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My invention relates to electric furnace regu 
lator systems, more particularly to electric arc 
furnace regulator systems, and has for its object 
simple, reliable and low cost means for adjusting 

5 the furnace electrode to maintain a predetermined 
furnace operating condition. _ 

It is customary in control systems for are fur 
naces to use a separate direct current source of 
supply for the electrode adjusting motor, the elec-, 

l0 trodes themselves being ordinarily supplied from 
an alternating current circuit. As a result, in 
the'event of failure of the alternating current sup 
ply source, the direct current source is usually 
still available for actuation of the electrode. Fur 

15 thermore, the regulating mechanism for ‘control 
ling the electrode motor is ordinarily biased to a 
position to close the motor circuit for lowering 
operation. Consequently on failure of the alter 
nating current supply source the regulator moves 

20 in accordance with its bias to a position to lower 
the electrode and the electrode motor is caused 

_ to operate whereby the electrode is lowered into 
the charge, which if molten, results in objection 
able contamination with carbon and other im 

25 purities from the electrode. Sometimes an 
undervoltage device responsive to are voltage is 
provided for deenergizing the electrode motor so 
as to prevent this lowering of the electrode into 
the bath. 

30 It is more particularly an object of my inven 
tion to provide regulating mechanism which is 
simple and reliable and which inherently prevents 
operation of the electrode motor upon failure of 
the alternating current supply source. 

In carrying out my invention I provide a con 
tact member for controlling the electrode motor, 
which contact member is actuated by the differ 
ential eifect of two operating coils, one of the 
coils being responsive to the voltage from the 

40 electrode to the bath and the other being con 
nected across the alternating current supply 
source. The operation of the regulator is thus 
effected from the alternating current supply 
source. 

45 Furthermore, I provide means for biasing the 
regulator to an intermediate neutral position so 
that in the event of failure of the alternating cur 
rent supply source deenergization of the electrode 
motors is assured. , - 

50 For a more complete understanding of my in 
vention reference should be had to the accom 
panying drawing, the single ?gure of which shows 

‘ in diagrammatic form an arc furnace ‘regulator 
system embodying my invention. 

55 Referring to‘the drawing, I have shown my 
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invention in one form as applied to an arc furnace 
l0 comprising a suitable crucible I | for a metallic 
charge l2 and suitable carbonaceous electrodes 
|3, I4 and I5 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 I5 only, but it 
will be understood that the other two electrodes 
are each equipped with the same or suitable 
regulating and electrode adjusting means. As 
shown, the electrode I5 is adjustable by a suit 
able direct currentreversible' electric motor I6 
provided with a shunt ?eld winding H which 
motor is connected to rotate a ?xed gear wheel 
l8 having its bore threaded to receive a screw 
rod l9 attached to the electrode I5. , 
The armature of the electrode motor I6 is ener 

gized from a suitable direct current source of 
supply 20 through electromagnetic reversing 
switches 2| and 22 which are in turn controlled 
by the regulating mechanism 23. The electrodes 
of the furnace are electrically connected through 
a suitable transformer 24 to a three-phase source 
of supply 25. . 
The regulator 23 comprises a contact arm 26 

pivoted at the point 26a and arranged to engage 
one or the other of two stationary contacts 21 
and 28 to selectively energize the operating'coils 
29 and 30 for the reverse switches 2| and, 22' re 
spectively. By means of two springs 3| and 32, 

- shown as helical tension springs, or other suitable 
means, the contact arm 26 is biased to an inter 
mediate neutral position, as shown in the draw 
ing, in which neither of the contacts 21 and 2B 
is engaged. In this position of the regulator the 
coils 29 and 30 are deenergized and the reversing 
switches are in engagement with their lower con 
tacts,>as shown in the drawing, thereby closing a 
dynamic braking circuit for the armature of the 
electrode motor l6 through a resistor 33. 
For actuation of the contact arm 26, an oper 

ating coil 34 is provided having a solenoid con 
nected to one end of the contact arm. This coil 
is energized in response to the voltage drop from 
the electrode IE to the bath, or, in other words, in 
the arc furnace shown, to the voltage drop across 
the arc between the electrode and the bath. One 
terminal of the operating coil 34 is connected 
through a conductor 35 to the alternating supply 
conductor 36 leading to the electrode I 5 while 
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the other terminal of the coil 30 is connected 
through an adjustable resistor 8? by means of 
the conductor 38 to the bath i2. 

