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continuous  casting  process  an  electromagnetic  stirrer  (20) placed  adjacent  the  lower  end  of  the  mould  and  around  the rand  (12)  emerging  from  the  mould. 

The  magnetic  field  produced  by  the  stirrer  (20)  rotates jout  a  vertical  axis  and  promotes  movement  of  the  molten ietal  above  and  below  the  stirrer  into  the  mould  and  into  the rand. 
The  stirrer  is  formed  as  separable  parts  for  fitting  to  exist- 

g  moulds  and  the  stirrer  is  adapted  for  use  with  moulds  of fferent  shapes  and  sizes. 
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S t i r r i n g   of  M o l t e n   M e t a l  

0 2 2 8 8 2 7  

T h i s   i n v e n t i o n   r e l a t e s   to  t h e   s t i r r i n g   of   m o l t e n   m e t a l .  

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

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

open   t op   of  a  c o o l e d   c o p p e r   m o u l d   and  t h e   m e t a l   e m e r g e s  
f r o m   t h e   b o t t o m   of   t he   mou ld   as  a  c o n t i n u o u s   s t r a n d ,  

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

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

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

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

i t   h a s   b e e n   p r o p o s e d   to  s t i r   t h e   m e t a l   and  one  way  i n  

w h i c h   s t i r r i n g   has   b e e n   e f f e c t e d   i s   to   g e n e r a t e  

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

In   B r i t i s h   P a t e n t s   Nos .   2 0 7 7 * 6 1   t  2 0 7 9 1 9 5   and   2 0 7 9 1 9 6  

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

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

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

s p a c e d   a r o u n d   t he   a x i s   of  t h e   m o u l d   and   s p a c e d   a b o v e  
t h e   u p p e r   end  of  t he   m o u l d .   In   t h i s   way  a  m a g n e t i c  
f i e l d   i s   p r o d u c e d   w h i c h   r o t a t e s   a b o u t   t h e   v e r t i c a l   a x i s  

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

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

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

I t   ha s   a l s o   b e e n   p r o p o s e d   to  p r o v i d e   a  b e l o w   m o u l d  

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

or   l i n e a r   movemen t   of   t h e   m o l t e n   m e t a l   i n   t h e   s t r a n d  

as  i t   e m e r g e s   f rom  t he   m o u l d .  

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

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

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

to  w h i c h   i t   i s   to  be  f i t t e d   and"  i t   i s   d i f f i c u l t   t o  

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

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

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

e v e n t   of   l e a k a g e s .  

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

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

A c c o r d i n g   to  one  a s p e c t   t he   i n v e n t i o n   p r o v i d e s   a  

m e t h o d   of   s t i r r i n g   m o l t e n   m e t a l   in   an  o p e n - t o p p e d  
nould  characterised  by  the  steps  of  pouring  molten  netal  into  the 

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

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

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

m o l t e n   m e t a l   as  i t   p a s s e s   d o w n w a r d l y   o u t   of  t he   l o w e r  

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

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

t h e   m o l t e n   m e t a l   by  p l a c i n g   i n d u c t i o n   a p p a r a t u s  
a b o u t   t h e   6 t r a n d   a d j a c e n t   t h e   l o w e r   end  of  the   m o u l d ,  
t h e   i n d u c t i o n   a p p a r a t u s   b e i n g   a r r a n g e d   to  p r o d u c e   a  

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

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

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

m e t a l   u p w a r d s   and  d o w n w a r d s   f rom  t h e   l e v e l   of  t h e  

a p p a r a t u s   . 

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

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

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

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

m a t e r i a l   l o c a t e d   a r o u n d   t h e   v e r t i c a l   a x i s   of  the   m o u l d ,  
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he  l o o p s   b e i n g   c o u p l e d   to  t h e   p h a s e s   01  a  m u j . x i - p n & B M  

. l t e r n a t i n g   c u r r e n t   s u p p l y   so  t h a t   t h e   c u r r e n t s   p a s s i n g  

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

' o t a t e s   a b o u t   t he   v e r t i c a l   a x i s   of   t he   m o u l d ,   t h e  

.oops   b e i n g   p o s i t i o n e d   b e l o w   the   l o w e r   end  of  t he   m o u l d  

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

n o u l d .  

