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To all whom it may concern. 
Be it known that I, HARRY Hollis, a citi 

zen of the United States, and a resident of 
Lebanon, in the county of Lebanon and State 
of Pennsylvania, have invented a new and 
useful Improvement in Arc-Regulating Sys 
tems, of which the following is a specifi 
cation. 
My invention relates to electric furnaces 

of the arc type and particularly to means 
for regulating the arcs thereof. 
One object of my invention is to provide a 

regulating means for a furnace of the above 
indicated character that shall employ the 
relative bucking effects of differentially act 
ing generator field-magnet windings to con 
trol the arc through the power source of an 
electrode-actuating motor. 
Another object of my invention is to pro 

vide means for controlling the arc in an elec 
tric furnace that shall be accurate in its de 
gree of response to current fluctuations and 
that shall not require interruption of the 
circuit of the actuating motor. 
A further object of my invention is to pro 

vide a single means for controlling the move 
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ment of an electrode to and from its arc 
striking position and for maintaining a pre 
determined arc. 
In practising my invention, i. employ a 

separately-excited direct-current motor for 
operating the electrode. The armature of 
this motor is connected in closed-circuit rela 
tion to the terminals of a differentially 
wound separately-excited generator. The 
magnitude and direction of the exciting flux 
of the generator may be controlled by ad 
justing the field-winding rheostats that are 
connected in circuit with the opposing field 
magnet coils of the generator. Thus, the 
amount of movement and the direction of 
rotation of the motor, and, consequently, the 
regulation of the electrode may be controlled. 
This control is made responsive to fluctua 

tions in the arc through a series transformer 
that is connected in the furnace supply cir 
cuit and a current-responsive relay the wind 
ing of which is connected in series with the 
secondary of the transformer. The current 
responsive relay controls a differential relay 
that operates in accordance with arc varia: 
tions, to intermittentiy, short circuit one of 
the generator field rheostats and to thereby 
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permit dominance of the one or the other of 
the field magnets of the generator. 

Short or inconsequential fluctuations of 
the arc current will not change the position 
of the electrode because prevented by the 
inertia of the motor armature and the inter 
mittent surges of oppositely directed flux in 
the field of the generator. Only a consider 
able change of arc current will effect the 
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Operation of the electrode-actuating motor. . 
The single figure of the accompanying 

drawing is a diagrammatic view of an elec 
tric furnace provided with a control system 
embodying my invention. 
A furnace i, containing a charge of mate 

rial 2, is provided with a movable electrode 
3 and is adapted to be supplied with current 
from the secondary circuit 4, of a trans 
former 5, the primary winding of which is 
connected to a main supply circuit 6. - 
The electrode 3 is operatively connected, 

by a drum-and-cable mechanism 7, or other 
suitable means, to a direct-current motor 8. 
The field-magnet winding 9 of the motor 8 

is supplied, through conductors 10 and 11, 
With current from a compound-wound gen 
erator 12 that also supplies current, through 
conductors 11 and 13, to coils 14 and 15 of a 
differential relay 16 and through rheostats 
25 and 26 and conductors 34 to the field 
magnet windings 23 and 24 of a generator 18. 

he rotatable members of compound 
wound generator 12, an alternating-current 
driving motor 17 and the differentially 
wound generator 18, are mounted on a shaft 
19 and are adapted to operate at a constant 
speed. 
The armature 20 of the motor 8 and the 

armature 21 of the generator 18 are con 
nected in series relation in a closed circuit 
by means of conductors 22. The fluxes pro 
duced by the currents traversing the op 
positely-connected field-magnet windings 23 
and 24 of the generator 18 may be regulated 
by their respective rheostats 25 and 26 to 
control the polarity of the said generator. 
The contact members 28 of the differential 
relay 16 are adapted to intermittently short 
circuit the rheostat 26 through conduc 
tors 27. 
A current-responsive relay 29 receives cur 

rent, through a circuit, 30, from a series 
transformer 31 that is connected to the arc 
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generators 12 and 18, the former of which 
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relatively greater current to flow in the 
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tor 18. 
22 operates to reverse the direction of rota 

