u g h   b o t t o m   w a l l   64  l i m i t s   t he   f l o w   o f  



m o l t e n   m e t a l   f rom  c r u c i b l e   1.  The  e x t e r n a l l y   m o u n t e d  

n o z z l e ,   h o w e v e r ,   does   r e q u i r e   a  f o r c e   means   30  c o m p r i s e d  

of  a  d i s t i n c t   m e c h a n i c a l   m e c h a n i s m   33  to  h o l d   t he   n o z z l e  

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

b e t w e e n .  

F IG.   4  shows   an  e m b o d i m e n t   of  t h e   i n v e n t i o n   w h i c h  

e m p l o y s   an  o p t i o n a l   n o z z l e   h e a t e r   means   18  d i s p o s e d  

a b o u t   n o z z l e   2  to  p r e h e a t   t h e   n o z z l e   and  m a i n t a i n   t h e  

t e m p e r a t u r e   of  t h e   m o l t e n   m e t a l   as  i t   p a s s e s   t h e r e -  

t h r o u g h .   FIG.   4  f u r t h e r   shows   a  f o r c e   m e a n s   c o m p r i s e d  

of  s p r i n g s .  

In  t h i s   e m b o d i m e n t   of  t he   i n v e n t i o n ,   a  s u p p o r t   m e m -  

b e r ,   s u c h   as  f r a m e   32,  i s   c o n f i g u r e d   to   be  s u b s t a n t i a l l y  

i m m o b i l e   w i t h   r e s p e c t   to   c r u c i b l e   1.  A  d i s p l a c e m e n t  

m e m b e r ,   s u c h   as  p l a t e   34,  i s   s p a c e d   a  d i s t a n c e   away  f r o m  

s u p p o r t   f r a m e   32  and  is  m o v a b l e   r e l a t i v e   to   t h e   f r a m e .  

S p r i n g   m e a n s ,   s u c h   as  c o m p r e s s i b l e   s p r i n g s   36,   a r e   o p e r -  

a b l y   c o n n e c t e d   to   p l a t e   34  and  s u p p o r t   f r a m e   3 2 .  

S p r i n g s   36  p r o v i d e   a  s e l e c t e d   f o r c e   w h i c h   i s   a d a p t e d   t o  

move  p l a t e   35  t o w a r d   n o z z l e   2  and  r e s i l i e n t l y   u r g e   t h e  

n o z z l e   m o u n t i n g   s u r f a c e   23  t o w a r d   c r u c i b l e   m o u n t i n g   s u r -  

f a c e   25 .   A d j u s t m e n t   m e a n s ,   c o m p r i s e d   of  t h r e a d e d   s t u d s  

38,   n u t s   42  and  w a s h e r s   ,40,  a d j u s t   s p r i n g s   36  to   p r o v i d e  

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

As  shown  by  FIG.  4,  t h r e a d e d   s t u d s   38  a r e   a t t a c h e d  

to  f r a m e   32  by  s u i t a b l e   a t t a c h m e n t   m e a n s ,   s u c h   as  w e l d -  

i n g .   The  s t u d s   e x t e n d   t h r o u g h   h o l e s   in  p l a t e   34  and  a r e  

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

a l l y ,   f r a m e   32  has   o p e n i n g s   w h i c h   a l l o w   n o z z l e   2  a n d  

h e a t e r   18  to   e x t e n d   t h e r e t h r o u g h   w i t h o u t   i n t e r f e r e n c e  

f rom  t h e   f r a m e .   T h e r e   is   s u f f i c i e n t   c l e a r a n c e   b e t w e e n  

n o z z l e   2  and  f r a m e   32  to  e l i m i n a t e   any  l a t e r a l ,   s i d e   t o  

s i d e   c o n t a c t   t h e r e b e t w e e n   due  to   t h e r m a l   e x p a n s i o n   o f  

t he   n o z z l e .   P l a t e   34  i s   a d a p t e d   to   o p e r a b l y   c o n t a c t  

n o z z l e   h e a t e r   18  and  move  n o z z l e   2  t o w a r d   c r u c i b l e   1 .  