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

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

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

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

c o i l   r a d i a l l y   o u t w a r d l y   l o c a t e d   r e l a t i v e   to  t he   i n n e r  

p o r t i o n   and  to   t h e   v e r t i c a l   a x i s   of  t he   m o u l d .  

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

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

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

of   t he   m u l t i - p h a s e   s u p p l y .  

In   one  a r r a n g e m e n t   t h e   l o o p s   a r e   of   n o n - f e r r o m a g n e t i c  

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

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

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

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

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

The  common  p o l e   p i e c e   member   may  be  f o r m e d   a s  

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

f rom  e a c h   o t h e r .  

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

f o l l o w i n g   d e s c r i p t i o n   o f   an  e m b o d i m e n t   o f   t he   i n v e n t i o n  

g i v e n   by  way  of   e x a m p l e   o n l y   and  wit:.i  r e f e r e n c e   to  t h e  

d r a w i n g s ,   i n   w h i c h   t 



4  -  

i g .   1  i s   a  d i a g r a m m a t i c   v e r x i c a i   b e c n u i i   oxu-uugu.  ~ 

r i o r   a r t   s t i r r i n g   a r r a n g e m e n t ,  

i g .   2  i s   a  d i a g r a m m a t i c   v e r t i c a l   s e c t i o n   t h r o u g h   a  

t i r r i n g   a r r a n g e m e n t   a c c o r d i n g   to  t h e   i n v e n t i o n ,  

' i g .   3  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  o n e  

r e r s i o n   of  t h e   s t i r r i n g   a r r a n g e m e n t   of   F i g .   2 ,  

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

)f  t he   s t i r r i n g   a r r a n g e m e n t   of   F i g .   2 ,  

r i g .   5  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a  p o l e  

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

r i g s .   3  and  h ,  

F ig .   6  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of   a n o t h e r  

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

F i g .   7  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a  f u r t h e r  

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

F i g .   8  i s   a  d i a g r a m m a t i c   p l a n   v i e w   of   a  f u r t h e r   s t i r r i n g  

a r r a n g e m e n t   , 

F i g s .   9  and  10  a r e   d i a g r a m m a t i c   p l a n   v i e w s   s h o w i n g   t w o  

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

h  and  F i g .   8 ,  

F i g .   11  i s   a  d i a g r a m m a t i c   p l a n   v i e w   of   a  s t i r r e r   f o r  

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

F i g .   12  i s   a  d i a g r a m m a t i c   p l a n   v i e w   of   a  s t i r r e r   f o r   a  

s l a b   m o u l d .  
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lef   e r r i n g   to  t he   d r a w i n g s ,   F i g .   l  snows  a  Known  s t i r r e r  

ror  s t i r r i n g   m o l t e n   m e t a l   in   a  m o u l d .   The  m o u l d   1 0  

Ls  of   a  known  k i n d   h a v i n g   an  open  top   i n t o   w h i c h  

n o l t e n   m e t a l   i s   p o u r e d   f rom  a  p o u r e r   11.  The  m o u l d  

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

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

n o l t e n   m e t a l   s o l i d i f i e s   a t   t he   w a l l s   of   t he   m o u l d   a s  

i t   moves   d o w n w a r d l y   in   t h e   mou ld   so  as  to  f o r m   a  t h i n  

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

t h e   s t i l l   m o l t e n   m e t a l   as  i t   e m e r g e s   f rom  t h e   l o w e r  

end  of  t h e   m o u l d   as  a  s t r a n d   1 2 .  

A f t e r   e m e r g e n c e   of   t h e   s t r a n d   12  i t   i s   f u r t h e r   c o o l e d  

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

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

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

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

s t i r   t he   m o l t e n   m e t a l   by  g e n e r a t i n g   an  e l e c t r o -  

m a g n e t i c a l l y -   i n d u c e d   m a g n e t i c   f i e l d   in   t h e   m e t a l .   I t  

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

f i e l d s   a t   t he   u p p e r   end  of   t he   mou ld   and  b e l o w   t h e  

l o w e r   end  of   t h e   m o u l d   as  shown  a t   13  and  Ik  i n   F i g .   1 .  

