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My invention relates to systems for automat 
ically controlling electrodes of an electric arc, 
and in particular relates to a system in which the 
electrodes of such an arc are first moved to 
gether until they make contact, then moved apart 
for a predetermined travel, and then one of the 
electrodes is continuously rotated about its axis 
as long as the: arc, continues to burn. Where it 
is desired to operate an arc between solid elec 
trodes in a chamber which is continually evac 
tated to a low pressure, the arc, after being 
struck, is found to be...in a relatively unstable con 
dition in the case of many electrode materials, 
so that it is necessary to repeatedly restrike it 
to produce long continued operation. The pres 
ent arrangement.is particularly adapted to thus 
strike, and when necessary, repeatedly restrike 
St.ChalliarC. 
-One object of my invention is, accordingly, to 

provide an automatically controlled arrangement 
in Which a pair of electrodes between which an 
arc is to be operated are first moved together, 
then separated from each other by a predeter 
mined travel, and then one electrode is continu 
ously rotated to insure an even consumption of 
the electrode material over its surface. 
Another object of my invention is to provide 

an arc control System of the type which is de 
scribed, in Which the restriking of the arc is post 
p0ned for a predetermined interval after it be- 3 
comes extinguished in order to permit the elec 
trodes to cool sufficiently so that they will not 
weld together when moved into contact with each 
other. 

Still another: object of my invention is to pro 
Wide a System.in. Which a pair of arc-electrodes are 
maoved into contact and then out of contact by an 
electric motor which is automatically controlled 
to. Carry out. Such movements by a relay system. 
A further object of my invention is to provide 

a. System of control in which a pair of electrodes 
is, first moved into contact and then moved out 
of contact by, one.motor controlled automatically 
in response to the electrical condition of the arc, 
and then a second motor is controlled so as to re 
tate. One of the electrodes continuously as long 
as: the arc continues to burn, the last-mentioned 
motor being then-deenergized and the first-men 
tioned motor being caused to restrike the arc at 
the end of the present, cooling period by carrying 
out its above-described sequence of operations again. 
A still further object of my invention is to pro 

Wide a motor Control system of the nature above 
described in which relays, responding to the elec 
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trical condition of the arc merely control the grid 
potential of electrical discharge tubes carrying 
larger currents than the relay contacts to there 
by avoid difficulty from arcing and Wear of such 
Contacts. 
Other objects of my invention Will become ap 

parent upon reading the following description, 
taken in connection with the drawing, in which 
the single figure is a Schematic circuit diagram 
showing the motor, relay and control tube con 
nections capable of carrying out my invention. 
Referring in detail to the dra Wing, an upper 

electrode I and a lower electrode 2 of any desired 
materials are arranged in axial alignment so that 
their ends can be moved into contact and sepa 
rated to draw an electric arc between them. Said 
arc is Supplied with power from a source A in se 
ries With a 'current flowing' relay B having nor 
mally open contacts closed. When current foWs 
from Said Source: A. The electrode 2 is supported 
by any suitable arrangement, of which numer 
ous examples are known to men skilled in the art, 
so that it can be moved Vertically to make contact 
with the electrode by rotating a motor arma 
ture 3 connected to it, by a suitable mechanism 
4. Rotation of the armature. 3 in One direction 
raises the electrode 2 and in the opposite direc 
tion, ioWerS. it. The electrode f is similarly Sup 
ported so that it can be rotated about its axis by 
the armature 5 of a turning motor through a 
Suitable mechanical linkage 6, which is indicated 
only schematically in the drawing. 
My invention...relates to the System of electrical 

control for turning the armatures 3 and 5 in re 
sponse to electrical condition in the circuit sup 
plying the electrodes and 2 to carry out in se 
quence the operation of moving the electrode 2 
upWard into. contact with electrode , and then 
moving it downward for a predetermined travel 
a Way from electroded; and, upon attainment of 
this predetermined travel, stopping the armature 
3. and starting the armature 5 into rotation to 
continuously turn the electrode until current 
fiOW through the arc ceases. The control system 
thereupon, after a predetermined interval, again 
starts the armature. 3 into rotation to repeat the 
above-described program of operations whenever 
the arc goes out. 
Turning in more detail to the drawing, power 

