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Lo all whom it may concern:
Be it known that I, Epwarp A. Haxrr,
"a citizen of the United States of America,
residing at Pittsburgh, in the county of Al-
legheny and State of Pennsylvania, have in-
vented certain new and useful Improvements
in Electric Furnaces, of which'the following
ig a specification.

This invention relates to an improved con-

struction of and arrangement of connections
for an electric furnace of the arc type, by
means of which the voltage.at the arc may
be adjusted by the operator to suiv the dif-
ferent requirements under different operat-

5 ing conditions, and the power factor con-

trolled as desired. -

In an electric furnace of the ave type,
when charged with cold metal, I find 1t is
desirable.to use-as high a voltage on the ares
as possible. This higher arc voltage permits
more rapid input of power, thereby decreas-
ing the time of melt-down. T alse find this
to be advantageous in the case of loosely
piled light or sandy scrap, the resistance of
which is comparatively high while cold.
The use of the higher voltage permits the
current to flow more readily through the
-mass, and start arcing promptly. Ixperi-
ence also shows that when melting cold
seiap, it is desirable to melt with a long
are, which, dilating around the electrode,
melts a large cavity through the bed of

serap and thus prevents pieces from falling

in and short-circuiting the electrode.

At other times during the operation of
the electrie furnace, it is desirable to employ
a voltage lower than that used in melting
down the charge. Tor example, after the

charge is in a molten state, a lower voltage .

may be used to supply, the necessary heat to
the metal for the purpose of mixing and re-

at that time; owing to the action of the in-
tense radiant heat of the long are, reflected
by the white finishing slag, upon the roof
and linings of the furnace.

During the use of the higher voltage, as
mentioned, for melt-down, or at other times,

it frequently happens that violent current

surges occur, owing to pieces of .metal fall-

ing between the electrodes and short-circuit:
ing them. Where the capacity of the power
supply is'not considerably in' excess of the
power requirements of the furnace, these
surges are apt to cause objectionable varia-
tlons in voltage on the power system. Such

~current surges also cause excessive wear and
*tear on the electrical equipment; as well as

delays from frequent operation of the over-
load protective devices. To reduce these
surges, it is customary to provide reactances
in the power circuit, which may be either

-embodied in the transformed design or may

be connected in series with either high ten-
sion or low tension leads of the transtormer.

After the charge has been melted down,
the current fluctuations are much less severe
and it is desirable to eliminate as much re-
actance in the|circuit as possible, since ex-
cessive reactance causes loss of power and
unnecessarily reduces the power factor of
the load..

One object.of this invention is to provide

~means for obtaining the higher voltage re-
“quired for melting down the charge rapidly
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and, where conditions require the sime, in-

serting the proper reactance in the circuit to
obtain a stabilized power input. A further

. object s to provide means for changing the

voltage to a lower value at some stage of the

‘heat to suit the requirements, and at the

same time, where desired, for reducing the
amount of reactance in the cirenit, to a cor-
responding value. :

In order that the invention may be read--

ily understood, reference is had to the ac-
companying drawings, forming part of this
specification, and in which—
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Fig. 1 is a diagram illustrating my im-

proved electrical connections and also show-
ing the furnace in vertical section:

Fig. 2 is a sectional plan view of the fur-
nace, the material of the bottom being omit-
ted for the sake of clearness; and

Fig. .3 is a fragmentary diagrammatic
view similar to Fig. 1 showing an ampli-
fication or modification of the invention.

The furnace obtaing power through a banlk

of transformers, A, B, and C, the preferred

connection being 3-phase, having high ten-
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- tension coils 4 copnected in star.

=

sion coils '1:(3011.,1{@,“3& in delta, and the low

‘@, -6, and ¢ represent-incoming

lines, which
may be of ‘any desiréd voltage. -

Switch S

connects these lines to the primary side of"
the transformers A, B and C. The primary.

" coil 1 of each transformer is provided wit

a number of taps, 2, the ‘point of connection

" to which may be selected by means of an ad-

.10

justable contact 3 to- give small variations
m the voltage delivered to the :furnace, to
corrgspcnd to the charge being melted; or to

the thi¢.iness and composition of the slag

- carried’ on "the, metal, or to.accommodate

15

small variations.in the voltage of the power
supply. = .7 . o .

