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(54)  Metallurgical  container. 
@  Metallurgical  container,  such  as  a  ladle,  tundish,  casting 
box  or  furnace,  provided  with  a  heating  device  comprising  an 
inductive  heating  means.  According  to  the  invention  said 
heating  device  (2)  consists  of  a  tube-like  portion  connected  or 
connectable  to  the  bottom  or  the  lower  portion  of  the  side 
walls  of  the  container.  At  least  one  valve  (4),  such  as  a  sliding 

valve,  is  connected  to  the  tube-like  portion,  and  by  means  of 
an  inductive  heating  coil  (3)  and/or  an  electromagnetic  stirrer 
arranged  in  or  around  said  tube-like  portion  the  melt  in  the 
heating  device  can  be  subjected  to  stirring.  The  tube-like  por- 
tion  is  preferably  formed  as  an  outlet  part  (2)  of  the  container. 
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ASEA  AB 
S - 7 2 1   83  V a s t e r a s   /  S w e d e n  

M e t a l l u r g i c a l   c o n t a i n e r  

The  i n v e n t i o n   r e l a t e s   to   a  m e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g  

t o   t h e   p r e c h a r a c t e r i s i n g   p a r t   of  c l a i m   1  .  S u c h   a  c o n t a i n e r  

c a n   be  a  l a d l e ,   t u n d i s h ,   c a s t i n g   box  o r   f u r n a c e .  

5  In  h o r i z o n t a l   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   and  a l s o   in   o t h e r  

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

so  as  to   be  c o n n e c t e d   to   one  s i d e   of  t h e   c a s t i n g   b o x .   In  o r -  
d e r   to   be  a b l e   r a p i d l y   t o   e x c h a n g e   m o u l d s   in   t h e   e v e n t   of  a  

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

10  and   t h e   c a s t i n g   box  and   i s   n o r m a l l y   f i x e d   t o   t h e   c a s t i n g  
b o x .   One  p r o b l e m   in   t h i s   c o n n e c t i o n   i s   t h a t   u p o n   s t a r t - u p  

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

m e t a l   s o l i d i f i e s   in   f r o n t   of  t h e   s l i d i n g   v a l v e ,   among  o t h e r  

t h i n g s   b e c a u s e   of  h e a v y   h e a t   l o s s e s   to   t h e   l i n i n g ,   w h i c h  

1  5  m a k e s   i t   i m p o s s i b l e   t o   s t a r t   up  or  r e s t a r t   t h e   c a s t i n g   p r o -  
c e s s .  

The  c a s t i n g   box  may  s o m e t i m e s   be  f o r m e d   as   a  c r u c i b l e   f u r -  

n a c e   w i t h   t h e   l o w e r m o s t   c o i l   t u r n s   l o c a t e d   b e l o w   t h e   o u t l e t .  
20  H o w e v e r ,   a l s o   in   s u c h   a  d e s i g n   t h e r e   i s   a  r i s k   of  f r e e z i n g  

a t   t h e   end  o f   t h e   o u t l e t .  

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

30  
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o f   C l a i m   1  ,  w h i c h   i s   c h a r a c t e r i z e d   by  t h e   f e a t u r e s   of   t h e  

c h a r a c t e r i z i n g   p a r t   of   C l a i m   1  . 

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

I n   o t h e r   w o r d s ,   t h e   h e a t i n g   d e v i c e   i s   e x t e n d e d   to   s u c h   a n  

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

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

)  " t a i l " ,   t h u s   a r i s i n g .   T h u s ,   t h e   m o l t e n   m e t a l   can   be  h e a t e d ,  
a n d   u s u a l l y   s t i r r e d ,   i n   t h e   o u t l e t   p a r t   to   p r e v e n t   f r e e z i n g  
t h e r e i n .  

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

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

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

h e a t i n g   d e v i c e   and   t h e   c o n t a i n e r .  

