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§4)  Method  and  system  for  shaping  the  casting  region  in  a  twin-belt  continuous  casting  machine. 

Method  and  system  are  provided  for  continuously  casting 
metal  product  (P)  directly  from  molten  metal  (125)  in  which  the 
molten  metal  (125)  is  confined  and  solidified  in  a  casting  region 
(C  or  CB)  defined  above  and  below  by  upper  and  lower, 
cooled,  endless,  flexible,  traveling,  casting  belts  (12,  14)  sup- 
ported  by  belt  support  systems  including  back-up  rollers  (133, 
107,  34,  134,  108)  in  respective  upper  and  lower  belt  carriages 
(U,  L)  and  laterally  defined  by  first  and  second  traveling  side 

dams,  in  which  the  flexible  back-up  rollers  (133,  107,  34,  134. 
108)  and  belt  support  systems  shape  and  maintain  the  casting 
region  (C  or  CB)  for  improved  heat  transfer  and  improved  pro- 
duct  uniformity  and  enhanced  machine  performance.  Contact 
between  the  casting  belts  (12, 14)  and  the  cast  product  (P)  is 
maintained  at  an  acceptable  pressure,  and  the  cast  product 
(P)  is  produced  with  substantially  uniform  transverse  cross 
section. 



This   i n v e n t i o n   r e l a t e s   to  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  

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

d i r e c t l y   from  m o l t e n   m e t a l   in  a  c a s t i n g   r e g i o n   d e f i n e d   b e t w e e n  

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

c a s t i n g   b e l t s   wh ich   a r e   moved  a l o n g   w i t h   the   m e t a l   b e i n g   c a s t ,  

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

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

and  o p e r a t i o n   o f  t w i n - b e l t   c a s t i n g   m a c h i n e s   in  wh ich   t he   m o l t e n  

m e t a l   i s   fed  i n t o   a  c a s t i n g   r e g i o n   b e t w e e n   o p p o s e d ,   p o r t i o n s  

of  a  p a i r   of  m o v i n g ,   f l e x i b l e   b e l t s .   The  moving   b e l t s   c o n f i n e  

the  m o l t e n   m e t a l   b e t w e e n   them  and  c a r r y   t he   m e t a l   a l o n g   as  i t  

s o l i d i f i e s   i n t o   a  b a r ,   s t r i p e - s l a b ,   or  i n g o t ,   h e r e i n a f t e r  

c a l l e d   t he   " 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 "   or   s i m i l a r  

words .   B a c k - u p   means ,   u s u a l l y   r o l l e r s   h a v i n g   n a r r o w   c i r c u m -  

f e r e n t i a l   r i d g e s   or   f i n s   s u p p o r t   and  g u i d e   t he   b e l t s   w h i l e  

h o l d i n g   them  a c c u r a t e l y   p o s i t i o n e d   and  a l i g n e d   as  t h e y   move  

a long   so  as  to  p r o d u c e   t h e   c a s t   m e t a l   p r o d u c t .  

These   b a c k - u p   r o l l e r s   are   p o s i t i o n e d   a c r o s s   t h e  

m a c h i n e   c a r r i a g e s   so  as  to  r o l l   p a s s i v e l y   when  t h e   c a s t i n g  

b e l t   g r a z e s   e a c h   of  them  u n d e r   p r e s s u r e   of  t he   head   of  m o l t e n  

m e t a l   a n d / o r   t he   w e i g h t   of  the   m e t a l .   T h e i r   c i r c u m f e r e n t i a l  

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

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

The  f i n s   have  o f t e n   been  made  s e p a r a t e l y   f rom  the   r o l l e r   s h a f t s ,  

but  in  c u r r e n t   m a c h i n e s   t he   f i n s   and  s h a f t s   a r e   now  o f t e n  

made  i n t e g r a l l y   as  one  p i e c e   of  m e t a l .   V a s t   q u a n t i t i e s   o f  

h e a t   l i b e r a t e d   by  t he   m o l t e n   m e t a l   as  i t   s o l i d i f i e s   a r e  



w i t h d r a w n   t h r o u g h   t h e   p o r t i o n s   of  t h e   two  b e l t s   which   a r e  

a d j a c e n t   to  t h e   m e t a l   b e i n g   c a s t .   T h i s   l a r g e   amount   of  h e a t  

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

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

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

b e t w e e n  a   s p a c e d   p a i r   of  s i d e   dams  in   t h e   form  of  a  p l u r a l i t y  

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

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

t h e  m o l t e n   m e t a l   as  i t   s o l i d i f i e s .  

B a c k g r o u n d   i n f o r m a t i o n   on  t w i n - b e l t   c a s t i n g   m a c h i n e s  

w i l l   be  found   in  U.  S.  P a t e n t s :  



In  m a c h i n e s   of  t h i s   t y p e ,   t h e   moving   b e l t s   a re   t h i n  

and  a re   c o o l e d   by  s u b s t a n t i a l   q u a n t i t i e s   of  l i q u i d   c o o l a n t ,  

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

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

t h e . m e t a l   from  i t s   m o l t e n   s t a t e   as  i t   e n t e r s   a t   one  end  of  t h e  

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

The  m o l t e n   m e t a l   p u s h e s   o u t w a r d l y   on  t h e   b e l t s   due  t o  

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

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

some  of  i t s   p a s s a g e   t h r o u g h   t he   m a c h i n e ,   i t   i s   in  t he   form  o f  

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

i n t e r i o r   vo lume .   I t   w i l l   a l s o   be  u n d e r s t o o d   t h a t ,   as  t h e  

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

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

r e g i o n s   of  t he   m e t a l   s o m e t i m e s   to  p u l l   away  f rom  the   m o v i n g  

b e l t s   or  from  t he   s i d e   dams.   When  t h i s   s e p a r a t i o n   b e t w e e n  

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

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

in  the  p a r a m e t e r s   of  t he   c a s t i n g   r e g i o n   and  in  n o n - u n i f o r m i t i e s  

in  the   c a s t   p r o d u c t .  

Th i s   i n v e n t i o n   in  c e r t a i n   a s p e c t s   i s   e s p e c i a l l y  

a p p l i c a b l e   to  c a s t i n g   m a c h i n e s   wh ich   p r o d u c e   i n g o t   or  s l a b  

of  a  w i d t h   in  e x c e s s   of  25  i n c h e s   (635mm).  Such  t w i n - b e l t  

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

as  to  r e s u l t   in  a  head  - -   t h a t   i s ,   a  s t a t i c   p r e s s u r e   - -   o f  

l i q u i d   m e t a l   in  o r d e r   to  f i l l   ou t   the   c a s t i n g   r e g i o n ,   i . e .  

the   mold  c a v i t y ,   and  to  t h e r e b y   p r e s s   t he   c a s t i n g   b e l t s  

d e c i s i v e l y   a g a i n s t   t h e i r   b a c k - u p   s u p p o r t s .   F u r t h e r ,   by  u s e  

of  o p e n - o r   c l o s e d - p o o l   p o u r i n g   t e c h n i q u e ,   the   e n t r y   of  m o l t e n  

m e t a l   i n t o   t he   m a c h i n e   is   f a c i l i t a t e d   by  o p e r a t i n g  t h e   m a c h i n e  



at   some  downward  i n c l i n e .   The  a f o r e s a i d   head  of  m o l t e n   m e t a l  

d e p e n d s   on  the   a n g l e   of  i n c l i n e ,   t he   d e n s i t y   of  t he   m o l t e n  

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

s o l i d i f i c a t i o n   in  t h e   m a c h i n e .  

The  f o r c e   of  such   l i q u i d   m e t a l   head  i s   e x e r t e d   u p o n  

the   c a s t i n g   b e l t s   and  t h e n c e   upon  the   g u i d e s   or  b a c k - u p   s u p p o r t s  

f o r   t he   b e l t s ,   wh ich   we  commonly  c a l l   t h e   mold  b a c k - u p .   M o s t  

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

f i n n e d   b a c k - u p   r o l l e r s .   These   r o l l e r s   and  t h e i r   s u p p o r t s  

have  p r e v i o u s l y   been  made  r i g i d   in  o r d e r   t h a t   t he   i n g o t   o r  

s l a b   of  a c c u r a t e l y   d e f i n e d   and  c o n t r o l l e d   gauge   may  be  c a s t .  

The  h e a d e r s   b e a r i n g   l i q u i d   c o o l a n t   can  be  made  to  s e r v e   t h e  

a d d i t i o n a l   d u t y   of  p r o v i d i n g   r i g i d   s u p p o r t s   f o r   the  b a c k - u p  

r o l l e r s .   Some  wide  m a c h i n e s   have  in   t h e i r   c a r r i a g e s   c e n t r a l  

l o n g i t u d i n a l   beams  o r   s i l l s   to  l e n d   t h e i r   a d d i t i o n a l   r i g i d i t y  

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

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

wide  c a s t i n g   b e l t s .  

The  v e r y   r i g i d i t y  o f   t he   above   d e s c r i b e d   p r i o r   a r t  

b a c k - u p   means  can  combine   w i t h   t h e .  s h r i n k a g e   i n h e r e n t   in  t h e  

f r e e z i n g   and  c o o l i n g   of  t he   p r o d u c t   b e i n g   c a s t   to  a l l o w   a i r  

s p a c e s   to  i n t e r v e n e   b e t w e e n   the   f r e s h l y   c a s t   s u r f a c e   and  t h e  

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

t he   r a t e   of  h e a t   t r a n s f e r   and  may  r e n d e r   i t   n o n - u n i f o r m ,   w i t h  

a  c o r r e s p o n d i n g   e f f e c t   on  the   r a t e   and  u n i f o r m i t y   of  p r o d u c t  

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

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

the   use   of  l o n g e r   c a s t i n g   m a c h i n e s   t h a n   would  o t h e r w i s e   b e  

n e e d e d .  



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

or  gaps   o c c u r r i n g   b e t w e e n   t h e   c a s t   m e t a l   s u r f a c e   and  t he   m o l d  

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

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

in  the   c a s t   p r o d u c t   i n t o   c o a r s e r   c r y s t a l s .   Such  a i r   s p a c e s  

or  g a p s ' c a n   p e r m i t   t he   l o c a l i z e d   r e m e l t i n g   of  t he   c a s t   p r o d u c t  

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

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

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

the  c a s t   p r o d u c t .   Th i s   r e h e a t i n g   or  r e m e l t i n g   w i l l   not   o c c u r  

i f   good  mold  c o n t a c t   is   m a i n t a i n e d .  

P r o b l e m s   of  l o c a l   e x c e s s   p r e s s u r e   can  o c c u r   w i t h   a  

r i g i d   mold  when  e x c e s s   t h i c k n e s s   i s   somehow  f r o z e n   l o c a l l y .  

Thus,   t he   r e l a t i v e l y   t h i n   c a s t i n g   b e l t s   w i l l   become  l o c a l l y  

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

h e a t   t r a n s f e r   due  to  the   h i g h   l o c a l i z e d   b e l t   p r e s s u r e   a g a i n s t  

the   p a r t i a l l y   s o l i d i f i e d   p r o d u c t .   A l so ,   i f   a  f r o z e n   p i e c e  

of  m e t a l   of  e x c e s s   t h i c k n e s s   i s   i n a d v e r t e n t l y   d rawn  i n t o   t h e  

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

b a c k - u p   r o l l e r s   or  c o n s i d e r a b l e   damage  to   t h e   p r e c i s e ,   r i g i d  

mold  b a c k - u p   m e c h a n i s m s   can  r e s u l t .  

SUMMARY  OF  THE  INVENTION 

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

m e t h o d s   and  s y s t e m s   fo 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 s  

of  h igh   q u a l i t y   d i r e c t l y   from  m o l t e n   m e t a l   w h e r e i n   f l e x i b i l i t y  

and  c o n t r o l   of  the   t r a n s v e r s e   shape   of  t he   c a s t i n g   r e g i o n  

are   p r o v i d e d .  



C o n t i n u o u s   c a s t i n g   m e t h o d s   and  s y s t e m s   a re   a d v a n t a -  

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

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

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

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

One  p r e f e r r e d   me thod   of  s h a p i n g   the   c a s t i n g   r e g i o n  

by  a c t i o n   of  t he   b a c k - u p   s y s t e m   i s   to  a r r a n g e   fo r   c o n s t a n t  

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

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

and  to  a l l o w   s p r i n g y   b o w a b l e   r o l l e r s   a n d  b a c k - u p   s u p p o r t s  

to  c o n v e r g e   in  t he   d o w n s t r e a m   p o r t i o n   of  t he   c a s t i n g   r e g i o n  

as  the   l a r g e l y   s o l i d  p r o d u c t   c o n t r a c t s   due  to  l o s s   of  h e a t .  

I t   i s   c o n v e n i e n t   in  t w i n - b e l t   c a s t i n g   m a c h i n e s   t o .  

make  s t r u c t u r a l   use  of  t he   t r a n s v e r s e   h e a d e r s   c a r r y i n g   t h e  

c o o l i n g   l i q u i d   to  the   n o z z l e s   w h i c h   a p p l y   the   c o o l a n t   o v e r  

t h e   c a s t i n g   b e l t s .   Th i s   c o n v e n i e n c e   i s   i m p o r t a n t   in  v iew  o f  

t h e   l a c k   o f   s p a c e   f o r   t r a n s v e r s e   beams  in  t he   b e l t   c a r r i a g e s .  

In  d o w n s t r e a m   a r e a s   of  t he   c a r r i a g e s   where   l e s s   c o o l a n t   i s  

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

s h e l l ,   t h e r e   i s   room  f o r   such   s p e c i a l   t r a n s v e r s e   beams .   T h e  

r e l a t i v e   b o w a b i l i t y   of  such   t r a n s v e r s e   s u p p o r t   beams  a n d  

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

of  t h e   a r r a y   of  b a c k - u p   r o l l e r s .  

T h e r e   a r e   v a r i o u s   a s p e c t s   of  t he   m e t h o d s   and  s y s t e m s  

of  t he   p r e s e n t   i n v e n t i o n   f o r   s h a p i n g   the   c a s t i n g   r e g i o n .   I n  

c e r t a i n   a s p e c t s ,   t h e   "head"   of  t h e   m o l t e n   m e t a l   is   p r e d e t e r m i n e d  

and  i s   used   as  t he   d r i v i n g   f o r c e   f o r   bowing  or  d e f l e c t i n g  

the   b a c k - u p   r o l l e r s   and  t h e i r   s u p p o r t   s y s t e m s   in  one  c a r r i a g e  

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

r o l l e r s   and  s u p p o r t   s y s t e m s   in  t h e   o t h e r   c a r r i a g e   a r e   r i g i d ;  



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

b a c k - u p   r o l l e r s   and  in  t h e i r   s u p p o r t   s y s t e m s   in  s a i d   o n e  

c a r r i a g e   fo r   r e s p o n d i n g   to  t h i s   f o r c e   of  t he   head   of  m o l t e n  

n e t a l ,   w h i l e   the   b a c k - u p   r o l l e r s   in  t h e   o t h e r   c a r r i a g e   a r e  

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

a d j u s t m e n t   means  a r e   used   fo r   a p p l y i n g   b e n d i n g   f o r c e s   to  t h e  

back -up   r o l l e r s   a n d / o r   to   t h e i r   s u p p o r t   s y s t e m s   f o r   p r o d u c i n g  

bowing  of  the   b a c k - u p   r o l l e r s   in  one  or   b o t h   c a r r i a g e s   f o r  

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

r e m o t e l y   c o n t r o l l a b l e   bowing  means   a re   u s e d   f o r   c o n t r o l l a b l y  

a p p l y i n g   b e n d i n g   f o r c e s   to  the   b o w a b l e   b a c k - u p   r o l l e r s   i n  

one  or  b o t h   c a r r i a g e s   f o r   s h a p i n g   t he   c a s t i n g   r e g i o n .  

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

i n v e n t i o n   a  f i r s t   one  of  t he   c a s t i n g   b e l t s   is   f l e x i b l y   c o n s t r a i n e d  

in  a  p r e d e t e r m i n e d   r e l a t i o n s h i p   v e r s u s   t he   m o l t e n   m e t a l   h e a d  

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

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

away  from  the  c a s t i n g   c e n t e r l i n e   due  to  t he   p r e d e t e r m i n e d   m o l t e n  

n e t a l   head  v a l u e s   o c c u r r i n g   at  t he   v a r i o u s   l o c a t i o n s ,   w i t h   t h e  

second  c a s t i n g   b e l t   b e i n g   r i g i d l y   c o n s t r a i n e d   and  b e i n g   t r a n s -  

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

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

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

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

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

Among  the   a d v a n t a g e s   of  t h i s   i n v e n t i o n   a r e   t h o s e  

r e s u l t i n g   from  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   d i r e c t l y  

from  m o l t e n   m e t a l   w h e r e i n   t he   shape   and  c o n t a c t   p r e s s u r e   a n d  

p a r a m e t e r s   of  t he   b e l t   s u p p o r t s   may  be  c o n t r o l l e d   by  m a n u a l  

a d j u s t m e n t   or  by  r e m o t e   c o n t r o l .  



