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This invention relates to an electronic control 
circuit and has particular relation to a circuit for 
use in counting a selected number of occurrences 
of a repeated event. 

In resistance Welding apparatus, energy is some 
times supplied for welding from an alternating 
current source under the control of a pulsation 
timer. In Such an arrangement, current is sup 
plied to the welding transformer in discrete pulses, 
each pulse being a predetermined even number of 
half periods of the alternating current in length 
with a time interval of a predetermined number of 
half periods between successive pulses. In most 
cases, it is desirable to provide an over-all control 
for limiting the number of pulses supplied to the 
Welding transformer. 

Over-all control has been accomplished in prior 
Control apparatus by means of an over-all timing 
circuit, operation of which is initiated at the be 
ginning of the Supply of pulses. The over-all 
timing circuit is not entirely satisfactory how 
eV8r in that frequent and careful adjustment 
thereof is required to provide the desired number 
of pulses. For example, if the length of a current 
pulse or of the interval between Successive pulses 
is changed slightly, it is necessary to readjust the 
Over-all timing circuit to obtain the desired num 
ber of pulses. 

In some prior arrangements, the over-all timing 
circuit is replaced by COunting apparatus for stop 
ping the Supply of welding current pulses after the 
Supply of a selected number thereof. However 
those prior arrangements which employ an elec 
tronic counting circuit are rather expensive inas 
much as they incorporate a number of circuit ele 
Inents. 
The use of a stepping relay for counting has also 

been Suggested but Such relays are not very rugged 
and are relatively slow in operation. Moreover, 
these relays are not designed to open and close live 
circuits but only to open and close circuits in which 
current is not flowing at the time. 

It is accordingly an object of my invention to 
prCWide new and improved apparatus for the over 
all control of a pulsation tinner. 
Another object of my invention is to provide a 

new and improved counting apparatus. 
Still another object of my invention is to pro 

Wide a novel apparatus for use with an alter 
nating current Source in counting a selected num 
ber of occurrences of a repeated event. 
A further object of my invention is to provide 

novel apparatus for use with an alternating-cur 
rent Seurce in counting a selected number of oc 
currences of a repeated event even though the 
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length of the period of such repeated event may 
Vary. 
A further object of my invention is to provide 

novel apparatus for use in counting a preselected 
number of discrete pulses of current regardless of 
the length of a pulse or the interval between suc 
cessive pulses. 
More specifically, it is an object of my invention 

to provide novel counting apparatus Which is rela 
tively inexpensive to manufacture and rugged in 
COIStruction. 
The features of my invention which are believed 

to be novel are set forth with greater particularity 
in the accompanying claims. The invention it 
Self, however, together With the advantages and 
additional objects thereof may be better under 
stood from the following description of a Specific 
embodiment of my invention. When readin Connect 
tion with the accompanying drawing, in which the 
Single figure is a Schematic circuit diagran of a 
preferred embodiment. 
As shown in the drawing, a load 3 is connected 

across a pair of alternating-current supply lines 5 
and T through a normally Open contact 9 of a first 
relay . The Operating coil 3 of the first relay 

is arranged to be energized by a pulser appa 
ratus 5 which is connected across the Supply lines 
5 and through a normally closed COntact of a 
second relay 9 and a normally open contact 2 of 
a third time delay relay 23. When energized, the 
pulser 5 is adapted to supply discrete current 
pulses to energize the first relay f whereby the 
first relay is successively energized and deener 
gized. Such pulsers are Well-known in the Weld 
ing art though of course any suitable apparatus 
for alternately energizing and deenergizing the 
first relay may be used. 
A Voltage divider 25 is connected across the 

supply lines 5 and 7 and an intermediate tap 2 
thereon is connected through a first capacitor 29 
to the control electrode 3 of an electric valve 33, 
preferably of the arc-like type such as a thyratron. 
The anode 35 of the valve 33 is connected through 
the operating coil 3 of the Second relay 9 to One 
of the Supply lines 5 while the cathode 39 is con 
nected through a resistor to the same supply 
line 5. The Cathode 39 is also connected to the 
other supply line 7 through a normally open con 
tact 43 of the third relay 23. 
A second capacitor 45 is connected through a 

normally closed Second contact 4 of the first re 
lay with a resistor 49 in a shunt, circuit across 
the first capacitor 29. The Second capacitor 45 
has a substantially Smaller capacity than the first 
capacitor 29. A Suitable ratio in a circuit which I 



