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(54)  Method  of  preventing  generation  of  earth  circulating  current  in  induction  heating  apparatus  
for  molten  steel 

(57)  There  is  disclosed  a  method  by  which  a  chan- 
nel-type  induction  heating  apparatus  is  provided  on  a 
tundish  (20),  which  comprises  a  steel  receiving  chamber 
(6)  and  a  steel  discharging  chamber  (7)  each  of  which 
chambers  is  connected  to  the  earth  via  molten  steel  flow- 
ing  from  a  ladle,  molten  steel  flowing  into  a  mold,  or  a 
refractory,  in  such  a  manner  that  an  earth  circulating  cur- 
rent  is  prevented  from  being  generated.  An  electromag- 
netic  connection  of  an  induction  heating  coil  (2)  and  an 
iron  core  (1)  of  a  two-leg  type  or  a  three-leg  type  to  a 
loop  current  circuit  in  the  molten  steel  is  arranged  sym- 
metrically,  thereby  suppressing  the  generation  of  an 
earth  circulating  current.  By  thus  suppressing  the  gen- 
eration  of  the  earth  circulating  current,  it  becomes 
unnecessary  to  insulate  an  earth  circuit  as  required  in 
conventional  constructions,  and  the  maintenance  of 
facilities  becomes  easier,  and  besides  any  malfunction 
of  the  equipment  due  to  the  earth  circulating  current  is 
totally  eliminated. 
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Description 

This  invention  relates  to  a  method  of  preventing  the 
generation  of  an  earth  circulating  current  in  an  induction 
heating  apparatus  for  molten  steel  in  a  tundish  in  a  con-  s 
tinuous  casting  operation. 

Superheating  temperatures  (hereinafter  referred  to 
as  "SH")  of  molten  steel  in  a  tundish  in  a  continuous  cast- 
ing  operation  (see  Fig.  6)  greatly  influences  the  quality 
of  a  steel  product.  If  SH  is  high,  this  interrupts  equiaxis  10 
crystallization,  and  increases  central  segregation.  If  SH 
is  low,  the  viscosity  of  the  molten  steel  increases,  and 
defects  due  to  inclusions  frequently  occurs,  for  example, 
as  a  result  of  generation  of  deckel  (i.e.,  agglomerates 
formed  by  inclusions  or  powder  deposited  on  the  molten  is 
steel)  in  a  mold.  Therefore,  it  is  desirable  from  the  view- 
point  of  the  quality  that  SH  should  always  be  controlled 
to  a  target  range.  Generally,  however,  when  trying  to 
keep  SH  constant  in  a  charge  under  the  influence  of  heat 
dissipation  from  the  molten  steel  in  a  ladle,  the  casting  20 
speed  must  be  varied.  This  has  resulted  in  a  problem 
that  the  efficiency  of  the  production  is  lowered,  and 
besides  the  lowering  of  SH  at  a  final  stage  of  the  casting 
operation  could  not  be  sufficiently  compensated  for. 

Under  the  circumstances,  there  has  now  been  made  25 
an  attempt  in  which  a  heating  function  is  added  to  a 
tundish  for  continuous  casting  so  as  to  prevent  the  low- 
ering  of  SH  at  an  initial  stage  and  a  final  stage  of  the 
casting  operation.  For  heating  molten  steel  in  a  tundish, 
it  is  a  common  practice  to  use  an  electrically-operated  30 
induction  heating  system  in  view  of  controllability  and 
economy. 

A  commonly-used  induction  heating  apparatus  will 
now  be  described  with  reference  to  Fig.  4.  Reference 
numeral  1  denotes  a  two-leg  iron  core.  A  tundish  20  is  35 
enclosed  by  an  iron  shell  13,  and  is  lined  with  a  refractory, 
and  this  tundish  is  divided  into  first  and  second  chambers 
6  and  7  which  are  communicated  with  each  other  by  mol- 
ten  steel  channels  1  4  and  1  5.  The  first  and  second  cham- 
bers  6  and  7  are  separated  from  each  other  by  a  40 
refractory  wall  4,  and  one  leg  of  the  two-leg  iron  core  1 
extends  through  a  central  portion  of  the  refractory  wall 
4,  and  a  coil  2  is  wound  on  the  one  leg  of  the  two-leg  iron 
core  1  .  A  loop  current  circuit  through  molten  steel  5  is 
formed  around  the  two-leg  iron  core  1  (which  constitutes  45 
a  closed  magnetic  field  circuit)  through  the  molten  steel 
channels  14  and  15  (which  are  provided  to  interlink  the 
two-leg  iron  core  1)  within  the  tundish  20.  An  earth  circuit 
18  serves  to  effect  ground  via  the  molten  steel,  the 
refractory  and  the  associated  equipment  from  the  first  so 
chamber  6,  and  an  earth  circuit  19  serves  to  effect 
ground  via  the  molten  steel,  the  refractory  and  the  asso- 
ciated  equipment  from  the  second  chamber  7.  Molten 
steel  is  supplied  from  a  ladle  9  (Fig.  6)  into  the  first  cham- 
ber  6,  and  the  molten  steel  is  fed  from  the  second  cham-  ss 
ber  7  into  a  continuous  casting  mold  11  through  a 
submerged  entry  nozzle. 