In  c a r r y i n g  o u t   t h i s   i n v e n t i o n   in  c e r t a i n   i l l u s t r a t i v e  

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

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

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

which  a r e   c o n t i n u o u s l y   l i q u i d   c o o l e d .   The  u p p e r   b a c k - u p   r o l l e r s  

a re   s e l e c t i v e l y   bowed  down  e i t h e r   by  manua l   a d j u s t m e n t   or  b y  

r e m o t e   c o n t r o l ,   and  the   l ower   b a c k - u p   r o l l e r s   a r e   a l l o w e d   t o  

y i e l d   or  " f l o a t " ,   or  v i c e   v e r s a .   The  m e t h o d s   and  s y s t e m s   a s  

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

b a c k - u p   r o l l e r s   or  s e c t i o n s   t h e r e o f   w h i l e   t he   b a c k - u p   r o l l e r s  

on  the   o t h e r   s i d e   a r e   a l l o w e d   to  f l e x   in  p r e d e t e r m i n e d   a m o u n t s  

w i t h   the   s u r f a c e   of   t he   c a s t i n g .   These   m e t h o d s   and  s y s t e m s  

i n c l u d e   bowing  b o t h   s e t s   of  the   b a c k - u p   r o l l e r s   e i t h e r   i n w a r d l y  

or  o u t w a r d l y ;   b e n d i n g   s t r u c t u r a l   f r ame   members   wh ich   a re   i n  

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

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

e t c .  

The   m a i n t e n a n c e   of  c o n t a c t   b e t w e e n   t h e   c a s t i n g   b e l t s  

and  the   c a s t   p r o d u c t   i s   c o n t r o l l e d   by  e i t h e r   manua l   a d j u s t m e n t  

or  r e m o t e   a c t u a t i o n .   In  any  of  t h e   m e t h o d s   and  s y s t e m s   t h e  

mold  c o n f i g u r a t i o n   may  be  t a p e r e d   f rom  t he   u p s t r e a m   to  t h e  

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

ing  f o r   s h r i n k a g e   in  t he   s o l i d i f y i n g   m e t a l   and  f o r   p r o v i d i n g  

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

c h a r a c t e r i s t i c s .  

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  

from  a  c o n s i d e r a t i o n   of  the   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  which   l i k e  

e l e m e n t s   w i l l   b e a r   the   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  

the  v a r i o u s   FIGURES: 



FIGURE  1  i s   a  p e r s p e c t i v e   v i ew  of  t he   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  s een   l o o k i n g   t o w a r d   the   m a c h i n e   from  a  

p o s i t i o n   in  f r o n t   of   and  o u t b o a r d   beyond   t he   o u t b o a r d   s i d e   o f  

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

FIGURE  2  i s   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  

away  and  in  s e c t i o n ,   of  a  p r i o r   a r t   m a c h i n e   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 he   two  b e l t   c a r r i a g e s ,   s h o w i n g  

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   a t   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 .  

FIGURE  3  is   a  c r o s s - s e c t i o n a l   v iew  of  p o r t i o n s   of  t h e  

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

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

showing   such   b a c k - u p   means   and  the   a s s o c i a t e d   b e l t s  a n d   s i d e  

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

FIGURE  4  i s   a  top  or  p l a n   v i e w   of  t he   l o w e r   c a r r i a g e  

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

e l e m e n t s   cu t   away  fo r   r e v e a l i n g   t h e   s t r u c t u r e .  

FIGURE  5  i s   a  p a r t i a l   s i d e   v iew  of  t h i s   m a c h i n e  

e n l a r g e d   as  c o m p a r e d   w i t h   FIG.  2;  f o r   c o n v e n i e n c e   of  i l l u s t r a t i o n  

the   c a s t i n g   r e g i o n   i s   shown  h o r i z o n t a l ,   bu t   i t   i s   to  be  u n d e r -  

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

in  FIG.  2 .  

FIGURE  6  i s   a  t r a n s v e r s e   s e c t i o n a l   v i ew  of  t he   c a s t i n g  

r e g i o n ,   showing   a  s e g m e n t e d   b a c k - u p   r o l l e r   be low  t he   l o w e r  

c a s t i n g   b e l t ,   w i t h   t he   s e g m e n t s   d i s p o s e d   a l o n g   a  s h a l l o w ,  

convex   upward  a r c ,   in  o p p o s i t i o n   w i t h   a  f l e x i b l e   b a c k - u p  

r o l l e r   above  t h e   u p p e r   b e l t   as  i t   would   a p p e a r   u n d e r   t h e  

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

the   c a s t i n g   r e g i o n   b e t w e e n   the   b e l t s .  



FIGURES  7A,  7B  and  7C  show  an  e n l a r g e d   e l e v a t i o n a l  

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

f i n s .  

FIGURE  8  i s   a  f u r t h e r   e n l a r g e d   p a r t i a l   s e c t i o n a l  v i e w  

of   a  p o r t i o n   of  FIG.  6  showing   the   means  f o r   i n t e r c o n n e c t i n g  

t he   a d j o i n i n g   ends   of   two  s e g m e n t s   of  a  s e g m e n t e d   b a c k - u p   r o l l e r .  

FIGURE  9  i s   a  v i ew  s i m i l a r   to  FIG.  6  showing   i n t e r m e d -  

i a t e ,   f l e x i b l e   s n u b b i n g   b e a r i n g   b a c k - u p   means  f o r   t he   f l e x i b l e  

b a c k - u p   r o l l e r   fo r   p r o v i d i n g   p r e d e t e r m i n e d   c o n t r o l   of  i t s  

d e g r e e   of  f l e x i b i l i t y .  

FIGURE  10  i s   a  t r a n s v e r s e   s e c t i o n   of  a  t w i n - b e l t  

c a s t e r   in   wh ich   t h e   b e l t   shape   and  c o n t a c t   c o n t r o l   i s   p r o v i d e d  

by  t r a n s v e r s e l y   d o w n w a r d l y   bowing  t he   u p p e r   b a c k - u p - r o l l e r s   a n d  

by  m e c h a n i c a l   a d j u s t m e n t   and  a l l o w i n g   t he   l o w e r   b a c k - u p   r o l l e r s  

to  y i e l d .  

FIGURE  11  i s   a  t r a n s v e r s e   s e c t i o n   of  a  t w i n - b e l t  

c a s t e r   as  i l l u s t r a t e d   in  FIGURE  10  showing   a n o t h e r   m e c h a n i c a l  

a d j u s t m e n t   m e a n s .  

FIGURE  12  i s   a  t r a n s v e r s e   s e c t i o n   s i m i l a r   to  FIGURE 

11  in  which   t h e   m e c h a n i c a l   a d j u s t m e n t   f o r   t he   b a c k - u p   r o l l e r s  

i n c l u d e s   a  c o m p l i a n c e   member.   FIG.  12A  is   an  e n l a r g e m e n t .  

FIGURE  13  i s   a  t r a n s v e r s e   s e c t i o n   of   a  t w i n - b e l t  

c a s t e r   s i m i l a r   to  FIGURES  10,  11  &  12  i l l u s t r a t i n g   r e m o t e  

c o n t r o l   bowing  of   t he   b a c k - u p   r o l l e r s   u s i n g   f l u i d   c y l i n d e r  

a c t u a t i o n .  

FIGURE  14  i s   a  t r a n s v e r s e   s e c t i o n   of  a  t w i n - b e l t  

c a s t e r   i l l u s t r a t i n g   t h e   use  of  r i g i d l y   supported  lower  back-up  r o l l e r s  

w i t h   a  s t i f f e n e d   c e n t e r   s e c t i o n   in  t he   bowed  u p p e r   b a c k - u p  

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

c a s t .  



FIGURE  15  is   a  t r a n s v e r s e   s e c t i o n   of  t he   c a s t e r   o f  

FIGURE  14  i l l u s t r a t i n g   t he   use  of  r e m o t e   c o n t r o l   f o r   b e l t  

c o n t a c t   c o n t r o l .  

FIGURE  16  is   a  l o n g i t u d i n a l ,   e l e v a t i o n a l   s e c t i o n   o f  

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

mold  c o n f i g u r a t i o n   a l o n g   the   c a s t i n g   r e g i o n .  

FIGURE  17  is   a  t r a n s v e r s e   s e c t i o n   of  a  t w i n - b e l t  

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

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

c y l i n d e r   a c t u a t i o n .  

FIGURE  17A  is   a  m o d i f i c a t i o n   of  t h e   me thod   a n d  

s y s t e m   of  FIG.  1 7 .  

FIGURE  18  is  a  t r a n s v e r s e   s e c t i o n   of  a  b a r - t y p e  

t w i n - b e l t   c a s t e r   i l l u s t r a t i n g   the   c a s t i n g   zone  b e f o r e   s h r i n k a g e  

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

FIGURE  19  is   a  t r a n s v e r s e   s e c t i o n   of  t h e   ba r   c a s t e r  

shown  in  FIGURE  18  a f t e r   s h r i n k a g e   has  o c c u r r e d ,   i l l u s t r a t i n g  

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

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

r e g i o n .  

FIGURE  20  i s   a  t r a n s v e r s e   s e c t i o n   of   a  wide  c a s t e r  

i l l u s t r a t i n g   the   b e n d i n g   of  a  s t r u c t u r a l   f r ame   member  in  o r d e r  

to  bow  the   b a c k - u p   r o l l e r   s u p p o r t e d   by  such   f rame  m e m b e r .  

FIGURE  21  i s   a  t r a n s v e r s e   s e c t i o n   of  a  wide  c a s t e r  

s i m i l a r   to  FIG.  20  u t i l i z i n g   a  more  b e n d a b l e   ( c o m p l i a n t )  

member  in  o r d e r   to  bow  a  s t i f f e r   f rame  member  in  o r d e r   t o  

p r o v i d e   a  f i n e r   (more  p r e c i s e )   bowing   a d j u s t m e n t   of  s u c h  

frame  m e m b e r .  



FIGURE  22  i s   a  t r a n s v e r s e   s e c t i o n   of  a  wide  c a s t e r  

i l l u s t r a t i n g   the   b e n d i n g   of  a  l o w e r   f rame  member  by  a  r e m o t e l y  

a c t u a b l e   f l u i d   c y l i n d e r   c o n n e c t e d   to  t he   c e n t e r   of  the   f r a m e  

m e m b e r .  

FIGURE  23  i s   a  t r a n s v e r s e   s e c t i o n   of  a  wide  c a s t e r  

i l l u s t r a t i n g   t he   bowing   of  a  s t r u c t u r a l   f rame  member  in  the   l o w e r  

c a r r i a ' g e   u s i n g   a  more  c o m p l i a n t   member  and  a  r e m o t e l y   a c t u a t a b l e -  

f l u i d   c y l i n d e r   c o n n e c t e d   to  t he   c e n t e r   of  the   c o m p l i a n t   m e m b e r .  

FIGURE  24  shows  t h e   use   of  a  more  c o m p l i a n t   member  

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

l o c a t e d   a t   t he   r e s p e c t i v e   ends   of  t h i s   c o m p l i a n t   m e m b e r .  

FIGURE  25  shows  t h e   p r o g r e s s i v e   t a p e r i n g   of  the   d o w n -  

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

d r i v e n   by  a  f l u i d - a c t u a t e d   c y l i n d e r   f o r   s i m u l t a n e o u s l y   bowing  a  

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

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

FIGURES  26  and  27  show  two  d i f f e r e n t   e m b o d i m e n t s   o f  

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

u p p e r   and  l o w e r   c a r r i a g e s .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   now  to  FIGURE  1,  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 ,   r e f e r r e d   t o   g e n e r a l l y   w i t h   t he   r e f e r e n c e   c h a r a c t e r  

10,  has  m o l t e n   m e t a l   fed  i n t o   t h e   u p s t r e a m   end  or  e n t r y   11 

of  the   m a c h i n e   10  b e t w e e n   u p p e r   and  l o w e r   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   12  and  14.  The  m o l t e n   m e t a l   i s   s o l i d i f i e d   i n  

a  c a s t i n g   r e g i o n   C  (FIGURE  3)  d e f i n e d   by  t h e   s p a c e d   p a r a l l e l  

s u r f a c e s   of  t he   u p p e r   and  l o w e r   c a s t i n g   b e l t s   12  and  1 4 .  

I t   i s   n o t e d   t h a t   FIGURES  1,  2,  3,  4  and  5  s h o w  

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

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

p r e s e n t   i n v e n t i o n .  

The  c a s t i n g   b e l t s   12  and  14  a r e   s u p p o r t e d   a n d  

d r i v e n   by  means  of  u p p e r   and  l o w e r   c a r r i a g e   a s s e m b l i e s   w h i c h  



a re   i n d i c a t e d   in  FIGURES  1,  2  and  3  a t  U   and  L,  r e s p e c t i v e l y .  

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

from  a  main  f rame  23,  as  seen   in  FIGURE  1.  Hence  the   s i d e   o f  

each   c a r r i a g e   a s s e m b l y   n e a r   t h i s   main  f r ame   23  is   r e f e r r e d   t o  

as  b e i n g   " i n b o a r d "   w h i l e   t he   o t h e r   s i d e   i s   r e f e r r e d   to  a s  

" o u t b o a r d " .  

The  u p p e r   c a r r i a g e   U  i n c l u d e s   two  main  r o l l - s h a p e d  

p u l l e y s   16  and  18  (FIGURES  2  and  5)  a r o u n d   wh ich   t he   c a s t i n g  

b e l t   12  is   r e v o l v e d   as  i n d i c a t e d   by  the   a r r o w s .   The  p u l l e y  

16  n e a r   t he   i n p u t   end  of  t he   m a c h i n e   10  i s   r e f e r r e d   to  as  t h e  

u p s t r e a m   p u l l e y   or  n i p   p u l l e y   and  t he   o t h e r   p u l l e y   18  i s  

c a l l e d   the   d o w n s t r e a m   or   t e n s i o n   p u l l e y .   S i m i l a r l y ,   t h e  

l o w e r   c a r r i a g e   L  i n c l u d e s   main  u p s t r e a m   (or  n ip )   and  d o w n s t r e a m  

r o l l - l i k e   p u l l e y s   20  and  22,  r e s p e c t i v e l y ,   a r o u n d   which   t h e  

l o w e r   c a s t i n g   b e l t   14  i s   r e v o l v e d .   In  o r d e r   to   d r i v e   t h e  

c a s t i n g   b e l t s   12  and  14  in  u n i s o n ,   t h e   u p s t r e a m   or  n ip   p u l l e y s  

16  and  20  of  b o t h   t he   u p p e r   and  l o w e r   c a r r i a g e s   a r e   j o i n t l y  

d r i v e n   t h r o u g h   u n i v e r s a l - c o u p l i n g - c o n n e c t e d   d r i v e   s h a f t s   24 

and  25  by  a  m e c h a n i c a l l y   s y n c h r o n i z e d   d r i v e   26  d r i v e n   by  a n  

e l e c t r i c   m o t o r   (not   s h o w n ) .  

D u r i n g   the   c a s t i n g   o p e r a t i o n s ,   t he   f r ame   19  (FIG.  1) 

of  t he   u p p e r   c a r r i a g e   a s s e m b l y   U  i s   s u p p o r t e d   on  t he   f rame  21 

of  the   l o w e r   c a r r i a g e   a s s e m b l y   L  t h r o u g h   gauge   s p a c e r s   17 

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

s i d e ,   and  the   p r e c i s e   t h i c k n e s s   of  t h e s e   gauge   s p a c e r s  

e s t a b l i s h e s   t he   mold  t h i c k n e s s   d i m e n s i o n   b e t w e e n   t h e   o p p o s e d  

c a s t i n g   f a c e s   of  t he   c a s t i n g   b e l t s   12  and  14  and  c o r r e s p o n d i n g l y  

the   r e s u l t i n g   t h i c k n e s s   of  t he   c a s t   m e t a l   p r o d u c t .   Two  e d g e  

dams  28  (on ly   one  of  which   i s   seen   in  FIGURE  2)  a r e   i n t e r p o s e d  

b e t w e e n   the   o p p o s e d   c a s t i n g   f a c e s   of  t he   c a s t i n g   b e l t s   a n d  



a r e   g u i d e d .   Each  edge  dam  is   l a t e r a l l y   cons t ra ined   to  e s t a b l i s h  

the   c a s t   m e t a l   w i d t h   a t   t h e   n ip   or  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  an  edge  dam  g u i d e   a s s e m b l y  3 0 .  

These   two  edge  dams  a r e   d r i v e n   t h r o u g h   f r i c t i o n a l  

c o n t a c t   w i t h   t he   c a s t i n g   b e l t   12  and  14.  The  two  o p p o s e d  

i n n e r   c a s t i n g   f a c e s   of  t h e s e   edge   dams,  t o g e t h e r   w i t h   t h e  

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

b e l t s   12  and  14  form  f o u r   moving  c a s t i n g   f a c e s   of  a  m o v i n g  

mold  in  t h e   c a s t i n g   r e g i o n   C  h a v i n g   a  g e n e r a l l y   r e c t a n g u l a r  

c r o s s   s e c t i o n a l   c o n f i g u r a t i o n   as  seen   in   FIG.  3.  As  w i l l  

be  o b s e r v e d   in  FIG.  2  from  the   a n g l e   "A",  t he   u p p e r   and  l o w e r  

c a r r i a g e s   U  and  L  a r e   s l i g h t l y   i n c l i n e d   w i t h   r e s p e c t   to  h o r i -  

z o n t a l s o   t h a t   t he   c a s t i n g   r e g i o n   C  s l o p e s   s l i g h t l y   d o w n w a r d l y  

from  the  u p s t r e a m   end  11  of  t he   m a c h i n e   10  to  t he   d o w n s t r e a m  

or  e x i t   end  31.  U s u a l l y   t h e   downward   i n c l i n a t i o n   "A"  i s   l e s s  

t h a n   20°  f rom  h o r i z o n t a l ,   and  i t   can  be  a d j u s t e d   by  means   o f  

t he   j a c k   m e c h a n i s m   2 9 .  

