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©  Method  and  apparatus  for  feeding  and  continuously  casting  molten  metal  with  inert  gas  applied  to  the  moving  mold 
surfaces  and  to  the  entering  metal. 

Methods  and  apparatus  for  feeding  and  continuously 
casting  molten  metal  (1)  are  described  in  which  inert  gas  is 
applied  to  the  moving  mold  surfaces  and  to  the  entering 
metal  for  the  protection  or  shrouding  of  the  molten  metal 
surface  within  the  mold  cavity  from  oxygen  and  other 
detrimental  atmospheric  gases.  The  shrouding  is  by  means 
of  inert  gas  injected  into  the  mold  through  a  semi-sealing 
nosepiece  (7),  or  directed  at  the  mold  cavity  and  passing 
through  the  necessary  slight  gaps  around  the  nosepiece.  At 
the  same  time,  such  inert  gas  is  further  circulated  by 
channeling  or  shielding  the  circulated  gas  for  blanketing  and 
diffusing  of  the  inert  gas  along  the  moving  mold  surfaces  (9, 
10)  for  cleansing  them  of  undesired  accompanying  gases, 
such  as  atmospheric  oxygen,  water  vapor,  sulphur  dioxide, 
carbonic  acid  gas,  etc.  as  the  mold  surfaces  approach  the 
nosepiece  before  entering  the  mold  region.  In  installations 
where  the  inert  gas  is  directed  at  the  mold  cavity  from  above 
and/or  below  the  nosepiece,  the  gas  is  ejected  at  a  relatively 
slow  flow  rate  so  as  to  be  noiselessly  ejected,  i.e.  without 
audible  disturbance,  the  objective  being  to  avoid  entrain- 

ment  of  air.  Heavier-than-air  inert  gas  may  advantageously 
be  used  above  the  nosepiece,  while  lighter-than-air  inert  gas 
is  simultaneously  used  below  it. 





BACKGROUND  OF  THE  INVENTION 

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

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

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

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

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

b e i n g   c a s t .  



The  i n v e n t i o n   h e r e i n   i s  d e s c r i b e d   as   e m b o d i e d   in   t h e  

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

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

mold   o r   c a s t i n g   r e g i o n   l o c a t e d   b e t w e e n   o p p o s e d   p o r t i o n s   of   t w o  

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

mo ld   r e g i o n .   The  m o v i n g   m o l d s   in   t h e   i l l u s t r a t i v e   e x a m p l e s  

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

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

m o v i n g   m o l d   b e t w e e n   t h e m ,   and  t h e y   s i m u l t a n e o u s l y   move  t h e   m o l t e n  

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

s u c h   as   s t r i p ,   s h e e t ,   s l a b ,   p l a t e s ,   b a r s ,   or   b i l l e t s ,   h e r e i n a f t e r  

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

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

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

f o r   many  y e a r s   by  t h e   H a z e l e t t   S t r i p - C a s t i n g   C o r p o r a t i o n - o f  

M a l l e t s   Bay ,   V e r m o n t .   I f   f u r t h e r   i n f o r m a t i o n   on  v a r i o u s   a s p e c t s  

of   s u c h   m a c h i n e s   i s   d e s i r e d ,   i t   can   be  o b t a i n e d   f r o m   t h e   p a t e n t s  

a s s i g n e d   t o   t h a t   C o m p a n y ,   t h e   a s s i g n e e   of   t h e   p r e s e n t   i n v e n t i o n .  

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

m e t a l   i n t o   t h e   m o v i n g   mold   of   a  s u b s t a n t i a l l y   h o r i z o n t a l   or   d o w n -  

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

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

s u r f a c e   q u a l i t i e s   and   s u r f a c e   c h a r a c t e r i s t i c s   f o r   c o m m e r c i a l  



a p p l i c a t i o n s   a re   t he   a v o i d a n c e   of  r a p i d   c h a n g e s   in  t he   v e l o c i t y  

of  t he   m o l t e n   m e t a l   b e i n g   i n t r o d u c e d ,   and  t h e   a v o i d a n c e   o f  

t u r b u l e n c e   in  t he   m o l t e n   m e t a l ,   t h e  l i m i t i n g   of  e x p o s u r e  

of  t he   m e t a l   to  a  r e a c t i v e   a t m o s p h e r e   or  o t h e r   r e a c t i v e  

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

mov ing   mold  s u r f a c e s   and  t h e   m e t a l   b e i n g   c o n f i n e d   by  t h e s e  

s u r f a c e s .  

M o l t e n   m e t a l   h a n d l i n g   and  d i s t r i b u t i o n   e q u i p m e n t ,  

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

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

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

of  t he   m o l t e n   m e t a l   to  an  u n c o n t r o l l e d   a t m o s p h e r e ,   u s u a l l y  

a c c o m p l i s h e d   by  u n d e r - p o u r i n g   a t   each   t r a n s f e r .   Thus ,   t he   m o l t e n  

metal  i s   n o t   p o u r e d   o v e r   an  open  l i p ,   bu t   i n s t e a d   i s   drawn  w e l l  

b e l o w   t h e   s u r f a c e   in  t he   v e s s e l ,   so  as  to  l e a v e  b e h i n d   surface  o x i d e s  

and  mos t   f o r e i g n   m a t t e r .   Such  u n d e r - p o u r i n g   t e c h n i q u e   f u r t h e r  

t r a n s f e r s   or  i n t r o d u c e s   t he   m o l t e n   m e t a l   i n t o   t he   n e x t   v e s s e l  

u n d e r   t he   s u r f a c e   of  t he   m e t a l   t h e r e i n ,   in  such  a  way  as  to  minimize  

a g i t a t i o n   and  to  a v o i d   c o n t a c t   w i t h   a t m o s p h e r i c   or  o x y g e n - b e a r i n g  

a g e n t s .   These   s t r i c t u r e s   and  t e c h n i q u e s   a p p l y   g e n e r a l l y   to  t h e  

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

and  to  t he   a l l o y s   of  t h e s e   m e t a l s ,   as  w e l l   as  to   o t h e r   m e t a l s .  

F a i l u r e   to  o b s e r v e   such  s t r i c t u r e s   and  t e c h n i q u e s   may  r e s u l t   i n  

t he   u n c o n t r o l l e d   f o r m a t i o n   of  o x i d e s ,   wh ich   t e n d   to  a d v e r s e l y  

a f f e c t   t he   m e t a l l u r g i c a l   q u a l i t i e s   of  t he   m e t a l   b e i n g   c a s t ,  

and  which   o t h e r w i s e   c a u s e   d i f f i c u l t y   in  the   m o l t e n - m e t a l   f e e d i n g  

e q u i p m e n t   and  in  t he   mold .   In  c e r t a i n   of  t h e s e   m e t a l s ,   r e l a t i v e -  

ly  s m a l l   p e r c e n t a g e s   of  oxygen   a re   c a p a b l e   of  c a u s i n g   s u c h  

d i f f i c u l t i e s .   Hydrogen   may  a l s o   become  d i s s o l v e d   w i t h i n  

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



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

f rom  c o n t a c t   w i t h   h y d r o g e n - b e a r i n g   c o m b u s t i o n   g a s e s .   Such  h y d r o g e n  

d i s s o l v e d ,   even   in  s m a l l   q u a n t i t i e s ,   can  c a u s e   u n d e s i r a b l e   p o r o s i t y  

Even  n i t r o g e n   may  be  u n w e l c o m e ,   u n d e r   some  c o n d i t i o n s .  

O x i d a t i o n   p r o b l e m s   w i t h i n   l a u n d e r s ,   t r o u g h s ,   a n d  

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

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

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

f l a m e s   of  b u r n i n g   o i l   or  gas  w h i c h   a r e   r e n d e r e d   d e f i c i e n t   in  t h e  

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

o x i d e   f i l m   w i l l   r e m a i n   q u i e t l y   upon  t he   s u r f a c e   of  an  open  v e s s e l ,  

when  d e s i g n e d   so  as  to  m i n i m z e   a g i t a t i o n ,   and  in  t h i s   c a s e   r e d u c i n  

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

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

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

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

p r o c e s s e s ,  w h i c h   use  a  r i g i d   mold  t h a t   is   open  a t   t h e   t op   a n d  

b o t t o m .   In  t h o s e   v e r t i c a l   c a s t i n g   p r o c e s s e s   t he   p o u r i n g   i n t o   t h e  

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

ly  s low  r a t e .   Such  o x i d e s ,   and  o t h e r   i m p u r i t i e s   as  do  f o r m ,  

have  t ime   t o - f l o a t   to  t he   t o p ,   and  t h u s   t h e y   a r e   p r o n e   to   r e m a i n  

in  t he   t op   o x i d e   l a y e r   w h i c h   fo rms   t h e r e   or  to  become   f r o z e n   in   t h  

c e n t e r   or  c o r e   r e g i o n   of  t h e   i n g o t   of  r e l a t i v e l y   l a r g e   c r o s s -  

s e c t i o n a l   a r e a   b e i n g   c a s t .   In  t h i s   c a s e   of  v e r t i c a l   c a s t i n g   o f  

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

i m p u r i t i e s   a r e   no t   l i k e l y   to  be  d e t r i m e n t a l   t o ,   n o r   r e n d e r   u n -  

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

The  s i t u a t i o n   i s   q u i t e   d i f f e r e n t   and  p e c u l i a r   i n  

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

c o n t i n u o u s   c a s t i n g   m a c h i n e s .   When  the   mold  r e g i o n   i s  

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



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

l i n e a r   s p e e d s .   Here  t he   p r o b l e m s   of  e n t r a p m e n t   of  o x i d e s ,  

or  o t h e r   i m p u r i t i e s ,   can  be  more  s e r i o u s   and  can  r e n d e r   t h e  

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

When  c a s t i n g   r e l a t i v e l y   t h i n   s e c t i o n s  

-   c l o s e   to  t h e   h o r i z o n t a l ,   t he   t e c h n i q u e  

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

i n t o   t h e   m o v i n g   mold  r e g i o n   of  c o n t i n u o u s   c a s t i n g   m a c h i n e   i s  

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

v e r t i c a l   c l e a r a n c e   b e t w e e n   the   mold  s u r f a c e s .   When  c a s t i n g   s u c h  

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

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

n o s e p i e c e   mus t   be  s p a c e d   s l i g h t l y   away  from  the   moving  m o l d  

s u r f a c e s   n e a r   t h e   e n t r a n c e   to  t he   mold  r e g i o n   in  o r d e r   t o  

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

e n t r a n c e   t o  t h e   c o n t i n u o u s l y   mov ing   mo ld .   Such  s p a c i n g   f r o m  

the   c o n t i n u o u s l y   moving  mold  s u r f a c e s   i s   a l s o   n e e d e d   to  a l l o w   f o r  

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

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

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

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

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

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

Thus ,   the   f i t   b e t w e e n   t h e   n o s e p i e c e   f o r   f e e d i n g  

m o l t e n   m e t a l   and  t he   c o n t i n u o u s l y   mov ing   mold  s u r f a c e s   must   b e  

r e l a t i v e l y   l o o s e ,   w i t h   an  i n i t i a l   gap  of  0 .010   i n c h   (0 .25   mm) 

b e i n g   c u s t o m a r y   fo r   a  new  n o s e p i e c e .   H o w e v e r ,   t h i s   gap ,   t h r o u g h  

w e a r ,   w i l l   t e n d   to  w i d e n ,   e s p e c i a l l y   on  the   top  of  t he   n o s e p i e c e .  

The  p e r i o d i c   l e a k a g e   of  most   m o l t e n   m e t a l s   a r o u n d   the   s e a l i n g  

s u r f a c e s   of  t he   n o s e p i e c e   is  i n e v i t a b l e   i f   the   o p e r a t o r   of  t h e  



moving   m o l d   a t t e m p t s   to  keep  the   mold  r e g i o n   c o n t i n u o u s l y   f i l l e d  

up  a g a i n s t   t he   n o s e p i e c e   w i t h   m o l t e n   m e t a l .   In  o t h e r   w o r d s ,   i t  

i s   j u s t   u s u a l l y   no t   p r a c t i c a b l e   t o . a t t e m p t   to  keep   t he   m o l t e n  

m e t a l   in  t he   mold  r e g i o n   f u l l   up  a g a i n s t   the   n o s e p i e c e .   I n d e e d ,  

a  gap  of  a b o u t   0 . 0 2 0   i nch   (0.5mm)  a r o u n d   the   n o s e p i e c e   w i l l  

g e n e r a l l y   l e a k   any  m o l t e n   m e t a l   o f . l o w   s u r f a c e   t e n s i o n ,   and  s u c h  

m e t a l   w i l l   r e a d i l y , q u i c k l y   s o l i d i f y   or  f r e e z e   u n t i m e l y   i n t o   " f i n s "  

c a u s i n g   an  u n d e s i r a b l e   j amming  a c t i o n   a g a i n s t   t he   n o s e p i e c e ,  

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

C o n s e q u e n t l y ,   i t   i s   u s u a l l y   n e c e s s a r y   to  a v o i d  

f i l l i n g   t h e   mold   r e g i o n   so  as  to  a v o i d   b a c k - u p   of  t he   m o l t e n  

m e t a l   up  to   t h e   n o s e p i e c e .   Such  a t t e m p t e d   f i l l i n g   i s   s o m e w h a t  

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

which   t e n d s   to   impede   l e a k a g e   t h r o u g h   t h e   g a p s .   Even  with  aluminum, 

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

u p p e r   mold  r e g i o n   i s   to  be  a v o i d e d ,   b e c a u s e   the   r e s u l t a n t   p r e s s u r  

in  the   m o l t e n   a l uminum  at   t he   gaps   n e a r   t he   n o s e p i e c e   w i l l   o v e r -  

come  t he   s u r f a c e   t e n s i o n   and  c a u s e   l e a k a g e .   T h e r e f o r e ,   even  w i t h  

a l u m i n u m , ' t h e   o p e r a t o r   w i l l   o f t e n   keep   t he   l e v e l   of  m o l t e n   m e t a l  

in  t he   mold  r e g i o n   no  h i g h e r   t h a n   t h e   f r o n t   l ower   edge  of  t h e  

