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The present invention relates to electrode drive control
circuits, and more particularly to control circuits for the
electrode drive of a consumable electrode type electric
arc furnace.

In an electric arc furnace of the consumable electrode
type, the heat for the furnace is provided by an-electric
arc between a molten pool of metal, that serves as one
electrode for the arc, and a secomd electrode that is
movable relative to the molten pool of metal. The sec-
ond electrode is consumed by the heat of the arc, so
for proper operation of such a furnace, which, among
other things, requires a constant arc voltage to-be ap-
plied between the two electrodes, the position of the sec-
ond electrode must be adjusted relative to the molten pool
to compensate for the consumption of the electrode. The
metallurgical characteristics of the molten pool of metal,
and consequently of the ingot formed, are affected if the
distance between the second electrode and the molten
pool is not accurately controlled. In particular, if the
distance between the second electrode ‘and the pool is
allowed to become too large, a glow discharge con-
dition may be established which may make the resultant

ingot metallurgically unacceptable if the condition is not -

corrected almost immediately after it is established. Fur-
thermore, safety of operation necessitates accurate control
of the electrode, since, if the arc gap is too long, there
may be a tendency of the arc to wander from the center
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of the pool toward the wall of the crucible with the at- ..

tendant possibility of a burn-through of the crucible
wall. . On the other hand, if the arc gap becomes so
small that the movable electrode touches the pool, the
electrode may become welded to the molten pool, -as the

metal therein cools due to the arc being extmgulshed by

such contact.

One known method of provxdmg an accurate automatic |

control of electrode movement is to-connect a control
circuit that is responsive to the arc voltage to an electrode
drive mechanism so that the electrodes are driven apart
if the arc voltage falls below a predetermined level and
driven toward one another if the arc voltage rises above
a predetermined level. While such a control circuit is
generally satisfactory for normal furnace operatlon, it

does not perform certain functions which it is desirable -

to provide for purposes of ease and safety of operation.
For example, when a glow discharge condition occurs
between the electrodes, the arc voltage drops and thus
causes sich a drive mechanism to drive the electrodes

apart, or at least stop them from being driven toward -

one another. Such a reversal or stoppage of the elec-
trode movement is undesirable, because it promotes the
growth of the glow discharge condmon rather than coun-
teracting its growth, and thus causes a metallurgically
unacceptable ingot to be formed.

Apparatus has been developed in ‘the “prior “art for
detecting a glow discharge condition in arc furnaces; how-
ever, all such apparatus heretofore has been' character-
ized by having a relatively slow response time that fre-
guently allows.the glow discharge condition to grow to
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destructive magnitude before it is detected. Consequent-
ly, manufacturers have been confronted with the problem
that an ingot formed during a manufacturing run in which
a glow discharge condition occurs has often been metal-
lurgically unacceptable.

A solution to this problem is provided by our invention
which provides means for detecting a glow discharge
condition in an arc furnace within a very short interval
of time after such a condition has started; therefore, the
furnace operator is alerted to take corrective measures
before the condition can grow to a sufficient magnitude
to damage the ingot. )

Accordingly, it is a specific object of our invention to
provide in an automatic electrode drive contiol system
of the type which is responsive to relative movement be-
tween the two electrodes of an arc furnace, an improved
control circuit whereby a glow discharge condition is
detected within a predetermined time interval such that
harmful effects resulting from the glow discharge condi-
tion are prevented.

It is another object of our invention to provide, in a
control system of the type just described, an improved
arrangement for continuously monitoring the relative
movement between two electrodes and for energizing a
signal if the relative movement varies from a predeter-
mined desirable pattern of operation.

. It is-a further object of our invention to provide a
drive control circuit for relatively movable members,
which has time delay signal actuating means responsive
to a deviation from the normal operating condition of
the movable member drive to energize a signal which i in-
forms an operator of the abnormal condition.

Further objects and advantages of our invention will
become apparent as the following description proceeds
and the features of novelty which characterize our in-
vention will be pointed out with particularity in the claims
annexed to and forming a part of this speciﬁcation

In carrying out the objects of our invention in one
form thereof, there is provided a basic type of automatic
control circuit for an electrode drive, which is known in
the prior art and which generally comprises an amplidyne,
the armature of which is connected to a reversible direct
current motor, which in turn is drivingly coupled to one
of a pau of electrodes. The ficld current of the ampli-
dyne is responsive to variations between a fixed reference
voltage and the arc voltage between the pair of electrodes
so that when the reference voltage is higher than the arc
voltage, the motor will be energized by the amplidyne
to effect separation of the electrodes, while if the arc
voltage is higher than the reference voltage, the motor
will drive the electrodes toward one another.

