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The present invention relates to electronic control cir-
cuits and more particularly to a novel electronic timer
circuit which finds advantageous application in the elec-
tric resistance welding art.

It is an object of the present invention to provide an
electronic timing circuit, particularly for use in electric
resistance welders, which will retain a high degree of ac-
curacy regardless of wide variations in the applied con-
trol voltage. It will of course be understood that in
normal electric resistance welding current demands are
exceptionally high during the welding operation. Thus
unless special facilities are utilized for proper voltage
regulation and correction, a substantial drop in the line
voltage may be expected. To avoid the deleterious ef-
fect of such a voltage drop upon timing accuracy it has
heretofore been common practice to provide for voltage
regulation in the control circuits. The present invention
eliminates the need for these extra components and the
additional cost concomitant therewith as will hereinafter
appear.

Another object of the present invention is the pro-
vision of a timing circuit which is adapted to function
entirely from an alternating current source rather than
from a direct current source as has been heretofore
thought necessary to obtain the high degree of accuracy
and control versatility desired in a weld timer.

Another object of the invention is the provision of an
electronic timing circuit arrangement having the char-
acteristics enumerated above wherein a single style and
size of electronic discharge tube may be used throughout.
This arrangement greatly facilitates repair and mainte-
nance of the control as will be understood.

A further and very important object of the present
invention is the provision of a novel timing circuit where-
in a particular phase of control, as for example initiating,
timing and interrupting the flow of weld current in a weld-
ing machine, is provided by a single tube, whereby if the
tube were to burn out or otherwise cease to function
during a control cycle the control phase would automati-
cally be terminated. It is presently common practice,
particularly in the resistance welding art, to utilize a
conventional “flip-flop” arrangement in timing circuits
whereby a control phase is initiated by the firing of one
tube or discharge device and is ended by the firing of
another which causes the first to be extinguished.
be apparent that in such an arrangement should the sec-
ond discharge device fail to fire for any reason, the con-
trol phase will continue until the entire apparatus is shut
down. Failures such as this, while not common, may
cause considerable damage to the apparatus and/or work,
and as will hereinafter appear I have substantially pre-
cluded the possibility of such an occurrence by my novel
circuit,

Other objects and advantages of the invention will be-
come apparent upon full consideration of the following
detailed specification and accompanying drawing where-
in is illustrated a certain preferred embodiment of my
invention,
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The sole figure of the drawing is a schematic represen-
tation of a control circuit constructed according to the
teachings of my invention and associated with conven-
tional electric resistance welding equipment.

In the drawing, I have shown a conventional alternat-
ing current source 10 which connects the primary winding
of a transformer 11. Connected across the secondary
terminals of the transformer 11, the said terminals being
represented by conductors 12 and 13, is a conventional
gaseous discharge device 14. In the illustrated embodi-
ment the cathode of discharge device 14 connects the
conductor 12 and the anode is connected to one terminal
of a relay 15; the other terminal of the relay being con-
nected through a current limiting resistor 16 to the con-
ductor 13. A normally open starting switch 17 is inter-
posed in the conductor 13 whereby discharge device 14
is maintained normally non-conducting, and it will be
observed that upon closing of the switch 17 anode-cathode
voltage will be applied. The discharge device 14, initial-
ly having no hold-off bias, as will presently appear, thus
fires on alternate half cycles of applied voltage; the ar-
rangement here being that firing will take place when
the conductor 13 is positive with respect to conductor 12.
Firing of discharge device 14 energizes the series con-
nected relay 15 and the latter is provided with a conven-
tional holding circuit, comprising conductors 18 and 19
and contacts 154, connected in shunt relation with the
switch 17 whereby the same need be closed but momen-
tarily to initiate a control cycle. To prevent chattering
of the relay 15 I have provided a capacitor 29 and resistor
21, connected in parallel with the coil of relay 15, which
serve to store energy during the half cycle during which
discharge device 14 conducts, and to discharge such stored
energy through the relay coil during the non-conducting
half cycle.

