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My invention relates to control systems and it
has particular relation to control systems utiliz-
ing electric discharge apparatus for controlling
the flow of power from a source to a work circuit.

An object of my invention is to provide a
system of simple structure incorporating a mini-
mum of auxiliary discharge devices for controlling
the current flow through a pair of main electric
discharge devices.

Another object of my invention is to provide a
system of simple structure incorporating a mini~
mum of auxiliary discharge devices for control-
ling current flow through a pair of main electric
discharge devices of the immersed-ignition-elec~
trode type connected in anti-parallel.

A more general object of my invention is to
provide a novel circuit for controlling an electric
discharge device of the immersed-ighition-elec~
trode type.

A further object of my invention is to provide 2

a simple, efficient, and inexpensive system for
controlling the current flow from a source to a
load.

An ancillary object of my invention is to pro-
vide a resistance, spot and seam welding system
of simple construction that shall operate reliably
and efliciently.

In accordance with my invention, power is
supplied to the material to be welded, or to any

other suitable load, from an alternating-current -

source through electric discharge devices of the
arc-like type. The main discharge devices are
controlled by an auxiliary discharge device of the
arc-like type. When the latter is rendered con-
ductive, current flows through the main discharge
devices and the load, and when the auxiliary dis-
charge device is non-conductive, the current flow
through the main discharge devices is interrupted.
The auxiliary discharge device is rendered con-
ductive and maintained conductive for a prede-
termined time interval by control and timing
means.

The control system for a pair of electric dis-
charge devices of the immersed-ignition-electrode
type connected in anti-parallel is simplified, in
accordance with my invention, by interconnecting
the ignition electrodes of the discharge devices
through a high impedance network made up of
relatively low impedance elements, and supplying
ignition current to the discharge devices through
the low impedance elements. In particular, the
ignition electrodes are interconnected by a net-
work comprising a plurality of rectifiers. To
supply ignition current, the impedance of the net-
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work is controlled by means of the auxiliary dis-
charge device referred to hereinabove,

The novel features that I consider character-
istic of my invention are set forth with particu-
larity in the appended claims. 'The invention it-
self, however, both as to its organization and its
method of operation, together with additional ob-
jects and advantages thereof, will best be under-
stood from the foilowing description of a specific
embodiment when read in connection with the
accompanying drawing, in which:

Figure 1 is a diagrammatic view of an em-
bodiment of my invention;

Fig. 2 is a partial diagrammatic view showing
a modification of my invention; and

Fig. 3 is a diagrammatic view showing another
modification of my invention.

The apparatus shown in Figure 1 comprises a
welding transformer 3, to the terminals of the
secondary 5 of which a pair of welding electrodes
T are connected. The electrodes engage the ma-
terial 9 to be welded and when current is trans-
mitted through a primary |1 of the transformer,
welding current flows through the material.

The primary i1 of the transformer is sup-
plied from an alternating-current source 13,
which may be of the usual 60-cycle commercial
type, through conductors 15, 1T and 18, and a
pair of electric discharge devices 21 and 23 con-
nected in anti-parallel. The discharge devices
are of the immersed-ignition-electrode type. The
discharge device 21 has an anode 23, a mercury
pool cathode 27, and an ignition electrode 289.
Similarly, the discharge device 23 has an anode
31, a mercury pcol cathode 33 and an ignition
electrode 35.

The discharge devices 21 and 23 may be re-
placed by grid-controlled discharge devices pro-
vided a proper resistor, and if desired, a source of
kiasing potential, are shunted between the con-
trol electrode and one of the principal electrodes
of each such substituted grid-controlled discharge
device.

The ignition electrodes 29 and 35 of the dis-
charge devices are interconnected by a pair of
back-to-back rectifiers 31 and 89, each rectifier
having an anode 41 and a cathode 43. The an-
odes 41 are connected to a common junction 45
and the cathodes 43 of rectifiers 37 and 39 are
connected to starting electrodes 29 and 35, re-
spectively. A second pair of rectifiers 47 and 49,
each having an anode 51 and a cathode 53, are
connected back-to-back between the cathodes 21
and 33 of the main discharge devices 21 and 23,
80 that the cathodes 53 are connected to a com-
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mon junction £3. While the rectifiers 37, &8, &7
and 49 are preferably of the dry type, it will be
understood that rectifiers of the electronic type
may be utilized.

