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BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  an  improved  process   and  

appa ra tus   for  c o n t r o l   of  c o r n e r  s h a p e   in  cont inuous   or  s e m i -  

con t inuous   e l e c t r o m a g n e t i c   c a s t i n g   of  d e s i r e d   shapes ,   such  as  

for  example,  sheet  or  r e c t a n g u l a r   ingots   of  metals   and  a l l o y s .  

The  bas ic   e l e c t r o m a g n e t i c   c a s t i n g   process   has  been  known  and  

used  for  many  years  for  c o n t i n u o u s l y   or  s e m i - c o n t i n u o u s l y  

c a s t i n g   metals  and  a l l o y s .  

One  of  the  problems  which  has  been  p r e s e n t e d   by  e l e c t r o -  

magnetic   c a s t i n g   of  sheet   or  r e c t a n g u l a r   ingots   has  been  t h e  

e x i s t e n c e   of  high  r ad ius   of  c u r v a t u r e   corners   t h e r e o n .  

Rounding  off  of  corners   in  e l e c t r o m a g n e t i c   cast   sheet   i n g o t s  

is  a  r e s u l t   of  higher   e l e c t r o m a g n e t i c   p r e s s u r e   at  a  g i v e n  

d i s t a n c e   from  the  i n d u c t o r   near  the  ingot   c o r n e r s ,   where  two 

proximate   faces  of  the  i n d u c t o r   gene ra t e   a  l a r g e r   f i e l d .  

This  is  in  c o n t r a s t   to  lower  e l e c t r o m a g n e t i c   p r e s s u r e   at  t h e  

same  d i s t a n c e   from  the  i n d u c t o r   on  the  broad  face  of  the  i n g o t  

remote  from  the  corner   where  only  one  i n d u c t o r   face  a c t s .  

There  is  a  need  to  form  small   r ad ius   of  c u r v a t u r e   c o r n e r s  

on  sheet   ingots   so  that   dur ing  r o l l i n g   c r o s s - s e c t i o n a l   c h a n g e s  

at  the  edges  of  the  ingot   are  minimized .   Larger  r ad ius   o f  

c u r v a t u r e   corners   a c c e n t u a t e   t e n s i l e   s t r e s s   at  the  ingot   e d g e s  

dur ing   r o l l i n g   which  causes  edge  c r a c k i n g   and  loss  of  m a t e r i a l .  

Thus,  by  r educ ing   the  r ad ius   of  c u r v a t u r e   of  the  ingot  at  t h e  

co rne r s   there   is  a  maximising  in  the  p r o d u c t i o n   of  u s e f u l  

m a t e r i a l .  

I t  h a s   been  found  in  acco rdance   with  the  p r e s e n t  

i n v e n t i o n   that   rounding  off  of  co rne r s   in  e l e c t r o m a g n e t i c  

cash ing   can  be  made  less  severe   or  of  sma l l e r   rad ius   by 

c o n t o u r i n g   t h e  c o c l a n t   a p p l i c a t i o n  r a t e   or  e l e v a t i o n   (or  b o t h )  



so  that   the  ra te   and/or   e l e v a t i o n   is  a  minimum  at  the  c o r n e r s  

of  t h e  i n g o t .  

PRIOR  ART  STATEMENT 

Known  e l e c t r o m a g n e t i c   c a s t i n g   appara tus   comprises  a  t h r e e  

par t   mold  c o n s i s t i n g   of  a  water  cooled  i n d u c t o r ,   a  n o n -  

magnetic   screen   and  a  manifold   for  applying  cool ing  water  t o  

the  ingot   being  cas t .   Such  an  appara tus   is  e x e m p l i f i e d   i n  

U.S.  Patent   No.  3 ,467,166  to  Getse lev   et  al.  Containment  o f  

the  molten  metal  i s  a c h i e v e d   wi thout   d i r e c t   con tac t   be tween  

the  molten  metal  and  any  component  of  the  mold.  S o l i d i f i c a t i o n  

of  the  molten  metal   is  achieved  by  d i r e c t   a p p l i c a t i o n   of  w a t e r  

from  the  cool ing   mani fo ld   to  the  forming  ingot  s h e l l .  

In  some  p r io r   art   approaches  the  i nduc to r   is  formed  as  

par t   of  the  coo l ing   manifold  so  tha t   the  cool ing   m a n i f o l d  

s u p p l i e s   both  coo lan t   to  s o l i d i f y   the  c a s t i ng   and  to  cool  t h e  

i n d u c t o r .   See  U.S.  Patent   4 ,004,631  to  Goodrich  et  a l .  

Non-magnetic  screens   of  the  p r i o r   ar t   are  t y p i c a l l y  

u t i l i z e d   t o  p r o p e r l y   shape  the  magnetic  f i e l d   for  c o n t a i n i n g  

the  molten  metal  as  e x e m p l i f i e d   in  U.S.  Patent   No.  3 , 6 0 5 , 8 6 5  

to  Ge t se l ev .   Another  approach  with  r e s p e c t   to  use  of  n o n -  

magnetic   screens   is  e x e m p l i f i e d   as  well  in  U.S.  Pa tent   No. 

3 ,985,179  to  G o o d r i c h ' e t   al.   Goodrich  et  a l .   '179  d e s c r i b e s  

the  use  of  a  shaped  i nduc to r   in  c o n j u n c t i o n   with  a  screen   t o  

modify  the  e l e c t r o m a g n e t i c   forming  f i e l d .  

It  is  g e n e r a l l y   known  tha t   during  e l e c t r o m a g n e t i c   c a s t i n g  

the  s o l i d i f i c a t i o n   f ront   between  the  molten  metal  and  t h e  

s o l i d i f y i n g   ingot   at  the  ingot  su r f ace   should  be  m a i n t a i n e d  

wi th in   the  zone  of  high  magnetic  f i e l d   s t r e n g t h ,   i . e .   t h e  

s o l i d i f i c a t i o n   f ron t   should  be  l oca t ed   wi th in   the  i n d u c t o r .  

If  the  s o l d i i f i c a t i o n   f ron t   extends   above  the  i n d u c t o r ,   c o l d  



fo ld ing   is  l i k e l y   to  occur.   On  the  o ther   hand,  if  i t   r e a c h e s  

to  below  the  i n d u c t o r ,   a  bleed  out  or  d e c a n t a t i o n   of  t h e  

l i q u i d   metal   is  l i k e l y   to  r e s u l t .   Getse lev   et  al.   ' 166  

a s s o c i a t e   the  coolant   a p p l i c a t i o n   manifo ld   with  the  s c r e e n  

p o r t i o n   of  the  mold  such  that   they  are  a r ranged  for  s i m u l -  

taneous  movement  r e l a t i v e   to  the  i n d u c t o r .   In  U.S.  P a t e n t  

No.  4 ,156,451  to  Getse lev   a  coo l ing   medium  is  s u p p l i e d   upon 

the  l a t e r a l   face  of  the  ingot  in  s e v e r a l   cool ing   t i e r s   a r r a n g e d  

at  va r ious   l eve l s   l o n g i t u d i n a l l y   of  the  ingo t .   Thus,  d e p e n d i n g  

on  the  p u l l i n g   v e l o c i t y   of  the  ingo t ,   the  s o l i d i f i c a t i o n   f r o n t  

can  be  ma in ta ined   wi th in   the  i n d u c t o r   by  a p p r o p r i a t e   s e l e c t i o n  

of  one  of  the  t i e r s .  