Closing of the relay 18 connects conductor 22 with
conductor 13, through contacts 15b, and thus applies
anode-cathode voltage to another gaseous discharge de-
vice 23, which as shown is connected at the cathode to
conductor 22 and at the anode to conductor 12. The
control grid of discharge device 23 is connected with the
terminal conductor 13 through conductors 24 and 25,
and a tank circuit comprising a capacitor 26 and resistor
27 connected in parallel with a potentiometer 28. Con-
ductor 22, and hence the cathode of discharge device 23,
is also connected to the terminal conductor 12 through
conductor 29 and series connected resistors 39 and 31.
The arrangement is such that when voltage is applied
to the transformer 11, but before a cycle has been initi-
ated by closing switch 17, there will be a conduction of
current between the cathode and control grid elements
of discharge device 23. This action, commonly known
as grid rectification, charges the capacitor 26 and ac-
cordingly causes the grid of discharge device 23 to be-
come highly negative with respect to the terminal con-
ductor 13. Thus when the relay 15 closes and conductor
22 is connected with conductor 13, discharge device 23
has a high negative control bias and is maintained in a
non-conductive state. The charge on the capacitor 26
will, of course, leak off through the tank circuit at a rate
determined by the resistance 27 and the setting of the
potentiometer 28, and discharge device 23 will thus fire
at a predetermined time subsequent to the closing of the
relay 15, which predetermined time may be varied with-
in certain design limits by appropriate setting of the po-
tentiometer 28. To insure that discharge device 23 will
fire at the proper point in the cycle I have connected the
screen grid of the said device to the conductor 29 inter-
mediate resistors 30 and 31. A control signal is thus
impressed upon the screen grid which is synchronous
with the applied anode-cathode voltage whereby, upon
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the discharge device approaching a conductive state
through loss of control grid bias the screen grid signal is
sufficient to trigger the tube.
Connected in series with the circuit of discharge device
23 are a rectifier 32, resistor 33 and capacitor 34. The
rimary winding of a transformer 35 is connected in
paralilel with the three last mentioned elements whereby
periodical voltage impulses will be sent to the trans-
former as discharge device 23 fires on alternate half
cycles of the applied potential. The secondary winding
of the transformer 35 is connected with the control grid
and cathode of another gasecous discharge device 36
whereby the impulses thus sent by discharge device 23
will be applied as positive control grid impulses to dis-
charge device 36. As shown, discharge device 36 is
connected to conductors 22 and 12 and thus will fire im-
mediately upon receiving a positive grid impulse from
the transformer 35. Note, however, that discharge de-
vices 23 and 36 are reversed in polarity and will fire on
opposite half cycles of voltage. The triggering impulse
from the transformer 35 is thiis an inductive “kick” caused
by the cessation of current flow in the primary winding.
Series connected in the anode circuit of discharge de-
vice 36 is the primary winding of an impulse transformer

37, the secondary of which connects the control grid of i

another gaseous discharge device 38. The cathode of
discharge device 38 is connected to termiunal conductor
12 while the anode is connected through impuise trans-
former 39, resistor 4%, normally closed switch 41, relay
42 and conductor 43 to the conductor 22. Anode-cathode
voltage is applied to discharge device 3% upon energiza-
tion of relay 15 and firing of this tube will thus depend
upon subsequent conditioning of its control and/or screen
grid. In the present illustratior: I have provided for a
normally zero control grid bias and a relatively high nega-
tive screen grid bias which maintains discharge device 38
normally non-conductive. The control grid circuit of the
last mentioned discharge device may be traced from the
device through conductor 44, potentiometer 45, conduc-
tors 46, 47 and 48, capacitor 49 and finally to the terminal
conductor 12 where reference is made with the cathcde.
Connected in parallel with the potentiometer 45 is the
secondary winding of impulse transformer 37; the latter
being adapted to send a positive signal to the control grid
of discharge device 38 whereby the same may be rendered
conducting.

It will be observed that relay 42, which is connected
in series with discharge device 38, will be energized
upon the firing of the device. Normally open contacts
42a of relay 42 thus connect conductors $¢ and 51 lead-
ing to a welding contactor 52 as indicated. Any of
various well knowsn arrangements may be utilized to
energize the contactor 52 upon connecting the conductors
59 and 51 as will be understood. The flow of welding
current being thus controllable by energizing and de-
energizing relay 42, it will be apparent that the weld time
may be controlled by timing the duration of conduction
of discharge device 38. To accomplish this I provide
charging means for the capacitor 49 whereby the same,
as it becomes charged, will apply an increasingly nega-
tive control grid bias to discharge device 3%. Thus it
may be understood that the latter may be again rendered
non-conducting at such time as the negative bias applied
by condenser 49 is of greater magnitude than the positive
signal impressed upon the grid by impuise transformer
37.