) 

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

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

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

o u t l e t   p a r t   of   t h e   c o n t a i n e r .  

j 

T h e   o u t l e t   p a r t   may  be  v e r t i c a l ,   e x t e n d i n g   f r o m   t h e   b o t t o m  

o f   t h e   c o n t a i n e r ,   o r   h o r i z o n t a l ,   o r   i n c l i n e d ,   e x t e n d i n g   f r o m  
t h e   l o w e r   p a r t   o f   t h e   l a d l e .  

}  T h e   a d v a n t a g e s   o f   t h e   s u b j e c t - m a t t e r   of   t h e   i n v e n t i o n   c a n   b e  
s u m m a r i z e d   a s   f o l l o w s :  

1  )  The   m o l t e n   m e t a l   in   t h e   o u t l e t   p a r t   and   n e a r   t h e   s l i d i n g  

v a l v e   i s   p r e v e n t e d   f r o m   s o l i d i f y i n g   ( f r e e z i n g )   i n   t h e  
5  c a s e   of   a  s h u t d o w n   of   t h e   c a s t i n g   o p e r a t i o n ,   f o r   e x a m p l e  

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

> 
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2)  The  p o s s i b i l i t y   of   s e i f - c i r c u l a t i o n   up  to   and   i n t o   t h e  

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

3  )  I t   c o m p e n s a t e s   f o r   t e m p e r a t u r e   d r o p s   in   t h e   c a s e   of  l o n g  
5  c a s t i n g   t i m e s .  

4)  The  b o t t o m   p o r t i o n   of  t h e   c o n t a i n e r   can   be  f o r m e d   so  a s  
t o   be  c o m p l e t e l y   e m p t i e d   a f t e r   c o m p l e t e d   c a s t i n g ;   n o  
v a l u a b l e   r e s i d u e s   w i l l   r e m a i n .  

1 0  

5)  The  l e v e l   of  t h e   b a t h   s u r f a c e   c an   be  l o w e r e d ,   f o r   e x a m p l e  
by  r e d u c i n g   t h e   v o l u m e   ( h e i g h t )   of   t h e   c a s i n g   box ,   w h i l e  

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

F i g u r e   1  w h e r e   h  r e p r e s e n t s   t h e   f e r r o s t a t i c   p r e s s u r e )   . 
1 5  

6)  The  p r o p o s e d   h e a t e r ,   as  w e l l   as  t h e   l i n e d   c y l i n d e r ,   i s  

e a s y   t o   d i s m a n t l e   and  r e p l a c e ,   w h i c h   m e a n s   s h o r t   b r e a k -  
downs   . 

20  The  i n c l i n a t i o n   of  t h e   o u t l e t   p a r t   d e f i n e d   by  t h e   a n g l e   a l -  

p h a   in  F i g u r e   1  may  v a r y .   A  d e s i r a b l e   l o c a t i o n   i s   a t   t h e  
b o t t o m   of  c o n v e n t i o n a l   c a s t i n g   l a d l e s   in   o r d e r   to   o b t a i n ,   i n  

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

2 5  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n   g r e a t e r   d e t a i l   w i t h  
r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s   s h o w i n g   -  by  way  o f  
e x a m p l e   -  i n  

30  F i g u r e   1  an  e m b o d i m e n t   of   a  c o n t a i n e r   a c c o r d i n g   to   t h e   i n -  
v e n t i o n   w i t h   an  i n c l i n e d   o u t l e t   p a r t ,  

F i g u r e   2  an  e m b o d i m e n t   of   a  c o n t a i n e r   a c c o r d i n g   to   t h e   i n -  
v e n t i o n   w i t h   a  h o r i z o n t a l   o u t l e t   p a r t ,  