To control the flow of ignition current through
the starting electrodes 28 and 38, an auxiliary
discharge device 87 is provided. The latier ig
preferably of the arc-liketype and comprises an
anode 89, a hot cathode 6f, and a control elec-
trode 63 and a gaseous medium ail a suitable
pressure. The cathode 61 of the auxiliary dis-
charge device 57 is connected to the juncticn 45
of rectifiers 37 and 39. The ancde E2 of the
auxiliary discharge device is connected to the
junction 55 of rectifiers 47 and 48.

To control the energization of the auxiliary
discharge device 57, control potential is impressed
between the control electrode §3 and the cathode
81 by control and timing means §85. It will be
understood that conventional startsrs or tiners,
many of which are well known in the art, may
be utilized for controlling the suxiliary discharge
device 51. )

To initiate a welding operation, a circuit con-
troller 64 which is preferably manually operated
and may be a foot switch of a push-button, is
closed to thus initiate the operation of the con-
trol and timing means 6% and becauszs of the po-
tential thereby impressed cn control electrode 83,
the auxiliary discharge device 57 is rendered con-
ductive.

Assume that at the instant under considera-
tion, the polarity of the scurce {3 is such that
the anode 25 of the left-hand discharge device
2! and the cathode 33 of the right discharge
device 23 are positive relative to the cathode 27
of the left-hand discharge device and the anode
81 of the right-hand discharge device. Ignition
current, will then flow through a circuit which ex-
tends from the energized conductor {§ through
rectifier 48, anode 59 and cathode §§ of auxiliary
discharge device 87, rectifier 3%, ignition elec-
trode 29, cathode 27 to the energized conductor
17, This ignition current causes discharge de-
vice 2i to be rendered cenductive and current
to flow from source {3 through the left-hand
discharge device 2! and primary #{ of the welding
transformer 2. Current dces not flow through
the right-hand discharge device becauss at this
time its anode 8§i is negative relative te its
cathode 33, and starting electrode 3% is deensr-
gized.

‘When the potential of the source 18§ reverses,
the ignition current flows from energized con-
ductor 17 through rectifier 41, auxiliary discharge
device 57, rectifier 39, control electrode $5,
cathode 33 to energized conductor i%. FHowever,
at this time, the ancde potential of the right-
hand discharge device 238 is positive and the lat-
ter is rendered conductive, while the left-hand
discharge device 2f is not conductive. It is to
be noted that as soon as cone or the other cf
the main discharge devices 21 or 23 is reandsred
conductive and this cccurs immediately after the
initiation of current flow through the associated
electrodes, the rectifiers 9 and 37 or ractifiers
41 and 239, respectively, and auxiliary dischargs
device %7 are short-circuited by the main dis-
charge device and the current flow through the
ignition electrodes 29 and 35 is discontinued for
the remainder of the half cycle. In this man-
ner, power loss and the other disadvanteges
arising from the continuous current flow through
the ignition electrodes, is avoided.

After a time inferval predetermined by the

[

16

20

25

a5

40

45

60

65

70

75

2,242,894

operation of the control and timing means 65,
the auxiliary discharge device §7 is rendered non-
conductive. Thus ignition current no Ilonger
flows through ignition electrodes 29 and 3% and
the rectifiers &%, 29, 47 and £8. The main dis-
charge devices 2! and 23 become non-conduc-
tive and remsain non-conductive and thie current
flow through the welding transformer 3 is dis-
continued. The auxiliary dischargz device B
remains non-conductive until the nexi cycle of
operation is initiated by the closing of switch &4
or automatically reinitiated after a predetermined
time by the control and timing means €5.

The rectifiers §7 and 38 connected between
the starting electrodes 2% and 25 may be re-
placed by a network §7 comprising an inductor
89 shunted by a capacitor i, as shown in Fig. 2.
The cathode &{ of auxiliary discharge device 57
is connected to an intermediate tap 73 on the
inductor £%. The inducter €9 and the capacitor
11 are preferably tuned to the alternating-cur-
rent supply frequency to constitute an anti-
resonant circuit, but this is merely an ancillary
feature as capacitor 71 may be omitted, or a re-
sistor substituted for inductor €3. The opera-
tion of the system modified as shown in Fig. 2
is substantially the same as the operation here-
inabove described with reference to Iig. 1.

