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©  Electromagnetic  rotary  stirring  stator. 
  Electromagnetic  stirring  means  provides  winding  coils 
whose  segments  run  longitudinally  along  the  mould  down 
one  side  and  up  the  other  with  the  phase  relationship  of 
different  coils  providing  the  rotary  field.  The  coils  are 
contained  in  a  water-tight  jacket  (24A -  D,  28A -  D,  20. 22)  to 
avoid  contamination  by  the  mould  coolant  water.  Preferably 
the  winding  segments  are  hollow  to  carry  a  coolant  medium. 



This  i n v e n t i o n   r e l a t e s   to  means  for   p rov id ing   e l e c t r o - m a g n e t i c  

s t i r r i n g   for   a  c o n t i n u o u s   cas t ing  mould   f o r  s t e e l .  

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

for   the  p r o v i s i o n   of  a  magnetic  f ie ld   r o t a t i n g   about   the  p a t h  

of  s t e e l   p a s s i n g   through  and  s o l i d i f y i n g   in  a  c o n t i n u o u s  

c a s t i n g   mould,  the  purpose  of  such  f i e l d   being  to  cause  r o t a t i o n  

of  the  s t e e l   which  i s   s t i l l   l i qu id   in  the  mould .  

U.S.  Pa t en t   A p p l i c a t i o n   s e r i a l   number  130,066,  f i l e d   March  13 

1980  and  i t s   C o n t i n u a t i o n - i n - P a r t   App l i ca t ion   s e r i a l   number 

231,480  f i l e d   February   4, 1981  (now  U.S.  Pa ten t   number  

4 ,454,909  dated  June  19,  1984)  r e l a t ed   to  magne t ic   s t i r r i n g .  

The  s t i r r i n g   a p p a r a t u s   provided  a  p l u r a l i t y   of  c o n d u c t i n g  

segments  runn ing   along  the  s ides   of  the  mould  p a r a l l e l   t o  

the  s t e e l   flow  d i r e c t i o n   t he re th rough .   A  m a g n e t i c a l l y  

permeable  path  ex tended  about  the  mould  and  the  segments   and  was 

s u b s t a n t i a l l y   l o c a t e d   ou t s ide   the  segments.  The  c o n d u c t i n g  

segments  were  e n e r g i z e d   in  pa i rs   of  groups  o f  s u c h   segments,   t h e  

groups  forming  a  p a i r   being  d isposed on   a p p r o x i m a t e l y   o p p o s i t e  

s ides   of  the  mould.  The  groups  from  a  pa i r ,   each  bore  the  same 

angular   d i s p o s i t i o n   about  the  s tee l   flow  d i r e c t i o n   to  r e s p e c t i v e  

groups  of  ano ther   p a i r .   Each  pair  of  the  groups  was  e n e r g i z e d  

in  accord  with  a  phase  of  a l t e r n a t i n g   cu r ren t   and  the  e l e c t r i c a l  

connec t ion   to  the  groups  of  a  pair  was  such  t ha t   c u r r e n t   in  one 

group  was  180°  out  of  phase  wi th   the  cu r ren t   in  the  o t h e r  

group.  The  phase  r e l a t i o n s h i p   between  d i f f e r e n t   p a i r s   of  g r o u p s  

was  chosen  so  t h a t   the  f i e l d   produced  by  the  p a i r s   of  groups  t a k e n  

c o l l e c t i v e l y   was  t r a n s v e r s e   to  the  s t ee l   t r a v e l   d i r e c t i o n   and 

r o t a t e d   about   the  mould  axis  which  is  p a r a l l e l   to  sa id   d i r e c t i o n  

to  produce  a  c o r r e s p o n d i n g   r o t a t i o n   in  the  s t e e l .  

The  above  a r r angemen t   was  very  advantageous.   Since  the  m a g n e t i c  

path  was  o u t s i d e   the  windings  and  no  s a l i e n t   po les   or  t ee th   were  

used,  the  winding  segments  could  be  placed  side  by  s ide   and 



r e l a t i v e l y   c lose  to  the  mould.  The  expense  and  complexi ty   of  t h e  

s a l i e n t   pole  c o n s t r u c t i o n   was  avoided  and  the  proximi ty   of  t h e  

windings   to  the  mould  t o g e t h e r   with  t h e i r   s i d e - b y - s i d e  

a r rangement   along  i t s   s ide   produced  high  f i e l d   va lues .   I t  w a s  

p o s s i b l e   to  get  more  ampere  tu rns   in  the  same  space  than  w i t h  

s a l i e n t   pole  des igns   and  the  cos t   of  the  assembly  was  d e c r e a s e d  

s ince   the  design  was  s i m p l i f i e d .   Some  d i sadvan tages   were  

e n c o u n t e r e d .   Ordinary   w a t e r ,   as  is  customary,   was  supp l i ed   w i t h i n  

a  mould  j a c k e t   to  cocl  the  mould.  Over  a  period  of  time  such  w a t e r  

c o n t a c t e d   the  i n s u l a t i o n   for   the  s t i r r e r   segments  and  e v e n t u a l l y   c a u s e d  

t h e i r   d e t e r i o r a t i o n   and  f a i l u r e .   Such  d e t e r i o r a t i o n   was  h i g h e r  

due  to  e l e c t r o c h e m i c a l   a c t i o n   on  the  conduct ing   segments  and  on  

the  iron  of  the  m a g n e t i c a l l y   permeable   path.  In  a d d i t i o n ,   w h e r e  

s t r a n d e d   wire  was  used  in  the  windings ,   f a i l u r e   occurred  due  t o  

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

of  the  coo l ing   wa te r .   Moreover  the  f a c t   tha t   no  i n d e p e n d e n t  

coo l i ng   was  s u p p l i e d   fo r   the  segmented  windings  placed  a  l i m i t a t i o n  

on  the  c u r r e n t   which  could   be  c a r r i e d   in  a  segment  r e q u i r i n g   a  

r e l a t i v e l y   l a rge   number  of  segments   in  each  group  to  achieve  t h e  

ampere  tu rns   r e q u i r e d .  

This  i n v e n t i o n   p r o v i d e s   magne t i c   s t i r r i n g   equipment  g e n e r a l l y  

along  the  l i n e s   of  the  d i s c u s s i o n   above.  In  one  aspec t   of  t h e  

i n v e n t i o n ,   the  s t i r r i n g   segments ,   are  conta ined   in  a  d i s t i n c t  

s u b s t a n t i a l l y   w a t e r - t i g h t   e n c l o s u r e   p r e f e r a b l y   designed  f o r  

l o c a t i o n   wi th in   e x i s t i n g  j a c k e t s ,   so  t ha t   the  o rd inary   c o o l i n g  

water   for  the  mould  j a c k e t   cannot  con tac t   the  windings  or  t h e i r  

i n s u l a t i o n .   In  t h i s   was,  f a i l u r e   of  the  windings  due  to  t h e  

c o n t a c t   and  I  or  e l e c t r o c h e m i c a l   ac t ion   by  such  o rd ina ry   c o o l i n g  

water   is  avoided.   From  a n o t h e r   po in t   of  view  the  use  of  a  

s e p a r a t e   w a t e r - t i g h t   c o n t a i n e r   for  the  s t i r r e r   segment  avoids  t h e  

n e c e s s i t y   of  s p e c i a l   c o n t r o l   for   the  mould  cool ing  water  or  t h e  

need  for   s p e c i a l   i n s u l a t i o n   of  the  windings  and  of  the  p e r m e a b l e  

path  to  avoid  c o n t a c t   by  such  w a t e r .  



