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PATENT OFFICE.

MORRIS H. BENNETT, OF WATERBURY, CONNECTICUT, ASSIGNOR TO SCOVILL MANU-
FACTURING COMPANY, A CORPORATION OF CONNECTICUT.

ELECTRIC FURNACE.

Application filed June 26, 1918, Serial No. 241,913.

To Qll rwhom it may concern:

Be it known that I, Morris H. BennErT,
a citizen of the United States, residing at
Waterbury, county of New Haven, and
State of Connecticut, have invented certain
new and useful Improvements in Electric
Furnaces. {ully described and represented
in the following specification and the accom-
panving drawings. forming a part of the
same. - o :

.This invention, specifically considered; re-
lates to improvements in electric control-
ling or regulating mechanism for electric
furnaces. : Lo

The amount of heat energy which can be
economically delivered to a furnace which
employs electric energy as its source of heat,
said energy being- delivered to the charge
through electrodes, 1s limited by various fac-
tors, such as-the size ‘and material of the
electrodes, the capacity - of the charge to
cconomtcally absorb the heat. and the ca-
pacity of the furnace walls to withstand ra-
diated:heat. As rapidity of operation is of
the highest importance. the heat energy
should. be delivered to the furnace at the
highest rate consistent with the limiting fac-
tors, and, where a plurality of electrodes are
emploved. each electrode should always de-
Iiver as nearly as possible its predetermined
proportion of such energy. A furnace work-
ing on a three-phase system, for instance.
and employing three electrodes. should be
capacitated to so operate that a predeter-
mined amount of heat energy will be deliv-
ered at a uniform rate by all the electrodes,
that this predetermined heat input will be
subdivided 1n a definite proportion among
the electrodes. and that each electrode will
uniformly deliver its proportion of the pre-
determined heat input.

As. however, metallurgical conditions are
canstantly changing during the furnace op-
eration. the electrical conditions in the fur-
nace are also constantly changing. It is,
therefore. obvious that the delivery of en-
ergy to the furnace must be controlled or
regulated with  respect to these changing
conditions, or losses will result which will
seriously interfere with the economical op-
eration of the furnace. S

Attempts have heretofore been commer-
cially made to meet the varying conditions
in an electric furnace by automatically po-

sitioning the electrodes through' devices
which depend for their. operation on varia-
tions in the amperage..: The heat input does
not,-however, depend solely on the amper-
age delivered, butis affécted by other fac-

tors, such; for instance, as changes'in watt-.

age, or:chahges in the potential affected by
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the resistance between electrode and charge, -
which will seriously :intérfere with the eco- °

nomical operation of'the furnace:and which
would' not “be adjusted’ for’ by controlling
devices which depend for their: operation:on
changes in amperage.: For:dnstance, in g
three-electrode~ furnace provided :-with' a
control depending solely upon wvariations in
amperage, the amperage delivered by the
three electrodes would be the predetermined
quantity-desired, but the proper distribution
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of the heat:input between: ‘the -electrodes -

might - not “be maintained.”” “For ‘example
with such a furnace, one électrode may even
be immersed and “frozen” in the charge;and
vet the amperage indicating devices Twill

(]

show the. proper amperage on the system. -

Of course, under such conditions, uniform'
distribution -of the heat: cannot be -had.
Again, in starting-the melting of a‘charge,
where amperage control is‘depended on,the
electrodes must be initially set°to determine
the resistance by a manual operation. Un-
dev these conditions. it may be that an in-
sufficient resistance -will- be' establishied be-
tween the-electrodes and the charge, and
hecause of this insufficient resistance the re-
sulting power factor-will be too low for eco-
nomical operation, and yet the amperage
indicating devices will show the proper am-
perage on the system.

A primary object of this invention is to
provide an improved electric controlling ap-
paratus which, specifically considered, is
specially apvlicable to electric furnaces, al-
though it may be used in other relations, by
which a plurality of energy delive’rin% de-
vices on & circuit are-all caused to deliver
and maintain the delivery of energy at a
predetermined rate and each device to main-
tain the delivery of a predetermined propor-
tion therecf. -~

A further object of the invention is to
produce an improved electric. controlling ap-
paratus which, specifically consideréd, is
specially applicable to electric furnaces, al-
though it may be used in other relatioms,
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by which a plurality of energy delivering
devices on a working circult shall, tl_urough
proper antomatic adjustment of resistance.
all be caused to deliver and maintain the

5 delivery of energy at a predetermined 1ute,

and each device to maintain the delivery of
a predetermined proportion thereof, the con-
trolling mechanism adjusting for and tend-
ing to maintain constant the potential of
the energy delivered by any device and also
operating to regulate and control such other
electrical condifions as affect the vate of ef-
fective energy input.