for operation of the armatures 3 and 5 and the 
control System therefor is furnished by a trans 
former fit, having its input terminals connected 
to an ordinary, alternating-current supply line. 
A Suitable relay C which may be connected across 
the electrodes f. and 2 is arranged to close a pair 
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of contacts 2 to close the circuit from one ter 
minal of the transformer to the upper brushes (as 
they appear in the drawing) bearing on the Com 
mutator of each of the armatures 3 and 5. The 
lower brush for the armature 3 is connected to 
the cathode terminal of a grid controlled gaseous 
discharge tube 3, having its anode connected to 
a common bus G running to the other side of the 
transformer if, and is also connected to the plate 
of tube 6. The lower brush for the armature 5 
is connected to the anode of a second grid Con 
trolled gaseous electrical discharge tube f4, hav 
ing its cathode connected to the bus G. The tubes 
3, 4 and 6 being unilaterally conductive, it is 

obvious that the current flowing through arma 
tures 3 and 5 will be direct current, provided (as 
is herein arranged) that only 3 or 6 is Con 
ducting at any time. The field windings asso 
ciated with the armatures 3 and 5 are connected 
in series with each other, one terminal thereof 
being connected to the bus G and the other ter 
minal being connected to the positive terminal 
f5 of a direct-current voltage source, having its 
negative terminal connected to said bus. The 
anode and cathode of the tube 3 are connected, 
respectively, to the cathode and anode of a third 
grid control gaseous discharge tube 6. 

In Serial relation. With the current flowing 
through the electrodes and 2, there is provided 
a “current flowing' relay B having a pair of Con 
tacts which are open when the said current is 
zero and are maintained closed as long as a Con 
paratively small current flows through said elec 
trodes. The relay contacts 7 are connected to 
energize the closing Winding of a relay 8 Which 
maintains two pairs of contacts 9 and 2 in open 
circuit condition as long as the Winding 8 is de 
energized, but closes contacts 9 and 2 as long 
as relay winding 8 is energized. 
The contacts 9 are arranged to energize by 

their closure the actuating winding 22 of a relay 
23, having two sets of contacts which are moved 
from closed to open position when the Winding 
22 is energized and two additional sets of con 
tacts which are moved from open to closed con- : 
dition when said winding 22 is energized. The 
relay 23 and all other relays are shown in the 
drawing in the condition they stand in When 
their actuating Windings are deemergized. The 
functions of the sets of contacts just mentioned 
Will be more fully described later. 
The contacts 2 of the relay 8 are arranged 

to impress, when they are closed, negative voltage 
derived from a bias voltage source, having a ter 
minal 26 which is maintained at a negative : 
potential relative to the above-mentioned bus G, 
upon the control electrode 25 of a double triode 
tube 26, which has a cathode connected to said 
bus G and has its anode connected in series with 
the energizing winding 27 of a relay 28, drawing 
current for such purposes from the positive ter 
minal 5 above-mentioned. Between the con 
trol electrode 25 of the double triode 26 and the 
common bus is connected a variable capacitor 
29 and a variable resistor 3 in multiple with each 
other. It will be evident from these connec 
tions that, when the relay 8 is deenergized, the 
control electrode 25 acquires the same potential 
as its associated cathode, i. e., the potential of 
the common bus; but that as soon as the relay 
f8 is energized, the contacts 2 are closed to im 
press across the capacitor 29 a negative potential, 
and as soon as the charge is built up Sufficiently, 
the same negative potential is impressed on the 
control electrode 25 relative to its associated 

