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Description 

This  invention  relates  to  improvements  in  elec- 
trode  assemblies  for  electric  arc  furnaces,  particu- 
larly  but  not  exclusively  arc  furnaces  used  for 
steel  making. 

In  a  widely  used  form  of  electric  arc  furnace, 
several,  usually  three,  consumable  graphite  elec- 
trodes  extend  substantially  vertically  downwardly 
from  electrode  clamps,  through  apertures  in  the 
roof  of  the  furnace  (if  a  roof  is  provided)  and  into 
the  furnace  charge.  In  order  to  strike  and  maintain 
a  proper  arc  during  operation  of  the  furnace,  it  is 
necessary  to  allow  for  significant  vertical  move- 
ment  of  the  individual  electrodes,  whilst  in  the 
case  of  steel  making  furnaces,  it  must  be  possible 
to  withdraw  the  electrodes  sufficiently  upward 
relative  to  the  furnace  roof  to  allow  the  latter  to  be 
swung  clear  of  the  remainder  of  the  furnace 
structure.  It  must  also  be  possible  to  feed  the 
electrode  downwardly  relative  to  the  clamp  to 
compensate  for  erosion  of  the  electrode  tip  dur- 
ing  use. 

Various  problems  are  associated  with  the  facts 
that  a  substantial  distance  separates  the  effective 
lower  tip  of  each  electrode  and  its  supporting 
clamp,  and  that  substantial  vertical  relative  move- 
ment  is  necessary  between  the  electrodes  and  the 
furnace  roof.  Gases  may  escape  from  the  furnace 
between  the  electrode  and  the  furnace  roof,  or  if 
the  furnace  is  operated  at  subatmospheric 
pressure,  cold  air  may  be  drawn  in  through  the 
same  gap.  The  outer  surface  of  the  electrode  is 
subject  to  erosion  through  oxidation  caused  by 
the  hot  gases  within  the  furnace,  and  this  problem 
is  aggravated  by  heating  of  the  electrode  caused 
both  by  heat  from  the  furnace  interior  and  by 
electrical  heating  caused  by  the  electrical 
resistance  of  the  electrode  to  the  current  passing 
therethrough. 

Two  main  approaches  have  been  adopted  in 
response  to  these  problems.  Firstly,  various 
forms  of  telescoping  seal  have  been  proposed  for 
use  between  individual  electrodes  and  the  fur- 
nace  roof.  For  example,  in  FR  —  A  —  1,418,153 
(IRSID),  a  sleeve  extending  downwardly  from  the 
electrode  clamp  moves  vertically  in  a  water  filled 
annular  chamber  extending  upwardly  from  the 
furnace  roof.  In  US—  A—  4,306,726  (Lefebvre)  a 
series  of  concentric  sleeves  with  sliding  seals 
provides  a  telescoping  gas  seal  between  the 
electrodes  and  the  furnace  roof.  Both  of  these 
arrangements  have  the  disadvantage  that  it  is  not 
practicable  to  accommodate  the  large  range  of 
vertical  electrode  movement  required  in  a  steel 
making  furnace,  whilst  a  major  part  of  the  weight 
of  the  seal  structure  must  be  supported  by  the 
furnace  roof  in  an  area  where  it  is  normally 
sought  to  avoid  unnecessary  loadings. 

The  second  approach  has  been  to  seek  reduc- 
tion  of  heating  of  the  electrode.  Numerous  pro- 
posals  have  been  made  for  fluid  (usually  water) 
cooled  electrode  structures,  which  reduce  the 
length  of  graphite  electrodes  required.  Examples 
may  be  found  in  US—  A—  4,121,042  and  4,168,392 

(Prenn),  4,287,381  (Montgomery), 
FR—  A—  1,418,153  referred  to  above  and 
FR—  A—  Nos.  2,176,546  and  2,222,821  (IRSID), 
DE—  A—  2430817  (Sigri),  GB—  A—  1,223,162  (Ost- 

5  berg)  and  BE—  A—  867,876  (Korf-Stahl  AG).  All  of 
these  proposals  have  in  common  that  the  cooling 
arrangement  is  more  or  less  complex  and  expen- 
sive,  and  that  it  is  not  possible  continuously  to 
add  additional  electrode  sections  to  the  top  of  the 

w  electrode  to  replace  erosion  from  the  bottom  of 
the  electrode.  Rather,  the  entire  electrode 
assembly  must  sooner  or  later  be  removed  in 
order  to  replace  the  tip  portion  if  this  is  consum- 
able. 

is  In  GB  —  A—  664,298,  an  arrangement  is  pro- 
posed  in  which  the  electrode  is  supported  within 
a  water  cooled  sleeve,  the  lower  end  of  which  is  in 
electrical  contact  with  the  electrode,  and  the 
upper  end  of  which  is  held  by  the  electrode  clamp 

20  instead  of  the  electrode  itself.  In  this  arrange- 
ment,  the  portion  of  the  electrode  within  the 
sleeve  does  not  have  to  transmit  electric  current, 
and  the  outer  surface  of  this  same  portion  is 
shielded  from  the  electrode  gases.  In  practice,  it  is 

25  extremely  difficult  to  maintain  adequate  electrical 
contact  between  the  bottom  of  the  sleeve  and  the 
electrode.  The  arrangement  described  relies  upon 
external  screw  threading  of  the  electrode,  both  for 
transmitting  current  and  for  advancing  the  elec- 

30  trade  through  the  sleeve,  which  means  that  elec- 
trodes  of  conventional  design  cannot  be 
employed.  Moreover,  in  order  to  achieve  the 
object  of  the  invention,  the  sleeve  must  extend 
close  to  the  tip  of  the  electrode.  This  is  not 

35  practicable  in  many  applications  because  of  the 
risk  that  the  sleeve  will  be  damaged  or  destroyed 
by  arcing  from  the  furnace  charge.  An  alternative 
approach  is  found  described  in 
GB—  A—  2,000,947  A  (Korf-Stahl  AG)  in  which  a 

40  water  cooled  jacket  is  provided  around  the  elec- 
trode  so  as  to  shroud  and  support  the  entire 
electrode  apart  from  the  tip.  In  order  to  protect  the 
jacket  from  arcing,  it  is  insulated  from  the  elec- 
trode,  and  provided  with  a  refractory  cladding. 