In  another   a spec t   of  the  i n v e n t i o n ,   the  winding  segments,   c o n n e c t e d  

to  be  energ ized   to  produce  e l e c t r o m a g n e t i c   s t i r r i n g ,   are  c o n s t r u c t e d  

of  hollow  metal  to  define  a  bore  t h e r e t h r o u g h   and  a  coo l ing   medium 

from  an  e x t e r n a l   supply  is  caused  to  c i r c u l a t e   through  the  b o r e  

in  the  segments.   The  conductors   are  thus  i n t e r n a l l y   cooled  and 

do  not  t h e r e f o r e  r e q u i r e   cool ing  by  the  mould  j acke t   water  s u p p l y .  

Since  the  supply  of  the  cool ing  medium  to  the  winding  segment  

bores  is  independent   of  the  mould  j a c k e t   coolant   supply,   i t   may  be 

mainta ined  pure  and  r e c i r c u l a t e d   in  a  manner  analagous  to  a  

r e f r i g e r a t o r   cycle .   An  aqueous  e t h y l e n e   glycol   s o l u t i o n   i s  

p r e f e r a b l y   used  as  the  cool ing  medium.  However,  o ther   c o o l i n g  

or  r e g r i g e r a t i n g   gas  cr  l i qu id   may  be  used.  Lower  v o l t a g e s   and 

higher  amperages  can  be  used  than  with  p rev ious   a r r a n g e m e n t s  

because  of  the  use  of  hollow  i n t e r n a l l y   cooled  conduct ing   s egmen t s  

of  r e l a t i v e l y   la rge   c r o s s - s e c t i o n .   Thus,  the  r equ i red   a m p e r e - t u r n s  

may  be  achieved  with  a  r e l a t i v e l y   small   number  of  c o n d u c t i n g  

segments,  which  in  the  manner  d e s c r i b e d   h e r e i n a f t e r ,   may  be 

assembled  in  groups  for  conta inment   as  an  assembly  in  the  w a t e r -  

t i gh t   enc losu re ,   removing  the  p o s s i b i l i t y   of  copper  s t r and   f a i l u r e  

which  was  p r e s e n t ,  b e c a u s e   s t r ands   are  not  involved,   and  r e d u c i n g  

the  p o s s i b i l i t y   of  v i b r a t i o n   f a i l u r e ,   s ince   groups  are  a s s e m b l e d  

as  a  unit   and  comprise  a  small  number  of  r e l a t i v e l y   l a r g e  

conductors .   The  r e l a t i v e l y   la rge   conduc to r s   allow  the  p r o v i s i o n  

of  r e l a t i v e l y   la rge   cen t ra l   passages   a l lowing   easy  flow  o f  

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

In  drawings  which  i l l u s t r a t e   a  p r e f e r r e d   embodiment  of  t h e  

i n v e n t i o n :  

Figure  1  is  a  cut-away  p e r s p e c t i v e   of  a  mould  hav ing  a   mould 

j acke t   and  the  e l e c t r o m a g n e t i c   s t i r r i n g   equipment  c o n t a i n e d  

t h e r e i n ,  

Figure  2  shows-the  gene ra l   a r rangement   of  the  winding  s e g m e n t s ,  

Figure  3  is  a  t r ansve r se   c r o s s - s e c t i o n   of  winding  s e g m e n t s ,  



Figure   4  is  a  schemat ic   view  showing  the  a r rangement   of  t h e  

m a g n e t i c a l l y   permeable   p a t h ,  

F igure   5  is  a  h o r i z o n t a l   c r o s s - s e c t i o n   a l o n g  t h e   l i n e s  

5  -   5  of  Figure   10 ,  

F igure   6  is  a  schemat ic   view  showing  the  e l e c t r i c a l   c o n n e c t i o n  

of  c o i l s   of  winding  segments  to  the  A.C.  s u p p l y ,  

F i g u r e  7   is  a  s c h e m a t i c   view  showing  the  e l e c t r i c a l   w i n d i n g  

sense  of  the  segments  to  the  mould.  F igure   7  should  be  c o n s i d e r e d  

with  both  F igure   6  and  Figure  2 ,  

F igure   8  shows  g e n e r a l l y   and  s c h e m a t i c a l l y   the  coo lan t   medium 

ar rangement   for   the  s t a t o r   c o i l ,  

F igure   9  is  a  view  of  side  B  of  the  s t a t o r   enc lo su re   with  t h e  

o u t e r  w a l l   of  such  e n c l o s u r e   removed,  

F igure   10  is  a  view  of  side  A  of  the  s t a t o r   enc lo su re   with  t h e  

ou t e r   wall  of  such  e n c l o s u r e   removed, 

F igure   11  is  a  cut-away  p e r s p e c t i v e   of  the  s t i r r e r   j a c k e t   t o  

show  examples  of  c o n n e c t i o n s   to  a  coi l   34,  and 

Figure   12  shows  a  v e r t i c a l  p a r t i a l   s e c t i o n   to  show  t h e  

connec t ion   between  the  upper  mould  wall  and  the  upper  s t a t o r   w a l l .  

In  the  drawings,   p a r t i c u l a r l y   Figure  1,  a  r e c t a n g u l a r   c o n t i n u o u s  

c a s t i n g   mould  i n c l u d e s   opposed  v e r t i c a l   mould  wal l s   10A,  10C,  on 

the  shor t   s i de s   and  opposed  mould  wal ls   10B  and  10D  on  the  l o n g  

s i d e s ,   to  de f ine   a  r e c t i l i n e a r   c r o s s - s e c t i o n   as  i n d i c a t e d   i n  

F igure   5.  C u s t o m a r i l y   two  of  the  opposing  wa l l s   here  10B  and  10D 

(see  F igure   1)  w i l l   be  s l i g h t l y   curved  in  the  same  sense  t o  

i n i t i a t e   a  change  of  d i r e c t i o n   of  the  s t e e l   s lab  being  f o rmed .  

Extend ing   ou tward ly   from  the  mould  are  upper  and  lower  h o r i z o n t a l  

p l a t e s   12  and  14.  Upper  wall  12  comprises   s u b - w a l l s   12U,  12M,  12L. 