C o n v e n t i o n a l l y   t he   i n d u c t i o n   means   13  a t   t h e   u p p e r   e n d  

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

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

lh  b e l o w   t h e   l o w e r   end  of   t h e   mou ld   i n d u c e s   a  l i n e a r  

s t i r r i n g   a c t i o n   in   t h e   up  and  down  d i r e c t i o n ,   a s  

i n d i c a t e d   by  a r r o w s   15  and  16  r e s p e c t i v e l y   in   F i g .   1 .  

Not  o n l y   h a s   i t   b e e n   f o u n d   n e c e s s a r y   to  p r o v i d e   t w o  

s p a c e d   s t i r r i n g   means   to  o b t a i n   a d e q u a t e   s t i r r i n g  

b u t   t h e   means   13  a t   t h e   u p p e r   end  of  t he   m o u l d   must   b e  

c o n s t r u c t e d   to  f i t   a  s p e c i f i c   mou ld   c o n f i g u r a t i o n .  

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

w i d e l y   u s a b l e   i s   d i f f i c u l t   to  a c h i e v e .   M o r e o v e r  

the   s t i r r e r   i s   l o c a t e d   r e l a t i v e   to  the   mou ld   in   a  

p o s i t i o n   in   w h i c h   i t   i s   more   l i k e l y   to  i n t e r f e r e  

K i t h   o p e r a t i o n   of  t he   m o u l d .  

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

l o c a t e d   a b o v e   t h e   mou ld   in   o r d e r   to  a c h i e v e   a d e q u a t e  

s t i r r i n g   in   t h e   u p p e r   r e g i o n   and  to  o v e r c o m e   p r o b l e m s  

due  to  the   p r e s e n c e   of  t he   c o p p e r   mould   w i t h   i t s  

h i g h   e l e c t r i c a l   c o n d u c t i v i t y .   In  t he   a b o v e - m e n t i o n e d  

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

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

p e n e t r a t e s   down  i n t o   t he   m o u l d   i s   p r o v i d e d *   H o w e v e r  

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

m e t a l   to  a  l i m i t e d   e x t e n t   and   a  b e l o w   mou ld   s t i r r e r   i s  

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

m e t a l   i s   to  be  a c h i e v e d .  

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

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

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

a  s t i r r i n g   a c t i o n   can  be  a c h i e v e d   w h i c h   s t i r s   the   b o d y  

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

r e q u i r e m e n t   f o r   a  s t i r r e r   a t   a  h i g h e r   l e v e l .  

R e f e r r i n g   to  F i g .   2  a  s t i r r e r   20  i s   p r o v i d e d   a t   t h e  

l o w e r   end  of  t he   m o u l d   10  and  a r o u n d   t he   s t r a n d   1 2  

e m e r g i n g   f rom  t he   m o u l d .   When  t he   s t i r r e r   20  i s   o f  

the   k i n d   g e n e r a t i n g   a  m a g n e t i c   f i e l d   r o t a t i n g   a b o u t   t h e  

v e r t i c a l   a x i s   of   t h e   mou ld   m o v e m e n t   of  t he   m o l t e n   m e t a l  

i s   g e n e r a t e d   up  i n t o   t he   m o u l d   and  down  i n t o   t he   s t r a n d  

b e l o v   the   s t i r r e r   20.  Such  movemen t   i s   i n d i c a t e d   b y  

t he   a r r o w s   in   F i g .   2.  Thus   a  r o t a r y   movemen t   21  i s  

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



-  7  -  

0 2 2 8 8 2 7  

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

up  and  down  m o v e m e n t   a b o v e   and  b e l o w   t he   s t i r r e r   a s  

i n d i c a t e d   a t   22  and  23.  Such  up  and  down  m o v e m e n t  

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

a x i s   t o w a r d s   t h e   u p p e r   end  of   t h e   mou ld   a t   2^  and  a t   a  

l o w e r   p a r t   of  t h e   s t r a n d   12  a t   25a .   I t   h a s   b e e n   f o u n d  

t h a t   by  t h i s   m e a n s   s t i r r i n g   m o v e m e n t   of   t he   m o l t e n  

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

t e n   t i m e s   t he   w i d t h   of  t he   s t r a n d   can  be  i n d u c e d .  