45  Additionally,  an  arc  control  magnet  must  be 
provided  so  as  further  to  reduce  the  risk  of  arcing. 
The  sleeve  is  supported  from  an  electrode 
support  arm  which  supports  the  electrode 
through  a  drive  mechanism  which  also  must 

so  maintain  insulation  between  the  electrode  and 
the  arm,  a  separate  electrical  connection  being 
made  to  the  electrode.  It  is  suggested  that  the 
sleeve  might  be  supported  from  a  conductive 
electrode  clamp  but  in  this  case  some  arrange- 

55  ment  would  be  necessary  to  isolate  the  sleeve 
electrically  from  the  clamp.  In  order  to  maintain 
insulation  between  the  sleeve  and  the  electrode  it 
is  necessary  to  provide  guides  for  the  electrode 
within  the  lower  part  of  the  sleeve  in  a  vulnerable 

60  position  near  the  tip  of  the  electrode. 
We  have  found  a  means  of  significantly  reduc- 

ing  undesirable  erosion  of  consumable  electrodes 
in  electric  arc  furnaces,  and  where  applicable 
reducing  or  substantially  preventing  gas  leakage 

65  between  the  electrodes  and  a  furnace  roof,  whilst 
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sermitting  a  large  range  of  vertical  reciprocal 
■novement  of  the  electrode  relative  thereto,  with- 
Dut  either  unduly  stressing  the  furnace  roof  or 
Dbstructing  replacement  of  consumable  elec- 
:rodes  by  the  coupling  of  additional  electrode 
slements  to  the  top  end  of  the  electrode. 

What  constitutes  the  invention  is  defined  in  the 
Following  claim  1. 

By  using  a  sleeve  depending  from  an  electrode 
:lamp,  a  useful  degree  of  shielding  and  cooling  of 
3  vulnerable  portion  of  the  electrode  is  achieved, 
without  in  any  way  obstructing  normal  advance 
of  the  electrode  through  the  clamp,  and  without 
obstructing  vertical  movement  of  the  electrode.  It 
is  unnecessary  to  insulate  the  sleeve  electrically 
From  the  electrode  clamp,  and  unnecessary  and 
undesirable  to  provide  guides  for  the  electrode 
within  the  sleeve. 

Preferably,  a  furnace  according  to  the  invention 
further  includes  means  for  defining  a  passageway 
for  the  electrode  through  a  roof  of  the  furnace,  the 
vertical  extent  of  the  sleeve  being  such  that  it  will 
extend  into  the  passageway  throughout  its  nor- 
mal  range  of  movement.  This  provides  some 
degree  of  restriction  of  the  gap  through  which 
gases  may  pass  around  the  electrode,  and  pro- 
vides  some  shielding  of  the  roof  structure.  Apart 
from  the  passageway-defining  means,  no 
additional  load  is  applied  to  the  furnace  roof,  and 
the  arrangement  is  well  adapted  to  the  provision 
of  a  more  effective  electrode  seal. 

Preferably  also  an  annular  seal  is  provided 
sliding  on  the  sleeve  and  providing  a  seal 
between  the  sleeve  and  the  passageway-defining 
means  when  the  sleeve  extends  into  the  latter.  In 
one  arrangement  means  can  be  provided  retain- 
ing  the  seal  on  the  external  surface  of  the  sleeve. 
In  an  alternative  arrangement,  the  seal  is  captive 
at  the  top  of  the  passageway-defining  means  and 
defines  a  tapered  top  entry  thereto  for  the  bottom 
end  of  the  sleeve. 

The  invention  will  be  further  described  in  the 
accompanying  drawingsin  which:  — 

Figure  1  is  a  vertical  section  through  an  electric 
arc  furnace  incorporating  electrode  assemblies  in 
accordance  with  a  first  embodiment  of  the  inven- 
tion; 

Figure  2  is  a  fragmentary  view  on  a  larger  scale 
showing  additional  detail  of  those  portions  of  the 
electrode  assemblies  which  differ  from  conven- 
tional  practice; 

Figure  3  is  a  fragmentary  view  on  a  still  larger 
scale  showing  portions  of  the  electrode  assembly 
when  the  electrode  is  raised  above  its  normal 
operating  range  of  movements  so  as  to  permit 
swinging  of  the  upper  portion  of  the  furnace  to 
one  side; 

Figure  4  is  a  view  of  part  of  an  electrode 
assembly  in  accordance  with  a  second  embodi- 
ment  of  the  invention; 

Figure  5  is  a  view  corresponding  to  Figure  3  and 
showing  the  second  embodiment; 

Figure  6  is  a  view  corresponding  to  Figure  4  and 
showing  an  electrode  assembly  in  accordance 
with  a  third  embodiment; 