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

A c t u a l l y ,   d u r i n g   t he   c o n t i n u o u s   c a s t i n g ,   n o t a b l y  

of  a l u m i n u m ,   w i t h   a  c l o s e l y   f i t t i n g   n o s e p i e c e ,   a  s m a l l   gas  c a v i t y  

w i l l   p e r s i s t   d e s p i t e   a  s m a l l   head  of  m e t a l   p r e s s u r e   t h a t   i s  

s l i g h t l y   h i g h e r   t h a n   any  p o i n t   in  t h e   mold  r e g i o n ;   t h a t   i s ,  

h i g h e r   t h a n   t he   l o c a t i o n   of  s a i d   r e s i d u a l   gas  c a v i t y .   I t   is   o u r  

b e l i e f   t h a t   t h i s   phenomenon  of  an  u n i n t e n d e d   r e s i d u a l   gas  c a v i t y  

r e s u l t s   in  p a r t   from  the   d y n a m i c s   of  t he   i n - f e e d   and  from  t h e  

d rag   of  t h e   moving   mold  s u r f a c e s   upon  t he   s u r f a c e   of  t he   m o l t e n  

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

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

a v o i d   any  c h a n c e   fo r   l e a k a g e   of  t h e   m o l t e n   m e t a l   to  o c c u r   o u t  

t h r o u g h   the   gaps   a d j a c e n t   to  t he   n o s e p i e c e   or  even  where   not   i n -  

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



u s u a l l y   a  gas  s p a c e   or  c a v i t y   w i t h i n   t he   mold  r e g i o n .   Th i s   c a v i t y  

is   l o c a t e d   in  t h e   u p p e r   p o r t i o n   of  t he   mold  r e g i o n   above  the   l e v e  

of  t h e   m o l t e n   m e t a l   and  a d j a c e n t   to  t he   f r o n t   end  of  t he   n o s e p i e c e  

I t   w i l l   be  a p p r e c i a t e d   t h a t   w i t h   t he   n o s e p i e c e   s u r -  

f a c e s   p o s i t i o n e d   w i t h i n   a p p r o x i m a t e l y   0 .020   of  an  i nch   (0.5  mm) 

n e a r  t h e   c o n t i n u o u s l y   moving   mold  s u r f a c e s ,   the   o p e r a t o r   i s  

no t   a b l e   to  a s c e r t a i n   by  v i s u a l   o b s e r v a t i o n   the   p h y s i c a l  

s t a t u s   or  l e v e l   of  t he   m o l t e n   m e t a l   a t   any  t ime   in  the   m o l d  

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

to  c o n t r o l   t h e   l e v e l   of  m o l t e n   m e t a l   or  to  c o n t r o l   t he   s i z e  

of  t he   a b o v e - d e s c r i b e d   c a v i t y .   Novel   m e t h o d s   and  a p p a r a t u s  

f o r   o v e r c o m i n g   t h e   d i f f i c u l t i e s   r e l a t i n g   to  the   o p e r a t o r ' s   l a c k  

of  v i s i b l e   o b s e r v a t i o n   f o r   pou r   l e v e l   c o n t r o l   a r e   d e s c r i b e d   a n d  

c l a i m e d   in  U.S.   P a t e n t s   3 , 8 6 4 , 9 7 3   a n d  3 , 9 2 1 , 6 9 7 ,   whose  d i s c l o s u r e  

a r e   h e r e   i n c o r p o r a t e d   by  r e f e r e n c e .   The  m e t h o d s   and  a p p a r a t u s  

of  t h e s e   p a t e n t s   have   been   s u c c e s s f u l l y   a p p l i e d   to  t w i n - b e l t  

c a s t e r s ,   where   t h e y   e l i m i n a t e   t h e   need   to  see  p h y s i c a l l y   t h e  

l e v e l   of  t he   m o l t e n   m e t a l .   They  have   p r o v e n   p r a c t i c a l   f o r  

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

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

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

c o n t r o l l e d   c a v i t y   in  t he   u p p e r   p o r t i o n  o f   t h e   mold  r e g i o n   b e t w e e n  

t he   n o s e p i e c e   and  t he   m o l t e n   m e t a l .   - 

M o l t e n   a l u m i n u m   and  a l uminum  a l l o y s   in  p a r t i c u l a r  

a r e   h i g h l y   r e a c t i v e .   They  can  c o m b i n e   w i t h   o t h e r   m e t a l s ,   g a s e s  

and  r e f r a c t o r i e s .   For  e x a m p l e ,   in  a  m o l t e n   s t a t e   d u r i n g   c o n t i -  

nuous   c a s t i n g ,   a l u m i n u m   a l l o y s   a r e   s u s c e p t i b l e   to  random  r e -  

a c t i o n   w i t h   or  a r e   a f f e c t e d   by  a t m o s p h e r i c   o x y g e n ,   w a t e r   v a p o r ,  

and  t r a c e   a t m o s p h e r i c   gas  p o l l u t a n t s .   In  t he   c o n t i n u o u s   c a s t i n g  

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

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

or  s t r e a k s   on  the   c a s t   s u r f a c e ,   and  w i l l   a l s o   r e d u c e   the   f l u i d i t y  

of  such  a l l o y s   in  a  m o l t e n   s t a t e .  



The  d i f f i c u l t i e s   of  u n c o n t r o l l e d   o x i d a t i o n   a n d  

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

r e l a t i v e l y   t h i n   s e c t i o n s   a re   b e i n g   c o n t i n u o u s l y   c a s t .   F i r s t ,   t h e r  

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

t h e   m e t a l   i n t o   t he   c o n t i n u o u s l y   mov ing   mold  r e g i o n ,   bu t   s e c o n d l y ,  

t h e   r a t i o   of  s u r f a c e   to  vo lume  i s   i n c r e a s e d   w i t h   such  t h i n   s e c t i o n s  

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

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

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

t r a s t e d   w i t h   t h i c k   s e c t i o n s .   A l s o ,   w i t h   such   t h i c k   s e c t i o n s ,   i t  

p r a c t i c a l   to  s c a l p   o x i d e s   f rom  t h e   s u r f a c e   of  t he   c a s t   p r o d u c t ,  

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

Whi le   a  p o r t i o n   of  t h e   a b o v e   d e s c r i p t i o n   has  b e e n  

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

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

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

" R e l a t i v e l y   t h i n   s e c t i o n s "   as  u s e d   h e r e i n   i s  

i n t e n d e d  t o   i n c l u d e   t h e   r a n g e   f rom  1/4  i n c h   (6  mm)  to  2  i n c h e s  

(51  mm),  t h e   p r e f e r r e d   r a n g e   b e i n g   1/4  i n c h  ( 6   mm)  to  1 - 1 / 2   i n c h e s  

(38  mm) .  

SUMMARY  OF  THE  INVENTION 

Among  t he   o b j e c t s   of  t h i s   i n v e n t i o n   a re   t o  

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

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

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

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

e m p l o y i n g  a   m o v i n g ,   h o r i z o n t a l   or  d o w n w a r d l y   i n c l i n e d   mold  r e g i o n .  

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

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

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

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



mold  s u r f a c e s   of  l e s s   t h a n   0 . 0 5 0   of  an  i n c h   ( 1 . 2 7   mm)  w h i l e  

i n e r t   gas  i s   a p p l i e d   to  t he   mov ing   mold  s u r f a c e s   and  to  t h e  

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

m e t a l   s u r f a c e   w i t h i n   t h e   mold  c a v i t y   f rom  oxygen   and  o t h e r  

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

f e e d i n g  m o l t e n   m e t a l ,   c o n t r o l l e d  c a v i t y   in  the  upper  end  of  the  mold 

r e g i o n   and  of  t h e   m o v i n g   mold  su r faces   is  accomplished  by  means  of  i n e r t  

gas  i n j e c t e d   i n t o   t h e   mold  t h r o u g h   the   s e m i - s e a l i n g   n o s e p i e c e ,  

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

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

fo r   c leans ing   t he   mov ing   mold  s u r f a c e s   of  u n d e s i r e d   a c c o m p a n y i n g  

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

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

The  i n v e n t i o n   in  c e r t a i n   of  i t s   a s p e c t s , a s   e m b o d i e d  

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

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

r e f r a c t o r y   m a t e r i a l   i n s e r t e d   t o w a r d   the   u p s t r e a m   end  of  a  c o n t i -  

n u o u s l y   mov ing   mold  r e g i o n   and  h a v i n g   c l e a r a n c e   gaps   of   l e s s   t h a n  

0 .050   of  an  i n c h   ( 1 . 2 7   mm)  f rom  t h e   c o n t i n u o u s l y   mov ing   m o l d  

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

c l amps   above   and  b e l o w ,   s u p p l y i n g   i n e r t   gas  t h r o u g h   a t   l e a s t   o n e  

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

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

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

m e t a l   and  t h e   c o n t r o l l e d   c a v i t y   in  the   u p p e r   end  of  t he   m o v i n g  

mold  r e g i o n .  

The  i n v e n t i o n   in  o t h e r   of  i t s   a s p e c t s   as  e m b o d i e d   i n  

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

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

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



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

w i t h   c l e a r a n c e   gaps   t h e r e f r o m   of  l e s s   t h a n • 0 . 0 5 0   of  an  i n c h  

(1 .27   mm),  i n t r o d u c i n g   the   m o l t e n   m e t a l   to  be  c a s t   t h r o u g h   a t  

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

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

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

i n t r o d u c i n g   t h e   i n e r t   gas  d i r e c t l y - i n t o   t he   c o n t r o l l e d   c a v i t y  

in  t he   e n t r a n c e   end  of  the   mold  r e g i o n   f o r   e n h a n c i n g   t h e  

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

n u o u s l y   c a s t .  

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

f e a t u r e s   or  a s p e c t s   d e s c r i b e d   in  t he   above   two  p a r a g r a p h s  

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

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

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

p i e c e   i t s e l f .  

In  a n o t h e r   of  i t s   a s p e c t s ,   the   i n v e n t i o n   c o m p r i s e s  

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

to  a t   l e a s t   one  o f  t h e   moving   m o l d  s u r f a c e s   w h e r e   i t   i s   t r a v e l -  

l i n g   t o w a r d   t h e   e n t r a n c e   to  t he   mov ing   mold  r e g i o n   and  a p p l y i n g  

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

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

the   i n e r t   gas   f o r   c a r r y i n g   or  p r o p e l l i n g   the   i n e r t   gas  t h r o u g h  

t he   c l e a r a n c e   gap  by  the   n o s e p i e c e   and  i n t o   t h e   e n t r a n c e   to  t h e  

moving   mold  r e g i o n .  

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

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

n e a r   to  a t   l e a s t   one  of  t he   moving  mold  su r faces  where   i t   is  t r a v e l -  

l i n g   t o w a r d   the   e n t r a n c e   to  t he   moving  mold  region  for  c a s t i n g   a  

r e l a t i v e l y   t h i n   m e t a l   s e c t i o n   and  a p p l y i n g   i n e r t   gas  to  t he   channel  

t h u s   d e f i n e d   c l o s e   to  t h i s   moving   mold  surface   f o r  c l e a n s i n g   t h e  m o l d  



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

n a t i n g   p o l l u t i o n   g a s e s   a n d / o r   w a t e r   v a p o r   wh ich   may  be  c a r r i e d  

by  or  a d h e r e n t   to   t he   moving   mold  s u r f a c e   f o r   e n h a n c i n g   t h e  

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

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

Among  o t h e r   a s p e c t s   of  t he   p r e s e n t   i n v e n t i o n   a r e  

f e e d i n g   of  i n e r t   gas  t h r o u g h   p a s s a g e w a y s   a n d / o r   c h a m b e r s   a s s o -   : 

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

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

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

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

s e c t i o n -   M o r e o v e r ,   such   p a s s a g e w a y s   a n d / o r   c h a m b e r s   may  i n c l u d e  

o u t l e t s   d i r e c t e d   l a t e r a l l y   t o w a r d   the   r e s p e c t i v e   moving   e d g e  

d a m s   emp loyed   in  t he   t w i n - b e l t   c a s t e r s   f o r   b a t h i n g ,   e n v e l o p i n g  

and  c l e a n s i n g   t h e s e   mov ing   edge   dams  w i t h   i n e r t ,  g a s   as  t h e y   a r e  

a p p r o a c h i n g   the   moving   m o l d .  

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

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

a r e   t h o s e   r e s u l t i n g   f rom  the   f a c t   t h a t   i n e r t  g a s   can  be  i n t r o -  

duced   d i r e c t l y   i n t o   any  c a v i t y   e x i s t i n g   in  t he   u p s t r e a m   p o r t i o n  

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

g e n e r a l l y   h o r i z o n t a l   o r  d o w n w a r d l y   i n c l i n e d   o r i e n t a t i o n   f o r  

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

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

f o r   c a u s i n g   the  i n e r t   gas  to  f low  o u t w a r d l y   in  b a c k - f l u s h i n g ,  

c l e a n s i n g ,   b a t h i n g   r e l a t i o n s h i p   through  c learance   gaps  between  t h e  m v i n g  

mold  s u r f a c e s   and  the   i n s e r t e d   m e t a l - f e e d i n g   n o s e p i e c e .   M o r e o v e r ,  

the   i n e r t   gas  i s   i n t r o d u c e d   t h r o u g h   a t   l e a s t   one  p a s s a g e   in  t h e  

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

is  i n - f e e d i n g   t h r o u g h   a t   l e a s t   one  o t h e r   p a s s a g e   in  the   n o s e p i e c e .  