Upper  wall  12  with  an  i n t e r m e d i a t e   lower  wall   16  and  lower  wall   14 

def ine   the  upper  and  lower  l i m i t s   for  a  mould  j a c k e t   for  r e c e i v i n g  

coo lan t   water  for   coo l ing   the  muold.  The  i nne r   boundary  of  t h e  

mould  j a c k e t   is  de f ined   by  the  mould  w a l l s   10A,10B,10C  and  10D  w h i l e  



the  ou t e r   wall  of  the  mould  j a cke t   is  formed  by  ou te r   w a l l s  

18A,  18B,  18C  and  18D  on  the  four  s ides   of  the  mould.  The  m a g n e t i c  

s t i r r e r   j a c k e t   de f ined   by  uppe r  wa l l   12  and  lower  wa l l s   14  and  16, 

mould  wal ls   10  and  ou te r   j a c k e t   wal ls   18,  forms  a  chamber  of  t h e  

depth  shown  and  forming  a  r e c t a n g u l a r   annulus   about  the  mould  i n  

h o r i z o n t a l   c r o s s - s e c t i o n .   Baf f l e   wall  19  s u r r o u n d i n g   the  mould 

wal l   but  spaced  the re f rom  and  spaced  from  wall   12  is  i n d i c a t i v e   o f  

b a f f l e s   g e n e r a l l y   used  to  provide   the  d e s i r e d   course  for  t h e  

c o o l a n t   water  over  and  about  the mould  wa l l .   In  genera l   the  s u p p l y  

of  coo l ing   water  to  the  mould  j a cke t ,   i t s   c i r c u l a t i o n   t h e r e i n   t o  

cool  the  mould,  and  i t s   egress   from  t h e  j a c k e t   are  not  shown  and 

w i l l   be  c o n s t r u c t e d   i n  a c c o r d   with  t e c h n i q u e s   a n t e d a t i n g   t h i s  

d i s c l o s u r e   and  well  known  to  those  s k i l l e d   in  the  a r t   and  hence  

not  shown  here.   The  mould  as  desc r ibed   and  c o n n e c t i n g   t h e  

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

p r o c e s s   by  means  not  shown  but  which  a re   well   known  to  t h o s e  

s k i l l e d   in  the  a r t .  

The  magnet ic   s t i r r i n g   s t a t o r   in  accord  with  the  i n v e n t i o n   i s  

c o n t a i n e d   wi th in   an  enc losu re   which  takes  the  form  of  a  r e c t a n g u l a r  

annu lus   designed  to  be  r ece ived   within  the  mould  j a c k e t .   The  s t a t o r  

e n c l o s u r e   has  upper  and  lower  wal ls   20  and  22,  d e f i n i n g   t h e  

r e c t a n g u l a r   annulus   shape  and  inner  and  ou te r   wal ls   on  each  of  t h e  

four   s ides   of  the  mould  and  fo rming  wi th   the  upper  and  lower  w a l l s  

a  w a t e r - t i g h t   e n c l o s u r e   for  the  windings.   Upper  and  lower  wal ls   20 

and  22  are  made  o f  s t e e l   of  high  magnetic   p e r m e a b i l i t y .   I n n e r  

w a l l s   24A,  24B,  24C  and  24D on  the  four  s i d e s   of  the  mould  are  formed 

of  s t a i n l e s s   s t e e l   of  low  magnetic  p e r m e a b i l i t y   and  such  wal ls   a r e  

j o i n e d   to  each  o the r   and  to  the  upper  and  lower  wal ls   in  a  f l u i d  

t i g h t   manner.  The  four   outer   w a l l s  o f   s t a t o r   e n c l o s u r e   a r e  

composed  of  ou te r   l a y e r s   28A -  D  of  r e l a t i v e l y   non-magnet ic   s t a i n l e s s  

s t e e l   and  l i n i n g s   30A -  D  of  m a g n e t i c a l l y   permeable  s t e e l .   The  f o u r  

s ide   wal ls   24,  28,  30  (A-D)  are  jo ined  at  inner   and  outer   c o r n e r s  

and  to  the  upper  and  lower  wal ls   20 and  22  to  complete  the  w a t e r  

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



w a t e r i n   the  mould  j a c k e t   which  surrounds   the  s t a t o r   e n c l o s u r e .   I t  

w i l l   be  noted  tha t   the  four  ou te r   wall  l i n e r s   30  form  a  

m a g n e t i c a l l y   permeable  path  ex tend ing   around  the  o u t s i d e   of  t h e  

s t a t o r   housing  and  su r round ing   the  e l e c t r i c   w ind ings   to  be 

d e s c r i b e d .   Such  magnet ic   path  is  augmented  by  upper   and  lower  walls   2( 

and  22  which  are  also  of  m a g n e t i c a l l y   permeable   m a t e r i a l .   S u c h  

magne t i c   path  is  also  s i g n i f i c a n t l y   augmented  by  p l a t e s   32A -  D  o f  

m a g n e t i c a l l y   permeable  m a t e r i a l .   The  components  of  t h e  

m a g n e t i c a l l y   permeable  path  are  i n d i c a t e d   in  s c h e m a t i c   Figure   4 .  

P l a t e s   32A -  D  are  r e s p e c t i v e l y   a t tached   to  the  l i n i n g s   30A -  D 

of  the  c o r r e s p o n d i n g   of  the  outer   wall  at  i t s   upper   and  l o w e r  

e x t r e m i t i e s   and  s lope  inward  from  each  e x t r e m i t y   to  provide   a  

v e r t i c a l   i n t e r m e d i a t e   ex tent   33b  ad jacen t   the  c o r r e s p o n d i n g   v e r t i c a l  

e x t e n t   of  the  s t a t o r   winding  to  be  d e s c r i b e d .   M a g n e t i c a l l y   p e r m e a b l e  

p l a t e s   32B -  D  bear  the  same  r e l a t i o n s h i p   to  the  o u t e r   wal l s   to  which 

they  are  a t t a ched   and  t o  t h e   v e r t i c a l   e x t e n t s   of  the  windings   on  t h e  

c o r r e s p o n d i n g   s i d e s o f   the  mould.  I t   wi l l   be  noted   t ha t   the  v e r t i c a l  

e x t e n t s   of  p l a t e s   32A -  D  jo in   at  the  co rne r s   to  form  a  m a g n e t i c a l l y  

permeable   path  about  and  a d j a c e n t   the  l o n g i t u d i n a l   segments  o f  

the  w i n d i n g s .  

