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©  Strip  casting  apparatus. 
An  apparatus  for  continuously  casting  metallic  strip  mat- 

erial  comprising  a  tundish  with  a  nozzle  (24)  comprising  a 
slotted  element with the  slot  (30)  having  substantially  uniform 
cross-sectional  dimensions  throughout  the  longitudinal 
extent  thereof.  Disposed  outside  the  nozzle  (24)  is  a  cooled 
casting  surface  (14)  movable  pastthe  nozzle  (24)  in  a  direction 
substantially  perpendicular to  the  longitudinal  axis of the slot 
(30).  The  slot  (30)  is  defined  between  first  and  second  lips  (32, 
34)  of the  nozzle  (24)  which  have  inside  surfaces  (36,38)  facing 
one  another  at  least  at  an  inner  portion  of  the  slot  (30).  The 
facing  inside  surfaces  (36,38)  diverge  from  one  another  at  an 
outer  portion  (40,42)  of  the  slot  (30).  The  first  and  second  lips 
(32,  34)  are  further  provided  with  bottom  surfaces  (44,  46) 
facing  the  casting  surface  (14)  at  a  standoff  distance  less  than 
3.048mm  (0.120  inch). 



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

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

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   i s   d i r e c t e d   t o  

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

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

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

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

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

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

m a t e r i a l   i s   e v e n   more   m e a n i n g f u l .   H o w e v e r ,   i t   i s   e q u a l l y  

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

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

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

c o m p o s i t i o n   and  s t r u c t u r e .   For   t h e s e   r e a s o n s ,   t h o s e   s k i l l e d  

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

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

a p p a r a t u s .  

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

such   as  s h e e t ,   f o i l ,   s t r i p   and  r i b b o n   was  d i s c l o s e d   in  t h e  

e a r l y   1 9 0 0 ' s .   For   e x a m p l e ,   U n i t e d   S t a t e s   P a t e n t   N o s .  

9 0 5 , 7 5 8   and  9 9 3 , 9 0 4   t e a c h   p r o c e s s e s   w h e r e i n   m o l t e n   m a t e r i a l  



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

and  h a r d e n e d   t h e r e o n   i n t o   a  c o n t i n u o u s   t h i n   s t r i p .   T h e s e  '  

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

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

c o p p e r   drum  or  d i s c   t o   f o rm  s t r i p   m a t e r i a l s .   D e s p i t e   e a r l y  

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

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

t h e   2 0 t h   c e n t u r y .  

R e c e n t l y ,   in   U n i t e d   S t a t e s   P a t e n t s   Nos ,   3 , 5 2 2 , 8 3 6  a n d  

3 , 6 0 5 , 8 6 3   a  m e t h o d   f o r   m a n u f a c t u r i n g   a  c o n t i n u o u s   p r o d u c t ,  

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

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

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

e x t r a c t i n g   s u r f a c e ,   s u c h   as  a  w a t e r - c o o l e d   d rum,   i s   m o v e d  

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

i n t o   c o n t a c t   w i t h   t h e   m e n i s c u s   of   m o l t e n  m e t a l   t o  

c o n t i n u o u s l y   d r aw  m a t e r i a l   f r om  t h e   m e n i s c u s   to   f o rm  a  

u n i f o r m   c o n t i n u o u s   p r o d u c t .   The  a b o v e - d e s c r i b e d   m e t h o d   i s  

commonly   c a l l e d   t h e   " m e l t   d r a g "   p r o c e s s   . a s  t h e  h e a t  

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

a t   t h e   n o z z l e   o r i f i c e   a c t u a l l y   has   an  e f f e c t   on  t h e   r a t e   o f  

m o l t e n   m e t a l   f l o w ,   or  d r a g ,   t h r o u g h  t h e   n o z z l e .  

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

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

a r t .   For   e x a m p l e ,   U n i t e d   S t a t e s   P a t e n t   No.  4 , 1 4 2 , 5 7 1   i s  

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

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

r e q u i r e m e n t s .   A l s o ,   U n i t e d   S t a t e s   P a t e n t  N o .   4 , 0 7 7 , 4 6 2  

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



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

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

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

known  in   t h e   a r t .   For   e x a m p l e ,   m e l t   s p i n n i n g   p r o c e s s e s   o f  

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

e i t h e r   in   f r e e   f l i g h t   or  a g a i n s t   a  c h i l l   b l o c k   h a v e   b e e n  

p r a c t i s e d .   A l s o   known  a r e   m e l t   e x t r a c t i o n   t e c h n i q u e s ,   s u c h  

as  c r u c i b l e   m e l t   e x t r a c t i o n   d i s c l o s e d   in   U n i t e d   S t a t e s -  P a t e n t  

No.  3 , 8 3 8 , 1 8 5   and  p e n d a n t   d r o p   m e l t   e x t r a c t i o n   t e c h n i q u e s  

t a u g h t   in  U n i t e d   S t a t e s   P a t e n t   No.  3 , 8 9 6 , 2 0 3 .   I t   has   b e e n  

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

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

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

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

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

t h i c k n e s s   and  t h e   q u a l i t y   of  r a p i d l y   c a s t   s t r i p   m a t e r i a l .  

