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@  CONTINUOUS  CASTING  MOLD. 

(D  A  problem  encountered  in  a  continuous  casting  opera- 
tion  is  that  a  cast  piece  seizes  to  the  inside  of  a  casting  mold 
when  the  cast  piece  is  withdrawn  from  the  mold.  It  is  known 
therefor  to  mount  a  plurality  of  ultrasonic  vibrators  at 
prescribed  intervals  along  at  least  one  straight  line  in  the 
axial  direction  to  the  mold  on  the  outer  surfaces  of  the 
respective  side  walls  thereof.  The  vibratory  action  of  the 
ultrasonic  vibrators  causes  the  mold  to  vibrate  in  the  axial 
direction  so  as  to  prevent  the  seizure  of  the  cast  piece  onto 
the  inner  surface  of  the  mold.  The  vibrational  efficiency 
induced  by  the  ultrasonic  vibrators  is  unsatisfactory  with  the 
aforementioned  conventional  mold  so  that  it  has  not  been 
possible  to  reliably  prevent  the  seizure  of  the  cast  piece  onto 
the  inside  surface  of  the  mold.  The  continuous  casting  mold 
of  the  invention  eliminates  the  aforementioned  problem  and 
vibrates  efficiently,  and  includes  a  plurality  of  ultrasonic 
vibrators  mounted  at  prescribed  intervals  along  at  least  one 
straight  line  in  the  axial  direction  of  the  mold  on  the  outer 
surface  of  the  respective  side  walls  of  the  mold,  the 
respective  side  walls  of  the  mold  being  secured  to  a  cast 

frame  and  including  therein  at  least  one  cooling  water 
passage  along  the  axial  direction,  the  water  passage  includ- 
ing  a  cooling  water  supply  opening  and  a  cooling  water 
discharge  opening  on  the  outer  surfaces  of  the  respective 
side  walls  of  the  mold.  The  respective  side  walls  of the  mold 
are  secured  to  the  mold  frame  at the  positions  corresponding 
to  at  least  two  or  more  nodes  of  the  oscillatory  waves 
produced  in  the  axial  direction  of the  mold  by the  vibration  of 
the  ultrasonic  vibrators.  The  cooling  water  supply  opening 
and  the  cooling  water  exhaust  opening  are  disposed  respec- 
tively  at the  positions  corresponding  to  the  respective  nodes. 





FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  c o n t i n u o u s   c a s t -  

i ng   mold   w h i c h   i s   u s e d   f o r   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 .  

DESCRIPTION  OF  THE  PRIOR  ART 

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

w i t h   t h e   use   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   c o m p r i s i n g  

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

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

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

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

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

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

an  i m m e r s i o n   n o z z l e   p r o v i d e d   in   t h e   b o t t o m   w a l l   of  t h e  

t u n d i s h   i n t o   t h e   m o l d .   The  m o l t e n   s t e e l   c o o l e d   in   t h e  

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

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

b e i n g   g u i d e d   by  t he   g r o u p   of  g u i d e   r o l l s   s e q u e n t i a l l y  

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

In  t h e   m e a n t i m e ,   t he   s o l i d i f i e d   s h e l l ,   c o o l e d   by  c o o l i n g  

w a t e r   s p r a y e d   f rom  a  p l u r a l i t y   of  n o z z l e s   a r r a n g e d   b e t w e e n  

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

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

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



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

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

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

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

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

t h e   mo ld   w i t h   a  c e r t a i n   a m p l i t u d e   in  t h e   w i t h d r a w i n g  

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

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

T h i s   v i b r a t i o n   of   t h e   mold   has   u s u a l l y   b e e n   e f f e c t e d   b y  

a  m e c h a n i c a l   m e a n s .   H o w e v e r ,   in  o r d e r   to   v i b r a t e   a  m o l d  

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

s c a l e   f a c i l i t i e s   w i t h   huge   q u e n t i t i e s   of   e n e r g y .   In  a d d i -  

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

t he   mo ld   a t   a  h i g h   f r e q u e n c y ,   c a u s e s   wavy  v i b r a t i o n   m a r k s  

on  t h e   c a s t   s t r a n d   s u r f a c e   u n d e r   t h e   e f f e c t   of   mold   v i b -  

r a t i o n ,   w h i c h   may  in  t u r n   c a u s e   s u r f a c e   c r a c k s   of  t h e  

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

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

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

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

m o l t e n   s t e e l   h a v i n g   f o r m e d   a  s o l i d i f i e d   s h e l l   f rom  a  

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

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

t he   low  i n s t a l l a t i o n   c o s t s   and  o t h e r   a d v a n t a g e s .   In  t h e  

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



t h e   h o r i z o n t a l   mold   i s   d i r e c t l y   c o n n e c t e d   to   t h e   l o w e r  

p a r t   of  a  s i d e   w a l l   of  t h e   t u n d i s h .   I t   was  t h e r e f o r e  

i m p o s s i b l e   to   v i b r a t e   t h e   h o r i z o n t a l   mold  a l o n e   by  a  

m e c h a n i c a l   m e a n s .  