Figure  7  is  a  view  corresponding  to  Figure  4  and 
showing  a  fourth  embodiment; 

Figure  8  is  a  view  corresponding  to  Figure  3  and 
showing  the  fourth  embodiment;  and 

5  Figure  9  is  a  fragmentary  vertical  section  show- 
ing  parts  of  a  fifth  embodiment. 

Referring  first  to  Figure  1,  an  illustrative  electric 
arc  furnace  2  is  shown.  Since  however  the 
features  of  the  furnace  other  than  the  electrode 

w  assemblies  form  no  part  of  the  invention,  they  will 
not  be  described  in  detail.  The  furnace  2  has  a 
roof  4,  and  a  refractory  lining  6  for  containing  a 
charge  which  may  have  a  maximum  melt  level  8. 
Means  (not  shown)  are  provided  for  swinging  the 

15  roof  4  and  electrode  assemblies  relative  to  the 
furnace,  for  example  so  that  a  fresh  charge  may 
be  introduced.  To  permit  this,  it  will  be  apparent 
that  electrode  assemblies  10  must  be  raised  to  a 
level  such  that  the  lower  tips  12  of  electrodes  14 

20  will  clear  the  remainder  of  the  furnace  structure. 
The  electrodes  shown  are  convention  consum- 
able  electrodes,  formed  by  connecting  standard 
electrode  elements  16  end  to  end  in  vertical 
alignment.  The  electrodes  pass  through  conven- 

25  tional  electrode  clamps  18  which  releasably 
support  the  electrodes  so  that  the  string  of  elec- 
trode  elements  can  be  moved  through  the  clamp 
to  compensate  for  the  erosion  which  occurs  at  tip 
12  as  the  electrode  is  consumed.  Each  clamp  also 

30  served  to  conduct  current  to  the  respective  elec- 
trode.  Particularly  during  the  early  stages  of  a 
melt,  a  substantial  degree  of  up  and  down  move- 
ment  of  electrodes  may  be  necessary  as  an  arc  is 
struck  and  a  desired  current  level  maintained,  and 

35  a  further  range  of  movement  is  necessary  to 
accommodate  erosion  of  the  electrode  between 
successive  adjustments  of  the  clamps  18.  The 
clamps  are  supported,  by  means  not  shown,  so  as 
to  provide  this  normal  operating  range  of  move- 

40  ment,  together  with  the  additional  range  of 
upward  movement  required  when  the  roof  of  the 
furnace  is  to  be  swung  as  described  above.  To 
accommodate  this  movement  the  electrodes  pass 
through  apertures  20  in  a  central  electrically 

45  insulative  portion  22  of  the  furnace  roof.  Although 
only  two  electrodes  are  actually  shown  in  Figure 
1,  there  will  normally  be  a  group  of  three  sym- 
metrically  placed  electrodes,  one  for  each  phase 
of  a  three  phase  current  supply. 

so  Thus  far,  the  elements  described  have  been 
entirely  conventional,  and  indeed  it  is  a  feature  of 
the  invention  that  it  can  readily  be  incorporated 
into  existing  furnace  installations  without  major 
modification  of  the  original  structure  of  the  latter. 

55  As  compared  with  a  conventional  furnace  struc- 
ture,  each  electrode  clamp  supports  a  depending 
water  cooled  sleeve  24  which  surrounds  the 
portion  of  the  electrode  14  beneath  the  clamp  18. 
The  sleeve  is  supported  from  the  electrode 

so  clamps  by  bolts  26,  and  a  seal  28  is  provided  to 
prevent  a  through  flow  of  gas  between  the  sleeve 
and  the  electrode.  The  sleeve  has  water  inlet  and 
outlet  connections  30  (only  one  is  shown),  and 
internal  ribs  32  to  strengthen  the  sleeve  and  guide 

65  the  flow  of  water  or  alternative  cooling  fluid 
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within  the  sleeve  to  provide  effective  cooling  of 
the  latter.  The  sleeve  is  preferably  fabricated  from 
non-magnetic  stainless  'steel  in  order  to  resist 
corrosion  and  magnetically  induced  eddy  cur- 
rents.  The  vertical  extent  of  the  sleeve  is  such  that 
during  normal  operation  of  the  furnace,  i.e. 
except  during  charging  and  initial  start-up,  it  will 
at  all  times  extend  into  the  opening  20,  as 
extended  in  this  instance  by  a  water  cooled 
annulus  34  which  is  supplied  with  cooling  water 
through  connections  36  (again  only  one  is 
shown).  The  annulus  may  also  be  fabricated  from 
non-magnetic  stainless  steel. 

In  order  to  render  unlikely  the  striking  of  an  arc 
to  the  sleeve  24  and  thus  damaging  it,  and  to 
minimize  the  adherence  to  the  sleeve  of  material 
spattered  within  the  furnace,  the  lower  end  of  the 
sleeve  ends  well  short  of  the  lower  end  of  the 
electrode.  In  practice,  the  extent  of  the  sleeve 
should  be  such  that  it  will  never  extend  down  to 
arcing  proximity  of  a  level  at  which  conductive 
material  is  found  in  the  furnace.  This  level  will  be 
above  the  maximum  melt  level  8  in  the  furnace  by 
an  amount  depending  on  how  "quietly"  the  fur- 
nace  operates  and  the  nature  of  the  furnace 
charge.  For  example,  in  a  furnace  used  for  melt- 
ing  steel  scrap,  unmolten  metallic  material  could 
contact  the  electrode  substantially  above  the  melt 
level,  and  the  same  could  occur  in  other  oper- 
ations  in  which  there  is  violent  activity  within  the 
furnace. 