The modification shown in Fig. 3 is the same
as that shown in Fig. 1 except that the rectifiers
47 and 4% and the auxiliary discharge device 51
have been omitited. Axn auxiliary electric dis-
charge device 18 having a plurality of filamentary
electrodes or hot filaments 71, ¥8 and 8f and
control electrodes 8% and 85, is connected be-
tween the catliodes 27 and 23 of the main dis-
charge devices 41 and 23, so that electrode 11
is connecied through an impedance 871 to cathode
27 and electrode 72 is connected through an im-
pedance 8% to cathode 83. The electrode 81 is
cormectled to the junction 45 of rectifiers 31 and
59, Batteries 31 and %5 each having a terminal
voltege greaier than half the peak alternating
potential of the source {2, or any other suitable
source ¢f control potential, are connected between
the control electrodes 83 and 85 and the elec-
trode 8f. To control the operation of the system
& conirol device 95 having stationary contact
members §7 and 89 and moving contact members
§81 is utilized. When the control circuit is closed
through coutact members 97 and (81, the auxil-
iary device T8 is maintained in the deenergized
conditicn. When the control circuit is closed
through contact members §3 and 184, the auxil-
iavy device 7% becomes energized and alternat-
ing-current from source i3 passes through the
discharge device T8 through a circuit which ex-
tends from the energized conductor {5, imped-
ance 88, electrode 19, electrode 7171, impedance
21, to energized conductor 2. When the polarity
of the source is such that anode 25 is positive
relative to cathode 27, igniticn current will flow
through a circuit which extends from the ener-
gized conductor (5, through impedance 838, elec-
trode 1§, electrode &i, rectifier &7, ignition elec-
trode 28 to the energized conductor 17. Dis.
charge device 2f is then rendered conductive
while discharge device 23 remains non-conduc-
tive as hereinabove described with respect to
Fig. 1. Bimilarly, when the polarity of the source
{8 is reversed, discharge device 23 is rendered
conductive while discharge device 2i is non-
conductive,

It will be recognized that the control device
95 of Fig. 3 or the control and timing means 65
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of Pig. 1 may be replaced by a conventional tim-
ing device, many of which are well known in the
art. Timing means of the type described in a
copending application Serial No. 34,003 of John
W. Dawson, filed July 31, 1935, and assigned to
the Westinghouse Electric & Manufacturing Com-
pany may be utilized. The addition of the tim-
ing means to systems constructed according to
my invention will be apparent to persons skilled
in this art. For example, in applying the timer
shown in Fig. 1 of Dawson in place of control
device 95, the operating coil of relay 58 and
switch 57 are connected in series across the source
{3, The primary winding of fransformer 43 is
also connected across the source 3. The nega-
tive terminal of battery 34 is connected to the
control electrodes 83 and 85 and the conductor
39 is connected to junction 45.

It is to be noted that while the discharge de-
vices 15 and 16 are illustrated as separate valves,
they may, under certain circumstances, be re-
placed by a single double-polarity discharge de-
vice comprising a pair of mercury pool electrodes
in each of which an ignition electrode is im-
mersed.

I do not wish to be restricted to the specific
structural details, arrangement of parts or cir-
cuit connections herein set forth, as various modi-
fications thereof may be effected without depart-
ing from the spirit and scope of my invention.
I desire, therefore, that only such limitations shall
be imposed as are indicated in the appended
claims. :

I claim as my invention:

1. In combination, a pair of electric discharge &

devices connected in anti-parallel, each discharge
device having a plurality of principal electrodes
and an ignition electrode in contact with one of
the principal electrodes, means for impressing
an alternating potential between said principal
electrodes, a pair of rectifiers having like ter-
minals connected together, said first pair of recti-
flers being connected in parallel with said dis-
charge devices, a second pair of rectifiers having
like terminals connected together, said second
pair of rectifiers being connected between the said
ignition electrodes, and a common circuit, in-
cluding an auxiliary discharge device, connected
between the said pairs of rectifiers for controlling
the ignition current through said ignition elec-
trodes.

2. In combination, a pair of electric discharge
devices connected in anti-parallel for controlling
the supply of power from a source to a work cir-
cuit, each discharge device having an ancde, a
mercury pool cathode and an ignition electrode
in contact with said cathode, a network com-
prising a first pair of rectifiers having like poles
connected together, said first pair of rectifiers
being connected between the said control elec-
trodes, a second pair of rectifiers having like
poles connected together, said second pair of
rectifiers being connected between the said
anodes of the said pair of discharge devices and
an auxiliary electric discharge device connected
between the common junction of the first pair of
rectifiers and the common junction of the said
second pair of rectifiers, and control means asso-
ciated with the said auxiliary discharge device
for controlling the energization of the said pair of
discharge devices.