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

m o l t e n   m e t a l   a b o u t   a  v e r t i c a l   a x i s   has   a l r e a d y   b e e n  

t a u g h t   i n ,   f o r   e x a m p l e ,   B r i t i s h   P a t e n t   No.  2 0 7 9 1 9 5 ,  
and  t h i s   t e a c h i n g   can  be  a p p l i e d   in   t he   p r e s e n t  

i n v e n t i o n ,   b u t   o t h e r   means   can   a l s o   be  u s e d .  

I t   i s   p r e f e r r e d   t h a t   t h r e e   o r   more   l o o p s   of   e l e c t r i c a l l y -  
c o n d u c t i v e   m a t e r i a l   a r e   l o c a t e d   a r o u n d   t h e   s t r a n d   1 2  

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

w h i c h   l i e s   a d j a c e n t   t h e   s t r a n d .   Each   of   t h e   l o o p s  

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

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

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

i s   p r o d u c e d   r o t a t i n g   a b o u t   an  a x i s   p a s s i n g   b e t w e e n   t h e  

c o n d u c t i v e   e l e m e n t s .  

R e f e r r i n g   to  F i g .   3  l o o p s   25  can   be  a r r a n g e d ,   as  s h o w n ,  

i m m e d i a t e l y   b e l o w   t he   end  of  t h e   mou ld   10  and  a r o u n d   t h e  

s t r a n d   12.  The  l o o p s   25  a r e ,   in   t h i s   c a s e ,   f o u r   i n  

n u m b e r   and  a r e   a s s o c i a t e d   w i t h   a  s q u a r e   c r o s s - s e c t i o n  

m o u l d   10.  E a c h   l o o p   i s   made  of   n o n - f e r r o m a g n e t i c  
m a t e r i a l   w i t h   an  i n n e r   l o o p   e l e m e n t   26,  and  an  o u t e r  

l o o p   e l e m e n t   27.  The  i n n e r   and  o u t e r   e l e m e n t s   a r e  

i n t e r c o n n e c t e d   w i t h   one  a n o t h e r   by  i n t e r m e d i a t e  

e l e m e n t s   28  w h i c h   a r e   common  to  two  l o o p s   25.  In   F i g .   3  
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t h e   e n e r g i s i n g   c o i l s   a r e   o m i t t e d   b u t ,   in   t h i s  

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

t he   i n t e r m e d i a t e   e l e m e n t s   2 8 .  

The  i n n e r   and  o u t e r   e l e m e n t s   26  and  27  a r e   f o r m e d   a s  

c o n t i n u o u s   m e m b e r s   and  t h e   i n n e r   e l e m e n t s   26  a r e  

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

to  be  d e s c r i b e d ,   to  p r o v i d e   a  low  r e l u c t a n c e   f l u x  

p a t h ,   in   known  m a n n e r .  

R e f e r r i n g   now  to  F i g .   k  an  a l t e r n a t i v e   fo rm  of   s t i r r e r  

i s   shown  w h i c h ,   u n l i k e   t h a t   of   F i g .   3>  i s   c a p a b l e   o f  

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

( n o t   shown)   . 

The  s t i r r e r   i n c l u d e s   f o u r   l o o p s   25A,  25B,  25C  and   25D 

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

e l e m e n t   26A  and  an  o u t e r   l o o p   e l e m e n t   27A,  t h e   l o o p  
e l e m e n t s   26A  and  27A  b e i n g   j o i n e d   a t   t h e i r   e n d s   b y  

i n t e r m e d i a t e   l o o p   e l e m e n t s   28A  and  28B  to  f o r m  

i n d i v i d u a l   c l o s e d   l o o p s .  