Acting in opposition to the coil 36 is a coil 33 
which is connected through an adjustable ge 
sistor {it and a suitable voltage step-down. trans 
former Ail to one phase of the supply source 255. 
This phase is preferably the one, as shown, to 
‘which the electrode 05 is connected. The coils 
36 and 39, when energized, tend to lift their re 
spective solenoids, which are shown connected to 
opposite ends of the contact member 25. 
Another feature which I have disclosed is an 

anti-hunting or'damping means for the contact 
arm 26. This consists of two coils 42 and 43 
positioned on opposite sides of an extension or 

’ portion 44 of the amt“, this portion 44 being 
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made of magnetic material and forming an ar 
mature for the two coils. , The coils are electri 
cally connected so as to be energized selectively 
by engagement of the contact arm with the sta 
tionary contacts ‘21 and 28 and when energized 
exert a force on the armature 44 in a direction 
to move the contact arm 26 back to the open cir 
cuit position shown in the drawing. Thus when 
the contact arm 26 engages the contact 28 the 
circuit is closed from the direct current supply 

' source 20 through the conductor 45, contact arm, 
conductor 46, the coil 43 and-conductor 41 to 
the supply source, whereby the coil 43 exerts a _ 
force to pull the contact arm away from the 
contact 28. In a similar manner, when the con 
tact arm 26 engages the contact 2'! a circuit is 
closed for the coil 42 through the conductor lib, 
the contact arm, conductor 48, the coil 42 and 
conductor 41 back to the supply source 23. The 
action of the coils 42 and 43 results in deener 
gization of the electrode motor it slightly before 
the electrode has been adjusted the desired 
amount to allow for coasting of the motor in 
coming to rest and the further adjustment vof 
the electrode incidental thereto. . 

I In the operation of the device it will be as 
sumed that the supply conductors 20 and 25 are 
connected through suitable switches, not shown, 
to their respective‘ supply source and that the 
furnace is operating under the desired arc .volt 
age conditions, the charge I! being molten‘. The 
coils 3d and 39 then exactly counter-balance 
each other and the springs 3| and 32 hold the 

~ contact arm 26 in the position shown. It will 
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be understood that the coils may be adjusted for 
a desired predetermined arc voltage condition 
by adjusting the resistors 31 and d0. 
Assume now that the voltage across the are 

from electrode iii to the bath rises to a prede 
termined maximum value for some reason, for 
example, due to the slow burning by the arc of 
the lower end of the electrode whereby the length 
of the are slowly increases with resultant de 
crease in the currentin the electrode circuit and 
increase in the voltage across the arc. At this 
predetermined high voltage the coil 36 is ener 
gized su?iciently to move the contact arm 26 up 
ward against the force exerted by the coil 33 
and also against the centering force applied by 
the springs 3i and 32.- Contact is thus made 
with the contact 28 whereby the coil 29 is ener 
gized and also the coil 83. The circuit for the 
coil 29 leads from the supply source 23 through 
conductor 45, contact arm 25, conductor 66, the 
coil 29 and conductor 63 back to the supply 
source 23. 
The coil 23 moves the switch ii to its upper 

most position whereby a circuit is closed for the 

greases 
electrode motor it which may be traced from 
the supply source 28 through conductor 50, the 
resistors 55 and” 52, the switch M, the armature 
of the motor, switch 22 and conductor 53 back 
to the supply source. This causes the motor it 
to operate to lower the electrode‘ i5 and in so 
doing the arc voltage is decreased. The ad 
justment is ordinarily performed very quickly 
and, as previously explained, the motor is stopped 
by the in?uence of the anti-hunting coil 63 to 
allow for the additional adjustment incidental 
to coasting of the motor. 
In the event that the arc voltage ‘becomes lower 

than a predetermined allowable minimum value, 
as might result for example by the addition of 
charge to the furnace whereby the arc is short 
ened and the voltage across it decreased, the 
force applied by the coil 34 is not great enough 
to counterbalance the coil 39 which thereupon 
moves the contact arm into- engagement with the 
contact 21 whereby a circuit is closed for the 
reversing switch coil 30. This closes a circuit 
for the motor l6 through the conductor 50, re 
sistor 5|, switch 22, the armature of the motor, 
switch 2|, resistor 33 and conductor 53, whereby 
the motor is operated in the opposite direction 
to raise the electrode. This operation continues 
until the contact arm 26 is moved to the neutral 
position, as will be understood from the previous 
description of the lowering operation. 
In each case, when the motor circuit is opened 

‘a dynamic braking'circuit is closed through the 
resistor 33, as shown in the drawing, whereby the, 
motor i6 is brought quickly to rest. 
The resistors 5| and 52 are provided for mo 

tor speed regulating purposes. It will be noted 
that both resistances are in circuit in series with 

' each other and with the motor when the motor 
is operated to lower the electrode whereas the 
resistor 5! only is included in the motor circuit 
for raising operation. This provides greater 
torque for the raising operation whereby the ad 
justments are made with about the same speed 
in both cases. 

In the event of failure of voltage of the alter 
nating current supply source 25, it will be ob 
served that both of the coils 3% and 39 are de 
energized and consequently the contact arm 26 
is held in the neutral position shown by the 
springs 3| and 32. If the failure of supply volt 
age occurs when the contact arm 26 is in engage 
ment with the contact 21 or the contact 28 to 
effect a regulating operation, the contact arm 
is immediately pulled by the springs 3i and 32 
to the neutral position, thus deenergizing the 
electrode motor. Therefore, operation of the 
electrode motor is eii'ectively prevented during 
the interval of alternating current supply source 
failure. 
When the alternating voltage comes on again 

the two coils 3d and 39 are reenergized, the coil 
39 as before, but the coil 36 with a higher voltage 
since no current is ?owing. This voltage in fact 
is then the open circuit electrode voltage. There 
fore, the coil 36 operates to cause lowering of 
the electrode l5 until it touches the charge, 
When this occurs a very heavy current ?ows and 
the voltage from the electrode to the bath drops 
to a relatively low value. Thereupon the regu 
lator is operated by the greater e?ect of the coil 
39 to reverse the electrode motor and raise the 
electrode until the desired arc voltage conditions 
are restored. 