To the basic electrode drive control circuit is added a
circuit which provides means for detecting a glow dis-
charge condition, and means for signalling an operator
within a predetermined timed interval of short duratiom,
while at the same time allowing the basic drive control
circuit to effect frequent stoppages or reversals in the
direction of the relative movement of the electrodes, with-
out causing the signal means to be sporadically actuated
by such normal operation.

Briefly stated, to the basic electrode drive control cir-
cuit has been added a circuit that detects either a re-
versal in the direction of relative motion between the
pair of electrodes (assuming the electrodes are moving
toward one another), or a stoppage of relative motion
between the electrodes, such as will occur if a glow dis-
charge condition exists between the electrodes. This mo-
tion detecting circuit is connected to another circuit con-
taining time delay means for actuating a signal. In
operation, the motion detecting circuit responds to a
stoppage or reversal in the direction of the relative move-

ment of the electrodes by actuating the time dglay circuit,
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The time delay circuit, when thus actuated, initiates a
timed signal actuating cycle of predetermined duration.
I no further actuation is received by the time delay cir-
cuit from the motion detecting circuit, the signal means
is actuated by the time delay circuit at the end .of the
predetermined timed interval to inform an operator .of
the abnormal electrode movement and the possible glow
discharge condition of which it may be indicative. If,
however, prior to the expiration of -the predetermined
timed interval, the electrodes again move toward one
another, the motion detecting -circuit will respond to this
movement by causing the time delay-circuit to terminate

5

2 and actuates time delay signally circuit 5 in response to
such variations, comprises a voltage responsive relay 18
clectrically connected in series with a unidirectional cur-
rent passing means, shown as a rectifier 19, across the
output of amplidyne 7. This circuit arrangement causes
relay 18 to be energized when the output voltage of ampli-

- dyne 7 is of one polarity, while causing relay 18 to be de-

10

the timed signal actuating cycle and reset the timing -

mechanism. ) .
For a complete understanding of the invention, together

with objects and advantages thereof, reference is made -

to the following description, taken in conjunction with
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the accompanying drawing which depicts jn schematic -

form an electrode drive control circuit embodying. our
invention.

With reference to the drawmg, we -have shown a basic
type of electrode drive control circuit 1 for effecting rela-
tive movement between an electrode 2 and a crucible 3.
In addition to the basic drive control circuit, we have
shown an electrode motion detecting circuit 4, and a
time -delay signal actuating circuit 5. These added cir-
cuits, 4 and 5, operate in conjunction to detect an ab-
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energized when the eutput -voltage of -amplidyne 7 is
zero of of the opposite polarity. It is thus apparent,
since the direction -of rotation of motor 6, and conse-
quently the ‘movement or direction of movement of elec-
trode 2, is also dependent-upon the magnitude or ’po‘larity
of the output valtage of amplidyne 7, that the energiza-
tion of relay 18 is a dlrect function of the movement of
electrode 2.

In addition to these components of motlon detectmg
circuit 4, namely, rectifier 19 and voltage responsive relay
A8, this circuit includes the. normally open contacts 21 of
relay 20. The contacts 21 -are in series with these com-
ponents (18 and 19) to prevent high voltage surges
across these components in a manner that will be more
fully described below. JIn-order to regulate the sensitivity
of relay 18 to vanatlons of the eutput voltage of ampli-

" dyne 7, there is arranged in series with rectifier 19 and
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normal rate of movement between electrode 2 and crucible

3, such as will result if a glow discharge .condition occurs
between these elements, and to signal an operator if
such a condition prevails for a predetermined .interval of
time.