3. In combination, a pair of electric discharge
devices connected in anti-parallel for controlling
the supply of power from a source to a work cir-
cuit, each discharge device having an anode, a
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cathode, and an ignition electrode immersed in
said cathode, a parallel-tuned network consisting
of a plurality of impedances and tuned to the
frequency of said source, connected between the
ignition electrodes of said valves, one of said im-
pedances having an intermediate tap, a pair of
back-to-back rectifiers connected between the
anodes of said pair of discharge devices, an
asymmetrically conductive auxiiiary discharge
device having a plurality cf principal electrodes,
means for connecting one of the principal elec-
trodes of said auxiliary discharge device to the
intermediate tap of said one impedance, means
for connecting the other principal electrode to
the common junction of said rectifiers, and means
associated with the said auxiliary discharge de-
vice for controlling the energization of the said
pair of discharge devices.

4, In combination, a pair of electric discharge
devices connected in anti-parallel for controlling
the supply of power from a source to a work cir-
cuit, each discharge device having a plurality of
principal electrodes and a control electrode, a
network having one portion comprising a first
pair of rectifiers and an auxiliary electric dis-
charge device connected between the said control
electrode and one of the principal electrodes of
one of the said pairs of discharge devices, and
having another portion comprising a second pair
of rectifiers and the said auxiliary discharge de-
vice connected between the said control electrode
and one of the principal electrodes of the other
of the said pair of discharge devices and control
means associated with the said auxiliary dis-
charge device for controlling the energization of
the said pair of discharge devices.

5. For use in supplying an alternating current
load from a source of alterrating current, the
combination comprising a pair of electric dis-
charge devices of the immersed ignition electrode
type connected in anti-parallel between said
source and said load, each of said discharge de-
vices having an anode, a cathede, and an ignition
electrode immersed in said cathode, a first pair
of rectifiers connected between the anode and the
ignition electrode of one of said discharge devices,
a, second pair of rectifiers connected between the
anode and the ignition electrode of the other of
said discharge devices, and a common circuit
interconnecting the said first pair of reciifiers
and the said second pair of rectifiers, the said
common circuit inciuding mweans for controlling
the flow of current through said rectifiers and
said ignition electrodes to render the said dis-
charge devices conductive.

6. For use in controlling the supply of power
from a source of periodically pulsating potential
to a load, the combination comprising a pair of
electric discharge devices each having a plurality
of principal electrodes and a control electrode, a
first pair of rectifiers connecied between the con-
trol electrode and one cf the principai electrodes
of one of the said discharge devices, and a sec-
ond pair of rectiiiers connected between the con-
trol eiectrode and one of the principal electrodes
of the other of said discharge devices, the said
rectifiers being interconnected by a common cir-
cuit including meauns for confroliing the flow of
current through the said rectifiers to control the
energization of the said discharge devices.

7. For use in supplying an alternating current
load from a source of alternating current, the
combination comprising a pair of electric dis-
charge devices of the immersed-ignition electrode
type connected in anti-parallel between said
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source and said load, each of said discharge de-
vices having an anode, a cathode, and an ignition
electrode immersed in said cathode, a first pair
of rectifiers having like poles connected together,
said first pair of rectifiers being connected be-
tween the said ignition electrodes, a second pair
of rectifiers having like poles connected together,
said second pair of rectifiers being connected in
parallel with said discharge devices, and means
for transmitting current through the said recti-
fiers and said ignition electrodes to render said
dischairge devices conductive.

8. Tan combination, an alternating current sup-
ply having two line conductors, two electric dis-
charge devices each having an anode, a cathode
and a control electrode, said discharge devices
being connected to deliver current to opposite
conductors of said supply, two unilateraliy-con-
ductive current paths having a first set of like
terminals connected together and a second set of
like terminals connected respectively to the oppo-
site conductors of said supply, a network having
5 neutral peint, said network being ccnnected in
series with the control electrodes of said two dis-
charge devices across said two conductors, and
means including a control electrode to conbrol
current flow between said neutral point and said
Hrst set of like terminals.

9, In combination, an alternaticg current sup-
ply having two line conductors, a pair of electric
discharge devices of the immersed ignition elec-
trode type connected in antiparallel to deliver

“eurrent to opposite conductors of said supply,
each discharge device having an anode, a cathode
and an ignition electrode immersed in said cath-
ode, two unilaterally-conductive current paths
having a first set of like terimminals connected
together and a second set of like terminals con-
nected respectively to the opposite conductors of
said supply, a network having an intermediate
terminal, said network being connected in series
with the ignition electrodes and cathodes of said
two discharge devices across said two conductors,
and means including a control electrode to con-
trol current Bow between said intermediate ter-
minal and said first set of terminals.