Another  approach  to  improved  ingot  shape  c o n s i s t e d   o f  

p r o v i s i o n   of  more  uniform  f i e l d s   at  conductor   bus  c o n n e c t i o n s  

(Canadian  Patent   No.  930,925  to  G e t s e l e v ) .  

In  e l e c t r o m a g n e t i c a l l y   c a s t i n g   r e c t a n g u l a r   or  s h e e t  

i n g o t s ,   the  ingots   are  of ten   cast   with  high  rad ius   o f  

cu rva tu re   ends  or  corners   which  is  i n d i c a t i v e   of  the  need  f o r  

improved  ingot  shape  c o n t r o l   at  the  corners   of  such  i n g o t s .  

F i n a l l y ,   United  S ta tes   Patent   3 ,502,133  to  Carson  t e a c h e s  

u t i l i z i n g   a  sensor   in  a  cont inuous   or  s e m i - c o n t i n u o u s   c a s t i n g  

mold  to  sense  t empera tu re   v a r i a t i o n s   at  a  p a r t i c u l a r   l o c a t i o n  

in  the  mold  during  c a s t i n g .   The  sensor  c o n t r o l s   a p p l i c a t i o n  

of  coolan t   to  the  mold  and  forming  i ngo t .   Use  of  such  a 

device  overcomes  i n s t a b i l i t i e s   with  r e s p e c t   to  how  much  e x t r a  

coolant   is  r e q u i r e d   at  s t a r t   up  of  the  c a s t i ng   o p e r a t i o n   and 

jus t   when  or  at  what  ra te   th i s   excess  cool ing   should  be  

reduced.   The  u l t i m a t e   purpose  of  a d j u s t i n g   the  flow  o f  



coo lan t   is  to  m a i n t a i n   the  f r eeze   l i ne   of  the  c a s t i n g   at  a  

s u b s t a n t i a l l y   cons t an t   l o c a t i o n .  

Carson  '133  t eaches   tha t   i ngo t s   having  a  width  t o  

t h i c k n e s s   r a t i o   on  the  order   of  3  to  1  or  more  p o s s e s s  

an  uneven  coo l ing   r a t e   dur ing   c a s t i n g   when  coo lan t   is  a p p l i e d  

p e r i p h e r a l l y   of  the  mold  in  a  uniform  manner.  To  overcome 

th i s   problem,   Carson  '133  a p p l i e s   coo lan t   to  the  wide  f a c e s  

of  the  ingot   and/or   the  mold  wal ls   and  not  at  a l l   (or  a t  

l e a s t   at  a  reduced  r a t e )   to  the  r e l a t i v e l y   narrow  end  f a c e s  

of  the  ingot  and/or   the  mold  w a l l s .  

All  p a t e n t s   and  a p p l i c a t i o n s   d e s c r i b e d   he re in   a r e  

i n t e n d e d   to  be  i n c o r p o r a t e d   by  r e f e r e n c e   h e r e i n .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   comprises   a  p rocess   and  a p p a r a t u s  

for  e l e c t r o m a g n e t i c   c a s t i n g   of  metals   and  a l l o y s   in to   r e c -  

t a n g u l a r   or  sheet   i ngo t s   and  o ther   d e s i r e d   e lements   of  s h a p e  

c o n t r o l   having  small   r a d i u s   of  c u r v a t u r e   co rne r s   or  p o r t i o n s  

by  a p p l i c a t i o n   of  c o n t r o l l e d   s t a t i c   head  ( th rough   metal   h e a d  

or  p r e s s u r e   m o d i f i c a t i o n ) .   In  p a r t i c u l a r ,   a  method  and  

a p p a r a t u s   u t i l i z i n g   c o n t r o l l e d   d i f f e r e n t i a l   s t a t i c   head  by 

c o n t r o l   of  coo l ing   water  a p p l i c a t i o n   to  ob t a in   r e f i n e m e n t  

of  ingot   shape,   p a r t i c u l a r l y   at  the  co rne r s   of  r e c t a n g u l a r  

ingo t s   or  o ther   d e s i r e d   e lements   of  shape  in  c l a i m e d .  

According  to  the  p r e s e n t   i n v e n t i o n   c o n t r o l   of  i n g o t  

shape  may  be  e f f e c t e d   by  s e l e c t i o n   of  the  r a t e   or  l o c a t i o n  

of  coo l ing   water  a p p l i c a t i o n   to  the  forming  ingot   s h e l l  

w i t h i n   or  below  the  con ta inment   i n d u c t o r .   Rounding  off  o f  

co rne r s   in  e l e c t r o m a g n e t i c   c a s t i n g   can  be  made  less   s e v e r e  

or  of  sma l l e r   r a d i u s   by  c o n t o u r i n g   the  water  a p p l i c a t i o n  

r a t e   or  e l e v a t i o n   (or  both)  so  tha t   the  r a t e   or  e l e v a t i o n  



is  a  minimum  at  the  co rne r s   o f ' t h e   i ngo t .   Reduc t ion   of  t h e  

water  a p p l i c a t i o n   r a t e   or  lower ing   the  a p p l i c a t i o n   l e v e l  

se rves   to  reduce  the  local  heat  e x t r a c t i o n   r a t e   along  a n  

ingot   t r a n s v e r s e   cross   s e c t i o n   l i ne   of  c o n s t a n t   h e i g h t .  

This  in  turn   lowers  the  p o s i t i o n   of  the  s o l i d i f i c a t i o n  

f ron t   at  the  ingot  corner   and  c o r r e s p o n d i n g l y   r a i s e s   t h e  

metal   s t a t i c   head  or  p r e s s u r e   at  the  co rne r .   This  i n c r e a s e d  

p r e s s u r e   r e s u l t s   in  the  l i q u i d   metal   app roach ing   the  i n d u c t o r  

more  c l o s e l y   at  the  corner   and  thus  f i l l i n g   the  co rne r   t o  

form  a  sma l l e r   r a d i u s   of  c u r v a t u r e   at  the  corner   be fo re   t h e  

i n c r e a s e d   s t a t i c   p r e s s u r e   is  c o u n t e r b a l a n c e d   by  an  i n c r e a s e d  

e l e c t r o m a g n e t i c   f o r c e .  