The  condition  of  the  molten  steel  in  the  tundish  and 
the  ladle,  the  condition  of  the  molten  steel  discharged  to 

the  mold,  and  electric  circuits  will  now  be  described  with 
reference  to  Fig.  5  which  is  a  perspective  view. 

In  this  case,  the  molten  steel  receiving  chamber  (first 
chamber)  6  of  the  tundish  20  is  electrically  connected  to 
the  ladle  9  via  the  molten  steel  or  a  long  nozzle  8,  and 
the  ladle  9  is  connected  to  the  earth  18  via  a  ladle  sup- 
port.  The  molten  steel  discharging  chamber  (second 
chamber)  7  is  connected  to  the  mold  1  1  or  a  pinch  roll 
12  via  the  molten  steel  or  the  immersion  nozzle  10,  and 
the  mold  1  1  or  the  pinch  roll  1  2  is  connected  to  the  earth 
19. 

In  Fig.  5,  it  can  be  considered  that  the  electric  circuits 
are  a  loop  25  via  the  molten  steel,  a  loop  1  7  via  the  iron 
shell  of  the  tundish  (the  loop  1  7  being  formed  in  iron  shell 
13),  and  an  earth  circuit  16.  In  Fig.  5,  reference  numeral 
13  denotes  the  iron  shell  of  the  tundish,  and  reference 
numeral  1  denotes  the  two-leg  iron  core. 

Rz:  Iron  shell  insulating  plate  (Rz  »  0£2) 
Rx:  LD  (ladle)  earth  resistance  (Rx  =  several 

tens  of  m£2) 
R-i:  LN  (long  nozzle)  refractory  resistance  (R1  » 

0£2) 
Rs:  PR  (pinch  roll)  resistance  (Rs  =  several  tens 

of  m£2) 

Here,  the  earth  circuit  16  are  to  be  considered. 
An  earth  circulating  current  flows  through  this  earth 

circuit  16,  and  problems,  such  as  red  heat  and  electro- 
lytic  corrosion  of  the  equipment,  have  often  been 
encountered. 

In  Fig.  4,  when  the  first  chamber  6  and  the  second 
chamber  7  are  connected  to  the  earth,  an  electric  circuit 
serving  as  an  earth  circuit  (indicated  by  a  broken  line)  is 
formed  in  addition  to  a  molten  steel-heating  circuit  (indi- 
cated  by  a  solid  line)  which  is  an  originally-intended  func- 
tion,  and  an  earth  circulating  current  flows  therein.  To 
avoid  this  circulating  current,  there  has  been  used  a 
method  of  insulating  the  earth  circuit;  however,  this  has 
required  much  time  and  labor  for  the  maintenance  of  the 
facilities. 

It  is  therefore  an  object  of  this  invention  to  provide  a 
method  which  essentially  suppresses  the  generation  of 
an  earth  circulating  current,  thereby  obviating  the  need 
for  insulation  of  the  facilities. 