supplying secondary circuit 4 of the trans 
former 5. Current for 'if. ay 29 mi., i? be 
adjusted to any desiied value by a suitable 
rheostat or by varying the number of turns 
of the winding 32 thereof. The contact 
members 33 of the relay 29 are adapted to 
alternately connect and disconnect the coil 
14 of the differential relay 16 from the cir 
cuit 13. With current flowing in the circuit 6 and 
the rheostats 25 and 26 properly adjusted, 
the operation of my device is as follows. 
The motor 1 is energized to drive the 

supplies current to the field-magnet winding 
9 of the motor 8, to the field-magnet wind 
ings 23 and 24 of generator 18, and to the 
differential relay coils 14 and 15. 
erator 18 supplies current, in the proper 
direction, to the armature 20 of the motor 
8 to cause the latter to lower the electrode 3 
into engagement with the material 2. Upon 
engagement of the electrode 3 and the ma 
terial 2, current of greater value than the 
normal operating current of the arc will 
flow in the circuit 4, thereby causing suffi-. 
cient current to flow in the circuit 30 to 
actuate the relay 29 to effect engagement of 
the contact members 33. Current will then 
flow in the winding 14 of the differential re 
lay. 16 which will thus be actuated to effect 
engagement of the contact members 28. 
This short-circuits the rheostat 26 to cause a 

field-magnet winding 24 than in the winding 
23 and reverses the polarity of the genera 

The reversed current in the circuit 

tion of the armature 20 and thereby raises 
the electrode 3. When the electrode is 
raised to a point just beyond the point at 
which the arc current reaches its normal 
value, the contact members 33 are disen 
gaged by reason of the reduced current in 
the circuit 30, thereby reversing the polarity 
of the generator 18 and tending to lower 
the electrode 3. 
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When the electrode, in response to the 
above action, is lowered to a point just below 
the 

come engaged by reason of the increased cur 
rent in the circuit 30, and the polarity of 
the generator 18 is again reversed. This 
action of changing polarity of the generator 
18 will continue very rapidly when normal 
arc current flows, very small changes in po 
sition of the electrode causing a bucking ac 
tion in the generator windings, and, by rea 
son of the inertia of the armature 20 of the 

- motor 8, keeping the arc of substantially 
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constant value. The inertia of the armature 
20 prevents its response to inconsequential 
fluctuations, but a considerable change in 
the arc current will permit the generator 

The gen 

point at which the arc current has its 
normal value, the contact members. 33 be 
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18 to remain of the proper polarity lon 
(nough to restore that current to norma 
value. 
The electrode 3 may be normally in or out 

of engagement with the material 2 under in 
operative conditions, in accordance with the 
polarity of the generator 18, and automati 
cally assumes normal operating conditions 
when the driving motor 17 is started. 
The furnace operation may be discon 

70 

75 
tinued by adjusting one or both of the rheo 
stats 25 and 26 to such values that the op 
posing fluxes of the windings 23 and 24 are 
neutralized,and the electrode may be raised 
or lowered by adjusting the rheostats until 80 
the flux of one of the windings.23 and 24 is 
greater than the other. The above described arrangement of my 
invention may be readily adapted, in a . 
similar manner, to each 
phase system. . . 
While I have shown and described a par 

ticular arrangement of my invention, it is 
to be understood that many changes may be 
effected therein without departing from the 
spirit and scope thereof, as set forth in the 
appended claims. . . . . . 

claim as my invention: 
- 1. In an electric arc furnace, an electrode, 
means normally active for actuating the 
electrode, and independent means respon 
sive to variations in the length of the arc 

electrode of a three 

..for controlling the normally active means. 
2. In an electric arc furnace, an electrode, 

means for actuating the electrode, power 
means normally connected to said actuating 
means, and means responsive to the current 
traversing the electrode for controlling said 
power means. 

3. In an electric furnace, the combination 
with a movable electrode and a motor for ac 
tuating the electrode, of a differentially 
wound generator for supplying power to the 
actuating motor, and means responsive to 
the current traversing the electrode for ef. 
fecting 
maintain a predetermined arc. 
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electrical balance in the generator to 

4. In an electric furnace, the combination 
with a movable electrode and a motor for ac 
tuating the electrode, of a differentially 
wound generator for supplying power to the 

115 
actuating motor, and means controlling the 
effectiveness of the windings of the gen 
erator. 