The  p r e f e r r e d   method  of  s u p p o r t i n g   the  s t i r r e r   j a c k e t   w i t h i n  

the  m o u l d  j a c k e t   is  by  welding  s t e e l   p r o j e c t i o n s   31  running  t r a n s -  

v e r s e l y   on  each,  the  o u t s i d e   of  walls   of  p l a t e   28B  of  the  s t i r r e r  

j a c k e t .   Cor responding   p r o j e c t i o n s   33  are  welded  on  the  i n s ide   o f  

wal l   18A  of  the  mould  j a c k e t .   During  i n s t a l l a t i o n   of  the  s t i r r e r ,  

wi th   the  upper  wall  of  the  mold  j a cke t   removed,  the  s t i r r e r   i s  

lowered   in to   place  u n t i l   i t   r e s t s   suppor ted  by  p r o j e c t i o n s   31  o r  

p r o j e c t i o n s   33.  The  l o c a t i o n   of  the  suspended  s t i r r e r   j a c k e t   i s  

s e l e c t e d   to  allow  the  c i r c u l a t i o n   of  mould  c o o l i n g   wate r   be low,  

above  and  on  al l   s ides   of  the  s t i r r e r   j a c k e t .  

-  A  sub  wal l   21 L  forms  pa r t   of  the  normal  m o u l d  a s s e m b l y   and  e x t e n d s  

between  mould  wall  10  and  mould  j acke t   wall  18.  This  a r r a n g e m e n t  

and  t h a t   to  be  de sc r i bed   are  shown  in  r e l a t i o n   to  s ide   'B'  of  t h e  



appa ra tu s   in  Figure  1 2 .  A t   four   spaced  l o c a t i o n s   boss  17  i s  

pa r t   of  the  upper  wal l   20  and  each  boss  17  and  wall  20  below  a r e  

provided   with  threaded  bore  to  r e c e i v e   bo l t   15  whose  head  i s  

coun te r sunk   in  sub  wall  12  as  shown  in  F igure   12.  The boss  17 

bo l ted   with  wall  20  to  sub -wa l l   12L  p reven t s   upward  movement 

of  the  e l e c t r o m a g n e t i c   s t i r r i n g   s t a t o r   dur ing  v i b r a t i o n   of  the  mould .  

Ridge  33  suppor t ing   r idge  31  on  the  s t a t o r   prevents  downward  move- 

ment  of  the  s t a t o r   r e l a t i v e   to  the  mould  dur ing  such  v i b r a t i o n .  

When  wall  12  is  removed  for   i n s t a l l i n g   or  removing  t h e  s t a t o r   t h e  

th readed   bores  in  boss  17  and  wa l l   20  may  be used  by  t h r e a d i n g  

b o l t s  t h e r e i n   which  are  a t t a c h e d   to  appa ra tu s   for  l i f t i n g   o r  

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

The  winding  segments  are  composed  of  copper  e x t r u s i o n s   38  o f  

square   o u t l i n e   covered  with  i n s u l a t i o n   40.  The  windings  a r e  

p r e f e r a b l y   formed  in to   c o i l s   the  shapes  of  which  are  b e s t  

i n d i c a t e d   in  Figure  2.  These  shapes  may  be  cons idered   to  be  c o i l s  

made  up  of  turns  of  conduc t ing   segments  with  each  turn  having  t h e  

shape  (if  f l a t )   of  a  wide  square   "0"  with  curved  corners   h a v i n g  

upper  and  lower  t r a n s v e r s e   e x t e n t s  T   jo ined   by  r igh t   and  l e f t   hand 

l o n g i t u d i n a l   ex ten t s   LR  and  LL.  In  fac t   the  r e c t a n g u l a r   "0" 

is  not  f l a t   but  bent  to  co r r e spond   to  the  corners   of  the  inner   w a l l  

of  the  s t a t o r   j acke t   so  t h a t   the  t r a n s v e r s e   segments  TA  which  e x t e n d  

across   one  inner  wall  (say)  24A  and  a re   bent  about  the  corner   whe re  

i t   meets  the  -adjacent  inner   wa l l s   248,or   24D  - s o - t h a t   t h e  

l o n g i t u d i n a l   segments  LA  are  d i sposed   a l o n g  t h e   ad jacen t   inner   w a l l s  

24B  and  24D.  The  l o n g i t u d i n a l   s egmen t s  i n   a  coil   34  (  to  w h i c h  

s t i r r i n g   ac t ion   is  due )  cover  an  area  from  ad jacen t   the  c o r n e r  

of  two  walls  24  to  a p p r o x i m a t e l y   the  middle  of  the  wa l l   on  wh ich  

the  l o n g i t u d i n a l   e x t e n t s   o f - t h a t   coi l   are  l oca t ed .   Opposed 

c o i l s   34A  and  34C  with  t r a n s v e r s e   segments  TA  and  TC  along  i n n e r  

wa l l s   24A and  24C  on  the  s h o r t   s i de s ,   t h e r e f o r e   toge ther   p r o v i d e  

a  'g roup '   (in  the  sense  used  in  the  a p p l i c a t i o n   and  claims)  o f  

l o n g i t u d i n a l   segments  LRA  and  LLC  t o g e t h e r   cover ing  the  most,  and 

the  c e n t r a l   t r a n s v e r s e   p o r t i o n   of,  wall  24B  with  the  l e f t   hand  

l o n g i t u d i n a l   segments  LLC  of  co i l   C  and  the  r i gh t   hand 



l o n g i t u d i n a l   segments  LRA  of  co i l   A  p r o v i d i n g   such  e x t e n t s  

( ' r i g h t '   and  ' l e f t '   are  used  in  the  sense   of  an  o b s e r v e r  

l ook ing   inwardly   toward  the  mould  a x i s ) .   Conversely  the  r i g h t  

hand  l o n g i t u d i n a l   segments  LRC  of  co i l   C  and  the  l e f t   hand  

l o n g i t u d i n a l   ex t en t s   LLA  of  coi l   A  form  the  group  o f  

l o n g i t u d i n a l   segments  on  s ide   24D.  The  opposed  co i l s   34B  and  34D 

are  s i m i l a r l y   c o n s t r u c t e d   with  the  d i f f e r e n c e   tha t   the  t r a n s v e r s e  

ex t en t s  TB   and  TD  of  co i l s   34B  abd  34D  are  l oca t ed   ou t s ide   o f  

the  curved  p o r t i o n s   of  the  segments  of  c o i l s   A  and  C.  Hence  t h e  

l o n g i t u d i n a l   segments  of  co i l s   B  and D  are  d i s p l a c e d   inward  t o  

p rox imi ty   to  the  mould  wall  from  the  t r a n v e r s e   segments  by  t h e  

shaping   of  the  inwardly  s l op ing   e x t e n t s   S.  With  the  c o i l s   shaped  

and  a r ranged  as  desc r ibed   i t   is  noted  t h a t   each  coil-   34A,  34B, 

