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(©  Apparatus  providing  continuous  expandable  quench  surface  and  casting  method. 

An  improvement  is  provided  in  the  apparatus  and 
method  for  continuous  casting  of  metallic  filament  wherein  a 
stream  of  molten  metal  is  directed  onto  the  quench  surface 
(14)  of  a  rotating  quench  wheel (17).  The  invention  substan- 
tially  eliminates  the  problem  of  crowning  or  thermal-bowing 
of  the  quench  surface,  thus  providing  a  transversely  flat 
quench  surface  and  thereby  providing  for  the  transverse 
cross-sectional  constancy  of the  cast  filament.  The  invention 
comprises  at least three  radial  expansion  joints  (31)  symmet- 
rically  situated  about  the  quench  wheel  (17)  that  allow  un- 
restrained  radial thermal  growth  of the  hoop-like  quench  sur- 
face  while  maintaining  concentricity  of  the  quench  surface 

,  with the  shaft of rotation  (18)  of the quench  wheel. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  the   s u b -  

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

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

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

h o o p - l i k e   q u e n c h   s u r f a c e   of  a  q u e n c h   w h e e l   in  t he   c o n -  

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

E x t r u d i n g   a  m o l t e n   a l l o y   f rom  a  p r e s s u r i z e d  

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

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

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

g l a s s y   a l l o y   f i l a m e n t s ,   as  r e p r e s e n t a t i v e l y   shown  i n  

U . S .   P a t e n t   4 , 1 4 2 , 5 7 1   " C o n t i n u o u s   C a s t i n g   M e t h o d   f o r  

M e t a l l i c   S t r i p s "   i s s u e d   M a r c h   6,  1979.  to   M.  N a r a s i m h a n ,  

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

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

r e q u i r e d   to  a c h i e v e   t he   e x t r e m e   q u e n c h   r a t e s   in  q u e n c h -  

ing  a  m o l t e n   a l l o y   to  t he   g l a s s y   s t a t e .  

To  m a i n t a i n   t r a n s v e r s e   c r o s s - s e c t i o n a l   c o n -  

s t a n c y   a l o n g   t h e   l e n g t h   of  t he   s t r i p   as  c a s t ,   i t   i s  

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

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

r e f e r r e d   to  as  " c r o w n i n g " ,   has  b e e n   e n c o u n t e r e d ,   w h e r e b y  

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

t he   q u e n c h   w h e e l   c a u s e s   the   q u e n c h   s u r f a c e   to  bow 

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

r e s t r a i n e d   a l o n g   i t s   p e r i p h e r y   by  the   c o o l   s i d e   d i s k   o f  



t h e   q u e n c h   w h e e l   ( " d i s c o n t i n u i t y   s t r e s s " ) .   T h u s ,   i n  

s t e a d y - s t a t e   c o n t i n u o u s   c a s t i n g   w i t h   t h e   q u e n c h   w h e e l   a t  

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

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

s h a p e   of  t he   c a s t   f i l a m e n t .  

SUMMARY  OF  THE  INVENTION 

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

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

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

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

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

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

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

r o t a t i o n   so  t h a t   t h e   h o t ,   e x p a n d e d   h o o p - l i k e   q u e n c h  

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

d i s k .  

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

c a s t i n g   m e t a l l i c   f i l a m e n t s ,   e s p e c i a l l y   g l a s s y   a l l o y  

s t r i p s ,   i n c l u d e s   t h e   s t e p s :  

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

h o o p - l i k e   q u e n c h   s u r f a c e   of  a  r o t a t i n g   q u e n c h   w h e e l ;   a n d  

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

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

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

q u e n c h . w h e e l .   -  
The  a p p a r a t u s   of  the   i n v e n t i o n   f o r   c o n t i n u o u s -  

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

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

t h e   e l e m e n t s :  

a)  a  q u e n c h   w h e e l   h a v i n g   a  r o t a t i v e   d r i v e  

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

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

b)  e x p a n s i o n   means   f o r   a l l o w i n g   u n r e s t r a i n e d  

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

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

s h i p   w i t h   t he   d r i v e   d i s k .  