In   t h i s   c a s e   e n e r g i s i n g   o r   t r a n s f o r m e r   c o i l s   29  a r e  

a s s o c i a t e d   w i t h   t he   o u t e r   l o o p   e l e m e n t s   27A.  Vhen  i n   a n  

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

i n t e r m e d i a t e   l o o p   e l e m e n t s   28A  and  28B  of  a d j a c e n t  

l o o p s   c l o s e l y   a d j a c e n t   one  a n o t h e r   b u t   due  to  t h e   l o o p s  

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

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

t h e   e v e n t   o f ,   f o r   e x a m p l e ,   a  b r e a k   ou t   f rom  t h e  

s t r a n d   12  and  f o r   i n s t a l l a t i o n   and  m a i n t e n a n c e   p u r p o s e s .  

F i g .   5  shows  an  a r r a n g e m e n t   of   p o l e   p i e c e s   w h i c h   may  b e  

u s e d   w i t h   t he   s t i r r e r   p a r t s   of   F i g s .   3  and  4.  T h e  

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

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

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

30  i s   l o c a t e d   a  d i s c r e t e   p o l e   p i e c e   e l e m e n t   31,  t h e  

e l e m e n t s   31  c o n c e n t r a t i n g   t h e   m a g n e t i c   f i e l d   to  c a u s e  
i t   to  p e n e t r a t e   i n t o   t he   s t r a n d .  

F i g .   6  shows  an  a l t e r n a t i v e   p o l e   p i e c e   a r r a n g e m e n t   i n  
w h i c h   a  c o n t i n u o u s   p o l e   p i e c e   member   30  i s   p r o v i d e d  
w h i c h   i s   c o n v e n i e n t l y   a t t a c h e d   d i r e c t l y   to  t h e  

l o w e r   end  of  t he   mou ld   10  ( n o t   s h o w n )   .  The  p o l e  

p i e c e   e l e m e n t s   31  a r e ,   in   t h i s   c a s e ,   a t t a c h e d   to  t h e  
i n n e r   e l e m e n t s   26A  of   s e p a r a b l e   l o o p s   32  ( o n l y   t w o  
of  w h i c h   a r e   shown)   s i m i l a r   to  t h o s e   of   F i g .   k  w h e r e b y  
t h e   l o o p s   32,  t o g e t h e r   w i t h   t h e   e l e m e n t s   31,  a r e  
m o v a b l e   t o w a r d s   and  away  f r o m   t h e   s t r a n d   ( n o t   s h o w n ) .  

As  a  f u r t h e r   a l t e r n a t i v e   to  t h e   p o l e   p i e c e   a r r a n g e m e n t  
of   F i g s ,   5  and   6  t h e   c o n t i n u o u s   p o l e   p i e c e   member   3 0  

may  be  r e p l a c e d   by  f o u r   s e p a r a b l e   m e m b e r s   3k  o n e  
a s s o c i a t e d   w i t h   and  c o n n e c t e d   to  e a c h   a s s o c i a t e d   l o o p  
member   32,  as  shown  iti  F i g .   7.  The  members   3k  a r e  
o b l i q u e l y   a n g l e d   a t   t h e i r   e n d s   so  t h a t   when  the   l o o p s  
32  and ,   h e n c e ,   t h e   m e m b e r s   3^  a r e   moved  to  a n  

o p e r a t i o n a l   p o s i t i o n   a d j a c e n t   t h e   s t r a n d ,   i . e .   i n  
t he   d i r e c t i o n   of  a r r o w s   X,  t h e   e n d s   come  i n t o   c l o s e  

p r o x i m i t y   to  one  a n o t h e r   to  p r o v i d e   a  s u b s t a n t i a l l y  
c o n t i n u o u s   f l u x   p a t h .   E a c h   of   t he   members   3 k  
c a r r i e s   a  d i s c r e t e   p o l e   p i e c e   e l e m e n t   3 5 .  