2,454,167 
3 

have successfully employed being of the order of 
three or four to one, the exact size depending, aS 
appears hereinafter, upon the nuiliber of Opera 
tions of the pulser that it is desired to count. A 
normally open discharge circuit is provided a COSS 
the second capacitor 45 through the resistor 89 
and the normally open third contact 5 of the first 
relay . 
In operating the apparatus, an initiating switch 

5 is closed to complete a circuit through the Cp 
erating coil 53 of the third relay 23 across the 
supply lines 5 and . The relay 23 is thus ener 
gized to complete the circuit through the pulser 5 
and to connect the cathode 39 of the valve 33 to 
the second supply line . 

Prior to closure of the Switch 5, the first and 
second capacitors 29 and 45 are charged by cur 
rent flowing from the second Sully line through 
a portion of the voltage divider 25, the inter 
mediate tap 2: thereof, the parallel circuit in 
cluding the first capacitor 29 on One side and the 
normally closed contact 47 of the first relay 
and the Second capacitor 5 and resistor 49 on 
the other side, the control electrode 3 and cath 
ode 39 of the Wave 33 and the resistor 4 to the 
first supply line 5. Such charging current, of 
course, flows only when the second supply line 

is positive relative to the first supply line 5 be 
cause of the well-known rectifying action of the 
control electrode to cathode circuit of the Valve. 
Thus the first capacitor 29 is charged to a pre 
determined maximum value. 
When the third relay 23 is energized by closure 

of the switch 5, further charging of the first 
capacitor 29 from the supply lines 5 and 7 is pre- ; 
vented because of the connection from the cath 
ode 39 of the valve 33 through the then closed 
contact 43 of the third relay 23 to the second 
Supply line 7. The charge on the first capacitor 
29 is of such polarity that it tends to make the ; 
control electrode 3 of the valve 33 highly nega 
tive with respect to the cathode 39 to prevent 
the valve from becoming conductive. Because of 
the well-known characteristics of a thyratron, a 
Waive Will be maintained non-conductive when 
the charge on the first capacitor 29 is above a 
predetermined critical value and will be rendered 
conductive in each half period of the Source in 
which the anode 35 is positive with respect to the 
cathode 39 when the charge on the first capacitor 
29 is below the critical value. This critical value, 
of course, is substantially less than the maximum 
Value to which the first capacitor 29 is originally 
charged. 

Following closure of the switch 5, the third 
relay 23 completes the circuit through the pulser 
5 so that the first relay is alternately ener 

gized and deenergized. When the first relay 
is energized, its first contact 9 completes the cir 
cuit through the load 3. At the same time, the 
second contact 47 of relay opens the circuit 
through the second capacitor 45 across the first 
capacitor 29 while the third contact 50 completes 
the discharge circuit across the second capacitor 
45. As a result, the second capacitor 45 is com 
pletely discharged while a current pulse is sup 
plied to the load 3. When the first relay f f is 
Subsequently deenergized, current through the 
load 3 is halted, the discharge circuit across the 
Second capacitor 45 is opened and the shunt cir. 
cuit through the second capacitor 45 across the 
first capacitor 29 is reclosed. The second capaci 
tor 45 is then recharged completely from the 
charge existing on first capacitor 29 so that the 
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4. 
charge on the first capacitor 29 is reduced by a 
preselected amount. 

Thereafter, when the first relay is again 
energized, the second capacitor 35 is again con 
pletely discharged While current is supplied 
through the load 3. Upon the first relay again. 
being deenergized, the second capacitor 5 is 
again charged by current from the first capacitor 
29 again to reduce the charge on the first capaci 
tor. It is then apparent that the charge on the 
first capacitor 29 is reduced each time a pulse 
of current is supplied to the load 3 by the amount, 
required to charge the second capacitor 45. The 
charge on the first capacitor is not, of course, 
reduced by the same number of volts each time 
at the voltage remaining on the first capacitor to 
Supply the charging current for the second capac 
itor is less each time. However, the charge on 
the first capacitor is reduced by approximately 
the same percentage each time and so is reduced 
a predetermined amount each time relay is 
energized and deemergized. Therefore, after a 
predetermined number of current pulses selected 
by the Setting of tap 2 on divider 25 which deter 
mines the original charges, the charge on the 
first capacitor 29 is reduced below the pre-de 
termined critical value So that the Valve 33 is 
rendered conductive in positive half periods of 
the source, that is, half periods in which the 
anode 35 is positive With respect to the cathode 
39. When the Valve 33 becomes conductive, the 
second relay 9 is energized to open the circuit 
through the pulser 5 and prevent further opera 
tion thereof, the relay 9 being of the type that 
remains in the energized position so long as cur 
rent flows through the coil thereof in one half of 
each period. 
In the particular arrangement described it is 

