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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 
nun 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 innerSed-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 innersed-ignition-elec 
trode type. 
A further object of my invention is to provide 

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 

Wide a resistance, spot and seam Welding System 
of simple construction that shall operate reliably 
and efficiently. 

In accordance With my invention, power is 
Supplied to the material to be Weded, 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 
e3S 

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 following description of a specific 
embodiment When read in connection with the 
accompanying drawing, in which: 

Figure l 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 

Weiding transformer 3, to the terminals of the 
Secondary 5 of which a pair of Welding electrodes 
are connected. The electrodes engage the ma 

terial 9 to be Welded and when current is trans 
mitted through a primary of the transformer, 
Welding current flows through the material. 
The primary of the transformer is sup 

plied from an alternating-current source 3, 
Which may be of the usual 60-cycle commercial 
type, through conductors 5, 7 and 9, and a 
pair of electric discharge devices 2 and 23 con 
nected in anti-parallel. The discharge devices 
are of the immersed-ignition-electrode type. The 
discharge device 2 has an anode 25, a mercury 
pool Cathode 27, and an ignition electrode 29. 
Similarly, the discharge device 23 has an anode 
3, a mercury pool cathode 33 and an ignition 
electrode 35. 
The discharge devices 2 and 23 may be re 

placed by grid-controlled discharge devices pro 
Vided a proper resistor, and if desired, a source of 
biasing 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 37 and 39, each rectifier 
having an anode 4 and a cathode 43. The an 
Odes if 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 5 and a cathode 53, are 
connected back-to-back between the cathodes 27 
and 33 of the main discharge devices 2 and 23, 
So that the cathodes 53 are connected to a com 
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mon junction 5. While the rectifiers 3, 39, is 
and 9 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 curret thirogil 

the starting electrodes 29 and 35, an al Xiliary 
discharge device E is provided. The later is 
preferably of the arc-liketype and coirprises ain 
anode 59, a hot cathode 68, and a conticol elec 
trode 63 and a gaseous nediuin at 2, SLitaile 
pressure. The cathode of the 313iliary dis 
charge device 5 is connected to the junctici (5 
of rectifiers 3 and 39. The anode 59 of the 
auxiliary discharge device is coininected to the 
junction 55 of rectifiei's A and $3. 
To control the energization of tie auxiliary 

discharge device 5, control potential is in pressed 
between the control electrode 63 and the catinode 
6 by control and timing means 5. It Will ge 
understood that conventional startars or tirers, 
many of Which are Well known in the art, Inay 
be utilized for controlling the au:iliary discharge 
device 5. 
To initiate a Welding operation, a circuit conr. 

troller 64 which is preferably manually operated 
and may be a foot SWitch of a push-button, is 
closed to this initiate the operation of the con 
trol and tinning means 65 and because of the po 
tential thereby impressed on control electrode 63, 
the auxiliary discharge device 5F is reindered cor 
ductive. 
ASSune that at the instant under considera 

tion, the polarity of the source 3 is Such that 
the anode 2 of the left-hand discharge device 
2 and the cathode 33 of the right discharge 
device 23 are positive relative to the cathode 2 
of the left-hand discharge device and the anode 
3 of the right-hand discharge device. Egnition 
current Will then flow through a circuit which ex 
tends from the energized conductor E5 through 
rectifier 49, anode 53 and cathode 3 of auxiliary 
discharge device 5, rectifier 3i, ignition elec. 
trode 29, cathode 2i to the energized conductor 
... This ignition current causes discharge de 
vice 2 to be reindered conductive and current 
to flow from Source 3 through the left-hand 
discharge device 2 and primary of the Welding 
transformer 3. Current does not flow through 
the right-hand discharge device because at this 
time its anode 3 is negative relative to its 
cathode 33, and starting electrode 33 is deeiner 
gized. 
When the potential of the source 3 reverses, 