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

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

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

o p e r a t i o n   a t   t h e   p r e s e n t   t i m e .   I t   a p p e a r s   t h a t   v a r i o u s  

i m p r o v e m e n t s ,   m o d i f i c a t i o n s   and  i n n o v a t i o n s   a r e   r e q u i r e d   i n .  

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

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

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

n o z z l e   o r i f i c e   s i z e   and  d i m e n s i o n s ,   s p a c i n g   f rom  a  

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

q u e n c h   r a t e s ,   m e t a l   t e m p e r a t u r e   and  f e e d   r a t e s ,   and   t h e   l i k e  

may  r e q u i r e   more   a c c u r a t e   i d e n t i f i c a t i o n   and  i n t e r r e l a t i o n   i n  

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



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

s t r i p .   In  p a r t i c u l a r ,   c e r t a i n   n o z z l e   and   s l o t  

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

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

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

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

r e l a t i v e l y   w i d e ,   t h i n   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  

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

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

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

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

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

Among  t h e   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h e  

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

c o n t i n u o u s l y   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   o f  

s u b s t a n t i a l l y   u n i f o r m   d i m e n s i o n   and  s u b s t a n t i a l l y   u n i f o r m  

q u a l i t y   t h r o u g h o u t   i t s   l e n g t h .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   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   h a v i n g   an  o u t w a r d l y   d i v e r g i n g  

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

of   m e t a l   s t r i p   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   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   a  

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

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

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

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

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

of   a m o r p h o u s   s t r i p .   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  



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

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

A  f u r 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   i d e n t i f y  

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

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

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

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

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   a p p a r a t u s   f o r  

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   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 ,  

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

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

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

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

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

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

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

l o n g i t u d i n a l   a x i s   of  t h e   s l o t ,  

s a i d   s l o t   d e f i n e d   b e t w e e n   a  f i r s t   l i p   and  a  s e c o n d   l i p  

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

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

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

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

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

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

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

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



l e s s   t h a n   3 .048mm  ( 0 . 1 2 0   i n c h ) .  

The  p r e s e n t   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 e t o o d  

and   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   an  e l e v a t i o n   v i e w ,   p a r t i a l l y   i n   c r o s s -  

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

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

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

of  an  o u t w a r d l y   d i v e r g i n g   n o z z l e   in   a  s t r i p   c a s t i n g   a p p a r a t u s  

of   t h e   p r e s e n t   i n v e n t i o n .   , 

F i g u r e s 3 , 4   and  5  a r e   c r o s s - s e c t i o n a l   v i e w s   o f  

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

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

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

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

s t r i p   m a t e r i a l   10  in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

T h i s   a p p a r a t u s   i n c l u d e s   an  e l e m e n t   upon  w h i c h  t h e   s t r i p   1 0  

i s   c a s t .   In  a  p r e f e r r e d   e m b o d i m e n t   a  c o n t i n u o u s   s t r i p   1 0  

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

c i r c u l a r   drum  or   w h e e l   12  as  shown  in  F i g u r e   1.  I t   s h o u l d  

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

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

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

p e r i p h e r a l   s u r f a c e   ( no t   shown)   may  be  e m p l o y e d .   A l s o ,   a  

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

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

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

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



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

c o m p r i s e s   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   12  c o n t a i n i n g   a b o u t  9 8 %   c o p p e r   and  a b o u t   2% 

c h r o m i u m .   C o p p e r   and  c o p p e r   a l l o y s   a r e   c h o s e n   f o r   t h e i r  

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

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

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

c o m b i n a t i o n .   For   e x a m p l e ,   m u l t i p i e c e   w h e e l s   h a v i n g   s - l e e v e s  

of   m o l y b d e n u m   or  o t h e r   m a t e r i a l   may  be  e m p l o y e d .   L i k e w i s e ,  

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

t h a n   w a t e r .   W a t e r   i s   t y p i c a l l y   c h o s e n   f o r   i t s   low  c o s t   a n d  

i t s   r e a d y   a v a i l a b i l i t y .  

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

p r e s e n t   i n v e n t i o n ,   t h e   s u r f a c e   14  of  t h e   c a s t i n g   w h e e l   12  

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

m o l t e n   m e t a l   a t   t h e   i n i t i a l   c a s t i n g   l o c a t i o n   16,  and  s u c h  

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

d u r i n g  e a c h   r o t a t ÷ i o n   of  t h e   w h e e l .   The  i n i t i a l -  c a s t i n g   p o i n t   16  

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

w h e r e   m o l t e n   m e t a l   20  f rom  a  t u n d i s h   22  f i r s t :   c o n t a c t s   t h e  

c a s t i n g   s u r f a c e   14.  C o o l i n g ,   by  h e a t   c o n d u c t i o n ,   may  b e  

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

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

c a s t i n g   w h e e l   12.  A l t e r n a t i v e l y ,   t h e   c o o l i n g   medium  m a y  

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

s u r f a c e .   U n d e r s t a n d a b l y ,   r e f r i g e r a t i o n   t e c h n i q u e s   and  t h e  

l i k e   may  be  e m p l o y e d   to   a c c e l e r a t e   or  d e c e l e r a t e   c o o l i n g  

r a t e s ,   a n d / o r   to  e f f e c t   w h e e l   e x p a n s i o n   or  c o n t r a c t i o n  



d u r i n g   s t r i p   c a s t i n g .  