The  o u t l e t   of  t he   gas  p a s s a g e   may  be  e l e v a t e d   a b o v e   the   c e n t e r -  

l i n e   of  t h e   n o s e p i e c e   f o r   a s s u r i n g   t h a t   t he   i n e r t   gas  is   e n t e r i n g  

any  c a v i t y   in  t he   u p s t r e a m   p o r t i o n   of  t he   mov ing   mold  above  t h e  

l e v e l   of  t h e   m o l t e n   m e t a l   t h e r e i n .  

Among  the   many  a d v a n t a g e s   p r o v i d e d   by  the   i l l u s t r a -  

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

a r e   t h o s e   r e s u l t i n g   f rom  t he   f a c t   t h a t   t he   i n e r t   gas  can  b e  

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

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

in  g e n e r a l l y   h o r i z o n t a l   or   d o w n w a r d l y   i n c l i n e d  o r i e n t a t i o n   b y  

a p p l y i n g   t h e   i n e r t   gas  to  a t   l e a s t   one  o f  t h e   mov ing   m o l d  

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

t h e   mov ing   mold .   The  i n e r t   gas  is  in t roduced   g e n t l y   t h r o u g h   p a s s a g e  

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

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

member  may  be  c o n f o r m e d   in  c o n f i g u r a t i o n   r e l a t i v e l y   n e a r   to  t h e  

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

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

e n v e l o p i n g ,   c l e a n s i n g   a c t i o n   of  the   i n e r t   gas  a g a i n s t   t he   m o v i n g  

mold  s u r f a c e .  

A  f u r t h e r   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n   in  t h o s e  

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

t he   mold  t h r o u g h   c l e a r a n c e   gaps   a r o u n d   t he   n o s e p i e c e   w i l l  n o w   b e  

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

of  two  k i n d s ,   two  d e n s i t i e s ,   of  i n e r t   gas  a t   t he   same  t i m e .  

S p e c i f i c a l l y ,   an  i n e r t   gas  w h i c h   is   h e a v i e r   t h a n   a i r   i s   a p p l i e d  

above   the   n o s e p i e c e ;   such  gas  w i l l   t e n d   to  l i e   down  upon  t h e  



n o s e p i e c e   and  i t s   u p p e r   s u p p o r t   s t r u c t u r e   r a t h e r   t h a n   to  d i s -  

s i p a t e .   At  t he   same  t i m e ,   an  i n e r t   gas  w h i c h   i s   l i g h t e r   t h a n  

a i r   may  be  a p p l i e d   b e l o w   t h e   n o s e p i e c e ;   such   gas  w i l l   t e n d   t o  

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

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

i l l u s t r a t i o n ,   a  s u i t a b l e   h e a v i e r - t h a n - a i r   gas  f o r   top   use  i s  

a r g o n ,   w h i c h   i s   a b o u t   35  p e r c e n t   h e a v i e r   t h a n   a i r .   A  s u i t a b l e  

l i g h t e r - t h a n - a i r   gas  f o r   b o t t o m   use   i s   n i t r o g e n ,   wh ich   i s  

a b o u t   3  p e r c e n t   l i g h t e r   t h a n   a i r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

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

c o n j u n c t i o n   w i t h   the   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   l i k e   e l e m e n t  

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

F i g u r e s .   Open  a r r o w s   drawn  t h e r e i n   i n d i c a t e   t he   d i r e c t i o n   o f  

movemen t   of  t he   m e t a l   b e i n g   fed   i n t o   t he   moving   mold   and  b e i n g  

c a s t   t h e r e i n   in  a  d i r e c t i o n   from  u p s t r e a m   to  d o w n s t r e a m ,   t he   m e t a  



b e i n g   f ed   i n t o   t he   u p s t r e a m   end  of  t he   c o n t i n u o u s l y   moving   m o l d .  

The  d r a w i n g s   a re   no t   n e c e s s a r i l y   to  s c a l e ,   e m p h a s i s   i n s t e a d  

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

FIGURE 1  i s   a  p e r s p e c t i v e   v i ew  of  t h e   i n p u t   o r  

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

p r e s e n t   i n v e n t i o n ,   as  seen   l o o k i n g   t o w a r d   t he   m a c h i n e   f rom  a  

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

t he   two  b e l t   c a r r i a g e s .  

FIG.  2  is   an  e l e v a t i o n a l . v i e w ,   p a r t l y   b r o k e n   a w a y  

and  in  s e c t i o n ,   of  a  c a s t i n g   m a c h i n e   e m b o d y i n g   t h e   p r e s e n t  

i n v e n t i o n   as  s een   l o o k i n g   t o w a r d   the   o u t b o a r d   s i d e   of  t h e   t w o  

b e l t   c a r r i a g e s ,   showing  the   c a s t i n g   r e g i o n   d o w n w a r d l y   i n c l i n e d  

at   a  p r e d e t e r m i n e d   a n g l e   of  i n c l i n a t i o n .  

F I G .  3   i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of  t h e   u p -  

s t r e a m   or   f e e d i n g   end  of  t h i s   m a c h i n e ,   shown  e n l a r g e d ,   e q u i p p e d  

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

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

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

p o i n t s .  

FIG.  4  i s   a  p e r s p e c t i v e   v i e w ,   shown  e n l a r g e d ,  

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

n o s e p i e c e ;   t he   c lamp  is  a r r a n g e d   f o r   t h e   d i s t r i b u t i o n   of  i n e r t  

g a s ,   by  a p p l y i n g   s a i d   i n e r t   gas   a t   one  of  t h e   c l e a r a n c e   gaps   a t  

c l o s e   r a n g e .  

FIG.  5  is   a  p e r s p e c t i v e . v i e w   of  a  r e f r a c t o r y   m e t a l  

f e e d i n g   n o s e p i e c e ,   or  one  s e c t i o n   of  a  wide  n o s e p i e c e ,   t h i s   c o n -  

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

in  t he   l o w e r   r a n g e   of  m e l t i n g   p o i n t s .  



FIG.  6  i s   a  p e r s p e c t i v e   v i ew  of  a  n o s e p i e c e   a s  

i l l u s t r a t e d   in  FIG.  5  which   has  a  p a s s a g e   t h e r e i n   f o r   t he   i n t r o -  

d u c t i o n   of  i n e r t   gas  d i r e c t l y   i n t o   t he   c a v i t y   in  t he   e n t r a n c e  

p o r t i o n   of  t h e   moving   m o l d .  

F I G .  7   i s   a  p l a n   v i ew   of  a  t u n d i s h   e s p e c i a l l y   s u i t -  

a b l e   f o r   i n - f e e d i n g   m o l t e n   m e t a l s   of  h i g h e r   m e l t i n g   p o i n t .  

FIG.  8  i s  a   s e c t i o n e d   e l e v a t i o n a l   v i ew  of  t h e   t u n -  

d i s h   of  F I G .  7   in  r e l a t i o n   to  t h e   u p s t r e a m   or  f e e d i n g   end  of  a  

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

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

FIG.   9  i s   a  s e c t i o n e d   e l e v a t i o n a l  v i e w   g e n e r a l l y  

s i m i l a r   to  FIG.  3.  FIG.  9  shows  a  g a s - s e a l i n g - s h r o u d   f u n n e l   a n d  

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

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

ing  i n e r t   gas  w i t h   "open   p o o l "   m e t a l   i n - f e e d .  

DESCRIPTION  OF THE  PREFERRED  EMBODIMENTS 

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

m a c h i n e   in  w h i c h   the   p r e s e n t   i n v e n t i o n   may  be  u s e d   to  a d v a n t a g e  

is   shown  in  F I G S . l   and  2.  In  t h i s   c a s t i n g   m a c h i n e ,   m o l t e n   m e t a l  

1  i s   s u p p l i e d   t h r o u g h   i n - f e e d   a p p a r a t u s   wh ich   may  be  a  p o u r i n g  

box ,   l a d l e   or  l a u n d e r   2,  and  f l o w s   down  t h r o u g h   a  p o u r i n g   s p o u t   3 

in  u n d e r - p o u r i n g   r e l a t i o n s h i p   i n t o   a  t u n d i s h   4,  which   i s  l i n e d  

w i t h   a  s u i t a b l e   r e f r a c t o r y . m a t e r i a l   31.  For   c l a r i t y   o f  

i l l u s t r a t i o n ,   t he   t u n d i s h   i s  s h o w n   s l i g h t l y   w i t h d r a w n   in  FIG.  1 

from  the   e n t r a n c e   to  t he   moving  m o l d .   The  r a t e   of  f low  from  t h e  

l a u n d e r   wh ich   i s   shown  a t   2  to  t he   t u n d i s h   4  i s   c o n t r o l l e d   by  a  

t a p e r e d   s t o p p e r   (not   shown) ,   m o u n t e d   on  the   l ower   end  of  a  c o n t r o l  

rod  5.  From  the   t u n d i s h   4,  the   m o l t e n   m e t a l   1  i s   fed  t h r o u g h   a  

n o z z l e  o r   n o s e p i e c e  7   of  r e f r a c t o r y   m a t e r i a l ,   or  t h r o u g h   t u b e s   21 



(FIG.  7)  i n t o   t he   e n t r a n c e   E  o f .  t h e   m o v i n g   mold  or  c a s t i n g   r e g i o n  

C.  Th i s   e n t r a n c e   E  i s   a t   t he   u p s t r e a m   end  of  t he   c a s t i n g   r e g i o n  

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

f a c e s   of  u p p e r   and  l ower   e n d l e s s   f l e x i b l e   c a s t i n g   b e l t s   9  and  1 0 ,  

r e s p e c t i v e l y .   The  c a s t i n g   b e l t s   a r e   n o r m a l l y   made  of  l o w - c a r b o n ,  

c o l d - r o l l e d   s t r i p   s t e e l   of  u n i f o r m   p r o p e r t i e s ,   and  w e l d e d   by  T I G  

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

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

l i n g   and  c o a t i n g .  

The  c a s t i n g   b e l t s   9  a n d   10  a re   s u p p o r t e d   on  a n d  

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

a t   U  and  L.  Both  c a r r i a g e s   a re   m o u n t e d   on  a  m a c h i n e   f r a m e   1 1 .  

Each  c a r r i a g e   i n c l u d e s   two  main  r o l l s   or   p u l l e y s   wh ich   d i r e c t l y  

s u p p o r t ,   d r i v e ,   and  s t e e r   t he   c a s t i n g   b e l t s .   These   p u l l e y s  

i n c l u d e   u p p e r   and  l o w e r   i n p u t   or  u p s t r e a m   p u l l e y s   12  and  13,  a n d  

u p p e r   and  l o w e r   o u t p u t   or  d o w n s t r e a m   p u l l e y s   14  and  15,  r e s p e c t i v e  

l y .  

The  c a s t i n g   b e l t s   9  and  10  a r e   g u i d e d   by  m u l t i p l e   f i n -  

ned  b a c k u p   r o l l e r s - 1 6   (FIG.  2 ) ,   so  t h a t   t he   o p p o s e d   b e l t   c a s t i n g  

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

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

16  may  be  of  t h e   t y p e   shown  and  d e s c r i b e d   in  U.S.   P a t e n t   N o .  

3 , 1 6 7 , 8 3 0 .  

A  f l e x i b l e ,   e n d l e s s ,   s i d e   m e t a l - r e t a i n i n g   dam  1 7 ,  

s o m e t i m e s   c a l l e d   a  moving  edge  dam,  i s   d i s p o s e d   on  each   s i d e   o f  

t h e   c a s t i n g   r e g i o n   and  f o r   c o n f i n i n g   t h e   m o l t e n   m e t a l .   The  s i d e  

dams  17  ( o n l y   one  is   seen   in  FIG.  2)  a r e   g u i d e d   at   the   i n p u t   o r  

u p s t r e a m   end  of  t h e   c a s t i n g   m a c h i n e   by  g u i d e   members   35,  shown  i n  

p a r t ,   wh ich   a re   m o u n t e d   on  the   l o w e r   c a r r i a g e   L,  f o r   e x a m p l e ,  

such  as  a r e   shown  in  s a i d   U.S.  p a t e n t ,   or   in  U.S.   P a t e n t   N o .  

4 , 1 5 0 , 7 1 1 .  

D u r i n g   the   c a s t i n g   o p e r a t i o n ,   t he   two  c a s t i n g  

b e l t s   9  and  10  a r e   d r i v e n   a t   t he   same  l i n e a r   speed   by  a  d r i v i n g  



m e c h a n i s m  1 8   w h i c h ,   f o r   e x a m p l e ,   i s   such  as  d e s c r i b e d   in  s a i d  

P a t e n t   No.  3 , 1 6 7 , 8 3 0 .   As  shown  in  FIG.  2,  the   u p p e r   and  l o w e r   c a r  

r i a g e s   U  and  L  a re   d o w n w a r d l y   i n c l i n e d   in  the   d o w n s t r e a m   d i r e c t i o n  

so  t h a t   t he   mov ing   mold  c a s t i n g   r e g i o n   C  b e t w e e n   t h e   c a s t i n g   b e l t s  

is  i n c l i n e d   a t   an  a n g l e   A  w i t h   r e s p e c t   to  the   h o r i z o n t a l .   T h i s  

downward   i n c l i n a t i o n   A  f a c i l i t a t e s   f l o w   of  m o l t e n   m e t a l   i n t o   t h e  

e n t r a n c e   E  of  t he   c a s t i n g   r e g i o n   C .   T h i s   i n c l i n a t i o n   a n g l e   A  i s  

u s u a l l y  l e s s   t h a n   20° ,   and  i t   can  be  a d j u s t e d   by  a  j a c k   m e c h a n i s m  

50.  The  p r e s e n t l y  p r e f e r r e d   i n c l i n a t i o n   f o r   a l u m i n u m   and  i t s  

a l l o y s   i s   in  t h e   r a n g e   from  6°  to   9 ° .  