F i g u r e   3  a  f u r t h e r   e m b o d i m e n t   of   t h e   i n v e n t i o n .  
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F i g u r e   1  s h o w s   a  c a s t i n g   c o n t a i n e r   in   t h e   f o r m   of  a  l a d l e ,  

t u n d i s h   o r   f u r n a c e   1  f o r   c o n t i n u o u s   c a s t i n g   w h i c h   i s   p r o -  

v i d e d   w i t h   an  i n c l i n e d   o u t l e t   p a r t   2  c o n n e c t e d   t o   t h e   b o t t o m  

o f   t h e   c o n t a i n e r .   The   a n g l e   of   i n c l i n a t i o n ,   a l p h a ,   may  b e  

5  s e t   o p t i o n a l l y   a t   d i f f e r e n t   v a l u e s ;   h  r e p r e s e n t s   t h e   f e r -  

r o s t a t i c   p r e s s u r e .  

A r o u n d   t h e   o u t l e t   p a r t   2,  w h i c h   i s   t u b u l a r ,   made  of   a  r e -  

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

10  a n d / o r   r a d i a l l y ,   t h e r e   i s   a r r a n g e d   an  i n d u c t i o n   c o i l   3.  T h e  

i n d u c t i o n   c o i l   3  may  a l s o   be  made  i n t e g r a l   w i t h   t h e   t u b u l a r  

o u t l e t   p a r t   2.  The   r e i n f o r c e m e n t   of   t h e   o u t l e t   p a r t   2  may  b e  

made   in   a c c o r d a n c e   w i t h   E P - A - 8   5  10  1 1 4 8 . 6 .   T h i s   r e i n f o r c e -  

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

15  p r e s s u r e .  

The   i n c l i n a t i o n   of   t h e   c h a n n e l   w i t h   t h e   h e a t e r ,   i . e .   t h e  

o u t l e t   p a r t   2,  may  v a r y .   I t   i s   c o m b i n e d   w i t h   a  v a l v e ,   f o r  

e x a m p l e   a  s l i d i n g   v a l v e   4.  The   o u t l e t   p a r t   2  a n d   t h e   s l i d i n g  

20  v a l v e   4  a r e   c o n n e c t e d   t o   a  d e v i c e   a c c o r d i n g   to   t h e   S E - A -  

8 5 0 5 5 0 5 - 1   ( E P - A - 8 6   11  5 9 6 9 . 7 ) ,   c o m p r i s i n g   a  h o r i z o n t a l   c a s t -  

i n g   m o u l d   5.  A r o u n d   t h i s   m o u l d   5  t h e r e   i s   a r r a n g e d   a t   l e a s t  

o n e   e l e c t r o m a g n e t i c   s t i r r e r   ( n o t   shown)   d e v e l o p i n g   a t   l e a s t  

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

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

F i g u r e   2  s h o w s   a  c a s t i n g   l a d l e   6  h a v i n g   a  v e r t i c a l   o u t l e t  

p a r t   7.  A l s o   i n   t h i s   c a s e   t h e   l a d l e   may  be  d e s i g n e d   i n   t h e  

same   way  as   a b o v e   ( s e e   F i g u r e   1  )  .  The  o u t l e t   p a r t   i s   f o r m e d  

30  w i t h   a  s u r r o u n d i n g   o r   i n t e g r a l   i n d u c t i o n   c o i l   8  a r o u n d   t h e  

t u b u l a r   b o d y   7  o f   a  r e f r a c t o r y   m a t e r i a l .   The  i n d u c t i o n  

h e a t e r   s h o u l d   n o t   be  m o u n t e d   on  t h e   l a d l e   6  b u t   a t   t h e   c a s t -  

i n g   s t a t i o n   a n d   i n   such-   a  way  t h a t   t h e   " c a s t i n g   t a i l "   o f   t h e  

l a d l e   6,  when   b r o u g h t   i n   p r o p e r   p o s i t i o n   i n   r e l a t i o n   t o   t h e  

35  i n d u c t i o n   h e a t e r ,   a d o p t s   a  c a s t i n g   p o s i t i o n .   H o w e v e r ,   t h e  
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h e a t e r   can   a l s o   be  made  m o v a b l e   and   be  l o c a t e d   a r o u n d   t h e  

" c a s t i n g   t a i l "   a f t e r w a r d s .  