A further object of the invention is to"

produee a controiling mechanism for elec-
tric furnaces in which the potential of the
energy delivered hr the eléctrodes to the
furnace is maintained substantially constant
and such other electrical conditions as will
affect the rate of effective heat input are so
regulated and controlled as to cause said
heat input to be at a predetermined rate.
whereby rapidity of operation is =attained
without. loeal overheating.

The invention has other objects in view
net necessary to here specifically point out.
but which will appear hereafter:

With the objects specifically referred to
and others in view, the invention consists in
certain elements, improvements. and com-
binatiens as will be hereinafter described
and then specifically pointed out.

The accompanying drawing represents
diagrammatically a preferred embodiment
of the improved: controlling mechanism in
connection witlh a. furnace, the furnace se-
lected for illustration being of the three-
phase, three electrode type.

In the drawing, 1 represents a furnace
which is of usual construction, the electrodes
being indicated at 2, 3 and 4. A usual type
of transformer is indicated at T, the circuits
from: the. transformer to the electrodes be-
ing; respectively- marked 5, 6 and 7. The
primary switch of the transformer is indi-
cated at 8, and the connection with the high
tension pewer-lines at 9. 10 and 11,

Constructions embodying the invention
will employ controlling mechanism of such
a character that variations in the potential
of the energy delivered will he adjusted for
so that this potential is maintained substan-
tially. constant. In what are regarded as
the best. coustructions, the controlling
mechanism will be of such a character as
to cause the electrodes to deliver and main-
tain the delivery of heat energy to the fur-
nace at a predetermined rate and each elec-
trode to deliver and maintain the delivery
of a predetermined proportion thereof.
While this may be.accomplished in various
ways, it will usually be accomplished by
means. which will adjust the resistance to
meet varying conditions in the furnace. In
preferred constructions embodying the in-
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vention, and where the invention 1s em-
ployed in connection with electric furnaces.
the resistance adjusting means employed
will be preferably such as to adjust the re-

sistance between the electrodes and charge. 7

While this may be variously accomplished,
in the particular constrnction illnstrated. the
resistance is adjusted by shifting the posi-
tion of the electrodes with respect to the
charge. The devices lustrated for thas
shifting or positioning the electredes to ad-
just the resistance are well-known electrode
shifting devices and include three electric
motors, the drums of which are indicated at

12, 13, 14. Cable connections 15. 16 and 17 °

run from the motor drums to vokes 18, 19
and 20. these voles being connected with the
electrodes In an obvious way.

Where electric motor mechanisms, such- as

have been referred to. are employed for

shifting the electrodes to adjust the resist-
ance, the construction and connections
should be such that the motors can be op-
erated in either direction to raise or lower
the electrodes. As shown, the drum shafts
of the inotors are provided with worm
wheels 21, 22 and 23. The fields of the mo-
tors are indicated at 24, 25, at 26, 27, and at
28, 29, respectively, the commutators of the
armatures being indicated at 30, 31 and 32.
The worm ‘shafts for driving the worm
wheels are indicated at 807, 31”7 and 32’ re-
spectively.

In the construction illustrated, the current
for the motors is obtained from a main line
circuit 33 which has branches 34, 35 and 36,
these branches leading to the commutator
brushes. In the
illustrated, the returns from the motor fields
of the motors are by way of circuits which
are normally open. The return from the
field 24 is by way of a wire 37 leading to a
contact 38 and the return from the field 25
is by way of-a wire 39 leading to a contact
40. ~ The circuit is closed through either the
contact 38 or 40 by devices which will be
hereinafter described, the return main line
circuit being marked 41. Similarly, the re-
turn from the field 26 is through a wire 42,
terminating in contact 43. The return from
the field 27 is through a wire 44 leading to
a contact 45. According as the circuit is
closed by the devices, which will be herein-
after described, through contact 43 or 45,
the circuit will be completed by the branch
46 to the main line circuit.