W h e t h e r   a  d rum,   w h e e l   or   b e l t   i s   e m p l o y e d   f o r   c a s t i n g ,  

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

s y m m e t r i c a l   to   m a x i m i z e   u n i f o r m i t y   in   s t r i p   c a s t i n g .   F o r  

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

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

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

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

d e v i a t e   f rom  a  d e s i r e d   or   s e t   d i s t a n c e   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 .   T h i s   d i s t a n c e   s h a l l   h e r e i n a f t e r   be  c a l l e d  

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

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

m a t e r i a l .  

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

a  drum  or   a  w h e e l ,   t h e   e l e m e n t   s h o u l d   be  c a r e f u l l y  

c o n s t r u c t e d   so  as  n o t   to   be  o u t - o f - r o u n d   d u r i n g   o p e r a t i o n  

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

has   b e e n   f o u n d   t h a t   a  drum  or   w h e e l   w h i c h   i s   o u t - o f - r o u n d  

by  a b o u t   0 . 5 0 8 m m ( O . 0 2 0   i n c h ) ,   or   more   may  h a v e   a  m a g n i t u d e  

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

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

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

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

of  p r o b l e m s   a s s o c i a t e d   w i t h   w e l d   p o r o s i t y   may  be  more   r e a d i l y  

a c c o m p l i s h e d   by  f a b r i c a t i n g   t h e   w h e e l   or  drum  f rom  a  s i n g l e ,  

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

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



s l e e v e s   and  c o a t i n g s  m a y   be  e m p l o y e d .  

The  m o l t e n   m a t e r i a l   20  to   be  c a s t   in  t h e   a p p a r a t u s  

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

or   t u n d i s h   22,  w h i c h   i s   p r o v i d e d   w i t h   a  p o u r i n g   o r i f i c e   o r  

n o z z l e   24.  The  n o z z l e   24  i s   t y p i c a l l y ,   t h o u g h   n o t  

n e c e s s a r i l y ,   l o c a t e d   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   22 

as  shown  in  F i g u r e   1.  The   n o z z l e   24  may  be  a  s e p a r a t e  

e l e m e n t   in  t h e   t u n d i s h  2 2   o r ,   t h e   n o z z l e   24  and  t u n d i s h   22  

may  be  m o n o l i t h i c ,   i . e .   i n t e g r a l l y   f o r m e d ,   w i t h   a l l   or  a n y  

p o r t i o n   of  t h e   t u n d i s h   2 2 .  

The  n o z z l e   24,  l o c a t e d   in   or  f o r m i n g   a  l o w e r   p o r t i o n  

of  t h e   t u n d i s h   22  may  c o m p r i s e   a  s l o t t e d   e l e m e n t ,   as  b e s t  

shown  in  F i g u r e   2.  The  s l o t   30  i s   p r e f e r a b l y  

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

Such  a p p r o x i m a t e   c e n t r a l   l o c a t i o n   of   t h e   s l o t   30  h e l p s   t o  

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

t h e r e a g a i n s t   i s   s u b s t a n t i a l l y   e q u a l i z e d   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   s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   s l o t  

30  may  be  l o c a t e d   in   o f f - c e n t r e   p o s i t i o n s   as  may  be  d e s i r e d .  

The  l o n g i t u d i n a l   e x t e n t   of  t h e   s l o t   30  s h o u l d  

a p p r o x i m a t e   t h e   w i d t h   of  t h e   s t r i p   to   be  c a s t .   T h e r e   d o e s  

n o t   a p p e a r   to   be  a  l i m i t a t i o n   on  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   s l o t ,   and  s l o t s   as  l o n g   as  914mm  ( t h i r t y   s i x   i n c h e s ) ,  

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

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

t h r o u g h   t h e   s l o t   30  in  t h e   n o z z l e   24  of  t h e   p r e s e n t  

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

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

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



m u l t i p l e   l o n g i t u d i n a l l y   a l i g n e d   s l o t s   30  of   a p p r o p r i a t e  

l o n g i t u d i n a l   e x t e n t   in   t h e   n o z z l e   a r e a   of  t h e   t u n d i s h   2 2 ,  

as  o p p o s e d   to   a  s i n g l e   s l o t   30.  R e g a r d l e s s   of  t h e   s i z e   o f  

t h e   s l o t   30,  or  s l o t s ,   t h e   c r o s s - s e c t i o n a l   d i m e n s i o n s   o f  

e a c h   s l o t   30  s h o u l d   be  s u b s t a n t i a l l y   u n i f o r m   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   to   p r o d u c e   s t r i p   m a t e r i a l  

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

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

c a s t i n g   s u r f a c e   14  moves   p a s t   t h e   s l o t   30  in   a  d i r e c t i o n  

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

t h e   s l o t .  