10. In combination, an alternating current
supecly having two line conducters, two electric
discharge devices each having an anode, a cath-
cde and a control elecirode, said discharge de-
vices being connected to deliver current to oppo-
site conductors of szid supply, two unilaterally-
conductive current paths having a common jurnc-
tion and s pair of terminals, said terminals being
connected respectively to opposite conductors of
said supply, a network comprising a pair of uni-
laterally conductive current paths having a set
of like terminals connected together, said network
being connected in series with the control elec-
trodes of said two discharge devices across said
two conductors, and control means comprising
a single current path for controlling the current
flow between said junction and said set of like
terminals.

11. In combination, an alternating current sup-
rly having two line conductors, two main electric
discharge devices each having an anode, a cath-
ode and a control electrode, said main devices
keing connected to deliver current to opposite
conduciors of said supply, an auxiliary electric
discharge device having three principal elec-
trodes arranged to constitute two unidirectional
discharge paths, one of said principal electrodes
heing common to both discharge paths, means
for connecting the other two electrodes respac-
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tively to said two conductors, a network com-
prising two unilaterally conducting paths having
a set of like terminais connected together to said
one principal electrode of said auxiliary device,
said network being connected in series with the
control electrodes of said two main devices across
said two conduectors, and control electrode means
for said auxiliary discharge device.

i2, In combination, a first and a second main
electric discharge device of the immersed-igni-
tion-electrode type connected in antiparallel for
controlling the supply of power from a source to
a work circuit, each main discharge device hav-
ing an anode, a cathode, and an ignition electrode
immersed in said cathiode, a first control circuit
for said first main discharge device, said first
control circuit comprising a first and a second
rectifier, an auxiliary discharge device and the
ignition electrode and the cathode of said first
main discharge device connected in series circuit
relation to be energized from said source, a sec-
ond contrel circuit for said second main discharge
device, said second centrol circuit comprising a
third and. a fourth rectifier, the said auxiliary
discharge device and the ignition electrode and
the cathode of said second main device con-
nected in series circuit relation to be energized
from said source, and control means for gaid aux-
iliary digcharge device.

13. For use in supplying an alternating cur-
rent load from a source of aiternating current,
the combination comprising a pair of msin elec~
tric discharge devices of the immersed-ignition-
electrode type connected in anti-parallel between
said source and said load, each of said main dis-
charge devices having an anode, a cathode, and
an ignition electrode immersed in said cathode,
a peir of back-to-back rectifiers connected he-
tween the ignition electrodes, the said rectifiers
having a comimon junction, an auxiliary dis-
charge device having a pair of anodes, a cathode,
and a control clecirode, means connecting the
ancdes of said asuxiliary discharge device to the
cathodes of said main discharge devices, means
for cennecting the cathode of said auxiliary dis-
charge device to the junction of said rectifiers
and means connected between the control elec-
trode and the cathode of said auxiliary discharge
device for rendering said auxiliary discharge de-
vice conductive.

14. In combination, a pair of electric discharge
devices of the immersed-ignition-electrode type
connected in anti-parallel for controlling the sup-
ply of power from a source to a work circuit, each
discharge device having a pair of principal elec-
trodes and a starting electrode immersed in said
cathode, two unilaterally conductive current
paths having a common junction and a set of
like terminals connected respectively to opposite
principal electrodes of said discharge devices, 2
network having an intermediate terminal, said
network being connected between the starting
electrodes of said discharge devices and means
including a control electrode to control current
flow between said set of like terminals and said
intermediate terminal through said common
junction.

15. In a system for controlling the supply of
power from a source to a work circuit, in com-
bination, a pair of main electric discharge de-
vices connected between said scurce and said
work circuit, each of said main discharge de-
vices having a pair of principal electrodes and
a starting electrode, a pair of rectifiers having a
first seb of like terminals connected together
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and having one terminal of a second set of like
terminals connected to a principal electrode of
one of said main discharge devices and another
terminal of said second set of like terminals con-
nected to a principal electrode of the other of
said main discharge devices, a network having an
intermediate terminal, said network being con-
nected between the starting electrodes of said
discharge devices and means including an aux-
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iliary electric discharge device having a plurality
of principal electrodes and a control electrode
connected between the junction of said first set
of like terminals of said rectifiers and the said
intermediate texminal of said network for con-
trolling the ignition of said main discharge de-
vices.
FREDERICK W, LYLE.