F i g u r e   3  shows   a  f u r t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   i n  

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

d e v i c e   10  and   t h e   l a d l e   or   t u n d i s h   11.  The  h e a t i n g   d e v i c e  

c o m p r i s e s   an  i n d u c t i v e   h e a t i n g   c o i l   1  2  and   an  e l e c t r o m a g -  

n e t i c   s t i r r e r   13  o r   a  c o m b i n e d   h e a t i n g   and   s t i r r i n g   c o i l   1 2 ,  

f e d   f r o m   a  s i n g l e - p h a s e   a n d / o r   a  m u l t i p h a s e   c u r r e n t   s o u r c e .  
10  The  d e v i c e   1 0 , 1 2   i s   t h u s   an  i n d u c t i v e   h e a t e r .   The  s l i d i n g  

v a l v e   9  i s   c o n n e c t e d   to   t h e   l a d l e   or   t u n d i s h   1 1 .  

D u r i n g   h e a t i n g   t h e   s l i d i n g   v a l v e   9  i s   o p e n e d   and   t h e   m e l t   i n  

t h e   l a d l e   i s   c o m m u n i c a t i n g   w i t h   t h e   m e l t   in   t h e   i n d u c t i v e  

15  h e a t e r   10.   The  s t i r r i n g   of  t h e   m e l t   in   t h e   h e a t i n g   d e v i c e ,  

e i t h e r   f r o m   t h e   s t i r r e r   1  3  or   f r o m   t h e   c o m b i n e d   c o i l   1 2 ,  

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

f l o w s   v i a   t h e   s l i d i n g   v a l v e   9  i n t o   t h e   l a d l e   and  v i c e   v e r s a .  

20  The  h e a t e r   i s   c o n n e c t e d   to   t h e   b o t t o m   1  4  or   to   t h e   s i d e   w a l l  

of   t h e   l a d l e   11.   At  t h e   o t h e r   end  of   t h e   h e a t e r   t h e r e   i s   a  

b o t t o m   1  6  o r   a  s e c o n d   s l i d e   v a l v e   16.  T h i s   v a l v e   can   b e  

o p e n e d   f o r   e m p t y i n g   t h e   h e a t e r   a f t e r   a  h e a t i n g   s t e p   or   f o r  

e m p t y i n g   t h e   w h o l e   l a d l e .   The  h e a t e r   10  may  be  made  w i t h   o n e  

25  i n d u c t i v e   h e a t i n g   c o i l   12  and   a  l o o s e   t u b e   l o c a t e d   t h e r e i n .  

T h i s   t u b e   may  be  l a m i n a t e d   f o r   o b t a i n i n g   s t r e n g t h   and   s a t i s -  

f a c t o r y   e l e c t r i c a l   p r o p e r t i e s .  

The  l a m i n a t i o n   imay  be  f o r m e d   w i t h   an  i n n e r   l a y e r ,   w h i c h  

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

and   w i t h   one  or   more   i n t e r m e d i a t e   l a y e r s   f o r   good   t h e r m a l  

i n s u l a t i o n ,   and  an  o u t e r   l a y e r   c o n s i s t i n g   of  t a n g e n t i a l l y  

wound   f i b r e s ,   s u c h   as  g l a s s   f i b r e ,   SIC  f i b r e ,   or   a n o t h e r   f i -  

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

35  

The  h e a t i n g   d e v i c e   1 0 , 1 2   of  F i g u r e   3  i s   r e m o v a b l e .  
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The  a f o r e - d e s c r i b e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   may  be  v a r -  

i e d   i n   many  ways   w i t h i n   t h e   s c o p e   of   t h e   c l a i m s .  
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1.  M e t a l l u r g i c a l   c o n t a i n e r ,   s u c h   as   a  l a d l e ,   t u n d i s h ,   c a s t -  