As  a  s t i l l   f u r t h e r   p o l e   p i e c e   a r r a n g e m e n t   ( F i g .   8 )  

b r i d g i n g   p o l e   p i e c e   m e m b e r s   37,   one  a t   e a c h   c o r n e r   o f  
t h e   s t r a n d   12,  can  be  u s e d .   E a c h   of   t he   l o o p s   3 2  
c a r r i e s   a  p o l e   p i e c e   e l e m e n t   38  w h i c h   t o g e t h e r   w i t h  
t h e   b r i d g i n g   member s   37  d e f i n e   a  s u b s t a n t i a l l y  
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c o n t i n u o u s   f l u x   pa th ,   a r o u n d   t he   s t r a n d   when  in   a n  

o p e r a t i v e   p o s i t i o n .   In   t h i s   way  by  s e l e c t i n g  

d i f f e r e n t   s i z e s   f o r   t h e   b r i d g i n g   member s   37  t h e  

l o o p s   32  can  be  a d a p t e d   to  d i f f e r e n t   s i z e s   of   s t r a n d   1 2 .  

A l t e r n a t i v e l y   t h e   b r i d g i n g   m e m b e r s   37  can  o v e r l a p   t h e  

l o o p s   32  to  a c c o m m o d a t e   d i f f e r e n t   s i z e s .  

In   t h e   a r r a n g e m e n t   of   s e p a r a b l e   l o o p s   25A,  25B,  25C  a n d  

25D  of   F i g .   k  and  t h e   l o o p s   32  of  F i g s .   6,  7  and  8  

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

t r a n s f o r m e r s   29  to  g e n e r a t e   a  m a g n e t i c   f i e l d   w h i c h  

r o t a t e s   a b o u t   t h e   v e r t i c a l   a x i s   of   t he   s t r a n d   12.  To  

a c h i e v e   t h i s   the   c o i l s   29  a r e   c o n n e c t e d   to  a  m u l t i -  

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

a r e   a s s o c i a t e d   w i t h   d i f f e r e n t   p h a s e s .   In  t h i s   way  t h e  

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

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

p l a n e   of  t he   l o o p s .  

F i g .   9  shows  one  a r r a n g e m e n t   of   t h e   p h a s e s   in   t h e   l o o p s ,  

A  two  p h a s e   s u p p l y   i s   u s e d   f o r   t h e   f o u r   l o o p s   32A,  3 2 B ,  

32C  and  32D.  The  p h a s e s   of   o p p o s i t e   l o o p s   32A,  32C 

and   32B,  32D  a r e   e q u a l   and  o p p o s i t e   a t   any  one  i n s t a n t  

and   one  p a i r   of   o p p o s i t e   l o o p s   i s   of  d i f f e r e n t   p h a s e  

to  t h e   o t h e r   p a i r   o f   o p p o s i t e   l o o p s .  

T h i s   a r r a n g e m e n t   i s   e l e c t r i c a l l y   s i m p l e   b u t   t h e  

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

b e t w e e n   the   l o o p s   and  r e l a t i v e l y   l a r g e - s e c t i o n   c o p p e r  

b a r s   a r e   r e q u i r e d .  

In   t h e   F i g .   10  a r r a n g e m e n t   t h e   l o o p s   e a c h   h a v e   t w o  

e n e r g i s i n g   c o i l s   29,  29A  a s s o c i a t e d   w i t h   the   l o o p s   s o  

t h a t   the   c u r r e n t   i s   more   e q u a l l y   s h a r e d .   Thus   c o i l s   o f  

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

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

l o o p s   can  be  r e d u c e d   c o m p a r e d   w i t h   the   F i g .   9 

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

The  a r r a n g e m e n t s   d e s c r i b e d   can  be  u sed   f o r   r o u n d   m o u l d s  

p r o d u c i n g   a  r o u n d   f i t r a n d   1 2 " ,   as  shown  in  F i g .   1 1 ,  

S l a b   m o u l d s   p r o d u c i n g   a  s t r a n d   12"  h a v i n g   an  e l o n g a t e  

r e c t a n g u l a r   s h a p e ,   as  shown  in   F i g .   12,  can  a l s o   u s e  

