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1

This invention relates to an electronic timing
circuit and it has particular relation to a timing
circuit for use wtih an alternating voltage sup-
ply.

In resistance welding apparatus, an electronic
timing circuit is frequently employed to time cer-
tain sequence operations. There are a number
of different timing circuits now in use for this
and various other purposes, which employ an
electric valve which becomes conductive at the
end of the timed interval. However, the prior
circuits of which I am aware are either some-
what erratic in operation under certzain circum-
stances or involve toco many elements to be eco-
nomically practical in many applications.

The more practical of the prior timing cir-
cuits have a connection between the control cir-
cuit of the valve and the alternating voltage
source. As z .result, surge voltages on the sup-
ply lines, as may be produced by the operation
of other apparatus supplied therefrom, appear in
the control circuit of the valve. Consequently,
with a surge of the proper polarity, and sufficient
magnitude, the valve may be rendered conductive
by the surge regardless of the time, and the
operation of the system may be seriously af-
fected.

It is accordingly an cbject of my invention to
provide a new and improved electronic timing
circuit.

A further object of my invention is to provide a
nevel timing circuit of practical design in which
variation in the timed interval because of surges
in the supply voltage are substantially avoided.

Another object of my invention is to provide a -

novel timing circuit in which an electric valve is
rendered conductive after an accurately meas-
ured time interval of a preselected length.

Still another object of my invention is to pro-
vide a timing circuit in which an electric valve is
rendered conductive after an accurately meas-
ured time infterval of a preselected length in
which variation in the time interval because of
surges in the supply voltage are substantially
avoided.

The features of my invention which are con-
sidered novel are set forth with more particular-
ity in the accompanying claims. The invention
itself, however, together with the advantages
and further objects thereof may be better under~
stood froin the following description of a specific
embodiment when read in connection with the
accompanying drawing, in which the single fig-
ure is a 'schematie circuit diagram of a preferred
embodiment of my invention.
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2

As shown in the drawing, a supply transform-
er 3 has a primary winding 5 energized from a
pair of alternating voltage supply lines T and 9
and a secondary winding [I which is provided
with a pair of end terminals I3 and I5 and an
intermediate terminal 7. The right end termi-
nal {5 of the secondary winding |1 is connected
through the operating coil {9 of a relay 21 and
a resistor 23 to the anode 25 of an electric valve
271 which is preferably of the arc-like type, such
as s thyratron. The cathode 29 of the valve 21
is connected through a resistor 31 to the same
end terminal 15 of the secondary winding I[1.
The cathode 29 is also connected to the inter-
mediate terminal {7 of the secondary winding {1
thirough the normally cpen initiating switch 33.
The initiating switch 33 is shunted by the nor-
mally open contact 35 of a hold-in relay 31, the
operating coil 39 of which is connected between
the cathode 29 and the right end terminal 15 of
the secondary winding {f through a normally
closed stopping switch 4f.

A first capacitor 43 and a resistor 45 are con-
nected in series in the order named from the in-
termediate terminal 17 of the secondary winding
{1 to the left end terminal 13. The control elec-
trode 471 of the valve 27 is connected through a
grid resistor 49 and a second capacitor 51 to a
point 53 intermediate the first capacitor 43 and
ity associated resistor 45. An adjustable resistor
55, which may be -calibrated in units of time
within the range of operation for which the cir-
cuit is designed, is in shunt. across the second
capacitor 5.

Since the relay 21! is to be energized through
the valve 21, a suitable capacitor 5T may be con-
nected in shunt with the operating coil 19 to
maintain the relay in its energized position .in
each negative half period of the alternating cur-
rent following a positive half period in which the
valve 21 is conductive. By a positive half pe-
riod, it is meant a half period in which the anode
of the valve 27 is positive with respect to the
cathode.