C a s t i n g   b e l t s   12  and  14  a r e   r e l a t i v e l y   t h i n   m e t a l  

b e l t s ,   fo r   e x a m p l e ,   of  s t e e l   w h i c h   r e q u i r e   b a c k - u p   s u p p o r t  

and  an  eno rmous   amount   of   c o o l i n g   in  o r d e r   to  be  a b l e   to  h a n d l e  

the   h e a t   l i b e r a t e d   by  t h e   s o l i d i f y i n g   m e t a l   in  t he   c a s t i n g  

r e g i o n   C.  I t   i s   d e s i r a b l e   to  m a i n t a i n   t he   c a s t i n g   b e l t s   12 

and  14  in  i n t i m a t e   c o n t a c t   w i t h   t h e   c a s t   m e t a l   as  i t   s o l i d i f i e s  

in  t he   c a s t i n g   r e g i o n ,   f o r   a v o i d i n g   a i r   s p a c e s   or  gaps   b e t w e e n  

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

12  and  14,  f o r   r e a s o n s   as  d i s c u s s e d   above   in  t h e   b a c k g r o u n d  

s e c t i o n .   Among  the   p r o b l e m s   is   t h a t   t h e   m e t a l   s h r i n k s   a s  

i t   s o l i d i f i e s .   F u r t h e r m o r e ,   such   s h r i n k a g e   v a r i e s   s o m e w h a t  

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

m e t a l   is   i n i t i a l l y   fed   in  b e t w e e n   t he   c a s t i n g   b e l t s   12  a n d  

14  from  a  t u n d i s h   32  (FIG.  2)  a t   the   u p s t r e a m   end  11  o f  



the   c a s t i n g   r e g i o n   C.  The  m o l t e n   m e t a l   in  t he   d o w n w a r d l y  

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

d o w n w a r d l y ,   a g a i n s t   the   b e l t s   due  to  m e t a l o s t a t i c   " h e a d "  

p r e s s u r e .   As  i t   c o n t i n u e s   d o w n s t r e a m   in  t he   c a s t i n g   r e g i o n  

t h i s   "head"   p r e s s u r e   i n c r e a s e s .   Even  a f t e r   a  t h i n   s h e l l   o f  

c a s t   m e t a l   f o rms   a r o u n d   the   m o l t e n   c o r e   t h e   head  c o n t i n u e s  

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

as  the   s h e l l   t h i c k e n s   and  the   m o l t e n   c o r e   b e g i n s   to   s o l i d i f y ,  

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

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

the   d o w n s t r e a m   p o r t i o n s   of  t he   c a s t i n g   r e g i o n .  

G e n e r a l l y   s p e a k i n g   t he   s h r i n k a g e   t e n d s   to  t a k e   p l a c e  

away  from  the   u p p e r   b e l t   12,  b e c a u s e   t h e   w e i g h t   of  t he   c a s t  

p r o d u c t   r e s t s   upon  the   l o w e r   b e l t   14.  Thus ,   t h e   c o n d u c t i v e  

t r a n s f e r   of  h e a t   from  the   s o l i d i f y i n g   m e t a l   i n t o   t he   l o w e r  

b e l t   t e n d s   to  be  more  u n i f o r m   t h a n   the   t r a n s f e r   of  h e a t   i n t o  

the   uppe r   b e l t   in  t h e   d o w n s t r e a m   p o r t i o n s   of  t he   c a s t i n g  

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

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

h e a t   t r a n s f e r r e d   by  c o n d u c t i o n   and  a  r a d i a n t   or  c o n v e c t i v e  

h e a t   t r a n s f e r   o c c u r s .   Any  s e p a r a t i o n   gaps   or  s p a c e s   b e t w e e n  

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

b e l t s   to  wh ich   c o o l a n t   is   a p p l i e d   c r e a t e s   ho t   s p o t s   and  n o n -  

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

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

in  the   c a s t   p r o d u c t   as  d i s c u s s e d   in  t he   b a c k g r o u n d   s e c t i o n  

a b o v e .  

As  w i l l   be  seen  in  FIGURES  2,  4  and  5  t h e   u p p e r  

and  l ower   b e l t s   12  and  14,  r e s p e c t i v e l y ,   a re   b a c k e d   u p  

by  a  p l u r a l i t y   of  u p p e r   b a c k - u p   r o l l e r s   33  and  l o w e r   b a c k - u p  



r o l l e r s   34,  r e s p e c t i v e l y ,   e x t e n d i n g   t r a n s v e r s e l y   above  a n d  

be low  t h e   c a s t i n g   r e g i o n  C .   The  l o w e r   f rame  21  in  t he   l o w e r  

c a r r i a g e   L  i n c l u d e s   a  c o r e   s e c t i o n   -36  t h e r e i n ,   wh ich   may  b e  

b u i l t   to  be  r e m o v a b l e   as  a  whole   u n i t .   Th i s   co r e   s e c t i o n   36  

i n c l u d e s   a  p l u r a l i t y   of  r i g i d   c o o l a n t   h e a d e r s   38  and  a  f r a m e  

member  40  by  wh ich   the   l o w e r   b a c k - u p   r o l l e r s   34  a re   s u p p o r t e d .  

As  w i l l   b e s t   be  seen   in  FIGURE  3,  t h e   u p p e r   c a r r i a g e  

U  has  an  u p p e r   f r ame   19  i n c l u d i n g   a  s i m i l a r   c o r e   s e c t i o n   37 

t h e r e i n   w h i c h   i n c l u d e s   a  f r ame   member  44  and  a  p l u r a l i t y   o f  

r i g i d   c o o l a n t   h e a d e r s   46  wh ich   s u p p o r t   t he   u p p e r   b a c k - u p  

r o l l e r s   33.  Th i s   c o r e   s e c t i o n   37  may  be  b u i l t   to  be  r e m o v a b l e  

as  a  whole   u n i t .  

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   p r i o r   a r t   c o o l a n t  

h e a d e r s   38  and  46  t o g e t h e r   w i t h   t h e i r   r e s p e c t i v e   f rame  m e m b e r s  

40  and  44  were  made  as  r i g i d   as  p o s s i b l e .   The  c o o l a n t   h e a d e r s  

38  were   e a c h   fo rmed   w i t h   a  l a r g e   r e c t a n g u l a r   c r o s s   s e c t i o n a l  

shape   in  t he   n a t u r e   of  a  box  beam  fo r   r e s i s t i n g   s i g n i f i c a n t  

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

38  and  46  t h r o u g h   the   l i q u i d   s u p p l y   c o n n e c t i o n s   48  and  4 9 .  

In  o r d e r   to   r i g i d l y   mount   t h e   l o w e r   and  u p p e r   b a c k - u p   r o l l e r s  

34  and  33  on to   the   r i g i d   h e a d e r s   38  and  46,  t h e r e   a re   a  

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

s t r i n g e r s   in  e a c h   c a r r i a g e   in  t h e   form  of  l o w e r   L - s h a p e d  

members   50  and  u p p e r   L - s h a p e d   members   52  s e c u r e d   to  t h e  

r e s p e c t i v e   h e a d e r s   by  b r a c k e t s   53  (FIG.  4) .   For  f u r t h e r  

i n f o r m a t i o n   c o n c e r n i n g   t h e   s t r u c t u r e s   shown  in  FIGS.  2,  3,  4 

and  5,  t h e   r e a d e r ' s   a t t e n t i o n   i s   i n v i t e d   to  P a t e n t   N o .  

3 , 8 2 8 , 8 4 1 - m e n t i o n e d   in  t he   b a c k g r o u n d   s e c t i o n .  



The  b a c k - u p   r o l l e r s   33  and  34  had  s o l i d   s h a f t s   43 

a n d  5 4 ,   r e s p e c t i v e l y ,   wh ich   were  e i t h e r   s e g m e n t e d   or  c o n t i n u o u s .  

When  t h e s e   s h a f t s   were  s e g m e n t e d ,   t h e i r   ends   were  m o u n t e d   i n  

b e a r i n g s   r i g i d l y   s u p p o r t e d   on  the   s t r i n g e r   members   50  and  54 

for   b e i n g   as  r i g i d   as  p o s s i b l e .   The  i n b o a r d   and  o u t w a r d   e n d s  

of  the  s h a f t s   43  and  54  were  m o u n t e d   in  b e a r i n g   56  and  5 8 ,  

r e s p e c t i v e l y ,   so  as  to  b e  f r e e l y   r o t a t a b l e   by  the   moving   b e l t s  

L2  and  14  as  t h e y   r e v o l v e d   in  t he   c a r r i a g e s .   B a c k - u p   r o l l e r s  

33  and  34  have  n a r r o w   c i r c u m f e r e n t i a l   r i d g e s   or  f i n s   55  w h i c h  

are  c o n t a c t e d   by  the   u p p e r   and  l o w e r   b e l t s   12  and  14.  T h e  

c o o l i n g   f i n s   55  p r o v i d e   a c c e s s   a r o u n d   the   b a c k - u p   r o l l e r s   32 

and  34  so  t h a t   c o o l a n t   from  t h e   h e a d e r s   38  and  46  may  b e  

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

s u r f a c e s   of  the   c a s t i n g   b e l t s   12  and  14.  The  h e a d e r s   38  a n d  

46  have  a  s e r i e s   of  n o z z l e   o p e n i n g s   60  (FIG.  5)  a l o n g   t h e  

Length  t h e r e o f   and  a p p l i c a t o r   s c o o p s   61  so  t h a t   l i q u i d  

c o o l a n t   i s   c o n t i n u o u s l y   a p p l i e d   to  t he   b e l t s   and  m a i n t a i n e d  

t r a v e l i n g   r a p i d l y   a l o n g   them.   By  c o o l i n g   the   b e l t s   h e a t   i s  

e x t r a c t e d   by  c o n d u c t i o n   t h r o u g h   the   b e l t s   f rom  t he   c a s t i n g  

r e g i o n   C  wh ich   l i b e r a t e s   e n o r m o u s   a m o u n t s   of  h e a t   as  t he   m o l t e n  

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

In  FIG.  5  t h e   c a s t i n g   m a c h i n e   is  shown  in  h o r i z o n t a l  

p o s i t i o n   fo r   c o n v e n i e n c e   of  i l l u s t r a t i o n ,   but   i t   i s   to   b e  

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

in  o p e r a t i o n   as  shown  in  FIG.  2 .  

To  t h i s   p o i n t   the   d e s c r i p t i o n   of  FIGS.  1  t h r o u g h   5 

Ls  of  c o n v e n t i o n a l   s t r u c t u r e s   w h i c h   have  p r o v e n   to  be  a d v a n t a -  

geous  over   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 e t h o d s   a n d  

n a c h i n e s .   In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   a  v a r i e t y  

of  me thods   and  s y s t e m s   are   p r o v i d e d   f o r   s h a p i n g   the   c a s t i n g  

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



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

p e r f o r m a n c e .   Among  the   a d v a n t a g e s   of   such  s h a p i n g   a re   t h a t  

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

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

r u p t e d   c o n t a c t   b e t w e e n   t he   b e l t s   and  the   p r o d u c t   b e i n g   c a s t  

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

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

and  l o w e r   b e l t s .  

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

w i th   the   s o l i d i f y i n g   m e t a l   as  shown  in  FIGS.  6,  7  and  8,  t h e  

u p p e r   b a c k - u p   r o l l e r s   133  a re   c o n s t r u c t e d   to  be  f l e x i b l e   f o r  

bowing  t r a n s v e r s e l y   to  the   c a s t i n g   r e g i o n   C,  w h i l e   the   l o w e r  

b a c k - u p   r o l l e r s   34  a r e   h e l d   r i g i d l y   in   p o s i t i o n .   The  r e s p e c t i v e  

r o l l e r   s h a f t s   63  and  64  b o t h   a r e   h o l l o w .   Each  u p p e r   r o l l e r  

s h a f t   63  i s   c o n t i n u o u s   a c r o s s   t he   f u l l   w i d t h   of  t he   c a s t i n g  

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

b o w a b i l i t y .   The  l o w e r   r o l l   s h a f t s   64  a re   s e g m e n t e d   and  h a v e  

i n t e r n a l   s e g m e n t e d   s h a f t s   66  FIGS.  7  and  8  wh ich   a r e   s u p p o r t e d  

at   the   ends   of   each   of  t h e i r   s e g m e n t s   by  t he   s u p p o r t   m e m b e r s  

5 0 .  

In  t y p i c a l   i n s t a l l a t i o n s   of  such  c a s t i n g   m a c h i n e s  

10  the   d e n s i t y   of  t he   m e t a l   or   a l l o y   i n t e n d e d   to   be  c a s t   a n d  

t he   i n t e n d e d   a n g l e   of   d o w n s t r e a m   i n c l i n a t i o n   A  a re   s p e c i f i e d .  

Hence,   t h e   " h e a d "   or  p r e s s u r e   of  m o l t e n   m e t a l   a g a i n s t   t h e  

b e l t s   a t   any  g i v e n   b a c k - u p   r o l l   l o c a t i o n   a l o n g   t h e   l e n g t h  

of  t he   c a s t i n g   r e g i o n   C  is   p r e d i c t a b l e .   A l s o ,   t h e   f l e x i b i l i t y  

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



u n i t   of  l e n g t h   ( n a m e l y ,   each   h o l l o w   r o l l e r   s h a f t   63)  i s   a  

f u n c t i o n   of  t he   f o u r t h   power  of   i t s   f r e e   l e n g t h .   S i n c e   s u c h  

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

i s   c h a r a c t e r i s t i c   of   t he   p r e s s u r e   ( " h e a d " )   in  t h e   c a s t i n g  

r e g i o n   C,  t h e   c o n t i n u o u s ,   h o l l o w   u p p e r   r o l l e r s   133  i n  a   w i d e  

c a s t e r   as  shown  in  FIG.   6  a re   m u c h  m o r e   f l e x i b l e   ( b o w a b l e )  

t h a n   t h e   l o w e r   r o l l e r s   34  w h i c h   have   i n t e r m e d i a t e   s u p p o r t s   5 0 .  

T h e r e f o r e ,   t h e   e n d - s u p p o r t e d - o n l y   u p p e r   r o l l e r s   1 3 3  

have   p r e d e t e r m i n e d   b o w a b i l i t y   and  t h e   l o a d i n g   a g a i n s t   t h e m  i s  

p r e d e t e r m i n e d .   C o n s e q u e n t l y ,   t h e  b o w   w h i c h   w i l l   o c c u r   i n  

e a c h   u p p e r   b a c k - u p   r o l l e r   a t   e a c h  p o s i t i o n   a l o n g   t he   l e n g t h   o f  

the   c a s t i n g   r e g i o n   i s   p r e d e t e r m i n e d .   In  o r d e r   t o   c o m p e n s a t e  

f o r   (or   o f f s e t )   t he   r e s u l t a n t   b u l g e   in  one  s u r f a c e   of  t h e  

c a s t   p r o d u c t   p e r m i t t e d   by  the   f l e x i b l e   b a c k - u p   s y s t e m   f o r   t h e  

b e l t   in  one  c a r r i a g e ,   f o r   e x a m p l e   in  t he   u p p e r   c a r r i a g e   U  a s  

shown  in   FIG.  6,  a  c o n v e x   b a c k - u p   c o n f i g u r a t i o n   o f   a  r i g i d i z e d  

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

shown  in  FIG.  6.  The  c o n v e x   c o n f i g u r a t i o n   o f  t h e   r i g i d i z e d  

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

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

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

c u r v a t u r e   of   t he   b o w a b l e   b a c k - u p   s y s t e m .   Hence ,   t h e   c a s t  

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

i t s   w i d t h   and  w i l l   have   a  s l i g h t   t r a n s v e r s e   c u r v a t u r e .  

I t   i s   to  be  u n d e r s t o o d   t h a t   t he   t r a n s v e r s e   c u r v a t u r e  

shown  in  FIG.  6  i s   e x a g g e r a t 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 .  