In  accordance   with  one  embodiment  of  t h i s   i n v e n t i o n   a 

water  mani fo ld   or  coo l ing   water   a p p l i c a t i o n   device   is  p r o v i d e d  

with  d r i l l e d   holes   or  s l o t s   of  a  s ize   and /o r   l oca l   h o l e  

d e n s i t y   which  is  modi f i ed   to  y i e ld   l o c a l l y   reduced  r a t e s   o f  

water  a p p l i c a t i o n   at  the  ingot   or  d e s i r e d   shape  c o r n e r s .  

In  accordance   with  ano the r   p r e f e r r e d   embodiment  of  t h i s  

i n v e n t i o n   a  water  mani fo ld   or  coo l i ng   water   a p p l i c a t i o n   d e v i c e  

is  p rov ided   wherein  the  e l e v a t i o n   of  the  supply  holes   i s  

modi f i ed   so  as  to  apply  water   at  the  lowest   e l e v a t i o n   a t  

the  ingot  or  d e s i r e d   shape  c o r n e r s .  

In  accordance   with  yet  ano the r   p r e f e r r e d   embodiment  o f  

t h i s   i n v e n t i o n   the  holes  or  s l o t s   in  a  water   mani fo ld   o r  

coo l ing   water  a p p l i c a t i o n   device   are  modi f ied   such  t ha t   t h e  

angle  of  the  holes  or  s l o t s   around  the  co rne r s   of  the  i n g o t  

cause  the  water  to  impinge  cn  the  ingot   s u r f a c e   at  a  l o w e r  

e l e v a t i o n   at  the  ingot   c o r n e r s .  

it   is  of  course  u n d e r s t o o d   tha t   hyb r id s   of  l o c a l   h o l e  

cross   s e c t i o n ,   hole  ang le ,   and  hole  e l e v a t i o n   can  a l so   be  



u t i l i z e d   in  acco rdance   with  the  concep t s   of  t h i s   i n v e n t i o n .  

In  accordance   wi th   ano the r   p r e f e r r e d   embodiment  o f  

t h i s   i n v e n t i o n   a  water   mani fo ld   or  coo l ing   water  a p p l i c a t i o n  

device   is  p r o v i d e d   which  produces   a  water   a p p l i c a t i o n   r a t e  

of  zero  over  shor t   d i s t a n c e s   at  the  co rne r s   of  the  ingot   o r  

d e s i r e d   shape  to  f u r t h e r   a c c e n t u a t e   the  e f f e c t s   of  r e d u c e d  

l o c a l   c o o l i n g .  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

an  improved  p r o c e s s   and  a p p a r a t u s   for  e l e c t r o m a g n e t i c   c a s t i n g  

of  meta ls   and  a l l o y s   into  sheet   i n g o t s ,   or  o ther   d e s i r e d  

e lements   of  shape  c o n t r o l ,   c h a r a c t e r i z e d   by  small   r a d i u s   o f  

c u r v a t u r e   co rne r s   or  p o r t i o n s   t h e r e o n .  

This  and  o ther   o b j e c t s   w i l l   become  more  appa ren t   f rom 

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

BRIEF  DESCRIPTION OF  THE  DRAWINGS 

Figure   1  is  a  schemat ic   c r o s s - s e c t i o n a l   r e p r e s e n t a t i o n  

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

a  s lo t   type  coo lan t   mani fo ld   for  d i s c h a r g i n g   water  o n t o  

the  faces   of  a  forming  i n g o t .  

F igure   2  is  a  schemat ic   c r e s s - s e c t i o n a l   r e p r e s e n t a t i o n  

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

h a v i n g  d r i l l e d   holes   for  s u p p l y i n g   water   to  an  ingot   i n  

acco rdance   wi th   t h i s   i n v e n t i o n .  

F igure   3  is  a  schemat ic   c r o s s - s e c t i o n a l   r e p r e s e n t a t i o n  

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

s lo t   type  man i fo ld   for   supp ly ing   water   to  an  ingot   i n  

acco rdance   wi th   t h i s   i n v e n t i o n .  

F i g u r e  4   is  a  schemat ic   c r o s s - s e c t i o n a l   r e p r e s e n t a t i o n  

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

embodiment  of  a  mod i f i ed   s l o t   type  man i fo ld   for  s u p p l y i n g  

coo lan t   to  an  ingot   in  accordance   wi th   t h i s   i n v e n t i o n .  



Figure   5  is  a  p a r t i a l   bottom  plan  view  looking   up  i n t o  

the  mani fo ld   d i s c h a r g e   s lo t   of  a  mani fo ld   showing  c o r n e r s  

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

t h i s   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  PREFERRD  EMBODIMENTS 

In  a l l   drawing  F igures   a l i k e   p a r t s   are  d e s i g n a t e d   by 

a l i k e   n u m e r a l s .  

R e f e r r i n g   now  to  FIGURE  1  the re   is  shown  t h e r e i n   a  

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

w i t h  U . S .   Pa ten t   4 , 1 5 8 , 3 7 9 .  

The  e l e c t r o m a g n e t i c   c a s t i n g   mold  10  is  comprised  of  a n  

i n d u c t o r   11  which  is  water  cooled;   a  coolan t   mani fo ld   12 

for  app ly ing   coo l ing   water  to  the  p e r i p h e r a l   su r f ace   13 

of  the  metal   being  cast   C;  and  a  non-magnet ic   sc reen   14.  

Molten  metal   is  c o n t i n u o u s l y   i n t r o d u c e d   in to   the  mold  10 

dur ing   a  c a s t i n g   run,  in  the  normal  manner  us ing  a  t r o u g h  

15  and  down  spout  15  and  c o n v e n t i o n a l   molten  metal   h e a d  

c o n t r o l .   The  i n d u c t o r   11  is  e x c i t e d   by  an  a l t e r n a t i n g  

c u r r e n t   from  a  s u i t a b l e   power  source  (not  shown) .  

The  a l t e r n a t i n g   c u r r e n t   in  the  i n d u c t o r   11  produces   a 

magnet ic   f i e l d   which  i n t e r a c t s   with  the  molten  metal   h e a d  

19  to  produce  eddy  c u r r e n t s   t h e r e i n .   These  eddy  c u r r e n t s   i n  

turn   i n t e r a c t   wi th   the  magnet ic   f i e l d   and  produce  f o r c e s  

which  apply  a  magnet ic   p r e s s u r e   to  the  molten  metal   head  19 

to  c o n t a i n   it   so  t ha t   it  s o l i d i f i e s  i n   a  d e s i r e d   i n g o t  

c ross   s e c t i o n .  

An  a i r   gap  e x i s t s   dur ing   c a s t i n g ,   between  the  m o l t e n  

metal   head  19  and  the  i n d u c t o r   11.  The  m o l t e n  m e t a l   h e a d  

19  is  formed  or  molded  in to   the  same  g e n e r a l   shape  as  t h e  

i n d u c t o r   11  t he reby   p r o v i d i n g   the  d e s i r e d   ingot   c ross   s e c t i o n .  