As  a  m e a s u r e  t o   s o l v e   t h e   a b o v e - m e n t i o n e d   p r o b l e m s ,  

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

c a s t i n g   m o l d ,   d i s c l o s e d   in  J a p a n e s e   P a t e n t   P r o v i s i o n a l  

P u b l i c a t i o n   No.  8 6 , 4 3 2 / 7 9   d a t e d   J u l y   10,  1979  ( h e r e i n a f t e r  

r e f e r r e d   to   as  t he   " p r i o r   a r t " ) ,   which  c o m p r i s e s :  

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

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

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

t i o n   of   s a i d   mold ;   s a i d   mold  b e i n g   v i b r a t e d   in  t h e   a x i a l  

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

u l t r a s o n i c   v i b r a t o r s .  

The  a b o v e - m e n t i o n e d   p r i o r   a r t   i s   a p p l i c a b l e   to  a  

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

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

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

i t   i s   p o s s i b l e   to  v i b r a t e   t h e   mold   in  t he   a x i a l   d i r e c t i o n  

t h e r e o f ,   i . e . ,   in  t he   w i t h d r a w i n g   d i r e c t i o n   of  c a s t   s t r a n d ,  

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

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

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



d o e s   n o t   r e q u i r e   huge   q u a n t i t i e s   of  e n e r g y   n o r   l a r g e - s c a l e  

f a c i l i t i e s ,   w i t h o u t   c a u s i n g   wavy  v i b r a t i o n   m a r k s   on  t h e  

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

t h e   m o l d .   In  t h e   a p p l i c a t i o n   t h e r e o f   to   a  mold   f o r   a  

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

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

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

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

f rom  t h i s   j u n c t i o n   c a u s e d   by  v i b r a t i o n   of  t h e   m o l d .  

W i t h   a  v i e w   to  i m p r o v i n g   t h e   v i b r a t i o n   e f f i c i e n c y  

of  t h e   mo ld   in   t h e   a b o v e - m e n t i o n e d   p r i o r   a r t ,   we  c a r r i e d  

o u t   v a r i o u s   s t u d i e s .   As  a  r e s u l t ,   we  r e a c h e d   t h e   f o l l o w -  

ing   c o n c l u s i o n .   Each  of  t h e   s i d e   w a l l s   of   t h e   m o l d   i s  

f i x e d   to   t h e   mold   f r a m e   by  s u c h   means   as  b o l t s .   I f   t h e  

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

wave  p r o d u c e d   in  t h e   a x i a l   d i r e c t i o n   of   t h e   m o l d ,   t h e   a b o v e -  

m e n t i o n e d   v i b r a t i o n   wave  i s   i n h i b i t e d   by  t h e   mold   f r a m e ,  

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

v i b r a t i o n   e f f i c i e n c y   of  t he   mold   and  l o o s e n i n g   or  e v e n  

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

w a l l s   of  t h e   mold  to  t h e   mold  f r a m e   u n d e r   t h e   e f f e c t   o f  

v i b r a t i o n .   In  a d d i t i o n ,   e a c h   of  t h e   s i d e   w a l l s   of   t h e  

mold   has   a t   l e a s t   one  c o n d u i t   f o r   c o o l i n g   w a t e r   in   t h e  

a x i a l   d i r e c t i o n   of  the   mo ld .   T h i s   c o n d u i t   has   a  c o o l i n g  

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



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

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

a  c o o l i n g   w a t e r   s u p p l y   p i p e  w i t h   a  f i x e d   end ,   and  t h e   c o o l -  

i ng   w a t e r   d i s c h a r g e   o p e n i n g   b e i n g   c o n n e c t e d   to   a  c o o l i n g  

w a t e r   d i s c h a r g e   p i p e  w i t h   a  f i x e d   end .   I f   t h e   p o s i t i o n s  

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

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

wave ,   h o w e v e r ,   t he   a b o v e - m e n t i o n e d   v i b r a t i o n   wave  i s  

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

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

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

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

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

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

o p e n i n g .  

