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My invention pertains to means {er automati~
cally maintaining 5 desired and predetermined
length of arc between each of two movable elec-
trodes and a hody of metal when the electrodes
are elements of g single phase electric circuit, as
for example in a two electrode single phase direct
arc electric furnace. |

With the exception of the two electrode single
phase direct gre furnace, there are satisfactory
systems and devices currently available for suto-
matically regulating and maintaining the posi-
tion of direct arc furnace electrodes. In the case
of two electrode direct are furnaces, however, the
current in one electrode is equal to the current in
the other electrode, even though the respective
arc lengths may be unequal. As a result, vari-
ations of current flow in the electrode or primary
circuit can not be utilized successfully for auto-
matically regulating electrode position.

The provision of g satisfactory apparatus for ¢

regulating the position of the electrodes in g
single phase two electrode direct arc type of
electric furnace is one of the principal objects of
- my invention. |

Other objects, which include the rrovision of
means for automatically maintaining a prede-
termined spacing between each of two electrodes
supplied with single phase current and the work,
will be disclosed in the coyrse of the following
description and in
which:
- Fig. 1 is a diagrammatic illustration of the
electrical components of my systein and their re-
lationship to each other: and | |

Fig. 2 is a schematic illustration showing thes =

relationship between the electrical and the me-
chanical components of Iy device.

In brief, my invention contemplates the pro-
vision of a substantially constant source of di-

rect current, which is passed in indevendent .

circuits through each of the electrodes and the
charge. Thus, if for any reason the length of
the arc changes, the resistance in these cireuits
will ke increased or decreased accordingly, thus

producing a variation in current fiow, which may .

be utilized for control purpeses. Apparatus re-
sponsive to such variations is therefore provided
for raising or lowering the electrodes individually
as the control current rises or falls, thus return-
Ing the electrode to such position as to strike an
arc of the desired length and returning the direct
current valve to normal.

More specifically my device inecludes g furnace
hearth 10 shaped in conventional manner to re-
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ceive and contain g charge of solid or molten 55
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metal {1, which constitutes the work. The re-
fractory which lines the hearth includes con-
ductive members which establish a ground con-
nection 2 with the work ¢{. A first electrode 13
and a second electrode 14 are movably supported
above the work ff as by arms 16, shown dia-
grammatically in Fig. 2. 'The arms I6 are gen-
€rally horizontal and may be secured to upright
members 7 slidably supported for vertical move-
ment by members 8. The upright mempers {7
may be connected to piston rams 21, each of
which is in turn slidably sealed in hydraulic
cylinders 23. A hydraulic line 24 connects the
lower portion of each cylinder 23 with a suit-
able reversible hydraulic pump 23, which pref-
erably also includes a reservoir 28 and a driving
shaft 29. |

it will be understood that the precise appa-
ratus for raising and lowering the electrodeg 2
and 14 does not constitute g part of my inven-
tion and may assume substantially any form
desired, provided the form selected is capable of
actuation upwardly and downwardly by suitable
reversible electric motors 31 and 292

AS shown in Fig., 1, the motor 31 controls
movement of the electrode {8 and the motor 32
controls movement of the electrode 14 either up-
wardly or downwardly, depending upon the di-
rection of rotation of the corresponding motor.
Single phase alternating current is supplied to
the electrodes 13 and i4 by leads 33 and 34,
which are in turn connected to the secondary
of a suitable furnace transformer 3§ A reactor
31, usually, although not necessarily, disposed
In the primary circuit of the transformer 23§, is
employed to limit the maximum fow of current
between the.electrodes 13 and i4. Preferably the
action of the reactor 37 is such that the maxi-
mum current flowing between the electrodes {3
and 4 will not exceed twice the normal are
current for which the furnace is designed.