The  i n d u c t o r   may  have  any  d e s i r e d   shape  i n c l u d i n g   c i r c u l a r   o r  

r e c t a n g u l a r   as  r e q u i r e d   to  o b t a i n   the  d e s i r e d   i ngo t  C   c r o s s  

s e c t i o n .  

The  purpose  of  the  non-magne t i c   sc reen   14  is  to  f i n e  

tune  and  ba lance   the  magnet ic   p r e s s u r e   with  the  h y d r o s t a t i c  

p r e s s u r e  o f   the  mol ten  metal   head  19.  The  non-magne t i c   s c r e e n  

14  compr ises   a  s e p a r a t e   element  a s  shown,   and  is  not  a  p a r t  

of  the  man i fo ld   12  for  app ly ing   the  c o o l a n t .  

I n i t i a l l y ,   a  c o n v e n t i o n a l   ram  21  and  bottom  b lock   22 

is  held  in  the  magne t ic   con ta inment   zone  of  the  mold  10  t o  

a l low  the  mol ten  meta l   to  be  poured  into  the  mold  at  t h e  

s t a r t   of  the  c a s t i n g   run.  The  ram  21  and  bottom  b lock   2 2  

are  then  un i fo rmly   wi thdrawn  at  a  d e s i r e d   c a s t i n g   r a t e .  

S o l i d i f i c a t i o n   of  the  mol ten  metal   which  is  m a g n e t i c a l l y  

c o n t a i n e d   in  the  mold 10  is  ach ieved   by  d i r e c t   a p p l i c a t i o n  

of  water   from  the  coo l ing   man i fo ld   12  to  t h e  i n g o t   s u r f a c e  

13.  The  water  is  shown  a p p l i e d   to  the  ingot   s u r f a c e   13 

w i th in   the  c o n f i n e s   of  the  i n d u c t o r   11.  The  water  may  be  

a p p l i e d ,   howeve r , t o   the  ingot   s u r f a c e   13  from  a b o v e ,  

w i th in   or  below  the  i n d u c t o r   11  as  d e s i r e d .  

The  s o l i d i f i c a t i o n   f ron t   25  of   the  c a s t i n g   comprises   t h e  

boundary  between  the  molten  meta l   head  19  and  the  s o l i d i f i e d  

ingot   C.  The  l o c a t i o n   of  the  s o l i d i f i c a t i o n   f r o n t   25  a t  

the  ingot   su r f ace   13  r e s u l t s   from  a  ba l ance   of  the  h e a t  

input   from  the  s u p e r h e a t e d   l i q u i d   metal   19  and  the  r e s i s t a n c e  

h e a t i n g   from  the  induced  c u r r e n t s   in  the  ingot   s u r f a c e  

l a y e r ,   with  the  l o n g i t u d i n a l   heat  e x t r a c t i o n   from  t h e  

coo l ing   water   a p p l i c a t i o n .  

Coolant  man i fo ld   12  is  a r r anged   above  the  i n d u c t o r   11 

and  i n c l u d e s   at  l e a s t   one  d i s c h a r g e   por t   28  a t   the  end  o f  



extended  p o r t i o n   30  for  d i r e c t i n g   the  coo lan t   a g a i n s t   t h e  

su r f ace   13  of  the  ingot   or  c a s t i n g .   The  d i s c h a r g e   port   28 

c a n   comprise  a  s lo t   or  a  p l u r a l i t y   of  i n d i v i d u a l   o r i f i c e s  

for  d i r e c t i n g   the  coo lan t   aga in s t   the  s u r f a c e   13  of  t h e  

ingot  C  about  the  e n t i r e   p e r i p h e r y   of  t ha t   s u r f a c e .  

Coolant  mani fo ld   12  is  a r r anged   for  movement  a l o n g  

v e r t i c a l l y   ex t end ing   r a i l s   38  and  39  a x i a l l y   of  the  ingot   c 

such  t ha t   extended  p o r t i o n   30  and  d i s c h a r g e   port   28  can  be  

moved  between  the  non-magne t i c   sc reen   14  and  the  i n d u c t o r   11.  

Axial  ad jus tmen t   of  the  d i s c h a r g e   port   28  p o s i t i o n   is  p r o v i d e d  

by  means  of  cranks  40  mounted  to  screws  41.  

The  coo lan t   is  d i s c h a r g e d   a g a i n s t   the  su r f ace   of  t h e  

c a s t i n g   in  the  d i r e c t i o n   i n d i c a t e d   by  arrows  43  to  de f i ne   t h e  

p lace   of  coolan t   a p p l i c a t i o n .  

Figure   2  is  a  schemat ic   c r o s s - s e c t i o n a l   r e p r e s e n t a t i o n  

of  one  embodiment  of  a  system  for  a p p l i c a t i o n   of  a  c o o l a n t  

in  accordance   with  t h i s   i n v e n t i o n .   Line  29  d i v i d e s   F igure   2 

in to   two  s ides   (A)  and  (B).  Side  (A)  shows  a  s e c t i o n   t h r o u g h  

a  face  of  r e c t a n g u l a r   ingot   20  and  i n d u c t o r   11'  w h i l e  

side  (B)  shows  a  s e c t i o n   th rough   the  corner   of  the  same 

e l emen t s .   Coolan t ,   t y p i c a l l y   water ,   is  s u p p l i e d   to  t h e  

p e r i p h e r a l   su r f ace   13  of  ingot   20  via  holes   17  in  i n d u c t o r  

11 '  .  

Rounding  off  of  co rne r s   in  e l e c t r o m a g n e t i c   c a s h i n g  

r e s u l t s   from  h igher   e l e c t r o m a g n e t i c   p r e s s u r e   at  a  g i v e n  

d i s t a n c e   from  the  i n d u c t o r   near  the  corner   (where  two 

prox imate   f a c e s  o f   the  s i n g l e   turn   i n d u c t o r   g e n e r a t e   f i e l d )  

and  from  excess   coo l ing   or  h igher   heat  e x t r a c t i o n   r a t e s   a t  

the  co rne r s   because  of  geomet r ic   and  h igher   heat  t r a n s f e r  

c h a r a c t e r i s t i c s .   R e f e r r i n g   to  Figure   2,  do t t ed   l ine   23 



e x e m p l i f i e s   the  l o c a t i o n   of  the  s o l i d f i c a t i o n   f ron t   at  t h e  

corner   of  an  ingot   ( s ide   (B))  which  is  cooled  by  known 

uniform  r a t e   and  he igh t   p e r i p h e r a l   coo l an t   flow  d i r e c t e d  

to  the  s u r f a c e   13  of  r e c t a n g u l a r   ingot   20.  As  can  be  s e e n ,  

excess   coo l ing   at  the  co rne r s   of  the  ingot   20  cause  t h e  

so l id i f i ca t ion   f ron t   to  r i s e   in  compar ison  to  the  e l e v a t i o n  

of  the  s o l i d i f i c a t i o n   f ron t   a long  the  faces   of  the  ingot   20  

(s ide   (A)),  denoted  by  dashed  l ine   24.  Thus,  b,  the  h e i g h t "  

of  the  s o l i d i f i c a t i o n   f ron t   from  the  po in t   of  c o o l a n t  

impingement  at  the  co rne r s   of  the  ingot   20  is  g r e a t e r   t h a n  

a ,  t h e   he igh t   of  the  s o l i d i f i c a t i o n   f ron t   from  the  point   o f  

coo lan t   impingement  along  the  faces   of  the  ingot   20.  T h i s  

combina t ion   of  h igher   s o l i d i f i c a t i o n   f ron t   (lower  h e a d )  

and  i n c r e a s e d   magnet ic   p r e s s u r e   at  the  co rne r s   causes   t h e  

pushing  of  molten  metal   away  from  the  co rne r s   t h e r e b y  

p roduc ing   a  h igh ly   u n d e s i r a b l e   round ing   off  of  the  i n g o t  

c o r n e r s .  