The  e x p a n s i o n   means   p r e f e r a b l y   c o m p r i s e   a t  

l e a s t   t h r e e   r a d i a l   e x p a n s i o n   j o i n t s   c o n n e c t i n g   t h e  



q u e n c h   s u r f a c e   and  the   d r i v e   d i s k ,   w h i c h   a r e   s y m m e t r i -  

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

More  p r e f e r a b l y ,   s i x   s u c h   e x p a n s i o n   j o i n t s   a r e   u t i l i z e d .  

BRIEF  DESCRIPTION  OF THE  DRAWINGS 

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

to  t he   e m b o d i m e n t s   shown  in  t he   d r a w i n g s   w h e r e i n :  

FIG.   1  is  an  i l l u s t r a t i o n   of  t y p i c a l   p r i o r   a r t  

a p p a r a t u s   f o r   t he   c o n t i n u o u s   c a s t i n g   of  g l a s s y   a l l o y   c o n -  

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

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

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

FIG.   2  is  an  a x i a l   p a r t i a l   c r o s s - s e c t i o n   o f  

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

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

i t s   c o l d   p o s i t i o n .  

F IGS .   3  and  3A  show  an  e m b o d i m e n t   of  t he   p r e -  

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

t h e   q u e n c h   w h e e l   by  t h r e e   s l i d i n g - p i n   r a d i a l   e x p a n s i o n  

j o i n t s .  

F IGS.   4  and  4A  show  two  e m b o d i m e n t s   of  t h e  

s l i d i n g - p i n   e x p a n s i o n   j o i n t .  

FIG.   5  shows   an  a l t e r n a t i v e   s l i d i n g - k e y   r a d i a l  

e x p a n s i o n   j o i n t .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   s p e c i f i c a l l y   to  t he   d r a w i n g s ,   i n  

FIG.   1,  t y p i c a l   p r i o r   a r t   a p p a r a t u s   f o r   t he   c o n t i n u o u s  

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

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

m o l t e n   a l l o y   is  c o n t a i n e d   in  a  c r u c i b l e   11  p r o v i d e d   w i t h  

a  h e a t i n g   e l e m e n t   12.   P r e s s u r i z a t i o n   of  t he   c r u c i b l e   11  

w i t h   an  i n e r t   gas  c a u s e s   a  m o l t e n   s t r e a m   to  be  e x t r u d e d  

t h r o u g h   a  n o z z l e   13  a t   t he   b a s e   of  t he   c r u c i b l e   11  o n t o  

a  q u e n c h   s u r f a c e   14  of  a  r o t a t i n g   q u e n c h   w h e e l   17.  T h e  

s o l i d i f i e d ,   m o v i n g   f i l a m e n t   16,   a f t e r   i t s   b r e a k   a w a y  

p o i n t   f r o m   t h e   q u e n c h   s u r f a c e   14,   is  t y p i c a l l y   r o u t e d  

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

( n o t   s h o w n ) .  

The  q u e n c h   w h e e l   is  p r o v i d e d   w i t h   c o n v e n t i o n a l  



c o o l i n g   means   ( n o t   s h o w n )   f o r   m a i n t a i n i n g   t h e   q u e n c h  

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

c o n t i n u o u s   c a s t i n g ,   by  c o n t a c t i n g   the   q u e n c h   s u r f a c e  

w i t h   a  c o o l i n g   l i q u i d   or   g a s .   For   e x a m p l e ,   c o o l i n g  

w a t e r   may  be  c i r c u l a t e d   t h r o u g h   the   i n t e r i o r   of  t h e  

q u e n c h   w h e e l ,   or   t h e   q u e n c h   s u r f a c e   may  be  e x t e r n a l l y  

s p r a y - c o o l e d .  