As  shown  in  F i g u r e   2,  t h e   s l o t   30  i s   d e f i n e d   b e t w e e n  

a  f i r s t   l i p   32  and  a  s e c o n d   l i p   34  of  t h e   n o z z l e   24.  T h e  

f i r s t   l i p   32  i s   l o c a t e d   a t   t h e   d o w n s t r e a m   edge   of  t h e   s l o t  

30,  w i t h   r e s p e c t   to   t h e   d i r e c t i o n   of  m o v e m e n t   of  t h e  

c a s t i n g   s u r f a c e   14  i n d i c a t e d   by  t h e   a r r o w   in   F i g u r e   2.  T h e  

s e c o n d   l i p   34  i s   l o c a t e d   a t   an  u p s t r e a m   edge   of  t h e   s l o t   w i t h  

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

The  f i r s t   l i p   32  and  t h e   s e c o n d   l i p   34  h a v e   i n s i d e  

s u r f a c e s   36  and  38,  r e s p e c t i v e l y ,   w h i c h   a r e   s u b s t a n t i a l l y  

p a r a l l e l   to   and  f a c i n g   one  a n o t h e r   a t   l e a s t   a t   an  i n n e r  

p o r t i o n   of  t h e   s l o t   30.  The  i n n e r   p o r t i o n   r e f e r s   t o   t h a t  

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

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

w h i l e   an  o u t e r   p o r t i o n   of  t h e   s l o t   30  r e f e r s   to   t h a t   p o r t i o n  

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

For   e x a m p l e ,   t h e   i n n e r m o s t   p o r t i o n   of  t h e   f i r s t   l i p   32  a n d / o r  



t h e   s e c o n d   l i p   34  m a y  b e  c u t   i n t o   a  g e n e r a l  V - s h a p e ,   o r - a  

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

s t r u c t u r e   f o r   t h e   s l o t   as  i l l u s t r a t e d   in   F i g u r e s   3  and  5 .  

Such  r e l i e f   of  t h e   i n n e r m o s t   p o r t i o n   of  t h e  s l o t   30  m a y  

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

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

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

t h e   i n s i d e   s u r f a c e s   36  and  38  a r e   f a c i n g   and  p a r a l l e l   a t  

l e a s t   a t   some  i n n e r   p o r t i o n   of   t h e   s l o t   3 0 .  

Beyond   such   i n n e r ,  p a r a l l e l ,   f a c i n g   p o r t i o n ,   in   t h e  

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

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

t h e   s l o t   30.  P r e f e r r e d   o u t w a r d l y   d i v e r g i n g   s u r f a c e s   a r e  

i n d i c a t e d   by  r e f e r e n c e   n u m e r a l s   40  and  42  in   F i g u r e   2 .  

Such  o u t w a r d   d i v e r g e n c e   of  t h e   i n s i d e   s u r f a c e s   may  b e  

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

in  F i g u r e s   3 ,4  and  5.  I t   s h o u l d   be  n o t e d   t h a t   o n l y   o n e  

of  t h e   i n s i d e   s u r f a c e s   n e e d s   to   d i v e r g e   to  c r e a t e  t h e  

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

as  shown  in  F i g u r e s   3  and  4.  A l s o ,   c u r v e d   s u r f a c e s ,  

r a d i u s e d   e i t h e r   i n w a r d l y   40  or  o u t w a r d l y   42  as  shown  i n  

F i g u r e   5,  may  e s t a b l i s h   such   o u t w a r d   d i v e r g e n c e .  

From  t h e   o u t w a r d l y   d i v e r g i n g   s u r f a c e s   40  and  42  t h e  

f i r s t   and  s e c o n d   l i p s   32  and  34  e x t e n d   to  b o t t o m   s u r f a c e s  

44  and  46  r e s p e c t i v e l y .   Such  b o t t o m   s u r f a c e s   44  a n d  4 6  

of  t h e   l i p s   32  and  34  f a c e   t h e   c a s t i n g   s u r f a c e   14,  and  a r e  

l o c a t e d   a t   a  s t a n d o f f   d i s t a n c e ,   or  g a p ,   of  l e s s   t h a n   3 . 0 4 8 m m  

( 0 . 1 2 0   i n c h )   f rom  t h e   c a s t i n g   s u r f a c e .   In  a  p r e f e r r e d  



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

s u r f a c e   44  of  t h e   f i r s t   l i p   32  and  t h e   c a s t i n g   s u r f a c e   1 4  

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

ing   s u r f a c e   14  t o  m o v e   t h e r e u n d e r   in   an  u n o b s t r u c t e d   p a t h .  

In  any  e v e n t ,   t h e   g a p  e   b e t w e e n   t h e   b o t t o m   s u r f a c e   44  o f  

t h e   f i r s t   l i p   32  and  t h e   c a s t i n g   s u r f a c e   1 4 . m u s t   be  s m a l l  

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

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

b e t w e e n   t h e   c a s t i n g   s u r f a c e   14  and  t h e   b o t t o m   s u r f a c e   46  

of  t h e   s e c o n d   l i p   34  i s   p r e f e r a b l y   l e s s   t h a n   2 . 0 3 2 m m  

( 0 . 0 8 0   i n c h ) ,   and  f o r   c a s t i n g   c e r t a i n   a l l o y s   i n t o   t h i n  

g a u g e   s t r i p   may  be  l e s s   t h a n   0 . 2 5 4 m m  ( 0 . 0 1 0   i n c h ) .  