The illustrated basic electrode drive control circuit 1
-comprises a reversible direct current motor ¢ drivingly
coupled to the electrode 2 and energized by an amplidyne
‘7. 'The primary amplidyne control field 8, which deter-
mmines the output voltage polarity of amplidyne 7, and
consequently the direction of rotation of motor 6, is en-
ergized by both a direct current source 9 and the output
of a bridge rectifier 10. The input terminals of rectifier
10 are supplied through auto-transformer 11 from an
alternating current source 12 of reference voltage. The
relative magnitude of the reference voltage, as adjusted
by auto-transformer 11, and the voltage of the .direct
current source 9 determinea the dijrection .of current
through amplidyne field 8. In addition to the foregomg
components, the basic drive control circuit comprises
means for electrically connecting one side of control field
8 through a variable resistor 13, a pair of series-con-
nected normally closed electrode movement limit switches
14 and 15, a line 16, and rectifier 10 to one side of
power source 9. The other side of control field 8 is elec-
trically connected through automatic-manual switch 17
(17 is shown on the drawing as having an “auto” and a

“man” position) to the other side of direct current
source 9. Direct current source 9, in addition to supply-
ing control field 8, provides the arc voltage to form an
arc between electrode 2 and crucible 3, or the contents
thereof.

In operation, the basic -electrode drive control cireuit
1 is utilized to maintain a predetermined spacing between
electrode 2 and crucible 3 by adjusting auto-transformer
11 to a reference voltage consistent with such spacing.
After the circuit is thus oriented, if the arc voltage be-
comes larger than the reference voltage, current through
‘the amplidyne field 8 will be in a direction to effect en-
ergization of the motor 6 in an: elecirode lowering di-
rection. Conversely, when the arc voltage is lower than
the reference voltage, current passes through the field 8
in the opposite direction to effect raising of the electrode
-2. ‘Thus, an automatic adjustment of electrode ‘position
is provided in response to a differential between arc volt-
:age and a predetermined reference voltage.

The motion detecting circuit 4, ‘which detects any
variation in motion or.direction of movement.of electrade
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relay 18 a variable current limiting resistor 22 and a por-
tion of the resistance of potentiometer 23. The remain-
'mg portion of the resistance of potentiometer 23 is placed
in parallel with relay 18. The movable contact of po-
tentiometer 23 is connected to one side of the actuating
coil of relay 18 and the other side of the actuating coil
of relay 18 is connected to the fixed terminal of poten-

. txometer 23 that is common with one end of variable
" resistor 22. .:A coarse adjustment of the sensitivity of
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relay 18 to variations in the cutput voltage of amphdyne
7 is afforded by varying the value of resistor 22.  For
example, by reducing the value of resistance 22 in series
with relay 18,.a greater sensitivity of the relay is ob-
tained. A finer adjustment of the sensitivity of relay 18
is -obtained by varying the value of potentiometer 23.
For example, to increase the semsitivity of relay 18 to
variations in the output voltage of amphdynp 7, the re-
sistance of potentiometer 23 that is placed in parallel with
the. actuating coil .of relay 18 is increased.

The time delay signalling circuit 5, which is responswe
to rthe epergization .of velay 18 and, therefore, to varia-
tions in the relative movement .of electrode 2, serves to
signal an operator if an abnormal variation in relative
electrode .movement continnes for a predetermined
length of time.  The time delay circuit 5 is made directly
Iesponsive: to the motion detecting circnit 4 by .arrang-
ing normally open contacts 24 of relay 18 in series with
the actuating .coil of time delay relay 25. These cam-
‘ponents, 24 and 25, are connected to opposite sides of a
power source 28 by lines 26 and 27 respectively. Relay
25 is of the time closing type, so its armature 29a will
be. hiased to. the closed position on centacts 29 when the
actuating coil .of relay 25 is de-energized, and the arma-
ture 29z -will be held open when the actuating coil is
-energized. In order to provide an indication of abnor-
mal, electrode ‘movement,. .a. signal means, shown as a
lamp 30, is-arranged in series-with contacts 29 and these
components, 29 and 30, are connected by lines 31 and
32 respectively to opposite sides of power source 28. -

It will be apparent that when relay 18 is energized
to close. its contacts 24 the actuating coil of time delay
Ielay 25 will be energized to. open contacts 29 by mov-
ing. armature 29a away from. contacts 29 so that the
Jamp 30 is devenergzzed Now, if relay 18. is de-ener-
gized.due to a vapiation in the voltage.of amplidyne 7,
as described above, contacts 24 will open and relay 25
will be de-energized. When relay 25 s de-energized,
-armature 29z -will start to close contacts 29; but since
relay 25 is a time. closing relay, this closing cycle takes
a predetermined. length of time dependent upon: the