The fields 28, 29 are connected by wires
47, 48 to the main line circuit through con-
tacts 49, 50, the return to the main line cir-
cuit being marked #1.

The specific means for closing the motor
circuits mav be considerably varied. In the
best constructions, and where motors and
circuits such as have been described are em-
ployed, these means will include an actuator.

particular construction:
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Many variations in actuator construction are
possible and within the scope of the inven-
tion. In the particular construction shown,
the actuutor for the cirenits including the

+ eontacts 38, 40 consists of a bar 52 pivoted

13

20

152]

at 53. The end of this bar 1z formed as a
contact 34 wlich 15 i eirenit. with the
hranch 4]. .

Similar actuators 35 and 56 are provided
for controlling the civeunits leading from the
fields of the ather motors.

The mean= emploved for effecting the
movemeut of the actnators to close the cir-
cuits mayv be widely varvied and will be va-
ried in aceordance with the type of actuator
emploved. Preferably. however. the operat-
mg means will be such that the actuator is
differentially aperated. Tn the best con-
structions embodving the invention, two con-
trolling units will he emploved for operat-
mg the actuator. As has been indicated.
one of these units will be sensitive to changes
in the potential affected by the resistance.
The character of the other unit will depend
upon the specific electrical factor or factors
which it is regarded as important to con-
trol to effect the desired regulation. In fur-
nace practice and where it is desired to ob-
tain high economy in heat utilization. this
unit will be sensitive to changes in the watt-
age of the circuit to be regulated.

In the particular construction illustrated,
the unit which is sensitive to changes in the
potential consists of three resistance-poten-
tial coils 57, 58, 59. The coil 58 is mounted
on one end of the actuator bar 52 and the
coils 57 and 59. respectively, are located be-
low and above the coil 58. As shown, these
potential coils 57, 58, 53 are connected in
series and the coil 59 is connected by a wire
60 to a bus bar 61. From this bus bar a
wire 62 leads to the power circuit wire 7.
The coil 57 is connected by a wire 63 to a
bus bar 65. This bus bar 65 is in circuit
with the charge by a wire 66 and a suitable
contact 67. The potential coils for the actu-
ator 55, which controls the motor mechanism
for the electrode 3. are connected to a bus
bar 68 by a wire 69, this bus bar being in
turn connected by a wire 70 to the circuit
wire 6 of the electrode 3. These coils are
also connected by a wirve 71 to the bus bar
85 which, as before pointed ont, is in circuit
with the charge throngh wire 66 and con-

13 tact 67.

an
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A similar bus bar 72 is provided to which
the potential coils for the actuator 56 for
the motor mechanism for the electrode 4 are
connected. these coils, however, not being
shown, as they are duplicates of the others
and symmetrically connected. :

In the construction shown, the other con-
trolling unit for the actuator is sensitive to
changes in wattage. As illustrated, this unit
comprises a power voltage-coil 73 and two

3

power-ampere coils 74, 75. Where, as in the
construction shown, the actuator is to be
differentially operated. the power voltage-
coil 73 will, as shown, be mounted on the
end of the actnator bar opposite to that
which carries the potential coil 58.

In the construction shown, the coils 74, 75
are connected in series. As these coils are
amperage coils, and as the current flowing
through them is intended to he proportional
to the curvent on the power circuit, they
should be connected up with this cireuit.
While this may be done in various ways, the
coil 75 is connected by a wire 76 to current
transfornier 77 which is connected in the
power feed wire 7. The other leg of the
currenl transformer 77 is connected by a

wire 78 to the coil 74. It will be apparent,

therefore, that the current throngh the coils
74,75 will vary in proportion to the current
flowing through the power feed wire 7.