P l a t e   34  a l s o   has   an  o p e n i n g   61  t h e r e t h r o u g h   w h i c h   i s  

c o n f i g u r e d   to  a l l o w   e x t r u s i o n   of  m o l t e n   m e t a l   f r om  n o z -  

z l e   2  o n t o   a  s u i t a b l e   q u e n c h   s u r f a c e .   A  s p r i n g   36  and  a  



w a s h e r   40  a r e   a s s e m b l e d   a b o u t   e a c h   s t u d   38.  Each  s p r i n g  

is  i n t e r p o s e d   b e t w e e n   a  w a s h e r   40  and  the   f r a m e   32,   a n d  

a  n u t   42  is  t h e n   t h r e a d e d   o n t o   e a c h   s t u d   38.  T h u s ,   b y  

s e l e c t i v e l y   t u r n i n g   n u t s   42  up  o n t o   s t u d   38  to  c o m p r e s s  

s p r i n g s   36,  p l a t e   34  is  d rawn  up  a g a i n s t   h e a t e r   1 8 ,  

w h i c h   c o n t a c t s   n o z z l e   2  to  u r g e   the   n o z z l e   m a t i n g   s u r -  

f a c e   23  t o w a r d   c r u c i b l e   s u r f a c e   25  and  h o l d   t he   n o z z l e  

and  c r u c i b l e   t o g e t h e r .   By  a d j u s t i n g   t he   a m o u n t   of  c o m -  

p r e s s i o n   i m p a r t e d   to  s p r i n g s   36 ,   t h e   a m o u n t   of  m a t i n g  

f o r c e   can   be  a d j u s t e d   to   a  s e l e c t e d   m a g n i t u d e .   T h e  

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

ment   of  p l a t e   32  a l o n g   s t u d s   38  in  r e s p o n s e   to   t h e  

t h e r m a l   e x p a n s i o n   of  n o z z l e   2  and  h e a t e r   18,  and  p r e -  

v e n t s   t h e   b u i l d u p   of  e x c e s s i v e   s t r e s s e s   w i t h i n   t h e  

n o z z l e .  

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

a m b i e n t   h i g h   t e m p e r a t u r e s ,   w h i c h   can  e x c e e d   1 , 0 0 0 ° C ,   c a n  

c a u s e   a  r e l a x a t i o n   of  the   f o r c e   e x e r t e d   by  s p r i n g s   3 6 .  

The  f o r c e   b e t w e e n   n o z z l e   2  and  c r u c i b l e   1  may  become   t o o  

low  to  m a i n t a i n   an  a d e q u a t e   s e a l   t h e r e b e t w e e n ,   and  l e a k -  

age  of  m o l t e n   m e t a l   may  o c c u r .  

To  m i n i m i z e   t h i s   p r o b l e m ,   t h e   f o r c e   means   i s   p r e -  

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

shown  in  F i g u r e s   5  and  6.  By  e m p l o y i n g   a  p n e u m a t i c  

a c t u a t o r   46  o p e r a t e d   by  a  p r e s s u r i z e d   f l u i d ,   s u c h   a s  

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

t i n u o u s l y   a d j u s t   the   gas   p r e s s u r e   in  t he   a c t u a t o r   t o  

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

h o l d   n o z z l e   2  and  c r u c i b l e   1  t o g e t h e r   and  m a i n t a i n s   a n  

a d e q u a t e   s e a l   t h e r e b e t w e e n .  

As  shown  in  FIG.  5,  s u p p o r t   f r a m e   32  is   s u b s t a n -  

t i a l l y   i m m o b i l e   w i t h   r e s p e c t   to  c r u c i b l e   1  and  has   o p e n -  
i n g s   c o n f i g u r e d   to   a c c o m m o d a t e   p l a c e m e n t   of  n o z z l e   2  a n d  

h e a t e r   18  t h e r e t h r o u g h   w i t h o u t   i n t e r f e r e n c e   f rom  t h e  

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

54,  a  c r o s s   member   52  c o n n e c t e d   b e t w e e n   two  end  p o r t i o n s  

of  t h e   l e v e r   a rms  and  a  p i v o t   p l a t e   35.  The  d i s p l a c e -  

m e n t   member   is   m o v a b l e   r e l a t i v e   to   f r a m e   32.  In  p a r t i -  



c u l a r ,   p i v o t   m e a n s ,   c o m p r i s e d   of  p i v o t   b r a c k e t s   52  a n d  

p i v o t   b e a r i n g s   56,  c o n n e c t   to   s u p p o r t   f r a m e   32  and  a r e  

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

P i v o t   b r a c k e t s   52  a r e   r i g i d l y   c o n n e c t e d   to  s u p p o r t   f r a m e  

32  by  s u i t a b l e   f a s t e n e r s   or   by  w e l d i n g   and  a r e   a d a p t e d  

to   s u p p o r t   p i v o t   b e a r i n g s   56.   P i v o t   b e a r i n g s   56  p i v o t -  

a b l y   c o n n e c t   e a c h   l e v e r   arm  54  to   i t s   r e s p e c t i v e   p i v o t  

b r a c k e t   52.  A  n e u m a t i c   a c t u a t o r   m e a n s ,   s u c h   as  a  d u a l  

a c t i o n   p n e u m a t i c   a c t u a t o r   46,  i s   a d a p t e d   to   p i v o t   t h e  