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

b e l t   by  means   o f  a   h i g h - v e l o c i t y   m o v i n g   l a y e r   of  l i q u i d   c o o l a n t ,  

a p p l i e d  f r o m   n o z z l e   h e a d e r s   6  and  t r a v e l l i n g   a l o n g   the   r e v e r s e , .  

c o o l e d  s u r f a c e s   of  t h e   u p p e r   and  l o w e r   b e l t s   9  and  10,  r e s p e c t i v e l y .  

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

i n g  l a y e r   may  be  m a i n t a i n e d   in  a  m a n n e r   as  shown  in  s a i d   P a t e n t   N o  

3 , 1 6 7 , 8 3 0   and  in  P a t e n t   No.  3 , 0 4 1 , 6 8 6 .   The  p r e s e n t l y   p r e f e r r e d  

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

f r o m  7 0 ° F   (21°C)  to  9 0 ° F  ( 3 2 ° C ) .  

A f t e r   t h e   c a s t   p r o d u c t   P  has   s o l i d i f i e d   at   l e a s t   o n  

a l l  o f   i t s   e x t e r n a l   s u r f a c e s ,   and  has   been  fed  ou t   of  t he   c a s t i n g  

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

s h o w n ) .  

F o r   i n - f e e d i n g   m e t a l s   o f  l o w   m e l t i n g   p o i n t ,   f o r   e x a m p l e ,  

l e a d ,  z i n c ,   or  a l u m i n u m ,   the   n o s e p i e c e   may  be  made  of  m a r i n i t e   o r  

o t h e r  s u i t a b l e   r e f r a c t o r y   m a t e r i a l .   T h i s   n o s e p i e c e   7  i s   made  of  o n  

i n t e g r a l  p i e c e   of  r e f r a c t o r y   m a t e r i a l   as  shown  in  F I G S .  5   and  6 .  

A l t e r n a t i v e l y ,   t h i s   n o s e p i e c e   7  may  be  a s s e m b l e d   f rom  a  p l u r a l i t y  

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

The  t e rm  " n o s e p i e c e "   as  used   t h r o u g h o u t   may  r e f e r   t o  

a  s i n g l e   i n t e g r a l   member  or  to  an  a s s e m b l y   of  a  p l u r a l i t y   o f  

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

In  o r d e r   to  s u p p o r t   t h i s   r e f r a c t o r y   n o s e p i e c e   7 ,  

t h e r e  a r e   r i g i d   u p p e r   and  l ower   s u p p o r t   s t r u c t u r e s   25  and  26,  r e s -  



p e c t i v e l y ,   p o s i t i o n e d   above   a n d ' b e l o w   t he   n o s e p i e c e   7  i n  t h e  

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

c l a m p i n g   s t r u c t u r e s   25  and  2 6 .  

As  shown  in  FIGS.  5  and  6,  t he   r e f r a c t o r y  n o s e p i e c e  

7  i n c l u d e s   a t   l e a s t   one  m e t a l   f e e d i n g   p a s s a g e   20.  In  t h i s  

e x a m p l e ,   t h e r e   a r e   two  such   p a s s a g e s   20  shown  e x t e n d i n g   i n  

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

t h r o u g h   t he   n o s e p i e c e   7  w i t h   a  c e n t r a l   b a r r i e r   w a l l   40  b e t w e e n  

them.   T h e s e  m e t a l   f e e d i n g   p a s s a g e s   20  have   a  r e c t a n g u l a r   c r o s s  

s e c t i o n .   T h e y  a r e   r e l a t i v e l y   wide  w i t h   s h a l l o w   v e r t i c a l   d i m e n s i o n  

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

In  o r d e r   to  d i s t r i b u t e   the  i n - f e e d i n g   m o l t e n   m e t a l   s m o o t h l y   a n d  

q u i e t l y ,   w i t h o u t   undue   t u r b u l e n c e ,   i n t o   t he   mov ing   mold  C 

(FIGS.  2  and  3)  t he   d o w n s t r e a m   ends  of  t h e s e   m e t a l   f e e d i n g   p a s s a g e  

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

d i r e c t i o n   as  i n d i c a t e d   a t   41  (FIGS.  5  and  6 ) .  

As  s e e n  i n   FIG.  3,  t he   u p p e r   and  l o w e r   s u p p o r t i n g  

s t r u c t u r e s   25  and  26  f o r   c l a m p i n g   the   r e f r a c t o r y   n o s e p i e c e   7 

b e t w e e n   them  a r e   g e n e r a l l y   s i m i l a r   in  c o n s t r u c t i o n ,   e x c e p t   t h a t  

the   l o w e r   one  i s   i n v e r t e d   in  c o n f i g u r a t i o n .   T h e s e   s u p p o r t i n g  

s t r u c t u r e s   2 5 - a n d   26  a r e   r i g i d ,  f o r   e x a m p l e ,   b e i n g   made  of  s t e e l .  

In  FIG.  4  is   shown  e n l a r g e d   t he   u p p e r   s u p p o r t   c l a m p  

s t r u c t u r e   25.  T h i s   s t r u c t u r e   i n c l u d e s   a  r i g i d   b a s e   p l a t e   28 

w h o s e  c l a m p i n g   s u r f a c e   42  i n c l u d e s   s h a l l o w  t r a n s v e r s e l y   e x t e n d i n g  

l a n d s   43  and  g r o o v e s   44  fo r   s e c u r i n g   a  f i r m   c l a m p i n g   e n g a g e m e n t  

w i t h   t he   r e f r a c t o r y   n o s e p i e c e   7.  T h e r e   is   an  u p s t a n d i n g   r i g i d  

r e a r   f l a n g e   or  w a l l   45  a t t a c h e d   to  t he   b a s e   p l a t e   28,  f o r   e x a m p l e ,  

by  w e l d i n g   a t   46  and  47.  The  a s s e m b l y   of  t h i s   b a s e   p l a t e   28 

and  r e a r   w a l l   45  is   s t i f f e n e d   by  a  d i a g o n a l   p l a t e   33  w e l d e d   a t  

48  and  49,  r e s p e c t i v e l y ,   to  the  base   p l a t e   and  r e a r   w a l l .   As 



seen   in  FIG.  3,  the   s l o p e   of  t h i s   d i a g o n a l   p l a t e   33  g e n e r a l l y  

c o n f o r m s   to  t h e   c o n f i g u r a t i o n   of  the   n e a r b y   u p p e r   c a s t i n g   b e l t   9 

where   t h i s   b e l t   i s   c u r v e d   and  t r a v e l l i n g   ( a r r o w   51)  a r o u n d   t h e  

u p p e r   i n p u t   p u l l e y   r o l l   12.  In  o t h e r   w o r d s ,   t h i s   d i a g o n a l  

p l a t e   33  i s   s l o p e d   to  be  g e n e r a l l y   p a r a l l e l   to  an  i m a g i n a r y   p l a n e  

t a n g e n t   to   t h e   n e a r e s t   r e g i o n   of  t he   c y l i n d r i c a l l y   c u r v e d   b e l t   9 .  

T h e r e   is   a  t r i a n g u l a r   s i d e   w a l l   53  (FIG.  4)  s e c u r e d  

in  g a s - t i g h t   r e l a t i o n s h i p   to  t he   b a s e p l a t e ,   r e a r   w a l l   and  d i a g o n a l  

p l a t e   33  and  a  c o r r e s p o n d i n g   t r i a n g u l a r   s i d e  w a l l   (no t   s e e n )  

a t   t he   o t h e r   s i d e   of  t he   s u p p o r t   c lamp  s t r u c t u r e   25  t h e r e b y  

f o r m i n g   a  " l e a n - t o "   p l enum  c h a m b e r   54.  A  p o r t i o n   of  t he   s t r u c -  

t u r e   25  i s   shown  cu t   away  to   r e v e a l   c l e a r l y   t h i s   l e a n - t o   c h a m b e r  

54,  and  t h e r e   i s   a  s i m i l a r   " l e a n - t o "   p l enum  c h a m b e r   54  in  t h e  

l o w e r   c l amp   s t r u c t u r e   26.  S o c k e t s   or  m o u n t i n g   h o l e s   55  a r e  

p r o v i d e d   in  t h i s   c lamp  s t r u c t u r e   25  f o r   a t t a c h m e n t   to  m o u n t i n g  

b r a c k e t s   56  (FIG.  3)  which   a r e   m o u n t e d   on  u p s t r e a m   end  p o r t i o n s  

57  of  t h e  m a i n   f rame  members   of  t he   l ower   c a r r i a g e   L.  T h e  

t u n d i s h   4  i s   shown  s u p p o r t e d   by  a  ba r   58  e x t e n d i n g   f rom  t h e  

b r a c k e t   56,  a n d  o t h e r   s u p p o r t   m o u n t i n g   means  65  f o r   t h e   t u n d i s h  

may  be  p r o v i d e d .  

In  o r d e r  t o   c o n f o r m   w i t h   t he   n e a r b y   c u r v e d  

moving  mold  s u r f a c e   9,  t he   f o r w a r d   ( d o w n s t r e a m )   edge   or   l i p   o f  

the   b a s e   p l a t e   28  is   c h a m f e r e d   a t . 5 9   a t   a  s l o p e   l e s s   s t e e p  

t han   t he   d i a g o n a l   p l a t e  3 3 .   As  seen   in  FIG.  3,  t h i s   s l o p e d   l i p  

59  i s   g e n e r a l l y   p a r a l l e l   w i t h   an  i m a g i n a r y   p l a n e   t a n g e n t   t o  

the   n e a r b y   c u r v e d   moving  mold  s u r f a c e   9 .  

FIG.  3  shows  the   m o l t e n   m e t a l   e x i t i n g   a t   60  f r o m  

the  p a s s a g e   20  in  the  n o s e p i e c e   7  and  e n t e r i n g   t h e   e n t r a n c e  

r e g i o n   E  of  t he   moving  mold  c a s t i n g   r e g i o n   C.  A  r e s u l t a n t   g a s  



s p a c e   or  c a v i t y   8  t h e r e b y   e x i s t s   in  t h e   e n t r a n c e   r e g i o n   E  a b o v e  

the   l e v e l   of  t h e   m o l t e n   m e t a l   in  t h e   mov ing   mold  r e g i o n   C 

a d j a c e n t   to   t h e  d o w n s t r e a m   end  of  t h e   n o s e p i e c e   7 .  

In  o r d e r   to  i n t r o d u c e   i n e r t   gas  d i r e c t l y   u n d e r  

p r e s s u r e   i n t o   t h i s   c a v i t y   8  f o r   c o n t r o l l i n g   the   gas   c o n t e n t  

t h e r e i n ,   t h e   n o s e p i e c e  7   i s   p r o v i d e d   w i t h   a t   l e a s t   one  l o n g i -  

t u d i n a l l y  e x t e n d i n g   gas  f e e d   p a s s a g e   19  (FIG.  6)  r u n n i n g   a l o n g  

s i d e   o f  t h e   m e t a l   f e e d i n g   p a s s a g e s   20.  T h i s   gas  f e e d   p a s s a g e   19 

is  l o c a t e d   in  t h e   c e n t e r   p o r t i o n   4 0  o f   t h e   r e f r a c t o r y   m a t e r i a l  

in  t he   n o s e p i e c e .   Th i s   gas  f e e d   p a s s a g e   19  is   l o c a t e d   a t   a  

l e v e l   a b o v e   t h e   c e n t e r l i n e   of  t h e   n o s e p i e c e   7  and  i t s   o u t l e t   61  

is   n e a r   t h e   u p p e r   edge  of  t h e   d o w n s t r e a m   end  or  t e r m i n u s  6 2   o f  

the   n o s e p i e c e .   The  way  in  wh ich   t h e   i n e r t   gas  i s   f ed   down  i n t o  

t h e  v e r t i c a l   i n l e t   p o r t   63  c o n n e c t i n g   w i t h   t h e  g a s   f e e d   p a s s a g e  

19  w i l l   be  e x p l a i n e d   l a t e r .  

By  v i r t u e   of  h a v i n g   t h i s   gas  f e e d   o u t l e t   61  a t   t h i s  

e l e v a t e d   l o c a t i o n   on  t h e   n o z z l e   t e r m i n u s   62,  t he   gas  f l ow  i s  

g e n e r a l l y   a b o v e   t he   l e v e l   o f  t h e   m o l t e n   m e t a l   e x i t i n g   60  (FIG.   3) 

from  the   i n - f e e d   p a s s a g e s   20.  Thus  t h e   i n e r t   gas  e n t e r s   d i r e c t l y  

i n t o   t he   c a v i t y   8  f o r   m a i n t a i n i n g   t h i s   c a v i t y   c h a r g e d   w i t h   i n e r t  

gas  at   a  p r e s s u r e   s l i g h t l y   above   a t m o s p h e r i c   p r e s s u r e .   Even  i f  

t he   l e v e l   o f   t he   m o l t e n   m e t a l   in  t h e   e n t r a n c e   r e g i o n   E  i s  

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

l e v e l   shown  in  FIG.  3,  t he   e l e v a t e d   p o s i t i o n   of  t he   gas  f e e d   o u t -  

l e t   61  w i l l   u s u a l l y   p l a c e  i t   above   t h e   m e t a l ,   so  t h a t   i t   w i l l  

u s u a l l y   r e m a i n   u n b l o c k e d   by  t h e   m o l t e n   m e t a l   in  t he   e n t r a n c e   E  a n d  

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

gas  c a v i t y   8.  The  gas  f e e d   o u t l e t   61  is   shown  c o n n e c t e d   w i t h   a  

h o r i z o n t a l l y   e x t e n d i n g   t r a n s v e r s e   n a r r o w   g r o o v e   or  s l o t   6 1 - 1  



c u t   i n t o   t h e   t e r m i n u s   62  of  t he   r e f r a c t o r y   n o s e p i e c e   7  f o r   a i d i n g  

in  d i s t r i b u t i n g   the   i n e r t   gas  d i r e c t l y   i n t o   t h e   c o n t r o l l e d   g a s  

c a v i t y   8  a t   low  v e l o c i t y   w i t h   minimum  r e s u l t i n g   a g i t a t i o n   o r  

t u r b u l e n c e   of   t h e   m o l t e n   m e t a l .   The  c a v i t y   8  t h u s   r e m a i n s   c o n -  

t r o l l e d   by  c o n t i n u o u s   i n - f e e d   of  i n e r t   gas  t h r o u g h   one  or   m o r e  

p a s s a g e s   19  a t   a  p r e s s u r e   s l i g h t l y   above   a t m o s p h e r i c   p r e s s u r e .  