10 

5 

2 5 

30 

50 

5 5 

30 

75 

4. 
cathode. On the other hand, when, at Some sub 
sequent time, the relay f8 is deenergized, thereby 
opening the contacts 2, the capacitor 29 slowly 
discharges through the resistor 3 and thereby 
gradually removes the negative potential from 
the control electrode 25 thus permitting current 
flow through the winding 2 to begin after a time 
delay which may be varied at will by adjusting 
the variable resistor 3 or the variable capacitor 
29. 
The double triode 26 likewise has a Second 

cathode 32 connected to the common bus through 
a resistor 33 and has an anode connected to an 
actuating winding 34 of a third relay 35, drawing 
current for this purpose from the positive ter 
minal 5 above-mentioned. ASSociated with the 
cathode 32 is a control electrode 36 which is Con 
nected to the bus G through a variable resistor 
37 shunted by a capacitor 38. The control elec 
trode 36 is likewise connected to a movable switch 
member 39 in the relay 28 for purposes which will 
be more fully explained later. 
The control electrode of the tube 3 is con 

nected to a movable element Ai in the relay 2 
which is adapted, in the deenergized condition 
of winding 27, to make contact with a line run 
ning to the negative terminal of a bias battery 
42 having a positive terminal connected to the 
cathode of the above-mentioned tube 3. In the 
energized condition of winding 2, the switch 
member 4 connects the control electrode of tube 
3 to a movable switch member 43 in the relay 23. 
The control electrode of the tube 6 is con 

nected to a movable switch member 4 in the 
relay 35, which switch member in the deenergized 
condition of the latter relay is connected to a 
movable member 46 in the relay 23. In the de 
energized condition of the winding 22, the mov 
able member 46 is connected to the negative ter 
minal 24 of the bias source above-mentioned by 
way of a potential divider 20. 
The control electrode of the tube is con 

nected to a movable switch member 47 in the 
relay 35, which switch member in the deener 
gized condition of the winding 34 of said relay 
is connected to draw bias from the negative bias 
terminal 24 above-mentioned. 
The movable switch member 46 in the relay 23 

is arranged, in the energized condition of the 
actuating winding 22 of the latter, to make con 
tact with the bus G. The movable SWitch mem 
ber 43 in said relay is arranged under the Same 
conditions to make contact with the negative 
terminal of the bias battery 42. The movable 
member 39 of the relay 28 is arranged in the en 
ergized condition of the actuating Winding 2 of 
the latter to make contact through a potential 
divider 48 with the negative bias terminal 24 
above-mentioned. The movable switch member 
4 of the same relay is arranged to make contact 
with the movable switch member 43 of the relay 
23 under the same conditions. The movable 
member 47 of the relay 35 is arranged to make 
contact when the actuating winding 34 thereof 
is energized with the movable switch member 46 
of the relay 23, and the movable SWitch member 
44 in relay 35 is arranged to make contact under 
the same condition with the potential divider 20 
above-mentioned. 
Such being the electrical connections of the 

control System for armatures 3 and 5, the mode 
of operation of the System is as follows. 
- Starting with the electrodes and 2 separated 
from each other, and the primary Winding of 
transformer connected to power source appli 
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cation of voltage to electrodes and 2 from power 
source. A causes-the-closure of the relay contacts 
f2 to impress the voltage of the transformer E. on 
the upper brushes of the armatures 3 and 5. 
Since, in their separated condition, no current will 
flow across the gap between the electrodes and 
2; the contacts. 7 of the “current flowing relay 
Bi remain open and the relay, 8 stands. deener 
gized. The contacts. 2.f. of the latter- are thus: 
separated so that no negative voltage is im 
pressed from the bias source: 24 on the control 
electrode. 25 in double triodes 26; but that control 
electrode. has acquired the potential of its cath 
ode, through the previous discharges of capacitor, 
28i through resistor 3d. Unders such conditions, 
current flow readily, takes place between the an 
ode: and cathode, associated with control: electrode 
2i; and actuates winding 27 of relay, 28 by cur 
rent iow from the positive: terminal. 5: The 
switch; members. 4d. and 39 of relay 28, thus stand 
in their respective: left-hand. and right-hand pot. 
sitions whenever the input, terminals of trans 
former: i: are. energized, and stay so as: long, as 
no current flows through electrodes, and 2. The 
raoyable:SWitch, member: 42 of relay. 28 is, accords. 
ingly, held in: its left-hand position, to connect the 
control electrode. of the tube. 3 to the movable 
SWitch member, 43 in the relay 23. 