To properly charge the condenser 49 as explained
above I have connected the latter, a potentiometer 53,
and resistor 54 in parallel with a resistor 55 and with
capacitor 34. The last mentioned capacitor 34, being
connected in series with discharge device 23 becomes
charged while the same is conducting and it will be ap-
parent that the voltage thus appearing across the capacitor
34 will be applied across the resistor 55 and across the
series connected resistor 54, potentiometer §3 and capaci-
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tor 49. Capacitor 49 will accordingly charge at a rate
determined by the values of resistor 54 and potentiometer
53; the rate being of course variable by adjustment of the
potentiometer 53.

For accurate control of discharge device 38 it is desir-
able, during the firing and timing out thereof, to remove
the highly negative screen grid bias which normally op-
erates to aid in keeping the tube in non-conducting state.
This I accomplish by providing another gaseous discharge
device 54, the cathode of which is connected to terminal
conductor 13 throngh conductors 57 and 25, and the
anode of which is connected to the other terminal con-
ductor 12 through resistors 38, 59 and 68. It will be ob-
served that conductor 25 connects conductor 13 between
the transformer 11 and starting switch 17 so that ancde-
cathode voltage is applied to the device 56 upon energiza-
tion of transformer 14; it not being necessary to first
close switch 17. The control grid of discharge device
56 is connected through curreat limiting resistor 61 to
anode circuit of discharge device 38; the connection being
made between resistor 40 and switch 41 as shown. Thus
upon energization of transformer 11 and prior to ihe
firing of discharge device 38, the contro! grid of discharge
device 56 is either totally disconnected, or is connected
to and at the voltage of the cathode; the connection being
traceable through. deencrgized relay 42, conductor 22,
contacts 15b, conductor 13, conductor 19, contacis 15¢,
and conductors 18, 25 and 87. Discharge device 56 thus
having no contro! grid bias prior to the firing of discharge
device 38, the former will conduct during this time.
The desired screen grid bias for discharge device 38 may
then be obtained by connecting the screen to the ancde
circuit of discharge device 56 botween resistors 59 and
60. A capacitor 61 is preferably provided iz parailel
connection with resistors 59 and 68 in order to at least
paritially filier the half-wave voltage applied thereto.

It will be understood that the firing of discharge device
38, as initiated by suitable signal from iransformer 37,
will cause a substantial voltage drop to appear across
the terminals of relay 42, and will thus render the con-
trol grid of discharge device 56 highly negative with
respect to its cathode. Tube 58§ thereupon ceases to
conduct and the screen grid bias is removed from dis-
charge device 38 as is desired. Resistor §2 and capacitor
63 are conventionally provided in paralle]l with reiay 42
to alternately store and release energy in compensation
for the half-wave conduction of discharge device 38.
Note also that the screen grid of discharge device 36
is connected in the same manner as that of discharge de-
vice 38. The control grid is of course similar.

As discharge device 38 times out and ceases to con-
duct, the control grid bias is of course removed from
discharge device 56 and the latter again begins to cou-
duct. The highly negative screcn grid potential is thus
restored to discharge devices 38 and 36 to insure ihat the
same do not prematurely refire. This is an important fea-
ture of the present invention since it substantially elimi-
nates the possibility of accidentally triggering discharge
device 38 and thus the weld contactor 52 by unpredictable
transients which may appear in the circuit.