Even  this  limited  degree  of  shrouding  provides 
very  important  advantages.  Although  the  sleeve 
is  dimensioned  so  that  it  is  loose  on  the  electrode 
and  preferably  spaced  from  it  so  that  it  will  not 
obstruct  longitudinal  movement  of  the  electrode 
14  through  the  clamp  18,  it  will  shroud  the 
electrode  sufficiently  to  eliminate  any  substantial 
sidewail  oxidation  of  the  electrode  within  the 
sleeve,  and  will  provide  significant  cooling  of  this 
portion  of  the  electrode.  Even  without  the  sealing 
arrangement  to  be  described  below,  the  sleeve 
will  also  act  to  restrict  the  flow  of  gases  through 
the  opening  20,  and  will  shield  the  electrode  from 
this  flow. 

The  provision  of  the  sleeve  moreover  makes  it 
particularly  easy  to  provide  sealing  of  the  opening 
20  in  a  manner  which  will  not  obstruct  upward 
movement  of  the  electrode  beyond  its  normal 
range  of  movement  when  it  is  desired  to  swing 
the  furnace  roof  4.  As  best  seen  in  Figure  2,  a 
metallic  sealing  ring  40  rests  on  a  seating  formed 
by  the  annulus  34  and  supports  a  high  tempera- 
ture  seal  element  42,  for  example  of  silica  fibre,  in 
sliding  contact  with  the  outer  surface  of  the  sleeve 
24,  so  as  to  maintain  a  substantially  gas-tight  seal 
throughout  the  normal  range  of  movement  of  the 
electrodes,  this  range  being  illustrated  by  the 
electrode  assemblies  shown  in  the  right  and  left 
hand  sides  respectively  of  Figures  1  and  2.  Since 
the  seal  elements  slide  on  the  water  cooled 
surface  of  the  sleeve  24,  problems  that  would 
otherwise  occur  in  maintaining  a  seal  with  the 
hot,  rough  and  irregular  surface  of  the  electrode 
itself  are  eliminated.  The  annulus  34  not  only 

provides  a  seating  for  the  ring  40,  but  also  defines 
the  opening  20  and  protects  the  fabric  of  the 
furnace  roof. 

In  order  to  provide  for  additional  upward  move- 
5  ment  of  the  electrode,  the  sleeve  is  provided  with 

a  lip  44  at  its  lower  end,  which  engages  the 
sealing  ring  40  and  lifts  it  clear  of  the  annulus  34 
as  shown  in  Figure  3.  The  loss  of  sealing  at  this 
stage  is  not  important,  since  it  will  usually  occur 

w  only  during  short  parts  of  the  furnace  operating 
cycle.  The  ability  of  the  sealing  ring  40  to  lift  from 
the  annulus  34  will  also  prevent  the  seal  42  from 
being  damaged  should  foreign  matter  adhere  to 
the  exterior  of  the  sleeve  24. 

m  In  some  instances  it  may  be  desirable  to  extend 
the  annulus  34  vertically  to  provide  arrangements 
such  as  those  shown  in  Figures  4,  5  and  6.  In 
Figure  4,  the  annulus  34  is  replaced  by  a  water 
cooled  sleeve  in  portions  46  and  48.  The  portion 

20  46  extends  through  the  opening  20,  and  defines  a 
passageway  sufficiently  long  to  shroud  the  sleeve 
24  even  when  the  latter  is  in  its  lowermost 
position.  The  external  surface  of  the  portion  46  of 
the  sleeve  extending  into  the  furnace  has  a 

25  refractory  coating  50.  Such  an  arrangement  may 
be  necessary  in  some  cases  to  shield  the  sleeve 
24  from  exceptionally  severe  spattering  within  the 
furnace.  The  portion  48  provides  an  upward 
extension  of  the  opening  20  which  reduces  the 

30  extent  to  which  the  sleeve  24  needs  to  project 
within  the  furnace.  The  arrangement  of  Figures  4 
and  5  has  the  disadvantage  that  it  applies 
additional  loading  to  the  furnace  roof,  and  the 
simplified  arrangement  using  an  annulus  34,  or  a 

35  shorter  sleeve  52  as  shown  in  Figure  6,  will  often 
be  adequate. 

It  should  also  be  understood  that  not  all  electric 
arc  furnaces  even  have  a  roof,  and  in  the  absence 
of  such  a  roof,  the  annulus  or  sleeve  is  of  course 

40  not  required. 
Referring  now  to  Figures  7  and  8,  an  alternative 

form  of  seal  54  is  illustrated,  which  remains 
captive  on  the  upper  portion  56  of  two  water 
cooled  sleeve  portions  56,  58  defining  the 

45  passage  20  through  the  furnace  roof.  The  seal 
comprises  an  annular  seal  member  60  defining  a 
frusto-conical  passage,  the  narrow  end  of  which 
will  just  pass  the  sleeve  24.  The  seal  member  rest 
on  an  annular  bearing  pad  62  within  a  holder  64 

so  within  which  the  seal  member  is  urged  towards  a 
centred  position  by  locating  pins  66  and  spring 
68.  The  sleeve  24,  which  in  this  case  lacks  a  lip  44, 
can  withdraw  from  the  member  60  when  it  is 
desired  to  lift  the  electrode  beyond  their  normal 

55  range  of  movement.  The  tapered  opening  at  the 
top  of  the  element  60,  and  the  centering  action  of 
the  springs  68,  assist  the  sleeve  to  re-enter  the 
seal  60  when  the  electrode  is  lowered.  Since  the 
interengaging  parts  are  water  cooled  and 

eo  shielded  from  the  heat  of  the  furnace,  a  fairly 
small  clearance  is  permissible  between  the  seal 
60  and  the  sleeve  24. 