P r e f e r a b l y ,   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 s  

44  and  46  a r e   in   s u b s t a n t i a l l y   c o m p l e t e   p a r a l l e l i s m   w i t h  

t h e   c a s t i n g   s u r f a c e   14,  a t   l e a s t   a t   t h e   n o z z l e   o r i f i c e .  

When  u t i l i z i n g   a  drum  or  w h e e l ,   and  a  r e f r a c t o r y   n o z z l e   2 4 ,  

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

s a n d p a p e r ,   or  t h e   l i k e ,   a g a i n s t   t h e   c a s t i n g   s u r f a c e  1 4 .  

w i t h   t h e   g r i t   s i d e   of  t h e   s a n d p a p e r   f a c i n g   t h e   n o z z l e   24.  - 

By  m o v i n g   t h e   n o z z l e   24  i n t o   t i g h t   c o n t a c t   w i t h   t h e  

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

b e t w e e n ,   and  by  m o v i n g   t h e   c a s t i n g   s u r f a c e   14  a n d  

s a n d p a p e r   s i m u l t a n e o u s l y   p a s t   t h e   n o z z l e   24,  t h e   b o t t o m  

s u r f a c e   44  and  46  a r e   g r o u n d   by  t h e   g r i t   i n t o   s u b s t a n t i a l l y  

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

p a r a l l e l i s m   may  be  a c h i e v e d   e v e n   when  r o u n d   or  o t h e r  

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



p a r a l l e l i s m   on  m o s t   r e f r a c t o r y   n o z z l e s   by  t h i s   p r o c e d u r e ,  

400  to   600  g r i t   s a n d p a p e r   has   b e e n   f o u n d   to   be  a d e q u a t e .  

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

s u r f a c e s   d e f i n i n g   t h e   s l o t   30  may  be  r a d i u s e d   t o  m i n i m i z e  

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

i n s t a n c e s   s h a r p   c o r n e r s   may  be  s u b j e c t e d   to  v a r i o u s  

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

c o n d i t i o n s   f o r   n o z z l e s   24  made  of  c e r t a i n   m a t e r i a l s ,   and  i n  

some  i n s t a n c e s ,   may  c a u s e   t h e   n o z z l e   to   b r e a k ,   c r a c k   or  w e a r  

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

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

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

t h r o u g h   t h e   n o z z l e   2 4 .  

The  c r u c i b l e   22  i s   p r e f e r a b l y   c o n s t r u c t e d   of  a  

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

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

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

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

a n d / o r   a r o u n d   t h e   c r u c i b l e   22,  or   r e s i s t a n c e   e l e m e n t s   s u c h  

as  w i r e s   may  be  p r o v i d e d .   A  c o n v e n i e n t   m a t e r i a l   f o r   t h e  

c r u c i b l e   i s   an  i n s u l a t i n g   b o a r d   made  f rom  f i b e r i z e d   k a o l i n ,  

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

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

name  Kaowool   HS  b o a r d .   H o w e v e r ,   f o r   s u s t a i n e d   o p e r a t i o n s ,  

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

v a r i o u s   o t h e r   m a t e r i a l s   may  have   to   be  e m p l o y e d   f o r  

c o n s t r u c t i n g   t h e   c r u c i b l e   or  t h e   n o z z l e   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 ,  q u a r t z ,   c l a y   g r a p h i t e ,   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   and  v a r i o u s   c o m b i n a t i o n s  o r   m i x t u r e s   of  s u c h  

m a t e r i a l s .   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 s e   m a t e r i a l s   m a y  

be  s t r e n g t h e n e d ;   f o r   e x a m p l e ,   f i b e r i z e d   k a o l i n   may  b e  

s t r e n g t h e n e d   by  i m p r e g n a t i n g   w i t h   a  s i l i c a   g e l   or  t h e   l i k e .  

I t   i s   i m p e r a t i v e   t h a t   t h e   o r i f i c e   of  t h e   n o z z l e   2 4  

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

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

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

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

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

i n s u l a t i n g   m a t e r i a l s   may  n o t   be  a b l e   to   m a i n t a i n   t h e i r  

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

p r o b l e m ,   l i p s   32  and  34  f o r m i n g   t h e   o r i f i c e   of  t h e   n o z z l e  

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

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

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

t i m e   p e r i o d s .   Such  m a t e r i a l s   may  t a k e   t h e   f o rm  of  a  s i n g l e ,  

g e n e r a l l y   s e m i - c i r c u l a r   e l e m e n t   w i t h   a  s l o t   30  c u t  

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

form  a  s l o t   30  t h e r e b e t w e e n .   In  a  p r e f e r r e d   e m b o d i m e n t   t h e  

s l o t   or  s l o t s   in   s i n g l e   e l e m e n t s   may  be  c u t   u l t r a s o n i c a l l y  

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

p r o v i d e d .   Such   n o z z l e s   24  may  be  c o n s t r u c t e d   of  m a t e r i a l s  

s u c h   as  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 ,   b o r o n   n i t r i d e ,  