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

a r r a n g e d   a l o n g   o p p o s i t e   s i d e s   of   the   s t r a n d   12" .   As  

i l l u s t r a t e d   t h r e e   l o o p s   h0t  Ul  a r e   a r r a n g e d   a l o n g   e a c h  

s i d e   of  t he   s t r a n d   12"  and  a  t h r e e   p h a s e   s u p p l y   i s  

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

The  s t i r r e r s   d e s c r i b e d   have   t he   a d v a n t a g e   o f   e f f e c t i n g  

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

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

l o o p s   a r e   u s e d ,   t h e   s t i r r e r   n e e d   no t   be  i n d i v i d u a l l y  

c o n s t r u c t e d   f o r   e a c h   mou ld   c o n f i g u r a t i o n .   M o r e o v e r  

t he   s t i r r e r   may  be  f i t t e d   to  an  e x i s t i n g   mou ld   w i t h o u t  

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

B e i n g   s i t u a t e d   b e l o w   t he   mou ld   the   s t i r r e r   i s   n o t  

s u b j e c t e d   to  t h e   same  p r o b l e m s   as  a b o v e - m o u l d   s t i r r e r s  

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

a d j a c e n t   t he   s t r a n d   in   t h e   e v e n t   o f ,   f o r   e x a m p l e ,  

a  b r e a k   ou t   of   m o l t e n   m e t a l   f rom  the   s t r a n d .  

The  s t r a n d   as  i t   e m e r g e s   f rom  the   mould   has   a  t h i n  

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

and  a  low  p e r m e a b i l i t y   a t   t he   t e m p e r a t u r e s   i n v o l v e d ,  

so  t h a t   t he   m a g n e t i c   f i e l d   i s   e a s i l y   a b l e   to  p e n e t r a t e  

t he   s k i n   i n t o   t h e   m o l t e n   m e t a l   in   t h i s   r e g i o n .  

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

m e t a l   and  d o e s   n o t   h a v e   to  f r i n g e   down  i n t o   t he   m e t a l  
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as   w i t h   a b o v e - m o u l d   s t i r r e r s .   Thus   t h e   c u r r e n t  

r e q u i r e d   in   t h e   c o n d u c t i n g   l o o p s   may  be  r e d u c e d   c o m p a r e d  
w i t h   a b o v e - m o u l d   s t i r r e r s   or  s t i r r e r s   in   w h i c h   t he   f l u x  
h a s   to  p e n e t r a t e   t h e   c o p p e r   w a l l   of  t h e   m o u l d .  

5  The  l o o p s   r e q u i r e   to  be  c o o l e d   d u r i n g   u s e   and  w a t e r  

o r   o i l   c o o l a n t   i s   p a s s e d   t h r o u g h   c h a n n e l s   in   t he   l o o p s  
or   t h r o u g h   p i p e s   s e c u r e d   to  t h e   l o o p s   ( n e i t h e r   of  w h i c h  
i s   s h o w n ) .  

i n e   c o i l s   may  be  h o u s e d   xn  s t a x n l e s s   s t e e l   b o x e s  
( n o t   shown)   i n s u l a t e d   f rom  t h e   l o o p s   and  c o o l a n t   may  b e  

p a s s e d   t h r o u g h   t h e   b o x e s   to  c o o l   t h e   c o i l s .  
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1.  A  method  of  stirring  molten  metal  in  an  open-topped  mould  (10), 

charac ter i sed   by  the  steps  of  pouring  molten  metal  into  the  top  of  the  mould 

(10),  cooling  the  metal  as  it  passes  through  the  mould  (10)  so  that  a  skin  of 

solidified  metal  is  formed  at  the  walls  of  the  mould  (10)  and  contains  the  

5  molten  metal  as  it  passes  downwardly  out  of  the  lower  end  of  the  mould  as  a 

strand  (12)  containing  molten  metal,  and  e lec t romagnet ica l ly   inducing  a 

magnetic  field  in  the  molten  metal  by  placing  induction  apparatus  (20,  25) 

about  the  strand  (12)  adjacent  the  lower  end  of  the  mould  (10),  the  induct ion 

apparatus  (20,25)  being  arranged  to  produce  a  magnetic  field  (21,25a) 

10  which  rotates  about  a  vertical  axis  in  said  strand  and  the  rotary  stirring  of 

the  molten  metal  being  arranged  to  induce  motion  (23)  of  the  molten  me ta l  

upwards  and  downwards  from  the  level  of  the  appa ra tu s .  

