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This invention is a continuation in part of
application Serial No. 267,494 filed April 12, 1939.

Existing systems of automatic regulators for
the regulation of arc furnaces possess low sensi-
tiveness and insufficiently smooth change of speed
when shifting the electrodes; there is also present
lack of dependence between this speed and the
magnitude of irregularity in the furnace opera-
tion. More perfect regulators use very compli-
cated and expensive apparatus and a great num-
ber of motors (in some occasions attaining 8 mo-
tors with three phase furnaces).

In the present invention the number of revolu-
tions of the motor which is to shift the electrode
shows direct dependence on the magnitude of
irregularity in the furnace operation. A particu-
lar construction of the control member, which is
to perceive the irregularities of the furnace oper-
ation achieves high sensibility of the entire
device.

In the adjoined drawings

Fig. 1 shows a theoretical diagram of the con-
trol member

Fig. 2 shows an elevational view of the control
member

Fig. 3 is a perspective view of the regulator in
its essential two parts—the control member and
the tailing system.

Fig. 4 illustrates an exemplary scheme of elec-~
trical connections adapted to the regulation of
one phase of the electric furnace.

The control member consists of an aluminium
disc § penetrated by the fluxes of three magnetic
circuits A, B and C (Fig. 1).

On the shaft of the control member (see Fig. 3)
is fastened the reversing switch 6 connected to
the contactors of the motor which performs the
lifting and lowering of the electrode (neither
the contactors nor the motor are snown on Fig.
3).. Two spiral springs 19, the tension of which
can be regulated, tend to hold the control member
in its initial position and to react against the
moment of rotation created by the coils A, B
and C.

The resistor 20 is intended to increase or de-
crease the resistances in the rotor circuit of the
motor serving to shift the electrode. In order to
follow exactly the movements of the control mem-
ber the shait 22 of the resistor 20 is linked to
the shaft 28 of the control member by means
of a tailing system. This latter consists of three
bevel gears 1, 8 and 9, the first of which is fas-
tened on the shaft of the control member. Bevel
gear 9 is fixed on the shaft of the resistor 20;
the position of the third bevel gear 8 which is
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freely revoluble on the extension of the shaft 22
is determined by the position of bevel gears 1
and 9; this third bevel gear is terminated by the
pin 21, which grips the fork of the reversing switch
t4. The shaft 23 is located with one of its ends
in the shait 22 as in a bearing and can freely
rotate in it.

The sliders of the resistor 20 represent three
brushes having mutual electrical interconnec-
tions. : .

The reversing switch i4 starts the motor 1§
in either direction, whereby a rotation of the
shait of the resistor 20 and a corresponding
movement of contacts of the resistor results,
this shaft being driven by the worm gear 1'1—18,
fixed on the shaft of the motor i8.

On Fig. 4 is shown an exemplary electrical
scheme of the regulator, set for one phase of
the furnace, as in the arc furnace | with three
electrodes the motor 12 regulates only one elec-
trode. Tie furnace transformer 2 is fitted with
a reversing switch 8 wiuch performs the over-
switching of the high-~tension winding from delta
to star; blocking contacts are fixed on the shait
of this reversing switch 3 and serve to start the
control member accordingly to tne disturbances
in the normal operation of the furnace. The
windings on tue coils of the control membper are
correspondingly energized: coil A from the arc
tension, coil B from a current transiormer of the
Same phase, coil C from an ouiside source of
energy. ‘lue resistances in circwt of the coils A
and B and capacitles in circuit of the coil B,
shown in Fig. 4 are chosen so as to make the
currents in coils A and B equal and coinciding
in phase. By means oi the low powered trans-.
former 4 and the biocking contacts of ihe switch
3 there is created an artificial phiase-displace-
ment of Yu* between the fiuxes oi winding C and
tne windings of A and B.

The movor i§ 1s staried in either direction by
means of the tailing system 1, 8, and ¥ and tiae
reveising switcn 4, its rotation being transmig-
ted to the resistor 2d througin the worm-gear
11—18, whereby the magmade of resiscances,
inserted in tne chain of the rotor of the motor
12, is correspondingiy modified.