The motors 3! and 32 receive their driving
current from generators 38 and 38, respectively,
each of the generators being driven throughout
the operation of my device at g substantially
constant speed by suitable alternating current
motors 41 and 42, respectively. Motors 81 and
22 are in addition provided with 1eld windings
43 and 44, respectively. The generator 38 is.pro-
vided with a winding 4§ adapted when energized
to create a current driving the motor 3i in a
direction tending to lower the electrode 13. A
similar winding 47 is provided for the generator
33. The winding 46 for the generator 38 is op-

posed by a winding 48, which when energized,




2,654,046

3

cenerates a current tending to drive the motor
2¢ in a direction which raises the electrode 13.
A similar winding 48 1s provided for the gen-
erator 38. It is, of course, necessary that the
windings 46, 47, 48, and 49 be energized by di-
rect current. I therefore provide g rectifier gl
or the like adapted for supplying, as from an
alternating current source, the necessaly direct

control current for the field windings 43 and 44
of the motors 3! and 32 and for the field wind~-

ings 46, A1, 48, and 49 of the generators 38 and

39. | |
" The rectifier 54 is grounded, as at 12, and 1s
connected, as by wire 52, to supply a substan-
tially constant direct current o
coils 83 and 44 and to a variable resistance 53.
A wire 54 is connected to the variable resistance
52 and to wires 56 and 57, which ‘gre in furn
connected to the windings 46 and 471 as indi-
cated, the opposite ends of the windings 46 and
27 being grounded. A wire 58 connects wire B4
with winding 48, and a wire 98 connects the
winding £9 with the wire 56 and the wire B4.
The opposite end of the winding 48 is connected
by a wire 8i to lead 33, which is in turn con-
nected to the electrode {3, wire 62 being em-
ployed to connect the opposite end of coil 45
with the lead 24, which communicates with the
other electrode 14.

wrom the foregoing it may he seen that cur- «

the windings 45 and 41,
alectrodes 13 and {4, will

rent flowing through
which act to lower the

he of substantially constant value, the actual

value depending upon the setiing of the variable
resistance 53.
source is supplied to the windings 48 and &9,
‘which oppose the windings 48 and &7, respec-

tively: but since the circuit through the wind-

through the ares
the electrodes and

ings A8 and 49 is completed
which normally exist between
the work {1, it is obvious that
current will be ordinarily somewhat less than the
value of the current in the windings a6 and 41
due to the resistance of the arcs. The current
flowing through the windings 48 and 49 must
therefore be supplemented by additional current

to equal the value of the current flowing in the

windings 46 and 47 when the electrodes 13 and

i4 are in the desired position. | |
This may be accomplished by providing rectl-
fers 62 and 64 connected in parallel by wires
eg and 87 to a suitable current transiormer Or
induction coil 68, the primary oOf which is lead
ad,
throuch the winding 48 by wires 69 and 11 in
o direction supplementing the current flow
through the winding from the wire 58. Simi-
larly, the output of the rectifier 64 is passed
through wires 72 and 62 through the winding
49 in a direction supplemeniing the current flow-
ing through the winding from the wire 59. The
values of the various components influencing
the flow of current through the winding 48 and
49 are selected in such manner that when the
apparatus is in operation and the electrodes 13
-nd 14 are in proper position the total flow of
current through the coils 48 and 49 will be sufii-
cient to neutralize the effect of the current flow
through the windings 46 and 41, thus making
the output of the generators 38 and 38 zero.
In operation, the work 1 is placed in the
hearth (0 with the electrodes 13 and {4 located
well above the work ff. The motors 41 and 42
are energized from & suitable source of alter-
natine current, placing generators 38 and 39 In

the motor field
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operation. The variable resistance 53 is ad-
justed to the desired position and the current
is supplied to the furnace transiormer 3% and
the rectifier 51.