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

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

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 .   Such  n o z z l e s   24  may  b e  



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

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

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

The  d r i v e   s y s t e m   and  h o u s i n g   f o r   t h e   d rum,   w h e e l  

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

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

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

or  v i b r a t e .   In  p a r t i c u l a r ,   c a r e   s h o u l d   be  t a k e n   to   a v o i d  

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

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

c a p a b l e   of  m o v i n g   a t   a  s u r f a c e   s p e e d   of  f rom  61  m e t r e s  

(200  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   to   more   t h a n   3048  m e t r e s  

( 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 ,   p r e f e r a b l y   548  t o  

1219  m e t r e s   (1800  to   4000  f e e t )   p e r   m i n u t e ,   when  u t i l i z i n g  

a  drum  h a v i n g   a  c i r c u m f e r e n c e   of  a b o u t   2 .4   m e t r e s   (8  f e e t ) ,  

)  t h i s   r a t e   c a l c u l a t e s   to  a  drum  s p e e d   f rom  a b o u t   25  rpm  t o  

a b o u t   1250  rpm.  A  t h r e e   h o r s e p o w e r   v a r i a b l e   s p e e d  

r e v e r s i b l e ,   d y n a m i c a l l y   b r a k e d   m o t o r   p r o v i d e s   an  a d e q u a t e  

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

a p p r o x i m a t e l y   50 .8   mm  (2  i n c h e s )   t h i c k   and  a b o u t   2 .4   m e t r e s  

(8  f e e t )   in  c i r c u m f e r e n c e .  

In  one  e m b o d i m e n t ,   t h e   c a s t i n g   s u r f a c e   14  on  t h e   w h e e l  

or  drum  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   i s   s m o o t h .  

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

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

s u r f a c e   14  of  a  c a s t i n g   drum  12  w i t h   4 0 0 -   g r i t   p a p e r   a n d  

p r e f e r a b l y   w i t h   6 0 0 - g r i t  p a p e r   may  y i e l d   i m p r o v e d   p r o d u c t  

u n i f o r m i t y .  



In  a  p r e f e r r e d   e m b o d i m e n t   as  i l l u s t r a t e d   in   F i g u r e   2 ,  

t h e   n o z z l e   24  i s   d e f i n e d   by  an  i n s e r t   made  of  c l a y   g r a p h i t e ,  

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 ,   h e l d   in   t h e   w a l l s   o f  

t h e   c r u c i b l e   22.  The  s l o t  3 0   i s   c u t   u l t r a s o n i c a l l y   in   t h e  

c l a y   g r a p h i t e   n o z z l e   24.  The  f i r s t   l i p  3 2   and  t h e   s e c o n d   l i p  

34  of  t h e   n o z z l e   24  d e f i n e   t h e   s l o t   30  t h e r e b e t w e e n .   A s  

a l t e r n a t i v e   p r e f e r r e d   e x a m p l e s   of   n o z z l e   24  m a t e r i a l s ,   a  

p l a t e   made  of  q u a r t z   or  v y c o r   m a t e r i a l   o r  a n  i n s e r t   o f  

b o r o n   n i t r i d e   m a y  b e  e m p l o y e d .   The  d e s i r e d   s l o t   f o r m i n g  

t h e   o r i f i c e   46,  may  be  a c c u r a t e l y   c u t   t h e r e i n   w i t h   a n  

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

a  n o z z l e ,   as  b e s t   i l l u s t r a t e d   in   F i g u r e  2 ,   may  b e  

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

w i d t h   of   a b o u t   0 . 2 5 4   t o  a b o u t   2 . 0 3 2   mm  ( a b o u t   0 . 0 1 0   t o  

a b o u t   0 . 0 8 0   i n c h )   b e t w e e n   t h e   f a c i n g ,   p a r a l l e l  i n s i d e  

s u r f a c e s   36  and  38  m a y  b e   u l t r a s o n i c a l l y   d r i l l e d   i n t o   a  

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

c r u c i b l e   22.  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   d e s i g n   o f  

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

f o r m i n g   t h e   n o z z l e   24  in   t h e   c r u c i b l e   2 2 .  

A  p r e f e r r e d   n o z z l e   24  of   t h e  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  i s   shown  in  e n l a r g e d   c r o s s - s e c t i o n   i n  

F i g u r e   2.  In  one  e m b o d i m e n t   of  t h i s   a p p a r a t u s ,   t h e  

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

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



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

of  t h e   s l o t   f  i s   t y p i c a l l y   in  t h e   r a n g e   of  f rom  a b o u t   0 . 2 5 4   t o  

1.016mm  ( 0 . 0 1 0   to   0 . 0 4 0   i n c h ) .   In  t h e   p r o d u c t i o n   o f  

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

w i d t h   of  t h e   s l o t  f   may  be  g r e a t e r ,   p e r h a p s   as  h i g h   as  a b o u t  

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

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

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

s l o t   30,  s u c h   as  i s   shown  in  F i g u r e s   3  and  5  i s   to  e l i m i n a t e  

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

c a s t i n g .  