SUMMARY  OF -THE  INVENTION 

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   i s   t h e r e f o r e  t o  

p r o v i d e ,   when  v i b r a t i n g   t he   mold  in  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   in  t he   a x i a l   d i r e c t i o n   of  t he   mold  w i t h   t h e   use  o f  

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

mold  f o r   v i b r a t i n g   t he   mold   a t   a  h i g h   e f f i c i e n c y   in  t h e  

c o n t i n u o u s   c a s t i n g   m a c h i n e .  

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



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

e a c h   of   t h e   s i d e   w a l l s   of  t h e   mold   to  t h e   mo ld   f r a m e   d o  

n o t   l o o s e n   no r   b r e a k   u n d e r   t h e   e f f e c t   of   v i b r a t i o n   of  t h e  

m o l d .  

F u r t h e r   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

i s   to  p r o v i d e   a  c o n t i n u o u s   c a s t i n g   mold   in   w h i c h   t h e   j u n c -  

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

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

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

p i p e   and  t he   c o o l i n g   w a t e r   d i s c h a r g e   p i p e   do  n o t  b r e a k  

u n d e r   t h e   e f f e c t   of  v i b r a t i o n   of   t h e   m o l d .  

In  a c c o r d a n c e   w i t h   one  of  t h e   f e a t u r e s   of  t h e  

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

c o m p r i s e s :  

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

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

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

d i r e c t i o n   of  s a i d   mold   a t   p r e s c r i b e d   i n t e r v a l s ;   e a c h   o f  

s a i d   s i d e   w a l l s   of  s a i d   mold   b e i n g   f i x e d   to   a  mold   f r a m e ;  

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

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

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

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

s a i d   s i d e   w a l l s ;  



t h e   i m p r o v e m e n t   c h a r a c t e r i z e d   in  t h a t :  

e a c h   of  s a i d   s i d e   w a l l s   i s   f i x e d   to   s a i d   m o l d  

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

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

s a i d   mold   by  v i b r a t i o n   o f  s a i d   p l u r a l i t y   of  u l t r a s o n i c  

v i b r a t o r s ;   a n d ,  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p l a n   v i ew   s h o w i n g   t h e   c o n t i n u o u s  

c a s t i n g   mold   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   a  p a r t i a l   c u t a w a y   d e s c r i p t i v e   v i ew   o f  

t h e   mold   of  F i g .   1  c u t   a l o n g   t h e   l i n e   A - A ;  

F i g .   3  is   a  s e c t i o n a l   v i ew   of  F i g .   2  cu t   a l o n g  

t h e   l i n e   B-B;  a n d ,  

F i g .   4  i s   a  p l a n   v i ew   s h o w i n g   a n o t h e r   e m b o d i m e n t  

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

DETAILED  DESCRIPTION OF  THE  INVENTION 

With  a  v i ew  to  s o l v i n g   t h e   a b o v e - m e n t i o n e d   p r o b l e m s  



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

i n g   mold   w i t h   t h e   use   of  u l t r a s o n i c   v i b r a t o r s ,   we  c a r r i e d  

o u t   i n t e n s i v e   s t u d i e s .   As  a  r e s u l t ,   we  d e v e l o p e d   a  c o n -  

t i n u o u s   c a s t i n g   mold   as  f o l l o w s :  

in  a  c o n t i n u o u s   c a s t i n g   mold   w h i c h   c o m p r i s e s :  

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

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

a l o n g   a t   l e a s t   one  s t r a i g h t   l i n e   in  t h e   a x i a l   d i r e c t i o n  

of   s a i d   mold   a t   p r e s c r i b e d   i n t e r v a l s ;   e a c h   of   s a i d   s i d e  

w a l l s   of   s a i d   mold   b e i n g   f i x e d   to   a  mold   f r a m e ;   e a c h   o f  

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

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

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

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

w a l l s ;  

t he   i m p r o v e m e n t   c h a r a c t e r i z e d   in  t h a t :  

e a c h   of  s a i d   s i d e   w a l l s   i s   f i x e d   to   s a i d   m o l d  

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

of   v i b r a t i o n   w a v e s   p r o d u c e d   in  t he   a x i a l   d i r e c t i o n   o f  

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

v i b r a t o r s ;   a n d ,  

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



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

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

Now,  t h e   c o n t i n u o u s   c a s t i n g   mold  of  t h e   p r e s e n t  

i n v e n t i o n   ( h e r e i n a f t e r   r e f e r r e d   to  as  t h e   "mold   of  t h e  

p r e s e n t   i n v e n t i o n " )   i s   d e s c r i b e d   b e l o w   by  means   of  a n  

e x a m p l e   w i t h   r e f e r e n c e   to   d r a w i n g s .  