The  s u b s e q u e n t   r o l l i n g   o p e r a t i o n   w i l l   remove  t h e   s l i g h t   t r a n s v e r s  



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

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

In  summary,  the   c o m p e n s a t i o n   f o r   t he   b u l g e   p e r m i t t e d  

by  t he   f l e x i b l e ,   bowab le   b e l t   b a c k - u p   in  one  c a r r i a g e   is  b u i l t  

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

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

bu t   p r e f e r a b l y   t he   u p p e r   c a r r i a g e   b e l t   b a c k - u p   i s   f l e x i b l e  

as  i l l u s t r a t e d   in  FIG.  6.  In  o t h e r   w o r d s , w e   o f f s e t   and  c o m -  

p e n s a t e   f o r   t he   l a t e r a l   b u l g i n g   p e r m i t t e d   by  t h e   f l e x i b l y  

c o n s t r a i n e d   b a c k - u p   s u p p o r t   in   t h e ,   say,   t he   u p p e r   c a r r i a g e  

by  means  of  r i g i d l y   c o n v e x l y   c o n t o u r e d   b a c k - u p   s u p p o r t   i n  

the   l o w e r   c a r r i a g e .   In  t h i s   m e t h o d ,   we  r e t a i n   b o t h   m o l d  

f l e x i b i l i t y   and  c o n s t a n t   p r o d u c t   t h i c k n e s s .   Such  c o m p e n s a t i o n  

f o r   b u l g e   may  be  made  p r o g r e s s i v e l y   g r e a t e r   a l o n g   t he   d i r e c t i o n  

of  c a s t i n g   in  t h e   m a c h i n e ,   in   r e s p o n s e   to  t he   i n c r e a s i n g   h e a d  

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

i n c r e a s i n g   d e f l e c t i o n   of  t he   f l e x i b l e   b a c k - u p   s y s t e m .  

The  f l e x i b i l i t y   of  t h i s   b a c k - u p   s y s t e m   w i l l   no t   o n l y  

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

the   f o r c e   e x e r t e d   by  t h e   f l e x i b l e   p o r t i o n   of  t he   b a c k - u p  

s y s t e m   w i l l   e f f e c t i v e l y   and  c o n t r o l l a b l y   m a i n t a i n   b e l t   c o n t a c t  

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

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

r e s u l t s   f o r   the   p r o g r e s s   of  t he   c a s t i n g .  

The  u n d e r l y i n g   t h o u g h t s   of   t h i s   me thod   as  d e s c r i b e d  

above   f o r   FIGS.  6,  7  and  8  may  be  b r o a d l y   c h a r a c t e r i z e d   a s  

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

In  o r d e r   to  p r o d u c e   t h e   p r e d e t e r m i n e d   convex   c o n f i g u r a -  

t i o n   of  t he   l o w e r - b e l t ,   r i g i d   s p a c e r s   62  (FIG.  8)  of  p r e d e t e r m i n e  



t h i c k n e s s   a r e   m o u n t e d   b e t w e e n   the   r i g i d   h e a d e r s   38  and  t h e  

i n t e r m e d i a t e   s u p p o r t s   50  fo r   the   s e g m e n t e d   r o l l e r s   34.  As 

shown  in  FIG.  8,  the   a d j a c e n t   ends   of  t he   a d j a c e n t   s e c t i o n s  

of  t he   s e g m e n t e d   i n t e r n a l   s h a f t   66  a r e   h e l d   by  the   s u p p o r t  

member  50.  One  s h a f t   end  has  a  s o c k e t   65  wh ich   r e c e i v e s   t h e  

r e d u c e d   d i a m e t e r   end  of  the   a d j a c e n t   s e c t i o n   of  the   i n t e r n a l  

s h a f t   66.  A n t i - f r i c t i o n   b e a r i n g s   67  a re   m o u n t e d   w i t h i n   t h e  

ends  of  the   a d j a c e n t   s e c t i o n s   of  the   h o l l o w   s h a f t s   64  of  t h e  

l ower   b a c k - u p   r o l l e r s   34.  These   b e a r i n g s   67  a r e   r e t a i n e d  

a g a i n s t   an  i n t e r n a l   s h o u l d e r   by  means  of  a  s p a c e r   s l e e v e   6 9  

h e l d   in  p l a c e   by  a  r e t a i n i n g   snap  r i n g   71,  and  t h e r e   is  a  

s m a l l e r   d i a m e t e r   s l e e v e   73  p r o v i d i n g   a  s p a c e   75  fo r   h o l d i n g  

g r e a s e .   A  c u t - o u t   s p a c e   76  in  t he   s u p p o r t   50  p e r m i t s   t h e  

s o c k e t   end  of  t he   s e c t i o n   of  the   i n t e r n a l   s h a f t   66  to  be  r e m o v e d  

from  the   s u p p o r t   50,  and  s i m i l a r l y   in  o t h e r   s u p p o r t s   50  s o  

t h a t   t he   s e g m e n t e d   s h a f t s   34  can  be  i n d i v i d u a l l y   r emoved   f r o m  

the   c a r r i a g e   and  r e p l a c e d ,   i f   d e s i r e d .  

I t   i s   to  be  n o t e d   in  FIGS.  6  and  7,  t h a t   t h e r e   a r e  

f i x e d   s t u b   s h a f t s   70  m o u n t e d   in  s o c k e t s   in  t he   f r a m e s   19  a n d  

21,  and  the   b e a r i n g s   59  a t   t he   ends   of  the   b a c k - u p   r o l l e r s  

133  and  34  a r e   s e l f - a l i g n i n g   b e a r i n g s   fo r   p e r m i t t i n g   f r e e  

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

out   of  a l i g n m e n t   w i t h   t he   a x i s   of  t he   s t u b   s h a f t   7 0 .  

I t   i s   to  be  n o t e d ,   t h a t   in  v i ew  of  t he   b o w a b i l i t y  

of  t he   b a c k - u p   r o l l e r s   b e i n g   a  f o u r t h   power   f u n c t i o n   of  t h e i r  

u n s u p p o r t e d   l e n g t h ,   in  the   c a s e   of  a  wide  c a s t i n g   r e g i o n   C 

as  shown  in  FIG.  6  the   b o w a b i l i t y   of  the   e n d - s u p p o r t e d - o n l y ,  

o n e - p i e c e   f l e x i b l e   r o l l e r   133  may  be  g r e a t e r   t han   the   p r e d e t e r -  

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



d o w n s t r e a m   in  the   m a c h i n e   where   t h e   m e t a l   "head"   p r e s s u r e   i s  

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

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

t h e i r   h o l l o w   s h a f t  6 3   d i a m e t e r   beyond   a  m o d e s t   a m o u n t ,   b e c a u s e  

t h e s e   b a c k - u p   r o l l e r s   a r e   i n t e n d e d   to  be  c l o s e l y   s p a c e d  

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

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

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

C o n s e q u e n t l y ,   f o r   wide   c a s t i n g   r e g i o n s   C  in  o r d e r  

to  l i m i t   t h e   e f f e c t i v e   b o w a b i l i t y   ( i . e .   to  i n c r e a s e   t h e  

e f f e c t i v e   s p r i n g   c o n s t a n t   of   t he   r o l l e r s   133)  e x t e r n a l   m e a n s  

98,  100  (FIG.  9)  may  be  e m p l o y e d .   For  t h e   p u r p o s e   of  t h u s  

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

98,  100  f o r   e ach   s a i d   f l e x i b l e   b a c k - u p   r o l l e r   133  m a y  b e  

p l a c e d   c l o s e   to  the   r o l l e r   s h a f t   63  and  e x t e r n a l   to   i t ,   s a i d  

b e a r i n g s   b e i n g   a b l e   to  r o l l   a g a i n s t   s a i d   s h a f t   63  in  t h e  

manner   of  a  r o l l e r   w h e e l ,   one  p e r   l o c a t i o n   ( see   FIG.  9 ) .  

Yet  t h i s   e x t e r n a l   f l e x i b i l i t y   m o d i f i c a t i o n   is  n o t  

i n t e n d e d   fo r   s h a r p l y   l i m i t i n g   t he   e l a s t i c   b e n d i n g   of   b a c k - u p  

r o l l e r s ,   s i n c e   any  a b s o l u t e   r i g i d i t y   in  t he   b a c k - u p   s y s t e m  

may  c a u s e   damage  by  t he   p a s s a g e   of  s t r a y ,   p r e m a t u r e l y   f r o z e n  

m e t a l .   We  p r e f e r   to  mount   s a i d   e x t e r n a l   b a c k - u p   r o l l e r   w h e e l  

b e a r i n g   98  r e s i l i e n t l y ,   in  o r d e r   t h a t   t h e y   may  t h e m s e l v e s  

f l e x   away  from  the   c a s t i n g   r e g i o n .   Thus ,   t h e   r o l l e r   w h e e l  

98  i s   m o u n t e d   in  a  b r a c k e t   99  which   in   t u r n   is   s e a t e d   u p o n  

a  r e s i l i e n t   m o u n t i n g   member  100  on  the   r i g i d   h e a d e r   46.  T h i s  

r e s i l i e n t   m o u n t i n g   100  i s   fo rmed   of  r i b b e d   or  c a s t e l l a t e d  

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

r e s i l i e n t   m o u n t i n g   100  somewhat   r e d u c e s   or  snubs   t h e   f l e x i n g  



e x c u r s i o n   of  t he   b a c k - u p   r o l l e r s   133  to   a  p r e d e t e r m i n e d   a m o u n t .  

The  r e s i l i e n c e   of  such  m o u n t i n g   100  may  be  o b t a i n e d   by  m e a n s  

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

or  by  B e l l e v i l l e   c o n i c a l   s p r i n g   w a s h e r s   m o u n t e d   on  t h e  

m o u n t i n g   b o l t s   fo r   the   b r a c k e t   99.  The  e x t e r n a l   r o l l i n g  

b a c k - u p   w h e e l s   98  so  moun ted   m a y  o r   may  n o t   t o u c h   t he   s h a f t s  

63  of  the   r e s p e c t i v e   b a c k - u p   r o l l e r s   133  when  the   m a c h i n e   i s  

empty ,   d e p e n d i n g   on  the   p a r t i c u l a r   a p p l i c a t i o n   and  t he   d o w n -  

s t r e a m   p o s i t i o n   of   t he   p a r t i c u l a r   b a c k - u p   r o l l e r   1 3 3  .  

If   d e s i r e d ,   in  o r d e r   to   m i t i g a t e   s l i g h t l y   t h e  

r i g i d i t y   of   t he   o p p o s i n g   c o n v e x l y   bowed  r i g i d   b a c k - u p   r o l l e r s  

34,  s l i g h t l y   c o m p l i a n t   s p a c e r s   101  may  be  m o u n t e d   b e t w e e n   t h e  

s u p p o r t   members  50  and  the   r i g i d   l o w e r   h e a d e r s   3 8 .  

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

c o n v e x l y   bowed  b a c k - u p   r o l l e r s   34  a r e   a c c u r a t e l y   p r e d e t e r m i n e d  

r e l a t i v e   to  the   c a s t i n g   r e g i o n   C,  t he   l o w e r   c a r r i a g e   f rame  21 

and  the   l o w e r   h e a d e r s   38  and  l o n g i t u d i n a l   s t r i n g e r   members   50  

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

So  f a r   t h e r e   has  been  d e s c r i b e d   m e t h o d s   and  s y s t e m s  

which  i n v o l v e   p r e d e t e r m i n a t i o n   of  t he   d e s i r e d   b o w a b i l i t y .  

Now  t h e r e   w i l l   b e  d e s c r i b e d   m e t h o d s   and  s y s t e m s   w h i c h   a r e  

a d j u s t a b l e   a t   w i l l ,   even  b e i n g   a d j u s t a b l e   w h i l e   t h e   c a s t i n g  

mach ine   10  i s   r u n n i n g .  

METHODS  AND  SYSTEMS  FOR  SHAPING  THE  CASTING  REGION 
PROVIDING ADJUSTABILITY 

In  o r d e r   to  e l a s t i c a l l y   bend  t he   f l e x i b l e ,   b o w a b l e  

b a c k - u p   r o l l e r s   133  fo r   s u p p l y i n g   a d j u s t a b l e   f o r c e s   t o w a r d   t h e  

c a s t i n g   b e l t s   and  hence   t o w a r d   the   c a s t i n g   r e g i o n   C,  a p p r o x i -  

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

r o t a t i n g ,   l e v e r - l i k e ,   s t u b - s h a f t   e x t e n s i o n s   68  of  the   b o w a b l e  

b a c k - u p   r o l l e r s   133  as  shown  in  F I G S .  1 0   t h r o u g h   15  and  17 

t h r o u g h   1 9 .  



As  shown  in  FIG.  12A,  t he   b o w a b l e   b a c k - u p   r o l l e r s  

133  a re   c o n n e c t e d   to  t he   s t u b - s h a f t   e x t e n s i o n s   68  by  a  p a i r  

of  a x i a l l y   s p a c e d   a n t i - f r i c t i o n   b e a r i n g s   67  l o c a t e d   in  a  b e a r i n g  

a s s e m b l y   77  l o c a t e d   w i t h i n   a  l a r g e   end  p o r t i o n   79  of  the   r o l l e r  

133.   The  two  b e a r i n g s   67  a re   a x i a l l y   s e p a r a t e d   by  a  s p a c e r  

s l e e v e   83  and  a r e  m o u n t e d   upon  an  i n n e r   s l e e v e   85  on  t h e  

s t u b - s h a f t   e x t e n s i o n s   68.  The  s p a c e   b e t w e e n   t h e s e   s l e e v e s  

83  and  85  may  be  u sed   to  h o l d  g r e a s e   f o r   t h e   two  b e a r i n g s   6 7 .  

In  o r d e r   to  p r o v i d e   an  e f f e c t i v e   p i v o t   p o i n t   ( i . e .  

a  f u l c r u m )   f o r   t he   l e v e r - l i k e   s t u b - s h a f t   68,  t h e r e   is  a  

h a r d e n e d   s t e e l   c o l l a r   or  h o u s i n g   72  s e a t e d   in   a  d r i l l   h o l e  

in  t he   r e s p e c t i v e   c a r r i a g e   f r ame   19  (or  21  as  t he   c a s e   may  b e )  

h e l d   by  a  s e t   s c r e w   74  and  h a v i n g   an  i n t e r n a l   s h o u l d e r   86 

which   a c t s   as  a  f u l c r u m   f o r   t h e   s t u b - s h a f t   l e v e r   6 8 .  

T h e r e f o r e ,   a d j u s t a b l y   moving  t h e   o u t e r   end  of  t he   s t u b - s h a f t  

l e v e r   68  a p p l i e s   a  c o u p l e - f o r c e   ( i . e .   a  b e n d i n g   moment)  to  t h e  

f l e x i b l e . b a c k - u p   r o l l e r   133  f o r   bowing   i t   as  d e s i r e d .   A l t h o u g h  

the   f u l c r u m   is   a c t u a l l y   l o c a t e d   a t   68,  t he   e f f e c t i v e   p i v o t  

p o i n t   may  be  c o n s i d e r e d   to  be  l o c a t e d   a t   86A  on  t he   a x i s   o f  

t h e   s t u b - s h a f t   l e v e r .  

An  a p p r o x i m a t e l y   e q u a l   and  o p p o s i t e - s e n s e   c o u p l e - f o r c  

( b e n d i n g   moment)  i s   a l s o   a p p l i e d   to  t he   o p p o s i t e   end  of  t h e  

f l e x i b l e   r o l l e r .   By  v i r t u e   of   t he   c o u p l e - f o r c e s   ( b e n d i n g   m o m e n t s )  

a p p l i e d   by  the   l e v e r s   68  to  t h e   ends   of  b o w a b l e   r o l l e r   133  a  

c o n s t a n t   moment  is   a p p l i e d   t h r o u g h o u t   t he   l e n g t h   of  t h e   r o l l e r ;  

t h a t   i s ,   i f   t h i s   r o l l e r   133  were   o t h e r w i s e   f r e e ,   i t s   a x i s   w o u l d  

be  bowed  i n t o   a  c i r c u l a r   a r c .   The  s t u b   s h a f t s   may  a l t e r n a t i v e l y  

be  e x t e n d e d   i n t o   s h a f t s   p a s s i n g   a l l   t he   way  t h r o u g h   t h e   r o l l e r ,  

as  shown  in  FIGS.  10  and  1 1 .  



As  shown  in  FIG.  10  t he   s t u b - s h a f t   l e v e r s   68  fo r   t h e  

u p p e r   bowab le   b a c k - u p   r o l l e r s   133  have  a c t u a t i n g   l e v e r s   78 

c o n n e c t e d   to  t h e i r   o u t e r   e n d s .   Each  such  a c t u a t i n g   l e v e r   78  

is  d r i v e n   by  a d j u s t a b l e   means  80  shown  as  a  h o r i z o n t a l l y   p o -  

s i t i o n e d   t i g h t e n i n g   m a c h i n e   s c r e w   w h i c h   s c r e w s   i n t o   a  s o c k e t  

in  the   s i d e   of   t he   m a c h i n e   f r ame   19.  The  s t u b - s h a f t   l e v e r   68 

has  a  f u l c r u m   86  p r o v i d e d   by  a  c o l l a r   or  h o u s i n g   7 2 .  

The  l o w e r  b a c k - u p   r o l l e r s   134  a re   b o w a b l e ,   h a v i n g  

s e l f - a l i g n i n g   b e a r i n g s   59  and  f i x e d   s t u b   s h a f t s   70.  I n  

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

in  the  c a s t i n g   r e g i o n   C  is   m o s t l y   a l l   s o l i d i f i e d ,   the   f l e x i b l e  

b a c k - u p   r o l l e r s   134  c o n f o r m   to  t he   t h i c k n e s s   of  t h e . c a s t   p r o d u c t .  

