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=6.Claims.

. 1

This invention relates to electric:arc furnaces,
and more particularly to'means for insuring “pro-
‘duction of a-homogeneous ingot in'such a fur-
nace.

‘Electric arc furnaces have been used for many
years to obtain high temperatures in the melting
of metals in'the forming of ingots. ‘It is desir-
able to be able to direct the application of heat
in"an arc melting furnace or crucible to any de-
sired zone on the-surface of the melt. This, of
ccourse, could be’accomplished by using a large
number of electrodes, but-would result in an un-
economical and inefficient melting operation.
‘Moreover, the number- of ‘¢€lectrodes-which may
be used is frequently limited by the composition
of the crucible or the geometry of the particular
crucible. Compositional -limitations -arise - be-
cause the electrodes have tobe placed a minimum
distance from the walls 6f crucibles formed from
certain materials. ‘The geometry of-a particu-
lar crucible also limits the number-and/or-the
position of the electrodes - within “the - melting
chamber. The size of the electrodes themselves
often place a limitation on the total'number -of
electrodes .which may be: placéd within a par-
ticular ‘crucible. Consequently, while it is theo-
retically’ possible’ to ‘direct heat to any desired
zone on the surface of the melt-merely by in-
creasing the number of electrodes; quite-often this
is a practical impossibility.

"Additional limitations on’the number ‘of elec-
trodes ‘which may be used-are imposed: by the
necessity, in handling readily reactible  mate-
rials, of using an’ inert-atmosphere, ‘the space
needed for the appurtenances for which conse-
quently ‘reduce the maximum number-of -elec-
trodes ~which ‘may ‘used. Moreover, ‘when
readily reactible “metals” are being “melted the
types’ of ‘materials from-which the crucible may
"be constructed are few in number:and thus an
additional limitation is' placed upon ‘the’ maxi-
mum’ number -of- electrodes which may be used.
"This"is true because certain ‘materials, although
suitable for readily  reactible“melts, -cannot be
subjected to close contact with-electrodes, such
as would be the situation“if‘a large number-of
‘electrodes were placed ‘in the crueible.

It is, therefore, one object of this invention to
‘provide an electric are melting " furnace” which
comprises. means for varying the location of the
electric arc or arcs within the cruecible or fur-
nace without moving the electrode or electrodes
-projecting “into the crucible.

It is another object of this invention to pro-
vide anelectric arc. furnace which comprises
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means for uniformly-varying the position.of a
single- arc ‘or a -plurality of -ares within said
furnace.

"It is a further object of this invention to Pro-
vide an electric are furnace and means for agi-
tating the molten metal in said furnace.

Various additional objects and advantageous
features of this invention will become. apparent
to those skilled in the art from the following de-
scription -when read in conjunction..with the ac-
companying - drawings, in which:

"Fig. 1 is a-front elevation - perspective - view,

partly in section, showing - this invention .ap-

plied to an arc furnace having a- single, centrally
disposed electrode;

Fig. 2 is a plan- view- of .the ‘device shown: in
Fig. 1;

Fig. 3 is a wiring ‘diagram -of a‘deviee. used-to
control the positioning of -the arc.generated.in
the device shown in- Figs..1 and 2;

Fig. 4 is -a- front elevation perspeciive sview,
partly in section, with portions Jbroken:away; of.a
modification of this invention. -applied ‘to..an
electric arc furnace - having three _electrodes
therein; and

"Fig. 5 is-a view similar to.Fig. 4 showing a

‘modification of the device.shown .therein.

Referring to the. drawings,.and more particu-
larly to Figs. 1 and 2, 10 is an arc:melting fur-
nace crucible or-container, which -may be made
of a refractory material, or -a:non-refractory

‘material, such as copper, supplied: with:a cool-

ing system. - Any other-material commonly used

for such purpeses-and which will: withstand heat,

may be used. ‘Where the: furnace. is to be used
to ‘melt- readily: reactive materials, (0. may:.be.
made of a material which will not: readily com-
bine with the active material being melted. it
is an electrode which may:be:made.of any.of the.
various common- electrode materials, and if-de-
sired, may be-a wwater-cooled tungsten~tipped:

‘electrode, such- as.is:known:to those: skilled:in

the-art. 18 is an: electrical lead, contacting the
mass of metallic-material .14: being formed. into.
an ingot. The electrode i1 is: generally  the
cathode and the mass of metallic material is.gen-
erally the anode -in: the- electric - arc furnace,