I n  a n   e x e m p l a r y   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 ,   m o l t e n  m e t a l   i s   d e l i v e r e d  t o   a  h e a t e d  

c r u c i b l e   22.  I t   i s   u n d e r s t o o d   t h a t   a  h e a t e r ,   s u c h   a s  

i n d u c t i o n   c o i l s   of  r e s i s t a n c e   w i r e ,   may  be  p r o v i d e d   in   a n d  

a b o v e   t h e   c r u c i b l e   22  to  m a i n t a i n   r e l a t i v e l y   c o n s t a n t   m o l t e n  

m e t a l   t e m p e r a t u r e s   as  m a y  b e   d e s i r e d .   A l t e r n a t i v e l y ,   t h e  

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

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

or  c l o g g i n g   of  t h e   s l o t   30  d u r i n g   t h e   i n i t i a l   c a s t i n g  

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

t h e r e a f t e r   k e e p   t h e   c r u c i b l e   22  and   n o z z l e   24  a t   s u f f i c i e n t  

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

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

i t s e l f   may  b e  e x t e r n a l l y   h e a t 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 .   A l s o ,   t h e   m e t a l  w h i c h   i s   f e d   t o  t h e   c r u c i b l e   22  

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

l o s s   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   m e t a l   f l o w   t h r o u g h   t h e  

n o z z l e   2 4 .  

A l s o ,   a  m e t a l l o s t a t i c   h e a d   h e i g h t   in   t h e   t u n d i s h .  2 2  

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

t y p i c a l l y   a t   a  l e v e l   of  l e s s  t h a n  2 5 4 m m   ( t e n   i n c h e s l  

a b o v e   t h e   n o z z l e   24,  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   t o  

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

be  m a i n t a i n e d   a t   t h e   n o z z l e   24.  T h i s   may  be  a c c o m p l i s h e d  

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

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

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

to  m a i n t a i n   the  m e t a l l o s t a t i c   h e a d .   I t  i s   u n d e r s t a n d a b l e   t h a t  

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



c r u c i b l e   22  s h o u l d   be  in   s u b s t a n t i a l   c o n f o r m i t y   w i t h   t h e  

r a t e   a t   wh ich ,   m e t a l   f l o w s   f rom  t h e   n o z z l e   o r i f i c e   o n t o  

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

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

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

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

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

q u a l i t y   of  t h e   s t r i p   m a t e r i a l .   A l t e r n a t i v e l y ,   e x t e r n a l l y  

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

a t   t h e   n o z z l e .  

The  n o z z l e   24  of  t h e   p r e s e n t   i n v e n t i o n   i s  

c h a r a c t e r i z e d   by  o u t w a r d l y   d i v e r g i n g   l i p   s u r f a c e s   40  a n d  

42  a t   t h e   o u t e r   p o r t i o n   of  t he   s l o t   30.  Such  s t r u c t u r e  

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

s u r f a c e   14,  r e s u l t i n g   in  i m p r o v e d   l a t e r a l   f l o w   of  m o l t e n  

m e t a l   o n t o   a  c a s t i n g   s u r f a c e   14,  and  in  t h e   f o r m a t i o n   o f  

h i g h   q u a l i t y   s t r i p   m a t e r i a l   10.  In  a  p r e f e r r e d   e m b o d i m e n t  

t h e   w i d t h   b  of  t h e   o r i f i c e   of  t h e   s l o t   30  a t   t h e   o u t e r m o s t  

d i v e r g e n t   p o r t i o n   may  be  as  w ide   as  a b o u t   5.08mm  ( . 2 0 0   i n c h ) ,  

w h i c h   may  be  in  e x c e s s   of  a b o u t   f o u r   t i m e s   t h e   w i d t h  f   o f  

t h e   s l o t   30  as  m e a s u r e d   b e t w e e n   t h e   i n n e r ,   p a r a l l e l   f a c i n g  

s u r f a c e s   of  t h e   s l o t   30.  Such  s t r u c t u r e   p r o v i d e s   a  

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

n o z z l e   24,  f ed   by  a  r e l a t i v e l y   n a r r o w   i n t e r n a l   o r i f i c e .  

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

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

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

and  t h u s   i m p r o v e   t h e   q u a l i t y   of  t h e   s t r i p   10  c a s t   t h e r e o n .  

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



r e d u c e s   t h e   t e n d e n c y   f o r   n o z z l e   b l o c k a g e   c a u s e d   b y  

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

f u r t h e r   f r o m   t h e   c o o l   c a s t i n g   s u r f a c e   1 4 .  

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

b r a z i n g   a l l o y s ,   i n c l u d i n g   n i c k e l   b a s e d   b r a z i n g   a l l o y s ,  

s t a i n l e s s   s t e e l   and  c e r t a i n   s i l i c o n   s t e e l   g r a d e s .   I n  

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

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

m a t e r i a l   has   b e e n   shown  to  be  c r y s t a l l i n e .  

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

s t r i p   10  t o  a d h e r e  t o   t h e   c a s t i n g   s u r f a c e   1 4  f o r   a  

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

( s e v e r a l   f e e t )   or  m o r e ,   b e y o n d   t h e   n o z z l e   has   b e e n   o b s e r v e d .  