preferable that the first relay be of the type in 
which, With either energization or deemergization 
of the relay, those contacts which are to be closed 
by Such action will be so closed before those con 
tacts which are to be opened are so operated. 
Such a relay is well-known and its use in this 
arrangement insures a discharge of the first ca 
pacitor by only the predetermined amount with 
each cycle of operation of the relay. 

It should be noted that the arrangement is 
such that the charge on the first capacitor 29 is 
reduced below the critical value during an inter 
val in which current is not supplied through the 
load 3. Consequently, there is no necessity for an 
expensive interlocking or Synchronizing arrange 
ment to prevent the counting circuit from actu 
aliy interrupting the Supply of load current. In 
addition the apparatus disclosed has been found 
to be quite accurate and is inexpensive to manu 
facture and rugged in construction. 
Although I have shown and described a pre 

ferred embodiment of my invention, I am aware 
that many modifications thereof may be made 
without departing from the spirit of the inven 
tion. I do not intend, therefore, to limit my in 
vention to the specific arrangement disclosed. 

I claim as my invention: 
1. ApparatuS for use in counting a selected 

number of occurrences of a repeated event con 
prising Ileans adapted to function as an alter. 
nating current source, an electric valve connected 
in a main circuit across said source, a control 
circuit for said valve including a capacitor, an 
initiating device, means effective only prior to 
operation of Said initiating device for charging 
said capacitor to a predetermined maximum 
Value, Said control circuit being effective after 
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operation of said initiating device to cause said 
valve to have one condition with respect to con 
duction of current therethrough when the charge 
on said capacitor is greater than a preselected 
Critical value less than said maximum value and 
another condition when the capacitor charge is 
less than said critical value, and switch means 
actuated in response to each occurrence of said 
event for connecting to said capacitor a discharge 
path to reduce the charge on said capacitor by a 
preselected amount only. 

2. Apparatus for use in counting a selected 
number of occurrences of a repeated event com 
prising means adapted to function as an alter 
nating current source, an electric valve of the 
arc-like type connected in a main circuit across 
Said Source, a control circuit for said valve in 
cluding a capacitor, an initiating device, means 
effective only prior to operation of said initiat 
ing device for charging 3aid capacitor to a pre 
determined maximum value, said control circuit 
being effective after operation of said initiating 
device to cause said valve to be maintained non 
conductive when the charge on said capacitor is 
greater than a preselected critical value less than 
said maximum value and to become conductive 
When the capacitor charge is less than said criti 
cal value, and SWitch means actuated in re 
sponse to each occurrence of said event for con 
necting to said capacitor a discharge path to re 
uce the charge on said capacitor by a preselect 

ed amount only. 
3. Counting apparatus comprising means 

adapted to function as an alternating current 
source, an electric valve connected in a main cir 
cuit acroSS said source, a control circuit for said 
valve including a capacitor, an initiating device, 
means effective only prior to operation of said 
initiating device for charging said capacitor to a 
predetermined maximum value, said control cir 
cuit being effective after operation of said initi 
atting device to cause said valve to have one 
condition with respect to conduction of current 
therethrough when the charge on said capacitor 
is greater than a preselected critical value less 
than said maximum value and another condition 
When the capacitor Charge is less than said criti 
cal value, a second capacitor connected in a 
shunt circuit across said first capacitor, said Sec 
ond capacitor being of substantially smaller ca 
pacity than said first capacitor, a discharge cir 
cuit across said second capacitor, and Switch 
means including a contact in each of said shunt 
and discharge circuits and Operable to complete 
Said shunt and discharge circuits alternately 
whereby said second capacitor is charged from 
said first capacitor When said shunt circuit is 
closed and is discharged when said discharge cir 
cuit is closed so that the charge on said first ca 
pacitor becomes less than said critical value after 
a predetermined number of complete cycles of 
operation of said Switch means. 