‘when-direct current is used. -‘However; alternat-

ing current may also be used.effectively. Com-
pletely enclosing container 10;-but spaced there-
from, is & ring ‘16 -of-a -magnetic material such
as soft iron. Attached-to -this ring. and.-equally
spaced ' therearound - are:-inwardly - projecting
pole pieces 18—i8.  These pole-pieces.are pro-
vided with windings 19—-18,-which are.connected
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as shown in Fig. 3. Tt is important that ring 16
and pole pieces 18—I8 associated therewith be
positioned in the horizontal plane which would
intersect the arc formed between electrode tf
and the molten metal {4, in order to obtain the
desired results described hereinafter.
Referring to Fig. 3, the windings 13—18 on
pole pieces 18—1{8 are connected at correspond-
ing ends by resistances 20—20 and wires 22—22.
A rotatable, two contact switch 24, having con-
tacts 25 and 26, is so positioned that during its
rotation it will continuously contact resistances
20—20. Connected to this switeh is a source of
current 21 in series with a variable resistance 28.
The operation of the device shown in Figs. 1, 2
and 3 is as follows: Assuming that an arc is es-
tablished between electrode {{ and the surface
of the metal |4 which is being formed into-an
ingot, the pole pieces i8-—18 are energized by 2
suitable source of current, such as 2{ shown in
Fig. 3. In the position of contacts 25 and 28
shown in Fig. 3 the pole piece having its wind-
ings {9 in contact with contact 28 will, let us as-

sume, present 2 north pole adjacent the con- =

If that is true, then the remaining
two poles will each be one~half south. Conse-
quently, the lines of flux will flow {rom the north
pole and through the zone inside the container

tainer {0.

10

i3 and be split equally between the south poles -

and thence back through ring 15 to the other end
of the pole piece having a north pole adjacent
container 10. Since the arc column may be con-
sidered a conductor, it will have circular lines of

flux therearound, one portion of which will be =~

cancelled out by the lines of flux flowing from
the north pole to one of the one-half south roles,
while the other portion of such lines of flux will
be added to the magnetic forces flowing from the
north pole to the other one-half south pole.
Such an unstable group of forces on the arc col-
umn will eause it to be deflected upwardly away
from the anode {4 and in a particular direction
depending upon which pole is north and which
poles are south. The pbearing angle, or the di-
rection in which the arc column is deflected may
be controlled by alternately exciting the pole
piece windings. 1f the pole pieces are regularly
alternately excited the electric arc column will
he caused to rotate around the electrode 11, while
maintaining one end at the electrode. By vary-
ing the intensity of the voltage supplied to the
windings on the pele pieces, the current in turn
ig varied, which in turn varies the force of the
magnetic field, thereby varying the deflection an-
gle or the degree to which the arc column is
raised from a vertical path between the cathode
and the anode.

Tt is necessary in the three electrode arc fur-
nace to use a device other than merely the de-
vice shown in PFigs. 1 and 2 to control the deflec-
tion of the arc, because if the device shown in
Figs, 1 and 2 is applied to a three electrode arc
furnace the net result is to cause & brush type
.discharge which is extremely ineffective as a
‘heating means.

Referring now more particularly to Fig. 4, cru-
cible. 10 is shown with electrical lead {3 and the
mass of metallic material 14 therein which is to
he formed into an ingot. However, instead of a
single electrode, a plurality of electrodes 30—30
are positioned within the container, equi-spaced
from the center thereof and from each other.
Surrounding the container 10 is a tubular mem-
ber 32, preferably made of a non-magnetic ma=
terial such as brass. Wound on this tubular mem-
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ber 32, is = coil 33, attached to a suitable source
of electrical energy (not shown).

The operation of this device is as follows:

Arc columns are established between the lower
ends of electrodes 30—30 and the surface of the
metal |4 which is being formed into an ingot.
The lower ends of such arc columns are mutually
attracted, and tend to converge at a point which
is on the surface of the metal {4 equi-spaced from
the -electrodes. Electrical energy is then caused
to flow through coil 33. The resulting vertically
extending magnetic field causes the arc column at
the lower end of each electrode to be deflected
outwardly from the central mutual impinging lo-
cation and slant upwardly away from the anode
i4. The bearing angle, which is the angle which
indicates the direction in which the arc column
ig deflected will vary depending upon the polarity
of the coil 33 and the intensity of the magnetic
field created thereby. Therefore, the bearing an-
gle may be controlled by changing the polarity
of the coil and by varying the intensity of the
magnetic fleld created thereby. The intensity of
that field will alzo affect the initial angular de-
flection of the arc columns. The deflection an-
gle, and to a certain extent the bearing angle,
may also be varied by tilting the coil 53 and mem-
ber 32. If member 32 and the electrodes are not
coaxial, the arc columns will be defiected depend-
ing upon the direction in which the coil is tilted.
Their bearing angle will also vary, but not as no-
ticeably.

Referring now more particularly to Fig. 5, there
is shown & crucible 18, electrical lead 13 and the
mass of metailic material {4 which is to be formed
into an ingobt. Electrodes 86-—38 are positioned
ag in Pig. 4. Surrounding crucible 10 is a plu-
rality of vertically extending hollow cylindrical
solenoid members 35—25, preferably made of a
non-magnetic material, and each of which has
wound therearound a coil of wire 37—317, each of
said coils being connected to a suitable source
of electrical energy. 'The results obtained with
the device shown in Fig, 5 are very similar to
those obtained with the device shown in Fig. 4,
but differ in that by using the device shown in
Fig. 5 it is possible to have certain sections of the
ring of members 35—3858 create a stronger mag-
netic field than other sections merely by varying
the fiux density in individual members 35—35.