According  to  the  first  aspect  of  present  invention, 
there  is  provided  a  method  of  substantially  preventing  cir- 
culating  electric  current  from  occurring  while  induction- 
heating  a  molten  steel  to  control  a  temperature  of  said 
molten  steel  received  in  a  tundish  adapted  to  be  used  in 
continuous  casting  apparatus  and  adapted  to  feed  said 
molten  steel  to  mold  means  of  said  continuous  casting 
apparatus,  said  tundish  comprising  a  molten  steel- 
receiving  chamber,  a  molten  steel-discharging  chamber, 
electrical  earth  circuit  means  provided  with  respect  to 
each  of  said  chambers,  electromagnetic  induction  heat- 
ing  means  for  heating  said  molten  steel  received  in  the 
tundish  which  heating  means  is  provided  with  iron  core 
having  at  least  two  legs  and  at  least  one  coil  means  sur- 
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rounding  said  at  least  one  of  said  legs  to  thereby  form  a 
closed  magnetic  circuit  in  said  iron  core,  and  at  least  two 
channels  each  operatively  connecting  both  of  said  mol- 
ten  steel-receiving  and  molten  steel-discharging  cham- 
bers  each  of  which  channels  is  interlinked  with  the  iron  5 
core  to  thereby  form  a  loop  current  circuit  in  the  molten 
steel,  said  method  comprising  the  steps  of  disposing 
said  channels  substantially  symmetrically  with  respect 
to  the  iron  core  so  that  an  electro-magnetic  connection 
between  said  iron  core  and  said  channels  is  made  to  be  u 
substantially  symmetrical  with  respect  to  said  iron  core 
to  thereby  make  an  electrical  potential  of  said  molten 
steel-receiving  chamber  substantial!  equal  to  that  of  said 
molten  steel-discharging  chamber,  and  induction-heat- 
ing  said  molten  steel  received  in  said  tundish  through  u 
said  induction  heating  means,  whereby  said  circulating 
current  is  substantially  prevented  from  occurring  in  said 
earth  circuit  means  while  said  chambers  are  electrically 
grounded  through  said  earth  circuit  means  during  the 
induction-heating  of  the  molten  steel.  2< 

According  to  the  second  aspect  of  the  present  inven- 
tion,  there  is  provided  a  tundish  for  feeding  a  molten  steel 
which  tundish  is  adapted  to  be  used  in  continuous  cast- 
ing  apparatus  and  adapted  to  feed  said  molten  steel  to 
mold  means  of  said  continuous  casting  apparatus,  com-  21 
prising  a  molten  steel-receiving  chamber,  a  molten  steel- 
discharging  chamber,  electrical  earth  circuit  means  pro- 
vided  with  respect  to  each  of  said  chambers,  electromag- 
netic  induction  heating  means  for  heating  said  molten 
steel  received  in  the  tundish  which  heating  means  is  pro-  3< 
vided  with  iron  core  having  at  least  two  legs  and  at  least 
one  coil  means  surrounding  said  at  least  one  of  said  legs 
to  thereby  form  a  closed  magnetic  circuit  in  said  iron 
core,  and  at  least  two  channels  each  operatively  con- 
necting  both  of  said  molten  metal-receiving  and  molten  3t 
steel-discharging  chambers  each  of  which  channels  is 
interlinked  with  the  iron  core  to  thereby  form  a  loop  cur- 
rent  circuit  in  the  molten  steel,  said  channels  being  dis- 
posed  to  be  symmetrical  with  respect  to  the  iron  core  so 
that  an  electrical  potential  of  said  molten  steel-receiving  4t 
chamber  is  substantial!  equal  to  that  of  said  molten  steel- 
discharging  chamber  to  thereby  substantially  prevent  a 
circulating  current  from  occurring  in  said  earth  of  circuit 
means  while  said  chambers  are  electricaly  grounded 
through  said  earth  circuit  means  during  the  induction-  4t 
heating  of  the  molten  steel.  The  present  invention  will 
now  be  described  with  reference  to  the  drawings  in 
which: 

Fig.  1A  is  a  view  of  an  induction  heating  apparatus  st 
for  performing  a  method  of  the  present  invention; 
Fig.  1  B  is  an  illustration  showing  an  example  of  cal- 
culation  of  an  electric  potential  distribution  of  the 
induction  heating  apparatus; 
Fig.  2A  is  a  view  of  a  modified  induction  heating  5; 
apparatus  for  performing  a  method  of  the  present 
invention; 
Fig.  2B  is  a  view  showing  an  electric  potential  distri- 
bution  of  the  induction  heating  apparatus  of  Fig.  2A; 

Fig.  3  is  a  view  showing  another  modified  induction 
heating  apparatus  for  performing  a  method  of  the 
present  invention,  and  an  electric  potential  distribu- 
tion  thereof; 
Fig.  4  is  a  view  explanatory  of  a  conventional  induc- 
tion  heating  apparatus; 
Fig.  5  is  a  view  showing  the  manner  of  using  a  con- 
ventional  induction  heating  apparatus;  and 
Fig.  6  is  a  schematic  view  showing  continuous  cast- 
ing  apparatus  in  which  a  tundish  embodying  the 
invention  is  used. 