F i g .   1  i s   a  p l a n   v i e w   of  t h e   mold   of  t he   p r e s e n t  

i n v e n t i o n ;   F i g .   2  i s   a  p a r t i a l   c u t a w a y   d e s c r i p t i v e   v i e w  

of  F i g .   1  c u t   a l o n g   t h e   l i n e   A-A;  and ,   F i g .   3  i s   a  s e c -  

t i o n a l   v i e w  o f   F i g .   2  c u t   a l o n g   t h e   l i n e  B - B .   In  F i g s .  

1  to   3,  2  i s   a  m o l d ;   t h e   s i d e   w a l l s   of  t h e   mold  2  a r e  

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

of  w h i c h   a  p l u r a l i t y   of  u l t r a s o n i c   v i b r a t o r s   4  a r e   f i t t e d ,  

t h r o u g h   a  mold  f r a m e   1  d e s c r i b e d   l a t e r ,   a l o n g   a t   l e a s t  

one  s t r a i g h t   l i n e  a t   p r e s c r i b e d   i n t e r v a l s   in   t he   a x i a l  

d i r e c t i o n   of  t he   mold   2.  The  p l u r a l i t y   of   u l t r a s o n i c  

v i b r a t o r s   4  a re   i n d i v i d u a l l y   c o n n e c t e d   to  e l e c t r i c   s o u r c e  

n o t   shown  f o r  g e n e r a t i n g   u l t r a s o n i c   v i b r a t i o n   and  g e n e r a t e  

v i b r a t i o n   waves   of  i d e n t i c a l   wave  l e n g t h s   in   t he   a x i a l  

d i r e c t i o n   of  t h e   mold   2 .  

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

v i b r a t o r s   4  a r e   v i b r a t e d   a t   a  f r e q u e n c y   of  a b o u t   20  k H z ,  

f o r   e x a m p l e ,   t he   r e s u l t a n t   h o r i z o n t a l   v i b r a t i o n   waves   a r e  

d e v i a t e d   v e r t i c a l l y   by  9 0 ° ,   become  l o n g i t u d i n a l   v i b r a t i o n  



waves   11  in  t h e   a x i a l   d i r e c t i o n   of  t he   mold   2,  i . e . ,   i n  

t h e   same  d i r e c t i o n   as  t h e   w i t h d r a w i n g   d i r e c t i o n   of   c a s t  

s t r a n d ,   and  v i b r a t e   t h e   mold   2  in  t h e   a x i a l   d i r e c t i o n  

t h e r e o f ,   as  shown  in   F i g .   2 .  

A l s o   in  F i g .   2,  l l a   a r e   n o d e s   of  t h e   v i b r a t i o n  

wave  11 ,   and  l l b   a r e   l o o p s   of  t h e   v i b r a t i o n   wave  1 1 .  

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

4  a r e   f i t t e d   to  t h e   i n d i v i d u a l   s i d e   w a l l s   of  t h e   mold   2 

s h o u l d   be  such   t h a t   a  l o o p   l l b   of  t h e   v i b r a t i o n   wave  1 1  

may  be  l o c a t e d   a t   t h e   b o t h   end  f a c e s   of   t h e   mold  2  a n d  

t h e   d i s t a n c e   b e t w e e n   two  a d j a c e n t   ones   of   t h e   u l t r a s o n i c  

v i b r a t o r s   4  may  be  a  h a l f   t h e   wave  l e n g t h   of   t h e   v i b r a t i o n  

wave  11,   to   a c h i e v e   an  e f f i c i e n t   v i b r a t i o n   of   t h e   mold   2 .  

The  r e s u l t a n t   p o s i t i o n s   of  t h e   u l t r a s o n i c  v i b r a t o r s   4 

c o r r e s p o n d   r e s p e c t i v e l y   to   t he   p o s i t i o n s   of  t h e   n o d e s  

l l a   of  t h e   v i b r a t i o n   wave  1 1 .  