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

i n g   an  i n d u c t i v e   h e a t i n g   m e a n s ,   c h a r a c t e r i z e d  

in   t h a t   s a i d   h e a t i n g   d e v i c e   (2)   c o n s i s t s   of  a  t u b e - l i k e   p o r -  
t i o n   c o n n e c t e d   o r   c o n n e c t a b l e   t o   t h e   b o t t o m   or   t h e   l o w e r  

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

one   v a l v e   ( 4 , 9 , 1 6 ) ,   s u c h   as  a  s l i d i n g   v a l v e ,   i s   c o n n e c t e d   t o  

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

h e a t i n g   c o i l   ( 3 , 1 2 )   a n d / o r   a t   l e a s t   one   e l e c t r o m a g n e t i c  

i  s t i r r e r   ( 13 )   a r r a n g e d   in   or   a r o u n d   s a i d   t u b e - l i k e   p o r t i o n  

t h e   m e l t   in   t h e   h e a t i n g   d e v i c e ,   a t   l e a s t   c l o s e   to   t h e   v a l v e ,  

c an   be  s u b j e c t e d   t o   s t i r r i n g .  

2.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   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   t u b e -   l i k e   p o r t i o n   i s  

f o r m e d   as   an  o u t l e t   p a r t   ( 2 , 7 )   o f   t h e   c o n t a i n e r .  

3.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   1  o r   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   of  t h e   h e a t i n g   d e v i c e  

3  i s   p o s i t i o n e d   b e t w e e n   t h e   c o n t a i n e r   and  t h e   v a l v e   ( 4 , 1 6 ) .  

4.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   any  of   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   in   t h a t   t h e   t u b e -   l i k e  

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

5.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   any  of   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   in   t h a t   t h e   t u b e - l i k e  

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

6.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   any  of   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   in   t h a t   t h e   t u b e -   l i k e  

p o r t i o n   i s   c o n n e c t e d   w i t h   i t s   one   end  t o   t h e   b o t t o m   or   t o  
5 
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t h e   l o w e r   p a r t   o f   one   of   t h e   s i d e   w a l l s   of   t h e   c o n t a i n e r  
v e r t i c a l l y ,   i n c l i n e d   o r   h o r i z o n t a l l y   and   w i t h   i t s   o t h e r   e n d  
t o   a  c a s t i n g   m a c h i n e .  

5  7.   M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   any.  of.   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 i n   t h a t   .a  v a l v e   (9)  i s  
p o s i t i o n e d   b e t w e e n   t h e   h e a t i n g   d e v i c e   and  t h e   c o n t a i n e r . .  

8.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   7,  c  h  a -  
10  r a c t e r i z e d   i n   t h a t   t h e   h e a t i n g   d e v i c e   i s   r e m o v -  

a b l e   f r o m   t h e   c o n t a i n e r   (11 )   a n d   t h e   v a l v e   ( 9 ) .  

9.  M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   7  o r   8 ,  
c h a r a c t e r i z e d   i n   t h a t   a t   t h e   o u t e r   end   (16)   o f  

15  t h e   h e a t i n g   d e v i c e   t h e r e   i s   a r r a n g e d   a  s e c o n d   v a l v e   ( 1 6 ) ,  
s u c h   as   a  s l i d i n g   v a l v e .  

1 0 .   M e t a l l u r g i c a l   c o n t a i n e r   a c c o r d i n g   to   any   of   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   in   t h a t   t h e   h e a t i n g  

20  d e v i c e   i s   p r o v i d e d   w i t h   a  c o m b i n e d   i n d u c t i v e   h e a t i n g   a n d  
s t i r r i n g   c o i l   ( 1 2 ) ,   f e d   f r o m   a  s i n g l e - p h a s e   o r   m u l t i p h a s e  
c u r r e n t   s o u r c e .  

2 5  

3 0  

3 5  
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