The contactors iU and il are provided to secure
the starving of the motor i or correspondingly
to brake it after tne regulasing process has
reached its end. - '

Bothn outer contacts on the right side of 19 (on
Fig. 4) serve to switch out a part of the resist-
ances in resistor 2d when tie motor 12 is starting
to lift the electrode,
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Both reversing switches 13 fixed on the shaft
of the motor {2 shown only in Fig. 4 and i5 on
the shaft of the resistor 28 are connected in a well
known scheme to the purpose of switching the
motor 12 over to braking by counter current and
to control of this braking after the regulating
process has ccme to an end.

The system is connected to an cuter net by
means of the switch 2{.

By adding correspondingly simple devices the
proposed system of automatic regulation could
easily perform the electrode shifting by hand op-
eration.

The action of the device is as follows:

To the first part of the described device (con-
trol member) B with spring 19 and reversing
switeh 6 movement is imparted when a disturb-
ance in the normal working conditions of a phase
of the furnace induces corresponding alterations
of the current in the coil windings A and B of
the control member; the interaction of the fluxes
of these coils with the currents induced in the
disc by the coil winding ¢ creates a moment on
the axis of dise 5, which forces the disc to turn
by an angle which is proportional to the magni-
tude of the occurred disturbances, the magnitude
of the angle of revolution being regulated by the
tension of spring 18. (It is understocd that dur-
ing normal operating conditions the moment on
the axis of the control member equals zero.)
The turning of the control member § closes the
corresponding contacts. cf the reversing switch
€. This is accompanied by the on switching of
contactor 18 or I{, which in turn start the mo-
tor 12 in the corresponding direction, whereby
the electrode is lifted or lowered..

The second part of the proposed device is in-
tended to regulate the speed of the shifting of
the electrode according to the magnifude. of the
occurred disturbance in normal. operating con-
ditions and works as-follows:

The bevel gear T.coupled to the shaft-of the
control member 5 is turned simultanecusly with
the rotation of this latter, and carries along bevel
gear 8, which by means of its pin closes the.cor-
responding contacts of the reversing switch {4,
Until this moment the bevel gear 9§, rigidly fixed
on the shaft of the resistor 28-and this shaft are
motionless. The reversing switch {4 starts the
motor. (6 in the corresponding direction and the
shaft of the resistor with the bevel gear § is
driven into motion. by means of the worm gear
f1—18; bevel gear 9 rotates in. a direction oppo-
site to that of the bevel gear 7 and thereby brings
gear 8 and reversing switch i4 to their initial
position. The entire process.as described is based-
upon the scheme of connection of the motor &
and the reversing switch {4; this is worked in
such a manner that when gear T is started.in
one direction, it so closes the reversing switches
14 that the third gear § will be rotated by the
motor [§ in an opposite direction, which will re-
sult in an ofi-switching of 4, bringing forth
a stoppage of motor (6.

The following movements of the control raem-
ber 8, characteristic-as to the gradual restora-.
tion of normal conditions in the regulated phase,
will cause a gradual restoring of the shaft of re-
sistor 28 in its.initial peosition, during which this
shaft will exactly repeat the shifting of the shaft
of control member § according to the already de-
scribed performance.. It is to be noted that. the

invention may be best understood on reference

to Pigures 3 and 4, wherein the electrode shifting

10

15

20

25

30

40

45

50

55

60

2,385,399

through actuation of the contactors {0 and 11,
The contactors 13 and {1 are energized selec-
tively by means of the switch 8. The important
feature of the invention relates to the differen-
tial gear mechanism formed by the gears 1, &
and 8 and in which the planet gear 8 is moved
when the gear 9 remains sttaionary and when
the gear 7 is rotated to start the motor 1§ which
thereafter rotates the gear $ to open the circuit
to the motor 12 through the switch {5 and to
restore the planet gear 8 to its original position
and to vary the resistor 28 to adjust the speed
of the motor.