The  p l u r a l i t y   of  u l t r a s o n i c   v i b r a t o r s   4  a r e  

f i x e d ,   s u c h   means   as  b o l t s ,   to   a  p l u r a l i t y   of   p r o j e c t i o n s  

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

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

a b o v e - m e n t i o n e d   n o d e s   l l a .   In  F i g .   3,  10  a r e   f i t t i n g  

b o r e s   of   t h e   u l t r a s o n i c   v i b r a t o r s   4,  p r o v i d e d   in  t h e  

a b o v e - m e n t i o n e d   p r o j e c t i o n s   3.  In  t he   i l l u s t r a t e d   e x a m p l e ,  

two  u l t r a s o n i c   v i b r a t o r s   4  a r e   f i t t e d   to  e a c h   of  t h e   s i d e  



w a l l s   of  t h e   mold   2.  H o w e v e r ,   d e p e n d i n g   on  t he   s i z e   o f  

t h e   mold   2,  an  a p p r o p r i a t e   n u m b e r   of  u l t r a s o n i c   v i b r a t o r s  

4  s h o u l d   be  p r o v i d e d   to  e f f i c i e n t l y   v i b r a t e   t he   mold  2 .  

In  t h e   d r a w i n g s ,   1  i s   a  mold   f r a m e   f o r   s u p p o r t i n g  

t h e   mold   2;  and  e a c h   of  t h e   s i d e   w a l l s   of   t h e   m o l d  2   i s  

f i x e d   to  t h e   m o l d  f r a m e   1.  In  t h e   mold   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e   mold   f r a m e   i s   f i x e d   to   t h e   s i d e   w a l l s   o f  

t h e   mold   2  a t   p o s i t i o n s   c o r r e s p o n d i n g   to  a t   l e a s t   t w o  

n o d e s   l l a   of   t h e   v i b r a t i o n   waves   11  p r o d u c e d   in  t h e   a x i a l  

d i r e c t i o n   of   t h e   mold  2  u n d e r   t h e   e f f e c t   of  v i b r a t i o n   o f  

t h e   p l u r a l i t y   of  u l t r a s o n i c   v i b r a t o r s   4.  A l s o   in  t h e  

d r a w i n g s ,   6  a r e   a  p l u r a l i t y   of  b o l t s   f o r   f i x i n g   t h e   s i d e  

w a l l s   of   t h e   mo ld   2  to  t he   mold   f r a m e   1;  and  7  a r e   a  

. p l u r a l i t y   of   n u t s .   The  mold  f r a m e   1  i s   f i x e d   to   t h e   s i d e  

w a l l s   of  t h e   mold   2  t h r o u g h   t h e   p l u r a l i t y   of  p r o j e c t i o n s  

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

w a l l s   of  t h e   mold  2  c o r r e s p o n d i n g  t o   t h e   a b o v e - m e n t i o n e d  

n o d e s   l l a .   In  F i g .   3,  8  a r e   f i t t i n g   b o r e s   of  t he   b o l t s  

6,  p r o v i d e d   in  t h e   p r o j e c t i o n s   3 .  

Each   of  t he   s i d e   w a l l s   of  t h e   mold   2 . h a s  i n   t h e  

i n s i d e   t h e r e o f   a t   l e a s t   one  c o n d u i t   9  f o r   c o o l i n g   w a t e r  

in   t h e   a x i a l   d i r e c t i o n   of  t h e   mold   2.  T h i s   c o n d u i t   9 

h a s ,   on  t h e   o u t e r   s u r f a c e   of  t h e   s i d e   w a l l   of  t h e   mold  2 ,  

a  c o o l i n g   w a t e r   s u p p l y   o p e n i n g   9a  and  a  c o o l i n g   w a t e r  

d i s c h a r g e   o p e n i n g   9 b .  