By reason of the fact: that the relay 3, is de 
energized; the contacts, 9 are open and the act. 
tuating winding 22 of relay 23 is deenergized, 
thereby leaving the moyable: switch member 43 
inits:left-handipositions to connect, it to the cath 
ode of the tube. 3; Thus, the control electrode. 
of the tube 3; is: at the same electrical: poten 
tial as its cathode, thereby making it possible for 
it to conduct current from the lower brush of ar 
nature; 3: to the common, bus and: thus affording 
as complete circuit for current flow; between the 
output terminals of the transformer through 
agnaature 3, Since, the field windings associated 
With both armatures: 3 and 5, are always, ener 
gized by direct, current from the positive terminal 
5; the armature 3, begins to turn to move the 

electrodes: sand;2 toward each-other. 
Ehe above-mentioned energization of relays 28 

has moyed: the movable SWitch member 39; there 
of into its right-hand position, thereby connects 
ing the-control electrode 36 in the double triode 26 
to the potential divider 48 to impreSS. a negar 
tive. voltage, on the control: electrode. 36, thereby 
preventing current, flow; through the energizing 
winding 34t of relay.35: to leave the movable Switch 
members. 34 and 47 therein; in their right-hand 
positions, as, shown in; the drawing. Since, the 
movable switch, member 4 of relay 35 is in its 
right-hand position, current flow through the 
tube f4 and armature 5 is prevented by the fact 
that: the control: electrode of tube 4 is connected 
to derive, bias...from the negative bias-terminal 24. 
Similarly, it will be seen that, since the movable 
switch member 48 of relay 35 and movable mem 
ber 46 of relay. 23 are in their right-hand, posis 
tions, the control electrode of tube G is con 
nected to the negative potential divider 28, there 
by preventing any; current flow to, arnature. 3. 
threaughtLube 6: 
Now, as Soon, as the electrodes. : and 23 are 

moved into contact, with each other, current flow. 
from; sources A. commencing, therethrough will 
noye the contact. T of the “current flowing 
relay.B. together to energize the actuating wind 
ing of; relay, 8: This will, cause immediate clo 
Su'e , of the contacts, 9; and: 2. Closure of the 
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of relay 23 to move: the movable switch members 
48 and 46thereof respectively to their right-hand. 
and left-hands positions; Closure of the contacts 
2 will impress voltage to begin charging the ca 
pacitor. 29 negatively, and: Will quickly render the 
control electrode 25 in the double-triode-26so neg 
ative in potential that current flow through the 
energizing, winding 27 of relay. 28. will be cut off; 
causing the movable- switch members 39 and 4 to, 
move, respectively to their left-hand and, right 
hand positions: as they appear in the drawing: 
This Will: be, seen to connect the-control electrode 
of tube. 3. immediately, to...the negative terminal 
of bias source: 42, thereby cutting off the current 
flow through tube 3 and armature, 3...so that fur 
ther movement of the electrode 2 by that arma 
ture is Stopped. The movement of the switching 
member 46 to its left-hand position will be seen 
to disconnect the control electdode of the tube 
f6 from contact with the negative potential-di 
Widel's 20 and connect it to the bus. G. to gives it 
the same potential as its Cathode. Current flow 
Will, accordingly, begin through armature 3 and 
tube 6, but since the polarity of tube it is op 
posite to that of tube. 3, the direction of rotat 
tion of the ailmature. 3 will be.the reverse-of-that 
previously, described, and the electrode. 2: will 
accordingly, be moved away. from the electrode 
f, thereby drawing an arc between said-electrodes. 
The above-mentioned deenergization of the 