T h e r e f o r e ,   t he   a d j u s t m e n t   of   t he   a d j u s t i n g   means  80  w i l l   t e n d  

to  e s t a b l i s h   the  a rc   of  t r a n s v e r s e   c u r v a t u r e   of  t he   c a s t i n g  

r e g i o n   C  and  w i l l   c a u s e - b o t h   b e l t s   12  and.  14  to  hug  t he   p r o d u c t  

fo r   a c h i e v i n g   good  and  u n i f o r m   h e a t '  t r a n s f e r   o v e r   t he   a r e a s   o f  

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

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

r e g i o n   C,  where   more  of  the   m e t a l   i s   s t i l l   m o l t e n ,   t he   " h e a d "  

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

the   lower   f l e x i b l e   r o l l e r s   134.  The  b a c k - u p - r o l l e r - b o w i n g  

a d j u s t m e n t   means  80  t h e r e f o r e   a r e   i n i t i a l l y   a d j u s t e d  t o   p r o v i d e  

a  bow  in  each   s u c c e s s i v e   u p p e r   r o l l e r   133  which   w i l l   c o r r e s p o n d  

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

r o l l e r   134.  D u r i n g   o p e r a t i o n   of  t he   c a s t i n g   m a c h i n e   t h e  

o p e r a t o r   may  t h e n   f u r t h e r   a d j u s t   t he   a d j u s t i n g   means  80  i f  

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

C  a t   the  l o c a t i o n   of  e ach   a d j u s t a b l e   b a c k - u p   r o l l e r   1 3 3 .  



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

r e g i o n   C  t h e   bowing  of  the   a d j u s t a b l e   r o l l e r   133  m a y , i f   d e s i r e d ,  

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

of  the  l o w e r   r o l l e r s   134  f o r   p r o v i d i n g   a  t r a n s v e r s e   c o n t o u r   o f  

the   c a s t i n g   r e g i o n   C  w h i c h  i s   v e r y   s l i g h t l y   t h i c k e r   n e a r   t h e  

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

each  edge  dam  28.  Th i s   s l i g h t l y   t h i c k e r   m i d d l e   t h e n   c o m p e n s a t e s  

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

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

The  b a c k - u p   r o l l e r   bowing   m e t h o d   and  s y s t e m   of  F I G .  

11  a re   s i m i l a r   to  t h o s e   shown  by  FIG.  10,  e x c e p t   t h a t   t h e  

f u l c r u m   86  i s   fo rmed   by  t h e   j u n c t u r e   of  a  c o n i c a l l y   t a p e r e d  

o u t e r   s e c t i o n   of   t he   s t u b - s h a f t   l e v e r   68  and  a  c y l i n d r i c a l  

i n n e r   s e c t i o n   of  t h i s   s t u b - s h a f t   l e v e r .   C o n s e q u e n t l y ,   t h e  

h a r d e n e d   s t e e l   h o u s i n g   or  c o l l a r   72  does   n o t   i n c l u d e   an  i n n e r  

s h o u l d e r ,   and  t h i s   h o u s i n g   or  c o l l a r   i s   e x t e n d e d   ou t   b e y o n d  

the   s i d e   of  t h e   f rame  19.  The  a d j u s t i n g   means  81  i s   a  v e r t i c a l l y  

e x t e n d i n g   m a c h i n e   s c r ew  whose   shank   e x t e n d s   down  t h r o u g h   a  

ho le   in  the   w a l l   of  the   c y l i n d r i c a l   c o l l a r   or  h o u s i n g   7 2 .  

This  a d j u s t i n g   s c r ew  81  s c r e w s   i n t o   a  t h r e a d e d   h o l e   in  t h e   o u t e r  

end  of  t he   c o n i c a l   o u t e r   s e c t i o n   of  t he   s t u b - s h a f t   l e v e r   6 8 .  

Thus ,   by  t i g h t e n i n g   up  on  t h e   two  a d j u s t i n g   s c r e w s   81,  the   a x i s  

of  t he   b o w a b l e   b a c k - u p   r o l l   133  i s   bowed  c o n v e x l y   down  t o w a r d  

the   c a s t i n g   r e g i o n   C.  

The  b a c k - u p   r o l l e r   bowing  me thod   and  s y s t e m   o f  

FIGS.  12  and  12A  a re   s i m i l a r   to  t h o s e   of  FIG.  11,  e x c e p t   t h a t  

the   a d j u s t i n g   means  82  i s   a  l o n g e r   s c r e w   t h a n   the   sc rew  81,  s o  

t h a t   c o m p l i a n c e   means  84  is   i n c l u d e d   in  the   a d j u s t m e n t .   T h i s  

c o m p l i a n c e   84  is   p r o v i d e d   by  a  c o m p r e s s i o n   s p r i n g   which   s u r r o u n d s  

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



head  of  screw  82  and  a  w a s h e r   s e a t e d   on  t h e   w a l l   of  t he   c y l i n d r i c a l  

h o u s i n g   or  c o l l a r   72.  The  t h r e a d e d   l o w e r   end  of  t he   s c r e w  

shank   s c r e w s   i n t o   a  t h r e a d e d   h o l e   in  t h e   o u t e r   end  of  t h e   c o n i c a l  

o u t e r   p o r t i o n   of  the   s t u b   s h a f t   l e v e r   68.  Among  t he   a d v a n t a g e s  

of  i n c l u d i n g   t h i s   c o m p l i a n c e   84  which   m o d i f i e s   t he   a d j u s t m e n t  

e f f e c t   of  t he   sc rew  82  a re   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  

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

d i r e c t   ( n o n - c o m p l i a n t )   a d j u s t m e n t   means  s h o w n  i n   FIGS.  10  a n d  

11.  In  o t h e r   w o r d s ,   w i t h   the   same  s c r e w   t h r e a d   p i t c h ,   a  g i v e n  

amount   of  t u r n i n g   of  t he   s c rew  82  w i l l   c a u s e   l e s s   bowing   of  t h e  

a x i s   of  t he   r o l l e r   133  t han   w i t h   t he   s c r e w s   81  or  80.  T h e  

c o m p l i a n c e   of  the   s p r i n g s   84  is   p r e d e t e r m i n e d   to  have  a  r a n g e  

c o m p a r a b l e   w i t h   the   bowing   c o m p l i a n c e   of  t he   r o l l e r   133  a s  

c o u p l e d   t h r o u g h   ( r e f l e c t e d   t h r o u g h )   t he   s t u b - s h a f t   l e v e r s   68  t o  

the   r e s p e c t i v e   s p r i n g s   84.  At  l o c a t i o n s   a l o n g   the   c a s t i n g   r e g i o n  

w h e r e  p r o p o r t i o n a t e l y   more  bowing   of  t he   r o l l e r s   133  i s  

d e s i r e d ,   somewhat   s t i f f e r   s p r i n g s   84  may  be  e m p l o y e d .  

A n o t h e r   a d v a n t a g e   of  u s i n g   t h e s e   c o m p l i a n t   means  84 

is   t h a t   t h e y   w i l l   a l l o w   the   c a s t i n g   b e l t   12  to  d e f l e c t   or  y i e l d  

fo r   a v o i d i n g   damage  in  c a se   a  p r e m a t u r e l y   s o l i d i f i e d   chunk  o f  

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

t h a n   the   s p a c i n g  b e t w e e n   the   b e l t s   12  and  1 4 .  

In  FIG.  12  the   f u l c r u m   86  i s   p r o v i d e d   by  t h e  

c o n i c a l / c y l i n d r i c a l   j u n c t i o n   on  the   s t u b - s h a f t   l e v e r   68.  I n  

FIG.  12A  t h i s  f u l c r u m   86  is  p r o v i d e d   by  an  i n t e r n a l   s h o u l d e r   i n  

the   c o l l a r   or  h o u s i n g   72,  as  p r e v i o u s l y   d e s c r i b e d .   If   d e s i r e d ,  



as  shown  in  FIG.  12A,  t he   t h r e a d e d   lower   end  of  t he   shank  of  t h e  

s c rew  82  i s   e x t e n d e d   down  t h r o u g h   a  s e c o n d   h o l e   in  the   wa l l   o f  

the   h o u s i n g   or  c o l l a r   72,  so  t h a t   an  a d j u s t a b l e   l o c k   nut   88  may 

be  u s e d   to  p r e v e n t   i n a d v e r t e n t   " c r e e p "   of  t he   a d j u s t e d   p o s i t i o n  

of  t h e   a d j u s t i n g   sc rew  8 2 .  

As  shown  in  FIG.  13,  in  o r d e r   to  p r o v i d e   r e m o t e  

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

f l u i d - a c t u a t e d   c y l i n d e r   and  p i s t o n   u n i t s   90  whose  p i s t o n   r ods   91 

a re   p i v o t a l l y   c o n n e c t e d   to  t he   r e s p e c t i v e   o u t e r   ends   of  the   s t u b -  

s h a f t   l e v e r s   68.  The re   a r e   a  p a i r   of  p i p e   l i n e s   92  f o r   f l u i d ,  

c o n n e c t e d   to  t h e   u p p e r   and  l o w e r   ends   of  the   c y l i n d e r   u n i t s   90 

f o r   o p e r a t i n g   t h e   p i s t o n   t h e r e i n .   P r e f e r a b l y   t h e s e   u n i t s   90  a r e  

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

90  may  be  u s e d ,   i f   d e s i r e d .  

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

c o m p l i a n c e   by  v i r t u e   of  t he   c o m p r e s s i b i l i t y   of  t he   c o m p r e s s e d  

a i r   in   t h e   c y l i n d e r   90.  In  o r d e r   to  p r o v i d e   c o m p l i a n c e   in  t h e  

r e m o t e   c o n t r o l   s y s t e m   when  h y d r a u l i c   l i q u i d   i s   u sed   as  t h e  

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

r e g u l a t i n g   v a l v e s ,   which   a re   s e t   a t   t he   d e s i r e d   p r e s s u r e   in  t h e  

c y l i n d e r   and  p i s t o n   u n i t s   90  c o r r e s p o n d i n g   to  the   p r e d e t e r m i n e d  

d e s i r e d   bowing  of  the   b a c k - u p   r o l l e r s   1 3 3 .  

A c t u a t i o n   of  t h e s e   u n i t s   90  p u l l s   u p w a r d l y   on  t h e  

p i s t o n   r ods   91,  t h e r e b y   c o n t r o l l a b l y   bowing   the   a x i s   of  t h e  

r o l l e r   133  c o n v e x l y   down  t o w a r d   t h e   c a s t i n g   r e g i o n   C.  A  r e m o t e  



c o n t r o l   c o n s o l e   (not   shown)  i s   l o c a t e d   n e a r   t he   o p e r a t o r ' s  

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

p r e s s u r e   in  t he   c o n t r o l   u n i t s   90  f o r   e ach   b o w a b l e   b a c k - u p   r o l l e r .  

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

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

c o n t r o l l e d   bowing   of  t he   m i d - p o i n t   of  t h e   a x i s   of  each   r o l l e r  

133  away  from  a  s t r a i g h t   l i n e .   In  o t h e r   w o r d s ,   t he   p r e s s u r e   i n  

each  s u c c e s s i v e   p a i r   of  u n i t s   90  f o r   e ach   s u c c e s s i v e   b o w a b l e  

r o l l e r   133  a l o n g   t he   c a s t i n g   r e g i o n  C   can  be  i n d e p e n d e n t l y  

c o n t r o l l e d ,   and  t he   r e s u l t a n t   amount   of  d e f l e c t i o n   of  each   r o l l e r  

can  be  r e a d   on  t he   read-out   d i s p l a y s   of  t he   c o n s o l e .  

The  m e t h o d   and  s y s t e m   f o r   a d j u s t a b l y   bowing   t he   b a c k -  

u p   r o l l e r s   133,  as  shown  in  FIG.  14,  a r e   s i m i l a r   to  t h o s e   s h o w n  

i n   FIGS.  12  and  12A  in  t h a t   c o m p l i a n c e   s p r i n g s   84  a re   a s s o c i a t e d  

w i t h   t he   a d j u s t m e n t   s c r e w s   82  f o r   bowing   the   f l e x i b l e   b a c k - u p  

r o l l e r s   133.  The  l o w e r   b a c k - u p   r o l l e r s   34  a r e   of  r i g i d  

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

members  50  moun ted   on  r i g i d   t r a n s v e r s e   f r ame   members   38,  f o r  

e x a m p l e ,   which   may  be  t he   c o o l a n t   h e a d e r s   as  e x p l a i n e d   a b o v e .  

The  u p p e r   b a c k - u p   r o l l e r s   133  a r e   b e i n g   bowed  c o n v e x l y   t o w a r d   t h e  

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

In  o r d e r   to  c a u s e   the   a x i s   of  t he   bowed  r o l l e r s   133 

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

the   m i d d l e   of  the   c a s t i n g   r e g i o n   C  f o r   c a u s i n g   the   u p p e r   b e l t   12 

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

b e l t   14  which   has  a  s t r a i g h t   t r a n s v e r s e   s h a p e ,   t he   d i a m e t e r   of  t h e  



m i d d l e   s h a f t   p o r t i o n   96  of  t he   h o l l o w   b o w a b l e   r o l l   s h a f t   i s  

m a d e   l a r g e r   t h a n   t h e   end  s h a f t   p o r t i o n s   94.  The  d i a m e t e r  

of  the   b o r e   of  t h i s   h o l l o w   r o l l e r   133  is   u n i f o r m .   T h e r e f o r e ,  

the   w a l l   t h i c k n e s s   of  t h e   m i d d l e   s h a f t   p o r t i o n   96  i s   p r o p o r t i o n a t e  

ly  i n c r e a s e d   more  t h a n   the   d i f f e r e n c e   in  the   o u t s i d e   d i a m e t e r   o f  

the   m i d d l e   s h a f t   p o r t i o n   96  as  c o m p a r e d   w i t h   t h e   o u t s i d e   d i a m e t e r  

of  t he   end  s h a f t   p o r t i o n s   94.  ( I t   i s   n o t e d   t h a t   t he   s t i f f n e s s  

of  a  length  of  r o u n d   s o l i d   s h a f t   in  b e n d i n g   v a r i e s   as  t he   f o u r t h  

power  of  i t s   d i a m e t e r . )   C o n s e q u e n t l y ,   the   s t i f f n e s s   of  t h e  

h o l l o w   m i d d l e   p o r t i o n   96  in  b e n d i n g   v a r i e s   as  a  h i g h e r   p o w e r  

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

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

t he   m i d d l e   p o r t i o n   96  of  t h i s   h o l l o w   s h a f t   w i l l   p r o v i d e   r e l a t i v e l y  

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

p o r t i o n s   9 4 .  

I t   i s   to  be  u n d e r s t o o d   t h a t   t he   d i f f e r e n c e s   in  d i a -  

m e t e r   a t   96  and  94,  as  shown  in  t h i s   FIGURE  and  i n - F I G .   15,  a r e  

e x a g g e r a t 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 ,   and  the   bowing   of  t h e  

r o l l e r   133  i s   a l s o '  e x a g g e r a t e d .   The  s o l i d i f y i n g   p r o d u c t  

in  the   c a s t i n g . r e g i o n   C  is   shown  in  FIGS.  14  and  15  as  h a v i n g  

s h r u n k   s l i g h t l y   r e l a t i v e   to  t he   h e i g h t   of  t he   edge  dams  28.  ( N o t  

o n l y   is   the   c a s t   p r o d u c t   c o o l i n g   and  s h r i n k i n g ,   b u t   t he   s o l i d  

m e t a l   b l o c k s   in   t he   e d g e  d a m   28  a r e   b e c o m i n g   h e a t e d   and  a r e  

e x p a n d i n g . )   T h i s   s h r i n k a g e   r e l a t i v e   to  t he   e x p a n d i n g   edge  dams  28 

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

the   c a s t   p r o d u c t   a t   97.  The  o b j e c t i v e   of  t he   more  f l e x i b l e   e n d  

s h a f t   p o r t i o n s   94  i s   to  bow  the   b a c k - u p   r o l l e r   133  d o w n w a r d l y  



f o r   c a u s i n g   t h e   u p p e r   b e l t   12  to  hug  the   s h r i n k i n g   c a s t   p r o d u c t  

as  c l o s e   to  t he   edge  dams  28  as  p o s s i b l e .  

The  me thod   and  s y s t e m   f o r   bowing   t h e   b a c k - u p   r o l l e r s  

133  in  FIG.  15  is   s i m i l a r   to  t h a t   d e s c r i b e d   above   in  FIG.  1 4 ,  

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

p i s t o n   u n i t s   90  a r e   e m p l o y e d ,   t h e r e b y   p r o v i d i n g   s i m i l a r   o p e r a t i n g  

and  c o n t r o l   a d v a n t a g e s   as  e x p l a i n e d   in  c o n n e c t i o n  w i t h   FIG.  1 3 .  

In  FIG.  16  the   c a s t i n g   r e g i o n   i s   shown  s e l e c t i v e l y  

t a p e r e d   t o w a r d   the   d o w n s t r e a m   or  e x i t   end  31.  The  c a s t i n g  

r e g i o n   i s   l a b e l l e d   "C  or  CB"  f o r   i n d i c a t i n g   t h a t   t h i s   c a s t i n g  

r e g i o n ' m a y   be  r e l a t i v e l y   wide  as  i l l u s t r a t e d   in  FIGS.  6,  9 - 1 5 ,  

17,  20-24  or  may  be  r e l a t i v e l y   n a r r o w e r   and  h i g h e r   f o r   c a s t i n g   a  

bar   p r o d u c t   as  i l l u s t r a t e d   in  FIGS.  18  and  19.  The  m o l t e n   ( l i q u i d  

m e t a l   i s   i n d i c a t e d   d o t t e d   a t   125,   and  the   s o l i d i f i e d   ( f r o z e n )  

m e t a l   i s   i n d i c a t e d   by  d i a g o n a l   c r o s s - h a t c h i n g   l i n e s   a t   1 3 5 .  