- initial ;setting-of the timing means (not:shown) of relay
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28, If telay 18 is niot re-energized before the expiration
of the predetermined interval of time required for arma-
ture 29a to close contacts 29, lamp 30 will be energized
by the closing of contacts 29 and the operator will thus
be .informed of the abnormal electrode movement.
However, if relay 18 is re-energized prior to the expira-
tion of the time closing interval, contacts 24 will be re-
closed and relay 25 will be re-energized thus resetting
the time closing cycle of armature 29a to contacts 29
so when relay 25 is again de-energized, the entire pre-
determined interval of time will have to expire before
lamp 30 is energized. During normal operation of the
furnace, the signal lamp will never be lit because elec-
trode 2 will always move toward crucible 3 at least once
during the interval of time required for solenoid arma-
ture 29a to close contacts 29, and thus continually reset
.armature 29a so it never engages contacts 29.

The function of relay 33 is to properly orient the time
«delay circuit § when switch 17z is moved from its “auto”
‘to its “man” position. (It will be understood that the
:schematically indicated switches 17 and 174 are intended
‘to be parts of a single control switch so they open and
«lose in unison.) The actuating coil of relay 33 is con-
nected by line 34 to one side of source 28 and by line
35 through “auto” position of switch 17a to the op-
posite side of source 28. Normally closed contacts 36
- of relay 33 are arranged in parallel with normally open
contacts 24 of relay 18 so that when switch 17a is
moved from its “auto” to its “man” position, the actuat-
ing coil of time delay relay 25 will be energized through
contacts 36 to effect opening of contacts 29 and the de-
energization of lamp 30. The time delay signal circuit
5 is thus reset for another cycle of automatic operation
when switch 17a is moved from its “man” to its “auto”
position.

As mentioned above, the normally open contacts 21 of
relay 20 are in series with the rectifier 19 and the actu-
ating coil of relay 18 of the motion detecting circuit 4.
The actuating coil of relay 20 is connected by line 37 to

one side of power source 28, and by line 38 through the .

“auto” position of switch 174 to the other side of power
source 28. By placing contacts 21 of relay 20 in series
with the actuating coil of relay 18 and rectifier 19, the
circuit across the output of amplidyne 7 is interrupted
when switch 17a is in its “man” position. Such a circuit
_interruption is desirable, because manual adjustment of
electrode 2 may result in high voltages across amplidyne
7 that would damage either relay 18 or rectifier 19.
The overall operation of the basic electrode drive con-
. trol circuit, the motion detecting circuit, and the time
. delay signalling circuit is as follows:

- To initiate operation of the "electrode drive control
circuit to effect a melting operatlon in the crucible 3,
switch 17—17a is placed in its “man” position and
power sources 9, 12, and 28 are energized. Switch
17—17a is then moved to its “auto” position which,
since the electrode 2 is out of contact with the contents
of crucible 3 and an arc has not been initiated, will cause
current through amplidyne field 8 in such a direction
that the amplidyne 7 energizes the drive motor 6 to lower
electrode 2 toward crucible 3. Electrode 2 will be driven
toward crucible 3 until it contacts the contents of the

.crucible 3, because, until this occurs, no arc is formed
between electrode 2 and the contents of crucible 3.
The voltage between these members (2 and 3) is much
higher than the reference voltage of source 12 prior to
the formation of an arc. When electrode 2 contacts the
contents of crucible 3, the arc voltage drops to zero and
the motor 6 is reversed due to the reversal of current

_through amplidyne field 8, Motor 6 raises the electrode
2 away from the crucible 3 until the arc voltage equals
the reference voltage and then drives the electrode 2

. toward the crucible 3 at a rate that compensates for the
‘consumption of electrode 2.

The-closing of switch 17—17a to its “auto” position

10

15

20

25

80

a5

40

50

55

2,042,138

6
also energizes the actuating coil of relay 20 to thus close
contacts 21 and place the series connected ‘rectifier 19
and relay 18 of the motion detecting circuit 4 across the
output terminals of amphdyne 7. In addition, the actu-
ating coil of relay 33 is energized by the closmg of switch
17a and opens contacts 36 to thus de-energize the actuat-
ing coil of the time delay relay 25, and initiate the time

“closing of the contacts 29 of time delay relay 25.