The secondary coils 4 of the transformers
are connected ‘in star, and each is provided

- . with a plurality of taps 5 for supplying dif-
20°

ferent . voltages. Three of such taps are

- 'shown, the left hand tap representing high

or full voltage-and the others, lowes or frac-

" tional voltage.
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R of the heat.
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. It is desirable to provide means by which
the furnace electrodes may be connected at
will to any desired tap on the transformers
to obtain the voltage best suited to the stage
For this purpose, I provide
multipoint switches 6, pivoted at 7, which
may be placed in engagement with any of
the taps 5 of the transformer secondaries.

. These switches may be simultaneously oper-

36

“ated by means of a handle 8,.and control the

flow.of current from the transformers over
conductors 9, to the electrodes 10 of the
furnace.

~ The electrodes 10 project down through

+ . the roof 11 anc the furnace is provided with
- a refractory buctom 12, which, when heated,
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is susceptible of conducting electricity. Em-
bedded.in this conducting bottom is a metal-
lic grid 18, which is preferably substantially

. coextensive with the melting chamber and
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the material of which is distributed through-
out the area of the bottom. This grid 13 is
conriected by a conductor 14 to the neutral
point_ of the star-connected secondaries 4, a
switch 15 being interposed in such connec-
tion. ' '

The conductive bottom 12 and grid 13 are
insulated from the metallic shell or casing
17 of the furnace by means of a layer of in-

~ sulating material 16, :such as kieselguhr,
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silica, or the like. An insulating bushing 18

is provided where the conductor 14 passes

through the wall of the furnace. ,

" Reactance coils 19 are provided, each of
which has a plurality of terminals 20, adapt-
ed. to be selectively engaged by the corre-
sponding switch 6. One or more of these

‘terminals may be adjustable, as indicated at

21, to give varying amounts of reactance.
When switch 6 is operated to the left,

~ making connection to the left hand or full

1,430,987

voltage tap on the transformer, connection
is also made to the extreme right hand ter-
minal on reactance.19, thus having the maxij-
mum amount of reactance in circuit. When
switch 6 is operated to engage the interme-
diate or low voltage taps 5, the reactance 19
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is connected at -the corresponding interme-

diate terminals, thus reducing the amount of
reactance, or cutting it out entirely, if de-
sired. T

In the arrangement above disclosed, both

75

thé arc voltage and the reactance in series -

conditions for any period of the heat.
With the transformer secondary coils con-

. nected in stor, and with switch 15 closed,

nay be adjusted to give the best possible -

80

either of electrodes 10 may ‘arc through the -

furnace charge to the bottom independently
of the other two, as ‘when the first electrode
contacts in starting up, and with all three
electrodes operating, any unbalancing,.due
to a lower resistance path from either elec-
trode, will be taken care of by current flow-
ing through the grid 18, back to the neutral
point of the transformer. Where grid 13 is
not insulated from the shell of the furnace
17, the difference in potential between the
shell and the electrodes may be dangerous or
cause annoyance to the operators, in case
tools or other devices are pushed against the
electrodes and allowed to contact with metal
parts of the furnace shell. Insulation 16
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prevents danger of shock or annoyance, and

permits the shell of the furnace to be effec-
tively grounded. |

The passage of the current through the
furnace charge and bottom to grid 13, ef-
fectively stirs up the metal, owing to. con-

vection currents set up in the furnace bath,

thus insuring uniform temperature in all
parts of the metal. At certain stages in the
process, it is desirable to limit the stirring
effect, and by opening switch 15, the current
is prevented from flowing.through the metal
to the bottom, thus reducing the stirring or

_agitating effect, as desired.