A suitable load device 59 is connected between
the end terminals {3 and i% of the secondary
winding (! through the normally open contac
61 of the relay 21. -

To operate the apparatus, the initiating switch
33 may be closed to start the timing interval.
Prior to operation of the initiating switch 33, the
second capacitor 51 is charged to a predeter-
mined maximum value by the voltage appearing
across the portion of the secondary winding. {1
between the right end terminal 15 and the in-
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termediate terminal {7 plus the voltage appear-
ing across the first capacitor 43. When the volt-
age on the secondary winding f{ is such that
the left end terminal (3 is positive with respect
to the right end terminal {5, current flows from
the point 53 intermediate the first capacitor 43
and its associated resistor 45 through the sec-
ond capacitor 51, the grid resistor 49, the control
electrode 4T and cathode 29 of the valve 27 and,
there through the resistor 3t to the right end
terminal 15 of the secondary winding. Since the
control electrode to cathode path within the
valve 21 is in effect a rectifier, substantial cur-
rent does not flow therethrough when the control
electrode is negative with respect to the cathode.
Consequently, while an alternating voltage ap-
pears across the first capacitor 43, the second
capacitor 51 is charged to a preselected maxi-
mum value. The voltage across the first capaci-
tor 43, of course, lags behind the voltage between
the terminals 13 and (7, the amount of lag in a
preferred arrangement being of the order of
80 degrees.

When the initiating switch 33 is closed, a cir-
cuit is completed through the operating coil 39
of the hold-in relay. A a result;, the contact 35
of the relay is closed to provide a holding circuit
about the initiating switch. Thus, a circuit from
the cathode 29 to the intermediate terminal 17

of the secondary winding 11 is completed. When &

the circuit is thus completed from the cathode
29 to the intermediate terminal 17, further charg-
ing of the second capacitor 51 is prevented and
cannot occur until the voltage on the second
capacitor 51 is less than the voltage on the first
capacitor 43 which, as later appears, does not oc-
cur until after the timing interval is over.

When the initiating switch 32 is closed, the
first and second capacitors 43 and 5f are con-

nected in series between the control electrode 47 *

and the cathode 29. The valve 27, of coutse, has
such characteristics that a voltage more positive
than a predetermined critical value must be im-
pressed between the control electrode 47 and
cathode 29 in a positive half period to render the
valve conductive. In a typical and suitable valve
such as an RCA-2050 thyratron, the critical volt-
age is of the order of minus 6 volts.

The voltage then appearing between the con-
trol electrode 47 and cathode 29 after the initiat-
ing switch 33 is closed is essentially the algebraic
sum at any instant of the voltage on the second
capacitor 51 and the voltage on the first capacitor
43. The charge on the second capacitor 5f is of
such polarity as to tend to make the control elec-
trode 41 highly negative with respect to the cath-
ode 29. The alternating voltage on the first ca-
pacitor 43 while lagging behind that between
terminals 13 and (7, leads, as applied between the
control electrode and cathode, the anode to cath-
ode voltage of the valve by approximately 80 de-
grees. However, the peak instantaneous value of
the first capacitor voltage is considerably less
than the charge on the second capacitor 51 when
switch 33 is closed so the valve 21 is maintained
non-conductive.

As the second capacitor 43 is no longer being
charged after the initiating switch 33 is closed,
it begins to discharge through the adjustable re-
sistor E5 in shunt therewith at a rate preselected
by the adjustment of the resistor. After a pre-
determined time interval as determined by the
setting of resistor 55, the voltage on the second
capacitor 51 is reduced to such an extent that the
algebraic sum of the voltages of the first and
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second capacitors become more positive than the
critical value to render the valve 27 conductive.
I prefer the amount of lead of the first capacitor
voltage with respect to the anode to cathode volt-
age of the valve to be of the order of 80 degrees
since the first capacitor voltage then reaches its
peak value in a positive direction at approxi-
mately the same time in a period of the source
voltage that the anode to cathode voltage of the
valve becomes positive to permit the valve to
he rendered conductive. Consequently, if the
valve 27 is to be rendered conductive in a half-
period, such action will occur at or near the he-
ginning of the half-period.