the ignition current flows from energized con 
ductor through rectifier it, auxiliary discharge 
device 5, rectifier 33, control electrode 35, 
cathode 33 to energized conductor . However, 
at this tine, the anode potential of the right 
hand discharge device 23 is positive and the lat 
ter is rendered conductive, while the left-hand 
discharge device 2i is not conductive. It is to 
be noted that as Soon as one or the other of 
the main discharge devices 2A or 23 is rendered 
conductive and this occurs immediately after the 
initiation of current flow through the associated 
electrodes, the rectifiers 9 and 37 or rectifiers 
47 and 39, respectively, and auxiliary discharge 
device 6 are short-circuited by the rain 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 main 
ner, power loss and the other disadvantages 
arising from the continuous current fiOW through 
the ignition electrodes, is a Voided. 
After a time interval predetermined by the 
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operation of the control and tining means 65, 
the auxiliary discharge device i is rendered non 
conductive. Thus ignition current no longe' 
flows through ignition electrodes 29 and 35 and 
the rectifiers 37, 39, is and A3. The main dis 
charge devices 2 and 23 becore non-conduc 
tive and remain non-conductive and tile current 
fiOW through the Weiding transformer 3 is dis 
continued. The auxiliary discharge device 5. 
remains non-conductive until the next cycle of 
operation is initiated by the closing of SWitch 64 
or automatically reinitiated after a predetermined 
time by the control and tinning Ireas $5. 
The rectifies 3 and 39 connected between 

the starting electrodes 29 and 33 lay be re 
placed by a network. SR Comprising an inductor 
69 shunted by a capacitor i , as shown in Fig. 2. 
he cathode of auxiliary dischalge device 5. 

is connected to an intermediate tap 3 on the 
inductor 9. She inductor 89 and the capacitor 

are prefei'ably tuned to the alternating-cur 
rent Supply frequency to constitute an anti 
resonant circuit, but this is merely an ancillary 
feature as capacitor f may be omitted, or a re 
sistor Substituted for inductor S. he opera 
tion of the System modified as shown in Fig. 2 
is Substantially the same as the operation here 
in above described with reference to Fig. i. 
The modification ShoW in Fig. 3 is the Sane 

as that ShoWin in Big. 1 except that the rectifiers 
E. and £3 and the auxiliary discharge device 5T 
have been Chitted. An au:Xiliary electric dis 
charge device ; having a plurality of filamentary 
electrodes or hot filainents it, 29 and 8 and 
control electrodes 83 and 85, is connected be. 
tween the cathodes 22 and 33 of the main dis 
charge devices 2 and 23, so that electrode TT 
is Collected til'Ogin an impedance 8 to Cathode 
2 and electiode 9 is connected through an im 
p2ia,ince 33 to cathode 33. The electrode 8 is 
Coinected to the junction is of rectifiers 37 and 
39. Batteries and 33 each having a terminal 
Voit;2 ge greater than half the peak alternating 
potential of the Source 3, of any other suitable 
Source of control potential, are connected between 
tile control electrodes 33 and 85 and the elec 
ti'Ode 3:... fo control the operation of the system 
a Controi device S5 having Stationary contact 
neagerS SE and 33 and moving contact members 
Sii is utilized. When the control circuit, is closed 
through COIntact embers 9 arid if, the auxil 
iary device it is maintained in the deemergized 
Condition. Winen the control circuit is closed 
thirough Contact members 99 and 0 , the auxil 
ially device is becomes energized and alternat 
ing-Cari'eilt from Source 3 passes through the 
disci.large device F5 through a circuit which ex 
teinds from tile energized conductor 5, imped 
a Ce 33, electrode 3, electrode 77, impedance 
8', to energized conductor 2. When the polarity 
of the SOUlce is Such that anode 25 is positive 
i'elative to cathode 2, igniticn current will flow 
through a circuit Which extends from the ener 
gized conductor 5, through impedance 89, elec 
troge ES, electrode 3, rectifier 3, ignition elec 
ti'Ode 29 to the energized conductor F. Dis. 
charge device 2A is then rendered conductive 
Wiile discharge device 23 remains non-conduc 
tive as hereirabove described with respect to 
Fig. i. Sinilarly, when the polarity of the source 
f3 is reversed, discharge device 23 is rendered 
Conductive While discharge device 2i is non 
CGnductive. 

It Will be i'ecognized that the control device 
95 of Fig. 3 or the cintrol and timing means 65 
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of Fig. 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 transformer 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 5 and 6 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 in 
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. 3 
I desire, therefore, that only such limitations shall 
be imposed as are indicated in the appended 
claim.S. 