As has been stated, the coil 73 is a power-
voltage coil, and, in the construction shown,
the current flowing through it, is intended
to vary in accordance with the voltage on
the power circuit. The coil 73, therefore,
should be connected to the power circuit.
As shown, one side of this coil is connected
by a wire 79 to the bus bar 61 which, as
hefore described, is connected by a wire 62
to the power feed wire 7. In the best con-
structions, ‘the circuit for this coil 73 will
contain a voltage adjusting means for pre-
determining the voltage impressed. on the
coil. ' This may be accomplished by connect-
ing a rheostat in the circuit.. As shown, the
coll 73 is connected by a wire 80 to a rheo-
stat, indicated at 81. From this rheostat the

‘wire 82 connects to' the bus bar 68, which,

as before stated, is connected by a wire 70
to the power feed wire 6. o

The connections for the amperage coils
which assist in controlling’ electrode 3 are
similar to those which have just been de-
scribed. The amperage coils for electrode 3
are connected in series and the upper and
Iower coils 83, 84 are connected by wires 85,
86 to a current transformer 87 connected in
the power feed wire 6 for the electrode 3.
The lower side of the voltage coil 88 is con-
nected by a wire 89 to the bus bar 68 and
the upper side of the coil is connected by a
wire 90 to the bus bar 72. ' An adjusting
rheostat 91 is connected into this wire.

The same instrumentalities may be em-
ployed for controlling the electrode 4 that
are illustrated and have been described in
corinection with electrodes 2 and 8. The po-
tential coils are not shown, but the amperage
coils and the voltage coils are indicated at
92, 93, 94. The circuits for these coils are
shown, but as the coils are symmetrically
connected it is not regarded as necessary to
specifically describe them. '

In the operation of the mechanism, it be-
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tential coils (not shoswn)

4

ing understood that the furnace is charged,
that there 13 current on the motor civenit,
that the electrodes ave lifted so as fto be
clear of the charge. and that the actuator
bars are in the position shown m the draw-
ing. that is. so that the motor circuits are
open, the power line is energized through
the switch 8. As soon as the power line Is
energized the potential coils for all the ac-
tuators are energized. Current flows from
the power feed wire 7 of the electrode 2
through the wire 62. the bus bar 61. the wire
60, the coils 59, 58. 37, the wire 62 and the
bus bar 63 Similarly, the potential coils
for the clocirods 3 nre erormized through
the wire: 70, the bus liav 88, and the wires
69 and 71l. the wire 71 connecting to the
bus bar 65. The connection for the po-
which form a
part of the contvol for the electrode 4 arc
symmetrical, the cirenit wire Jeading from
the power feed wire & for this electrode be-
ing; however, shown at 95. This wire 95 is
connected to the bus bar 72 and the coils
will:be connected to this bus bar 72 and the
bus: bar '65. It will be observed: that the
groups. of potential coils are Y connected.

The- energizing of these potential- coils
causes- the contact ends of the actuator bars
to: swing ‘down against the lower countacts
40, 45 and.49 for the motor circuits: - This
¢loses the cirenit through the flelds 25, 27
and: 29 of the motors.: The motors, there-
fote, start and-allow the electrodes to-de-.
scends: At this time,-it-mdy- be remarked,
valtage is impressed: on -the voltage coils:of
the: other controlling-units, but -there are
no - amperes : lowing " through:: the: ‘ampere:
coilsof these units because of the high- re-
siStance between: the ends' of the electrodes
and the charge. The watt elements:of ‘the
control are. therefore, at this time doing‘no
work: i.’e., exerting no: pull on the actuator
bars. This condition continues, .i. e.. the
motor cireunits remain closed through "the
fields 25, 27..29, until any one; any two, or
all three of the electrodes make electrical
conbection with the charge: For the pur-
poses-of description, it will be-assumed that
electrode 2 makes connection with the charge
dhead of the electrodes 3 and 4. As soon as
the electrode 2 touches the charge, a circuit
is established through the connection 67 and
wire 66 to the bus bar 65, so that this bar
65 has the same potential as the feed wiré'7.
The potential cols 59, 58, 57 are, therefore,
shunted and, consequently, deencrgized.
The actuator bar 52 will, therefore, swing
away from the contact 40, thus bréaking the
motor circuit through the field 25 and stop-
ping the motor. As pointed out, the stop-
ping of the motor occurs as soon as the elec-
trode is in ccntact with the charge, so that
undue downward movement of the electrode
which might have serlous consequences is

1,498,903

prevented. This feature is of importance in
constructions in which the electrodes are
positivelv driven down by the motors.