I n v a s i o n   i n t o   t h e   c a v i t y   8  of  u n d e s i r a b l e   g a s e s ,   p a r t i c u l a r l y  

oxygen   and  w a t e r  v a p o r   (and  a l s o   a t m o s p h e r i c   p o l l u t i n g  . g a s e s ,  

such  as  s u l p h u r   d i o x i d e   and  c a r b o n i c   a c i d   gas)   i s   p r e v e n t e d   b y  

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

i n e r t   gas  s h r o u d s   t h i s   c a v i t y   8  and  p u r g e s   and  t h e r e a f t e r   e x c l u d e  

the   u n d e s i r a b l e   g a s e s   from  t h e   e n t r a n c e   r e g i o n   E .  

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

t he   gas   f e e d   p a s s a g e   19  d u r i n g   c a s t i n g ,   m a i n t a i n i n g   the   c a v i t y   8 

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

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

above   and  b e l o w   a t   22  (FIG.  3)  b e t w e e n   t he   d o w n s t r e a m   end  of   t h e  

n o s e p i e c e   7  and  t h e   u p p e r   and  l o w e r   mold  s u r f a c e s   9  and  10  w h i c h  

a re   c o n t i n u o u s l y   mov ing   as  i n d i c a t e d   by  the   a r r o w s   51  and  5 2 . .   I n .  

t h i s   c a s t i n g   m a c h i n e   t h e s e   moving   mold  s u r f a c e s   9  and  10  a r e  

f o r m e d   by  t h e   c a s t i n g   b e l t s .   Some  of  t h i s   c o n s t a n t   f l ow  o f  

i n e r t   gas  e x i t s   in  t he   u p s t r e a m   d i r e c t i o n   t h r o u g h   t h e   a f o r e m e n -  

t i o n e d   n a r r o w   c l e a r a n c e   gaps  a t   22.  These   c l e a r a n c e   gaps   22  a r e  

l e s s   t h a n   0 . 0 5 0   of  an  i nch   (1 .27   mm)  and  a r e   u s u a l l y   in  t h e  

r a n g e   of  0 . 0 1 0   of  an  i n c h   (0..25  mm)  to  0 .020   of  an  i n c h  

(0 .5   mm).  The  i n e r t  g a s   e x i t i n g   t h r o u g h   t h e s e   c l e a r a n c e   g a p s  

22  a r o u n d   t h e   n o s e p i e c e   7  a d v a n t a g e o u s l y   s c o u r s ,   c l e a n s ,  

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

the   i n c o m i n g   mold  s u r f a c e s   9  and  10  and  f l u s h e s   t h e   g a s e s   a w a y  

from  t he   e n t r a n c e   r e g i o n   E .  



The  a b o v e - d e s c r i b e d   c l o s e - f l o w i n g ,   d i s p l a c i n g ,  

e n v e l o p i n g ,   c l e a n s i n g   a c t i o n   on  t he   moving   mold  s u r f a c e s   i s   e n -  

h a n c e d   and  e x t e n d e d   o v e r   a  wide  a r e a   of  t he   mov ing   mold  s u r f a c e s  

9  and  10  as  t h e y   c o n v e r g e   51,  52  t o w a r d   t h e   e n t r a n c e   r e g i o n   E 

by  f o r m i n g   a  n a r r o w   c h a n n e l   66  f o r   c o n f i n i n g   the   e x i t i n g   i n e r t  

gas  c l o s e   to   t h e s e   moving   mold  s u r f a c e s  9   and  10  by  means  o f  

c u r v e d   s h i e l d   members   34  (FIG.  3)  p o s i t i o n e d   b e t w e e n   the   d i a g o n a l  

p l a t e s   33  and  t h e   moving   mold  s u r f a c e s .  T h e   s h i e l d   members   34 

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

c u r v e d   m o v i n g   mold   s u r f a c e s   9  and  10,  b e i n g   s p a c e d   l e s s   t h a n   1 / 4  

i n c h   (6  mm)  and  p r e f e r a b l y   a t   c l o s e   p r o x i m i t y   w i t h i n   1/8  i n c h  

(3  mm)  f rom  t h e s e   moving   s u r f a c e s .   The  f o r w a r d   ( d o w n s t r e a m )   e d g e  

of  t he   c u r v e d   s h i e l d   member  34  i s   w e l d e d   a l o n g   t h e   c r e s t   64  

(FIG.  4)  of  t he   b a s e   p l a t e   28  n e a r   t he   u p s t r e a m   b o r d e r   of  t h e  

c h a m f e r e d   l i p   59.  The  i n e r t   gas  e x i t s   a t  3 6   (FIG.  3)  f rom  t h e  

n a r r o w   c h a n n e l   66  b e t w e e n   the   s h i e l d   34  and  t he   c l o s e l y   p r o x i m a t e  

moving   mold   s u r f a c e   9  or  10  a f t e r   f l o w i n g   t h r o u g h   t h i s   n a r r o w  

c h a n n e l   in  a  d i r e c t i o n   c o u n t e r   to  t h e   m o t i o n   51  o r   52  of  t h e  

moving   mold  s u r f a c e   in  c l o s e - f l o w i n g , d i s p l a c i n g ,   c l e a n s i n g   r e l a -  

t i o n s h i p   t h e r e w i t h .  

The  use   of  t he   s h i e l d   members   34  a d v a n t a g e o u s l y  

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

d u r a t i o n   of  e x p o s u r e   of  the   moving   mold  s u r f a c e s   9,  10  to  t h e  

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

f r o m .  

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

i n v a s i o n   or  i n t r u s i o n   of  a t m o s p h e r i c   gas  i n t o   t he   e n t r a n c e  

r e g i o n   E,  a  l o o s e ,   f l e x i b l e   p a c k i n g   m a t e r i a l   23  may  be  p l a c e d  

in  t h i s   n a r r o w   c h a n n e l   66.  A  s u i t a b l e   l o o s e ,   f l e x i b l e   p a c k i n g ,  

f o r   e x a m p l e ,   i s   f i b e r g l a s s   i n s u l a t i o n   or  "Kaowool"   c e r a m i c  



i n s u l a t i o n ,   o b t a i n a b l e   f rom  Babcock   &  W i l c o x .   T h i s   l o o s c  p a c k i n g  

may  be  a l l o w e d   o n l y   l i g h t l y   to  c o n t a c t   t he   m o v i n g   mold  s u r f a c e s  

9,  10.  I t   may  be  p l a c e d   in  t he   c h a n n e l   66  a n d / o r   a d j a c e n t   to  t h e  

f o r w a r d   edge  of  t he   s l o p i n g   l i p   59  a g a i n s t   t h e   n o s e p i e c e   7,  a s  

shown  a t   2 3 .  T h i s   l o o s e   p a c k i n g   23  may  be  u s e d   o n l y   w i t h   t h e  

" d i r e c t "   i n - f e e d i n g   of  i n e r t   gas  i n t o   t he   c a v i t y   8  t h r o u g h  

p a s s a g e s   19  .(FIG.  6)  in  t h e   n o s e p i e c e   7 .  

T h e r e   i s   e v i d e n c e   t h a t   some  a t m o s p h e r i c   o x y g e n   a n d  

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

t h e   moving   mold  s u r f a c e s   9,  10  a n d / o r   upon  t h e i r   c o a t i n g s ,   f o r  

e x a m p l e ,   such   c o a t i n g s   as  d e s c r i b e d   and  c l a i m e d   in  U.S.  P a t e n t  

No.  3 , 8 7 1 , 9 0 5 .   A g a i n ,   w i t h   t he   use  of  mov ing   mold  s u r f a c e s   9 ,  

10,  wh ich   have   b e e n   r o u g h e n e d ,   as  by  g r i t - b l a s t i n g ,   a t m o s p h e r i c  

o x y g e n   and  o t h e r   g a s e s   t e n d   to  be  e n t r a i n e d   i n t h e   r e s u l t i n g  

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

on  t he   moving   mold  s u r f a c e s   9,  10  can  e n t r a i n   a t m o s p h e r i c   g a s e s .  

The  a d s o r b e d   a n d / o r   e n t r a i n e d   a t m o s p h e r i c   g a s e s   wou ld   be  c a r r i e d  

or  c o n v e y e d   c o n t i n u o u s l y   i n t o   t h e   mov ing   mold  w i t h   c o n s e q u e n t  

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

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

the   m o v i n g n o l d   s u r f a c e s   9,  10  c a u s e d   to  o c c u r   by  t h e   i n e r t   g a s  

as  d e s c r i b e d   a b o v e .  

In  a d d i t i o n   to  e x i t i n g   in  a  d i f f u s i n g ,   s c o u r i n g  

a c t i o n   on  t h e  m o v i n g   mold  s u r f a c e s   9  and  10,  some  of  t h e  i n e r t  

gas  e x i t s   from  t h e   p r e s s u r i z e d   c o n t r o l l e d   gas  c a v i t y   8  by  f l o w i n g  

o u t   l a t e r a l l y   to   each   s i d e   p a s t   the   r e s p e c t i v e   mov ing   edge  d a m s  

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

t h e s e   edge  dams  and  e x c l u d i n g   such  g a s e s   from  i n v a s i o n   i n t o  

the   e n t r a n c e   r e g i o n   8 .  



T h i s   i n e r t   gas  i s   o f t e n   n i t r o g e n ,   b u t   i t   may  b e  

a r g o n ,   c a r b o n   d i o x i d e ,   or  o t h e r   gas  w h i c h   i s   a p p r o p r i a t e l y  

i n e r t   and  n o n - r e a c t i v e   in  r e l a t i o n   to  t he   p a r t i c u l a r   m e t a l   o r  

a l l o y   1  b e i n g   c a s t .   The  i n e r t   gas  w h i c h   can   be  u s e d   to  a d v a n t a g e  

when  c a s t i n g   a l u m i n u m   and  a l uminum  a l l o y s   i s   p r e - p u r i f i e d  

n i t r o g e n   t h a t   has   been   w a t e r - p u m p e d ,   i . e . ,   pumped  w i t h   w a t e r  

s e a l i n g   in  t he   c o m p r e s s o r s   a n d . k n o w n   as  " d r y "   n i t r o g e n ,   as  d i s -  

t i n c t   from  o i l - p u m p e d   n i t r o g e n .   T h i s   " d r y - p u m p e d "   n i t r o g e n   i s  

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

t i o n   ( f o r   such   n i t r o g e n   s h i e l d i n g   gas)   c a l l s   f o r   l e s s   t h a n   t w o  

p a r t s   pe r   m i l l i o n   of  o x y g e n ,   and  l e s s   t h a n   s i x   p a r t s   pe r   m i l l i o n  

of  w a t e r -  

T h i s   i n - f e e d i n g   of  i n e r t   gas   t h r o u g h   one  or  m o r e  

p a s s a g e s   1 9  i n   t h e   r e f r a c t o r y  n o s e p i e c e   7  w i t h   o u t l e t   61  

c o m m u n i c a t i n g - d i r e c t l y   i n t o   the   c o n t r o l l e d   gas  c a v i t y   8  i s   c a l l e d  

t he   " d i r e c t " i n j e c t i o n   of  i n e r t   ga s .   A  f u r t h e r   a d v a n t a g e o u s  

e f f e c t   of  t h i s   d i r e c t   c h a r g i n g   of  t h e   c a v i t y   8  w i t h   t he   i n e r t  

gas   i s   to  d i l u t e   and  e x p e l   away  from  t he   e n t r a n c e   r e g i o n   E  a n y  

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

which   may  be  e v o l v e d   or  g i v e n   o f f   by  t h e   mold  and  n o z z l e   c o m -  

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

the   e n t e r i n g   f l ow  60  o f . t h e   m o l t e n   m e t a l .  

In  o r d e r   to  p r o p e r l y  c o n t r o l   and  e x c l u d e   t r o u b l e -  

some  a t m o s p h e r i c   g a s e s   more  i s   r e q u i r e d   t h a n   the   d i r e c t   i n j e c t i o n  

of  i n e r t   gas  i n t o   t he   c a v i t y   8  p e r  s e ;   t h a t   i s ,   t he   mov ing   m o l d  

s u r f a c e s   9,  10  s h o u l d   a l s o   be  e n v e l o p e d   and  c l e a n s e d   by  u p s t r e a m  

f l o w i n g   gas  c h a n n e l e d   66  in  c l o s e   p r o x i m i t y   to  t h e   moving  m o l d  

s u r f a c e s   by  the   c u r v e d   s h i e l d s   34  as  d e s c r i b e d   a b o v e .  