I claim as my invention: 
1. In combination, a pair of electric discharge 3 

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 
fiers being connected in parallel with said dis 
charge devices, a second pair of rectifiers having 
like terminals connected together, Said second 
pair of lectifiers being connected between the said 
ignition elect Odes, 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 anode, 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 innerSed 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 in 
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 auxiliary discharge 
device having a plurality of 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 discinarge 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 alternating current, the 
combination comprising a pair of electric dis 
charge devices of the innersed ignition electrode 
type connected in anti-parallel betWeen Said 
Source and said load, each of Said discharge de 
vices having an anode, a cathcde, and an ignition 
electrode innersed 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 COInnon circuit 
interconnecting the Said first pair of rectifiers 
and the said Second pair of rectifiers, the Said 
common circuit including neans 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 Cornprising a pair of 
electric discharge devices each having a plurality 
of principal electrodes and a control electrode, a 
first pair of rectifiers connected between the con 
trol electrode and one of the principal electrodes 
of One of the said discharge devices, and a sec 
Gnd pair of rectifiers Coinnected betWeen the con 
trol eiectrode and Oine of the principal electrodes 
of the other of Said discharge devices, the said 
rectifiers being interconnected by a common cir 
cuit including means for controliing 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 innersed-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 
dischaige devices Conductive. 

8. In combination, an alternating Current Slip 
ply having two line conductors, two electric dis 
charge devices each having an anode, a Cathode 
and a control electrode, said dischai'ge devices 
being connected to deliver current to Opposite 
conductors of said supply, two unilaterally-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 
a neutra: point, said network being Connected in 
series with the control electrodes of Said two dis 
charge devices across said two conductors, and 
means including a control electrode to COintrol 
current flow between said neutral point and Said 
first set of like terminals. 

9. In combination, an alternating current Sup 
ply having two line conductor's, a pair of electric 
discharge devices of the immersed ignition elec 
trode type connected in antiparallel to deliver 
current to opposite conductors of Said Supply, 
each discinarge device having an anode, a Cathode 
and an ignition electrode immel'sed in Said cath 
ode, two unilaterally-conductive current paths 
having a first set of like terminals 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 catinodes of Said 
two disciarge devices across said two conductors, 
and lineans including a control electrode to Con 
trol current flow between said intermediate tei"- 
minal and said first set of terminals. 

10. In combination, an alternating Current 
supply having two line conductors, two electric 
discharge devices each having an anode, a cath 
ode and a control electrode, Said discharge de 
vices being connected to deliver current to Oppo 
site conductors of said supply, two unilaterally 
conductive current paths having a common junc 
tion and a 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 
fiow between said junction and said set of like 
terminals. 

1:... In combination, an alternating current Sup 
ply having two line conductors, two main electric 
discharge devices each having an anode, a cath 
ode and a control electrode, Said main devices 
being connected to deliver current to Opposite 
conductors 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 
being common to both discharge paths, means 
for connecting the other two electrodes respec 
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tively to said two conductors, a network com 
prising tWo unilaterally conducting paths having 
a Set of like terminals 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 conductors, and control electrode ineans 
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 Wolk circuit, each main discharge device hav 
ing an anode, a cathode, and an ignition electrode 
innersed in Said cathode, 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 
Oind COntrol circuit for Said Second main discharge 
device, Said Second control 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 
rected in Series cil'cuit relation to be energized 
from Said Source, and control means for said aux 
iiiary discharge device. 

13. For USe in Supplying an alternating cul 
rent load from a Source of alternating current, 
the COInbination COE) prising a pair of main elec 
tric discillarge 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 innersed in said cathode, 
a pair of back-to-back rectifiers connected ce 
tWeen the ignition electrodes, the said rectifiers 
having a Connon junction, an auxiliary dis 
Charge device having a pair of anodes, a cathode, 
and a Control electrode, means connecting the 
anodes Of Said auxiliary discharge device to the 
Cathodes of Said main discharge devices, means 
for connecting Elle Cathode of said auxiliary dis 
chal'ge device to the junction of said rectifiers 
and means Connected between the control elec 
trode aid 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, a 
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 froin a Source to a work circuit, in con 
bination, a pair of main electric discharge de 
Vices Connected between said source 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 set 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 

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 terminal of Said netWork for con 
trolling the ignition of Said main discharge de 
vices. 

FREDERICK W. LYLE. 