The  q u e n c h   s u r f a c e   is  c o n v e n t i o n a l l y   made  o f  

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

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

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

r e s i s t a n c e ,   and  low  c h e m i c a l   r e a c t i v i t y   w i t h   and  h i g h  

w e t t a b i l i t y   by  t h e   e x t r u d e d   m e l t .   A d d i t i o n a l l y ,   t h e  

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

w i t h   a  h i g h   m e l t i n g   c e r a m i c   or  r e f r a c t o r y   a l l o y   t o  

i m p r o v e   w e a r   r e s i s t a n c e .   O t h e r   c o m p o n e n t s   of  t he   q u e n c h  

w h e e l   may  be  of  any  c o n v e n t i o n a l   s t r u c t u r a l   a l l o y ,   s u c h  

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

In  F IG.   2,  a  p a r t i a l   c r o s s - s e c t i o n   of  t h e  

q u e n c h   w h e e l   17  is   shown  to  i l l u s t r a t e   t he   p r o b l e m   o f  

c r o w n i n g   or   t h e r m a l - b o w i n g   of  the   q u e n c h   s u r f a c e   1 4 .  

T y p i c a l l y ,   t he   h o o p - l i k e   q u e n c h   s u r f a c e   14  is  a t t a c h e d  

to  r o t a t i v e   d r i v e   d i s k   15  of   t he   q u e n c h   w h e e l   17  b y  

c o n v e n t i o n a l   r i g i d   j o i n i n g   m e a n s ,   s u c h   as  a  b o l t   2 1 .  

The  q u e n c h   s u r f a c e   14  a t   room  t e m p e r a t u r e   is  d e s i r a b l y  

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

g r a d i e n t   is  d e v e l o p e d   b e t w e e n   the   h o t   q u e n c h   s u r f a c e   14  

and  the   c o o l e r   d r i v e   d i s k   15  as  m o l t e n   m e t a l   is   e x t r u d e d  

t h r o u g h   n o z z l e   13  o n t o   q u e n c h   s u r f a c e   14  to   c o n t i n u o u s l y  

c a s t   f i l a m e n t   16.   T h u s ,   t h e r m a l   e x p a n s i o n   c a u s e s   t h e  

q u e n c h   s u r f a c e   14  to  c r o w n   or  bow  to  t h e   p o s i t i o n  
i n d i c a t e d   by  d a s h e d   l i n e   14A,  s i n c e   the   l a t e r a l   edge   o f  

t h e   s u r f a c e   is  r e s t r a i n e d   by  the   c o o l e r   d r i v e   d i s k   15  

and  b o l t   21.   As  a  r e s u l t ,   t he   u n i f o r m i t y   of  t h e   t r a n s -  

v e r s e   c r o s s - s e c t i o n   of  t h e   c a s t   f i l a m e n t   16  is   a d v e r s l y  

a f f e c t e d .  

In  F IG.   3,  an  e m b o d i m e n t   of  t he   p r e s e n t   i n -  

v e n t i o n   is  a p p l i e d   to  t h e   c o n v e n t i o n a l   q u e n c h   w h e e l   17  



and  c o m p r i s e s   t h r e e   r a d i a l   e x p a n s i o n   j o i n t s   31  c o n n e c t -  

ing  q u e n c h   s u r f a c e   14  and  d r i v e   d i s k   15,  i n s t e a d   o f  

c o n v e n t i o n a l   r i g i d   j o i n i n g   n e a n s   21.  D i sk   15A  may  b e  

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

c o n c e p t ,   the   r a d i a l   e x p a n s i o n   j o i n t s   31  a l l o w  

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

14  w h i l e   m a i n t a i n i n g   c o n c e n t r i c i t y   of  the   q u e n c h   s u r f a c e  

14  w i t h   the   s h a f t   of  r o t a t i o n   18  and  w h i l e   p r o v i d i n g  

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

r o t a t i o n   so  t h a t   the   h o t ,   e x p a n d e d   q u e n c h   s u r f a c e   d o e s  

n o t   s l i p   on  the   u n d e r l y i n g   d r i v e   d i s k   15  d u r i n g   r o t a -  

t i o n .   In  FIG.   3A,  a  d e t a i l   of  one  s u c h   r a d i a l   e x p a n s i o n  

j o i n t   is  shown  w h i c h   in  e s s e n c e   c o m p r i s e s   a  r a d i a l l y  

e l o n g a t e d   e x p a n s i o n   s l o t   32  in  d r i v e   d i s k   15  h a v i n g   i t s  

m a j o r   a x i s   a l i g n e d   a l o n g   the   r a d i u s   of  d r i v e   d i s k   15  E n d  

l a t e r a l l y   r e c e i v e s   a  c l o s e   f i t t i n g   s l i d i n g - p i n   3 3 .  

