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My invention relates to electric furnace regula-
tor systems, more particularly to regulafor sys-
tems for furnaces provided with electrodes, such
as arc furnaces, and has for its object simple,
reliable and low cost means for adjusting a fur-

nace to maintain a predetermined furnace op-.

erating condition.

In carrying out my invention in one form I pro-
vide a regulator contact device for controlling an
electrode adjusting motor, which regulator device
is biased to a position to cause lowering of the
electrode and operated in response to a furnace
operating condition such as current to raise the

. electrode. The regulator device comprises a sta-
tionary magnet core provided with two poles

between which is mounted pivotally an armature

connected to operate a contact member. On the
stationary magnet core is an actuating coil ener-
gized in accordance with the current in the elec-
trode circuit and also an anti-hunting coil con-
nected across the armature of the electrode motor
for effecting early deenergization of the motor so
as to anticipate the final position of the electrode
and prevent-overrunning.

For a more complete understanding of my in-
vention reference should be had to the accom-
panying drawing, the single figure of which shows
in diagrammatic form an arc furnace regulator
system embodying my invention.

Referrring to the drawing, I have shown my
invention in one form as applied to an arc furnace
10 comprising a suitable crucible {1 for a metallic
charge 12 and suifable carbonaceous electrodes
13, 14 and 15 extending into the crucible into arc-
ing relation with the charge. While I have shown
a three-phase furnace it will be understood that
my invention is applicable also to a single-phase
furnace or a direct current furnace. The elec-
trodes are each adjustable in a vertical direction
to vary the length of the arc in any suitable
manner. This adjusting means is shown dia-
grammatically for the electrode 15 only, but
it will be understood that the other two electrodes
are each equipped with the same or suitable regu-
lating and electrode adjusting means. As shown,
the electrode 15 is adjustable by a suitable direct
current reversible electric motor 16 provided with
a shunt field winding 171 energized from a suit-
able direct current supply source 18. This motor
is connected to rotate a fixed gear 19 having its
Yore threaded to receive a screw rod 20 attached
to the electrode 15.

The armature of the electrode motor 16 is ener-
gized from the source of supply 18 through elec-
tromagnetic reversing switches 21 and 22 which

. fier.
. normal working current in the electrode circuit,

are in turn controlled by a regulator device 23.
The electrodes {3, 14 and 5 of the furnace are
electrically connected through a suitable trans-
former 24 to a three-phase source of supply 25.

The regulator device 23 comprises a stationary
magnet core 26 shown as rectangular in shape
and provided with spaced pole faces on one side
between which is mounted pivotally an armature
27 made of magnet core iron. 'The armature 21

" is pivotally connected at a point 28, at a suitable

distance from the pivot 29 of the armature, to
the bridging contact 30 of a two-way relay
switch. This switch is arranged when the con-
tact 30 is in its lowermost position, to which it is
biased by gravity as shown, to connect the operat-
ing coil 31 of the switch 2{ across the supply
source 18 and, when moved to its uppermost po-
sition, to connect the operating coil .32 of the
switch 22 to the supply source 8.

For operation of the regulator 23, two coils 33
and 34 are provided on the stationary magnet
core 26. The coil 33 is connected to a main of
the supply source 25 corresponding with the elec-
trode 15 through a suitable rectifier, shown as
a two-way copper oxide rectifier 35, and a cur-
rent transformer 36. Thus the coil 33 is supplied
with direct current having a value dependent
upon the value of the dlternating current being
supplied to the electrode 15. For purposes of ad-
justment an adjustable resistance 37 is connected
across the current transformer 35.

Also, for the protection of the copper oxide
rectifier 35 a saturable iron core reactor 38 is
connected in shunt to or parallel with the recti-
Under normal operating conditions, i. e,

this reactor is nearly but not quite saturated,
whereby nearly all of the current in the current
transformer circuit is caused to pass through the
rectifier. In the event that the elecrode dips into
the bath, however, with consequent high cur-
rents, the reactor becomes saturated and by-
passes a large amount of the current around the
copper oxide rectifier.