relay 28, having. caused its switch member. 39: to 
move to the position shown in the drawing, the 
terminal of capacitor 38, which previously stood 
connected to a point of negative-potential on the 
potential divider 48 is now disconnected there 
from. The capacitor 38 begins to discharge 
through the resistor 37 at a rate determined by 
the resistance thereof, and the-potential of con 
trol electrode. 36. gradually falls to the potential 
of its cathode 32. Thus, after a predetermined 
time, delay, current flow, begins through the con 
trol: Winding 34 of relay, 35 to move. its switch 
members 44: and 47 to their left-hand positions. 
Such movement of the switch member 44 imme 
diately, causes the control electrode of tube. 6 to 
derives negative: bias: from the negative biasing 
terminal 24 and thereby, cuts off current flow 
through armature. 3, and tube. 6; but it will be 
noticed that the resulting cessation of separatory 
movement. Of the electrode, 2, as a result of such 
cessation of current...flow, takes place only after a 
time delay: fixed by the discharge. time of ca 
pacitor 38: through resistor. 31. Thus, it is that 
the reverse rotation of armature 3 has continued 
for this same predetermined time, and the length 
of the arc thereby drawn between electrodes. ; 
and 2 is similarly fixed: by the time constant of 
the capagitance-resistance, circuit 38, 37; 
Movement toward; the left of the movable 

SWitch, member 4 of relay, 35 will be seen to dis 
connect the control electrode of tube 4. from the 
negative bias terminal 24; and to connect it 
through the movable switch member 46 of relay. 
23, which is also in its left-hand position to the 
bus. G. which has the potential of the cathode of 
tube f4. Current flow... through. tube. 4. and 
armature: 5thus is permitted to begin; thus caus 
ing said armature to continuously rotate the up 
per electrode , thereby insuring even consump 
tion of the electrode-material thereof by the arc. 

However, as previously stated; there is con 
siderable unstability in arcs- under certain con 
ditions of operation and the current flow through 
the arc between electrodes - and 2 may suddenly contacts. 9. Will energize, the actuating, winding 75 cease. When this-happens, the relay winding f 
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is deemergized by the opening of the contacts 
of the “current flowing' relay, thereby causing 
immediate opening of the contacts 9 and 2. 
This causes immediate movement of the mov 
able switch members 43 and 46 to their respec 
tive left-hand and right-hand position in the 
drawing. The opening of the contacts 2 will 
disconnect the control electrode 25 from the neg 
ative bias source 24, but since the capacitor 29 is 
negatively charged, it will maintain the negative 
potential on the control electrode 25 for a con 
siderable time, determined by the adjustment of 
the resistor 3 through which it discharges. 
Therefore, current flow through actuating Wind 
ing 27 of relay 28 remains cut off for a time de 
termined by the time constants of the capacitor 
resistance 29, 3, and the relay remains in the 
position shown in the drawing for this predeter 
mined time. Hence the movable Switch member 
4 continues to connect the control electrode of 
tube 3 to the negative terminal of bias Source 
42, thereby preventing current flow through the 
latter through the armature 3 for the aforesaid 
predetermined time. During this Same prede 
termined time, the left-hand position of the 
switch member 39 of relay 28 maintains the con 
trol electrode 36 in tube 26 disconnected from the 
negative potential divider 48 and current con 
tinues to flow in actuating Winding 34 to maintain 
the switch members 44 and 47 of relay 35 in their 
left-hand position. However, the movement of 
the switch member 46 in the relay 23 consequent 
upon the deenergization of the latter will be seen 
to connect the control electrode of the tube 4 
to the negative bias terminal 24, thereby cutting 
off current flow through tube 4 and stopping ro 
tation of armature 5. 
As Soon as the capacitor 29 has sufficiently dis 

charged, the potential of control electrode 25 in 
double triode 26 falls low enough to permit cur 
rent to begin through winding 27 of relay 28, 
thereby moving the movable switch members 39 
and 4 to their respective right-hand and left 
hand positions in the drawing. When the switch 
member 4 moves to its left-hand position, it will 
be seen that the control electrode of tube f3 is 
transferred from contact with the negative ter 
minal of bias source 42 to contact through the 
Switch member 43 in relay 23 with the cathode 
of tube 3. Thereupon, current flow through 
armature 3 and tube 3 commences, thus moving 
the electrodes and 2 toward each other to re 
Strike the arc; but it will be noted that this move 
ment has begun only after an interval predeter 
mined by the time constants of the capacitor 29 
and the resistor 3. 
Movement of the switch member 39 of relay 28 