A  c o o l i n g   w a t e r   s u p p l y   p i p e   5  w i t h   a  f i x e d   e n d  

is   c o n n e c t e d ,   t h r o u g h   t he   mold   f r a m e   1,  to   t h e   c o o l i n g  

w a t e r   s u p p l y   o p e n i n g   9a,   and  a  c o o l i n g   w a t e r   d i s c h a r g e  

p i p e   5'  w i t h   a  f i x e d   end  i s   c o n n e c t e d ,   t h r o u g h   t h e   m o l d  

f r a m e   1,  to  t h e   c o o l i n g   w a t e r   d i s c h a r g e   o p e n i n g   9b.  T h e  

a b o v e - m e n t i o n e d   c o o l i n g   w a t e r   s u p p l y   p i p e   5  i s   c o n n e c t e d  

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

e a c h   s i d e   w a l l   of   t he   mold   2  i s   c o o l e d   by  c o o l i n g   w a t e r  

f ed   f rom  t h e   c o o l i n g   w a t e r   s u p p l y   p i p e   5,  f l o w i n g   t h r o u g h  

t h e   c o n d u i t   9  and  d i s c h a r g e d   f rom  t h e   c o o l i n g   w a t e r   d i s -  

c h a r g e   p i p e   5 ' .  

In  t h e   mold   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   c o o l i n g  

w a t e r   s u p p l y   o p e n i n g   9a  and  t h e   c o o l i n g   w a t e r   d i s c h a r g e  

o p e n i n g   9b  a r e   a r r a n g e d   on  t h e   p r o j e c t i o n s   3  a t   p o s i t i o n s  

c o r r e s p o n d i n g   to   t he   n o d e s   l l a   of  t h e   v i b r a t i o n   wave  1 1  

p r o d u c e d   in  t h e   a x i a l   d i r e c t i o n   of  t h e   mold   2.  T h e  c o o l i n g  

w a t e r   s u p p l y   p i p e   5  and  t h e   c o o l i n g   w a t e r   d i s c h a r g e   p i p e   5 '  

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

o p e n i n g   9a  and  t h e   c o o l i n g   w a t e r   d i s c h a r g e   o p e n i n g   9 b  

p r o v i d e d   on  e a c h   s i d e   w a l l   of  t he   mold   2  a t   p o s i t i o n s  

c o r r e s p o n d i n g   to   t h e   n o d e s   l l a   of  t h e   v i b r a t i o n   wave  1 1 .  

In  t he   e x a m p l e   s h o w n  ' i n   F i g s .   1  to   3,  t h e   c o o l i n g  

w a t e r   d i s c h a r g e   o p e n i n g   9b  i s   a r r a n g e d   a t   t h e   p o s i t i o n   o n  

e a c h   s i d e   w a l l   of  t h e   mold   2  c o r r e s p o n d i n g   to  t h e   u p p e r -  



m o s t  n o d e   of  t h e   n o d e s   l l a   of  t h e   v i b r a t i o n   wave  11,  a n d  

t h e   c o o l i n g   w a t e r   s u p p l y   o p e n i n g   9a  i s   a r r a n g e d   a t   t h e  

p o s i t i o n   c o r r e s p o n d i n g   to  t he   l o w e r m o s t   node   of  t he   n o d e s  

l l a .   Two  u l t r a s o n i c   v i b r a t o r s   4  a r e   f i t t e d   a t   t he   p o s i t i o n s  

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

E a c h   s i d e   w a l l   of  t h e   m o l d  2   i s   f i x e d   to   t h e   mold  f r a m e   1 

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

t h e   v i b r a t i o n   wave  11.  I t   is  h o w e v e r   p o s s i b l e   to  s e l e c t  

a p p r o p r i a t e   p o s i t i o n s   f rom  among  t h e   p o s i t i o n s   c o r r e s p o n d -  

i ng   to  t h e   n o d e s   l l a   of  t he   v i b r a t i o n   wave  l l ,   d e p e n d i n g  

upon  t h e   s i z e   of  t h e   mold  2  and  o t h e r   c o n d i t i o n s ,   as  t h e  

p o s i t i o n s   of  t h e   c o o l i n g   w a t e r   s u p p l y   o p e n i n g   9a  and  t h e  

c o o l i n g   w a t e r   d i s c h a r g e   o p e n i n g   9b,  and  as  t h e   f i x i n g  

p o s i t i o n s   of  t h e   s i d e   w a l l s   of  t h e   mold   2  to   t he   m o l d  

f r a m e   1.  H o w e v e r ,   e a c h   s i d e  w a l l   of  t h e   mold   2  s h o u l d  

be  f i x e d   to  t h e   mold   f r a m e   1  a t   p o s i t i o n s   c o r r e s p o n d i n g  

to  a t   l e a s t   two  n o d e s   l l a   of  t h e   v i b r a t i o n   wave  1 1 .  