The anti-hunting or damping coil. 34 is con-
nected, as shown, directly across the armature of
the motor I86; a suitable regulating resistance 39
being connected in series with it. The connec-
tions of the coil 34 are such that when the motor
{6 is energized to raise the electrode, i. e., by
movement of ‘the switch 22 to its uppermost po-
sition, the coil 34 tends to excite the magnet core
26 in opposition to the coil 33. This has the effect
of weakening the excitation of the magnet core so
that the armature 27° moves down in accord-
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ance with its bias from the weight of the con-
tact 30 to move the contact 30 to a mid-position
somewhat earlier than would otherwise be the
case, whereby the motor 16 is deenergized suffi-
clently early to take into account substantially its
tendency to overrun after deenergization due to
the inertia of its parts. ‘The electrode I5 is there-
fore brought to rest closely in the proper position.
In the event that the regulator energizes the coil
31 for operation of the motor 16 to lower the elec~

. trode, the coil 34 is reversed with reversal of the

20

motor armature, and under these conditions acts
in the same direction as the coil 33 whereby the
motor 16 is deenergized early to compensate for
overrunning. '

In the operation of the system the regulator 23
is adjusted by regulation of the resistance 37 so

as to be energized sufficiently by the actuating -

coil 33 in response to the current supplied to
the electrode 15 to maintain its switch contact
30 in the intermediate open -circuit position
shown in the drawing. When the electrode cur-
rent decreases, for example because of the burn-
ing away of the electrode and the lengthening
of the arc, the contact 30 tends to move to its

lowermost position until, upon the occurrence of °

a predetermined low current, the contact 30 closes
a circuit with its lowermost contacts for the coil
31. The switch 21 is thrown by the coil 31 to its
uppermost position thus closing a circuit for the
armature of the motor 16 in a direction to cause
the motor to lower the electrode. This circuit
may be traced from the source 18 through the
conductor 40, the resistances 41 and 42, switch
21, conductor 43, the armature of the motor, con-

. ductor 44, switch 22 and conductor 45 back to

40

60

65

75

the supply source. Just before the establish-
ment of the predetermined current condition, by
reason of the accumulative effect of the coil 34
as previously described, the contact 30 is re-
turned to its intermediate position whereby the
switch 21 drops to its lowermost position discon~
necting the motor from the supply source 8 and
connecting a dynamic braking resistance 48
across the motor armature,

In the event the current in the electrode cir--"

cuit becomes greater for any reason than the
predetermined normal, the regulator 23 raises
the contact 30 to its uppermost position whereby
a circuit is established from the supply source
I8 to the coil 32 which throws the switch 22
to its uppermost position. This establishes a
circuit for the armature of the motor 16 in the
opposite direction for reverse rotation for raising
of the electrede. The circuit may be traced from
the supply source through the conductor 40, re-
sistance 41, switch 22, conductor 44, armature of
the motor, conductor 43, switch 21, braking re-
sistance 46 and conductor 45 back to the supply
source. The motor operates until just prior to
the establishment of the normal current condi-
tion, the contact 30 is moved to its intermediate
position whereby the motor is disconnected from
the source {8 and the resistor 46 connected across
its armature for dynamic braking. ‘
Resistors 41 and 42 are provided for motor
speed regulating purposes. It will be noted that
both resistances are in the motor circuit in series
with each other when the switch 21 is moved
to its uppermost position to lower the electrode,
whereas the resistor 81 only is included in-the
motor circuit when the switch 22 is moved to its
uppermost position for the raising operation.
This provides greater torque for the raising oper-
ation, the adjustments of the resistance being
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made to give about the same motor speed in
each case.