The operation of the device shown in Fig, 5 is as
follows:

With an arc column established between the
lower end of each of the electrodes 30—30 and
the mass of material 14, each of the coils 3731
are connected to sources of electrical energy so
that all of the vertically extending members
35——35 have the same polarity at corresponding
ends. By varying the flux density in a certain
portion of the interior of crucible 10, the bear-
ing angle may be more readily controlled than
merely by changing the entire polarity of the coil
and the entire density of the magnetic field with-
in the container 18. Moreover, while both the
deflection and bearing angles may be controlled
by tilting the plurality of solenoid members
3535, these angles may also be controlled by
adjusting the polarity of various members 35—35,
and the flux density for those members.

It will be obvious that with all of the devices
disclosed herein, the arc heat may be directed
and concentrated in various parts of the upper
surface of the mass of material being formed
into an ingot,. and consequently an ingot which
is homogeneous in character may be formed,
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There is an additional and totally unexpected
result obtained by the use of the device constitut-
ing this invention. If the arc column in a single
electrode furnace is rotated in a uniform man-
ner, or if the deflection angles of the are columns
in a multiple electrode furnace are suitably ad-
justed and the bearing angles for each arc col-
umn are established so that the arc columns are
placed in the same relative direction around a
circle inscribed through the electrodes, the up-
per surface of the melt will be caused to rotate.
The reason for this rotation is not known but it
is believed to be due to the jet reaction of metal-
lic vapors created at the point of contact of the
arc column with the surface of the melt. Such
unexpected rotation of the molten meta] in-
sures the formation of an extremely uniform,
homogeneous ingot.

While this invention has been described with re-
spect to one electrode and to three electrode arc
furnaces merely for purposes of simplification, it
is to be understood that this invention should
not be limited thereto. The arc columns of any
number of electrodes may be controlled and di-
rected with the apparatus disclosed herein.

- Furthermore, the magnetic equipment shown
in Fig. 1 and Figs. 4 and 5 may be combined so
that their functions are superimposed, if desired.

While this invention has been described in its

preferred embodiment it is to be understood that 5

the words used are words of description rather
than of limitation and that changes within the
purview of the appended claims may be made
without departing from the true scope and spirit
of the invention.

What is claimed is:

1. An electric arc melting furnace comprising
a container means, means for producing a verti-
cally-extending electric are within said container

means, and means, exterior of said container 4

means, for producing two, divergent, horizon-
tally-extending, magnetic fields which would be
adjacent said electric are, on either side thereof,
and within said container means. ‘

2. An electric arc melting furnace comprising

a container means, means for producing a ver- }

tically-extending electric arc within said con-
tainer means, and means, exterior of said con-
tainer means, for producing two, divergent, hori-
zontally-extending, magnetic fields of variable
intensity which would be adjacent said electric
arc, on either side thereof, and within said con-
tainer means. .

3. An electric arc melting furnace comprising

a container means, means for producing a. verti- .

cally-extending electric arc within said container
means, and means, exterior of said container
means, for producing two, divergent, horizon-
tally-extending, movable, magnetic fields which
would be adjacent said electric arc, on either
side thereof, and within said container means.
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4. An electric arc melting furnace comprising
a container means, means for producing a ver-
tically-extending electric arc within said con-
tainer means, and three, equi-spaced, radially
extending, horizontally positioned, solenoid
members, exterior of said container means, and
lying in a plane extending through the zone
which would be occupied by an electric arc pro-
duced by said means for producing said elec~
tric arc for producing two, divergent, horizon-
tally extending, magnetic fields which would be
adjacent said electric are, on either side there-
of, and within said container means.

5. An electric arc melting furnace comprising

. & container means, means for producing a ver-

tically-extending electric are within said con-
tainer means, an annular magnetic material con-
taining member, exterior of said container means
and equi-spaced therefrom, but lying in a plane
extending through the zone which would be oc-
cupied by an electric arc produced by said means
for producing an electric arc, and three equi-
spaced, radially-extending, horizontally posi-
tioned, - solenoid members inwardly-extending
from said annular member for producing two,
divergent, horizontally extending, magnetic fields
which would be adjacent said electric are, on
either side thereof, and within said container
means.

6. An electric arc melting furnace comprising
a container means, a single vertical electrode
adapted to produce an electric are within said
container means, an annular magnetic material
containing member, exterior of said container
means and equi-spaced therefrom, but lying in a
plane adjacent the lower end of said electrode,
and three, equi-spaced, horizontally positioned,
radially-extending solenoid members, inwardly-
extending from said annular members for pro-
ducing two, divergent, horizontally extending,
magnetic fields which would be adjacent said
electric arc, on either side thereof, and within
said container means.

ORIEN W. SIMMONS.
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