I t   i s   u n d e r s t a n d a b l e   t h a t   i f   t h e   s t r i p   m a t e r i a l   r e m a i n s   on  a  

r o t a t i n g   c a s t i n g   drum  or   w h e e l   12  f o r   a  f u l l   r e v o l u t i o n  

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

f o u n d   t h a t   t h e   u se   of   a  d o c t o r   b l a d e ,   s u c h   as  a  k n i f e   t y p e  

e l e m e n t   r i d i n g   a t   or  n e a r   t h e   d r u m  s u r f a c e  1 4 ,   or   an  a i r  

w i p e r ,   a p p r o x i m a t e l y   0 . 7 6   to   1 . 8 3   m e t r e s   ( 2 . 5   to   6  f e e t )  

f rom  t h e   o r i f i c e ,   or  m o r e ,   e a s i l y   c o u n t e r s   s u c h   a d h e r e n c e .  

W i t h   s u c h   an  a r r a n g e m e n t ,   t h e   c a s t  s t r i p   may  be  r e m o v e d  

f rom  t h e   drum  by  s u c h  d o c t o r   b l a d e .   Such  d o c t o r   b l a d e   h a s  

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

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

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

do  t h e   c r y s t a l l i n e   s t r i p  m a t e r i a l s .   I t   i s   b e l i e v e d   t h a t  

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



may  r e f l e c t   t h e   q u a l i t y   of  t h e   t h e r m a l   c o n t a c t   b e t w e e n   t h e  

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

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

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

t h i s   i n v e n t i o n   i n c l u d e s   m a t e r i a l s   w h i c h   a r e   a t   l e a s t   25% 

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

and  p r o c e d u r e s   d e s c r i b e d   a b o v e .   U n d e r s t a n d a b l y ,   t h e   q u e n c h  

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

c r y s t a l l i n e   m a t e r i a l .   Quench   r a t e s   may  be  a c c e l e r a t e d  

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

t h e   l i k e .  



1.  A p p a r a t u s   f o r   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  

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  a n d   h o l d i n g   m o l t e n   m e t a l ,  

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

a p p r o x i m a t i n g   t h e   w i d t h   of  t h e   s t r i p   t o   be  c a s t ,  

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

d i m e n s i o n s   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 .  

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

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

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

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

s a i d   s l o t   d e f i n e d   b e t w e e n   a  f i r s t   l i p  a n d   a  

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

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

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

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

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



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

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

of  t h e   s l o t ,   a n d  

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

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

d i s t a n c e   of  l e s s   t h a n   3:.048mm  ( 0 . 1 2 0 i n c h ) .  

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  

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

a r e   p a r a l l e l   to  one  a n o t h e r   a t   l e a s t   a t   an  i n n e r   p o r t i o n  

of  t h e   s l o t .  

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

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

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

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

s u r f a c e s .  

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,  or  3,  w h e r e i n   t h e  

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

and  s e c o n d   l i p s   i s   f rom  0 . 2 5 4   to   1 .016mm  (  . 010   to  . 0 4 0 i n c h )  

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,  3,  or  4,  w h e r e i n  

t h e   gap  b e t w e e n   t h e   i n s i d e   s u r f a c e s   of  t h e   f i r s t   a n d  

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

0 .254mm  ( . 0 1 0   i n c h )   g r e a t e r   t h a n   t h e   gap  b e t w e e n   t h e  

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

l i p s .  

6.  A p p a r a t u s   a c c o r d i n g   to  any  one  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   gap  b e t w e e n   t h e   i n s i d e   s u r f a c e s   o f  

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



of  t h e   s l o t   i s   f r o m   1 .Q16   to   4 ,572mm  ( 0 4   to   .18  i n c h L .  

7.  A p p a r a t u s   a c c o r d i n g   to   any  o n e  o f   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   gap   b e t w e e n   t h e   i n s i d e   s u r f a c e s   o f  

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

of  t h e   s l o t   i s   f r om  2 . 5 4   to   3 .81mm  ( . 1 0   to   .15  i n c h ) .  

8.  A p p a r a t u s   a c c o r d i n g   to   any  one  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   c a s t i n g   s u r f a c e   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  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 .  

9.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   8,  w h e r e i n   t h e  

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

f r o m   548  to   1219  m e t r e s   ( 1 , 8 0 0   to   4 , 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 .  

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

s u r f a c e   of   a  w a t e r   c o o l e d   w h e e l .  

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

w h e e l   i s   made  of  a  m e t a l   s e l e c t e d   f rom  c o p p e r ,   c o p p e r   a l l o y ,  

a l u m i n u m ,   a l u m i n u m   a l l o y ,   s t e e l ,   m o l y b d e n u m   a n d  

c o m b i n a t i o n s   t h e r e o f .  

12.  A p p a r a t u s   a c c o r d i n g   to   any  one  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   n o z z l e   i s   c o n s t r u c t e d   of  a  m a t e r i a l  

s e l e c t e d   f rom  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  

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

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

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



w i t h   t h e   c a s t i n g   s u r f a c e .  
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