The arrangement thus far described provides for a
predetermined but variable period of delay between the en-
ergization of relay 15 and the firing of discharge device
38 to initiate the flow of weld current. According to
the usual practice in the resistance welding art this delay
period, commonly known as “squeeze time” is utilized
to move the welding electrodes into contact with  the
work pieces and to apply pressure thereto. For this
purpose I utilize normally open contacts 15¢ to- connect
conductors 64 and 635 upon energization of relay 18
whereby a desired sequence of mechanical movement of
the apparatus may be initiated. Sequencing controls of
this nature are well known and are merely schematically
indicated here by the reference numeral 68,

It is also usual practice in the art to provide a prede-
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termined delay period, known as “hold time” between
the cessation of flow of weld current and retraction of
the electrodes from the work. To accomplish this I
provide another gaseous discharge device 67 which is
operative when conducting to extinguish discharge device
14 and thus decnergize relay 15, causing retraction of the
electrodes by virtue of opening contacts 15c¢. Cooperat-
ing with discharge device 67 is yet another gaseous dis-
charge device 68 which operates responsive to the timing
out of discharge device 38, and a predetermined time
thereafter, to initiate conduction in discharge device 67.

In the instant illustration the anode of discharge
device 67 is connected with terminal conductor 12 through
a tank circuit comprising a resistor 69 and capacitor 70
connected in parallel with a resistor 71 and potentiometer
72. The cathode of the last mentioned discharge device
is connected with conductor 22 through a tank circuit
comprising a resistor 73 in parallel with a capacitor 74.
The arrangement is such that anode-cathode voltage is
applied to discharge device 67 upon energization of relay
15; the device, however, being maintained normally non-
conductive through suitable grid control as will appear.

Discharge device 68 has its cathode connected directly
to terminal conductor 12 and its anode connected to
conductor 25, and hence terminal conductor 13, through
a tank circuit comprising resistor 75 and capacitor 76
in parallel with resistor 77 and potentiometer 78. The
control grid circuit for this discharge device is traceable
from the discharge device through the resistor 79, second-
ary winding of transformer 39, conductor 80, and re-
sistor 81 to terminal conductor 12. Screen grid coentrol
is alsc provided by connecting the screen between re-
sistors 55 and 54 by means of conductor 83. From
inspection of the above described connections it will be
observed that anode-cathode voltage will be applied to
discharge device 68 upon energization of transformer
11, and the device, having no control- or screen-grid
bias prior to the closing of switch 17, will begin conduct-
ing immediately. A substantial voltage drop will then
appear across the tank circuit comprising elements
75-78, and thus by connecting the grid of discharge
device 67 with the anode of discharge device 68 a highly
negative control bias will be impressed upon the former,
rendering it of course non-conductive, when discharge
device 68 is conducting.

Upon the initiation of a welding cycle; and as discharge
devices 14, 23, 36 and 38, respectively, begin to conduct,
discharge device 68 will be conducting, and accordingly
maintaining discharge device 67 in a non-conductive
state.  As capacitor 34 (anode circuit of discharge device
23) begins to charge, however, an increasingly negative
voitage will appear on the screen grid of discharge device
68 which accordingly tends to become non-conductive.
Conduction is maintained though, by means of trans-
former 39 which impresses a positive signal on the
control grid. Thus it may be understood that upon the
discharge device 38 timing out and the positive grid
signals received therefrom through transformer 39 ceas-
ing, discharge device 68 will cease to conduct, Discharge
device 67 does not fire immediately, however, since the
capacitor 76, having been charged during the conductive
pericd of discharge device 68, maintains a negative bias
on the grid of discharge device 67. Dissipation of the
charge on capacitor 76 takes place at a rate determined
by the values of resistors 75 and 77 and potentiometer
78, and discharge device 67 accordingly becomes con-
ductive after a predetermined delay period.

To terminate the welding cycle upon initiation of
conduction in discharge device 67 I have connected the
control grid of discharge device 14 to the anode of dis-
charge device 67. Thus the voltage drop appearing
across the tank circuit comprising elements 69-72 places
a highly negative bias upon the grid of discharge device
14 rendering the same non-conductive and causing relay
15 to be deenergized. Anode-cathode voltage is immedi-
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ately removed from discharge devices 23, 36, 38 and 67.
Discharge devices 23 and 67 will immediately cease to
conduct; discharge devices 36 and 38 having previously
ceased to conduct as explained. Deenergization of relay
15 also interrupts current flow in conductors 64 and
65 and it is contemplated that the control 66 will at this
time cause the retraction of the electrodes from the work.
“Hold time” is thus provided by the delay pericd between
the timing out of discharge device 38 and the subsequent
firing of discharge device 67 to deenergize relay 15.