Particularly  where  accumulation  of  foreign  mat- 
ter  on  the  sleeve  24  is  a  problem,  the  arrangement 

65  shown  in  Figure  9  may  be  preferred.  Here  a  seal 
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ssembly  is  mounted  on  the  annulus  34  (see 
igures  1  and  2),  and  comprises  a  plurality  of 
inged  segments  70  (only  one  is  shown),  con- 
ected  by  hinges  72  to  a  mounting  ring  74 
upported  on  the  annulus  34.  Each  segment 
arries  at  its  inner  end  a  graphite  sealing  element 
6  which  is  urged  inwardly  and  upwardly  towards 
le  sleeve  24  by  a  counterweight  80  at  the  outer 
nd  of  the  segment.  The  sealing  element  can, 
lecause  of  its  hinged  mounting,  ride  over 
ibstructions  on  the  surface  of  the  sleeve  24  as  the 
Jectrode  moves  up  and  down.  The  geometry  of 
he  arrangement  precludes  a  perfect  seal  as  the 
egments  hinge  independently,  but  a  large 
neasure  of  control  can  nevertheless  be  exercised 
>ver  gas  flow  into  or  out  of  the  furnace. 

Maims 

1.  An  electric  furnace  (2)  including  a  vertically 
novable  electrode  assembly  (10)  comprising  a 
:onsumable  electrode  (14)  consisting  of  a  plu- 
rality  of  consumable  electrode  elements  (16) 
:oupled  end  to  end  in  vertical  alignment,  an 
slectrode  clamp  (18)  gripping,  surrounding  and 
Dassing  current  to  said  electrode  (14)  at  a  level  on 
:he  electrode  (14)  which  will  be  above  said  fur- 
lace  (2)  throughout  the  range  of  movement  of 
said  electrode  (14),  and  a  fluid-cooled  sleeve  (24) 
extending  downwardly  from  the  electrode  clamp 
(18)  around  the  electrode  (14),  the  electrode  (14) 
being  loosely  shrouded  by  the  sleeve  (24)  and  the 
sleeve  (24)  having  a  gas  tight  connection  to  the 
electrode  clamp  (18)  to  prevent  flow  of  gas 
between  the  sleeve  (24)  and  the  electrode  (14), 
characterised  in  that  the  sleeve  (24)  is  fixed  to  the 
electrode  clamp  (18)  so  as  to  prevent  the  flow  of 
gas  between  the  sleeve  (24)  and  the  electrode 
(14),  and  depends  from  the  clamp  (18)  into  the 
furnace  (2),  the  vertical  extent  of  the  sleeve  (24) 
below  the  clamp  (18)  being  such  that  its  lower  end 
is  located  within  the  furnace  (2)  throughout  the 
range  of  vertical  movement  of  the  assembly  (10) 
occurring  during  normal  operation  of  the  furnace 
(2),  so  that  the  sleeve  (24)  ends  short  of  arcing 
proximity  of  the  highest  anticipated  level  at  which 
conductive  material  will  occur  within  the  furnace 
(2). 

2.  A  furnace  (2)  according  to  claim  1,  with  an 
electric  arc  furnace  having  a  roof  (4)  characterised 
by  fluid-cooled  means  (34:  46,  48:  56,  58:  52)  for 
defining  a  passageway  (20)  for  the  electrode  (14) 
through  the  furnace  roof  (4),  the  vertical  extent  of 
the  sleeve  (24)  being  such  that  it  will  extend  into 
said  passageway  (20),  throughout  its  normal 
range  of  movement  during  operation  of  the  fur- 
nace  (2)  and  beneath  said  passageway  (20)  during 
at  least  part  of  said  range  of  movement. 

3.  A  furnace  (2)  as  claimed  in  claim  2,  charac- 
terised  by  an  annular  seal  (40,  42)  being  provided 
sliding  on  the  sleeve  (24)  and  providing  a  seal 
between  the  sleeve  (24)  and  the  passageway- 
defining  means. 

4.  A  furnace  (2)  as  claimed  in  claim  3,  charac- 
terised  in  that  means  (68,  80)  is  provided  retaining 

the  seal  (40,  4z:  ou:  /oi  on  me  exiemai  sunduc  ui 
the  sleeve  (24). 

5.  A  furnace  (2)  as  claimed  in  claim  4  charac- 
terised  in  that  the  seal  comprises  an  annular 
sealing  ring  (40)  which  normally  rests  on  a  seat- 
ing  on  top  of  the  passageway-defining  means 
(34),  and  an  annular  sealing  element  (42) 
supported  by  the  ring  (40),  and  wherein  a  lip  (44) 
is  provided  on  the  external  surface  of  the  sleeve 

o  (24)  to  limit  its  upward  withdrawal  through  the 
ring  (40). 

6.  A  furnace  (2)  as  claimed  in  claim  3,  charac- 
terised  in  that  the  seal  (54:  70,  76)  is  captive  at  the 
top  of  the  passageway-defining  means  (34)  and 

5  defines  a  tapered  top  entry  thereto  for  the  bottom 
end  of  the  sleeve  (24). 