34C  and  34D  p r e f e r a b l y   con ta in s   an  i nne r   l ayer   of  turns   of  a  s q u a r e  

s p i r a l   a r rangement   connected  in  s e r i e s   with  an  outer   l a y e r   of  t u r n s  

in  a  square  s p i r a l   a r rangement .   Each  co i l   is  connected  in  s e r i e s  

with  the  oppos i t e   coi l   i . e .   co i l   34A  with  coi l   34C  and  coi l   34B 

with  coi l   34D.  See  p a r t i c u l a r l y   F i g u r e s   6  and 7  for  the  s p e c i f i c  

winding  a r rangement .   The  c o n n e c t i o n s   to  a  two  phase  supply  are  a s  

bes t   shown  in  F igu re  6   and 7  with  phase  1  connected  through  o u t e r  

coi l   34A,  inner   coi l   34A,  inner  co i l   34C,  ou te r   coi l   34C  and  t o  

common  ground,  and  phase  ?   (90°  out   of  phase  with  phase  1)  connec ted  

through  inner   coi l   34D,  ou te r   coi l   34D,  ou te r   coi l   34B,  i n n e r  

co i l   34B  to  common  ground.  Within  the  phase  1  s e r i e s   c i r c u i t   t h e  

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

in  the  segments  on  s ide  B  (from  the  l o n g i t u d i n a l   segments  o f  c o i l s  

34A  and 34C)  are  in  one  d i r e c t i o n   (here   up  the  mould)  and  a l l  

c u r r e n t s   on  s ide  D  from  the  o ther   l o n g i t u d i n a l   ex t en t s   of  co i l s   34A 

and  34C  are  in  the  oppos i t e   d i r e c t i o n   (here  down  t h e  m o u l d ) .  

The  connec t ions   for   co i l s   34B  and  34D  are  arranged  so  t ha t   t h e s e  

c o i l s '   l o n g i t u d i n a l   e x t e n t s   carry  i n s t a n t a n e o u s l y   cu r r en t   in  t h e  

up  d i r e c t i o n   on  the  A  side  of  the  mould  and  in  the  down  d i r e c t i o n  

on  the  C  s ide   of  the  mould.  Each  s e r i e s   c i r c u i t  w i l l   of  course  v a r y  

c y c l i c a l l y   in  accord  with  the  AC  supp ly .   Since  phase  1  and  phase  2 

are  ene rg ized   to  be  90°  out  of  phase  with  each  o ther ,   i t   wi l l   be  

obvious  tha t ,   with  the  connec t ions   and  the  e n e r g i z a t i o n   shown,  t h e  



combined  e f f e c t   of  the  co i l s   wi l l   be  to  provide  a  m a g n e t i c  

f i e l d   ac ross   the  mould  g e n e r a l l y   t r a n s v e r s e   to  the  mould  a x i s  

and  r o t a t i n g   t h e r e a b o u t   with  the  frequency  of  the  AC  s u p p l y .  

I t   is  conven ien t   to  r e f e r   to  a  'group '   of  winding  s e g m e n t s  

being  a l l   those  segments  with  l o n g i t u d i n a l   ex ten t s   c o r r e s p o n d i n g  

to  a  s i n g l e   phase  and  in  the  p r e f e r r e d   embodiment  forming  a l l   o f  

the  segments  on  one  side  of  the  mould.  The  c o n s t i t u e n c y   of  s u c h  

groups  is  as  f o l l o w s :  

With  the  c o i l s   thus  arranged  the  p l a t e s   32  connect  at  t h e i r  

e x t r e m i t i e s   to  the  m a g n e t i c a l l y   permeable  l i n e r   30  and  at  t h e i r  

corners   to  each  o the r   but  are  as  close  as  poss ib l e   to  t h e  

l o n g i t u d i n a l   e x t e n t s   of  the  windings  to  bring  the  m a g n e t i c a l l y  

permeable  path  as  c lose   as  poss ib le   to  the  l o n g i t u d i n a l   w i n d i n g  

s e g m e n t s .  

The  s t i r r i n g   a p p a r a t u s   is  p r e f e r a b l y   arranged  so  that   the  u p p e r  
end  of  t h e  v e r t i c a l  s e g m e n t s  c o r r e s p o n d s   approximate ly   to  t h e  

expected  l eve l   of  the  meniscus  for  the  poured  s t e e l .  

The  coo lan t   f l u i d   is  suppl ied   to  the  inner  bores  42  def ined   i n  

the  hollow  conduc t ing   segments.  We  prefer   to  do  th is   by  c a u s i n g  

the  f l u i d   to  flow  along  the  e l e c t r i c a l   paths  i n d i c a t e d   in  F igure   6 

from  the  common  ground  to  the  phase  1  and  phase  2  t e r m i n a l s   i n  

p a r a l l e l .   A  schemat ic   of  the  l i qu id   c i r c u i t   is  shown  in  F igure   8 .  

A l t h o u g h  t h e   components  wi l l   vary  widely  with  the  coolan t   f l u i d   o r  

r e f r i g e r a n t   used,  the  p r i n c i p l e   wil l   remain  the  same.  F igure   8  p r e -  

s u p p o s e s   t ha t   t h e  c o o l a n t   is  a  30%  aqueous  s o l u t i o n   of  e t h y l e n e  



g l y c o l .   A  pump  50  s u p p l i e s   the  s o l u t i o n   to  a  c h i l l e r   52  and  t h e  

c h i l l e d   s o l u t i o n   is  s u p p l i e d   to  the  phase  1  and  phase  2  co i l s   i n  

p a r a l l e l .   The  c o o l a n t   l i q u i d   emerging  from  the  co i l   bores  i s  

f i l t e r e d ,   p u r i f i e d ,   d e - i o n i s e d   and,  if  n e c e s s a r y ,   the  s o l u t i o n  

s t r e n g t h   ad jus t ed   at  the  appa ra tus   r e p r e s e n t e d   by  block  34.  The 

t r e a t e d   l i q u i d   is  r e t u r n e d   to  the  pump  for  c o o l i n g   and  r e -  

c i r c u l a t i o n   to  the  c o i l s .   The  coolant   c i r c u i t   may  be  made  in  any 

one  o f  a   number  of  ways  well  known  to  those  s k i l l e d   in  the  a r t .  

Another   coo lan t   f l u i d   i n c l u d i n g   a  gaseous  s t a t e   r e f r i g e r a n t   s u c h  

as  f r eon   can  be  used  with  s u i t a b l e   changes  in  the  c i r c u i t   e x t e r i o r  

to  the  c o i l s   which  changes  would  be  obvious  to  those  s k i l l e d   in  t h e  

a r t .   I t   is  i m p o r t a n t ,   from  the  point  of  view  of  the  i nven t ion ,  t o   n o t e  

t h a t   the  coolan t   c i r c u i t   for  the  coi ls   is  comple t e ly   i n d e p e n d a n t  

of  the  coolan t   water   supply  for   the  mould  j a c k e t , w h i c h   mould  j a c k e t  

c o o l a n t   water  is  c u s t o m a r i l y   d i r t y   and  c o n d u c t a n t   to  an  u n -  

d e s i r e a b l e   d e g r e e .  