In  a d d i t i o n   to  t h i s   d i r e c t   i n j e c t i o n ,   or  as  a n  

a l t e r n a t i v e   t h e r e t o ,   an  a d v a n t a g e o u s   " i n d i r e c t "   i n - f e e d i n g   of  t h e  

i n e r t   gas   may  a l s o   be  e m p l o y e d .   I n v i t i n g   a t t e n t i o n   to  FIG.   4 ,  

i t   i s   s een   t h a t   the   i n e r t   gas  G  e n t e r s   a  s u p p l y   p o r t   68  in   t h e  

t r i a n g u l a r   end  w a l l   53  f o r   f e e d i n g   the   i n e r t   gas   G  i n t o   t h e  

l e a n - t o   p l e n u m   s u p p l y   c h a m b e r  5 4 .   T h i s   s u p p l y   p o r t   68  i s   t h r e a d -  

ed  f o r   a  c o n n e c t i o n   f i t t i n g   to   a  g a s   f e e d   p i p e l i n e   or  f l e x i b l e  

c o n d u i t   (not   s h o w n ) .   From  t h i s   c h a m b e r   54  t h e   gas   G  f l o w s   a s  

i n d i c a t e d   by  a r r o w s   t h r o u g h   a  p l u r a l i t y   o f .  v e r t i c a l   p a s s a g e s   2 7 - 1  

i n t o   r e s p e c t i v e   long  b o r e d   p a s s a g e s   27-2  e x t e n d i n g   h o r i z o n t a l l y  

d o w n s t r e a m   in  t he   b a s e   p l a t e   28  c o n n e c t i n g   to  a  t r a n s v e r s e l y   b o r e  

h e a d e r   p a s s a g e   27-3  c o n n e c t i n g   w i t h   m u l t i p l e   s m a l l   o r i f i c e s  

24  in  t h e   c h a m f e r e d   l i p   59  of  t h e   b a s e   p l a t e   28.  The  u p s t r e a m  

end  o f  e a c h  l o n g i t u d i n a l l y   d r i l l e d   p a s s a g e   27-2  i s   c l o s e d   by  a  

p l u g   67.  Each  end  of  t h e   t r a n s v e r s e l y   d r i l l e d   h e a d e r   p a s s a g e  

27-3  i s   c l o s e d   by  a  p l u g   6 7 .  

I f   i t   i s   d e s i r e d   t h a t   some  of  t h i s   i n e r t   gas  G  in  t h  

h e a d e r   p a s s a g e   27-3   be  a p p l i e d   l a t e r a l l y   to  t h e   edge   dams ,   t h e n  

an  o r i f i c e   2 4 - 2  i s   d r i l l e d   in  e a c h   of  t he   l a t t e r   two  p l u g s   6 7 .  

For  c a s t i n g   up  to  a p p r o x i m a t e l y   l ' i n c h   (25  mm)  t h i c k ,   i t   i s  

u s u a l l y   n o t   n e c e s s a r y   to  p r o v i d e   l a t e r a l   f low  o r i f i c e s   2 4 - 2 .   Up 

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

in  t h e   c o n t r o l l e d   gas  c a v i t y   8  to  move  the   i n e r t   gas  o u t  

l a t e r a l l y   a g a i n s t   t he   mov ing   edge   dams  17  and  u p s t r e a m   a l o n g  

t h e   v e r t i c a l   s i d e   s u r f a c e s   69  o f  t h e   b a s e   28  a t   a  s u f f i c i e n t   f l o w  

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

mold  e n t r a n c e   r e g i o n   E .  

I n e r t   gas  i s s u i n g   t h r o u g h   the   o r i f i c e s   24  in  t h e  

s l o p i n g   l i p   s u r f a c e   59  i s   a d v a n t a g e o u s l y   a p p l i e d   to  the   m o v i n g  



mold  s u r f a c e s   9  and  10  a t   c l o s e   r a n g e   f o r   g e n t l y ,   n o i s e l e s s l y ,  

c o v e r i n g ,   b l a n k e t i n g ,   e n v e l o p i n g   and  c l e a n s i n g   t hem.   I f   t h e  

d i r e c t   i n - f e e d   gas  p a s s a g e s   19  a r e   o m i t t e d   from  t he   n o s e p i e c e   7 ,  

as  shown  in  FIG.  5,  t h e n   t he   m o t i o n   51,  52  (FIG.  3)  of  t he   m o l d  

s u r f a c e   9,  10  c a r r i e s   and  p r o p e l s   some  of  t h i s   i n e r t   gas  i n t o   t h e  

c a v i t y   8.  An  a d v a n t a g e o u s   a r r a n g e m e n t   i s   to  d r i l l   t h e   o r i f i c e s  

24  in  a  h o r i z o n t a l   row  s p a c e d   one  i n c h   a p a r t   (25  mm)  in  a  c e n t e r -  

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

f o r   e x a m p l e ,   of  0 .062   of  an  i n c h  ( 1 . 6   mm).  In  c o n t i n u o u s   c a s t i n g  

of  a l u m i n u m  a n d   a luminum  a l l o y s   u s i n g   t he   " i n d i r e c t "   i n - f e e d i n g  

of  " d r y - p u m p e d "   n i t r o g e n   as  t h e   i n e r t   gas  G  t h r o u g h   p a s s a g e s   2 7 - 1  

2 7 - 2 ,   27-3  and  o r i f i c e s   24,  t he   f l o w   r a t e   t h a t   has  been   s u c c e s s -  

f u l l y   u s e d   i s   10  c u b i c   f e e t   (0 .28   c u b i c   m e t e r )   pe r   h o u r   f o r   a  c a s  

w i d t h   of  14  i n c h e s   (355  mm),  and  a  c a s t   t h i c k n e s s   up  to  1  i n c h  

(25  mm).  T h i s   t e n   c u b i c   f e e t   p e r   h o u r   i s   t he   vo lume   of  i n e r t  

gas  a t   a t m o s p h e r i c   p r e s s u r e   and  a t   room  t e m p e r a t u r e .   The  c o r r e s -  

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

from  the   o r i f i c e s   24  i s   a p p r o x i m a t e l y   5  f e e t   pe r   s e c o n d   ( 1 . 5  

m e t e r s   pe r   s e c o n d ) .   The  c o r r e s p o n d i n g   p r e s s u r e   above   a t m o s p h e r i c  

p r e s s u r e   i n _ t h e . l e a n - t o   p l e n u m   s u p p l y   chamber   54  i s ,   we  b e l i e v e ,  

be low  0 . 0 1  p o u n d s   per   s q u a r e   i n c h  ( u n d e r   0 .07  k i l o p a s c a l s )  .  

Given   the   p r o p o r t i o n s   o f  t h e   o r i f i c e s   24,  we  have  t he   t h e o r y  

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

m e t e r s  i n   wh ich   l a m i n a r   f low  p r e v a i l s , . a s   o p p o s e d   to  t u r b u l e n t  

f l o w .   L a m i n a r   f low  i s   by  d e f i n i t i o n   n o n - t u r b u l e n t   f l o w ,   w h i c h  

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

a i r .   The  t u r b u l e n c e   and  d i s t u r b a n c e   n o i s e   a s s o c i a t e d   w i t h   t o o  

h i g h   a  f low  r a t e   w i l l   e n t r a i n   a i r ;   such   a i r   e n t r a i n m e n t   b e i n g  

u n d e s i r a b l e .   R e g a r d l e s s   of  w h e t h e r   our   t h e o r y   t h a t   l a m i n a r  

f low  is   p r e v a i l i n g   is  c o r r e c t   or  n o t ,   t he   e m p l o y m e n t   of  t h i s  

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



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

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

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

m a c h i n e   whe re   o x i d a t i o n   or  c o n t a m i n a t i o n   o f  t h e   c a s t   p r o d u c t  

by  a t m o s p h e r i c   g a s e s   i s   a  p r o b l e m .  

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

as  t he   i n e r t   gas  i s s u e s   t h r o u g h   t h e   o r i f i c e s   24  f o r   r e d u c i n g   a n y  

t e n d e n c y   to  e n t r a i n   a i r ,   t h e s e   o r i f i c e s   can  be  t e r m i n a t e d   in  a  

t r a n s v e r s e   s l o t   or  g r o o v e   24-1   m i l l e d   i n t o   t he   s l o p i n g   s u r f a c e  

5 9 .  

As  t h e   i n e r t   gas  i s   e x p e l l e d   from  t he   m u l t i p l e  

o r i f i c e s   24,  i t   s lows   d o w n  a n d   t h u s   e v i d e n t l y   c r e a t e s   a  c o n t i -  

nuous   zone  o r  ' r i d g e "   of  m i n u t e   p r e s s u r e   in  t he   c u s p   r e g i o n   b e t w e e  

t h e   moving   mold  s u r f a c e   9  o r  1 0 ,   t h e   s l o p i n g   l i p   59  and  t h e  

f o r w a r d   ( d o w n s t r e a m )   end  of  t h e   n o s e p i e c e .   Th i s   s l o w i n g   down 

and  c r e a t i n g   of  the   p r e s s u r e   r i d g e   i s   a i d e d   and  a b e t t e d   by  c u l -  

m i n a t i n g   the   o r i f i c e s   24  in  t he   t r a n s v e r s e   s l o t   or  g r o o v e   2 4 - 1 .  

Some  of   t he   gas  from  t h i s   p r e s s u r e   r i d g e   f l o w s   t h r o u g h   the   c l e a r -  

ance   gap  22  i n t o  t h e   c o n t r o l l e d   gas  c a v i t y   8.  The  r e m a i n d e r  

of  t h e   i n e r t   gas  f rom  t h i s   p r e s s u r e   r i d g e   f l ows   u p s t r e a m ;  

t h a t   i s ,   f l o w s   ou t   t h r o u g h   t h e   c h a n n e l   66  in  t he   c l o s e - f l o w i n g ,  

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

a t   3 6 .  

T h i s   " i n d i r e c t "   m e t h o d   of  a p p l y i n g   t he   i n e r t  g a s  

q u i e t l y ;   t h a t   i s ,   n o i s e l e s s l y   w i t h   no  a u d i b l e   d i s t u r b a n c e   i n t o  

the   e n t r a n c e   E  to  t he   moving   m o l d ,   by  f o r m i n g   t he   p r e s s u r e   r i d g e  

in  t he   cusp  region  near  the  nosepiece ,   as  described  above,  is  the  p r e f e r r e d  

me thod   f o r   p r o d u c i n g   a l uminum  c a s t   p r o d u c t   P  and  aluminum  a l loy  c a s t  



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

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

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

t r o u b l e s o m e   s u r f a c e   o x i d e   and  have  a c c e p t a b l e   q u a l i t i e s   a n d  

c h a r a c t e r i s t i c s   on  the   s u r f a c e s   and  a l s o   in  t he   i n t e r i o r .  

The  s i m u l t a n e o u s   use   of  b o t h   t he   " d i r e c t "   and  " i n -  

d i r e c t "   m e t h o d s   of  i n t r o d u c i n g   the   i n e r t   gas   can  be  u s e d   t o  

a d v a n t a g e .   For   e x a m p l e ,   when  t h e   m o l t e n   m e t a l   in  t he   e n t r a n c e   E 

to  t he   mov ing   mold  can  be  a n t i c i p a t e d   to  r i s e   to  a  l e v e l   s u f f i -  

c i e n t   to  c o v e r   a t   l e a s t   the   l ower   c l e a r a n c e   gap  22  (FIG.  3  or  8) 

a t   t he   n o s e p i e c e ,   t h e n   t h i s   l ower   c l e a r a n c e   gap  22  i s   a p p r o p r i a t e  

ly  s h r o u d e d   and  c o n t r o l l e d   by  the   " i n d i r e c t "   i n t r o d u c t i o n   o f  

i n e r t   gas  t h r o u g h   t he   l ower   l e a n - t o   p l e n u m   c h a m b e r   54  and  c o m m u n i  

c a t i n g   g a s - f e e d   p a s s a g e s   in  the   l ower   c lamp  s t r u c t u r e   26.  S u c h  

g a s - f e e d   p a s s a g e s   in  t he   l ower   c lamp  s t r u c t u r e   26  a re   s i m i l a r   t o  

t h o s e   shown  in  FIG.  4  in  t he   u p p e r   c l amp   s t r u c t u r e   25.  Thus ,   t h e  

l o w e r   c l e a r a n c e   gap  22  (FIG.  3  or  8)  i s   b e i n g   s h r o u d e d   and  c o n -  

t r o l l e d   by  t he   " i n d i r e c t "   m e t h o d ,   w h i l e   t he   u p p e r   c l e a r a n c e  

gap  22  i s   s i m u l t a n e o u s l y   b e i n g   c o n t r o l l e d   and  s h r o u d e d   by  t h e  

" d i r e c t "   i n j e c t e d   i n e r t   gas  t h e r e a f t e r   f l o w i n g   u p s t r e a m   ou t   o f  

t he   c a v i t y   8  t h r o u g h   t h e   u p p e r   c l e a r a n c e   gap  22  (FIG.  3  or  8)  a n d  

u p s t r e a m   t h r o u g h   t he   u p p e r   c l o s e - f l o w i n g   c h a n n e l   6 . 6 .  



With  r e f e r e n c e   to  FIGS.  6  and  4,  t h e   i n e r t   gas  i s  

fed  i n t o   t he   i n l e t   p o r t   63  l e a d i n g   to  t he   p a s s a g e   19  by  d r i l l i n g  

a  p a s s a g e   70  leading  from  the  s l i g h t l y   p r e s s u r i z e d   plenum  chamber  54 

t h r o u g h   the   b a s e   p l a t e   28  and  t h r o u g h   one  of  t he   l a n d s   43  i n  

a l i g n m e n t   w i t h   and  in  c o m m u n i c a t i o n   w i t h   t he   i n l e t   p o r t   6 3 .  

I f   d e s i r e d   to  a u g m e n t   t he   q u i e t ,   u n t u r b u l e n t   f low  o f  

t h e   i n e r t   s h r o u d i n g   gas  in  the   v i c i n i t y   of  t he   n o s e p i e c e   c l a m p  

s u p p o r t   s t r u c t u r e s   25  and  26,  a d d i t i o n a l   o u t l e t   o r i f i c e s   72  may 

be  d r i l l e d   t h r o u g h   the   d i a g o n a l   p l a t e  3 3   i n t o   t he   p r e s s u r i z e d  

l e a n - t o  p l e n u m   chamber   5 4 .  