2.  Apparatus  for  stirring  molten  metal  according  to  the  method  of  c la im 

15  1,  character ised  by  comprising  an  e lec t romagne t ic   t ransducer  formed  of 

three  or  more  closed  loops  (25,32,40,41)  of  e lectr ical ly   conductive  ma t e r i a l  

located  around  the  vertical  axis  of  the  mould  (10),  the  loops  (25,32,40,41) 

being  coupled  to  the  phases  of  a  multi-phase  a l ternat ing  current  supply  so 

that  the  currents  passing  through  the  loops  (25,32,40.41)  will  produce  a 

20  magnetic  field  which  rotates  about  the  vertical  axis  of  the  mould  (10),  t he  

loops  (25,32,40,41)  being  positioned  below  the  lower  end  of  the  mould  (10)  to 

locate  around  the  strand  (12)  of  metal  emerging  from  the  mould  (10). 

3.  Apparatus  according  to  claim  2,  wherein  the  loops  (25A,  25B,  25C, 

25  25D)  are  constructed  as  individual  units  separable  from  one  another,  each  

loop  (25A,  25B,  25C,  25D)  including  an  inner  portion  (26A)  carrying  an 

electric  current  derived  from  a  t ransformer   portion  including  and  energising 

coil  (29)  radially  outwardly  located  relative  to  the  inner  portion  (26A)  and  to 

the  vertical  axis  of  the  mould  (10). 

30 

4.  Apparatus  according  to  claim  3,  wherein  each  loop  (25A,  25B,  25C, 

25D)  has  a  t ransformer  portion  which  carries  at  least  one  energising  coil 

(29),  different  loops  having  an  energising  coil  connected  to  different  phases  

of  the  multi-phase  supply. 
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5.  Apparatus  according  to  any  one  of  claims  2,  3  and  4  wherein  the  loops 

(25,  32,  40,  41)  are  of  non-ferromagnet ic   material   and  the  loops  a r e  
associated  with  fe r romagnet ic   pole  piece  means  (30),  the  pole  piece  means  

including  a  common  pole  piece  member  (30)  for  providing  a  continuous  f lux 

5  path  around  the  strand  and  individual  pole  members  (31)  associated  with  each  

loop. 

6.  Apparatus  according  to  claim  5,  wherein  the  common  pole  p iece  
member  (30)  is  formed  as  elements  (34)  one  associated  with  each  loop  (32) 

10  and  separable  from  each  o the r .  

7.  Apparatus  according  to  claim  6,  wherein  the  common  pole  p iece  
member  (30)  includes  separable  elements  (38)  associated  with  bridging  pole 

piece  e lements   (37)  between  the  separable  elements  (38)  whereby  a 
15  substantially  continuous  flux  path  is  provided  through  the  separable  e l e m e n t s  

(38)  and  the  bridging  elements  (37). 

8.  Apparatus  according  to  claim  6  or  claim  7,  wherein  each  s epa rab le  
element  (38)  is  associated  with  a  separable  loop  unit  (32). 

20 

9.  Apparatus  according  to  any  one  of  claims  2  to  8,  wherein  each  loop 

(32A,  32B,  32C,  32D)  has  a  t ransformer   portion  with  two  energising  coils  (29, 

29A)  each  connected  to  a  different  phase  of  a l ternat ing  current,  the  phase 
of  one  coil  of  one  loop  being  the  same  as  the  phase  of  one  coil  of  an  ad j acen t  

25  loop. 

10.  Apparatus  according  to  any  one  of  claims  2  to  9,  wherein  the  mould 

(10)  is  of  elongate  rec tangular   section  and  the  closed  loops  (40,  41)  a r e  

arranged  along  the  longer  sides  of  the  mould  (10)  and  at  opposite  sides 

30  t h e r e o f .  
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