S l i d i n g - p i n   33  is  a f f i x e d   to  t he   u n d e r s i d e   of  q u e n c h  

s u r f a c e   14  and  is  s l i d a b l y   m o v a b l e   in  s l o t   32  as  q u e n c h  

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

o t h e r   h a n d ,   s l i d i n g - p i n   33  is  no t   f r e e   to  move  c i r c u m -  

f e r e n t i a l l y   in  s l o t   32  and  t h u s   t r a n s m i t s   t o r q u e   l o a d i n g  

f rom  t he   d r i v e   d i s k   15  to  t h e   q u e n c h   s u r f a c e   1 4 .  

At  l e a s t   t h r e e   s u c h   r a d i a l   e x p a n s i o n   j o i n t s   3 1  

a r e   r e q u i r e d   to  m a i n t a i n   c o n c e n t r i c i t y   of  t he   h o o p - l i k e  

q u e n c h   s u r f a c e   14  w i t h   t he   s h a f t   of  r o t a t i o n   18  d u r i n g  

r a d i a l   t h e r m a l   g r o w t h .   F u r t h e r ,   t he   r a d i a l   e x p a n s i o n  

j o i n t s   31  m u s t   be  s y m m e t r i c a l l y   s i t u a t e d   on  t he   d r i v e  

d i s k   15  to  m a i n t a i n   c o n c e n t r i c i t y   of  t he   q u e n c h   s u r f a c e  

1 4 .   For  e x a m p l e ,   t he   t h r e e   j o i n t s   31  a r e   s p a c e d  

e q u i a n g u l a r l y   ( 1 2 0 °   i n t e r v a l s )   a t   e q u a l   r a d i a l   d i s t a n c e s  

f r o m   t h e   s h a f t   of  r o t a t i o n   18.   P r a c t i c a l l y   s p e a k i n g ,  

due  to  m a c h i n i n g   t o l e r a n c e s   t h e r e   w i l l   be  some  s m a l l  

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

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

( r o t a t i o n a l )   s l a c k   of  t he   q u e n c h   s u r f a c e   14  w i t h   r e s p e c t  

to   the   d r i v e   d i s k   15 .   T h i s   r o t a t i o n a l   s l a c k   may  b e  

m i n i m i z e d   by  i n c r e a s i n g   t he   n u m b e r   of  r a d i a l   e x p a n s i o n  

j o i n t s   b e y o n d   the   min imum  of  t h r e e   t h a t   a re   f u n d a -  



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

q u e n c h   s u r f a c e .   B a s e d   on  s t a t i s t i c a l   c o n s i d e r a t i o n   o f  

t o l e r a n c e s ,   i t   is  p r e f e r r e d   to  use   s i x   r a d i a l   e x p a n s i o n  

j o i n t s   s y m m e t r i c a l l y   s i t u a t e d   as  d i s c u s s e d   a b o v e .  

In  FIG.   4,  a  p a r t i a l   c r o s s - s e c t i o n   of  t h e  

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

m e n t   of  t he   r a d i a l   e x p a n s i o n   j o i n t   31.  S l i d i n g - p i n   33  

p a s s e s   t h r o u g h   e x p a n s i o n   s l o t   32  in  d r i v e   d i s k   15  and  i s  

r i g i d l y   r e c e i v e d   i n t o   t h e   u n d e r s i d e   41  of  q u e n c h   s u r f a c e  

14.  In  FIG.   4A,  an  a l t e r n a t i v e   a r r a n g e m e n t   of  t h e  

s l i d i n g - p i n   r a d i a l   e x p a n s i o n   j o i n t   is  shown  w h e r e i n   t h e  

e x p a n s i o n   s l o t   32  is  i n t e g r a l   tq  t he   q u e n c h   s u r f a c e   14  

and  s l i d i n g - p i n   33  is   r i g i d l y   r e c e i v e d   in  d r i v e   d i s k   1 5 .  