In commercial practice, particularly for mass produc-
tion operation, ‘it is often desirable to automatically
repeat the welding cycle after, of course, a certain delay
period or “off time” wherein the work may be moved
to properly space the welds. For set-up operations and
special work, however, this is not always desirable since
the required “off time” may not be subject to accurate
prediction. With the illustrated control I may easily
provide for both conditions by setting a pair of switches
82 and 83 in either of two operative positions.

Should non-recycling operation be desired, for example,
switches 83 and 82 are positioned as illustrated whereby
through switch 83 the cathode of discharge device 67
is connected to conductor 13, by-passing resistor 73 and
capacitor 74, and the control grid of discharge device
68 is connected with the anode of discharge device 67.
Thus the last mentioned device, upon firing, will function
as described above to deenergize relay 15. A high neg-
ative control grid bias is also placed on discharge device
63 as discharge device 67 fires to prevent premature
refiring of the former. To initiate a new cycle of cpera-
tion it is then of course necessary to reenergize relay 15
by closing the switch 17.

For automatic recycling operation switch 82 is moved
to its other position whereby the control grid of dis-
charge device 68 is connected with the anode of dis-
charge device 14. Switch 83, which is connected in
parallel with switch 17, is closed to imitiate a cycle.
The arrangement here is such that when discharge de-
vice 67 fires to extinguish discharge device 14 capacitors
70 and 74 are charged. The charging capacitor 74
causes the cathode potential of discharge device 67 to
become positive with respect to its coatrol grid and
the device accordingly becomes non-conducting.,  Also,
as soon as discharge device 14 ceases to conduct the
control grid of discharge device 68, being connected
to the anode of the former, becomes highly positive
and discharge device 68 begins to conduct instantly.
Discharge device 67 is thus prevented from refiring.
Discharge device 14 will be held in a non-conducting
state by the negative grid potential placed thereon by
capacitor 70. The device will of course refire to initiate
a new cycle after the charge has dissipated from capacitor
70, and the delay period or “off time” may thus be
controlled by appropriate adjustment of potentiometer
72.

For set-up work and other test cycles, wherein it is
not desirable to perform an actual weld, I have pro-
vided a resistor 84 which connects conductor 22 and
a normally open terminal of switch 41. The arrange-
ment is such that switch 41 may be moved to cut relay
42 out of the control circuit and to place the resistor &4,
which is preferably of an cquivalent load value, into the
circuit. Thus it will be understood that the timing com-
ponents may be operaied in the usual manner and under
substantially similar conditions for test purposes with-
out energizing relay 42.

It should now be apparent that I have accomplished
the objects initially set forth. The timing circuit herein
described may be operated entirely from standard alter-
nating current power sources and requires no D. C.
In addition I have substantially
eliminated the need for voltage reguiating components
to compensate for fluctuations in the power source that
normally occur during operation of equipment such as
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electric resistance welders. By laboratory tests it has
been shown that my circuit will operate well within the
accuracy standards accepted by the resistance welding
art for voitage variations of as much as twenty percent
above or below nominal operating voltage. This may
be explained by the fact tmt all timing periods other
than the “weld iime,” i. e., “squeeze time,” “hold time”
and “off time,” are regulated by discharging capacitors.
Bach of these capacitors must discharge substantially
to a zero voltage to end a timing period and it may thus
be understood that little variation will result in the dis-
charge time even though relatively wide variations occur
in the charge on the capacitor. The “weld time” period,
on the other hand, is controiled by a charging capacitor
and widc time variations might be expected. It will be

noted, however, that transformer 37, which superim-
poses a positive signal upon the negative biasing po-

tential of charging capacitor 49, is comnected, through
dischar ge device 36, across the supply line. Thus the
positive impulse received from transformer 37 will very
in magnitude as the supply voltage and will accordingly
compensate for variations'in the charging rate of capacitor
42, which weould of course be affected by the same supply
veltage variations.

By climinating D. C. supply and voltage regulating
components my circuit I not only provide for
substantial manufacturing economies but in addition ma-
te!'ialiy simplify maintenance and 1\,i3air of the circuit.
In the arrangement described a single style and size of
discharge device is used throughout "md the job of re-
placement is accordingly simplified for plant maintenance
crews who understandingly may not be totally familiar
with equipment of this nature.