When the valve 27 becomes conductive, cur-
rent flows from the right end terminal 15 of the
secondary winding {1 through the operating coil
19 of the relay 21, the resistor 23 the anode 25 and
cathode 29 of the valve 27, the closed contact
35 of the hold-in relay 37 to the intermediate
terminal #7. The relay 21 is thus energized to
complete the circuit through the load 59 and
since the valve 27 becomes conductive at or near
the beginning of a half-period definite operation
of the relay is assured.

Thereafter, the stopping switch 4{ may be
opened at will to deenergize the hold-in relay
37 and thereby cause the valve 27 to become non-
conductive. As a result, the relay 21 is deener-
gized and the load circuit is opened. Reoperation
of the timing circuit may be initiated by reclos-
ing the initiating switch 33 after a short interval
in which the second capacitor 5i is recharged.

It is apparent that the particular instant in a
period of the first capacitor voltage at which the
valve 27 becomes conductive depends upon the
amount of phase displacement of the first ca-
pacitor voltage with respect to the anode to cath-
ode voltage. Moreover, for any given phase dis-
placement the valve always becomes conductive in
successive operations at or near the same relative
instant in a period of the first capacitor voltage,
even with different time intervals within a prac-
tical range. Now the optimum condition for ca~
pacitor discharge timing requires that the end of
the timing interval occurs when the voltage re-
maining across the discharging capacitor, in this
case the second capacitor 51, is approximately
379 of its original value. The optimum condi-
tion may be shown in the following equations in
which Ec: is the capacitor voltage, { represents
time, R represents the resistance of the discharge
cireuit, C is the capacity of the capacitor, and
Eo is the initial voltage on the capacitor. The
voltage relations for a discharging capacitor may
be expressed as

B,—Ey BC @
Then
14
dE, 1
o= ~Ree @

Now the optimum condition where an electric
valve is to be rendered conductive through the
discharge of a capacitor as illustrated is one in
which the change in capacitor voltage with time
is 2 maximum when the valve becomes conduc-
tive. This condition is found with the maximum
value of Equation 2. Thus

gc%)_ T 1
awe;=—F *(gop—wop) @
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To find the value of RC which causes
dE,
di

to be maximum we place Equation 3 equal to
zero, and solve for RC. The solution is:

t=RC (4)

Substituting Equation 4 in Equation 1, it ap-
pears that

Ec=Ep1 (5)

or
(6)

To obtain this optimum condition, it is then nec.
essary that the instantaneous voltage on the first
capacitor 43 at the instant in a period at which
the valve 27 is to be rendered conductive, be
approximately 37% of the original maximum
charge on the second capacitor 51.

To avoid undesirabie effects as a result of surges
in the supply voltage, the relation between the
first eapacitor 43 and the resistor 45 is arranged,
in accordance with my invention, to form, in
effect, a filter for the surge voltages usually en-
countered. Thus, a surge in the supply voltage
does not appear with substantial magnitude in
the alternating voltage across the capacitor 43
so that undesirable effects on the operation of the
valve 2T are substantially avoided. At the same
time, the arrangement should be such that the
voltage on the first capacitor 43 at an instant
in a period thereof corresponding to the instant
at which the valve is to become conductive is ap~
proximately 37% of the maximum charge on
the second capacitor 5. To obtain these condi-
tions, the resistor 45 and the capacitor are se-
lected to form the filter with respect to the volt-
age surges. The position of the intermediate
terminal I7 is selected to provide the desired volt-
age relation.

It is to be noted that the first capacitor 43
serves not only as a part of g filter for surge
voltages but also provides an alternating voltage

E.=.37E, approximately

in the control circuit of the valve to insure posi- ¥

tive operation and in addition enables the estah-
lishment of the optimum condition for capacitor
discharge timing in operation of the valve
throughout the entire range of time settings.

While I have shown and described a preferred
embodiment of my invention, I am aware that
many modifications thereof may be made without
departing from the spirit of the invention. I do
not intend, therefore, to limit my invention to
the specific circuit disclosed.