In  acco rdance   with  t h i s   i n v e n t i o n   coo lan t   a p p l i c a t i o n  

dev ices   are  modi f i ed   to  produce  c o n t r o l l e d   d i f f e r e n t i a l  

s t a t i c   head  l e a d i n g   to  r e f i n e m e n t   of  ingot   shapes  at  t h e  

c o r n e r s ,   and  in  p a r t i c u l a r   to  form  sma l l e r   r a d i u s   o f  

c u r v a t u r e s   at  ingot   c o r n e r s .  

Con t ro l   of  ingot   shape  is  e f f e c t e d   in  accordance   w i t h  

the  p r e s e n t   i n v e n t i o n   by  s e l e c t i o n   of  the  r a t e   a n d / o r  

l o c a t i o n   of  c o o l i n g   water  impingement  upon  the  s u r f a c e   o f  

forming  ingot   s h e l l s .   Rounding  off  of  co rne r s   in  e l e c t r o -  

magnet ic   c a s t i n g   can  be  made  l e s s   severe   or  of  s m a l l e r  

r a d i u s   by  c o n t o u r i n g   the  water   a p p l i c a t i o n   r a t e   a n d / o r  

e l e v a t i o n   so  tha t   the  r a t e   and /o r   e l e v a t i o n   is  a  minimum 

at  the  corner   of  the  i n g o t .   Reduc t ion   of  the  w a t e r  



a p p l i c a t i o n   r a t e   and/or   l o w e r i n g   of  the  a p p l i c a t i o n   l e v e l  

serves   to  reduce  the  l o c a l   heat  e x t r a c t i o n   r a t e   along  an  

ingot   t r a n s v e r s e   cross   s e c t i o n   l ine   of  cons t an t   h e i g h t .  

This  in  turn   lowers  the  p o s i t i o n   of  the  s o l i d i f i c a t i o n   f r o n t  

at  the  ingot  co rne r s   and  c o r r e s p o n d i n g l y   r a i s e s   the  m e t a l  

s t a t i c   head  or  p r e s s u r e   at  the  c o r n e r s .   This  i n c r e a s e d   p r e s s u r e  

r e s u l t s   in  the  l i q u i d   metal   app roach ing   the  i n d u c t o r   more 

c l o s e l y   at  the  co rne r s   and  t he reby   f i l l i n g   the  corner   to  fo rm 

a  smal l e r   r a d i u s   of  c u r v a t u r e   before   the  i n c r e a s e d   s t a t i c  

p r e s s u r e   is  c o u n t e r b a l a n c e d   by  the  i n c r e a s e d   e l e c t r o m a g n e t i c  

f o r c e .  

As  can  be  seen  from  F igure   2,  the  e l e v a t i o n   of  the  w a t e r  

impingement  at  the  side  (B)  (the  corner   of  ingot   20)  i n  

accordance   with  t h i s   i n v e n t i o n   is  lower  than  the  e l e v a t i o n  

at  side  (A)  (along  the  face  of  t h e  i n g o t   20)  by  v i r t u e  o f   t h e  

m o d i f i c a t i o n   in  e l e v a t i o n   and  angle  of  holes  17  in  i n d u c t o r  

11 ' .   The  s o l i d i f i c a t i o n   f ron t   25  forms  as  a  r e s u l t   at  a  

h e i g h t  b   above  the  point   of  water   impingement  (point   26) 

but  at  a  l eve l   lower  than  the  point   27  where  the  s o l i d i f i c a t i o n  

f ron t   25  forms  along  the  faces  of  ingot   20. 

As  an  a l t e r n a t i v e   to  a l t e r r i n g   the  angle  and /o r   e l e v a t i o n  

of  holes  17  in  i n d u c t o r   11'  i t   would  be  p o s s i b l e   to  o b t a i n   a 

lower ing   of  the  s o l i d i f i c a t i o n   f ron t   at  the  co rne r s   of  i n g o t  

20  by  r educ ing   the  d i ame te r   of  holes  17  and /or   by  b l o c k i n g  

one  or  more  holes   l o c a l l y   of  the  co rne r s   t he reby   p a r t i a l l y  

r e d u c i n g   or  r educ ing   to  zero  the  r a t e   of  water  a p p l i c a t i o n  

at  the  ingot  c o r n e r s .   Of  course   hybr ids   of  hole  s i ze ,   d e n s i t y ,  

e l e v a t i o n ,   angle  and  b lockage  could  be  dev i sed   to  o b t a i n   t h e  

r e s u l t s   d e s i r e d   with  r e s p e c t   to  coc l i ng   r a t e   at  the  c o r n e r s  

in  accordance   with  t h i s   i n v e n t i o n .  



Figure   3  shows  a  p a r t i a l   schemat ic   c r o s s - s e c t i o n a l  

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

F igure   1  with  a  modi f i ed   coo lan t   mani fo ld   12'  in  a c c o r d a n c e  

with  ano the r   embodiment  of  t h i s   i n v e n t i o n .  

F igure   3  shows  extended  p o r t i o n   30  to  have  a  d i s c h a r g e  

port   28'  (Side  (B))  having  a  mod i f i ed   s lo t   d i s c h a r g e   a n g l e  

caus ing   impingement  of  coo lan t   water   at  a  lower  e l e v a t i o n   a t  

the  c o r n e r s   of  ingot   20.  Side  (A)  shows  a  s t a n d a r d   or  u n -  

modi f i ed   d i s c h a r g e   port   28  which  impinges  water   at  a  h i g h e r  

l e v e l   a long  the  faces   of  ingot   20.  S o l i d i f i c a t i o n   f r o n t   25 

is  seen  to  be  at  a  h igher   l e v e l   as  d e s i g n a t e d   by  poin t   27 

along  the  faces   of  the  ingot   than  at  or  near  the  c o r n e r s   o f  

ingot   20,  d e s i g n a t e d   by  po in t   26 .  

F igure   4  shows  a  p a r t i a l   schemat ic   c r o s s - s e c t i o n a l  

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

F igures   1 and  3  wi th   a  mod i f i ed   coo l an t   mani fo ld   12"  i n  

accordance   wi th   yet  ano the r   embodiment  of  t h i s   i n v e n t i o n .  