The  phase  1,  phase  2  and  common  ground  t e r m i n a l s   of  the  c o i l s   a r e  

l o c a t e d   on  side  B,  c o n n e c t i o n s   56 -   1,  56  -   2  and  56 -   C  from  t h e  

c o i l   t e r m i n a l s   are  des igned   to  extend  through  wa l l s   30B,  28B  and 

185  to  carry  hollow  e l e c t r i c a l   conductors   with  c e n t r a l   c o o l a n t  

bores   to  the  o u t s i d e   of  the  mould  j acke t   for   connec t ion   t h e r e t o   o f  

e l e c t r i c a l   and  c o o l a n t   f l u i d   supp l i e s .   The  connec t ions   of  t h e  

c o o l a n t   l i q u i d   supply  and  r e t u r n   to  conduc to r s   i n s ide   and  o u t s i d e  

the  mould  j a c k e t   u t i l i z e   the  f ac t   that  a  l i q u i d   c o n t a c t i n g   t h e  

i n s i d e   only  of  hollow  conduc to r s   should  not  a f f e c t   the  e l e c t r i c a l  

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

Al though  we  do  not  r egard   the  invent ion   as  l i m i t e d   to  any 

p a r t i c u l a r   f requency   fo r   the  phase  A  and  phase  B,  A.C.  inputs   we  n o t e  

t h a t ,   at  th i s   t ime,  i t   is  p r e f e r r e d   to  use  between  30  and  5  Hz. 

I t   i t   is  not  deemed  n e c e s s a r y   to  desc r ibe   in  d e t a i l   each  c o n n e c t i o n  

to  and  between  the  c o i l s   34A,  34B,  34C,  and 34D.  Each  s u c h  

c o n n e c t i o n   wi l l   be  by  a  hollow  conductor   c a r r y i n g   e l e c t r i c   c u r r e n t  



and  connected  for  e l e c t r i c a l   flow  in  accord  with  the  schemat ics   o f  

F igures   6  or  7  and  c a r r y i n g   coo lan t   and  connected  f o r  c o o l a n t   f l o w  

on  the  same  courses  as  shown  in  Figure   7.  The  connect ions   f rom 

t e rmina l s   56  to  t h e  c o i l s   34  and  between  the  co i l s   34  wil l   be  

loca ted   in  the  space  C  ( F i g u r e   1)  between  the  m a g n e t i c a l l y  

permeable  p la te   32  and  m a g n e t i c a l l y   permeable  p la te   30  on  the  same 

side  of  the  mould.  As  examples   only  of  the  connect ions   to  and 

between  windings  34,  F i g u r e   11  shows-connec t ion   75  from  t e r m i n a l  

56C  to  the  inner  l ayer   of  co i l   34B  (see  also  Figure  8).  F igure   11 

also  shows  a  fragment  c o n n e c t i o n   77  from  the  terminal   56C  which  i s  

d i r e c t e d   to  the  r igh t   in  F igure   11  to  the  outer  layer   of  coi l   34C 

(see  also  Figure  8).  F i g u r e   11  also  shows  a  fragment  of  c o n n e c t i o n  

79  from  the  inner  l aye r   of  coi l   34A  to  the  inner  layer   of  coi l   34C.  

The  other   connect ion  to  and  between  the  co i l s   will   be  of  s i m i l a r  

arrangement  with  the  c o n n e c t i o n s   o u t s i d e   of  p la tes   32  and  c o n n e c t e d  

with  the  coi ls   proper  t h r o u g h   a p e r t u r e s   81  (see  Figure  11  in  t h e  

p l a t e s ) .  

Although  the  components  d e s c r i b e d   s p e c i f i c a l l y   are  for  a 

r e c t a n g u l a r   mould,  i t   w i l l   be  obvious  that   the  invent ion  a p p l i e s  

to  moulds  of  square,   c i r c u l a r   form  or  any  other  shape.  Wha teve r  

shape  the  f o u r - c o i l s   34  may  be  shaped  for  a p p l i c a t i o n   to  g i v e  

four  l o n g i t u d i n a l   segment  groups  each  one  car ry ing   cur ren t   90°  o u t  

of -phase  (in  the  same  sense )   with  the  ad jacen t   group  and  w i t h  

each  set   of  l o n g i t u d i n a l   segments  in  a  group  made  up  of  r i g h t   and  

- lef t   hand  segments  of  two  oppos ing   c o l l s .  

I t   wi l l   also  be  noted  t h a t   the  a spec t   of  a  w a t e r - t i g h t   e n c l o s u r e  

for  the  s t a t o r   windings  wi th   an  independent   cooling  system  f o r  

the  windings  app l i e s   with  d i f f e r e n t   winding  arrangements  t h a n  

those  s p e c i f i e d ,   d i f f e r e n t   coo l ing   p rocedures   (so  long  as  t h e s e  

are  independent   of  the  m o u l d  j a c k e t   cooling)  and  whether  t h e  

conduct ing  segments  are  hollow  and  /  or  i n t e r n a l l y   cooled  or  n o t .  

Fu r the r   aspects   of  the  i n v e n t i o n   p a r t i c u l a r l y   the  w a t e r - t i g h t  

s t a t o r   enc losure   and  the  i n t e r n a l l y  c o o l e d   co i l s ,   unre la ted   t o  

the  s p e c i f i c   phys ica l   shape  of  the  bent  r e c t a n g u l a r   '0'  shaped  c o i l s ,  



are  not  l i m i t e d   to  a  two  phase  AC  supply  but  are  a p p l i c a b l e   t o  

t h r e e   or  more  p h a s e s .  

Although  the  s t a t o r   e n c l o s u r e   is  formed  of  s t e e l   in  t h e  

p r e f e r r e d   embodiment,  the  enc losu re   may  be  made  of  f i b r e g l a s s  

r e s i n   o r  o t h e r w i s e   so  long  as  a  m a g n e t i c a l l y   permeable  p a t h  i s  

p rovided   about  the  w i n d i n g .  



1.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  for  use  in  c o m b i n a t i o n  

with  a  con t inuous   c a s t i n g   mould  d e f i n i n g   a  mould  a x i s  

p a r a l l e l   to  the  g e n e r a l   flow  d i r e c t i o n   and  having  a  mould 

j acke t   s u r r o u n d i n g   said  mould,  said  mould  j a c k e t  b e i n g  

designed  to  r e c e i v e   and  c i r c u l a t e   water  for  cool ing   s a i d  

mould,  c h a r a c t e r i s e d   in  tha t   the  e l e c t r o m a g n e t i c   r o t a r y  

s t i r r i n g   means  comprises   an  e l e c t r o m a g n e t i c   s t i r r i n g   s t a t o r  

designed  to  be  l o c a t e d   wi th in   said  mould  j a c k e t   (10A-D, 

18A-D,  12,  14)  and  su r round ing   said  mould,  s a i d  

e l e c t r o m a g n e t i c   s t a t o r   c o n t a i n i n g   windings  (38 )  d e s i g n e d  

when  ene rg i sed   by  m u l t i p l e   phase  c u r r e n t ,   to  c rea te   in  s a i d  

mould  a  magnet ic   f i e l d   r o t a t i n g   about  the  mould  axis,   means 
for  p rov id ing   an  e n c l o s u r e   (24A-D,  28A-D,  20,22)  for  s a i d  

windings  (38)  des igned   to  exclude  said  mould  cool ing   w a t e r  

therefrom,   and  means  for  cool ing   said  windings  in  s a i d  

e n c l o s u r e .  