For the purpose of damping out the effect of
small transitory changes in the furnace current
a suitable damping means is preferably used
with the regulator 23. Asshown, a copper damp-
ing sleeve 47 is provided around the lower arm
of the magnet core 28 under the coils 33 and 34.
This prevents operation of the regulator to start
the motor in response to transitory currents

which tend to correct themselves, although a per-.

sistent current of too low or too high value pro-
duces operation of the regulator.

While I have shown a particular embodiment
of my invention, it will be understood, of course,
that I do not wish to be limited thereto since
many modifications may be made, and I therefore
contemplate by the appended claims to cover
any such modifications as fall within the true
spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In a regulator system for an alternating cur-
rent furnace, a direct current motor for adjust-

ing an electrode, control means for starting said

motor to adjust said electrode comprising a piv-
otally mounted armature, a magnet core for said
armature, an actuating coil on said core, current
supply means responsive to an electrical condi-
tion of the electrode circuit for producing a cur-
rent varying with said electrical condition, elec-
trical connections between said current supply
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means and said actuating coil including a cur-

rent rectifying device, and an anti-hunting coil
on said magnet core connected to said motor.

2. The combination with an electric furnace
provided with a member movable to adjust the
rate of heat generation in said furnace, & motor
for moving said member, switching means for
starting and stopping said motor for each direc-
tion of rotation to move said member, said switch-
ing means being biased to a position to increase
the rate of heat generation of said furnace, op-
erating means for said switching means compris-
ing a magnet core provided with pole faces, an
armature mounted for pivotal movement between
said pole faces, an operating connection between
saild armature and said switching means, an ac-
tuating coil on said core, means responsive to an
operating condition of said furnace for supplying
a current to said actuating coil varying with said
operating condition, and an anti-hunting coil on
said magnet core connected to said motor so as
to be reversed upon reversal of said motor and
thereby oppose sald actuating coil when said
switching means is operated against its bias and
to assist said actuating coil when said switching
means is operated in accordance with its bias.

3. In an electric furnace regulator system, a
motor for adjusting an electrode, control means
for starting said motor to adjust said electrode
comprising a pivotally mounted armature, a sta-
tionary magnet core for said armature, an actu-
ating coll on said core, current supply means
responsive to an electrical condition of the elec-
trode circuit for producing a current varying
with said electrical condition, electrical connec-
tions between said current supply means and said
actuating coil, and an anti-hunting coil on said
magnet core connected to said motor so as to be
reversed upon reversal of said motor and thereby
oppose said actuating coil when said motor is op-
erating to raise the electrode and to assist said
actuating coil when said motor is operating to
lower the electrode.
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4. An electric furnace regulator system com-
prising a motor for adjusting an electrode, switch-
ing means for starting and stopping said motor
for each direction of rotation to adjust said elec-
trode, said switching means being biased to a
position to raise the electrode, an actuating coil
for said switching means, connections for sup-
plying an alternating voltage to said electrode,
current supply means responsive to an electrical
condition of the electrode circuit for producing
an alternating current varying with said electrical
condition, electrical connections between said
current supply means and said actuating wind-
ing including a current rectifying device, a sat-
urable reactor connected in parallel with said
rectifying device, and an anti-hunting coil coop-
erating with said actuating coil connected across
the armature of said motor so as to be reversed
upon reversal of said motor and thereby oppose
said actuating coil when said switching means is
operating to raise the electrode and to assist said
actuating coil when said switching means is op-
erating to lower the electrode. .

5. The combination in an electric furnace sys-
tem, of a member movable to adjust the rate of
heat generation in the furnace, a motor for ad-
justing said member, switching means for start-
ing and stopping said motor for each direction of
rotation to adjust said member, said switching
means being biased to a position to increase the
rate of heat generation in the furnace, operating
means for said switching means comprising  .a
magnet core provided with pole faces, an operat-
ing connection between said armature and said

‘switching means, an actuating coil on said core,

connections for supplying an alternating current
to the furnace, current supply means responsive
to an electrical operating condition of the fur-
nace for producing an alternating current vary-
ing with said operating condition, electrical con-

- nections between said current supply means and

said actuating coil including a current rectifying

device, and a saturable reactor connected in par--

allel with said rectifying device.