to its right-hand position thereupon connects the 
control electrode 36 in double triode 26 to the 
negative bias Source through potential divider 48, 
thereby cutting off current flow through the 
actuating winding 34 of relay 35, but it Will be 
Seen that the resulting movements of the switch 
members 44 and 47 to their right-hand position 
merely leaves the control electrodes of tubes 4 
and 6 connected to negative voltage points and 
maintains these tubes in their non-conductive 
condition. 

It Will be seen that the entire arc electrode 
control system has now returned to that condi 
tion in which it stood when the motor 3 first be 
gan its rotation to move the electrodes and 2 
toward contact with each other. A complete 
cycle of the program of operation of the appa 
ratus has thus taken place and may be repeated 
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8 
any number of times until power is cut off from 
the input terminals of transformer to shut 
down the apparatus. 
With this arrangement it will be noted that, 

if the arc goes out between electrodes and 2 
before the armature 3 has fully separated them, 
the charge on the capacitor 29 will prevent the 
closure of the contacts of relay 28 for a time 
sufficient to permit cooling of the electrode from 
a molten condition which would render their 
movement into contact with each other dis 
astrous. Furthermore, it will be noted that turn 
ing of the electrode f by armature 5 takes place 
only after full separation of the electrodes has 
been effected and ceases immediately when the 
arc goes out. These features prevent loss of the: 
electrodes by breakage through freezing together 
through mechanical movement while they are not 
sufficiently separated. 

It will also be noted that application of volt 
age to the arc electrodes and 2 is requisite to. 
closure of the contacts 2 which furnish power 
to the armatures 3 and 5; hence there is no poS 
sibility of the armature 3 being energized to 
move the electrodes and 2 together at a time 
when no current flow will be present to cause 
the “current-flowing' relay B to reverse arma 
ture 3 and separate the electrodes as soon as 
they touch. This insures against accidental 
crushing of the electrodes by improper Operation 
of armature 3. 

I claim as my invention: 
1. In combination with a pair of electrodes 

connected to a power Source, a motor and means 
to cause its rotation in one direction to move the 
electrodes into contact and its rotation in the 
opposite direction to move said electrodes out of 
contact, an alternating-current Source and a pair 
of grid-controlled electrical discharge tubes hav 
ing the Cathode of each connected to the anode 
of the other to control rotation of Said motor, 
means for impressing a negative potential on the 
control electrodes of both of said tubes while 
said alternating-current Source is deemergized, 

5 a first relay means energized to remove said nega 
tive potential from one said control electrode 
when said alternating-current source is energized 
to thereby cause rotation of Said motor in one 
direction, a second relay means responsive to 
current flow between said electrodes to deemergize 
said first relay and reapply the last-mentioned 
negative potential and to remove the neagtive 
potential on the other said control electrode to 
thereby cause rotation of said motor in the op 
posite direction, and a time delay to prevent re 
energization of said first relay for a predeter 
mined time after cessation of current flow be 
tween said electrodes. 

2. In combination with a pair of electrodes 
connected to a power Source, a motor and means 
to cause its rotation in One direction to move the 
electrodes into contact and its rotation in the Op 
posite direction to move said electrodes out of 
contact, an alternating-current Suorce and a pair 

5 of grid-controlled electrical discharge tubes hav 
ing the Cathode of each connected to the anode 
of the other to control current flow through said 
electrodes from said power source, means for 
rendering One of Said tubes conductive upon ap 
plication of voltage to said electrodes, but for 
rendering it non-conductive When current flows 
through said electrodes, means for maintaining 
a negative potential on the control electrode of 
the other of said tubes While no current flows from 
Said power Source through Said electrodes but 
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for removing for a predetermined time said mega 
tive potential in response to current flow through 
Said electrodes, a second motor arranged to im 
part a turning movement, to, one of said elec 
trodes; a third grid-controlled electrical discharge 
tube connecting said second motor to a current 
source, and means for maintaining said third 
tube non-conductive until the lapse of said pre 
determined time and for then rendering said 
third tube conductive. 