From the foregoing description it should be apparent
that in the event of failure of one of the discharge
devices to operate, the welding phase of an operating
cycle will either not begin, or if begun will time out
in the usual manner. This is assured by eliminating the
use of an additicnal discharge device which fires subse-
quen‘c to the initiation of the welding phase to terminate
the ‘came. In the present arrangement capacitor 49,
wlmcb ends the weld phase, is charged by discharge de-
vice 23, and initiation of the weld phase, i. e., firing of
discharge device 38, is conditional upon the prior firing
of discharge device 23. Thus if the means to end the
weld phase does not functicn, the weld phase will not
begin at all. The advantages of this arrangement are
manifest.

Ancther advantageous feature of my invention resides
in the use of the relay 15 to opzn the ancde-cathede cir-
cuit of discharge device 38 at the end of a cycle of
operation. This arrangement positively prectudes the
possibility of accidental er ”"217'111011 of the weld con-
tactor when, for example, work is being moved in the

machine pre aratory tc making additional welds.

W]t‘l my arrangement for energizing relay 15, and
also relay 42, the initial epergization will wlways take
place on a voltam, cyele of the same polarity since the
controjling tubes will pass only alternate half cycles.
This is helpful in controlling subsequent timing vphases
as will be understood.

Having thus specifically described a preferred form
of iimer circuit incorporating the principles of my in-
vention, what 1 claim as new and desire to secure by
Tetters Patent is:

1. In an electronic timing device, a source of alter-
nating current, a timing capacitor and a circuit for charg-
ing the same from said source comprising a rectifier,
means to initiate opexatlon of said rectifier, a contiol
circuit connected across said source and including 2
discharge device having an anode, a cathcde, and a con-
trol grid, means to initiate conduction in said discharge
device comprising a second discharge device having an
anode and cathode connected across said scurce and
a connection between the anode-cathode circuit of said
second discharge device and said control grid, means to
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initiate and continue conduction in said second discharge
device subject to initiation and continuance cf operation
of said rectifier, and a circuit connection between a termi-
nal of said timing capacitor and said control grid in by-
passing relation to said second discharge device whereby
initiation of coaduction in said second discharge device
initiates conduction in said first mentioned discharge
device while conduction in said first mentioned discharge
device is interrupted upon the charging of said timing
capacitor to a predetermined voltage.

2. Apparatus according to claim 1 further characterized
in that said rectifier comprises a third discharge device
having an anode, cathede and control grid, said last men-
tioned anode and cathode being connected across said
souree, a grid circuit for said third discharge device in-
cluding an energy storage device and a resistor in parallel,
normally epen switching means for said source, means to
charge said energy storage device while said switch is open
whereby upon said switch being closed said energy stor-
age device will maintain said third discharge device in a
non-conducting state for a predeterinined time.

3. Apparatus according to claim 2 further character-
ized by said noermally open switching means including a

fourth discharge device having an anode, cathode and
control grid, said ancde and cathode being connectable
across said source to close said switching means, a grid
circuit for said last mentioned discharge device including
a fifth discharge device connected across said source, time
delay means responsive to cessation of conduction in said
first discharge device and operative a predetermined time
thereafter to initiate conduction in said fifth discharge de-
vice whereby said fourth discharge is rendered non-con-
ducting to open said switching means.

4. Apparatus according to claim 3 further character-
ized in that said time delay means includes a sixth dis-
charge device having an anode, cathode and control grid,
said ancde and cathode being connected across said source,
a grid circuit for said sixth discharge device associated
with said first discharge device whereby said sixth dis-
charge device is rendered non-conducting upon and for a
predetermined time after cessation of conduction in said
first discharge device, timing means including an energy
storing device and a resistor in paralle] connected in se-
ries with said sixth discharge device adapted to be charged
thereby, said fifth discharge device having a control grid,
and a grid circuit for said fifth discharge device associated
with said last mentioned timing means, the arrangement
being such that said fifth discharge device is rendered con-
ducting a predetermined time after said sixth discharge
device is rendered non-conducting.