The  p o s i t i o n s   o n  e a c h   of  t h e   s i d e   w a l l s  o f   t h e  

mold   2  c o r r e s p o n d i n g   to   t he   n o d e s   l l a   o f  t h e   v i b r a t i o n  

wave  11  may  be  e a s i l y   d e t e c t e d  b y   a  known  means  or  may 

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

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

a b o v e ,   e a c h   of  t h e   s i d e   w a l l s  o f   t h e   m o l d  2 . i s   f i x e d   t o  

t h e   mold  f r a m e   1  a t   p o s i t i o n s   c o r r e s p o n d i n g   to  at   l e a s t  



two  n o d e s   l l a   of  t h e   v i b r a t i o n   wave  11  p r o d u c e d  i n   t h e  

a x i a l   d i r e c t i o n   of  t h e   mold   2  by  v i b r a t i o n   of   t h e   p l u r a l i t y  

of  u l t r a s o n i c   v i b r a t o r s   4 .  T h e r e f o r e ,   t h e  v i b r a t i o n   w a v e  

11  p r o d u c e d   in   t h e   mold   2  b y   t h e   p l u r a l i t y   of  u l t r a s o n i c  

v i b r a t o r s   4  i s  n e v e r   i n h i b i t e d   by  t h e   mold   f r a m e   1,  a n d  

t h e   b o l t s   6  f o r   f i x i n g   e a c h   s i d e   w a l l  o f   t h e   mold   2  t o  

t he   mold   f r a m e   1  n e v e r   l o o s e n   n o r   b r e a k   u n d e r   t h e   e f f e c t  

of  v i b r a t i o n .  

In  e a c h   of  t h e   s i d e  w a l l s   of   t h e   mold  2,  t h e   c o o l i n g  

w a t e r   s u p p l y   o p e n i n g   9a  to  be  c o n n e c t e d   w i t h   t h e   c o o l i n g  

w a t e r   s u p p l y   p i p e   5  and  t h e   c o o l i n g   w a t e r   d i s c h a r g e  

o p e n i n g   9b  to   be  c o n n e c t e d   w i t h   t h e   c o o l i n g   w a t e r   d i s c h a r g e  

p i p e   5'  a r e   a r r a n g e d   r e s p e c t i v e l y   a t   t h e   p o s i t i o n s   c o r r e s -  

p o n d i n g   to   t h e   n o d e s   l l a   of  t h e  v i b r a t i o n   wave  11.  T h e r e -  

f o r e ,   t he   v i b r a t i o n   wave  1 1  p r o d u c e d  i n   t he   mold  2  by  t h e  

p l u r a l i t y   of  u l t r a s o n i c   v i b r a t o r s   4  i s   n e v e r  i n h i b i t e d   b y  

the   c o o l i n g   w a t e r   s u p p l y   p i p e   5  a n d  t h e  c o o l i n g   w a t e r  

d i s c h a r g e   p i p e   5 ' .   In  a d d i t i o n ,   t h e   j u n c t i o n   b e t w e e n   t h e  

c o o l i n g   w a t e r   s u p p l y   p i p e   5  and  t h e   c o o l i n g   w a t e r   s u p p l y  

o p e n i n g   9a,   and  t h e   j u n c t i o n   b e t w e e n   t he   c o o l i n g   w a t e r  

d i s c h a r g e   p i p e   5'  and  t h e   c o o l i n g   w a t e r   d i s c h a r g e   o p e n i n g  

9b  a r e   n e v e r   b r o k e n .   The  v i b r a t i o n   e f f i c i e n c y   i m p a r t e d   t o  

t h e   mold  2  by  t h e   u l t r a s o n i c   v i b r a t o r s   4  i s  l a r g e l y  

i m p r o v e d ,   and  i t   i s   t h u s   p o s s i b l e   to   v i b r a t e   t h e   mold   2 

a t   a  h i g h   e f f i c i e n c y   in  t he   a x i a l   d i r e c t i o n   t h e r e o f .  