Proceeding on the assumption that the
electrode 3 next makes contact with the
charge, the same operations occur and the
mator fov this electrode is stopped as soon
as the electrode 3 comes in contact with the
charge. s

When, however, electrode 3 comes in con-
tact with the charge, electrode 2 being al-
reacdy in contact; currvent starts to flow in the
main power circuit, with the result that the
transformers 77, 87 are energized. This en-
evgizes the ampere coils 74 and &
voltage coil 73 of this unit was, of course,
energized when the power feed wires 7, 6
were energized. As the potential coils are
now deenergized. .the result is that the ac-
tuator bavs for the electrodes 2 and 3 will
be swung up against the upper contacts 88
and 43, thus closing:the: .motor circuits
through the fields 24 and 26 of the motors.
The motors; therefore; start: to run:in a re-
verse direction. and: pull-thesé:electrodes up.
As soon. however; as these electrodes move
awdy from the charge, -the:resistance be-
tween the cliarge and-these electrodes in-
creases with the result that:the poténtial
coils-begin to be energized;:the: potential.in-
creasing ad-the resistance: inicreases:'rAs the
résistancd’ increases;. however, ithe amperes
flowing:through the ampere coils-decreases.
The result -is, therefotre;*that-the;: torque- ex-
erted: ‘by- thie>pdtential coils: increases as the
reéistanee:increases;-and: theé: torque: exerted
by:..the watt «mit-flecreases: asithe resistance:
inerbnses, --{Witen thd eleetrodes have, by
their -upward <movement beéen'adjisted to
obtain. the icalculated: oi~ predetérmined : re-
sistance which! shouldiexist between'the ends
of the-eleétrodes-and the chargé, the poten-
tial coils ‘will overcome the pull of the watt

The
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unit on .the’ actuator -bars: With the résult -

thdt the actuator-bars swing away from the
upper -contacts 'and thus break theé circuits
through the fields 24 arid 26.. - These circuits
will remain broken. as long-as the predeter-
mined resistance between each electrode and
the cliargeé-is. maintained. It will be obvious
that #s the resistance. between any electrode
and the charge: varies from the predeter-
mined resistance either the ampere céils or
the potential coils will be correspondingly

energized or deenergized and the actuator

bars will be correspondingly moved: to re-
adjust the resistance. These resistance ad-
justing’ operations will continue until the
proper predetermined resistance exists be-
tween the electrodes and the charge. At this
time, the torques of the two sets of control-
ling units will balance each other and the
actuator bars will be held between the sets
of motor circuit contacts.

The assumption so far has been that the
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electrode 4 has not made contact with the
charge. If this be the condition, it will
happen that while the electrodes 2 and 3
are being moved up to adjust the resistance,
the electrode 4 will be moving down. As
soon, however, as this electrode mnakes con-
tact with the charge, the same controlling
operations will take place through its coils
and actuator bar until the resistance be-
tween this electrode und the charge is
properly adjusted.

While it has been assumed that the elec-
trodes 2, 3 and 4 come down into contact
with the charge in the order named, it is
apparent that, through the mechanisms and
by the constrnctions described, the resist-
ance between cach electrode and the charge
will be properiy adjusted so that the pre-
determined resistance is obtained no mat-
ter in what order the electrodes descend.
The melting of the metal will start, there-
fore, under conditions where heat energy
1s being delivered to the charge by each
electrode at a predetermined rate. It will
further be apparent that if during the con-
tinaed operation of the furnace anything
occurs to change the resistance between any
electrode and the charge and thus change
the rate at which heat energy is being de-
livered by that electrode, the proper con-
trolling unit for the electrode will be im-
mediately brought into operation to re-
adjust the resistance for that electrode.
Further, if any change in the resistance
between any electrode and the charge un-
balances the proper distribution of voltage
through the system, the proper controlling
units for the electrodes affected will im-
mediately effect the proper readjustment.
All the electrodes will, therefore, maintain
the delivery of the heat energy to the fur-
nace at the predetermined rate, and each
electrode will maintain the delivery of its
proper proportion thereof. )

As has been indicated throughout the
specification, changes and variations may
be made in the constructions by which this
invention is carried into effect.
vention is not, therefore, to be limited to
the particular construction illustrated and
described.

What is claimed is:—

1. In an electric furnace, the combination
of a plurality of power circuits and a plu-
rality of electrodes, 2nd means for main-
taining such effective resistance in the cir-
cuits as will cause each electrode to deliver
its proportion of energy and all the elec-
trodes to deliver the energy at a predeter-
mined rate.