In the foregoing, it has been stated that
the purpose of the reactance is to limit the
current surges durihg melt-down periods,
when desired. It is sometimes desirable to
make use of the higher voltage during the
last stages of the refining period, so as to
superheat the metal to a high temperature
to render the metal more fluid. At this time,
it is not desirable to limit the current by
means of reactances, as the violent surges,
due to short-circuits, will not occur and to
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superheat the metal the maximum possible -

power input may be desired for a short pe-
riod of time. In order to accomplish this,
I have provided the arrangement shown in
Fig. 8, which arrangement may be employed
in addition to the switch 6 and terminals 20.
Referring to Fig. 3, it will be seen that [
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have provided an auxiliary switch 24, oper-
ated by a handle 25 and adapted to short-
circuit the reactance coil 19. In order to
short-circuit either the entire coil, or only

portions of it, as desired, I preferably pro-

vide a series of taps 22, with which an ad-
justable contact arm 23 cooperates. By set-
ting the arm 23'to engage the desired one of
the taps 22, more or less reactance may be
cut out by closing the switch 24, as will be
obvious. It will, of course, be understood
that a switch 24 as shown in Fig. 8 is pro-
vided for each of the reactance coils and
that all of the switches aré simultaneousl
operated by the handle 25. :
I am aware that heretofore electric fur-
naces have been arranged with transformers
having primary coils so constructed as to
permit them td be thrown in series or multi-
ple formation, thus varying the secondary
voltage. Onme difficulty with tlh.' arrange-
ment 1s that the reactance of the transformer
is doubled on a low secondary voltage,

“which, being used at a time when the metal

18 hot.and being refined, occurs at a period
when there is less need for reactance to
stabilize the current. ) *
Another difficulty is. that only two volt-
ages are available, whereas I fmd it quite
desirable to have one high. voltage. when

melting down, a lower voltage when refin-

ing under acid conditions, and a still lower
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voltage when refining under basic slag. - «

T am also aware-.that reactance has been
used in series with the furnace arc to stabi-
lize the current, this reactance sometimes
having been made inherent to the trans-
former construction and at other times a
separate reactor has been placed in the pri-
mary lead. In still other arrangements, the
reactor has been placed in the secondary
lead, but such reactance was constant... When
the low voltage tap is used for refining, much
less power is required; owing to the lower
voltage. However, the current, being con-
stant, the inherent reactance of the trans-
former and. of the secondary leads is corre:

spondingly inereased, which gives an un-

desirably and unnecessarily low power fac-
tor at that stage of the operation, whergas,
when beginning the melt-dewn, when the

charge is all cold and the arc voltage high,

so that the reactance inherent to the trans-
former windings in the secondary circuit is
of a comiparatively low percentage, it is then
especially desirable to insert such reactance
as may be necessary to stabilize the current
in the arc, the power in the arc becoming
substantially constant, when operating with
sufficient reactance to give a power factor

ot 1%, :

In my impicved arrangement I, therefore,
provide an outside reactor, which is accom-

- panied with a switch, so arranged tht when

a

changing from high-melt-down voltage on
=3 o )

the secondary, to a lower refining voltage on
the secondary, the external reactance Is re-
duced or cut out, so that the power factor
on the lower voltage remains substantially
the same as an the higher voltage. .

.What I claim is: : .

1. The combination with an electric fur-
nace having a bottom susceptible.of conduct-
ing electricity and an arcing electrode, of

a transformer having a secondary winding

provided with taps, a connection between
one end of said winding and said furnace

said electrode to any desired one of said
taps, and an adjustable reactance in ecir-
cult with said electrode. _

2. The combination with an electric fur-
nace having a plurality of arcing electrodes,
of a transformer system having a plurality
of secondary windings, each winding being

provided with a series of taps, a gwitch for

selectively connecting each electrode with a
tap on one of said windings, and means for
simultaneously operating said switches so
as to connect the electrodes with correspond-
ing taps of each series.

3. The combination with an electric fur-
nace having a plurality of arcing electrodes,
and a bottom susceptible of conducting elec-
tricity, of a three-phase transformer having
star-connected secondary windings. each pro-
vided with a series of taps, the neutral point

of said windings being connected to said -

bottom, and means for selectively connecting
said electrodes to any desired one of each
series of taps, so-as to vary the voltage sup-
plied to the electrodes. ‘

4. The combination with an electric fur-

nace having arcing electrodes, of a three-
phase transformer having primary windings
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bottom, a switch for selectively connecting .
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connected in delta and secondary windings -

connected in star, both of said windings hav-
ing a series of taps whereby voltage supplied
to the electrodes may be varied.