O t h e r   e m b o d i m e n t s   of  t he   r a d i a l   e x p a n s i o n  

j o i n t   a re   c o n t e m p l a t e d   in  a d d i t i o n   to  t he   s l i d i n g - p i n  

t y p e .   For   e x a m p l e ,   in  F IG .   5  a  s l i d i n g - k e y   t y p e   o f  

r a d i a l   e x p a n s i o n   j o i n t   is  s h o w n .   S l i d i n g - k e y   51  i s  

r i g i d l y   s e c u r e d   t o  t h e   d r i v e   d i s k   15  and  is  r e c e i v e d   i n  

e x p a n s i o n   g r o o v e   52  u n d e r   q u e n c h   s u r f a c e   14.  E x p a n s i o n  

g r o o v e   52  c o r r e s p o n d s   in  s h a p e   to  s l i d i n g - k e y   51  s u c h  

t h a t   a  c l o s e   f i t   is  o b t a i n e d .   As  d i s c u s s e d   a b o v e ,   a t  

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

s i t u a t e d ,   a r e   r e q u i r e d   to  m a i n t a i n   c o n c e n t r i c i t y   of  t h e  

q u e n c h   s u r f a c e   14 .   As  in  t he   s l i d i n g - p i n   j o i n t ,   r e s p e c - _  
t i v e   p l a c e m e n t   of  t h e   key  and  g r o o v e   may  be  r e v e r s e d .  

D r i v e   d i s k   15  is   shown  o p t i o n a l l y   as  s u p p o r t i n g   q u e n c h  
s u r f a c e   14  n e a r   t he   c e n t e r   of  i t s   u n d e r s i d e .   P h a n t o m  

d i s k s   15A  a r e   s e a l i n g   d i s k s   f o r   an  i n t e r n a l   c o o l a n t .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has  b e e n  

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

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

may  be  u t i l i z e d   w i t h o u t   d e p a r t i n g   f r o m   t h e   p r i n c i p l e s  
and  s c o p e   of  t he   i n v e n t i o n   as  t h o s e   s k i l l e d   in  t he   a r t  

w i l l   r e a d i l y   u n d e r s t a n d .   A c c o r d i n g l y ,   such   m o d i f i c a -  

t i o n s   and  v a r i a t i o n s   may  be  p r a c t i c e d  w i t h i n   the   s c o p e  

of   t he   f o l l o w i n g   c l a i m s :  



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

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

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

a)  a  q u e n c h   w h e e l   h a v i n g   a  r o t a t i v e   d r i v e  

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

ing   a  h o o p - l i k e   q u e n c h   s u r f a c e ;   a n d  

b)  e x p a n s i o n   means   f o r   a l l o w i n g   u n r e s t r a i n e d  

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

t a i n i n g ' i t s   c o n c e n t r i c i t y   in  a  f i x e d   a n g u l a r   r e l a t i o n -  

s h i p   w i t h   s a i d   d r i v e   d i s k .  

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

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

e x p a n s i o n   j o i n t s   b e t w e e n   s a i d   q u e n c h   s u r f a c e   and  s a i d  

d r i v e   d i s k ,   w h i c h   a re   s y m m e t r i c a l l y   s i t u a t e d   a b o u t   t h e  

a x i s   of  r o t a t i o n .  

3.  A p p a r a t u s ,   as  in  c l a i m   2,  w h e r e i n   e a c h  

s a i d   r a d i a l   e x p a n s i o n   j o i n t   is  a  s l i d i n g - p i n   e x p a n s i o n  

j o i n t .  

4.  A p p a r a t u s ,   as  in  c l a i m   2,  w h e r e i n   e a c h  

s a i d   r a d i a l   e x p a n s i o n   j o i n t   is  a  s l i d i n g - k e y   e x p a n s i o n  

j o i n t .  

5.  A p p a r a t u s ,   as  in  c l a i m   3  or   4,  f u r t h e r  

c o m p r i s i n g   a t   l e a s t   s i x   s a i d   e x p a n s i o n   j o i n t s .  
6.  A  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 l i c  

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

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

h o o p - l i k e   q u e n c h   s u r f a c e   of  a  r o t a t i n g   q u e n c h   w h e e l ;   a n d  

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

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

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

r o t a t i n g   q u e n c h   w h e e l .  

7.  A  m e t h o d ,   as  in  c l a i m   6,  w h e r e i n   s a i d  

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