4. Counting apparatus comprising means 
adapted to function as an alternating current 
Source, an electric valve of the arc-like type con 
nected in a main circuit across said source, a con 
trol circuit for said waive including a capacitor, 
an initiating device, means effective only prior 
to operation of said initiating device for charg 
ing said capacitor to a predetermined maximum 
value, said control circuit being effective after op 
eration of said initiating device to cause said 
valve to be maintained non-conductive when the 
charge on said capacitor is greater than a prese 
lected critical value less than said maximum value 
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6 
and to become conductive when the capacitor 
charge is less than said critical value, a second 
capacitor connected in a normally closed shunt 
circuit across Said first capacitor, said second ca 
paCitiCr being of substantially smaller capacity 
than Said first capacitor, a normally open dis 
charge circuit across said second capacitor, and 
SWitch means operable for temporarily opening 
Said shunt circuit and closing said discharge cir 
cuit to discharge said second capacitor and then 
restoring said shunt and discharge circuits to 
their normal condition, whereby said valve be 
COneS Conductive after a predetermined number 
of Operations of said switch means. 

5. Apparatus for use in counting a selected 
number of occurrences of a repeated event com 
prising means adapted to function as an alternat 
ing current Source, an electric valve of the arc 
like type having an anode connected to one ter 
minal of Said Source, a cathode connected 
through an impedance member to said one ter 
minal, and a control electrode, a voltage divider 
Connected a CrOSS Said source, a capacitor con 
nected from an intermediate point on said di 
vider to said control electrode whereby said ca 
pacitor is charged to a predtermined maximum 
Walue by Current through the control electrode 
and cathode of Said valve, an initiating device 
operable to connect said Cathode to the other 
terminal of said divider, said valve becoming con 
ductive following operation of said initiating de 
vice only when the charge on said capacitor is 
leSS than a predetermined critical value which is 
substantially less than said finaxinuin value, and 
switch means actuated in response to each occur 
rence of said event following operation of said 
initiating device for connecting to said capacitor 
a discharge path for partially discharging said 
capacitor to reduce the charge thereon by a pre 
Selected amount only. 

6. Counting apparatus comprising means 
adapted to function as a source of alternating 
current, an electric valve of the arc-like type hav 
ing an anode connected to one terminal of said 
Source, a cathode connected through an imped 
ance member to Said one terminal, and a control 
electrode, a Voltage divider connected across said 
Source, a capacitor connected from an intermedi 
ate point on said divider to said control electrode 
Whereby said capacitor is charged to a predeter 
mined maximum value by current through the 
control electrode and cathode of said valve, an 
initiating device operable to connect said cathode 
to the other terminal of said divider, said valve 
becoming conductive following operation of said 
initiating device only when the charge on said 
capacitor is less than a predetermined critical 
value which is substantially less than said maxi 
mlin Value, a Second capacitor connected in a 
normally closed shunt circuit across said first ca 
pacitor, said Second capacitor being of substan 
tially Smaller capacity than said first capacitor, a 
normally open discharge circuit across said sec 
Ond capacitor, and switch in eans operable for 
tenporarily opening said shunt circuit and clos 
ing Said discharge circuit to discharge said sec 
Ond capacitor and then restoring said shunt and 
discharge circuits to their normal condition, 
whereby said valve becomes conductive after a, 
predetermined number of operations of said 
Switch means. 

7. Counting apparatus for use with equipment 
arranged to provide a plurality of discrete cur 
rent pulses, comprising means adapted to func 
tion as an alternating current source, an electric 
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valve connected in a main circuit across Said 
source, a control circuit for said valve including 
a capacitor, an initiating device, means effective 
only prior to operation of said initiating device 
for charging said capacitor to a predetermined 
maximum value, said control circuit being effec 
tive after operation of said initiating device to 
cause said valve to have one condition with re 
spect to conduction of current therethrough When 
the charge on said capacitor is greater than a 
preselected critical value less than said maxi 
mum value and another condition. When the ca 
pacitor charge is less than said critical value, a 

O 

S. 
second capacitor connected in a normally closed 
shunt circuit across said first capacitor, said sec 
ond capacitor being of substantially smaller ca 
pacity than said first capacitor, a normally open 
discharge circuit across said second capacitor, 
and a relay operable in response to each current 
pulse for temporarily opening said shunt circuit 
and closing said discharge circuit to discharge 
said second capacitor. 

EDWARD C. HARTWIG. 

No references cited. 