7.  A  furnace  (2)  as  claimed  in  claim  6,  charac- 
terised  in  that  the  seal  (54)  comprises  an  annular 
holder  (64)  supported  by  and  concentric  with  the 

o  passageway-defining  means  (56,  58),  an  annular 
seal  ring  (60)  within  the  holder  (64)  and  defining  a 
central  opening  from  top  to  bottom,  and  means 
(66,  68)  within  the  holder  (64)  urging  the  seal  ring 
(60)  towards  a  centred  position. 

is  8.  A  furnace  (2)  as  claimed  in  claim  6,  charac- 
terised  in  that  the  seal  comprises  a  plurality  of 
segments  (70)  individually  hinged  around  the 
periphery  of  the  passageway-defining  means  (34, 
74),  each  segment  (70)  having  a  counterweight 

?o  (80)  outwardly  of  its  hinge  (72),  and  a  seal 
element  (76)  inwardly  of  its  hinge  (72)  such  that 
the  seal  elements  (76)  are  tapered  inwardly  and 
upwardly  against  the  sleeve  (24). 

9.  A  furnace  (2)  according  to  claim  2,  charac- 
35  terised  in  that  the  passageway-defining  means 

comprises  a  fluid  cooled  sleeve  (48,  56)  which 
extends  substantially  upwardly  above  the  furnace 
roof  (4). 

10.  A  furnace  (2)  according  to  claim  2,  charac- 
40  terised  in  that  the  passageway-defining  means 

comprises  a  fluid  cooled  sleeve  (46)  which 
extends  substantially  downwardly  below  the  fur- 
nace  roof  (4). 

11.  A  furnace  (2)  according  to  claim  2,  charac- 
45  terised  in  that  the  passageway-defining  means 

comprises  a  fluid  cooled  sleeve  (46,  48)  of  suffi- 
cient  extent  substantially  to  shroud  the  sleeve  (24) 
extending  from  the  electrode  clamp  (18)  from  the 
interior  of  the  furnace  throughout  the  normal 

so  range  of  electrode  movement. 

Patentansprtiche 

1.  Elektrischer  Ofen  (2),  umfassend  eine  vertikal 
55  bewegliche  Elektrodenvorrichtung  (10),  die  eine 

abschmelzbare  Elektrode  (14)  bestehend  aus 
einer  Vielzahl  abschmelzbarer  Elektrodenele- 
mente  (16)  aufweist,  die  in  vertikaler  Ausrichtung 
Ende  an  Ende  miteinander  verbunden  sind,  eine 

60  Elektrodenfassung  (18),  die  die  genannte  Elek- 
trode  (14)  halt,  umgibt  und  Strom  an  diese  in 
einer  Hohe  an  der  Elektrode  (14)  weiterleitet,  die 
uber  den  gesamten  Bewegungsbereich  der 
genannten  Elektrode  (14)  oberhalb  des  genannten 

65  Ofens  (2)  liegt,  und  eine  hydraulisch  gekiihlte 
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Hiilse  (24),  die  von  der  Eiektrodenfassung  (18) 
nach  unten  urn  die  Elektrode  (14)  herum  verlauft, 
wobei  die  Elektrode  (14)  von  der  Hulse  (24)  lose 
umschlossen  ist  und  die  Hulse  (24)  eine  gasdichte 
Verbindung  mit  der  Eiektrodenfassung  (18)  auf- 
weist,  um  einen  Gasstrom  zwischen  der  Hulse 
(24)  und  der  Elektrode  (14)  zu  verhindern,  dadurch 
gekennzeichnet,  daft  die  Hulse  (24)  an  der  Eiektro- 
denfassung  (18)  befestigt  ist,  um  den  Gasstrom 
zwischen  der  Hulse  (24)  und  der  Elektrode  (14)  zu 
verhindern,  und  von  der  Fassung  (18)  in  den  Ofen 
(2)  hinunterhangt,  wobei  der  vertikale  Verlauf  der 
Hulse  (24)  unter  die  Fassung  (18)  so  ist,  daft  sich 
deren  unteres  Ende  uber  den  vertikalen  Bewe- 
gungsbereich  der  Vorrichtung  (10)  wahrend  des 
normalen  Betriebs  des  Ofens  (2)  innerhaib  des 
Ofens  (2)  befindet,  so  daft  die  Hulse  (24)  nahe  der 
Uberschlagsannaherung  des  hochsten  voraus- 
sehbaren  Niveaus  endet,  an  dem  sich  leitendes 
Material  innerhaib  des  Ofens  (2)  befindet. 

2.  Ofen  (2)  nach  Anspruch  1  mit  einem  einen 
Deckel  (4)  aufweisenden  elektrischen  Lichtboge- 
nofen,  gekennzeichnet  durch  eine  hydraulisch 
gekuhlte  Vorrichtung  (34:  46,  48:  56,  58:  52)  zur 
Bildung  eines  Kanals  (20)  fur  die  Elektrode  (14) 
durch  den  Ofendeckel  (4),  wobei  die  Hulse  (24)  in 
vertikaler  Richtung  so  verlauft,  daft  sie  wahrend 
des  Betriebs  des  Ofens  (2)  uber  ihren  normalen 
Bewegungsbereich  in  den  genannten  Kanal  (20) 
hinein  und  uber  wenigstens  einen  Teil  des 
genannten  Bewegungsbereiches  bis  unter  den 
genannten  Kanal  (20)  ragt. 