5. In an electronic timing circuit the combination of a
power supply; a first dlSChaI“‘C device having an ancde,
cathode and control grid, said ancde and cathode con-
necting the terminals of said power supply; a grid control

ircuit for said discharge device includiag the secondary
winding of a transformer and a capacitor; a second dis-
charge device connected acress said power supply, said
second discharge device having an anode-cathode circuit
including the primary winding of said transformer, the
arrangement being such that said second discharge device
when conducting will cause positive potential signals to
be impressed upon the grid of said first discharge device;
means for charging said capaciter at a predetermined rate
whereby an increasingly negative bhiasing potential is im-
pressed upon the grid of said first discharge device, the
arrangement being such that said negative biasing poten-
tial exceeds said positive signal after a predetermined
charging time whereby said first discharge device is ren-
dered non-conducting; and means asscciated with said
second discharge device and said means to charge whereby
conduction of said second discharge device is conditioned
upen prier functioning of said means to charge.

6. Apparatus according to claim 1 further characterized
in that said circuit for charging includes a third discharge
device adapted to apply a charging potential to said
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capacitor and a potentiometer associated with said dis-
charge device and said capacitor adapted to regulate the
magnitude of said charging potential, and means respon-
sive to the initiation of conduction in said third discharge
device adapted to render said second discharge device
conductive,

7. Tn a timer circuit the combination of a power sup-
ply; a discharge device having an anode, cathode and con-
trol grid, said anode and cathode being connected across
said power supply; a grid control circuit for said discharge
tube including a positive potential signal gencrator and a
capacitor; means for charging said capacitor at a prede-
termined rate whereby an increasingly negative biasing
potential is impressed upon the grid of said discharge
device, the arrangement being such that said negative
biasing potential exceeds said positive signal after a pre-
determined charging time whereby said discharge device
is rendered non-conducting; and means associated with
said positive potential signal generator and said means to
charge whereby functioning of said signal generator is
conditioned upon prior functioning of said means to
charge.

8. Apparatus according to claim 7 further character-
ized by said discharge device having a screen grid; and
further including a second discharge device having an
anode, cathode and control grid, said anode and cathode
being connected across said power supply, a grid control
circuit for said second discharge device associated with
said first discharge device responsive to a non-conductive
state of said first discharge device to render said second
discharge device conducting and responsive to a conduc-
tive state of said first discharge device to render said sec-
ond discharge device non-conducting; and a screen grid
circuit for said first discharge device associated with said
second discharge device whereby conduction in said second
discharge device causes a highly negative biasing poten-
tial to be applied to said screen grid.

9. In a control circuit for electric resistance welding
apparatus the combination of a power supply; a first dis-
charge device having an anode, cathode and control grid,
said anode and cathode being connected across said power
supply; switching means associated with said first discharge
device adapted to be energized thereby, said switching
means being adapted to control the flow of welding cur-
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rent in said apparatus; a grid control circuit for said first
discharge device including a positive potential signal gen-
erator and a capacitor; means for charging said capacitor
at a predetermined rate whereby an increasingly negative
biasing potential is impressed upon the grid of said first
discharge device, the arrangement being such that upon
said biasing potential becoming sufficiently high the posi-
tive signal from said generator will be overcome and said
first discharge device will be rendered non-conductive,
each said signal generator and said charging means in-
cluding a discharge device, and means rendering con-
duction of said discharge device for said signal generator
responsive to and conditioned upon prior conduction of
said discharge device for said charging means.

10. In a control circuit for electric resistance welding
apparatus of the type having electrodes movable into and
out of welding position; the combination of a power sup-
ply, switching means for said power supply, said switching
means being adapted upon closing to initiate movement
of said electrodes into welding position, a normally non-
conductive discharge device connected to said power sup-
ply through said switching means, said discharge device
being adapted to control the flow of weld current in said
apparatus, first control means for said discharge device
operative when actuated to cause conduction in said dis-
charge device, second control means for said discharge
device a predetermined time subsequent to the actuation
thereof to overcome the effect of said first control means
to render said device non-conducting, time delay means
operative a predetermined time after closing of said switch-
ing means to actuate said second control means, and
means associated with said first and second control means
whereby actuation of said first control means is respon-
sive to and conditioned upon prior actuation of said sec-
ond control means.
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