In  F igure   4,  ex tended  p o r t i o n   30  of  modi f i ed   c o o l a n t  

mani fo ld   12n  is  c o n s t r u c t e d   with  d i s c h a r g e   por t   28  c o m p l e t e l y  

blocked  o f f  a t   or  near  the  c o r n e r s   of  ingot  20  (Side  (B))  

by  p o r t i o n   31  of  coo lan t   man i fo ld   12".  Thus  t h e r e   is  z e r o  

l o c a l   coo l ing   in  the  immediate   co rne r s   of  ingot   20  c a u s i n g  

s o l i d i f i c a t i o n   f ron t   25  to  drop  to  the  poin t   26  a t   the  c o r n e r s  

of  ingot   20.  Side  (A)  shows  t ha t   the  s o l i d i f i c a t i o n   f ron t   25 

s tays   at  poin t   27  along  the  faces   of  the  i n g o t .  

Where  s lo t   type  coo l an t   man i fo ld s   such  as  d e p i c t e d  

in  F igu re s   1,  3  and  4  are  used,   the  s lo t   c ross   s e c t i o n   can  

be  a c c u r a t e l y   con toured   to  produce  a  smoothly  va ry ing   w a t e r  

flow  r a t e   with  a  minimum  or  zero  flow  r a t e   at  or  near  t h e  

ingot   corner   p o s i t i o n s .  



In  a d d i t i o n   to  a l t e r r i n g   the  angle  of  s lo t   d i s c h a r g e ,  

it   is  con templa t ed   to  a l t e r   the  extended  p o r t i o n   30  at  t h e  

a reas   of  the  corners   of  the  ingot   20  to  modify  the  e l e v a t i o n  

of  the  s lo t   d i s c h a r g e   por t s   so  as  to  be  lowest  at  the  i n g o t  

c o r n e r s .   Thus  the  e l e v a t i o n   of  the  impinging  water  can  be  

a l t e r r e d   by  a l t e r r i n g   the  angle  and/or   the  a c t u a l   e l e v a t i c n  

of  the  d i s c h a r g e   s l o t s .   Again,  hybr ids   of  con toured   s l o t  

cross   s e c t i o n ,   e l e v a t i o n   and  angle  could  be  dev ised   to  c a r r y  

cut  the  p rocess   of  t h i s   i n v e n t i o n .  

Figure   5  is  a  bottom  plan  view  looking  up  into  a n  

extended  p o r t i o n   30  of  a  mani fo ld   and  shows  corners   p o s s e s s i n g  

d i f f e r e n t   s lo t   m o d i f i c a t i o n s   in  accordance   with  t h i s   i n v e n t i o n .  

Extended  p o r t i o n   30  comprises   an  inner   wall  32,  an  c u t e r  

wall   34  and  a  d i s c h a r g e   port   28.  Corner  c   shows  an  u n m o d i f i e d  

f u l l   s lo t   d i s c h a r g e   port   28  with  a  s l o t   width  equal   to  t h a t  

along  the  four  faces   of  extended  p o r t i o n   30.  Corner D  shows 

a  con toured   s lo t   d i s c h a r g e   port   28  with  zero  s lo t   w i d t h  

( c lo sed )   at  the  exact  corner   62  of  extended  p o r t i o n   30.  

Corne r  E   shows  a  con toured   s lo t   d i s c h a r g e   port   28  with  z e r o  

s lo t   width  over  about  h a l f  t h e   corner   r ad ius   64  of  e x t e n d e d  

p o r t i o n   30  and  c o r n e r  F   shows  zero  s lo t   width  over  a b o u t  

v i r t u a l l y   the  whole  corner   r a d i u s   66  of  extended  p o r t i o n   3C. 

The  a f o r e d e s c r i b e d   v a r i a n t s   in  coo lan t   app ly ing   e q u i p -  

ment  are  t y p i c a l l y   des igned   so  as  to  modify  the  c o o l a n t  

a p p l i c a t i o n   r a t e   and/or   impact  point   w i th in   about  t h ree   i n c h e s  

on  e i t h e r   side  of  a  corner   while  the  maximum  ex ten t   of  t h e  

m o d i f i c a t i o n s   in  coo lan t   a p p l i c a t i o n   is  to  r e s u l t   in  s u b s t a n t i a l  

absence  of  coo lan t   a p p l i c a t i o n   over  about  one  inch  or  l e s s  

of  the  ingot  s u r f a c e   about  the  c o r n e r .  



The  novel  method  and  a p p a r a t u s   of  the  p r e s e n t   i n v e n t i o n  

f ind   a p p l i c a b i l i t y   in  the  e l e c t r o m a g n e t i c   c a s t i n g   of  any 

shapes  wherein   i t   is  d e s i r e d   to  form  p o r t i o n s   t he reon   of  low 

r a d i u s   of  c u r v a t u r e .  

.  It  is  apparen t   tha t   t he re   has  been  p rov ided   with  t h i s  

i n v e n t i o n   a  novel  p roces s   and  means  for  u t i l i z i n g   c o n t r o l l e d  

d i f f e r e n t i a l   s t a t i c   head  by  c o n t r o l   of  coo lan t   a p p l i c a t i o n   t o  

ob t a in   r e f i n e m e n t   of  ingot   shape  dur ing  e l e c t r o m a g n e t i c  

c a s t i n g   which  f u l l y   s a t i s f y   the  o b j e c t s ,   means  and  

advan tages   set  f o r t h   h e r e i n   b e f o r e .   While  the  i n v e n t i o n  

has  been  d e s c r i b e d   in  combina t ion   with  s p e c i f i c   embodiments  

t h e r e o f ,   i t   is  ev iden t   tha t   many  a l t e r n a t i v e s ,   m o d i f i c a t i o n s  

and  v a r i a t i o n s   w i l l   be  appa ren t   to  those  s k i l l e d   in  the  art   i n  

l i g h t   of  the  f o r e g o i n g   d e s c r i p t i o n .   A c c o r d i n g l y ,   i t   i s  

i n t e n d e d   to  embrace  a l l   such  a l t e r n a t i v e s ,   m o d i f i c a t i o n s   and 

v a r i a t i o n s   as  f a l l   w i t h i n   the  s p i r i t   and  broad  scope  o f  

the  appended  c l a i m s .  