3.  Ofen  (2)  nach  Anspruch  2,  gekennzeichnet 
durch  eine  kreisrunde  Dichtung  (40,  42),  die  ver- 
schiebbar  auf  der  Hulse  (24)  angeordnet  ist  und 
eine  Dichtung  zwischen  der  Hulse  (24)  und  der 
den  Kanal  biidenden  Vorrichtung  bildet. 

4.  Ofen  (2)  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daft  eine  Vorrichtung  (68,  80)  vorgese- 
hen  ist,  die  die  Dichtung  (40,  42:  60:  76)  an  der 
Auftenflache  der  Hulse  (24)  halt. 

5.  Ofen  (2)  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daft  die  Dichtung  einen  kreisrunden 
Dichtungsring  (40)  aufweist,  der  normalerweise 
auf  einem  Sitz  auf  der  Oberseite  der  den  Kanal 
biidenden  Vorrichtung  (34)  ruht,  sowie  ein  durch 
den  Ring  (40)  gestutztes  kreisrundes  Dichtungs- 
element  (42),  und  daft  ein  Finger  (44)  auf  der 
Auftenflache  der  Hulse  (24)  vorgesehen  ist,  um 
deren  Ruckzug  nach  oben  durch  den  Ring  (40)  zu 
begrenzen. 

6.  Ofen  (2)  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daft  die  Dichtung  (54:  70,  76)  auf  der 
Oberseite  der  den  Kanal  biidenden  Vorrichtung 
(34)  gesichert  ist  und  dazu  einen  konischen  obe- 
ren  Eingang  fur  das  untere  Ende  der  Hulse  (24) 
bildet. 

7.  Ofen  (2)  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daft  die  Dichtung  (54)  eine  kreisrunde, 
von  der  den  Kanal  biidenden  Vorrichtung  (56,  58) 
getragene  und  mit  dieser  konzentrische  Haiterung 
(64),  einen  kreisrunden  Dichtungsring  (60)  inner- 
haib  der  Haiterung  (64),  der  eine  zentrale  Offnung 
von  oben  nach  unten  bildet,  sowie  eine  Vorrich- 
tung  (66,  68)  innerhaib  der  Haiterung  (64)  auf- 

weist,  die  den  Dichtungsring  (60)  in  eine  mittlere 
Position  drangt. 

8.  Ofen  (2)  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daft  die  Dichtung  eine  Vielzahl  von 

5  Segmenten  (70)  umfaftt,  die  einzein  um  den 
Umfang  der  den  Kanal  biidenden  Vorrichtung  (34, 
74)  herum  angelenkt  sind,  wobei  jedes  Segment 
(70)  aufterhalb  seiner  Angel  (72)  ein  Gegenge- 
wicht  (80)  und  ein  Dichtungselement  (76)  inner- 

m  halb  seiner  Angel  (72)  aufweist,  so  daft  die  Dich- 
tungselemente  (76)  nach  innen  und  nach  oben 
konisch  auf  die  Hiilse  (24)  zulaufen. 

9.  Ofen  (2)  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  den  Kanal  biidende  Vorrichtung 

w  eine  hydraulisch  gekuhlte  Hiilse  (48,  56)  umfaftt, 
die  im  wesentlichen  nach  oben  uber  den  Ofendek- 
kei  (4)  verlauft. 

10.  Ofen  (2)  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  den  Kanal  biidende  Vorrichtung 

20  eine  hydraulisch  gekuhlte  Hiilse  (46)  umfaftt,  die 
im  wesentlichen  nach  unten  den  Ofendeckel  (4) 
verlauft. 

11.  Ofen  (2)  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daft  die  den  Kanal  biidende  Vorrichtung 

25  eine  hydraulische  gekuhlte  Hiilse  (46,  48)  umfaftt, 
die  ausreichend  lang  ist,  um  die  Hulse  (24),  die 
von  der  Eiektrodenfassung  (18)  vom  Ofeninneren 
durch  den  normalen  Bereich  der  Elektrodenbewe- 
gung  verlauft,  weitgehend  zu  umschlieften. 

30 
Revendications 

1.  Four  electrique  (2)  comprenant  un  ensemble 
d'electrode  (10)  mobile  verticalement,  qui  com- 

35  prend  une  electrode  consommable  (14)  consti- 
tute  de  plusieurs  elements  d'electrode  consom- 
mable  (16)  reunis  bout  a  bout  en  ligne  dans  le 
sens  vertical,  un  dispositif  de  serrage  d'electrode 
(18)  agrippant  I'electrode  (14),  I'entourant  et  lui 

40  amenant  du  courant,  a  un  niveau  situe  au-dessus 
du  four  (2)  pendant  la  totalite  de  la  course  de 
I'electrode  (14),  et  un  fourreau  refroidi  par  fluide 
(24)  qui  s'etend  vers  le  bas  du  dispositif  de 
serrage  (18)  autour  de  I'electrode  (14),  I'electrode 

45  (14)  etant  protegee  lachement  par  le  fourreau  (24) 
qui  est  relie  d'une  maniere  etanche  aux  gaz  au 
dispositif  de  serrage  d'electrode  (18)  pour  empe- 
cher  le  passage  de  gaz  entre  le  fourreau  (24)  et 
I'electrode  (14),  caracterise  en  ce  que  le  fourreau 

so  (24)  est  fixe  au  dispositif  de  serrage  d'electrode 
(18)  de  maniere  a  empecher  le  passage  de  gaz 
entre  le  fourreau  (24)  et  I'electrode  (14)  s'etend 
vers  le  bas  a  partir  du  dispositif  de  serrage  (18)  et 
a  I'interieur  du  four  (2),  I'extension  verticale  du 

55  fourreau  (24)  en  dessous  du  dispositif  de  serrage 
(18)  etant  telle  que  son  extremite  inferieure  soit 
situee  dans  le  four  (2)  pendant  la  totalite  de  la 
course  verticale  de  I'ensembie  d'electrode  (10) 
qui  est  parcourue  pendant  un  fonctionnement 

60  normal  du  four  (2),  de  telle  sorte  que  ce  fourreau 
(24)  se  termine  a  une  distance  du  plus  haut  niveau 
escompte  de  la  matiere  conductrice  dans  le  four 
(2)  superieure  a  la  distance  de  jaillissement  de 
I'arc. 