2. In an electric furnace, the combination
of a plurality of power circuits and a plu-
rality of electrodes, and means for auto-
maticaily maintaining such effective re-
sistance in the circuits as will cause all the

The in--
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electrodes to deliver the energy at a pre-
determined rate and each electrode to de-
liver its proportion thereof, the resistance
being automatically maintained at the
maximum for these conditions.

3. In an electric furnace, the combination
of a plurality of circuits and a plurality of.
electrodes, said electrodes bemng spaced

from the charge and thereby providing a.

resistance across which the energy is de-
livered, and means for maintaining such
spacing and resistance as will cause all the
electrodes to deliver energy at a predeter-
mined rate and each electrode to deliver its
proportion thereof.

4. In an electric furnace, the combination
with a source of electric energy, of a plu-
raiity of circuits and a plurality of elec-
trodes, and an automatic controlling mech-
anism operated by any substantial varia-
tion in the power delivered for maintaining
such resistance in each circuit as will cause
all the electrodes to deliver energy at a pre-
determined rate and each electrode to de-
liver its proportion thereof. .

5. In an electric furnace, the combination
with a source of electric energy, of a plu-
rality of circuits and a plurality of elec-
trodes, and an automatic controlling mech- .
anism thrown into-operation by any sub-

stantial variation in the resistance between-

electrode and charge, said mechanism caus-
ing all the electrodes to deliver energy at
a predetermined rate and each electrode to
deliver its proportion thereof.

6. In an electric furnace, the combination
with a source of electric energy, of a plu-
rality -of circuits and a plurality of elec-
trodes, and an automatic controliing mech-
anism thrown, into operation by any sub-
stantial variation either in the resistance or
in the ‘power delivered, said mechanism
causing all the electrodes to deliver ener
at a predetermined:rate and each electrode
to deliver its proportion thereof.

7. The combination, in an electric furnace,
of suitable power circuits and electrodes,
and 'a controlling mechanism operating to
maintain substantially - constant the poten-
tial of the energy delivered by the electrodes,
and to so regulate and control the other elec-
trical conditions-affecting the rate of effec-
tive heat input as to enable a rapid heat
input at a predermined rate to be had,
whereby local overheating is avoided and
rapidity of melting is attained.

8. The combination, in an electric fur-
nace, of suitable power circuits and elec-
trodes, and a controlling mechanism for so
adjusting the resistance as to maintain sub-
stantially constant the potential of the en-
ergy delivered by the electrodes and to reg-
ulate the other electric conditions affect-
ing the rate of effective heat input as to
enable a Tapid heat input at a predeter-
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mniped rate to be had, whereby local over-
heating is avoided and rapidity of melting
1s attained. :

0. The ccmbination, in an electric fur-

_pace, of suitable power circuits and elec-

trodes, and a controlling mechanism for
so adjusting the resistance between clec-
trode ‘and charge as to maintain substan-
tially constant the potential of the energy
delivered by the electrodes and to regn-
late ‘the other electric conditions affecting
the rate of effective heat input as to enable
a rapid@ heat input at 2 predetermined rate
to be had, whereby local overheating 1s
avoided and rapidity of melting is attained.
“10. The combination, in an -electric fur-
nace, of suitable power circuits and elec-
trodes, said electrodes being so positioned
with respect to the charge as to provide 2
resistance across which the energy is de-
livered, ‘and a controlling mechanism, said
controlling mechanism including means for
adjusting ‘the ‘resistance to -maintain sub-
stantiglly constant the potential of the ener-
delivered by the electrodes. and means
r.sdjusting ‘the Tesistance to so regulate
and «céntrol ‘the other -electrical -conditions
affeeting the rate of effeetive heat input as
to-enable ‘a Tapid heat-input st a predeter-
‘be ‘had; whereby local over-
heating ‘is: aveided, and rapidity of melting
is'attained. © - S
“91.Tn -ap- a-pgamtus for- delivering elec-
tric -energy including 8 power deliverinz

- circuit _having a -plurality -of electrodes. 2

controlling ‘mechanism -comprising an ele-
ment rendered éffective by a c%lange “in
poteiitial of the energy delivered by the
electrodes, -and -an element rendeved effec-
tive by ‘change in the wattage of the power
delivering “cirenit, said controlling mecha-
nism‘operating to regulate the energy de-
livered” by the velectrodes.