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

f o r   e x a m p l e ,   c o p p e r ,   i r o n   and  s t e e l ,   t he   moving   mold   s u r f a c e s  

9  and  1 0  a r e   c o v e r e d   w i t h   a p p r o p r i a t e   c o a t i n g ,   f o r   e x a m p l e ,  

c o a t i n g s   o f  s i l i c o n e   o i l   t y p e   or  an  a l k y l   o i l   t y p e ,   such  a s  

UCON  LB-300X  o b t a i n a b l e  f r o m   Union   C a r b i d e   C o r p o r a t i o n ,   which   may  

be  u s e d   w i t h   or   w i t h o u t   a d m i x t u r e s   of  g r a p h i t e .   With   m e t a l s  

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

to  use  a  n o s e p i e c e   7  w i th   a  p l u r a l i t y   of  p a r a l l e l , r e i n s e r t a b l e  

p o u r i n g   n o z z l e s   or  t u b e s   21  in  c o n j u n c t i o n   w i t h   a  t u n d i s h   4  a s  

shown  in  FIGS.  7,  8  a n d   9 .   T h e s e   r e i n s e r t a b l e   t u b e s   21  a r e  

i n s e r t e d   i n t o   the   n o s e p i e c e   7  to  c o m m u n i c a t e   w i t h   the   m o l t e n  

m e t a l   i n  t h e   t u n d i s h   4,  as  s een   mos t   c l e a r l y   in  FIG.  9.  T h e s e  

t u b e s   21  a r e   made  of  h igh   t e m p e r a t u r e   r e s i s t a n t   r e f r a c t o r y  

m a t e r i a l ,   f o r   e x a m p l e ,   f u s e d   s i l i c o n   d i o x i d e   ( q u a r t z ) ,   t i t a n i u m  

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

m a t e r i a l s ,   a l l   of  which  a re   c o m m e r c i a l l y   a v a i l a b l e   in  t he   f o r m  

o f   t u b e s .   The  t u b e s   21  a re   embedded   in  p a r a l l e l   h o l e s   in  t h e  

a c c u r a t e l y   m a c h i n e d   n o s e p i e c e   7 .  



A  p l u r a l i t y   of  p a r a l l e l   i n - f e e d   g a s  p a s s a g e s   63  a n d  

19  a n a l o g o u s   to  t h e   a r r a n g e m e n t   shown  in  FIG.  6  a r e   d r i l l e d   i n  

the   n o s e p i e c e   7  f o r   t h e   i n j e c t i o n   of  i n e r t   gas  G  d i r e c t l y  i n t o  

t he   c o n t r o l l e d   gas  c a v i t y   8  (FIG.  8) .   T h i s   i n e r t   gas  comes  f r o m  

the   p r e s s u r i z e d   l e a n - t o   p l enum  c h a m b e r   54  ( see   a l s o   FIG.  4 )  

t h r o u g h   a p p r o p r i a t e l y   l o c a t e d   s u p p l y   p a s s a g e s   70  c o m m u n i c a t i n g  

w i t h   t he   r e s p e c t i v e   v e r t i c a l   p a s s a g e s   63.  The  c l e a r a n c e   g a p s  

a d j a c e n t   to   t he   d o w n s t r e a m   end  of  t he   n o s e p i e c e   7  a re   shown  a t  

2 2 .  

In  o r d e r   to  i s o l a t e   t h e   c o n t r o l l e d   gas  c a v i t y  

8  from  a t m o s p h e r i c   g a s e s   and  p r o v i d e   f u r t h e r   i m p e d a n c e   to   i n -  

t r u s i o n   of  such   g a s e s ,   a  l o o s e   f l e x i b l e   p a c k i n g   s e a l   23,  a s  

d e s c r i b e d   a b o v e ,   i s   p l a c e d   above   and  b e l o w   the   n o s e p i e c e   7 

a d j a c e n t  t o   t he   d o w n s t r e a m   edge  of  t he   l i p   59  (FIG.  4)  of  t h e  

b a s e p l a t e   28  of  t he   s u p p o r t   c lamp  s t r u c t u r e s   25,  26.  T h i s   p a c k -  

ing  23  may  be  a l l o w e d   to  c o n t a c t   t h e   moving   mold  s u r f a c e s   9  a n d  

1 0 .  

In  a d d i t i o n   to  t he   i n - f e e d   gas  p a s s a g e s   19,  i n e r t  

gas  may  be  fed   i n t o   t he   n a r r o w   c h a n n e l s   b e t w e e n   t h e   d i a g o n a l  

p l a t e s   33  (FIG.  8)  and  the   moving   mold  s u r f a c e s   9,  10  b y  

e m p l o y i n g   o u t l e t   o r i f i c e s   72  (FIG.  4)  in  t h e s e   d i a g o n a l   p l a t e s .  

A l t h o u g h   FIG.  8  does   n o t   show  the   c u r v e d   s h i e l d   members   34 

( F I G S .  3   and  9 ) ,   i t   is   to  be  u n d e r s t o o d   t h a t   such  s h i e l d s   may  b e  

e m p l o y e d   w i t h   t he   m u l t i - t u b e   21  m e t a l   f e e d   shown  in  FIGS.  7  a n d  

8.  A l s o ,   i n d i r e c t   f e e d i n g   of  i n e r t   gas  t h r o u g h   p a s s a g e s   2 7 - 1 ,  

2 7 - 2 ,   2 7 - 3 ,   24  and  21-1   in  t he   c lamp  s t r u c t u r e s   25  and  26  may  b e  

e m p l o y e d .  

The  m e t h o d s   of  f e e d i n g   the   m o l t e n   m e t a l   i n t o   t h e  

e n t r a n c e   E  of  t he   moving  c a s t i n g   mold  C,  as  shown  in  FIGS.  2,  3 

a n d . 8   a r e   c a l l e d   " c l o s e d   p o o l "   f e e d i n g   b e c a u s e   the   c a v i t y   8  i s  



e s s e n t i a l l y   c l o s e d   by  the   s m a l l   c l e a r a n c e   gaps   22  a d j a c e n t   t o  

t h e   d o w n s t r e a m   end  of  t he   n o s e p i e c e   7,  as  d e s c r i b e d   a b o v e .  

An  a l t e r n a t i v e   me thod   of  f e e d i n g   the   m o l t e n   m e t a l ,  

c a l l e d   " o p e n - p o o l "   f e e d i n g   i s   shown  in  FIG.  9.  Whi l e   o p e n - p o o l  

f e e d i n g   i n v o l v e s   no  c l o s e l y   f i t t i n g   n o s e p i e c e   7,  i t s   use   i s   a t  

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

s e c t i o n s   above   1 - 1 / 2   i n c h e s   (38  mm)  in  t h i c k n e s s .   The  i n e r t   g a s  

i s   s u p p l i e d   t h r o u g h   t h e   s u p p l y   p o r t s   68  i n t o   " l e a n - t o "   c h a m b e r s  

5 4 '  o f   f u n n e l - l i k e   c o n f i g u r a t i o n .   These   l e a n - t o   f u n n e l   c h a m b e r s  

54'   a r e   d e f i n e d   by  t he   c u r v e d   s h i e l d   34,  t h e   b a s e   p l a t e   28  a n d  

r e a r   w a l l   45  of  t he   s u p p o r t i n g   c lamp  s t r u c t u r e   25  or  26  and  by  a  

s h i e l d - s u p p o r t i n g   w a l l  p l a t e  7 4  w e l d e d   b e t w e e n  t h e   r e a r   w a i l  4 5  

and  the   s h i e l d   34.  The  i n e r t   gas  f l o w s   d o w n s t r e a m   from  t h e  

f u n n e l   c h a m b e r   54'  t h r o u g h   t he   e x i t  3 8   a d j a c e n t   to   t he   d o w n s t r e a m  

edge  of  t he   c u r v e d   s h i e l d   3 4 .  

Some  of  t h i s   i n e r t   gas  f l o w s   in  s h r o u d i n g   r e l a t i o n -  

s h i p   i n t o   t he   e n t r a n c e   r e g i o n   E  of  t he   mov ing   c a s t i n g   mold   C .  

Some  of  t h i s   i n e r t   gas  r e t u r n s   u p s t r e a m   t h r o u g h   t h e   n a r r o w  

c h a n n e l s   66  in  c l e a n s i n g   r e l a t i o n s h i p   w i t h   t h e   m o v i n g  

mold  s u r f a c e s   and  t h e n   e x i t i n g   from  t h e s e   c h a n n e l s   a t   3 6 .  

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

t u b e s   21  of  h i g h   t e m p e r a t u r e   r e f r a c t o r y   m a t e r i a l   (FIGS.  7,  8,  9) 

i s   d e s c r i b e d   as  b e i n g   used   f o r   m e t a l s   or  a l l o y s   h a v i n g   h i g h  

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

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

d e s i r e d .   - 

The  r e s u l t s   w i t h   any  of  the   a b o v e - d e s c r i b e d   m e t h o d s  

and  a p p a r a t u s   w i l l   be  i m p r o v e d   in  the   t w i n - b e l t   c a s t e r s   by  t h e  

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

U.S.   P a t e n t s ,   Nos.  3 , 9 3 7 , 2 7 0   and  4 , 0 0 2 , 1 9 7   a n d / o r   by  p r e h e a t i n g  



t he   b e l t s   w i t h   s t e a m   c l o s e l y   ahead   of  t h e   e n t r a n c e   E  to  t h e  

moving   mold  C,  as  d e s c r i b e d   and  c l a i m e d   in  c o p e n d i n g   a p p l i c a t i o n ,  

S e r i a l   No.  1 9 9 , 6 1 9 ,   f i l e d   O c t o b e r   22,  1980 ,   and  a s s i g n e d   to   t h e  

a s s i g n e e   of  t he   p r e s e n t   i n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   i m p r o v e s   t h e   s u r f a c e   q u a l i t i e s  

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

r e l a t i v e l y   t h i n   s e c t i o n   when  c a s t   in  a p p r o x i m a t e l y   h o r i z o n t a l  

or  d o w n w a r d l y   i n c l i n e d   o r i e n t a t i o n   mode,   p a r t i c u l a r l y   of  a l u m i n u m  

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

p r o v i d e s   i m p r o v e m e n t   in  t he   i n t e r n a l   q u a l i t i e s   and  c h a r a c t e r i s t i c  

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

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

P  when  c a s t   in  t h e   h o r i z o n t a l   mode  or  d o w n w a r d l y   i n c l i n e d   m o d e .  

As  u s e d   h e r e i n ,   t he   t e rm  " d o w n w a r d l y   i n c l i n e d "  

means  a t   an  a n g l e   l e s s   t h a n   45°  w i t h   r e s p e c t   to  t h e   h o r i z o n t a l  

and  u s u a l l y   l e s s   t h a n   a p p r o x i m a t e l y   2 0 ° .  

E x a m p l e s   of  a luminum  a l l o y s   w h i c h   can   be  c o n t i n u o u s l  

c a s t   w i t h   a d v a n t a g e   u s i n g   the   p r e s e n t   i n v e n t i o n   a r e :  

EXAMPLE  1 :  

AA  1100  a t  c a s t i n g   speeds up  to   1, 400  p o u n d s   p e r   h o u r  

pe r   i n c h   of  w i d t h   of  t he   moving  m o l d .  

EXAMPLE  2 :  

.AA  3003  a t   c a s t i n g   s p e e d s   up  to   1 , 4 0 0   p o u n d s   p e r .  

hou r   p e r   i n c h   of  w i d t h   of  t he   moving  m o l d .  

EXAMPLE  3 :  

AA  3105  a t   c a s t i n g   s p e e d s   up  to   a t   l e a s t   1 , 0 0 0  p o u n d  

pe r   h o u r   p e r  i n c h   of  w i d t h   of  the   moving   m o l d .  

EXAMPLE  4 :  

AA  7072  a t  c a s t i n g   speeds  up  to  a t   l e a s t   1 , 0 0 0   p o u n d s  

pe r   hour   pe r   i nch   of  w i d t h   of  the   moving   m o l d .  



EXAMPLE  5 :  

A l l o y s   c o n t a i n i n g   up  to  2.8%  M a g n e s i u m   by  w e i g h t  a t  

c a s t i n g   s p e e d s   up  to  1 , 1 5 0   p o u n d s   p e r   h o u r   p e r   i n c h   of  w i d t h   o f  

t h e   moving   m o l d .  

EXAMPLE  6 :  

Hard  a l l o y s   c o n t a i n i n g   up  to   3.0%  of  M a g n e s i u m   b y  

w e i g h t   a t   c a s t i n g   s p e e d s   up  to  a t   l e a s t   1 , 0 0 0   p o u n d s   pe r   h o u r  

p e r   i n c h   of  w i d t h   of  t h e   moving   m o l d .  

EXAMPLE  7 :  

A l l o y s   c o n t a i n i n g   up  to  1.8%  M a g n e s i u m   a t   c a s t i n g  

s p e e d s  u p   to  a t   l e a s t   1 , 1 7 5   p o u n d s   pe r   h o u r   p e r   i n c h   of  w i d t h  

of  t h e   moving   m o l d .  

EXAMPLE  8 :  

A l l o y s   s i m i l a r   to  AA  3105 ,   e x c e p t   c o n t a i n i n g   0 . 8 %  

M a n g a n e s e   and  0.3%  Magnes ium  by  w e i g h t ,   a t   c a s t i n g   s p e e d s   u p  

to  a t   l e a s t   1 ,000   p o u n d s   pe r   hou r   p e r   i n c h   of  w i d t h   of  t h e  

moving   m o l d .  