Example  1 

An  induction  heating  apparatus  for  molten  steel  in  a 
tundish  for  continuous  casting  is  shown  in  Fig.  1A  the 
induction  heating  apparatus  employing  a  two-leg  iron 
core.  Reference  numeral  6  denotes  a  steel  receiving 
chamber,  and  reference  numeral  7  denotes  a  steel  dis- 
charging  chamber.  Both  (two)  legs  of  the  two-leg  iron 
core  1  extend  through  the  tundish  with  refractory  walls  4 
provided  between  the  steel  receiving  chamber  6  and  the 
steel  discharging  chamber  7,  thereby  forming  a  closed 
magnetic  field  circuit.  Both  legs  of  the  core  1  extend 
through  a  coil  2. 

Channels  15  are  symmetrically  provided  respec- 
tively  on  opposite  sides  of  the  closed  magnetic  field  cir- 
cuit  in  parallel  relation  to  each  other.  A  channel  14 
interlinking  the  two-leg  iron  core  1  is  symmetrically  con- 
nected  to  the  channels  1  5  in  interlinking  relation  thereto. 
An  example  of  calculation  of  an  electric  potential  distri- 
bution  of  this  induction  heating  apparatus  is  shown  in  Fig. 
1  B,  wherein  a  mark  "=>"  represents  an  electromotive 
force,  and  another  mark  represents  a  voltage  drop. 
The  potentials  of  the  steel  receiving  chamber  and  the 
steel  discharging  chamber  become  9  V  and  11-7  V, 
respectively,  and  even  when  the  steel  receiving  chamber 
and  the  steel  discharging  chamber  are  connected  to  the 
earth,  a  potential  difference  between  the  two  chambers 
is  close  to  0  V,  so  that  substantially  no  circulating  current 
occur. 

Example  2 

As  shown  in  Fig.  2A,  molten  steel  channels  15  are 
provided  in  a  refractory  wall  4  separating  a  steel  receiv- 
ing  chamber  6  and  a  steel  discharging  chamber  7  from 
each  other,  and  are  disposed  symmetrically  with  respect 
to  a  central  leg  of  a  three-leg  iron  core  3.  A  circuit  formed 
by  the  three-leg  iron  core  3  interlinks  the  molten  steel 
channels  1  5.  With  this  arrangement  of  the  molten  steel 
channels  15,  a  uniform  induced  electromotive  force  is 
produced  in  the  molten  steel  channels  15,  so  that  the 
electric  potential  of  the  molten  steel  in  the  steel  receiving 
chamber  6  is  equal  to  the  electric  potential  of  the  molten 
steel  in  the  steel  discharging  chamber  7.  Therefore,  even 
when  the  steel  receiving  chamber  6  and  the  steel  dis- 
charging  chamber  7  are  connected  to  the  earth,  substan- 
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tially  no  circulating  current  occurred  since  a  potential 
difference  between  the  two  chambers  was  close  to  0  V. 

Fig.  2B  shows  an  example  of  calculation  of  a  poten- 
tial  distribution,  and  2  V  or  4-0  V  is  obtained  regarding 
the  potential  of  each  of  the  steel  receiving  chamber  and 
the  steel  discharging  chamber,  and  a  circulating  current 
hardly  flows. 

Example  3 

In  Fig.  3,  a  central  leg  of  a  three-leg  iron  core  3 
extends  through  a  tundish  with  refractory  walls  4  sepa- 
rating  a  steel  receiving  chamber  6  and  a  steel  discharg- 
ing  chamber  7  from  each  other,  and  a  coil  2  is  wound 
around  this  central  leg  of  the  three-leg  iron  core  to  form 
a  three-leg  iron  core  circuit.  Molten  steel  channels  1  4  and 
15,  interlinking  the  three-leg  iron  core  circuit,  are  sym- 
metrically  provided  in  the  refractory  wall  4.  The  molten 
steel  channel  1  5  is  closed  by  a  receiving  steel  chamber 
weir  21  ,  and  the  molten  steel  channel  14  is  closed  by  a 
steel  discharging  chamber  weir  22.  The  molten  steel 
channels  1  4  and  1  5  are  communicated  with  each  other 
by  molten  steel  channels  23  and  24  which  are  symmet- 
rically  provided  respectively  on  opposite  sides  of  the 
three-leg  iron  core  circuit. 