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

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

35,   t o w a r d   n o z z l e   2.  A c t u a t o r   46  f u r t h e r   p r o v i d e s   a  

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

ing  s u r f a c e   23  t o w a r d   m o u n t i n g   s u r f a c e   25  of  t h e   c r u c i -  

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

t o g e t h e r .   As  i l l u s t r a t e d   in  FIG.   5,  a c t u a t o r   b r a c k e t s  

50  a r e   r i g i d l y   c o n n e c t e d   to   f r a m e   32  and  a d a p t e d   t o  

s u p p o r t   a c t u a t o r   46.  A c t u a t o r   46  o p e r a b l y   c o n n e c t s   t o  

c r o s s   member   62  an-I  when  o p e r a t e d ,   p r o v i d e s   a  f o r c e   t h a t  

m o v e s   c r o s s   member   62  d o w n w a r d s   to  p i v o t   l e v e r   a rms  54  

a b o u t   p i v o t   p i n s   56.  As  t h e   l e v e r   arms  r o t a t e ,   t h e y  

move  p l a t e   35  u p w a r d   a g a i n s t   n o z z l e   h e a t e r   18  w h i c h   i n  

t u r n ,   c o n t a c t s   n o z z l e   2.  The  p r e s e l e c t e d   f o r c e   p r o v i d e d  

b y . a c t u a t o r   46  u r g e s   s u r f a c e   23  t o w a r d   s u r f a c e   25  t o  

m a t e   t h e   n o z z l e   end  c r u c i b l e   t o g e t h e r .  

P r e s s u r e   r e g u l a t o r   means   48  c o n t r o l s   t h e   gas   p r e s -  

s u r e   s u p p l i e d   to   a c t u a t o r   46  to   a d j u s t   t h e   f o r c e  

d i r e c t e d   a g a i n s t   h e a t e r   18  and  n o z z l e   2 .  

A d v a n t a g e o u s l y ,   t h e   r e g u l a t e d   gas   p r e s s u r e   in  a c t u a t o r  

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

of  n o z z l e   2  and  d o w n w a r d   m o v e m e n t   of  p l a t e   35  w h i l e  

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

n o z z l e   2  and  c r u c i b l e   1  t h a t   is   s u f f i c i e n t   to   p r e s e r v e  
t h e   l i q u i d   s e a l   t h e r e b e t w e e n .   As  a  r e s u l t ,   l e a k a g e   i s  

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

f r a c t u r e   t he   n o z z l e   a r e   a v o i d e d .  

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

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



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

m o d i f i c a t i o n s   may  s u g g e s t   t h e m s e l v e s   to  one  s k i l l e d   i n  

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

as  d e f i n e d   by  t he   s u b j o i n e d   c l a i m s .  



1.  An  a p p a r a t u s   fo r   c a s t i n g   c o n t i n u o u s   m e t a l   s t r i p  

c o m p r i s i n g :  

(a)  n o z z l e   means   fo r   e x t r u d i n g   m o l t e n   m e t a l ,   w h i c h  

has   a  n o z z l e   b o d y ,   a  n o z z l e   i n l e t   o p e n i n g ,   a  n o z z l e   e x i t  

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

to  s a i d   n o z z l e   i n l e t ;  

(b)  r e s e r v o i r   means   in  f l u i d   c o m m u n i c a t i o n   w i t h  

s a i d   n o z z l e   means   fo r   c o n t a i n i n g   s a i d   m o l t e n   m e t a l ,   s a i d  

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

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

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

r e s e r v o i r   o u t l e t   which   is  a d a p t e d   to   ma te   w i t h   s a i d  

n o z z l e   m o u n t i n g   s u r f a c e   and  a l l o w   a  r e l a t i v e ,   s l i d i n g -  

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

e x p a n s i o n   of  s a i d   n o z z l e   means   r e l a t i v e   to  s a i d  

r e s e r v o i r   m e a n s ;  

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

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

s u r f a c e   f o r   m i n i m i z i n g   m o l t e n   m e t a l   l e a k a g e   t h e r e -  

b e t w e e n ;   a n d  

(d)  f o r c e   means   fo r   r e s i l i e n t l y   u r g i n g   s a i d   n o z z l e  

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

to   ma te   s a i d   n o z z l e   and  r e s e r v o i r   means   t o g e t h e r .  