In normal operation of the arc furnace, the electrode
2 will move toward the crucible 3 at a rate commensurate
with the rate of consumption of the electrode 2. During
such normal operation, although the direction of move-
ment of electrode 2 is predominantly toward crucible 3,
the electrode movement will be stopped frequently and
may even be reversed for short intervals of time. The
voltage across the armature of amplidyne 7 will, there-
fore, be such that either a continuous current or closely
spaced pulses of current will be passed through rectifier
19 and the actuating coil of relay 18. Therefore, due
to the adjustment of potentiometer 23, contacts 24 will
be either continuously closed or closed at frequent
closely spaced intervals to emergize the time delay relay
25 and prevent it from closing contacts 29. However, if
a glow discharge condition occurs between the electrode
2 and either the contents of crucible 3 or the contents
and the sides of crucible 3, the voltage between these
members will drop to such a level that current through
control field 8 of amplidyne 7 will either cease or the
direction of current through field 8 will be reversed.
Either of these conditions will cause a voltage to appear
across the armature of amplidyne 7 such that rectifier 19
will prevent any current through the actuating coil of
relay 18; therefore, this relay will open contacts 24 and
thus de-energize the coil of the time delay relay 25 and
initiate a timed closing interval of contacts 29. If the
glow discharge condition continues, the electrode. 2 will
not move toward the crucible 3 to cause a reversal of
current through control field 8 of amplidyne 7, so -the
actuating coil of relay 18 will not be energized during
the timed interval required for armature 2%z to close
contacts 29, and the signal lamp 30 will be energized
through contacts 29 and lines 31 and 32 to thus inform
an operator that the furnace is operating in an abnormal
condition.

To correct the abnormal condition, the operator
switches switch 17—17¢ to its “man” position and man-
ually moves the electrode toward the crucible 3 a suffi-

_cient distance to re-establish a normal arc between elec-

trode 2-and the contents of crucible 3. Due to the fact

that the glow discharge condition is detected in its early

stages by the sensitive actuation of the motion detect-
ing circuit made possible by the fine adjustment of poten-
tiometer 23 and the coarser adjustment of variable resis-
tor 22, it is not necessary, and usually not desirable, to
interrupt the arc between the electrode 2 and the con-

. tents of crucible 3; therefore, switch 17—17a4 is not
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provided with contacts that interrupt the arc voltage.
When switch 17-—17a is moved from its “auto” position
to its “man” position following the energization of signal
lamp 30, the actuating coil of relay 33 is de-emergized
and normally closed contacts 36 are thus allowed to
close. The closing of contacts 36 establishes a circuit
from the power source 28 through line 26 to the actuat-
ing coil of the time delay relay 25 and thence through
line 27 to the opposite side of the power source 28, so
the time delay relay 25 is again energized or reset and
opens contacts 29 by moving armature 29z away from
contacts 29, thereby to extinguish signal lamp 30. The
control circuit is thus reset so switch 17—17a can be
moved to its “auto” position again and normal operatlon
of the furnace continued.
‘While we have shown and described a particular em-
bodiment of our glow discharge detection circuit, it will
be obvious to those skilled in the art that various modi-
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fications may be made in out circiiit ‘without depaiting
from our invéntion in its Broader ‘aspects. - For instance,
‘the ‘time -délay ‘signal -actuating means could ‘be -coupled
through méechanical ‘means, such -as a-siip cluteh, to the
‘movable ‘electrode thereby “to -afford means, ‘other than
the disclosed voltage responsive theans, for detecting a
‘stoppage ‘in the movement ‘or a reversal in the direction
of movement ‘of the ‘electiode. In such an ‘arrangement,
it-is apparent that the clitch mechanism could be direct-
1y coupled to a means for resetting the ‘time delay relay.
Furthermore, it Will be apparent that while the disclosed
invention ‘is particularly applicable to the control of ‘the
electrode ‘movement of an arc furnace, ‘it is not limited
to such an ‘application, but rather may be ‘utilized ‘to con-
‘trol the movement ‘of ‘any appdratus that is designed to
‘move at a relative ‘constant rate in a given 'predetelmined
direction, ‘or that is -designed ‘to ‘move predominantly in
a -single -given direction with only brief intervals of
reversal ‘in direction or stoppage ‘of ‘movement ‘occurring
‘during normal-operation.