Fig.  3  shows  an  example  of  calculation  of  a  potential 
distribution,  and  18  V  versus  18  V  is  obtained  regarding 
the  potentials  of  the  steel  receiving  chamber  6  and  the 
steel  discharging  chamber  7,  and  substantially  no  circu- 
lating  current  flowed. 

As  described  above,  in  the  type  of  tundish  in  which 
there  are  provided  the  steel  receiving  chamber  and  the 
steel  discharging  chamber,  and  these  chambers  are  con- 
nected  to  the  earth  via  the  molten  steel  from  a  ladle,  the 
molten  steel  flowing  into  a  mold,  or  the  refractory,  the 
electrical  connection  between  the  iron  core  and  the  mol- 
ten  steel  channels  is  arranged  symmetrically,  and  with 
this  arrangement  the  electric  potential  of  the  steel  receiv- 
ing  chamber  is  made  equal  to  the  electric  potential  of  the 
steel  discharging  chamber,  so  that  even  when  the  steel 
receiving  chamber  and  the  steel  discharging  chamber 
are  connected  to  the  earth,  the  generation  of  a  circulating 
current  can  be  substantially  prevented. 

In  conventional  constructions,  an  earth  circuit  has 
been  formed,  and  countermeasures,  such  as  means  for 
insulating  an  earth  circulating  current  circuit,  have  been 
adopted.  However,  with  the  method  of  the  present  inven- 
tion,  an  earth  circulating  current  in  the  earth  circuit  is  sup- 
pressed,  so  that  any  malfunction  of  the  associated 
equipment  is  totally  eliminated. 

Claims 

1.  A  method  of  substantially  preventing  circulating 
electric  current  from  occurring  while  induction-heat- 
ing  a  molten  steel  to  control  a  temperature  of  said 
molten  steel  received  in  a  tundish  adapted  to  be 
used  in  continuous  casting  apparatus  and  adapted 
to  feed  said  molten  steel  to  mold  means  of  said  con- 

tinuous  casting  apparatus,  said  tundish  comprising 
a  molten  steel-receiving  chamber,  a  molten  steel- 
discharging  chamber,  electrical  earth  circuit  means 
provided  with  respect  to  each  of  said  chambers, 

5  electromagnetic  induction  heating  means  for  heat- 
ing  said  molten  steel  received  in  the  tundish  which 
heating  means  is  provided  with  iron  core  having  at 
least  two  legs  and  at  least  one  coil  means  surround- 
ing  said  at  least  one  of  said  legs  to  thereby  form  a 

10  closed  magnetic  circuit  in  said  iron  core,  and  at  least 
two  channels  each  operatively  connecting  both  of 
said  molten  steel  -receiving  and  molten  steel-dis- 
charging  chambers  each  of  which  channels  is  inter- 
linked  with  the  iron  core  to  thereby  form  a  loop 

15  current  circuit  in  the  molten  steel,  said  method  com- 
prising  the  steps  of  disposing  said  channels  sub- 
stantially  symmetrically  with  respect  to  the  iron  core 
so  that  an  electro-magnetic  connection  between 
said  iron  core  and  said  channels  is  made  to  be  sub- 

20  stantially  symmetrical  with  respect  to  said  iron  core 
to  thereby  make  an  electrical  potential  of  said  molten 
steel  -receiving  chamber  substantial!  equal  to  that  of 
said  molten  steel-discharging  chamber,  and  induc- 
tion-heating  said  molten  steel  received  in  said 

25  tundish  through  said  induction  heating  means, 
whereby  said  circulating  current  is  substantially  pre- 
vented  from  occurring  in  said  earth  circuit  means 
while  said  chambers  are  electrically  grounded 
through  said  earth  circuit  means  during  the  induc- 

30  tion-heating  of  the  molten  steel. 

2.  A  method  of  substantially  preventing  circulating 
electric  current  as  claimed  in  claim  1  ,  wherein  said 
iron  core  being  provided  with  two  legs  aligned  in  par- 

35  allel  to  and  between  first  and  second  channels  each 
communicating  both  of  the  molten  steel-receiving 
chamber  and  the  molten  steel-discharging  chamber, 
said  two  legs  being  interlinked  with  other  molten 
steel  channel  connecting  said  first  and  second  chan- 

40  nels  each  other,  said  coil  means  being  provided  to 
surround  each  of  said  two  legs. 