2.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

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

s u r f a c e   a r e   s u b s t a n t i a l l y   p l a n a r .  

3.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  f u r t h e r  

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

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

4.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

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

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

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

of  t he   i n t e n d e d   f l ow  of  m o l t e n   m e t a l   i n t o   s a i d   n o z z l e .  

5.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

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

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



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

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

n o z z l e .  

6.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

s a i d   f o r c e   means   c o m p r i s e s :  

(a)  a  s u p p o r t   member  w h i c h   is  s u b s t a n t i a l l y   i m m o -  

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

(b)  a  d i s p l a c e m e n t   member  w h i c h   is  s p a c e d   a  d i s -  

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

t h e r e t o ;  

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

p l a c e m e n t   member  and  s a i d   s u p p o r t   member  fo r   p r o v i d i n g   a  
s e l e c t e d   f o r c e   w h i c h   is  a d a p t e d   to  move  s a i d   d i s p l a c e -  

ment   member  t o w a r d   s a i d   n o z z l e   means   and  u r g e   s a i d   n o z -  

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

s u r f a c e ;   a n d  

(d)  a d j u s t m e n t   means   fo r   a d j u s t i n g   s a i d   s p r i n g  

means   to  p r o v i d e   s a i d   s e l e c t e d   f o r c e .  

7.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

s a i d   f o r c e   means   c o m p r i s e s :  

(a)  a  s u p p o r t   member  w h i c h   is  s u b s t a n t i a l l y   i m m o -  

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

(b)  a  d i s p l a c e m e n t   member  w h i c h   is  m o v a b l e   r e l a t i v e  

to  s a i d   s u p p o r t   m e m b e r ;  

(c)  p n e u m a t i c   a c t u a t o r   means   fo r   moving   s a i d   d i s -  

p l a c e m e n t   member  t o w a r d   s a i d   n o z z l e   body  and  f o r   p r o v i d -  

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

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

(d)  p r e s s u r e   r e g u l a t o r   means   for   c o n t r o l l i n g   a  

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

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

8.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

s a i d   f o r c e   means   c o m p r i s e s :  

(a)  s u p p o r t   member  wh ich   is  s u b s t a n t i a l l y   i m m o b i l e  

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

(b)  a  d i s p l a c e m e n t   member  w h i c h   is  m o v a b l e   r e l a -  

t i v e   to  s a i d   s u p p o r t   m e m b e r ;  

(c)  p i v o t   means   c o n n e c t e d   to  s a i d   s u p p o r t   m e m b e r  



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

(d)  p n e u m a t i c   a c t u a t . -   means  f o r   p i v o t i n g   s a i d  

d i s p l a c e m e n t   member   a b c u t   s a i d   p i v o t   means   to  m o v e  

p o r t i o n   of  s a i d   d i s p l a c e m e n t   member  t o w a r d   s a i d   n o z z l e  

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

m o u n t i n g   s u r f a c e   to  mate   s a i d   n o z z l e   and  s a i d   r e s e r v o i r  

means   t o g e t h e r ;   a n d  

(e)  p r e s s u r e   r e g u l a t o r   means   f o r   c o n t r o l l i n g   a  g a s  

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

s a i d   f o r c e .  

9.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  f u r t h e r  

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

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

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

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

(a)  c o n t a i n i n g   a  s u p p l y   of  m o l t e n   m e t a l   in  a  r e s e r -  

v o i r   means   wh ich   has   a  r e s e r v o i r   m o u n t i n g   s u r f a c e  

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

(b)  e x t r u d i n g   s a i d   m o l t e n   m e t a l   f r o m   a  n o z z l e   m e a n s  

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

means   and  has  a  n o z z l e   m o u n t i n g   s u r f a c e   l o c a t e d  

p r o x i m a t e   to  a  n o z z l e   i n l e t   o p e n i n g ;  

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

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

(d)  a l l o w i n g   a  r e l a t i v e ,   s l i d i n g - t y p e   m o v e m e n t  

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

to  a  d i f f e r i n g   t h e r m a l   e x p a n s i o n   of  s a i d   n o z z l e   m e a n s  

r e l a t i v e   to  s a i d   r e s e r v o i r   m e a n s ;  

(e)  s e a l i n g   t h e   r e g i o n   b e t w e e n   s a i d   n o z z l e   m o u n t i n g  

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

m o l t e n   m e t a l   l e a k a g e   t h e r e b e t w e e n ;   a n d  

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

t o w a r d   s a i d   r e s e r v o i r   m o u n t i n g   s u r f a c e   to   ma te   s a i d   n o z -  

z l e   and  r e s e r v o i r   means   t o g e t h e r .  
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