It should be observed that the furnace may be 
started by simply closing its supply circuit 
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through a suitable switch, not shown, whereupon ‘ 
the regulator operates to automatically lower the 
electrode into contact with the charge after which 
it is raised to establish the desired operating 
condition. 
While the regulator is responsive directly to the 

arc voltage and operates to maintain the arc 
voltage at a desired value between predetermined 
minimum and maximum voltage limits, in so 
doing it maintains a predetermined constant cur 
rent in the electrode circuit. This is because 

‘ the current in the arc is proportional to the 
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voltage across the arc, although inversely so. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electric furnace regulator system com 

prising operating means i'or adjusting an elec 
trode, control means for starting and stopping 
said operating means to adjust the electrode, said 
control means having an intermediate position in ' 
which said control means is ine?'ective to adjust 
the electrode, a pair of. opposed coils for operat 
ing said control means, connections for energizing 
one of said coils in response to an electrical con 
dition of the electrode circuit, connections for 
energizing the other of said coils by the electrode 
supply source voltage whereby said control means 
is operated to effect adjustment 01' the electrode 
so as to maintain a predetermined relation be 
tween said electrical condition and the supply 
source voltage, and means responsive to failure 

‘of the electrode supply source for returning said 
control means to said intermediate position. 

2. An 'electric arc iurnace regulator system 
comprising operating means for adjusting an elec 
trode with relation to a charge to be heated, con 
trol means for starting and stopping said operat 
ing means to adjust said electrode, said control 
means having an intermediate position in which 
said control means is ineffective to adjust the 
electrode, a pair oi: opposed coils for operating 
said control means,~connections for energizing 
one of said coils in response to the voltage be 
tween said electrode and the charge, connections 
for energizing the other of said coils across the 
electrode supply circuit whereby said control 
means is operated to adjust theelectrode so as to. 
maintain a predetermined relation between the 
voltage from the electrode to the charge and the 
voltage or the electrode supply circuit, and means 
responsive to failure of the power supply to the 

' electrode for returning said control means to said 
intermediate position. > 

3. A regulator system for iurnaces provided 
with at least two electrodes comprising operating 
means for adjusting one of, said electrodes, con 
trolmeans responsive to an electrical condition 
of the electrode circuit for starting and stopping 
said operating means to adjust the electrod , said 
control means having an intermediate position in - 

3 
which said control means is ineffective to adjust 
the electrode, a pair of opposed coils for operat 
ing said control means, connections for energiz 
ing one of said coils inresponse to an electrical 
condition of the electrode circuit, connections for 
energizing the other of said coils from the voltage 
across said electrodes whereby said control means 
is operated to eiiect adjustment of the electrode 
so as to maintain a predetermined relation be 
tween said electrical condition and the supply 
source voltage, and means for biasing said control 
means to said intermediate position to prevent 
adjustment of the electrode in the event of failure 
of the electrode supply source. 

4. An electric furnace regulator system com 
prising a motor for adjusting an electrode for 
heating a charge, a pair of normally open switches 
for controlling said motor to raise or lower the 
electrode, a control member for said switches 
having an intermediate open circuit position, a 
pair of coils acting in opposition to each other 
for moving said control member to control said 
switches, connections for energizing one of said 
coils in response to the voltage supplied to said 
electrode, connections for energizing the other of 
said coils in response to the voltage from the 
electrode to the charge whereby said control 
means is operated to adjust the electrode so as to _ 
maintain a predetermined relation between the 
voltage from the electrode to the charge and the 
voltage supplied to the electrode, and means for 
moving said control member to said neutral posi 
tion in the event oi’ failure of. the voltage supply 
to said electrode. , 

5. An electric furnace regulator system com 
prising a motor for adjusting an electrode, a pair 
of’reversing switches for controlling the opera 
tion of said motor, operating coils for said 
switches, control means responsive to an electrical 
condition of the electrode circuit for controlling 
the circuit of said coils, said control means hav 
ing an intermediate neutral position in which 
said motor is deenergized, a pair of opposed coils 
for operating said control means, connections for 
energizing one of said coils in response to an 
electrical condition of the electrode circuit, con 
nections ‘i'or energizing the other of said coils 
from the voltage of the electrode supply circuit 
whereby said control means is operated to effect 
adjustment 0! the electrode so as to maintain a 
predetermined relation between said electrical 
condition and the voltage of the electrode supply 
circuit, means responsive to failure of the elec 
trode supply source for returning said control 
means to said intermediate position, and anti 
hunting means for assisting in the return 01’ said‘ 
control means to said intermediate position after 
movement to an operative position. 

HUMAN R. STANSEL. 
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