5. The combination with an electric fur-
nace, of means for supplying alternating
current, thereto at varying voltages, a react-

110

ance in the supply circuit, and means for .

varying such reactance as the voltage is va-
ried. : o '
6. The combination with an electric fur-
nace, of a transformer for supplying cur-
rent thereto, said transformer having high

and low yoltage: taps, a reactance in the sup-.

ply circuit independent of said transformer,

means for changing the circuit connections

from the high to the low voltage tap, and

means for simultaneously reducing the

value of :said reactance. -
7. The combination with an electric fur-

-nace having an electrode, of a transformer

having taps for supplying current at vari-

able voltages to said electrode, a reactance-
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in -such supply c1rcu1t and means for
changing the value of said reactance.in ac-
cordance with the variation in voltage.

8. The combination with an electric fur-
nace having an electrode, of a transformer
having taps, a switch for connecting the
electrode to any - desired tap, a reactance

coil, and means operated by said switch
for either connecting -it in the “circuit be-

tween the transformer and the electrode, or

cutting it out of such circuit, as desu'ed )

9. 'I?he combination with an electrlc fur-

" nace having an electrode, of a transformer

15

. having full and fractional voltage taps, a

reactance coil, means for selectively connect-

"ing the said electrode to either tap, as de-

su’ed and means for including said. reac-
tance coil in such connection only when the

© full voltage tap is selected.

20.
- nace having an electrode, of a transformer

10. The comblnatlon with an electric fur-

having high and low voltage taps, a reac-
tance 0011 means for connecting said elec-

" trode, throucrh the reactance coil to the high

25
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voltage tap, nieans for shifting the con-
nection to the low voltage tap and simul-

taneously cutting the reactance coil out of

circuit,, and additional means, operable at

will, for cutting part- or all of said. reac: -

tance coﬂ .out of- circuit, when connected

" with the said high Voltage tap.

11. ‘The vombination with an electric fur-

“’nace, of “means -for supplying relatively

35

++ High or- low voltage thereto, a reactance coil

_,norma}ly included in the circuit when high

“voltage is being supplied, means’ for auto-

_matically -cutting out such coil when low

- 40

-voltage is being supplied, and auxiliary
- means for cutting out part or all of said
-coil when high voltage is being supplied, if

desired.

12. An electric furnace having a bottom
susceptlble of conducting electmmty, an arc-
ing electrode, a metallic member embedded

in said bottom and distributed throughout
‘the same, a metallic shell or casing entlrely

_ 1nsu1ated from said bottom and metallic

member, means for connecting one terminal
of a source of current to said electrode, and

1,430,987

means insulated from said shell for connect-
ing the other terminal”to said metallic

member..

13. The combination with an electrlc fur-
nace having-a plurality of arcing electrodes
and a bottom susceptible of conducting elec-
tricity, of a three-phase transformer hav-
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ing star-connected secondary windings con-
nected with said electrodes, a metallic shell
encasing the furnace, and a metallic grid '

embedded in said furnace bottom, said gmd
being insutated .from the said sheli and con-
nected to the neutral point of said second-
ary windings.

“14. The combination with an electric fur-

‘nace, of means for supplying _alternating

current thereto, means for varying the vol-
tage of the current so supplied, and means

60 .
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connected to -and actuated simultaneously - \

with the voltage varying means for main-
taining the power factor substantlally con-

stant at all voltages.
15. The combination with an electric fur-.
‘nace; of a transformer having taps, means

for selectively connecting the “furnace elec-
trode to -any desired tap, and means for
maintaining substantially: the same power
factor with all of the taps.
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'16.- The herein described method of oper- -’

ating an electric furnace having an arcing .

electrode which consists in supplymg sur-

rent to said electrode at one voltage during -
"a given stage of the operation, and then

s1multaneously changing both the voltage
and the reactance of the supply circuit dur-
ing another stage of the operation as the
metallurgical cond1t1ons in the furnfxce may
require.

17. The hezeln deseribed method of oper-
ating an electric furnace having an arcing
electrode, which consists in supplylng cur-
rent. to sald electrode at a relatively high
voltage during the melting stage, and re-
ducing such voltage and at the same time
reducing the reactance of the supply cir-
cuit d\u ing the refining stage.

In testlmony whereof T affix my signa-
ture.

EDWARD A. HANFTF,
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