3. In: combination with a pair of electrodes 
connected to a power. Source; a. motor and means 
to cause its rotation in one: direction to move 
the electrodes, into contact and its rotation in 
the opposite: direction to ; move: said, electrodes 
out of contact, an alternating-current source and 
a pair of grid-controlled electrical discharge 
tubes having. the cathode of each connected to 
the anode of the other to control current flow 
through said electrodes, from said power source, 
means for rendering one of said tubes conductive 
upon application of Voltage to said electrodes, but 
for rendering it non-conductive, when current 
flows through said electrodes, means for main 
taining a negative potential on the control elec 
trode of the other of said tubes while no current 
flows from said power source through said elec 
trodes but for removing for a predetermined time 
said negative potential in response to current 
flow through said electrodes; a second motor ar 
ranged to impart a turning movement to one of 
said electrodes, a third grid-controlled electrical 
discharge tube connecting said second motor to 
a current source, means for maintaining said 
third tube non-conductive until the lapse of said 
predetermined time and for then rendering said 
third tube conductive, and means for maintain 
ing said one of said other tubes non-conductive 
for a predetermined time after the cessation of 
current flow between said electrodes. 

4. In combination with a pair of electrodes, 
motor means for moving said electrodes into con 
tact with each other when voltage is impressed 
on said electrodes but no current flows between 
them and for then producing a separatory nove 
ment between said electrodes in response to cur 
rent flow between them, means for causing a 
cessation of movement of Said motor means after 
said separatory movement has continued for a 
predetermined time, means for then producing 
another type of movement of one of said elec 
trodes relative to the other said electrode, and 
means for moving Said electrodes again into COn 
tact after a predetermined time interval follow 
ing cessation of said current flow. 

5. In combination with a pair of electrodes, 
motor means for moving said electrodes into con 
tact, with each other when voltage is impressed 
on said electrodes but no current flows between 
them and for then producing a separatory nove 
linent between said electrodes in response to Cur 
rent flow between them, means for causing a 
cessation of movement of said motor means after 
said separatory movement has continued for a 
predetermined time, and means for producing 
relative rotation of said electrodes only after said 
separatory movement ceases, and means for mov 
ing said electrodes again into contact after a pre 
determined time interval following cessation of 
said current flow. 

6. In combination with a pair of electrodes 
connected to a power source, a motor and means 
to cause its rotation in one direction to move 
the electrodes into contact and its rotation in 
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out of contact, an alternating-current source and 
a pair of grid-controlled electrical discharge 
tubes having the cathode of each connected to 
the anode of the other to control rotation of said 
motor, a first relay means energized in absence 
of current flow through said electrodes to render 
One of Said tubes conducting to rotate said motor 
in One direction, a second relay, responsive to 
Current flow through said electrodes to energize 
the other of said tubes to rotate said motor in 
the Opposite direction upon initiation of cur 
rent, flow through said electrodes and to deen 
ergize Said first relay, and a time delay means 
to prevent reenergization of said first relay for 
a predeternined time after cessation of current 
flow between said electrodes. 

7. In combination with a pair of electrodes 
connected to a power source, a motor and means 
to cause its rotation in one direction to move 
the electrodes into contact and its rotation in 
the Opposite direction to move said electrodes out 
of contact, an alternating-current source and a 
pair of grid-controlled electrical discharge tubes 
having the cathode of each connected to the 
anode of the other to. control rotation of said 
motor, means for maintaining a negative poten 
tial. On the control electrodes of both of said tubes 
while said alternating-current source is deen 
ergized, a first relay, means: energized to remove 
said, negative potential from one said control 
electrode when Said alternating-current source 
is energized to thereby rotate said motor in one 
direction, a second relay, means responsive to de 
energize said first relay to reapply the last 
mentioned negative potential and to remove the 
negative potential on the other said control elec 
trode to thereby cause rotation of said motor in 
the opposite direction in response to current 
flow between said electrodes. 