3.  A  method  of  substantially  preventing  circulating 
electric  current  as  claimed  in  claim  1  ,  said  iron  core 

45  being  provided  with  three  legs  aligned  in  a  vertical 
direction  with  respect  to  first  and  second  channels 
each  operatively  connecting  both  of  the  molten 
steel  -receiving  chamber  and  the  molten  steel-dis- 
charging  chamber,  a  central  leg  of  said  three  legs 

so  being  disposed  between  the  molten  steel-receiving 
chamber  and  the  molten  steel-discharging  chamber 
and  betwen  said  first  and  second  channels,  other 
two  legs  being  disposed  outwardly  of  iron  shell  defin- 
ing  the  molten  steel-receiving  chamber  and  the  mol- 

55  ten  steel-discharging  chamber,  said  coil  means 
being  provided  to  surround  said  central  leg. 

4.  A  tundish  for  feeding  a  molten  steel  which  tundish  is 
adapted  to  be  used  in  continuous  casting  apparatus 

4 
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and  adapted  to  feed  said  molten  steel  to  mold  means 
of  said  continuous  casting  apparatus,  comprising  a 
molten  steel-receiving  chamber,  a  molten  steel-dis- 
charging  chamber,  electrical  earth  circuit  means 
provided  with  respect  to  each  of  said  chambers,  5 
electromagnetic  induction  heating  means  for  heat- 
ing  said  molten  steel  received  in  the  tundish  which 
heating  means  is  provided  with  iron  core  having  at 
least  two  legs  and  at  least  one  coil  means  surround- 
ing  said  at  least  one  of  said  legs  to  thereby  form  a  w 
closed  magnetic  circuit  in  said  iron  core,  and  at  least 
two  channels  each  operatively  connecting  both  of 
said  molten  metal  -receiving  and  molten  steel-dis- 
charging  chambers  each  of  which  channels  is  inter- 
linked  with  the  iron  core  to  thereby  form  a  loop  75 
current  circuit  in  the  molten  steel,  said  channels 
being  disposed  to  be  symmetrical  with  respect  to  the 
iron  core  so  that  an  electrical  potential  of  said  molten 
steel-receiving  chamber  is  substantial!  equal  to  that 
of  said  molten  steel-discharging  chamber  to  thereby  20 
substantially  prevent  a  circulating  current  from 
occurring  in  said  earth  of  circuit  means  while  said 
chambers  are  electricaly  grounded  through  said 
earth  circuit  means  during  the  induction-heating  of 
the  molten  steel.  25 

5.  A  tundish  for  feeding  a  molten  metal  as  claimed  in 
claim  4,  said  induction  heating  means  being  dis- 
posed  between  the  molten  steel-receiving  chamber 
and  the  molten  steel-discharging  chamber,  said  coil  30 
means  being  spaced  from  the  molten  steel  by  refrac- 
tory  walls. 

6.  A  tundish  for  feeding  a  molten  steel  as  claimed  in 
claim  4  or  5,  said  iron  core  being  provided  with  two  35 
legs  aligned  in  parallel  to  and  between  first  and  sec- 
ond  channels  each  communicating  both  of  the  mol- 
ten  steel  -receiving  chamber  and  the  molten  steel- 
discharging  chamber,  said  two  legs  being  interlinked 
with  other  molten  steel  channel  connecting  said  first  40 
and  second  channels  each  other,  said  coil  means 
being  provided  to  surround  each  of  said  two  legs. 

7.  A  tundish  for  feeding  a  molten  metal  as  claimed  in 
claim  4  or  5,  said  iron  core  being  provided  with  three  45 
legs  aligned  in  a  vertical  direction  with  respect  to  first 
and  second  channels  each  operatively  connecting 
both  of  the  molten  steel-receiving  chamber  and  the 
molten  steel-discharging  chamber,  a  central  leg  of 
said  three  legs  being  disposed  between  the  molten  so 
steel-receiving  chamber  and  the  molten  steel-dis- 
charging  chamber  and  between  said  first  and  sec- 
ond  channels,  other  two  legs  being  disposed 
outwardly  of  iron  shell  defining  the  molten  steel- 
receiving  chamber  and  the  molten  steel-discharging  ss 
chamber,  said  coil  means  being  provided  to  sur- 
round  said  central  leg. 

5 
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