F i g .   4  i s   a  p l a n   v i e w  s h o w i n g   a n o t h e r   e m b o d i m e n t  

o f  t h e   mold   of  t h e   p r e s e n t   i n v e n t i o n .   T h i s   e x a m p l e   i s  

t h e   same  as  t h a t   shown  in  F i g s .   1  to   3  e x c e p t   t h a t   t h e  

s i d e   w a l l s   of  t he   mold  2'  a r e   f o r m e d ' i n t o   an  i n t e g r a l  

s t r u c t u r e ,   and  e a c h   of   t h e   s i d e   w a l l s   of  t h e   m o l d  2 '   h a s  

a  p l u r a l i t y   of  c o n d u i t s   9 " f o r   c o o l i n g   w a t e r   p r o v i d e d  i n  

t he   i n s i d e   of  e a c h   s i d e   w a l l   of  t h e   mold  2'  in  t he   a x i a l  

d i r e c t i o n   of  t he   mold  2 ' .   A  c o o l i n g   w a t e r   s u p p l y   o p e n i n g  

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

e a c h   of  t h e   p l u r a l i t y   of  c o n d u i t s   9'  f o r   c o o l i n g   w a t e r   o n  

t h e   o u t e r   s u r f a c e   of  e a c h   s i d e   w a l l   of  t h e   mold  2 ' ,   o r  

t h e  p l u r a l i t y   of  c o n d u i t s   9'  may  be  g a t h e r e d   i n t o   o n e  

c o n d u i t  a t   e a c h   end  to   p r o v i d e   one  c o o l i n g   w a t e r  s u p p l y  

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

s i d e   w a l l   of  t he   mold  2 ' .  

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

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

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

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

t h e   mo ld .   P r e f e r a b l y ,   by  f i t t i n g   t h e  p l u r a l i t y   o f  

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

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

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

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

t h e r   i m p r o v e   the   v i b r a t i o n   e f f i c i e n c y   of  t h e   mold  in  t h e  



a x i a l   d i r e c t i o n   t h e r e o f .   The  mold   o f  t h e   p r e s e n t   i n v e n -  

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

m a c h i n e   as  w e l l   as  to   a  h o r i z o n t a l   t y p e   c o n t i n u o u s   c a s t -  

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

m o l d   in   t h e   a x i a l   d i r e c t i o n   t h e r e o f  a t   a  h i g h   e f f i c i e n c y .  

A c c o r d i n g   to   t h e   mold   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

t h e   mold   in   t h e   a x i a l   d i r e c t i o n   t h e r e o f   a t   a  h i g h   e f f i c i -  

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

w h i c h   a r e   f i t t e d   to   t h e   o u t e r   s u r f a c e   of   e a c h   of   t h e   s i d e  

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

l e a s t   one  s t r a i g h t  l i n e   a t   p r e s c r i b e d   i n t e r v a l s ,   t h e r e b y  

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

i n n e r   s u r f a c e   of  t h e   m o l d .   B o l t s  f o r   f i x i n g   e a c h   of   t h e  

s i d e   w a l l s   of   t h e   mold   to   t h e   mold   f r a m e  n e v e r   l o o s e n  

n o r   b r e a k   u n d e r   t h e   e f f e c t  o f   v i b r a t i o n   of   t h e   m o l d .   I n  

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

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

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

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

w a t e r   d i s c h a r g e  p i p e   a r e   n e v e r   b r o k e n   by  v i b r a t i o n   o f  

t h e   m o l d .  

In  t h e   c a s e   w h e r e   t he   mold   of  t h e   p r e s e n t   i n v e n t i o n  

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



t h e   mold  can  be  v i b r a t e d   in   t h e   a x i a l   d i r e c t i o n   t h e r e o f  

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

m a i n t a i n e d   a t   t h e   j u n c t i o n   b e t w e e n   t he   t u n d i s h   and  t h e  

m o l d .   A c c o r d i n g   t o  t h e   mold   of   t h e   p r e s e n t   i n v e n t i o n ,  

t h e r e f o r e ,   many  i n d u s t r i a l l y   u s e f u l   e f f e c t s   a re   p r o v i d e d .  



1.  In  a  c o n t i n u o u s   c a s t i n g   m o l d  w h i c h   c o m p r i s e s :  

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

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

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

d i r e c t i o n   of   s a i d   mo ld   a t   p r e s c r i b e d   i n t e r v a l s ;   e a c h  

of   s a i d   s i d e   w a l l s   of   s a i d   mold   b e i n g   f i x e d   to  a  m o l d  

f r a m e ;   e a c h   of   s a i d   s i d e   w a l l s   h a v i n g   in   t h e   i n s i d e  

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

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

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

s u r f a c e   of   e a c h   of   s a i d   s i d e   w a l l s ;  

t h e   i m p r o v e m e n t   c h a r a c t e r i z e d  i n   t h a t :  

e a c h   of  s a i d   s i d e   w a l l s   i s   f i x e d   t o  s a i d   m o l d  

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

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

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

v i b r a t o r s ;   a n d ,  

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

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

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