19, "In an apparatus for delivering elec-
trical energy,t he'combination with -a source
of said energy; of-a eircuit including a plu-
vality of devices for delivering the enerey
flowing into said cireuit, and a controllinyg
mechanism for causing all of -said devices
to ‘deliver emergy -at a predetermined rate
and each device to deliver-a definite pro-
portion thereof. said -controlling mecha-
jpism including sn clement rendered effec-
tive by change in potential of the energy
delivered by any gevicé and an element
rendered effective by a change in wattage.

13. In apn apparatus for delivering elec-
trical energy. the combination with a source
of said energy. of a circuit including =
plurality of devices for delivering the enec-
ov flowing through said circuit, and 2 con-
trol - mechanism including an element ven-
dered cffective by change n potential 1n the
energy delivered by any device, an clement
rendered €fective by a-change in wattage,
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and an actuator differentially controlled by
said elements, said controlling echamsm
causing all the devices to deliver energy
at a predetermined rate and each device 1o
deliver a dcfinite proportion thereof.

14. In an apparatus for delivering elec-
trical energy, the combination with & source
of said energy, of a civcuit including a plu-
rality of devices for delivering the snergy
flowing through the circuit; and = =ntrol
jaschanism  including an element rendered
effective by a change in potentia! of the
cnergy delivered by any device, an e¢lement
vendered effective by change in watiaze, an
actuator differentially controtled by suid
elements, and resistance adjusting Jevices
controlled by the actuatur.

15. In =n electric furnace, the combina-
tion of a4 source of electiiv energy. w cn-
cuit including a plurality of electrodes fox
delivering the energy flowing through the
circuit to the furnace. and a control mecha-
nisra including an element rendered effec-
tive by a change in potential of the energy
Jdelivered by any electrode and an element
rendered effective by a change in wattage,
said control mechanism also including an
actuator diflerentially controlled by the ele-
inents and operating through suitable means
to. adjust the resistance between the elec-
trodes and the furnace charge, whereby the

electrodes are caused to deliver energy at

a1 predetermnined rate and-each electrode to
deliver a definite proportion thereof.

16. In an apparatus for delivering elec-
trical energy, the combination of a source of
said ‘energy, .a circuit through which said
energy :ﬂows,.-a_n‘d a control mechanism for

1'egtﬂat.1n§ the flow of energy, suid mecha-
nism -including an element rendered effec-

potential, and = second

tive by changes in
effective by changes in

element - rendered
wattage.

17. In an appuratus for delivering elec-
trical energy, the combination of a source
of said energy, a circait throvgh which sald
energy flows, and a control mechanism for
reglﬁ:ating the flow of encrgy through said
cirenit, said mechanism including an ele-
ment opeyating by change potential; an
clement operated by change tn watlzge, =i
actuator differentially controlled by said
elements, =nd resistance controlling smecha-
niem controlled by the actoztor.

18. In an electrical reguiati
the combination with a resis
trically operated contrsl n
ment sensitive to changes in the potential
affected Dy the vesist (

apparatus,
ce, of anelec-
wWing an 2le-

oce. o element sensi-
tive to changes in wattage. and sets of ar-
cuit connections for cach of said elements,
whereby either a change i the potential o
a change i wattage causes an adjustment
nf the resistance.

19. In the combination us claimed in 13,
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an actuator through which the adjustment
of the resistance 1s effected, said actuator
being differentially controlled by said ele-
ments.

20. In an electric furnace, the combina-
tion with an electrode, of an electrically op-
erated controlling mechanism for adjusting
the resistance between electrode and charge,
said mechanism including an element sensi-
tive to changes in the potential affccted by
the resistance, an element scusitive to
changes in wattage, and sets of cireuit con-
nections for said elements, whereby either u
change i the potential or a change in watt-
age causes an adjustment of the resistance
between the electrodes and charge.

21. In the comnbination as claimed in 19,
an actuator through which the adjustment
of the resistance 1s effected, said actuator
being differentially controlled by said ele-
ments.

22. In an electric furnace, the combina-
tion with the electrodes, of electrically op-
erated controller inechanism, said controller
mechanism_including mechanism for shift-
ing the relative position of the electrodes
and charge and thereby adjusting the re-
sistance, said mechanism also including an
element sensitive to change in the potential
affected by the resistance and an element
sensitive to changes in wattage, and sets of
circuit connections for each of said eleinents,
whereby either a change in the potential or
a change 1n wattage causes an ad]ustment
of the resistance.