1.  In  an  appara tus   for  e l e c t r o m a g n e t i c   forming  of  m o l t e n  

metals   or  a l loys   into  a  c a s t i n g   of  de s i r ed   shape  having  a t  

l ea s t   one  po r t ion   of  small  r ad ius   of  cu rva tu re   c o m p r i s i n g  

means  for  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   force  f i e l d   to  r e c e i v e  

and  form  said  molten  metals  or  a l loys   into  said  c a s t i n g   and 

means  for  apply ing   coolant   to  the  p e r i p h e r a l   sur face   of  s a i d  

c a s t i n g ,   the  improvement  c h a r a c t e r i z e d   by  means  for  l o w e r i n g  

the  s o l i d i f i c a t i o n   f ront   and  i n c r e a s i n g   the  molten  metal  o r  

a l loy   s t a t i c   head  along  the  p e r i p h e r a l   su r face   of  said  c a s t i n g  

at  said  at  l eas t   one  p o r t i o n   of  small  r ad ius   of  c u r v a t u r e ,  

whereby  the  molten  metal  or  a l loy   more  c lo se ly   approaches  s a i d  

e l e c t r o m a g n e t i c   force  f i e l d   g e n e r a t i n g   means  at  said  at  l e a s t  

one  p o r t i o n   of  small  radius   of  c u r v a t u r e .  

2.  An  appara tus   as  in  claim  1  c h a r a c t e r i z e d   in  that   s a i d  

means  for  lowering  the  s o l i d i f i c a t i o n   f ront   and  r a i s i n g   t h e  

molten  metal  or  a l loy   s t a t i c   head  comprises  means  for  c o n -  

t r o l l i n g   the  r a te   at  which  said  coolant   impinges  upon  s a i d  

p e r i p h e r a l   su r face   such  that   the  ra te   of  impingement  in  t h e  

area  of  said  at  l e a s t   one  p o r t i o n   of  small  radius   of  c u r v a t u r e  

is  d i f f e r e n t   as  compared  to  the  ra te   of  impingement  a t  

p e r i p h e r a l l y   ad j acen t   areas  of  said  c a s t i n g .  

3 .  A n   appara tus   as  in  claim  2  c h a r a c t e r i z e d   in  tha t   s a i d  

means  for  c o n t r o l l i n g   is  c o n s t r u c t e d   so  as  to  cause  s a i d  

c o o l a n t  t o   impinge  on  said  p e r i p h e r a l   c a s t i n g   sur face   at  s a i d  

at  l e a s t   one  p o r t i o n   of  small  r ad ius   of  c u r v a t u r e   at  a  l o w e r  

ra te   as  compared  to  p e r i p h e r a l l y   ad j acen t   areas  of  s a i d  

c a s t i n g .  



4.  An  appa ra tus   as  in  claim  1  c h a r a c t e r i z e d   in  t h a t  

said  means  for  lower ing   the  s o l i d i f i c a t i o n   f ron t   and  r a i s i n g  

the  molten  metal  or  a l loy   s t a t i c   head  comprises  means  f o r  

c o n t r o l l i n g   the  e l e v a t i o n   at  which  said  coolant   impinges  upon 

said  p e r i p h e r a l   su r face   such  that   the  e l e v a t i o n   of  impingement  

in  the  area  of  said  at  l e a s t   one  p o r t i o n   of  small  r ad ius   o f  

c u r v a t u r e   is  d i f f e r e n t   as  compared  to  the  e l e v a t i o n   o f  

impingement  at  p e r i p h e r a l l y   ad j acen t   areas   of  said  c a s t i n g .  

5.  An  appa ra tus   as  in  claim  4  c h a r a c t e r i z e d   in  t h a t  

said  means  for  c o n t r o l l i n g   is  c o n s t r u c t e d   so  as  to  cause  s a i d  

coolan t   to  impinge  on  said  p e r i p h e r a l   c a s t i n g   su r f ace   at  s a i d  

at  l e a s t   one  p o r t i o n   of  small  r ad ius   of  c u r v a t u r e   at  a  l o w e r  

e l e v a t i o n   as  compared  to  p e r i p h e r a l l y   a d j a c e n t   p o r t i o n s   o f  

said  c a s t i n g .  

6.  An  appa ra tu s   as  in  claim  1  c h a r a c t e r i z e d   in  tha t   s a i d  

means  for  lower ing  the  s o l i d i f i c a t i o n   f ron t   and  r a i s i n g   t h e  

molten  metal  or  a l loy   s t a t i c   head  comprises   means  for  c o n -  

t r o l l i n g   the  r a t e   and  e l e v a t i o n   at  which  coo lan t   i m p i n g e s  

upon  said  p e r i p h e r a l   s u r f a c e   such  tha t   the  r a t e   and  e l e v a t i o n  

of  impingement  in  the  area  of  said  at  l e a s t   one  p o r t i o n   o f  

small   r ad ius   of  c u r v a t u r e   is  d i f f e r e n t   as  compared  to  t h e  

ra te   and  e l e v a t i o n   of  impingement  at  p e r i p h e r a l l y   a d j a c e n t  

areas   of  said  c a s t i n g .  

7.  An  appa ra tus   as  in  claim  6  c h a r a c t e r i z e d   in  t h a t  

said  means  for  c o n t r o l l i n g   is  c o n s t r u c t e d   so  as  to  c a u s e  

sa id   coolant   to  impinge  on  sa id   p e r i p h e r a l   c a s t i n g   s u r f a c e  

at  said  at  l e a s t   one  p o r t i o n   of  small  r ad ius   of  cu rva tu re   a t  



a  lower  ra te   and  e l e v a t i o n   as  compared  to  p e r i p h e r a l l y  

ad jacen t   areas  of  said  c a s t i n g .  

8.  An  appa ra tus   as  in  any  of  claims  3,  5,  6,  or  7 

c h a r a c t e r i z e d   in  that   said  means  for  lowering  the  s o l i d i f i -  

ca t ion   f ront   and  r a i s i n g   the  molten  metal  or  a l loy   s t a t i c   head  

is  part   of  said  means  for  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   f o r c e  

f i e l d .  

9.  An  appa ra tus   as  in  any  of  claims  3,  5,  6,  or  7 

c h a r a c t e r i z e d   in  that   said  means  for  lowering  the  s o l i d i f i -  

ca t ion   f ront   and  r a i s i n g   the  molten  metal  or  a l loy   s t a t i c   head 

comprises  a  coolant   m a n i f o l d .  

10.  In  a  process   for  e l e c t r o m a g n e t i c   forming  of  m o l t e n  

metals  or  a l loys   into  a  c a s t i n g   having  at  l eas t   one  p o r t i o n  

of  small  r ad ius   of  cu rva tu re   compris ing   p rov id ing   means  f o r  

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   force  f i e l d   for  forming  s a i d  

molten  metals  or  a l loys   into  said  c a s t i n g ,   p rov id ing   a  c o o l a n t  

apply ing   means,  pouring  said  molten  metal  or  a l loy   into  s a i d  

e l e c t r o m a g n e t i c   force  f i e l d ,   and  apply ing   coolant   from  s a i d  

coolant   apply ing   means  to  the  p e r i p h e r a l   sur face   of  s a i d  

forming  c a s t i n g   the  improvement  c h a r a c t e r i z e d   by  a p p l y i n g  

said  coolant   to  said  p e r i p h e r a l   su r face   so  as  to  lower  t h e  

s o l i d i f i c a t i o n   f ront   and  i n c r e a s e   the  molten  metal  or  a l l o y  

s t a t i c - h e a d   along  the  p e r i p h e r a l   su r face   area  of  said  c a s t i n g  

at  said  at  l e a s t   one  po r t ion   of  small  r ad ius   of  c u r v a t u r e  

whereby  the  molten  metal  or  a l loy   more  c lo se ly   a p p r o a c h e s  

said  e l e c t r o m a g n e t i c   force  f i e l d   g e n e r a t i n g   means  at  said  a t  

l e a s t   one  po r t i on   of  small  r ad ius   of  c u r v a t u r e .  