The present sutomatic regulator as described
possesses high sensibility owing to the ingenious
construction of the control member and is re-
sponsive to the requirements of a smooth depend-
ence between the speed of electrode shifting and
the magnitude  of disturbances in the normal
working condiitons of the furnace, this feature
being achieved by the action of the described tail-
ing system, which. exactly transmifs the move-
ments of the control member to the speed regu-
lating device of the electrode shifting motor.

Having thus described the invention and the
rnode of its performance what I claim is:

. In apparatus for automatically shifting an
eleut_ro_de of an arc furnace, a motor for shifting
said electrode, a rotatable shaft, yieldable means
tending to maintain said shaft in a neutral posi-
tion, means responsive to.a disturbance of the
normal electrical characteristics of the arc fur-
nace for rotating said shaft from the neutral-po-
sition, means including a reversing switch actu-
ated. upon rotation of said shaft for starting said
motor, a gear driven by said shaft, a second shaft
normally fixed against rotation, a second gear
connected to. the second shaff, a planet gear
wheel meshing with sald gears so as to swing upon
rotation of the first shaft, a second motoer. for
rotating the second shaft, means inciuding a
reversing switch for starting the second. motor
upon swinging c¢f the planet gear, and movable
means actuated by rotation of the seeond .shaft
for adjusting the speed of the first motor.

2. An automatic regulator. for electric arc fur-
naces. comprising. control means including a . ro-
tatable control part and coils of three. electro-
magnetic circuits for retating said rotatable part,
the windings. of said coils being. energized from
the current of cne phase of thie arc furnace, from
voltage of the same phase and from. an cutside
source, spring. means normally tending to hold
the rotataile part of said:control means in a neu-
tral position, an. electrede regulating metor, a
reversing. switch on the rotatable. part of said
contrel means and operable to start the electrede
regulating. moteor. in either direction, movable.
means for adjusting the speed ¢f said motor, and
means operated in dependence. upon rotation .of
said rotatable. control part for meving said ad-
justing. means in degree proportional to the ex-
tent of rotary movement of said rotatable part..

3. An automatic regulator for electric arc. fur-
naces. comprising control means. including a ro-
tatable disc and.coils of three electromagnetic.
circuits. for rotating said. disc, the windings of:
said coils being energized frem the current.of one
rhase of the arc furnace, from voitage of the
same phase and from an oulside source, opno-
sitely. acting . springs normally tending to. hold
the rotatable disc of said conirol means in a neu-
tral position,. an .electrode regulating motor, &
reversing switch operable by said discs to starb

motor 12 isv started by rotation.of the disc 5 735 the. electrode. regulating motor in either direc-:
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tion, movable means for adjusting the speed of
said motor, and means operated in dependence
upon rotation of said rotatable disc for moving
sald adjusting means in degree proportional to
the extent of rotary movement of said disc.

4. An automatic regulator for electric are fur-
naces comprising control means including a ro-
tatable control part and coils of three electro-
magnetic circuits for rotating said rotatable part,
the windings of said coils being energized from
the current of one phase of the arc furnace, from
voltage of the same phase and from an outside
source, spring means normally tending to hold
the rotatable part of said control means in a neu-

tral position, an electrode regulating motor, a 1

reversing switch on the rotatable part of said
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control means and operable to start the electrode
regulating motor in either direction, and a device
for adjusting the speed of the motor, said device
including a resistor connected with the regulat-
ing motor, a gear wheel driven by the rotatable
control part, a second gear wheel connected with
said resistor, a third gear wheel meshing with
each of the two first mentioned gear wheels, an
auxiliary motor, a reversing switch controlling
said auxiliary motor and operable by said third
gear wheel, and a driving connection between said
auxiliary motor and said resistor for moving said
resistor in degree proportional to the extent of
rotary movement of said rotatable part.

YURI EFIMOVITCH EFRAIMOVITCH.