What we claim -as new and desire to secure by Letters
Patent of the United States is:

1. In an automatic control system for an arc furnace
having two ‘rélatively movable electrodes, ‘means for
applying an arc voltage across said electrodes, means for
providing a reference voltage, means for comparing the
‘arc voltage with the reference voltage, control means
responsive to the relative magnitudes -of the arc voltage
and the reference voltage for moving said electrodes to-
ward each other when the-arc voltage is greater than ‘the
reference voltage and for moving said ‘electrodes away
from ‘each other when the arc voltage is lower than the
reference ‘voltage, 'signal means for indicating an ‘ab-
normal ‘condition, time delay means for ‘energizing said
signal means following ‘a ‘predetermined time -interval
“after-actuation of said time delay means, means dependent
upon relative movement of the ‘electrodes for actuating
‘'said time ‘delay nieans and initiating said -predetermined
time “interval when movement of said electrodes toward
each “other ceases, 'and means responsive to resump-
tion ‘of movement of said electrodes toward ‘each ‘other
for resetting the timie ‘delay means, said time delay -means
‘effecting ‘actuation of said ‘signal ‘means -unless ‘said re-
setting means is actuated prior to the expiration of ‘said
predetermined time ‘interval.

2. In-an automatic ‘cortrol system for an arc furnace
having two ‘relatively ~movable “electrodes, means for
-applying an arc voltage ‘across said électrodes, medns
for providing ‘a reference voltage, means for comparing
‘the arc voltage with the reference voltage, control means
‘responsive to the relative ‘magnitude of the arc voltage
and the reference voltage for ‘moving said electrodes
‘toward sach other ‘'when the arc voltage is greater than
the ‘reference voltage and for moving ‘said -electrodes
away from each other ‘when the arc voltage is lower than
the refererice voltage, signal means for indicating an
-abnormal condition, time delay means for energizing said
signal means following a predetermined time interval
after ‘actudtion ‘of ‘said time deldy ‘means, ‘means de-
pendent upon movement of the electrodes for energizing
said tifiie'delay means when said electrodes move toward
each dther, said movement déperident means being “op-
-erable to de-energize said time delay ‘means and initiate
said -predetermined time -interval when movement of ‘said
electrodes toward each other ceases, and means respon-
sive -to resumption of movement of said electrodes to-
ward each other -for resetting the time delay.means, said
time-delay means effecting actuation of said signal means
unless -said -resefting -means .is actuated prior to the
expiration of said predetermined. time interval.

3. In an automatic -contrel system for .an arc furnace
‘having two relatively -movable electrodes, means for
-applying-an-arc voltage-dcross said electrodes, means for
providing a reference voltage, means for comparing the '

10

15

20

25

30

35

40

45

50

60

65

70

75

8
‘arc voltage with the reference voltage, control meafis
Tesporisive ‘to ‘the -relative magnitudes of the arc’ voltage
ahd the reference voltage for moving said -electrodes ‘to-
‘ward -each ‘other when the arc voltage is greater sthan the
‘reference voltage -and for moving said ‘electrodes :away
from -each -other ‘when the arc ‘voltage is :lower than

‘the reference volt‘ag"e, si‘gnal means for indica’tiug an 'ab-

sxgnal ‘means followmg a predetelmmed tune mterval
after ‘actuation +of §aid ‘time -deldy ‘means, means elec-
trically connected ‘to- said ‘control means for ‘actuating
said “ime -delay means ‘and initiating said predetermined

‘timeé ‘inteival when thovement of -said électrodes toward

‘each -other -ceases, and ‘nreans ‘responsive 1o ‘resumption
‘of ‘movement of ‘said -€lectrodes toward ‘each -other for
resetting ‘the ‘time ‘delay means, said time delay means ef-
fecting actiiation -of -said -signal ‘mheans ‘whless said ‘reset-
‘ting “means is ‘actudted prior ‘to ‘the ‘expiration of sald
predetermined tiime ‘interval.