The  c a s t   p r o d u c t   P  t r a v e l s   away  from  t h e   c a s t e r   e x i t   31  c a r r i e d  

by  a p p r o p r i a t e   c o n v e y o r   means  (not   s h o w n ) ,   and  s e c o n d a r y   c o o l i n g  

means  (not   shown)  a re   o f t e n   e m p l o y e d   f o r   f u r t h e r   c o o l i n g   of  t h e  

c a s t   p r o d u c t   P  as  i m m e d i a t e l y   as  p o s s i b l e   a f t e r   e x i t i n g   f rom  t h e  

c a s t e r .  

I t   is   to  be  n o t e d   t h a t   t he   m o l t e n   i n t e r i o r   r e g i o n  

125  of  t he   s o l i d i f y i n g   p r o d u c t   135  c o n t i n u e s   d o w n s t r e a m   a l o n g   a  

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

the   e x i t   31.  Th i s   m o l t e n   i n t e r i o r   125  may  be  c a l l e d   the   m o l t e n  

or  " l i q u i d   c o r e "   or  " l i q u i d   sump".   G e n e r a l l y   s p e a k i n g ,   f o r   a  

g i v e n   t h i c k n e s s   of  c a s t   p r o d u c t   P,  t he   f a s t e r   the   c a s t e r   10  i s  

r u n n i n g ,   t he   f u r t h e r   d o w n s t r e a m   e x t e n d s   t he   i n t e r i o r   l i q u i d   sump 



125.  In  p r a c t i c a l l y   e v e r y   c a s e   where   t he   l i q u i d   sump  125  e x t e n d s  

d o w n s t r e a m   b e y o n d   the   e x i t   31  s e c o n d a r y   c o o l i n g   i s   e m p l o y e d .  

The  c a s t i n g   r e g i o n   C  or  CB  i s   shown  l o n g i t u d i n a l l y  

d i v i d e d   i n t o   an  u p s t r e a m   p o r t i o n   or   zone  102,   a  c e n t r a l   p o r t i o n  

or  zone  104,   and  a  d o w n s t r e a m   p o r t i o n   or  zone  106.  In  t h i s  

u p s t r e a m   p o r t i o n   or  zone  102,   t he   r i g i d   b a c k - u p   r o l l e r s   1 3 4  a n d  

t h e   f l e x i b l e   b a c k - u p   r o l l e r s   133  h o l d   t h e   c a s t i n g   b e l t s   12  a n d  

14  g e n e r a l l y   p a r a l l e l .   In :   t h i s   u p s t r e a m   p o r t i o n   102,  v e r y   s l i g h t  

e x c e s s   (or  b u l g i n g )   in  t h i c k n e s s   (as  seen   in   t r a n s v e r s e   s e c t i o n )  

may  be  p r o v i d e d   in  t he   m a j o r   c e n t r a l   t r a n s v e r s e   a r e a   of  t h e  

c a s t i n g   r e g i o n   C  or  CB  ( i . e .   the   t r a n s v e r s e   c o n t o u r   of  the   c a s t i n g  

r e g i o n   C  or  CB  may  be  v e r y   s l i g h t l y . t h i c k e r   o v e r - t h e   m a j o r   c e n t r a l  

p o r t i o n   of  i t s   a r e a )   as  c o m p a r e d   w i t h   t he   m a r g i n s ,   b e c a u s e   t h e  

m a r g i n s   of  t he   c a s t   m e t a l   135  a d j a c e n t   to  t he   edge  dams  t e n d  

to  s o l i d i f y   and  c o o l   more  q u i c k l y   t h a n   t he   m a j o r   c e n t r a l   a r e a   o f  

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

s h r i n k a g e   in  t h i s   m a j o r   c e n t r a l   a r e a   (as  seen   in  t r a n s v e r s e  

s e c t i o n ) .  

In  the   l o n g i t u d i n a l   c e n t r a l   p o r t i o n   or  zone  104  

of  t he   c a s t i n g   r e g i o n   C  or  CB  t he   b e l t s   12  and  14  b e g i n   t o  

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

by  the   r i g i d   l o w e r   b a c k - u p   r o l l e r s   34  or  f l e x i b l e   l o w e r   b a c k - u p  

r o l l e r s   134  or  108  (FIG.  18)  in  c o o p e r a t i v e   a c t i o n   in  o p p o s i t i o n  

to  t h e   f l e x i b l e   u p p e r . r o l l e r s   133  or  107  (FIG.  1 8 ) .  

The  f l e x i b l e   b a c k - u p   r o l l e r s   may  be  bowed,   a d j u s t e d  

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



r e s p e c t i v e   zones   102,  104  and  106  by  any  one  or  more  ( s i n g l y   o r  

j o i n t l y )   of  t he   v a r i o u s   m e t h o d s   and  s y s t e m s   as  d e s c r i b e d   a b o v e ,  

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

the   v a r i o u s   z o n e s   102,   104,   106  may  be  v a r i e d   and  may  be  u t i l i z e d  

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

c a u s i n g   b o t h   b e l t s   to  hug  t he   s o l i d i f y i n g   m e t a l   135  and  f o r  

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

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

In  t he   l o n g i t u d i n a l   d o w n s t r e a m   p o r t i o n   or  zone  106  

of  the   c a s t i n g   r e g i o n   C  or  CB,  t h e   b e l t s   12  and  14  c o n v e r g e   w i t h  

an  i n c r e a s e d   t a p e r   a s  c o m p a r e d  w i t h   t he   zone  104  as  a c h i e v e d   b y  

the   r i g i d   l o w e r   r o l l e r s   34  or  f l e x i b l e   l o w e r   r o l l e r s   134  or  1 0 8  

(FIG.  18)  in  c o o p e r a t i v e   a c t i o n   in  o p p o s i t i o n   to  t h e   f l e x i b l e  

u p p e r   r o l l e r s   133  or   107  (FIG.  1 8 ) .  

The  "head"   p r e s s u r e   e f f e c t   a g a i n s t   t he   b e l t s   may  b e  

g r e a t e s t   in  t he   zone  104  or  in  t he   zone  106  d e p e n d i n g   upon  s u c h  

f a c t o r s   as  t he   amount   of  s o l i d i f i e d   m e t a l   135  as  c o m p a r e d   w i t h  

l i q u i d   sump  125,   s p e e d   of  t he   c a s t e r   10,  d e n s i t y   ( w e i g h t   pe r   u n i t  

volume)  of  t he   m o l t e n   m e t a l   125,   o v e r a l l   t h i c k n e s s   of  t h e  

p r o d u c t   P .  

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

zones   104  and  106  may  be  a c c o m p l i s h e d   in  p a r t   by  c a u s i n g   t h e  

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

lower   c a r r i a g e   by  u s i n g   c o m p l i a n t   gauge   s p a c e r s   121  (FIG.  26)  o r  

128  (FIG.  27)  b e t w e e n   the   s i d e   members   of  the   c a r r i a g e   f r a m e s   1 9  

and  21  n e a r   t he   e x i t   end  31  in  l i e u   of  the   r i g i d   gauge   s p a c e r s  

17  (FIG.  1) .   Thus ,   r i g i d   gauge   s p a c e r s   17  a re   u sed   n e a r   t h e  



u p s t r e a m   end  11  and  c o m p l i a n t   ones   121  or  128  (FIGS.  26  or  27)  

are   used   n e a r   t he   d o w n s t r e a m  e n d   31.  T h e r e f o r e ,   the   d o w n s t r e a m  

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

u p o n .  t h e   " h e a d "   p r e s s u r e   of  t he   l i q u i d   sump  125  a c t i n g   a g a i n s t  

the   a r e a   of   t h e   u p p e r   b e l t .  

In  FIG.  17  the   r e m o t e l y   c o n t r o l l a b l e   f l u i d - a c t u a t e d  

c y l i n d e r   and  p i s t o n   u n i t s   90A  a re   c o n n e c t e d   b e t w e e n   the   s t u b - s h a f t  

l e v e r s   68  f o r   a p p l y i n g   e s s e n t i a l l y   e q u a l   and  o p p o s i t e   f o r c e -  

c o u p l e s   ( b e n d i n g   moments)   to  t h e   r e s p e c t i v e   o p p o s e d   b o w a b l e  

l ower   and  u p p e r   r o l l e r s   134  and  133.  The  p i s t o n   r ods   91  a r e  

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

s h a f t   l e v e r s   6 8 .  

The  c i r c u m f e r e n t i a l   r i d g e s   or  f i n s   55  a re   s h o w n  

more  c l o s e l y   s p a c e d   a t   55A  (FIG.  17)  n e a r   the   m a r g i n s   of  t h e  

c a s t i n g   r e g i o n   C,  t h e r e b y   p r o v i d i n g   t he   o p e r a t o r   w i t h   t h e  

o p t i o n   of  p o s i t i o n i n g   the   edge  dams  28  c l o s e r   t o g e t h e r .   I t   i s  

d e s i r e d   t h a t   t h e   f i n s   55A  be  r e l a t i v e l y   c l o s e   t o g e t h e r   f o r   f i r m  

b a c k - u p   of  t h e   r e s p e c t i v e   b e l t s   where   t he   edge  dams  a re   l o c a t e d .  

In  t he   m o d i f i c a t i o n   shown  in  FIG.  17A,  the   c l o s e l y  

s p a c e d   f i n s   55B  o p p o s i t e   the   edge  dams  28  have  a  r e d u c e d   d i a m e t e r  

as  c o m p a t e d   w i t h   t he   o t h e r   f i n s   55  on  the   same  b a c k - u p   r o l l e r  

o p p o s i t e   t h e   c a s t i n g   r e g i o n   C.  These   r e d u c e d   d i a m e t e r   f i n s   55B 

a l l o w   t h e   l a r g e r   f i n s   55  to  push   the   r e s p e c t i v e   b e l t s   12  a n d  

14  i n w a r d l y   f o r   c a u s i n g   the   b e l t s   to  hug  t h e   s o l i d i f y i n g   s h r i n k i n g  

m e t a l   a t   t he   m a r g i n s   97  as  c l o s e   to  t he   edge  dams  as  p o s s i b l e .  

Th i s   r e d u c e d   d i a m e t e r   f i n   m o d i f i c a t i o n   of  FIG.  17A 



can  be  u sed   to  a d v a n t a g e   in  t h e .  z o n e   106  (FIG.  16)  and  may  b e  

used   in  t he   zone  104  (FIG.  16)  i f   d e s i r e d .   Th i s   r e d u c e d   d i a m e t e r  

f i n   m o d i f i c a t i o n   can  be  u s e d   to  a d v a n t a g e   in   c o n j u n c t i o n   w i t h  

t h e   i n c r e a s e d   f l e x i b i l i t y   of  r o l l e r   end  s e c t i o n s   94  (FIGS.  14 

and  1 5 ) .  

FIGURES  18  and  19  show  t h e   c a s t i n g   of  a  b a r   p r o d u c t  

and  so  t he   c a s t i n g   r e g i o n   i s   l a b e l e d   "CB."  The  i n t e r n a l   l i q u i d  

sump  125  i s   shown,   and  t h i s   l i q u i d   sump  i s   s m a l l e r   in  FIG.  1 9 ,  

b e c a u s e   FIG.  19  i s   a  s e c t i o n   t a k e n   f a r t h e r   d o w n s t r e a m   t h a n   F I G .  

18.  The  edge   dams  28  a r e   shown  h i g h e r   t h a n   in  p r e v i o u s   FIGURES, 

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

In  o r d e r   to  c o m p e n s a t e   f o r   t he   s h r i n k a g e   97  of  t h e  

s o l i d i f i e d   m e t a l   ( F I G . ' 1 9 )   t h e   l a r g e   end  p o r t i o n s   79A  (FIG.  19)  

of   t he   u p p e r   and  l o w e r   b o w a b l e   b a c k - u p   r o l l e r s   107  and  1 0 8  a r e  

made  s m a l l e r   in  d i a m e t e r   t h a n   t he   n o r m a l - s i z e d   f i n s   55.  ( T h e s e  

l a r g e   end  p o r t i o n s   79A  may  i n c l u d e   one  or  more  g r o o v e s   123  f o r  

a l l o w i n g   c o o l a n t   to  f low  a l o n g   t h e   b e l t . )   The  r e s u l t i n g   b e l t  

c l e a r a n c e   s p a c e s   a t   t h e   edge  dams  p e r m i t   t h e   f i n s   55  to  d e f l e c t  

t he   b e l t s   s l i g h t l y   to  hug  t h e   s h r i n k i n g   p r o d u c t   v e r y   e f f e c t i v e l y  

f o r   m i n i m i z i n g   any  s h r i n k a g e   gap  97  a t   t h e   m a r g i n s   a d j a c e n t   t o  

t h e   edge  dams  28.  I n d e e d ,   such   r e d u c e d - d i a m e t e r   t e c h n i q u e s   o f  

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

d o w n s t r e a m .  

In  FIG.  18  t h e  l a r g e   end  p o r t i o n s   79  a r e   shown  t o  

have  t he   same  d i a m e t e r   as  t h e   f i n s   5 5 .  

For   p r o v i d i n g   t he   f u l c r u m s   86,  t he   s h a f t   h o u s i n g s   72 

p r o j e c t   i n w a r d l y   from  the   s i d e   members   of  t he   r e s p e c t i v e   c a r r i a g e  

f r a m e s   19  and  21  and  i n c l u d e   i n t e r n a l   s h o u l d e r s   fo rmed   b y  

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



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

and  p i s t o n  u n i t s   90B  f o r   bowing   t h e   r o l l e r s   107  and  108  a r e  

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

s t u b - s h a f t   l e v e r s   68.  In  o t h e r   w o r d s ,   t h i s   p a i r   of  c y l i n d e r s  

s t r a d d l e s   t h e   l e v e r   68.  These   p a i r s   of  c y l i n d e r s   a r e   m e c h a n i c a l -  

ly  i n t e r c o n n e c t e d   by  a  yoke  s t r u c t u r e   127  h a v i n g   a  h a r d e n e d  

s t e e l   r i n g   i n s e r t   129  f o r m i n g   t h e   o u t e r   p i v o t   f u l c r u m   fo r   t h e  

l o w e r   s t u b - s h a f t   l e v e r   68.  The  p a i r s   of  p i s t o n   r ods   91  a r e  

a l s o   i n t e r c o n n e c t e d   by  a  yoke  s t r u c t u r e   137  h a v i n g   a  s i m i l a r  

r i n g   i n s e r t  f o r m i n g   the   o u t e r   p i v o t   f u l c r u m   f o r   t he   u p p e r   s t u b -  

s h a f t   l e v e r   68.  The  a d v a n t a g e   of   s t r a d d l i n g   the   s t u b - s h a f t  

l e v e r   68  i s   t h a t   l o n g e r   c y l i n d e r   u n i t s   90B  can  be  e m p l o y e d   m o r e  

c o n v e n i e n t l y   f o r   a  g r e a t e r   r a n g e   of  c a s t   t h i c k n e s s e s .   The  

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

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

f o r   n a r r o w   c a s t   p r o d u c t s .   E q u a l   and  e s s e n t i a l l y   o p p o s i t e  

f o r c e - c o u p l e s   ( b e n d i n g   moments)   a r e   a d v a n t a g e o u s l y   b e i n g   a p p l i e d  

to  b o t h   t h e   u p p e r   and  l o w e r   r o l l e r s   107  and  108  f o r   a c h i e v i n g  

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

In  t he   e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   the   b e l t   shape   a n d  

c o n t a c t   c o n t r o l   has  been   p r i m a r i l y   a c c o m p l i s h e d   by  d i r e c t l y   b o w i n g  

f l e x i b l e   b a c k - u p   r o l l e r s   133,   134,   107,   108  in  v a r i o u s   w a y s .  

A n o t h e r   s y s t e m   wh ich   is   shown  in  FIG.  20  i n v o l v e s   t h e   e l a s t i c   b e n d  

ing   of  a  r e l a t i v e l y   r i g i d   s t r u c t u r a l   f r ame   member  112  h a v i n g   r e l a -  

t i v e l y   r i g i d   b a c k - u p   r o l l e r s   33  m o u n t e d   t h e r e t o   by  t he   s t r i n g e r  

members  52,  so  t h a t   t h e s e   s e g m e n t e d   r o l l e r s   33  a l s o   w i l l   be  c a u s e d  

to  assume  an  o v e r a l l   a r c u a t e   c o n f i g u r a t i o n .  



In  FIG.  20,  t he   t r a n s v e r s e   f r ame   member  1 1 2 ,  

which   f o r   e x a m p l e   may  be  a  h e a d e r   or  o t h e r   f r ame   member ,   is   s t i f f -  

ly  b o w a b l e .   I t   has  u p s t a n d i n g   arms  116  a t   e i t h e r   end .   A  t r a n s -  

v e r s e   rod  120  i s   m o u n t e d   in  t h e   f r a m e   19  of  t he   u p p e r   c a r r i a g e   U 

h a v i n g   t i g h t e n i n g   n u t s   115  on  t h r e a d e d   end  r e g i o n s   of  t h i s   r o d .  