I claim as my invention:

1. A timing circuit for use with = source of
alternating voltage comprising an electric valve
having an anode, a cathode and a control elec-
trode, circuit means including an initiating de-
vice and effective upon operation of said initiat-~
ing device for connecting said anode and cath-
ode in a circuit with said source, g filter connected
in a circuit energized from said source for filter-
ing surges in said source voltage so that such
surges do not appear in substantial magnitude in
the alternating voltage across said filter, a ca-
pacitor connected in series with said filter from
said control electrode to said cathode after oper-
ation of said initiating device, means effective only
prior to operation of said initiating device to cause
said capacitor to be charged to a predetermned
maximum value, said valve having such charac-
teristics as to become conduective after operation
of said initiating device only when the control
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electrode to cathode voltage is more positive than
a critical value which normally requires a charge
on said capacitor no greater than g predeter-
mined value less than said maximum value, and
a discharge circuit including a second resistor in
shunt with said capacitor to discharge it at a
preselected rate following operation of said ini-
tiating device.

2. A timing circuit for use with 2 source of
alternating voltage comprising an electric valve
having an anode, a cathode and a control elec-
trode, circuit meansg including an initiating de-
vice and effective upon operation of said initiat-
ing device for connecting said anode and cathode
in a circuit with said source, a filter connected in
a circuit energized from said source for filtering
surges in said source voltage so that such surges
do not appear in substantial magnitude in the
alternating voltage across said filter, a capacitor
connected in series with said filter from said
control electrode to said cathode after operation
of said initiating device, means effective only
prior to operation of said initiating device to
cause said capacitor to be charged to a prede-
termined maximum value, said valve having
such characteristics as to become conductive
after operation of said ini iating device only when
the control electrode to cathode voltage is more
positive than a critical value which normally re~
quires a charge on said capacitor no greater than
a predetermined value less than said maximum
value, and g discharge circuit including a second
Tesistor in shunt with said capacitor to discharge
it at a preselected rate following operation of

5 sald initiating device, whereby said valve becomes

conductive after a preselected time interval at a
predetermined instant in a period of the voltage
on said element, said plurality of elements being
arranged to provide a voltage on said one ele-
ment displaced in phase relative to said source
voltage and having an Instantaneous value at
said instant which is approximately 37% of said
maximum value.

3. A timing circuit for use with a source of
alternating voltage comprising an electric valve
having an anode, a cathode and a control elec-
trode, circuit means including an initiating de-
vice and effective upon operation of said initiat-
ing device for connecting said anode and cath-
ode in a circuit with said source, a first capacitor
and a first resistor connected in g circuit ener-
gized from said source and forming in effect a
filter for surges in said source voltage so that
such surges do not appear in substantial magni-
tude in the alternating voltage across said first
capacitor, a second capacitor connected in series
with said first capacitor from said control elec~
trode to said cathode after operation of said
initiating device, means effective only prior to
operation of said initiating device to cause said
second capacitor to be charged to g predeter-
mined maximum value, said valve having such
characteristics as to hecome conductive after
operation of said initiating device when the con-
trol electrode to cathode voltage is more positive
than a critical value which ordinarily requires a
charge on said second capacitor no greater than
a predetermined value less than said maximum
value, and a discharge circuit including a second
resistor in shunt with said second capacitor to
discharge it at a preselected rate following oper-
ation of said initiating device.