Since the electrodes 13 and {4 have not €S-
tablished electrical contact with work {1 at this
moment, current will not fiow through the sec-
ondary of the furnace transformer $5. The
rectifier 51, however, energizes the motor field
windinegs 43 and 44 and also energizes the wind-
The windings 48 and 9 are not
ot this moment energized due to lack of electrical
contact between the electrodes (3 and {4 and
the work {i. The entire output of the genera-
tors 38 and 29 is thereifore effective to drive both
electrodes downwardly until they come into con-
tact with the charge |f. Assuming for the pur-
pose of explanation that the electrode 13 makes
contact with the charge before the electrode 14,
it will be observed at the moment of contact a
circuit through winding 48 Is completed. The
current flowing through the winding at this mo-
ment will be large, since there will be no arc
resistance between electrode {3 and the work
1§ to reduce its value. The winding 48 there-
and the motor
3{ is brought to a stop. The winding 49, how-
ever, is not energized until the electrode {4 makes
contact with the work 1. Therefore, the elec-
trode 18 will continue downwardly until such
contact is established. |

Once both electrodes are in contact with the
charge 11, eurrent will flow through the leads 33
and 24, thereby eunergizing the current trans-
former 68 and the rectifiers 63 and 64. The
rectifiers 63 and $4 act to supplement the cur-
rent already flowing through the windings £3
and 49, thus increasing the effectiveness of the
windings 48 and 4% with respect to the windings
£5 and 87 and causing the motors 3{ and 3% 1o
drive electrodes 3 and (& upwardly. As the
elecirodes are moved upwardly by the motors 31
and 32, arcs are drawn between the electrodes
and the work, which as they increase in lengil,
reduce by increased resistance the value of the
current flowing in the leads 38 and 34, which in
turn reduces the output of the rectifiers 83 and
84. At the same time, the current flowing f{rom
the wires 58 and 59 through the windings 48 and |
29 is reduced correspondingly hecause of the in-
creased resistance of the arcs. Thus, 1t may he
seen that the electrodes {3 and {4 wilil move yp-
wardly until the increasing resistance of the
ares limits the current flowing through the
windings 48 and 43 10 2 value neutralizing the
effect of the windings 48 and 47, thus bringing.
the electrodes 13 and {4 to a stop. As the elec-
trodes gradually burn, the length of the arc is
increased, which in turn decreases the current
to the windings 48 and 49, thus permitting the
windings 46 and 47 to kecome predominate, and
thereby drive the electrodes downwardly until a

‘balance is again established.

The are length to be maintained by each elec-
trode is determined by the setting of the variable
resistance 53, which controls the value of the
control current flowing through the windings
8% and 47, and which markedly influences the
offectiveness of the windings 48 and 49. The
nosition selected should be such that the desired
current load from the transformer 36 is cbtained.

from the foregoing description, it will be ap-
parent that my apparatus functions in such
manner as to maintain electrical operating con-

ditions in the electrode or primary cireuit sub-
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stantially constant and
ment of the appropriate electrode the resistance
of each of the arcs. Operation of the furnace
and of the electrode control mechanism is not
afected by variation in the rate of electrode con-
sumption or other variables which may tend to
change the resistance of the are struck between
either of the electrodes and the conductive
charge. This contrasts sharply with the opera-
tion of a control device for use in such a system
which is dependent for control of electrode po-

sition upon the total resistance in the are or

electrode circuit, as indicated by variation in cur-
rent flow in such cireuit.

The foregoing description has heen confined
to the application of my invention to direct are
double electrode single phase electric furnaces,
since it is well adapted to such use, but it will be
understood that it may be applied to other de-
vices within the §COpe 01 the appended claims.

I elaim:

1. In an elegiric gre furnace of the type hav-
Ing a hearth adapted for containing a conduc-
tive charge ang means for grounding the charge,
& pair of spaced electrodes above the charge,
reversible electrode motors for driving the elec-
trodes towards and away Ifrom the charge and
conductors for supplying single phase alternat-
ing current to the electrodes, an improved elec-
trode control abparatus which comprises a, gen-
erator for driving each of the electrode motors,
each of said generators having a grounded first
winding for generating current for driving the
corresponding electrode
lowering direction and each having g second
winding opposing the first winding for driving
the corresponding electrode motor in an elec-
trode-raising direction, a grounded source of
substantially constant direct current, wires con-
necting said source to the first and second wind-
Ings, wires connecting each of said second wing-
ings to its corresponding electrode, and means
for supplementing the flow of current through
each of the second windings, said means being
variable directly with the current flowing he-
tween the electrodes,