In  t h i s   e m b o d i m e n t   by  t i g h t e n i n g   the   n u t s   115,  t h e   f rame  m e m b e r  

112  i s   bowed  and  s i n c e   t he   b a c k - u p   r o l l e r s   33  a r e   s l a v e d   to  t h i s  

f rame  member ,   t he   b a c k - u p   r o l l e r s  3 3   a l s o   b o w ' a   c o r r e s p o n d i n g  

amoun t .   The  l ower   b a c k - u p   r o l l e r s   134  a re   b o w a b l e   u n d e r   t h e  

p r e s s u r e   of   t he   m e t a l   " h e a d " .  

In  FIG.  21,  w h i c h   i s   s i m i l a r   to  FIG.  20,  a  

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

s t i f f l y   f l e x i b l e   f r ame   member  112.   T h i s   s e c o n d   member  110  i s  

more  f l i x i b l e   t h a n   t h e   f i r s t   member  112,   f o r   e x a m p l e ,   i t   i s   a  

b o w a b l e   l e a f   s p r i n g   member .   T h i s   s e c o n d   member  110  is   a t t a c h e d  

by  b o l t s   119  to  t he   ends   of  t he   f i r s t   member  l12  w i t h   a  c e n t e r  

s p a c e r   or  b l o c k   114  p o s i t i o n e d   t h e r e b e t w e e n .   By  t i g h t e n i n g   t h e  

b o l t s   119  a t   t he   ends   of  t he   b o w a b l e   l e a f   s p r i n g   member ,   t h e  

f i r s t   member  112  i s   bowed  as  i s   the   s e g m e n t e d   u p p e r   b a c k - u p  

r o l l e r   33  wh ich   i s   r i g i d l y   a t t a c h e d   to   t he   l a t t e r   by  the   s t r i n g e r  

members  52.  By  u t i l i z i n g   t h i s   s e c o n d   member  110,   wh ich   has  m o r e  

f l e x i b l i t y   t h a n   t h e   f i r s t   member  112,  a  f i n e r ,   more  d e t e r m i n a t e ,  

v e r n i e r   b o w i n g   a d j u s t m e n t   can  be  made  of  the   t r a n s v e r s e   f r a m e  

member  112  and  h e n c e   more  d e t e r m i n a t e   bowing   of  t he   c o n f i g u r a t i o n  

of  the   b a c k - u p   r o l l e r   3 3 .  



In  FIG.  22  a  r e m o t e l y   c o n t r o l l a b l e   f l u i d - a c t u a t e d  

c y l i n d e r   and  p i s t o n   u n i t   117  i s   p i v o t a l l y   c o n n e c t e d   a t   139  to  a  

b r a c k e t   109  m o u n t e d  c e n t r a l l y   on  a  l ower   s t i f f l y   f l e x i b l e   t r a n s -  

v e r s e   f r a m e   member  112,   f o r   e x a m p l e ,   w h i c h   m a y  o r   may  no t   be  a  

c o o l a n t   h e a d e r .   T h u s ,   a  r e m o t e l y   c o n t r o l l a b l e   b e n d i n g   moment  i s  

a p p l i e d   f o r   b o w i n g   t h i s   t r a n s v e r s e   f r ame   member  112  whose  e n d s  

a re   c a p t u r e d   by  f l a n g e s   a t   113  and  r e t a i n e r s   141  b o l t e d   to  t h e  

l o w e r   f r a m e  2 1 .   A c c o r d i n g l y ,   as  t he   member  112  i s   bowed,   t h e  

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

bowed  to  u r g e   t h e   l ower   b e l t   14  a g a i n s t   t h e   c a s t   m e t a l .   T h e  

upper   b a c k - u p   r o l l e r   133  i s   b o w a b l e ,   so  t h a t   t he   u p p e r   b e l t   12 

s t a y s   in  c o n t a c t   w i t h   the   top  s u r f a c e   of  t h e   c a s t   m e t a l .  

In  t h e   e m b o d i m e n t   i l l u s t r a t e d   in  FIG.  23  a  

c o m b i n a t i o n   of   t h e   t r a n s v e r s e   f r a m e   bowing   m e t h o d s   and  s y s t e m s  

u t i l i z e d   in  FIGS.   21  and  22  i s   e m p l o y e d .   A c c o r d i n g l y ,   t h e  

i p p e r   b a c k - u p   r o l l e r   133  i s   b o w a b l e .   The  l o w e r   s e g m e n t e d   b a c k - u p  

o l l e r   34 which  is  r i g i d l y   m o u n t e d   to  t he   l o w e r   f r ame   member  112  i s  

a l so   bowed  by  a c t u a t i n g   the   c e n t r a l l y   l o c a t e d   c y l i n d e r   u n i t   1 1 7  

which  i s   s e c u r e d   by  m o u n t i n g   means  143,  f o r   e x a m p l e   b o l t s ,   upon  a  

s e c o n d ,   g e n e r a l l y   p a r a l l e l ,   more  f l e x i b l e   t r a n s v e r s e   member  1 1 0 ,  

for   e x a m p l e ,   a  l e a f   s p r i n g   member ,   whose  ends   a re   a l s o   c a p t u r e d  

by  t h e   r e t a i n e r s   141.  In  e f f e c t ,   t h e   r e m o t e l y   c o n t r o l l a b l e   u n i t  

L17  is   d r a w i n g   a  bow  by  p u s h i n g   up  on  t h e   s t i f f l y   f l e x i b l e   m e m b e r  

L12  w h i l e   p u l l i n g   down  upon  t he   r e l a t i v e l y   more  f l e x i b l e   s e c o n d  

member  110.  T h e r e f o r e ,   t he   r e m o t e l y   c o n t r o l l a b l e   u n i t   117  i n  



FIG.  23  p r o v i d e s   an  a c c u r a t e l y   d e t e r m i n a t e   bowing   of  t he   f i r s t  

f rame  member  112  f o r   p r e c i s e l y   c o n t r o l l i n g   the   c o n f i g u r a t i o n  

of  t he   r o l l e r   34  w h i c h   i s  r i g i d l y ' s l a v e d   to  t he   member  1 1 2 .  

FIG.  24  shows  a  m e t h o d   and  s y s t e m   f o r   c o n t r o l l a b l y  

bowing   r o l l e r s   34  g e n e r a l l y   s i m i l a r   to  FIG.  23,  e x c e p t   t h a t   a  

p a i r   of  r e m o t e l y - c o n t r o l l a b l e   f l u i d - a c t u a t e d   u n i t s   118  m o u n t e d  

on  t h e   l o w e r   c a r r i a g e   f r a m e   21  a re   p i v o t a l l y   c o n n e c t e d   a t   111  

to  t he   r e s p e c t i v e  e n d s   of  t he   s e c o n d   member  110.  A  s p a c e r  

b l o c k   114  is   l o c a t e d   b e t w e e n   the   c e n t r a l   r e g i o n s   of  t he   f i r s t  

and  s e c o n d   members   112  and  110,  r e s p e c t i v e l y .  

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

t r a n s v e r s e   f r a m e   members   140,   f o r   e x a m p l e ,   h e a d e r s ,   t h e r e   i s  

a  l o n g i t u d i n a l l y   p o s i t i o n e d   r o c k e r   arm  136  whose  u p s t r e a m   end  i s  

e f f e c t i v e l y   p i v o t e d   a t   142  by  a  f u l c r u m   c o n n e c t i o n   to  t he   f r a m e  

19  of  t he   u p p e r   c a r r i a g e   U.  A  r e m o t e l y   c o n t r o l l a b l e  - f l u i d -  

a c t u a t e d   c y l i n d e r   and  p i s t o n   u n i t   138  i s   s e c u r e d   to  t he   f rame  19 

in  t he   v i c i n i t y   of  t he   d o w n s t r e a m   end  of  t h i s   r o c k e r   arm  1 3 6 .  

The  r o c k e r   arm  136  and  the   c y l i n d e r   u n i t   138  a re   l o c a t e d   m i d w a y  

b e t w e e n   the   i n b o a r d   and  o u t b o a r d   s i d e s   of  t he   u p p e r   c a r r i a g e   U. 

I t s   p i s t o n   rod   91  u r g e s   t he   d o w n s t r e a m   end  of  t h i s   r o c k e r   arm  136 

f o r   bowing   the   t r a n s v e r s e   f r ame   members   140  convex   down  t o w a r d   t h e  

c a s t i n g   r e g i o n   f o r   p r o d u c i n g   a  c o r r e s p o n d i n g   convex   down 

c o n f i g u r a t i o n   of  t he   u p p e r   b a c k - u p   r o l l e r s   33  which   a r e   s l a v e d  

to  t he   r e s p e c t i v e   t r a n s v e r s e   f r ame   members   140.  The  o p p o s e d  

lower   b a c k - u p   r o l l e r s  1 3 4   a r e   b o w a b l e .  



Each  s u c c e s s i v e   t r a n s v e r s e   f r ame   member  140  i s  

bowed  s l i g h t l y   more  t h a n   i t s   u p s t r e a m   member ,   b e c a u s e   e a c h  

s u c c e s s i v e   f r a m e   member  140  i s   b e i n g   a c t e d   upon  by  t h e   r o c k e r  

arm  136  f u r t h e r   d o w n s t r e a m   f rom  i t s   p i v o t   f u l c r u m .   Thus ,   a  

r e m o t e l y   c o n t r o l l a b l e   t a p e r   of  t h e   c a s t i n g   r e g i o n   C  is   a d v a n t a g e -  

o u s l y   p r o v i d e d   by  a c t u a t i n g   t he   u n i t   138  a c t i n g   t h r o u g h   t h e  

r o c k e r   arm  1 3 6 .  

The  c o m p l i a n t   g a u g e   s p a c e r   121  (FIG.  26)  i n c l u d e s   a  

head   122,  a  l o c a t i n g   p in   124  w h i c h   e n g a g e s   in  a  s o c k e t   144  in  t h e  

s i d e   f r ame   member  of  t he   l o w e r   c a r r i a g e   21.  Th i s   l o c a t i n g   p i n  

124  i s   s c r e w e d   i n t o   t he   head   122  w i t h   a  p l u r a l i t y   of   B e l l e v i l l e  

w a s h e r s   ( c o n i c a l   s p r i n g - w a s h e r s )   126  on  t h e   shank   of  t h i s   p i n .  

These   s p r i n g   w a s h e r s   a r e   c a p t u r e d   by  a  s h o u l d e r   146  on  t h e  

l o c a t i n g   p i n   124.  The  l o w e r   s u r f a c e   of   t he   head  . 122   has  a  c o n c a v e  

c o n i c a l   s h a p e   148  w i t h   a  p i t c h   or  s l o p e   w h i c h   is   more  s h a l l o w  

t h a n   t he   p i t c h   or  s l o p e   of  t h e s e   s p r i n g   w a s h e r s   when  t hey   a re   i n  

t h e i r   u n l o a d e d   ( r e l a x e d )   c o n d i t i o n ,   and  t h u s   t h e r e   is   a  gap  1 3 1  

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

to  a  l i m i t   when  t h i s   gap  131  i s   c l o s e d .   Hence ,   t h e   s l o p e   o f  

c o n c a v e   s u r f a c e   148  a c t s   as  a  s t o p   f o r   l i m i t i n g   t he   d e f l e c t i o n  

of  t h e s e   s p r i n g   w a s h e r s   to  a  p r e d e t e r m i n e d   l i m i t .  

The  c o m p l i a n t   gauge   s p a c e r   128  (FIG.  27)  has  a  h e a d  

122  and  a  l o c a t i n g   p in   124  i n s e r t e d   i n t o   a  s o c k e t   144.   T h e  

l o c a t i n g   p i n   124  is   f a s t e n e d   by  a  s m a l l   d i a m e t e r   s t u d   130  p a s s i n g  

t h r o u g h   a  s m a l l   d i a m e t e r   h o l e   150.  A  s t i f f l y   f l e x i b l e   l e a f  

s p r i n g   152  i s   t h e r e b y   c a p t u r e d   on  the   s t u d   130.  The  d e f l e c t i o n   o f  



t h i s   l e a f   s p r i n g   152  i s   l i m i t e d   by  t h e   gap  a t   132.  A  r e t a i n e r  

p in   154  s e a t e d   in  a  s o c k e t   in  the   s i d e   f r a m e   21  e n g a g e s   in  a  

n o t c h   156  f o r   h o l d i n g   t h i s   l e a f   s p r i n g   in  l o n g i t u d i n a l   a l i g n m e n t  

w i t h   t h i s   s i d e   f r a m e .  

I t   is   to  be  n o t e d   t h a t   t h e   b e a r i n g   a s s e m b l i e s   77  

(FIG.  12A)  can  be  i n v e r t e d   ( t u r n e d   i n s i d e   ou t )   by  u s i n g   h o l l o w  

c y l i n d r i c a l   s t u b   s h a f t s   wh ich   e n c i r c l e   t h e   b e a r i n g s   67  w h i c h ,  

in  t u r n ,   e n c i r c l e   t he   end  of  t he   r o l l e r   s h a f t   6 3 .  

A l s o ,   i t   is   to  be  n o t e d   t h a t   in  FIGS.  6,  8  and  9 ,  

t he   t r a n s v e r s e   members   38  and  46  can  be  o t h e r   members   t h a n  

h e a d e r s .  

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

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

e n v i r o n m e n t s ,   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t he   a r t ,   t h e  

i n v e n t i o n   is   no t   c o n s i d e r e d   l i m i t e d   to  t he   e x a m p l e s   c h o s e n   f o r  

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

and  m o d i f i c a t i o n s   wh ich   do  n o t   c o n s t i t u t e   a  d e p a r t u r e   f rom  t h e  

t r u e   s p i r i t   and  s cope   of  t h i s   i n v e n t i o n   as  c l a i m e d   in  t h e  

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

and  e l e m e n t s .  



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

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

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

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

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

l o w e r   b e l t   c a r r i a g e s   a n d  l a t e r a l l y   d e f i n e d   by  f i r s t   and  s e c o n d  

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

r o l l e r s   down  e i t h e r   by  m a n u a l   a d j u s t m e n t   o r   r e m o t e   c o n t r o l  

and   a t   t h e   s a m e   t i m e   a l l o w i n g   t h e   l o w e r   r o l l e r s   t o   y i e l d ;  

i n t e n t i o n a l l y   r i g i d i z i n g   t h e   u p p e r   a n d / o r   l o w e r   b a c k - u p  

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

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

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

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

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

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

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

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

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

a b o v e .  



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

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

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

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

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

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

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

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

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

by   s e l e c t i v e l y   b o w i n g   a t   l e a s t   some  of   s a i d   b a c k - u p   r o l l e r s  

( 1 3 3 ,   1 0 7 ,   3 4 ,   134  o r   108)   i n   p r e d e t e r m i n e d   a m o u n t s   f o r  

m a i n t a i n i n g   t h e   u p p e r   a n d   l o w e r   b e l t s   (12 ,   14  r e s p e c t i v e -  

l y )   in   c o n t a c t   w i t h   t h e   m o l t e n   m e t a l   (125)   as  i t   i s   p r o -  

g r e s s i v e l y   s o l i d i f i e d   ( 1 3 5 )   i n   p a s s i n g   t h r o u g h   t h e   c a s t i n g  

r e g i o n   (C  o r   C B ) .  

2.  The  m e t h o d   o f   c o n t i n u o u s l y   c a s t i n g   m e t a l   p r o -  
d u c t   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   i n   C l a i m   1 

c h a r a c t e r i z e d   i n   t h a t   s a i d   b a c k - u p   r o l l e r s   ( 1 3 3 ,   107 ,   1 3 4  

o r   108)  a r e   s e l e c t i v e l y   b o w e d   by  p r e d e t e r m i n i n g   t h e  

" h e a d "   o f   t h e  m o l t e n   m e t a l   (125)   a t   v a r i o u s   l o n g i t u d i n a l  

p o s i t i o n s   ( 1 0 2 ,   104 ,   106)   a l o n g   a  d o w n w a r d l y   i n c l i n e d  

c a s t i n g   r e g i o n   (C  o r   C B ) ,   a n d   p r o v i d i n g   f l e x i b l e   ( b o w -  

a b l e )   b a c k - u p   r o l l e r s   ( 1 3 3 ,   1 0 7 ,   134  o r   108)  h a v i n g   p r e -  
d e t e r m i n e d   f l e x i b i l i t y   f o r   p r o d u c i n g   p r e d e t e r m i n e d   c o n c a v e  

b o w i n g   ( F i g s .   6  a n d   9)  f o r   m a i n t a i n i n g   c o n t a c t   b e t w e e n  

t h e   c a s t i n g   b e l t s   and   t h e   s o l i d i f y i n g   m e t a l   ( 1 3 5 ) .  

3.  The  m e t h o d   o f   c o n t i n u o u s l y   c a s t i n g   m e t a l   p r o -  
d u c t   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   i n   C l a i m  2  

c h a r a c t e r i z e d   by  c a u s i n g   o p p o s e d   b a c k - u p   r o l l e r s   ( F i g s . 6 , 9 )  

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

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

b o w e d - b a c k - u p   r o l l e r   f o r   p r o d u c i n g   a  c a s t   p r o d u c t   (P )  

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

n e s s  a c r o s s   i t s   w i d t h .  