2.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  claimed  in  Claim  1 

i n c l u d i n g   means  forming  par t   of  said  s t a t o r   de f in ing   a  

m a g n e t i c a l l y - p e r m e a b l e   path  su r round ing   said  windings  and  s a i d  

m a g n e t i c a l l y - p e r m e a b l e   path  being  conta ined   wi th in   s a i d  

e n c l o s u r e .  

3.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  claimed  in  Claim  1 

wherein  said  e n c l o s u r e - p r o v i d i n g   means  compr i ses   an  inner   w a l l  

(24A-D)  des igned  to  be  l oca t ed   ad j acen t   and  spaced  from  s a i d  

mould;  an  ou te r   wa l l . (28A-D)   designed  to  be  l oca t ed   and  spaced  

from  t h e  o u t e r   wall  (18A-D)  of  said  mould  j a c k e t ,   and  u p p e r  
and  lower  wa l l s   (20,22)  r e s p e c t i v e l y ,   jo ined   to  said  inner   and 

outer   wal ls   and  des igned  to  be  r e s p e c t i v e l y   conta ined   w i t h i n  

said  mould  j a c k e t ,   said  inner ,   outer   upper  and  lower  w a l l s  

d e f i n i n g   a  s u b s t a n t i a l l y   w a t e r - t i g h t   enc losu re   for  s a i d  

w i n d i n g s .  



4.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  claimed  in  Claim  3  

i n c l u d i n g   means  w i th in   s a i d  e n c l o s u r e   d e f i n i n g   a  m a g n e t i c a l l y -  

permeable  path  s u r r o u n d i n g   said  windings ,   and  s a i d  

m a g n e t i c a l l y - p e r m e a b l e   path  i n c l u d i n g   m a g n e t i c a l l y - p e r m e a b l e  

m a t e r i a l   l i n i n g   sa id   outer   s t a t o r   w a l l .  

5.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  claimed  in  a n y  o n e  

of  Claims  1 - 4   i n c l u d i n g   means  in  said  enc losu re   f o r  

cool ing  s a i d   w i n d i n g s .  

6.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  claimed  in  C l a i m  5  

wherein  s a id   winding   cool ing   means  comprises  c o n s t r u c t i n g   t h e  

i n d i v i d u a l   segments   (38)  of  sa id   windings  of  hollow  c r o s s -  

s ec t i on   to  p rov ide   a  p a t h  f o r   coo lan t   f l u i d   along  s a i d  

windings ,   and  means,  o p e r a t i v e   when  said  windings  a r e  

conta ined   in  sa id   s t a t o r   j a c k e t   a l lowing   connec t ion   of  s a i d  

segments  to  an  e x t e r i o r   source  of  coo lan t   f l u i d .  

7.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  in  combinat ion   wi th   a  

con t inuous   c a s t i n g   mould  for  s t e e l ,   d e f i n i n g   a  s t e e l   movement  

d i r e c t i o n   - t h e r e i n ,   and  having  a  water  j a c k e t   for   s u r r o u n d i n g  

said  mould  s u p p l i e d   with  a  coo l ing   medium  for   coo l i ng   t h e  

i n t e r i o r   of  sa id   j a c k e t ,   c h a r a c t e r i s e d   in  tha t   the  e l e c t r o m a g n e t i c  

ro ta ry   s t i r r i n g   means  comprises ,   an  e l e c t r o m a g n e t i c  s t i r r i n g  

s t a t o r   for   sa id   mould,  designed  to  be  con ta ined   w i t h i n  s a i d  

mould  j a c k e t   and  to  surround  said  mould,  compris ing  g r o u p s   o f  

winding  s egmen t s ,   each  group  compr i s ing   a  p l u r a l i t y   o f  

winding  segments   l o c a t e d   i n s i d e   said  mould  j a c k e t   (10A-D, 

18A-D,  1 2 , 1 4  )   and  ex tending   in  a  l o n g i t u d i n a l   d i r e c t i o n  

r e l a t i v e   to  sa id   mould  over  a  p rede te rmined   e x t e n t   ar  i  e a c h  

group  be ing   p a i r e d   with  a  s i m i l a r   group  of  winding  s e g m e n t s  

l o c a t e d   on  a p p r o x i m a t e l y   the  oppos i t e   s ide  of  said  m o t l l ;  

means  for   e l e c t r i c a l l y   connec t ing   the  segments  of  o n e  ;   oup 

with  the  segments   of  i t s   s i m i l a r   group  so  t ha t   e l e c t r i o a l  

e n e r g i z a t i o n   may  be  appl ied  to  the  winding  segments  to  i u s e  



cu r ren t   to  flow  in  one  d i r e c t i o n   in  the  group  on  one  s i d e  

of  said  mould  and  in  the  other   d i r e c t i o n   in  the  paired  g roup  

on  the  o ther   s ide  of  said  mould,  where   at  l e a s t   two  such  

pa i r s   of  groups  are  provided  with  the  groups  in  such  p a i r s  

a n g u l a r l y   d isposed   from  o n e  a n o t h e r   in  the  same  sense  on 

oppos i te   s ides   o f  s a i d   mould; means  p r o v i d i n g   a  m a g n e t i c a l l y -  

permeable  path  ex tend ing   about  said  mould  outwardly   of  s a i d  

segments;  means  for  de f i n ing   a  s u b s t a n t i a l l y   w a t e r - t i g h t  

enc losure   (24A-D,  28A-D,  20,  22)  for  said  s t a t o r   and  means  f o r  

u t i l i s i n g   a  coo l ing   medium  to  cool  the  s t a t o r   segments  and 

connec t ions   t h e r e t o ,   l o c a t e d  i n s i d e   said  e n c l o s u r e .  

8.  E l e c t r o m a g n e t i c   ro ta ry   s t i r r i n g   means  as  claimed  in  Claim  7  w h e r e -  

in  saic  means  u t i l i s i n g   a  cool ing  medium  comprises   c o n s t r u c t i n g  
said  segments  of  hollow  c o n s t r u c t i o n ,   means,  e x t e r i o r   to  s a i d  

mould  j a c k e t   connected  to  supply  a  coo l ing   medium  to  f low 

along  the  i n s i d e   of  said  s egmen t s .  