2. In a structure having a pair of movable
electrodes constituting elements of g single
phase alternating electrie circuit wherain said
circuit is completed by ares formed between each
electrode and a conductive work body, the im-
Proverment jn control apparatus for automatical-
Iy maintaining each electrode in such position
that the length of each are is substantially equal,
which includes g pair of reversible electric mo-
tors, means for coupling one of said motors to
cach electrode, individual generators for each
of the motors, means for driving the generators
at a substantially constant speed, each of gaid
generators having opposed first and second
windings, the second winding oeing connected to
the corresponding electrode, g substantially con-
stant source of direct current to all of said
windings, a variable direct current source for
each of the second windings connected to sup-
bPlement the flow of current in such windings
from the said constant direct current source,
and means for varying the output of each of said
variable direct current sources directly with the
flow of current in the electrode circuit.

3. In g structure having a pair of movable
electrodes constituting elements of 2, single phase
alternating electric ecireuit wherein said circuit
is completed by ares formed between each elec-

also to equalize by move-~
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control apparatus for automatically
maintaining each electrode in such position that
the length of each arc 1s substantially equal,
which includes a pair of reversible electric motors,
‘ of said motors to each

motors, means for driving the generators at s
substantially constant speed, each of said gen-
erators having opposed first and second wind-
ings, the second winding being connected to the
corresponding electrode, g substantially con-
stant source of direct current to all of said wind-
Ings, a variable direct current source for each of
the second windings connected to supplement the
flow of current in such windings from the said
constant direct current Source, and means induc-
oively coupled to the circuit through the elec-
trodes for energizing the variable direct current
sources.

4. In a structure having a pair of movable
electrodes constituting elements of g single phase
circuit wherein said circuit
1S completed by arcs formed between each elec-
trode and g conductive work body, the improve-
ment in control apparatus for automatically
Maintaining each electrode in such position that
the length of each arc is substantially equal,
which includes g bair of reversible electric motors
each coupled to an electrode for driving the elec-
trodes towards and away from the work body,
9 generator for supplying current to each motor,
Ineans for continuously ariving the generators
at substantially constant and equal speed, each
of said generators having opposegd first and sec-
ond windings, a first substantially constant direct
current connected to egch of said first windings,
means for also passing sald first direet current
of said second windings and a cor-
responding electrode to the WOrk body, a second
direct current source for each of saig second
windings for Supplementing the flow of said first
direct current therethrough, and g transformer
in the electrode circuit for €nergizing the said
Sécond direct current source proportionately to

9. In a structure having a pair of movable elec-
trodes constituting elements of a single phase
alternating electrice circuit wherein said circuit
1S completed by arcs formed between each elec-
trode and a conductive work hody, the improve-
ment in econtrol apparatus for automatically
maintaining esch electrode in such position that
the length of eagch arc is Substantially equal,
which includes a pair of reversible clectriec motors
each coupled to an electrode for driving the elec-
trodes towards and away from the work body,
a generator for supplying current to esch motor,
means for continuously driving the generators at
substantially constant and equa] Speed, each of
sald generators having opposed first and second
windings, g first substantially constant source of
direct current, conductors for completing the
circuit from the first direct current source
through each of saig first windings conductors
for completing 2 circuit from said first direct
current source throuch esch of the second wind-
ings, the corresponding electrode, ang wWork body,
a Ssecond direct current sSource for each of the
second windings, conductors for connectine each
of said second direct current sources to the cor-
responding winding for supplementing the flow
of current therethrough, and transformer means
in the electrode circuit for €nergizing the said
Second direct current sources Droportionately to
the flow of current in the electrode circuit,
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6. In a structure having a pair of movable
phase

electrodes constituting elements of & single
alternating electric circuit wherein said circuit
is completed by arcs formed between each elec-
trode and a conductive work body, the improve~
ment in contrel apparatus 10T automatically
maintaining each electrode in
the leneth of each arc is substantially equal which
ineludes a pair of reversible electric motors each
coupled to an electrode Ior driving the electrodes

towards and away from the work body, a gener-.