4, In an -automatic ‘control -system ‘as -defined mclatm
3, means for varying the ‘duration of ‘the predetermined
timeinterval, and ‘medns for varying the sensitivity of the
time-delay -actuating ‘means.

‘5. In -an automatic centrol system for -an arc. furnace
having two relatively ‘movable electrodes, means for ap-
plying an arc voltage ‘scross said ‘€lectrodes, ‘medns for

“providing ‘a reference voltage, means ‘for -comparing the

‘arc ‘voltage with the reference voltage, control means re-
'sponsive -to ‘{he ‘relative magnitudes -of ‘the arc ‘voltage
and ‘the ‘reference ‘voltage -for moving said ‘clectrodes ‘to-
'ward ‘each other when ‘the arc'voltage is greater-than the
reference ‘voltage and for ‘moving ‘said electrodes away
from *eéach -other ‘when ‘the -arc voltage -is ‘lower ‘than -the
reference ‘voltage, signal means for indicating‘an abnor-
mal condition, time delay means for energizing *saidsig-
nial ‘means following a predetermined time interval ‘after
actuation -of said ‘time -delay means, voitage responsive
means and unidirectional current passing means -electri-
cally connected to said ¢ontrol means for controlling ‘said
‘time-delay means, said ‘voltage responsive means and said

-unidirectional ‘current passing -means being -effective to

actiate said -time“delay means and initiate said predeter—
mined time interval when the électrodes become station-
dry and .to ‘reset ‘the time -delay ‘means when ‘the- elec-
trodes ‘move toward ‘each ‘other, whereby -said ‘time délay
means éffects “actuation of ‘said signal ‘means unless "said

‘time delay :means 'is ‘reset prior to ‘the explratlon ‘of ‘said

predetermined ‘time “interval.

’6. In ‘an ‘automatic control system for an arc furnace
having two relativély ‘movable electrodes, ‘means for “ap-
plying an arc voltage across said electrodes, means for
providing a reférence voltage, control means responsive

‘tothe relative. magmtudes ‘of the arc voltage and the ref-

‘erence voltage ‘for moving said electrodes toward ‘each
‘other when the arc is ‘greater than the reference voltage
and Tor moving said electrodes away from each other
when the arc'voltage is lower than the reference voltage,

“said control means including a direct current motor for
“driving at least one of said electrodes, 'signal means for

indicating -an ‘dbnormal condition, means for energizing

‘said signal means ‘following a “predetermined time “in-
‘terval ‘after actuation of ‘said time ‘delay means, voltage
‘fegponsive ‘means and unidirectional - current ‘passing
‘meais électrically connected to said control means ‘where-
by current is passed through the voltage responsive means
“when the

polarity of the voltage across the motoris such
that ‘the motor “drives the electrodes together -and cur-
rent ‘thirough the voltage responsive means ‘is prevented

“when the polatity of the voltage across the'motor is such

that the miotor drives the electrodes apart, said “voltage
responsive meands and said unidirectional current passing
medns being efféctive -to actuate said ‘time delay ‘means
‘and initiate “the “predetermined time “interval “when ‘the
electrodes become stationary and to'réset the time-delay

‘aieans when the ‘electrodes miove ‘toward “each ~other,



2,042,188

9

whereby said time delay means effects actuation of said
signal means unless said time delay means is reset prior
to the expiration of said predetermined time interval.

7. In an automatic control system for an arc furnace
having two relatively movable electrodes, means for ap-
plying an arc voltage across said electrodes, means for
providing a reference voltage, means for comparing the
arc voltage with the reference voltage, control means
responsive to the relative magnitude of the arc voliage
and the reference voltage for moving the electrodes to-
ward each other when the arc voltage is greater than the
reference voltage and for moving the electrodes away
from each other when the arc voltage is lower than the
reference voltage, signal means for indicating an abnor-
mal condition, a time delay closing relay having an actu-
ating coil and a pair of normally closed contacts, means
for energizing the relay and the signal means, means for
electrically connecting the normally closed relay con-
tacts and the signal means in series across the relay
energizing means whereby the signal means is energized
following a predetermined time interval after actuation
of said time delay relay, a voltage responsive relay hav-
ing an actuating coil and a pair of normally open con-
tacts, unidirectional current passing means, means for
electrically connecting the actuating coil of said voltage
responsive relay in series with the unidirectional cur-
rent passing means, means for electrically comnecting
the normally open contacts of the voltage responsive re-
lay in series with the actuating coil of the time delay re-
lay, and means for electrically connecting the series con-
nected unidirectional current passing means and the actu-
ating coil of the voltage responsive relay to the control
means o provide a current through the actuating coil of
the voltage rseponsive relay to energize and reset the
time delay relay when the arc voltage is less than the
reference voltage and to prevent current through said
actuating coil when the arc voltage is greater than the ref-
erence voltage, whereby said time delay relay effects actu-
ation of said signal means unless said time delay relay
is reset prior to the expiration of said predetermined time
interval.