5. In an electric furnace, the combination 20 

with a movable electrode and a motor for 
actuating the electrode, of a differentially 
wound generator for supplying power to the 
actuating motor, and means responsive to 
the current traversing the electrode for con 
trolling the effectiveness of the windings of 
the generator. 

6. In an electric furnace, the combination 

25 

with a movable electrode and a motor for 
actuating the electrode, of a differentially SO 
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wound generator for supplying power to 
the actuating motor, and means responsive 
to the current traversing the electrode for 
varying the anupere turns of one of the 
windings of the generator. 

7. In an electric furnace, the combination 
with a movable electrode and a motor for 
actuating the electrode, of a differentially 
wound oenerator for supplying power to 
the actuating motor, a differential relay 
for varying the ampere turns of one of the 
windings of the generator, and means re 
sponsive to the current traversing the elec 
trode for controlling the differential relay. 

5 

20 

40 

45 

8. In a regulating device, the combina 
tion with an actuating device, of means for actuating said device, a differentially-wound 
generator for supplying power to the ac 
tuating device, and means responsive to the 
movement of the actuating device for con 
trolling the differential windings of the gen 
erator. 

9. In an electric furnace, the combination 
with an electrode and means for actuating 
the electrode, of independent means respon 
sive to the current traversing the electrode 
for governing said actuating means to ef 
fect movement of the electrode to its arc 
striking position and normally active to 
maintain a predetermined arc. 

10. The combination with a movable elec 
trode and a motor for actuating the elec 
trode, of a generator having two windings 
so connected that, when no current trav 
erses the electrode, the motor is actuated by 
the generator to move the electrode to its 
arc-striking position, and means for so neu 
tralizing one of the windings that the elec 
trode is maintained in a predetermined po 
sition when current traverses the same. 

11. In an electric apparatus, the combina 
tion with an adjustable member and elec 
trical means for actuating said member, of 
independent governing means for said actu 
ating means normally electrically connected 
thereto, and means for rendering said gov erning means active under predetermined 
conditions. 

12. In an electric apparatus, a conducting 
member, electrical means for moving the 
conducting member, and independent gov 
erning means normally connected to the elec 
trical means for governing the operation of 
the electrical means in accordance with the 

current flowing through the conducting 55 
member. 

13. In an electric apparatus, the combi 
nation with a movable member and means 
for actuating said member and normally in 
operative relation thereto, of dynamo-elec- 60 
tric means for rendering said actuating 
means active in accordance with predeter 
mined electrical conditions of said appara 
tus. t 

14. In an electric apparatus, the combi- 65 
nation with a movable member and means 
for actuating said member and normally in 
operative relation thereto, of governing 
dynamo-electric means for rendering said 
actuating means active in accordance with 70 
predetermined electrical conditions of said 
apparatus, said governing means embodying 
normally balanced controlling means. 

15. In an electric apparatus, the combi 
nation with a movable member and nor- 75 
mally energized electrical means for actuat 
ing said member, of normally balanced 
means frr governing said electrical means 
in accordance with predetermined electrical 
conditions of said apparatus. 

16. In an electric apparatus, the combina 
tion with a movable member and means for 
actuating said member and normally in op 
erative relation thereto, of a differentially 
wound and operating generator for govern- 85 
ing said actuating means, and means re 
sponsive to a predetermined electrical con 
dition of said apparatus for controlling the. 
effectiveness of said generator. 

17. In an electric apparatus, the combina- 90 
tion with a movable member and means for actuating said member and normally in op 
erative relation thereto, of electrical gov 
erning means for said actuating means, and 
a differential relay for varying the effective- 95 
ness of said governing means in accordance 
with predetermined electrical conditions of 
said apparatus. 

18. In an electric furnace, an electrode, a 
motor for moving the electrode, a generator 100 
for supplying power to the motor, and 
means for varying the excitation of the gen 
erator in accordance with the current flow 
ing through the electrode. 
In testimony whereof, I have hereunto 105 

subscribed my name this thirty-first day of 
August, 1917. 

HARRY HOLLIS, 
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