9.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  in  combinat ion   with  a  

cont inuous   c a s t i n g   mould  for  s t e e l ,   d e f i n i n g   a  s t e e l  

movement  d i r e c t i o n   t h e r e i n ,   a  mould  j a c k e t   for   sur rounding   s a i d  

mould,  s u p p l i e d   with  a  cool ing  medium  for  coo l ing   the  i n t e r i o r  

of  said  j a c k e t ,   c h a r a c t e r i s e d   in  tha t   the  e l e c t r o m a g n e t i c  

ro t a ry   s t i r r i n g   means  comprises  an  e l e c t r o m a g n e t i c   s t i r r i n g  

s t a t o r   des igned  to  be  conta ined  w i th - in  s a id   mould  j a c k e t  

(10A-D,  18A-D,  12,  14)  and  to  surround  said  mould  having  g r o u p s  
of  winding  s egmen t s , each   group  compr is ing   a  p l u r a l i t y   o f  

ad jacen t   winding  segments  for  l o c a t i o n   ex t end ing   in  a  

l o n g i t u d i n a l   d i r e c t i o n   over  a  p rede te rmined   e x t e n t   r e l a t i v e   t o  

sa id  mould ,   each  group  being  pa i red   with  a  s i m i l a r   group  o f  

winding  segments  l oca t ed   approximate ly   on  the  oppos i t e   s ide  o f  

said  mould,  means  for  e l e c t r i c a l l y   connec t ing   the  segments  
of  one  group  with  the  segments  of  i t s   pa i red   group  so  t h a t  

e l e c t r i c a l   e n e r g i s a t i o n   may  b e  a p p l i e d   to  the  winding  segments  

to  cause  c u r r e n t   to  flow  in  one  d i r e c t i o n   in  the  group  on  one 

.  s ide  of  sa id   mould and  in  the  o p p o s i t e   d i r e c t i o n   in  the  o t h e r  



s i d e   of  said  mould,  where  at  l e a s t   two  such  p a i r s   of  groups  a r e  

p r o v i d e d   with  each  of  the  groups  being  a n g u l a r l y   d i sposed   f rom 

g roups   of  o ther   p a i r s   in  the  same  sense  on  o p p o s i t e   s i d e s   o f  

s a i d   mould,  said  segments  being  of  hollow  c o n s t r u c t i o n ,  

d e f i n i n g   bores  t h e r e i n   whereby  means,  e x t e r i o r   to  sa id   mould 

j a c k e t   (10A-D,  18A-D,  12,14)  may  be  connected   to  s u p p l y  

c o o l i n g   medium  to  flow  along  the  bores  of  sa id   s e g m e n t s .  

10.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  c la imed  in  Claim  9 

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

means  p r o v i d i n g   a  m a g n e t i c a l l y - p e r m e a b l e   path  e x t e n d i n g  

abou t   sa id   mould  ou twardly   of  said  s e g m e n t s .  

11.  E l e c t r o m a g n e t i c   r o t a r y   s t i r r i n g   means  as  c la imed  i n  

Claim  9  or  10  i n c l u d i n g   means  for  p r o v i d i n g   a  

s u b s t a n t i a l l y   w a t e r - t i g h t   enc losu re   for  s a id   s t a t o r ,   s a i d  

e n c l o s u r e   being  designed  for  conta inment   w i t h i n   sa id   mould  

j a c k e t .  

12.  A  s t a t o r   for   e l e c t r o m a g n e t i c   s t i r r i n g   in  a  c o n t i n u o u s  

c a s t i n g   mould,  c h a r a c t e r i s e d   in  that   the  s t a t o r   c o m p r i s e s  

f o u r   conduc t ing   c o i l s ,   each  coil   compris ing   a  p l u r a l i t y   of  t u r n s  

and  each  turn  compr i s ing   f i r s t   and  second  segments   a r r a n g e d  

to  run  t r a n s v e r s e   to  the  mould  axis  j o ined   at  each  end  by  f i r s t  

a n d  s e c o n d   s e g m e n t s  a r r a n g e d   to  run  l o n g i t u d i n a l l y   of  the  mould 

a x i s ,   sa id   c o i l s   being  shaped  to  be  'C'  shaped  in  plan  v i e w  

and  to  be  app l i ed   to  r ece ive   the  mould  w i th in   the  mouth  of  the  'C '  

and  s a i d   four   c o i l s   each  being  a n g u l a r l y   d i sposed   at  a p p r o x i m a t e l y  

90°  from  each  o the r   about  the  mould  axis ,  whereby  four   groups  o f  

a p p r o x i m a t e l y   l o n g i t u d i n a l   segments  are  p r o v i d e d ,   each  g r o u p  

be ing   e n g u l a r l y   d i sposed   at  approx imate ly   90°  to  each  o t h e r  

about   the  mould  ax is ,   each  group  being  composed  of  the  f i r s t  

l o n g i t u d i n a l   segments  of  one  coi l   and  the  second  l o n g i t u d i n a l  

segments   of  the  co i l   o p p o s i t e ,   and  c o n n e c t i o n s   a l l o w i n g  

e n e r g i s i n g   of  sa id   c o i l s   so  tha t   the  c u r r e n t   f lows  in  o n e  

d i r e c t i o n   in  one  group  and  in  the  o p p o s i t e   d i r e c t i o n   in  t h e  



oppos i t e   group  and  so  tha t   the  c u r r e n t   in  one  opposed  p a i r  

of  groups  is  a p p r o x i m a t e l y   90°  out  of  phase  with  the  c u r r e n t  

in  the  o ther   opposed  pa i r   of  g r o u p s .  

13.  A  s t a t o r   for  e l e c t r o m a g e n t i c   s t i r r i n g   in  a  

cont inuous   c a s t i n g   mould  as  claimed  in  Claim  12,  w h e r e i n  

said  segments  are  hol low,   d e f i n i n g   bores  t h e r e - t h r o u g h  

and  means  are  p r o v i d e d   for  connect ion   of  a  source  of  c o o l a n t  

f l u id   to  the  bores  of  said  s e g m e n t s .  

14.  A  s t a t o r   for  e l e c t r o m a g e n t i c   s t i r r i n g   in  a  c o n t i n u o u s  

c a s t i n g   mould,  as  claimed  in  Claim  13,  wherein  said  s e g m e n t s  

are  of  a  r e c t i l i n e a r   c r o s s - s e c t i o n .  

15.  A  s t a t o r   for  e l e c t r o m a g n e t i c   s t i r r i n g   as  claimed  in  any 

one  of  Claims  12 -   14,  wherein  said  four  coi ls   are  c o n t a i n e d   i n  

a  s u b s t a n t i a l l y   w a t e r - t i g h t   s t a t o r   j acke t   shaped  and  d i m e n s i o n e d  

to  be  rece ived   abou t   the  mould  and  within  the  mould  j a c k e t .  
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