4, A timing circuit for use with s source of
alternating voltage comprising an electric valve
having an anode, a cathode and a control elec-
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trode, circuit means including an initiating de-
vice and effective upon operation of said initiating
device for connecting said anode and cathode in
a circuit with said source, a. first capacitor and
a first resistor connected in a circuit energized
from said source and forming in effect a filter
for surges in said source voltage SO that such
surges do not appear in substantial magnitude in
the alternating voltage across said frst capacitor,
a second capacitor connected in series with said
first capacitor from said control electrode to
said cathode after operation of said initiating
device, means effective only prior to operation
of said initiating device to calse said second
capacitor to be charged to a predetermined max-
imum vaiue, said valve having such character-
istics as to become conductive after operation of
said initiating device when the control electrode
to cathode voltage is miore positive than a eritical
value which ordinarily requires a charge on said
second capacitor no greater than a predeter-
mined value less than said maximum value, and
a discharge circult including a second resistor in
shunt with said second capacitor to discharge it
at a preselected rate following operation of said
initiating device, whereby said valve becomes
conductive after a preselected time interval at
a predetermined instant in a period of the voli-
age across said first capacitor, said first capacitor
and first resistor being arranged to provide a
voltage on said first capacitor having an in-
stantanecus value at said instant which is ap-
proximately 37% of said maximum value.

5. A timing circuit comprising impedance
means adapted to function as a source of alter~
nating voltage and having a pair of end terminals
and an intermediate terminal, an electric valve
having an ancde, a cathode and a control elec-
trode, circuit means connecting said anode to
one of said end terminals, a first resistor con-
nected in o circuit from said cathode to said one
end terminal, a first capacitor and a second re~
sistor connected in series in the order named
from said intermediate terminal to the other of
said end terminals and having a time constant
such that surges in said source voltage do not
appear in substantial magnitude in the alternat-
ing voltage across said first capacitor, a second
capacitor connected in circuit from said contrel
clectrode to a point intermediate said first ca-
pacitor and second resistor whereby said second
capacitor is charged tc 2 preselected maximum
value, an initiating device operable to complete &
circuit from said cathode to said intermediate
terminal whereby further charging of said second
capacitor is prevented and said first and second
capacitors are connected in series from said con-
trol electrode to said cathode, said valve having
such characheristics as to become conductive
when the charge on said second capacitor is less
than a predetermined critical value which is less
than said mazimum value, and a discharge cir-
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3
cuit including a third resistor in shunt with said
second capacitor to discharge it at a preselected
rate following operation of said initiating device.

8. A timing circuit for use with a source of
alternating voltage comprising an electric valve
having an anode, a cathode and a control elec-
vrode, circuit means including an initiating de-
vice and effective upon operation of said initiating
device for connecting said anode and cathode in
a circuit with said source, a filter connected in
o circuit energized from said source for filtering
surges in said source voltage so that such surges
do not appear in substantial magnitude in the
alternating voltage across said filter, a capacitor
connected in series with said filber from said con-
trol elecirode to said cathode after operation of
said initiating device, means effective only prior
to operation of said initiating device to cause said
capacitor to be charged to a predetermined max-
imum value, said valve having such characteris-
tics as to become conductive after operation of
said initiating device only when the control elec-
trode to cathode voltage is more positive than a
critical value which normaily requires a charge
on said capacitor no greater than a predetermined
value less than said maximum value, and a dis-
c¢harge cireuit including a variable resistor in
shunt with said capacitor to discharge it at a
preselected rate following operation of said ini-
tiating device.

7. A timing circuit for use with a source of
alternating voliage comprising an electric valve
having an anode, a cathode and a centrol elec-
trode, circuit means including an initiating de~
vice and effective upon operation of said initiating
device for connecting said anode and cathode in
a circuit with said source, a first capacitor and
a prst vesistor connected in a circuit energized
from said source and forming in effect a filter for
surges in said source voltage so that such surges
do not appear in substantial magnitude in the
alternating voltage across said first capacitor, a
second capacitor connected in series with said
first capacitor from sald control electrode to said
cathode after operation of said initiating device,
means effective only prior to operation of said
initiating device to cause said second capacitor to
be charged to a predetermined maximum value,
said valve having such characteristics as to be-
come conductive after operation of said initiating
device when the control electrode to cathode
voltage is more positive than a critical value
which ordinarily requires a charge on said sec-
ond capacitor no greater than a predetermined
value less than said maximum value, and a dis-
charge circuit including a variable resistor in
shunt with said second capacitor to discharge it
at a preselected rate folowing operation of said
initiating device.

EDWARD C. HARTWIG.

No references cited.