23. In the combination as claimed in 22,
an actuator for operating the shifting mech-
anism, said actuator being differentially
controlled by said elements.

24. In an electric furnace, the combina-
tion with a plurality of electrodes, of a

shifting mechanism, independent connec--

tions from the shifting mechanism to the
eléctrodes, whereby the electrodes may be in-
dependently shifted to adjust the resistance
between each electrode and charge, a set of
controlling-elements for each electrode, said

- elements including an element_sensitive to
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changes in the potential affected by the re-
sistance between the electrode andy _charge,
and an element sensitive to changes in watt-
age, sets of circuit connections for said ele-
ments, and means whereby said elements
effect th@ operation of the shifting mecha-
msm

. The combination as claimed in 24, an
acthator for each electrode dlfferentxally op-
erated by the controlling elements for that
electrode, and means whereby the actuator
effects the operation of the shifting mecha-
nism.

26. In an electric regulating apparatus
the combination with operating circuits, of
an actuator for controlling said circuits and
operating unmits for the actuator, one of said

>

operating units being rendered effective by
changes 1n potential and the other of said
units being rendered effective by changes in
wattage, the arrangement of the actuator
being such that it 1s differentially controlled
by the units.

27. In an electric furnace, the combina-
tion with a plurality of electrodes, of a
motor mechanism for shifting the electrodes
to adjust the resistance between the elec-
trodes and the charge, independent connec-
tions from the motor mechanisi to the elec-
trodes, whereby the electrodes may be n-
dependently shifted, suitable circuit connec-
tions for the motor mechanism w hereby the
motoirs may run in either d1rect10n, actuators
for (,OIlf}I‘OHng said motor circuits, control-
ling units for the actuators sensitive to
changes in the potential affected by the re-
sistance between the electrodes and the
charge, and controlling units for the ac-
tuators affected by changes in wattage, said
units being arranged to differentially con-
trol the movement of the actuators.

28. In an electric regulating apparatus,
the combination with a plurality of operat-
ing circuits, of a plurality of pivoted ac-
tuator bars one for each circuit for control-
ling the circuits, a controlling unit sensitive
to changes in potential for moving the bar in
one direction, and a controlling unit sensi-
tive to changes in wattage for moving the
bar in the opposite direction.

29. In an electric furnace, the combmatlon
with a plurality of electrodes, of a sourcé of
electric energy with which the electrodes are
in eircuit, a motor mechanism, connections
between said motor mechanism and each
electrode, whereby the electrodes may ‘be in-
dependently shifted to adjust the resistance
between. the electrodes and the charge, nor-
mally open motor mechanism operating cir-
cuits one for each electrode, contacts in said
circuts whereby the circuits may be closed
in either direction through the motor mecha-
nism, and a control mechanism for said op-
erating circuits, said control mechanism in-
cluding a plurality of actuator bars, a con-
trolling unit for each actuator bar affected
by changes in potential affected by the re-
sistance between the electrodes and the
charge and a controlling unit for each ac-
tuator bar affected by changes in wattage in
the power circuit, said controlling units be-
ing arranged to diﬁ'erentially operate the ac-
tuator bars to close the circuits through the
contacts, whereby changes in potential or
wattage causes the actuator bars to so con-

_trol the motor circuits as to cause the motors’

to run in the proper direction.

30. In an electric furnace, the combina-
tion with a power circuit, of a plurality of
clectrodes, means whereby the electrodes are
caused to descend into contact with the
charge when the power circuit is closed, and
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a controlling mechanism mcluding means
for -automatically stopping the downward
movement of any electrode when that elec-
trode comes in contact with the charge.

31. In an electric furnace, the combina-
tion with a power circuit, of a plurality of
electrodes, means for moving the electrodes
to bring them into contact with the charge
and for thereafter shifting them to establish
resistance between each

1,498,003

electrode and the charge, and » controllimg
juechanism operating to properly position
the electrodes and cstablish a predetermined
resistance between each electrode and the
charge irrespective of the order in which the
olectrodes cowe in contact with the charge.

In testimony whereof, I bave hereunto set
my hand. ‘

MORRIS H. BENNETT.