8. In an automatic control system for an arc furnace
having two relatively movable electrodes, means for ap-
plying an arc voltage across said electrodes, means for
providing a reference voltage, means for comparing the
arc voltage with the reference voltage, control means
responsive to the relative magnitudes of the arc voltage
and the reference voltage for moving the electrodes to-
ward each other when the arc voltage is greater than
the reference voltage and for moving the electrodes away
from each other when the arc voltage is lower than the
reference voltage, an electric lamp for indicating an
abnormal condition, a time delay relay for energizing
said lamp following a predetermined time interval after
actuation of said time delay relay, voltage responsive
means for controlling the actuation of the time delay re-
lay, unidirectional current passing means for controlling
the energization of the voltage responsive means, and
means for electrically connecting the voltage responsive
means and the unidirectional current passing means to
the control means for controlling said time delay relay,
said voltage responsive means and said unidirectional
current passing means being effective to initiate said pre-
determined time interval when movement of said elec-
trodes toward each other ceases and to energize and
reset said time delay relay when said electrodes move
toward each other, said time delay relay effecting ener-
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gization of said electric lamp unless said resetting means
is actuated prior to the expiration of said predetermined
time interval.

9. In an automatic control system for regulating rela-
tive movement between two members, control means for
effecting 'movement of one of said members, signal
means for indicating an abnormal condition, time delay
means for actuating said signal means following a prede-
termined time interval after actuation of said time delay
means, means responsive to relative movement between
said members in a first direction with respect to one of
the members for actuating said time delay means to
initiate said predetermined time interval, and means re-
sponsive to relative movement between the two members
in a second direction with respect to said one of the
members for resetting the time delay means, said time
delay means effecting actuation of said signal means un-
less said second direction of relative movement occurs
prior to the expiration of said predetermined time inter-
val. )

10. In an automatic control system for regulating
relative movement between two members, an electric
motor for effecting movement of one of said members,
means for energizing said motor, signal means for indi-
cating an abnormal condition, time delay means for
actuating said signal means following a predetermined
time interval after actuation of said time delay means,
and unidirectional current passing means electrically con-
nected in series with voltage responsive means and con-
nected to the motor energizing means for controlling
said time delay means, said voltage responsive means be-
ing responsive to a stoppage of current through the un-
idirectional current passing means to actuate said time
delay means to initiate said predetermined time interval,
said voltage responsive means being responsive to cur-
rent through the unidirectional current passing means to
reset the time delay means, said time delay means ef-
fecting actuation of said signal means unless current
passes through the unidirectional current passing means
prior to the expiration of said predetermined time in-
terval.

11. In an automatic control system for regulating rela-
tive movement between two members, an electric motor
for effecting movement of one of said members, signal
means for indicating an abnormal condition, a time de-
lay relay for energizing said signal means following a
predetermined time interval after actuation of the time
delay relay, unidirectional current passing means elec-
trically connected to the electric motor, a voltage re-
sponsive relay electrically connected in series with the
unidirectional current passing means for controlling the
energization of said time delay relay, said voltage re-
sponsive relay being operable to de-energize the time de-
lay . relay to initiate said predetermined time Iinterval
when the unidirectional current passing means blocks
current from the voltage responsive relay, said voltage
responsive relay being further operable to energize the
time delay relay to reset said relay when the unidirec-
tional current passing means passes current to the volt-
age responsive relay, whereby the time delay relay actu-
ates the signal means unless the drive motor is energized
to cause current to pass through the unidirectional cur-
rent passing means and voltage responsive relay prior to
the expiration of the predetermined time interval,
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