4.  The  m e t h o d   o f   c a s t i n g   m e t a l   p r o d u c t   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   2  or   3  c h a r a c t e r i z e d  

i n   t h a t   s a i d   f l e x i b l e   ( b o w a b l e )   b a c k - u p   r o l l e r s   (133)   a r e  

u p p e r   o n e s   r e s u l t i n g   in   a  t r a n s v e r s e l y   c o n c a v e   b e l t   ( 1 2 )  

s h a p e   f a c i n g   down  t o w a r d   t h e   c a s t i n g   r e g i o n   ( C ) .  

5.  The  m e t h o d   of   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   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   2,  3 

o r   4  c h a r a c t e r i z e d   by  m o d i f y i n g   and   l i m i t i n g   (98 ,   99 ,   1 0 0  

F i g .   9)  t h e   f l e x i b l e   b o w i n g   c h a r a c t e r i s t i c s   of   a t   l e a s t   o n e  

b o w i n g   r o l l e r .  

6.  The  m e t h o d   of   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   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 

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

b o w e d   by  a p p l y i n g   b e n d i n g   a c t i o n   ( F i g s .   1 0 - 1 5 ,   1 7 - 2 5 )   f o r  

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

f y i n g   m e t a l   ( 1 3 5 ) .  

7.  The  m e t h o d   of   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   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   6 

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

m a n u a l   a d j u s t m e n t   ( F i g s .   10 ,   11,   12,   12A,  14,   20 ,   2 1 ) .  

8.  The  m e t h o d   of   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   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   6 

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

r e m o t e   c o n t r o l   ( F i g s .   13 ,   15,   17,   17A,  18,  19,   2 2 - 2 5 ) .  

9.  The  m e t h o d   of   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   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   6,  7  o r  

8  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   a  c e n t e r   s e c t i o n   (96)  of   t h e  

b o w a b l e   b a c k - u p   r o l l e r s   (133  or   134)  r e l a t i v e l y   more   r i g i d  

t h a n   t h e i r   end   s e c t i o n s   (94)  f o r   s h a p i n g   t h e   c a s t i n g   b e l t  

(12  o r   14)  f o r   i m p r o v i n g   b e l t   c o n t a c t   w i t h   t h e   m e t a l   p r o d u c t  

b e i n g   c a s t   in   t h e   c a s t i n g   r e g i o n   ( C ) .  



10.  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 .  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   6 ,  

7,  8  o r   9  c h a r a c t e r i z e d   by  a p p l y i n g   a p p r o x i m a t e l y   e q u a l  

f o r c e - c o u p l e s   ( b e n d i n g   m o m e n t s )   t o   o p p o s i t e   e n d s   of   b o w a b l e  

b a c k - u p   r o l l e r s   ( 1 3 3 ,   1 0 7 ,  1 3 4 ,   108 ;   F i g s .   10 ,   11,   12,   1 3 ,  

14,   15 ,   17 ,   17A,  18 ,   1 9 ) .  

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

p r o d u c t   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   i n   C l a i m   6,  7 ,  

8  o r   9  c h a r a c t e r i z e d   by  s l a v i n g   a t   l e a s t   one   b a c k - u p   r o l l e r  

( 3 3 ,   3 4 ,   1 3 3 ,   134)  t o   a  t r a n s v e r s e   f r a m e   m e m b e r   (112)   a n d  

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

c o n t o u r  o f   t h e   s l a v e d   r o l l e r .  

12.   T h e  m e t h o d   o f   c o n t i n u o u s l y   c a s t i n g   m e t a l   p r o -  
d u c t   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   i n   C l a i m   10  o r   1 1 ,  

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

( 1 1 0 )   r e l a t i v e l y   more   e l a s t i c a l l y   b o w a b l e   t h a n   t h e   f i r s t  

f r a m e   m e m b e r   ( 1 1 2 ) ,   and   p r o d u c i n g   a  b o w i n g   of   t h e   f i r s t   f r a m e  

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

s e c o n d   f r a m e   m e m b e r .  

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

p r o d u c t   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   i n   a n y  o n e   o r  

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

b o w i n g   t h e   b a c k - u p   r o l l e r s   ( 3 3 ,  1 3 3 ,   1 0 7 ,  3 4 ,  1 3 4 ,   108)  f o r  

s e l e c t i v e l y   t a p e r i n g   ( F i g .   16,   23)  t h e   c a s t i n g   r e g i o n   (C 

o r   CB)  by  c o n v e r g i n g   t h e   c a s t i n g   b e l t s   ( 1 2 ,   14)  t o w a r d   e a c h  

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

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

s o l i d i f y i n g   m e t a l   ( 1 3 5 ) .  

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

p r o d u c t   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   i n   C l a i m   13  

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   c a s t i n g   b e l t s   ( 1 2 ,   1 4 )  

g e n e r a l l y   p a r a l l e l   to   e a c h   o t h e r   a l o n g   o n e   z o n e   ( 1 0 2 ,  

F i g .   16)  o f   t h e   c a s t i n g   r e g i o n   (C  o r   CB),   and   c o n v e r g i n g  

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



d i r e c t i o n   in   a  s u b s e q u e n t   z o n e   (104  or   1 0 6 ) .  

15.  The  m e t h o d   of   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   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   13  or   14 

c h a r a c t e r i z e d   by  c o n v e r g i n g   t h e   c a s t i n g   b e l t s   (12 ,   14)  t o -  

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

z o n e   ( 1 0 4 ,   F i g .   16)  o f   t h e   c a s t i n g   r e g i o n   (C  o r   CB)  a n d  

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

o t h e r   in   t h e   d o w n s t r e a m   d i r e c t i o n   in   a  d o w n s t r e a m   z o n e  

( 1 0 6 ) .  

16.  The  m e t h o d   of   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   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 3 ,  

14  o r   15  c h a r a c t e r i z e d   by  r e d u c i n g   t h e   e f f e c t i v e   d i a m e t e r  

( 5 5 B ,   79A;  F i g s .   17A,  19)  of   a t   l e a s t   some  of   t h e   d o w n -  

s t r e a m   b a c k - u p   r o l l e r s   w h e r e   t h e   c a s t i n g   b e l t s   ( 12 ,   1 4 )  

a r e   in   c o n t a c t   w i t h   t h e   s i d e   dams  (28)  f o r   m a i n t a i n i n g   c o n t a c t  

b e t w e e n   t h e   c a s t i n g   b e l t s   (12 ,   14)  and   t h e   s o l i d i f y i n g  

m e t a l   in   t h e   l o c a l i z e d   r e g i o n s   ( 9 7 ,   F i g s .   17A,  19)  n e a r   t h e  

s i d e  d a m s .  

17.  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   d i r e c t l y   f r o m   m o l t e n   m e t a l   in   w h i c h   t h e   m o l t e n   m e t a l  

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

and   b e l o w   by  u p p e r   a n d . l o w e r   c o o l e d   e n d l e s s ,   f l e x i b l e : ,  

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

b a c k - u p   r o l l e r s   and   a  p l u r a l i t y   o f   l o w e r   b a c k - u p   r o l l e r s  

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

d e f i n e d   by  f i r s t   and  s e c o n d   s i d e   dams  t r a v e l i n g  b e t w e e n   t h e  

c a s t i n g   b e l t s   c h a r a c t e r i z e d   by  r e l a t i v e l y   f l e x i b l e   b a c k -  

up  r o l l e r s   ( 1 3 3 ,   107 ,   1 3 4 ,   108)  in   a t   l e a s t   a  p o r t i o n   o f  

a t   l e a s t   one   c a r r i a g e   f o r   s e l e c t i v e l y   b o w i n g   s a i d   f l e x i b l e  

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

( 1 2 ,   14)  i n   c o n t a c t   w i t h   t h e   m o l t e n   m e t a l   ( 1 2 5 ) ,   as  i t   i s  

p r o g r e s s i v e l y   s o l i d i f i e d   (135)   in   p a s s i n g   t h r o u g h   t h e  

c a s t i n g   r e g i o n   (C  o r   C B ) .  



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   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   i n   C l a i m   1 7  

c h a r a c t e r i z e d   in   t h a t   s a i d   s e l e c t i v e   b o w i n g   o f   s a i d   f l e x i b l e  

b a c k - u p   r o l l e r s   ( 1 3 3 , 1 3 4 )   in   s a i d   c a r r i a g e   i s   r e a l i z e d   i n  

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

t h r o u g h   a  c a s t i n g   b e l t   (12  o r   14)  f r o m   w i t h i n   t h e   c a s t i n g  

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

i n   s a i d   one   c a r r i a g e   f a c i n g   t h e   c a s t i n g   r e g i o n   f o r   m a i n t a i n -  

i n g   c o n t a c t   b e t w e e n   t h e   c a s t i n g   b e l t s   and   t h e   s o l i d i f y i n g  

m e t a l   ( 1 3 5 ) .  

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   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   i n   C l a i m   18  

c h a r a c t e r i z e d   in   t h a t   s a i d   c o n c a v e l y   b o w e d   r o l l e r s   ( 1 3 3 )  

a r e   in   t h e   u p p e r   c a r r i a g e   (U)  r e s u l t i n g   in   a  t r a n s v e r s e l y  

c o n c a v e   b e l t   (12)  s h a p e   f a c i n g   down  t o w a r d   t h e   c a s t i n g  

r e g i o n   ( C ) .  

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   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   i n   C l a i m   18  

o r   19  c h a r a c t e r i z e d   by  a t   l e a s t   one   s n u b b i n g   r o l l e r   ( 9 8 )  

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

o f   a t   l e a s t   one   b o w a b l e   b a c k - u p   r o l l e r   (133)   f o r   m o d i f y i n g  

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

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   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   i n   C l a i m   2 0  

c h a r a c t e r i z e d   by  r e s i l i e n t   m o u n t i n g   m e a n s   (100)   f o r  

m o u n t i n g   s a i d   s n u b b i n g   r o l l e r   (98)  f o r   f u r t h e r   m o d i f y i n g  

t h e   b o w i n g   of   s a i d   r o l l e r .  

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   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 8 ,  

19 ,   20  o r   21  c h a r a c t e r i z e d   by  o p p o s e d   b a c k - u p   r o l l e r s  

( F i g s .   6,  9)  i n   t h e   o t h e r   c a r r i a g e   e a c h   of   w h i c h   i s   c o n v e x l y  

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

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

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



w i d t h .  

23 .   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   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   2 2  

c h a r a c t e r i z e d   by  r e s i l i e n t   m o u n t i n g  m e a n s   ( 1 0 1 ,   F i g .   9 )  

f o r   m o u n t i n g   s a i d   c o n v e x l y   b o w e d   r o l l e r s   ( 3 4 ) .  

24 .   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   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 7  

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

b a c k - u p   r o l l e r s   i s   r e a l i z e d   by  a p p l y i n g   b e n d i n g   a c t i o n  

( F i g s .   1 0 - 1 5 ,   1 7 - 2 5 )   f o r   m a i n t a i n i n g   c o n t a c t   b e t w e e n   t h e  

c a s t i n g   b e l t s   ( 1 2 ,   14)  and   t h e   s o l i d i f y i n g   m e t a l   ( 1 3 5 ) .  

25 .   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   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   2 4 ,  

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

m a n u a l   a d j u s t m e n t   ( F i g s .   10,   11,   1 2 ,  1 2 A ,   14,   20 ,   2 1 ) .  

26 .   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   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   i n   C l a i m   2 4 ,  

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

r e m o t e   c o n t r o l   ( F i g s .   13 ,   15,  17,   17A,  18,   1 9 ,  2 2 - 2 5 ) .  

27 .   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   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  

24 ,   25  o r   26 ,   c h a r a c t e r i z e d   in   t h a t   a  c e n t e r   s e c t i o n   ( 9 6 )  

of   t h e   b o w a b l e   b a c k - u p   r o l l e r s   (133  or   134)  i s   r e -  

l a t i v e l y   m o r e   r i g i d   t h a n   t h e i r   end   s e c t i o n s   (94)  f o r   i m -  

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

i n g   m e t a l .  

28 .   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   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   2 4 ,  

25 ,   26  o r   27  c h a r a c t e r i z e d   by  a p p a r a t u s   f o r   a p p l y i n g  

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

o p p o s i t e   e n d s   of   t h e   b o w a b l e   b a c k - u p   r o l l e r s   ( 1 3 3 ,   1 0 7 ,  

1 3 4 ,   1 0 8 ;   F i g s .   1 0 - 1 7 ,   17A,  18,   1 9 ) .  



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   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   i n   C l a i m   2 4 ,  

25 ,   26  o r   27  c h a r a c t e r i z e d   by  a t   l e a s t   one   t r a n s v e r s e  

f r a m e   m e m b e r   ( 1 1 2 ,   1 4 0 ) ,   a  b a c k - u p   r o l l e r   (33  o r   3 4 )  

m o u n t e d   a t   s p a c e d   l o c a t i o n s   ( 5 0 ,   52)  a l o n g   s a i d   f r a m e  

m e m b e r ,   a n d   m e a n s   ( F i g s .   2 0 - 2 5 )   f o r   b o w i n g   s a i d   f r a m e  

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

c o n f i g u r a t i o n .  

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   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   2 9  

c h a r a c t e r i z e d   by  a  s e c o n d   t r a n s v e r s e   f r a m e   m e m b e r   ( 1 1 0 )  

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

m e m b e r   ( 1 1 2 ) ,   and   m e a n s   ( F i g s .   2 0 - 2 4 )   f o r   p r o d u c i n g   a  b o w -  

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

m e m b e r   f o r   c a u s i n g   s a i d   b a c k - u p   r o l l e r   (33  o r  3 4 )   t o   f o r m  

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

31.   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   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   a n y  o n e   o r  

m o r e   of   C l a i m s   17  t h r o u g h   30  c h a r a c t e r i z e d   in   t h a t   t h e   b a c k -  

up  r o l l e r s   ( 3 3 ,   1 3 3 ,   1 0 7 ,   34 ,   1 3 4 ,   108)  a r e   s e l e c t i v e l y  

b o w e d   f o r   s e l e c t i v e l y   t a p e r i n g   ( F i g .   16 ,   25)  t h e   c a s t i n g  

r e g i o n   (C  o r   CB)  by  c o n v e r g i n g   t h e   c a s t i n g   b e l t s   t o w a r d  

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

c o n t a c t   b e t w e e n   t h e   c a s t i n g   b e l t s   a n d . t h e   s o l i d i f y i n g  

m e t a l   ( 1 3 5 ) .  

32.   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   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   31 

c h a r a c t e r i z e d   in   t h a t   t h e   c a s t i n g   b e l t s   (12 ,   14)  a r e  

g e n e r a l l y   p a r a l l e l   t o   e a c h   o t h e r   a l o n g   one   z o n e   ( 1 0 2 ,  

F i g .   16)  o f   t h e   c a s t i n g   r e g i o n   (C  o r   CB)  and  c o n v e r g e  
t o w a r d   e a c h   o t h e r   i n   t h e   d o w n s t r e a m   d i r e c t i o n   in   a  s u b -  

s e q u e n t   z o n e   (104  o r   1 0 6 ) .  



33.   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   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   31 

o r   32  c h a r a c t e r i z e d   in   t h a t   t h e   c a s t i n g   b e l t s   a r e   c o n v e r g e d  

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

z o n e   (-104,  F i g .   16)  and   a r e   c o n v e r g e d   more   r a p i d l y   t o -  

w a r d   e a c h   o t h e r   in   a  d o w n s t r e a m   z o n e   ( 1 0 6 ) .  

34.   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   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 1 ,  

32  o r   33  c h a r a c t e r i z e d   in   t h a t   t h e   e f f e c t i v e   d i a m e t e r  

(55B ,   79A;  F i g s .   17A,  19)  o f   a t   l e a s t   some  of   t h e   d o w n -  

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

( 1 2 ,   14)  a r e   in   c o n t a c t   w i t h   t h e   s i d e   dams  (28)  f o r   m a i n -  

t a i n i n g   c o n t a c t   b e t w e e n   t h e   c a s t i n g   b e l t s   and   t h e   s o l i d i f y -  

i n g   m e t a l   in   t h e  l o c a l i z e d   r e g i o n s   ( 97 ,   F i g s .   17A,  19)  n e a r  

t h e   s i d e   d a m s .  

35.   A p p a r a t u s   f o r   c a s t i n g   m e t a l   p r o d u c t   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   a n y  o n e   or   more   of  C l a i m s   17  

t h r o u g h   34  c h a r a c t e r i z e d   in   t h a t   c o m p l i a n t   g a u g e   s p a c e r s  
(121  o r   128)  a r e   p o s i t i o n e d   b e t w e e n   t h e   r e s p e c t i v e   o p p o s e d  
s i d e   m e m b e r s   of  t h e   u p p e r   and   l o w e r   c a r r i a g e   f r a m e s   ( 1 9  

and   21)  n e a r   t h e   d o w n s t r e a m   end   of  t h e   c a s t i n g   r e g i o n   (C 

o r  C B )   and   r i g i d   g a u g e   s p a c e r s   (17)  a r e   p o s i t i o n e d  b e t w e e n  

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

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

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