65  2.  Four  (2)  suivant  la  revendication  1,  compre- 
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iant  un  four  electrique  a  arc  comportant  un  ciel 
4),  caracterise  par  des  moyens  ref  roidis  par  f  luide 
34:  46,  48:  56,  58:  52)  pour  definir  un  passage 
20)  pour  I'electrode  (14)  a  travers  le  ciel  (4)  du 
our,  I'extension  verticale  du  fourreau  (24)  etant 
elle  qu'il  s'etende  dans  le  passage  (20),  pendant 
a  totalite  de  sa  course  normale  au  cours  du 
:onctionnement  du  four  (2)  et  en  dessous  de  ce 
Dassage  (20),  pendant  au  moins  une  partie  de 
:ette  course. 

3.  Four  (2)  suivant  la  revendication  2,  caracte- 
•ise  par  un  element  d'etancheite  annulaire  (40,  42) 
arevu  coulissant  sur  le  fourreau  (24)  et  etablissant 
jn  joint  d'etancheite  entre  le  fourreau  (24)  et  les 
moyens  definissant  le  passage. 

4.  Four  (2)  suivant  la  revendication  3,  caracte- 
rise  en  ce  que  des  moyens  (68,  80)  sont  prevus 
pour  retenir  I'element  d'etancheite  (40,  42:  60:  76) 
sur  la  surface  externe  du  fourreau  (24). 

5.  Four  (2)  suivant  la  revendication  4,  caracte- 
rise  en  ce  que  I'element  d'etancheite  comprend 
un  anneau  d'etancheite  (40)  qui  repose  normale- 
ment  sur  un  siege  prevu  sur  le  dessus  du  moyen 
(34)  definissant  le  passage  et  un  element  d'etan- 
cheite  annulaire  (42)  supporte  par  I'anneau  (40), 
une  levre  (44)  etant  prevue  sur  la  surface  externe 
du  fourreau  (24)  pour  limiter  son  mouvement  de 
retrait  vers  le  haut  a  travers  I'anneau  (40). 

6.  Four  (2)  suivant  la  revendication  3,  caracte- 
rise  en  ce  que  I'element  d'etancheite  (54:  70,  76) 
est  captif  a  I'extremite  du  moyen  (34)  definissant 
le  passage  et  definit  une  entree  superieure  tron- 
conique  du  passage  pour  I'extremite  inferieure  du 
fourreau  (24). 

7.  Four  (2)  suivant  la  revendication  6,  caracte- 
rise  en  ce  que  I'element  d'etancheite  (54)  com- 

prend  un  support  annulaire  (64)  supporte  par  le 
moyen  (56,  58)  definissant  le  passage  et  concen- 
trique  a  celui-ci,  un  anneau  d'etancheite  (60) 
prevu  dans  le  support  (64)  et  definissant  une 

5  ouverture  centrale  du  haut  vers  la  bas,  et  des 
moyens  (66,  68)  dans  le  support  (64)  sollicitant 
I'anneau  d'etancheite  (60)  vers  une  position  cen- 
tree. 

8.  Four  (2)  suivant  la  revendication  6,  caracte- 
<o  rise  en  ce  que  I'element  d'etancheite  comprend 

plusieurs  segments  (70)  montes  a  pivot  indivi- 
duellement  autour  de  la  peripherie  des  moyens 
(34,  74)  definissant  le  passage,  chaque  segment 
(70)  comportant  un  contrepoids  (80)  exterieure- 

w  ment  a  son  pivot  (72)  et  un  element  d'etancheite 
(76)  interieurement  a  son  pivot  (72)  de  sorte  que 
les  elements  d'etancheite  (76)  sont  sollicites  vers 
I'interieur  et  vers  le  haut  contre  le  fourreau  (24). 

9.  Four  (2)  suivant  la  revendication  2,  caracte- 
zo  rise  en  ce  que  le  moyen  definissant  le  passage 

comprend  une  gaine  refroidie  par  fluide  (48,  56) 
qui  s'etend  en  substance  vers  le  haut  au-dessus 
du  ciel  de  four  (4). 

10.  Four  (2)  suivant  la  revendication  2,  caracte- 
25  rise  en  ce  que  le  moyen  definissant  le  passage 

comprend  une  gaine  refroidie  par  fluide  (46)  qui 
s'etend  en  substance  vers  le  bas  en  dessous  du 
ciel  de  four  (4). 

11.  Four  (2)  suivant  la  revendication  2,  caracte- 
30  rise  en  ce  que  le  moyen  definissant  le  passage 

comprend  une  gaine  refroidie  par  fluide  (46,  48) 
d'une  extension  suffisante  pour  proteger  en  subs- 
tance  le  forreau  (24)  partant  du  dispositif  de 
serrage  d'electrode  (18)  contre  I'interieur  du  four, 

35  pendant  la  totalite  de  la  course  normale  de  I'elec- 
trode. 
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