EXAMPLE  9 :  

A l l o y s   c o n t a i n i n g   1.8%  M a g n e s i u m ,   0.3%  S i l i c o n ,  

0.3%  I r o n ,   and  0.52%  M a n g a n e s e   by  w e i g h t   a t   c a s t i n g   s p e e d s   u p  

to  a t   l e a s t   1 , 000   p o u n d s   pe r   h o u r   p e r   i n c h   o f  w i d t h  o f   t h e  

mov ing   m o l d .  

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

of   t he   i n v e n t i o n   have  been   d i s c l o s e d   h e r e i n   in  d e t a i l ,   i t   i s  

to   be  u n d e r s t o o d   t h a t   t h e s e   e x a m p l e s   of  t he   i n v e n t i o n   have   b e e n  

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

to   be  c o n s t r u e d   as  l i m i t i n g   the   s c o p e   of  t he   i n v e n t i o n ,   s i n c e  

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

by  t h o s e   s k i l l e d   in  the   a r t   in  o r d e r   to  a d a p t   t he   a p p a r a t u s  

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

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



1.  The  m e t h o d   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  

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

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

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

or  d o w n w a r d l y   i n c l i n e d ,   s a i d   m o v i n g   mo ld   b e i n g   d e f i n e d   b e t -  

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

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

e n t r a n c e   w i t h   c l e a r a n c e   g a p s   of   l e s s   t h a n   0 . 0 5 0   o f   an  i n c h  

( 1 . 2 7   mm)  b e t w e e n   s a i d   m e t a l - f e e d i n g   a p p a r a t u s   and  s a i d  

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

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

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

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

one  g a s - f e e d i n g   p a s s a g e   e x t e n d i n g   d o w n s t r e a m   t o w a r d   t h e  

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

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

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

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

c a s t .  



2.  The  m e t h o d   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  

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

m e t a l   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e   m e t a l - f e e d i n g  

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

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

and  s a i d   g a s - f e e d i n g   p a s s a g e   in   s a i d   f e e d i n g   m e a n s   o f  

r e f r a c t o r y   m a t e r i a l .  

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

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

m e t a l   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e   m e t a l - f e e d i n g  

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

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

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

p a s s a g e   in   s a i d   s u p p o r t   m e m b e r .  

4.  The  m e t h o d   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  

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

m e t a l   as   c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e r e   a r e   r i g i d  

s u p p o r t   members  a b o v e   and   b e l o w   s a i d   r e f r a c t o r y   m a t e r i a l   f o r  

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

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

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

b e l o w   s a i d   m e t a l - f e e d   p a s s a g e .  



5.  The  m e t h o d   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  

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

m e t a l   as   c l a i m e d   in   C l a i m   3  or   4,  c h a r a c t e r i z e d   by  m a i n -  

t a i n i n g   t h e   l e v e l   o f  t h e   m o l t e n   m e t a l   in   t h e   e n t r a n c e  

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

p a s s a g e   t h e r e b y   c r e a t i n g   a  c a v i t y   in   t h e   e n t r a n c e   t o   t h e  

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

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

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

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

of   s a i d   c a v i t y .  

6.  The  m e t h o d   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  

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

m e t a l   as   c l a i m e d   in   C l a i m   4  o r   5,  c h a r a c t e r i z e d   by  p r o v i d -  

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

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

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

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

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

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

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

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



7.  The  m e t h o d   as   c l a i m e d   in   C l a i m   3,   4,   5  o r  

6,  c h a r a c t e r i z e d   by  g e n t l y   f e e d i n g   a  h e a v i e r - t h a n - a i r   i n e r t  

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

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

n e a r   t h e   u p p e r   c l e a r a n c e   g a p ,   and  g e n t l y   f e e d i n g   a  l i g h t e r -  

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

c a u s i n g   t h e   i n e r t   g a s   to   t e n d   to   r i s e   and   l i e   up  a g a i n s t  

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



8.  The  m e t h o d   as  c l a i m e d   in   C l a i m   2 ,  

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

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

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

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

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

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

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

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

9.  The  m e t h o d   as  c l a i m e d   i n   C l a i m   2  o r   8 ,  

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

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

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

10.  The  m e t h o d   as  c l a i m e d   in   a n y  o n e   o r   m o r e  

of   C l a i m s   2 - 9   i n c l u d i n g   t h e   f u r t h e r   s t e p   o f :   c h a n n e l i n g  

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

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

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

c a u s i n g   s a i d   c h a n n e l e d   gas   to   c l e a n s e   and   d i s p l a c e  

a t m o s p h e r i c   g a s e s   o f f   f r om  t h e   r e s p e c t i v e   m o v i n g   mo ld   s u r -  

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



11.   The  m e t h o d   as  c l a i m e d   in   C l a i m   2,  8,  9  o r   1 0 ,  

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

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

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

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

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

a t   l e a s t   one   g a s - f e e d i n g   p a s s a g e   e x t e n d i n g   d o w n s t r e a m   i n  

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

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

f e e d i n g   p a s s a g e s .  

12.   The  m e t h o d   as  c l a i m e d   in  C l a i m   11,  i n c l u d i n g  

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

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

b e t w e e n   r e s p e c t i v e   p a i r s   of   a d j a c e n t   m e t a l - f e e d i n g   p a s s a g e s ,  

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

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

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

13 .   T h e  m e t h o d   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  

- p r o d u c t   as   c l a i m e d   in   C l a i m   2 , 8 , 9 , 1 0 , 1 1   o r  12 ,   i n c l u d i n g .  t h e  

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

p a s s a g e   a b o v e   t h e   l e v e l   of   t h e   o u t l e t   of  s a i d   m e t a l - f e e d i n g  

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

c o n t r o l l e d   gas   c a v i t y   a b o v e   t h e   l e v e l   of  t h e   m o l t e n   m e t a l   i n  

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



14.  The  m e t h o d   as  c l a i m e d   in   C l a i m   7,  c h a r a c -  

t e r i z e d   by  f e e d i n g   d r y   p u r i f i e d   a r g o n   a b o v e   s a i d   m e t a l -  

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

s a i d   m e t a l - f e e d i n g   p a s s a g e .  

15.   The  m e t h o d   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  

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

C l a i m   2,  8,  9,  10,   11 ,   12  or   13,   i n c l u d i n g   t h e   f u r t h e r  

s t e p s   o f :   g r o o v i n g   t h e   d i s c h a r g e   end  o f   t h e   r e f r a c t o r y  

m a t e r i a l   w i t h   a  g r o o v e   e x t e n d i n g   h o r i z o n t a l l y   t r a n s v e r s e l y  

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 e t a l   f e e d ,   and  f l o w i n g  

t h e   i n e r t   g a s   f r o m   s a i d   gas   f e e d   p a s s a g e   i n t o   s a i d   g r o o v -  

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

t u r b u l e n c e   of   t h e   m o l t e n   m e t a l .  

16.   The  m e t h o d   as   c l a i m e d   in   a n y  o n e   o r   m o r e  

of   C l a i m s   2  t h r o u g h   15,   c h a r a c t e r i z e d   by  t h e   s t e p s   o f  

f e e d i n g   i n e r t   gas   t h r o u g h   s a i d   g a s - f e e d i n g   p a s s a g e   in   s a i d  

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

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

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

s u p p o r t   m e m b e r .  



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

o f   C l a i m   1  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   p r o d u c t   o f  

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

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

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

w a r d l y   i n c l i n e d ,   s a i d   m o v i n g   mo ld   b e i n g   d e f i n e d   b e t w e e n  

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

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

g a p s   of   l e s s   t h a n   0 . 0 5 0   of  an  i n c h  ( 1 . 2 7   mm)  b e t w e e n   s a i d  

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

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

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

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

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

h a v i n g   a t   l e a s t   one  g a s - f e e d i n g   p a s s a g e   e x t e n d i n g   d o w n -  

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

f o r   f e e d i n g   i n e r t   gas   t h r o u g h   s a i d   g a s - f e e d i n g   p a s s a g e   a t  

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

i n e r t   gas   b e i n g   i n e r t   and  e s s e n t i a l l y   n o n - r e a c t i v e   i n  

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



18.  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  

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

m e t a l   as   c l a i m e d   in   C l a i m   17,   w h e r e i n   t h e   m e t a l - f e e d i n g  

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

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

s a i d   g a s - f e e d i n g   p a s s a g e   a r e   in   s a i d   f e e d i n g   m e a n s   o f  

r e f r a c t o r y   m a t e r i a l .  

19.   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  

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

m e t a l   as  c l a i m e d   in   C l a i m   17,   w h e r e i n   t h e   m e t a l - f e e d i n g  

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

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

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

in   s a i d   s u p p o r t   m e m b e r .  

20.   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  

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

m e t a l   as   c l a i m e d   in   C l a i m   17,   w h e r e i n   t h e r e   a r e   r i g i d  

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

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

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

b o t h   of   s a i d   s u p p o r t   m e m b e r s   a b o v e   and  b e l o w   s a i d   m e t a l -  

f e e d   p a s s a g e .  



21.   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  

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

m e t a l   as   c l a i m e d   in   C l a i m   19  o r   20 ,   c h a r a c t e r i z e d   in   t h a t  

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

mold   i s   p o s i t i o n e d   d o w n s t r e a m   f r o m   any   m e t a l - f e e d i n g  

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

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

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

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

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

c a v i t y .  

22.   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  

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

m e t a l   as  c l a i m e d   in  C l a i m   20  o r   21 ,   c h a r a c t e r i z e d   in   t h a t  

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

s u p p o r t   m e m b e r s ,   s a i d   g a s - f e e d i n g   p a s s a g e s  e x i t   n e a r   t h e  

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

gas   t o w a r d   t h e   r e s p e c t i v e   c l e a r a n c e   gap  and  t o w a r d   t h e  

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

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

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

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



23.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   19,   20 ,   2 1  

or   22,   c h a r a c t e r i z e d   by  m e a n s   f o r   g e n t l y   f e e d i n g   a  h e a v i e r -  

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

c a u s i n g   t h e   i n e r t   gas   to   t e n d   t o   l i e   down  upon   t h e   m e t a l -  

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

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

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

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

n e a r   t h e   l o w e r   c l e a r a n c e   g a p .  

24.  A p p a r a t u s   as   c l a i m e d   i n   C l a i m   1 8 ,  

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

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

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

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

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

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

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

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

25.  A p p a r a t u s   as   c l a i m e d   i n   C l a i m   18  or   2 4 ,  

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

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

e a c h   of   s a i d   c l e a r a n c e   g a p s .  



26.   A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   or   m o r e  

of  C l a i m s   1 8 - 2 5 ,   c h a r a c t e r i z e d   by  c u r v e d   s h i e l d   m e m b e r s   i n  

c l o s e   p r o x i m i t y   w i t h   t h e   r e s p e c t i v e   m o v i n g   mo ld   s u r f a c e s  

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

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

and  in   t h e   o p p o s i t e   d i r e c t i o n   t o   ( c o u n t e r  t o )   t h e   m o v i n g  

mold   s u r f a c e s   as   t h e y   a r e   a p p r o a c h i n g   t h e   e n t r a n c e   f o r  

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

p h e r i c   g a s e s   o f f   f r om  t h e   r e s p e c t i v e   m o v i n g   mo ld   s u r f a c e s  

b e f o r e   t h e y   e n t e r   t h e   m o v i n g   m o l d .  

27 .   A p p a r a t u s   as   c l a i m e d   in   C l a i m   18 ,   24,   2 5  

or   26 ,   c h a r a c t e r i z e d   by  m u l t i p l e   m e t a l - f e e d i n g   p a s s a g e s  

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

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

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

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

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

in   p a r a l l e l   r e l a t i o n s h i p   w i t h   and   p o s i t i o n e d   g e n e r a l l y  

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

28.   A p p a r a t u s   as  c l a i m e d   in   C l a i m   2 7 ,  

c h a r a c t e r i z e d   by  a  p l u r a l i t y   of   g a s - f e e d i n g   p a s s a g e s  

e x t e n d i n g   d o w n s t r e a m   in  s a i d   r e f r a c t o r y   m a t e r i a l   b e t w e e n  

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

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

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

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



29.  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  

p r o d u c t   as   c l a i m e d   in   C l a i m   18,   24,   25 ,   26 ,   27  o r   2 8 ,  

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

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

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

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

of  t h e   m o l t e n   m e t a l   in   t h e   e n t r a n c e   to   t h e   m o v i n g   m o l d .  

30.   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  

p r o d u c t   of   r e l a t i v e l y   t h i n   s e c t i o n   as  c l a i m e d   in   C l a i m   1 8 ,  

24,   25 ,   26 ,   27,  28  or   29,   c h a r a c t e r i z e d   by  a  g r o o v e   e x t e n d -  

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

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

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

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

t u r b u l e n c e   of   t h e   m o l t e n   m e t a l .  

31.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   o r   more   o f  

c l a i m s   18  t h r o u g h   30,   c h a r a c t e r i z e d   by  m e a n s   f o r   f e e d i n g  

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

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

m o v i n g   m o l d ,   and  m e a n s   f o r   s i m u l t a n e o u s ' l y   g e n t l y   f e e d i n g  

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

r i g i d   s u p p o r t   m e m b e r .  



32.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   2 6 ,   c h a r a c -  

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

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

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

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

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

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

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

33.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   2 3 ,  

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

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

n i t r o g e n   i s   s i m i l a r l y   a p p l i e d   to   t h e   r e g i o n   b e l o w .  

34.  A p p a r a t u s   as  c l a i m e d   i n  a n y  o n e   o r   m o r e  

of   C l a i m s   1 7 - 3 3 ,   w h e r e i n   t h e   m o v i n g   mold   c a v i t y   i s   a l s o  

d e f i n e d   by  two  m o v i n g   e d g e   d a m s ,   c h a r a c t e r i z e d   b y  m e a n s  

f o r   a p p l y i n g   t h e   i n e r t   gas   to   e a c h   of   s a i d   e d g e   dams   n e a r  

t h e   mo ld   c a v i t y .  
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