11.  A  process   as  in  claim  10  c h a r a c t e r i z e d   in  tha t   s a i d  

step  of  apply ing   comprises  c o n t r o l l i n g   the  ra te   at  which  s a i d  

coolan t   impinges  upon  said  p e r i p h e r a l   su r face   such  tha t   t h e  

ra te   of  impingement  in  the  area  of  sa id   at  l e a s t   one  p o r t i o n  

of  small  r ad ius   of  c u r v a t u r e   is  d i f f e r e n t   as  compared  to  t h e  

r a t e   of  impingement  at  p e r i p h e r a l l y   ad j acen t   areas  of  s a i d  

c a s t i n g .  

12.  A  process   as  in  claim  11  c h a r a c t e r i z e d   in  t ha t   s a i d  

coolan t   impinges  on  said  p e r i p h e r a l   c a s t i n g   su r face   at  s a i d  

at  l e a s t   one  p o r t i o n   of  small  r ad ius   of  c u r v a t u r e   at  a  l o w e r  

r a t e   as  compared  to  p e r i p h e r a l l y   ad j acen t   areas  of  s a i d  

c a s t i n g .  

13.  A  process   as  in  claim  10  c h a r a c t e r i z e d   in  tha t   s a i d  

step  of  app ly ing   comprises  c o n t r o l l i n g  t h e   e l e v a t i o n   at  which  

sa id   coolan t   impinges  upon  said  p e r i p h e r a l   sur face   such  t h a t  

the  e l e v a t i o n   of  impingement  in  the  area  of  said  at  l e a s t   one 

p o r t i o n   of  small  r ad ius   of  c u r v a t u r e   is  d i f f e r e n t   as  compared 

to  the  e l e v a t i o n   of  impingement  at  p e r i p h e r a l l y   a d j a c e n t   a r e a s  

of  sa id   c a s t i n g .  

14.  A  process   as  in  claim  13  c h a r a c t e r i z e d   in  tha t   s a i d  

coo lan t   impinges  on  said  p e r i p h e r a l   c a s t i n g   sur face   a t  s a i d  

at  l e a s t   one  p o r t i o n   of  small  r ad ius   of  c u r v a t u r e   at  a  lower  

e l e v a t i o n   as  compared  to  p e r i p h e r a l l y   a d j a c e n t   areas  of  s a i d  

c a s t i n g .  

15.  A  process   as  in  claim  10  c h a r a c t e r i z e d   in  tha t   s a i d  

step  of  apply ing   comprises   c o n t r o l l i n g   the  r a te   and  e l e v a t i o n  



at  which  said  coolant   impinges  upon  said  p e r i p h e r a l   s u r f a c e  

such  tha t   the  ra te   and  e l e v a t i o n   of  impingement  in  the  a r e a  

of  said  at  l e a s t   one  po r t ion   of  small  r ad ius   of  cu rva tu re   i s  

d i f f e r e n t   as  compared  to  the  ra te   and  e l e v a t i o n   of  impingement  

at  p e r i p h e r a l l y   ad jacen t   areas  of  said  c a s t i n g .  

16.  A  process   as  in  claim  15  c h a r a c t e r i z e d   in  that   s a i d  

coolan t   impinges  on  said  p e r i p h e r a l   c a s t i n g   sur face   at  said  a t  

l ea s t   one  po r t i on   of  small  r a d i u s  o f   c u r v a t u r e   at  a  lower  r a t e  

and  e l e v a t i o n   as  compared  to  p e r i p h e r a l l y   ad j acen t   areas  o f  

said  c a s t i n g .  

17.  A  coolant   manifold  for  use  in  e l e c t r o m a g n e t i c   c a s t i n g  

o f  mo l t en   metals  or  a l loys   c h a r a c t e r i z e d   by  said  m a n i f o l d  

forming  a  s u b s t a n t i a l l y   c losed  loop  d e f i n i n g   a  c e n t r a l  

enc losed   area ,   and  having  at  l e a s t   one  co rner ,   and  s a i d  

manifold   i n c l u d i n g   a  p e r i p h e r a l   s lo t   or  p l u r a l i t y   of  o r i f i c e s  

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

along  said  loop  so  as  to  d i r e c t   a  flow  of  coolant   m a t e r i a l  

from  said  at  l e a s t   one  corner   at  a  d i f f e r e n t   ra te   or  e l e v a t i o n  

as  compared  to  flow  from  ad j acen t   p e r i p h e r a l   areas  of  s a i d  

m a n i f o l d .  

13.  A  coolant   manifold  as  in  claim  17  c h a r a c t e r i z e d   i n  

that   said  s lo t   or  o r i f i c e   openings  are  narrower  at  areas  o f  

said  manifold   at  said  at  l e a s t   one  corner   as  compared  t o  

ad j acen t   p e r i p h e r a l   areas  of  said  m a n i f o l d .  

19.  A  coolant   manifold  as  in  claim  13  c h a r a c t e r i z e d   i n  

that   said  s lo t   or  o r i f i c e   openings  are  c losea   at  areas  o f  

said  manifold   at  said  at  l e a s t   one  c o r n e r .  



20.  A  coolan t   manifold   as  in  claim  17  c h a r a c t e r i z e d   i n  

tha t   sa id   o r i f i c e s   are  of  l e s s   dens i ty   at  areas  of  s a i d  

manifold   at  said  at  l e a s t   one  corner   as  compared  to  a d j a c e n t  

p e r i p h e r a l   areas  of  said  m a n i f o l d .  

21.  A  coolan t   manifold   as  in  claim  17  c h a r a c t e r i z e d   i n  

tha t   said  s lo t   or  o r i f i c e s   are  at  a  lower  e l e v a t i o n   at  a r e a s  

of  said  manifo ld   at  said  at  l e a s t   one  corner   as  compared  t o  

a d j a c e n t   p e r i p h e r a l   areas  of  said  m a n i f o l d .  

22..  A  coolan t   mani fo ld   as  in  claim  17  c h a r a c t e r i z e d   i n  

tha t   said  s lo t   or  o r i f i c e s   have  a   smal le r   angle  of  i n c l i n a t i o n  

with  r e s p e c t   to  the  axis  of  said  c e n t r a l   enc losed   area  a t  

areas  of  said  manifold   at  said  at  l e a s t   one  corner   as  compared 

to  ad j acen t   p e r i p h e r a l   areas  of  said  m a n i f o l d .  
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