8. In combination with a pair of electrodes 
connected to a power source, a motor and means 
to cause its rotation in one direction to move the 
electrodes into contact and its rotation in the 
opposite direction to move said electrodes out of 
contact, an alternating-current Source and a pair 
of grid-controlled electrical discharge tubes hav 
ing the cathode of each connected to the anode 
of the other to control rotation of said motor, 
a first relay means energized in absence of cur 
rent flow through said electrodes to render one 
of said tubes conductive to cause rotation of Said 
motor in one direction, a second relay means 
energized in response to current flow through 
said electrodes to deenergize said first relay and 
to render the other said tube conductive to ro 
tate said motor in the other direction, means 
for stopping the last-mentioned rotation of Said 
motor after a predetermined time and for en 
ergizing a second motor to rotate one of Said 
electrodes, and a time delay to prevent reen 
ergization of said first relay for a predetermined 
time after cessation of current flow between Said 
electrodes. 

9. In combination with a pair of electrodes 
connected to a power Source, a motor and means 
to cause its rotation in One direction to move 
the electrodes into contact and its rotation in 
the opposite direction to move said electrodes out 
of contact, an alternating-current Source and a 
pair of grid-controlled electrical discharge tubes 
having the cathode of each connected to the 
anode of the other to control rotation of said 
motor, a first relay means which impresses a 
negative iotential on the control electrode of 

the opposite direction to move said electrodes 75 one of said pair of tubes only when Said first 
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relay is deenergized thereby permitting current 
to flow in absence of said negative potential to 
cause rotation of said motor in one direction, a 
second relay which impresses a negative potential 
on the control electrode of the other said tubes 
Only when Said second relay is deenergized, means 
for causing energization of said second relay in 
response to current flow between said electrodes 
to deemergize said first relay and to remove said 
negative potential from the control electrode of 
said second tube to cause rotation of Said motor 
in the other direction, and a third relay which 
deenergizes said second relay a predetermined 
time after initiation of current flow between said 
electrodes. 

10. In combination with a pair of electrodes 
Connected to a power Source, a motor and means 
to cause its rotation in One direction to move 
the electrodes into contact and its rotation in 
the opposite direction to move said electrodes out 2 
of contact, an alternating-current Source and a 
pair of grid-controlled electrical discharge tubes 
having the cathode of each connected to the 
anode of the other to control rotation of said 
motor, a first relay means which impresses a 2 
negative potential on the control electrode of 
one of said pair of tubes only when said first re 
lay is deemergized thereby permitting current 
to flow in absence of said negative potential to 
cause rotation of said motor in one direction, a 
second relay which impresses a negative poten 
tial on the control electrode of the other said 
tubes only when said second relay is deenergized, 
means for causing energization of Said Second 
relay in response to current flow between Said 
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12 
electrodes to deemergize said first relay and to 
remove Said negative potential from the control 
electrode of said second tube to cause rotation 
of said motor in the other direction, a third relay 
which deenergizes said second relay a predeter 
mined time after initiation of current flow be 
tween said electrodes, and a time delay to prevent 
reenergization of said first relay for a predeter 
mined time after cessation of current flow be 
tween Said electrodes. 

11. In combination with a pair of electrodes, 
motor means for moving said electrodes into Con 
tact with each other when voltage is impressed 
on said electrodes While no current flows between 
them and for then producing a separatory move 
ment between said electrodes in response to cur 
rent flow between then, means for causing a 
cessation of movement of said motor means after 
said separatory movement has continued for a 
predetermined time, and means for moving said 
electrodes again into contact with each other 
after a, predetermined time interval following 
cessation of said current flow. 

WILSON MI. BRUBAKER. 
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