ator for supplying current to each motor, means
for continuously driving the senerators at sub-
stantielly constant and equal speed, each of said
cenerators having opposed first and second wind-
ings, a first substantially constant source of di-
Tect eurrent, conductors for completing the cir-
cuit from said first divect current source through
each of said first windings, conductors for. com-
pleting a circuit from said first direct current
source through each of the second windings, the
~ corresponding electrode, and work body, & varl-
able resistance connected In series between the
first direct curreni and each of the windings, &
gsecond direct current source for each of the sec-
ond windings, conductors for connecting each
of said second direct current sources to the cor-
responding winding Ior supplementing the flow
of current therethrough, and transiormer means
in the electrode circuit Ior energizing the said
second direct current sources proportionately to
the flow of current in the electrode circuit.

7 Tn a structure having o pair of movaile elec-
trodes constituting elements of a single phase
alternating electric circult wherein said circuit is
completed by arcs formed between each electrode
and a conductive work hody, the improvement in
" control apparatus for sutomatically maintaining
each electrode in such position that the lengin of
each arc is substantially equal, which includes a
nair of reversible electric raotors each coupled 10
an electrode for driving the electrodes towards
and away from the work body, each o1 said mo-
tars having a field winding, a generator for sup-
plying current to each motor, means for continu-
ously driving the generators at substantially con-
stant and equal speed, each of said generators
‘Thaving opposed frst and second windings, a first
substantially constant source of direct current,
conductors for completing the circuit from the
first direct curreni source through each of said

frst windings, conductors for completing a cir-

cuit from said first direct current source throush
each of the second windings, the corresponding
electrode, and work body, conductors completing
o circuit from the first direct current source
through each of said motor field windings, a

variable resistance connected in series between

the first direct current and each of the windings,
a second direct current source for each of tne
second windings, conductors 1or connecting each
of said second direct current Sources to the cor-
responding winding and supplementing the flow
of current therethrough, and transformer means
in the electrode circuit for energizing the said
second direct current sSources proportionately to
the flow of the current In the electrode
8. Apparatus for regulating the position of a

such position that
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pair of vertically movable electric furnace elec-
trodes constituting elements ot & single phase
electrode circuit with respect to a conductive
crounded work body disposed below the elecirodes
comprising a pair of reversible electric motors
each connected to an electrode, 2 field winding
for each motor, a generator for each motor, means
for driving each generator at a substantially con-
stant speed, each of said cenerators having op-
posed first and second windings, a first substan-
tially constant source of direct current, conduc-
tors for passing direct current from said first
source through the motor windings, through each
of the said first generator windings, and through
each of the said second generator windings to
the corresponding electrode and then to the work
body, means for varying the resistance disposed
between said first direct current source and sald
frst and second generator windings, and means
for supplementing the flow of current through
the second generator windings including & pair
of rectifiers each conuected to one of the second
windings, and a transformer Ior energizing the
rectifiers, the primary winding of said trans- .
in the electrode circuit
and energized only when current flows between
the elecirodes. - o

0. Apparatus for regulating the position of a
pair of vertically movable electric furnace elec-
trodes constituting elements of a single phase
electrode circuit with respect t0 & conductive
grounded work body disposed below the electrodes
comprising a palr of reversible electric motors
each connected to an electrode, a field winding
for each motor, a generator for each motor, means
for driving each generator at @ substantially con-
stant speed, each of said generators having op-
posed first and second windings, a first substan-
tially constant source of direct current including
o first rectifier connected to a substantially con-
«tant alternating source of alternating current,

conductors for passing direct current from said

fArst rectifier through the motor windings,
through each of the said first generator windings,
and through each of the second generator wind-
ings to the corresponding electrode and then to
the work body, resistance means for varying the
output of first said rectifier, second and third
rectifiers each connected to one of said second
windings for supplementing the fiow of current
therethrough, and a current transformer for sup-
plying current to the second and third rectifiers,
the primary of said current transiormer heing in
the electrode circuit and energized only when
current flows through said electrode circuit.

CHARLES W. VOKAC.
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