6. The combination with an electric furnace
provided with a member movable to adjust the
rate of heat generation in said furnace, a motor
for adjusting said member, switching means for
starting and stopping said motor for each direc-
tion of rotation to adjust said member, said
switching means being biased to a position to in-
crease the rate of heat generation of said fur-
nace, operating means for said switching means
comprising a magnet core provided with pole
faces, an armature mounted for pivotal move-
ment between said pole faces, an operating con-
nection between sald armature and said switch-
ing means, ‘an actuating coil on said core, con-
nections for supplying an alternating current to
said furnace, current supply means responsive to
an electrical operating condition of said furnace

. for producing an alternating current varying with
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said operating condition, electrical connections

between said current supply means and said ac-
tuating coil, including a current rectifying de-

vice, and an anti-hunting coil on said magnet
core connected to said motor so as to be reversed
upon reversal of said motor and thereby oppose
said actuating coil when said switching means is
operated against its bias and assist said actuat-
ing coil when said switching means is operated
in accordance with its bias. )

7. The combination in an electric furnace reg-

3

ulator system of a motor for adjusting an elec-
trode, control means for starting and stopping
said motor for each direction of rotation to ad-
just the electrode, said control means being bi-
ased to a position to lower the electrode, operat-
ing means for said control means comprising a
magnet core provided with pole faces, an arma-

ture mounted for pivotal movement between said .

pole faces, an operating connection between said
armature and said control means, an actuating
coil on said core, connections for supplying an
alternating current to said electrode, current
supply means responsive to an electrical operat-
ing -condition of said electrode for producing a
current varying with said operating condition,
electrical connections between said current sup-
ply means and said actuating coil including a cur-

rent rectifying device, a saturable reactor con-.

nected in paralle]l with said rectifying device, and
an anti-hunting coil on said magnet core con-
nected to the armature of said motor so as to be
reversed upon reversal of said motor and thereby
oppose said actuating coil when said switching
means is operated against its bias and assist said
actuating coil when said switching means is oper-
ated in accordance with its bias.

8. In a regulator system for an alternating
current electrode furnace, a motor for adjusting
an electrode, control means for starting said mo-
tor to adjust said electrode comprising an arma-
ture, an actuating coil for said armature, cur-
rent supply means responsive to an electrical con-
dition of the electrode circuit for producing a
current varying with said electrical condition,
electrical connections between said current sup-
ply means and said actuating coil including a
current rectifying device, and means connected
in parallel with said rectifying device for bypass-
ing current around said rectifying device in the
event of predetermined abnormal electrical con-
ditions in said electrode circuit.

9. In a regulator system for an alternating cur-
rent electrode furnace, a motor for adjusting an

electrode, control means for starting said motor

to adjust said electrode comprising an armature,
an actuating coil for said armature, current sup-
ply means for producing a current varying with
the current in the electrode circuit, electrical
connections between said current supply means
and said actuating coil including a copper oxide
current rectifying device, and a saturable reactor
connected in parallel with said rectifying device
for bypassing current to protect said rectifying
device in the event of excessively high currents in
the electrode circuit, ]

10. In a regulator system for an alternating

current electrode furnace, a direct motor for ad- -

justing an electrode, control means for starting
said motor to adjust said electrode comprising an
armature, an actuating coil for said armature,
current supply means for producing a current
varying with the current in the electrode circuit,
electrical connections between said current sup-

ply means and sald actuating coil including a.

copper oxide current rectifying device, a satura-
ble reactor connected in parallel with said recti-
fying device for bypassing current to protect said
rectifying device in the event of excessively high
currents in the electrode circuit, and an anti-
hunting coil associated with said armature con-

' nected to said motor so as to be reversed upon

the reversal of said motor.
o LOUIS W. THOMPSON,
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