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This invention relates to an electronic system
for measuring a succession of timed intervals for
-ﬁrforming & sequence of operations and the
like. :

The object of the invention, in general, is to
‘provide an electronic timing system of greater
‘simplicity and of - greater ruggedness and . re-
liability than conventional systems for this pur-
pose, .

A further object is to provide a timing system
based upon condenser charging and discharging
cycles wherein a single timing circuit may be
utilized for timing-a succession of intervals of
either uniform or non-uniform duration, without
duplication of the system for each interval to
be measured. - : .

A further object is to provide an electronic
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timing system embodying charge accumulating .

means, & plurality of discharge circuits for dis-
charging the accumulating means at different
rates, and switching means operable in step-by-
step action in response to charging and discharg-
Ing cycles to effect a repetition of said cycles
with sald different discharge circuits successively,
and to successively energize. a corresponding
- plurality of external circuits successively.

The invention will now be described with ref-
erence to the accompanying drawings in which:

Figure 1 is a wiring diagram of 'a preferred
embodiment of such a system designed for con-
trolling a sequence of four successive timed inter-
vals or operations and;

Figure 2 is a simplified wiring diagram show-
- ing the basic elements of the timing circuit as
‘applied to g single timing interval.

* "Corresponding circuit elements in Pigures 1
* and 2 are designated by the same reference nu-
merals, the description of a single timing cycle
being readable upon both Pigures 1 and 2.

In Figure 1 the numeral | designates an A, C.
power supply for a transformer 2 having a line
switch 3,'a pilot light 4 indicating when the
system: is: energized. ‘The secondary 5 provides
& plate voltage for a thyratron type tube’ € con-
* nected in circuit with the motivating electro-
magnet T of a stepping switch, and timing con-
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densers 8 and 9. The stepping switch is pro- .

vided with a first movable contactor 10 adapted
to progressively engage stationary contacts f{
to {4 upon successive energizations of the elec-
tromagnet 1, and a second contactor 1§ movable
successively over. stationary contacts (6 to (8.
The stepping switch also includes a switch arm
20 having a rest position in engagement with
stationary contact 21 and being movable into
engagement ‘with stationary contact 22 while
the electromagnet 7 is energized.

When the switch 8 is closed with the
densers 8 and $ initially discharged, the poten-
. tial of secondary § will ignite the thyratron §
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to energize the electromagnet 1, moving con-
tactors 10 and {6 ahead one step and drawing
the switch arm 20 into engagement with contact
22 to establish a charging circuit for the con-
densers 8 and 9, substantially the entire voltage
drop of the secondary § occurring across the coil
of electromagnet T when the thyratron is con-
ductive. This voltage drop charges the con-
denser 8 through the resistor 23 and charges the
condenser 9 through the resistors 23 and 24 in
series so that as these condensers charge the
voltage rise across condenser § will lag the volt-
age rise in condenser 8, the voltage across con-
denser § at any given instant being less than
that across condenser 8. The resistor 25, con-
nected to grid 26, is a current limiting resistor
required by the tube 8,

The condensers 8 and 9 will continue to charge
until the grid 26 attains a sufficient negative
potential to extinguish the tube 6, which poten-
tial is relatively low in conventional thyratrons,
Extinguishing of the tube 8 opens the circuit
from the secondary ¥ and de-energizes the elec-
tromagnet 1. De-energization of the electromag-
net 1 causes the switch arm 20 to leave sta-
tlonary contact 22 and move into engagement
with contact 21 to establish a discharge circuit
through one of the variable resistors 271 to 30.
In Figure 1 the contactor 10 is shown resting
upon the contact {1 connecting the resistor 27 in

- serles with a fixed resistor 8{ to discharge the

timing condensers. At the moment of complet- -
ing the discharge circuit the potential of con-
denser 8 is higher than the potential of con-
denser § so that the latter will continue to charge
from the former, resistor 24 constituting a dis-
charge path from condenser 8 in parallel with
discharge resistors 21 and 31. The potential
of condenser 9 will then rise as the potentfal of
condenser 8 falls, until the two potentials are
substantially the same, and thereafter both con-
densers will discharge in parallel through re-
sistors 27 'and 3l. During this latter stage -of
the discharge it will be:seen that the condenser
8 must discharge through the additional resistor
24 with the result that the fall of potential across
condenser 8 will lag behind the fall of potential
across condenser 8, .

It the secondary 8 produces, for example, g
potential of 250 volts, the voltage across condenser
8 may reach a peak value of 100 volts and the
potentia]l across condenser 8 at the time the tube
is extinguished will be relatively small, inasmuch
a8 & small negative potential on the grid 26 is
effective to extinguish the tube. After the tube
is extinguished, and the potential of condenser
8 begins to fall, the potential of condenser 8 will
rise far above the value required to extinguish
the tube. The condensers 8 and 9 will then ulti-
mately discharge to potentials low enough to im-
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pose an igniting potential on the grid 26. The
condenser 82 serves as & fltering condenser
around the electromagnet 1 to prevent vibration
or chattering in the latter.

The re-ignition of the tube 6 will again ener-
gize the electromagnet T to repeat the previously
described eycle, moving the switch arm 26 from
the contact 24 to the contact 22 and moving the
contactors 10 and 15 ahead one step.- The two
series of stationary contacts i{ to 18 and (8 to
19 are preferably disposed in circular arrange-
ments so that contactors {0 and I8 msy rotate
always in one direction, moving from the last
position to the first so as to repeat the sequence
indefinitely as long as the switch 8 is closed. The
possible number of timing intervals is thus lim-
ited only by the number of contacts which may
be arranged in & circle for engagement by the
revolving contactors. ,

A primary advantage of the present system is
that the condensers 8 and 9 may be used for
timing a plurality of successive intervals of dif-
ferent durations by merely adjusting the resist-
ance values of the respective discharge resistors
27 to 30. In this way a rather wide range of
time values may be obtained for successive inter-
vals without duplication of the timing condensers
or control tube, .

A terminal strip 33 carries a plurality of ter-
minals 34 to 37 connected to one side of the line
and terminals 38 to 41 connected to the respective
contacts 16 to i8 for a sequential energization
_by the contactor 15 to connect the line potential
to successive circuits. Neon lamps 42 to 49 are
connected with the contacts 16 to {9 in the man-
ner shown to indicate which circuit is energized,
and these lamps are preferably associated on a

control panel with the respective manual controls ‘

for the variable resistors 27 to 30.

The present system is of especial utility in
timing intervals for life tests of various mecha-
nisms which may be inter-related in their opera-
tions, or which may be entirely unrelated, certain
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desired time interval, this interval will be faith-
fully reproduced for an indefinite number of suc-
ceeding cycles. This enables the varlable re-

" sistors 27 to &0 to be accurately calibrated so that
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mechanisms operating for short intervals and .

others operating for longer intervals. Thus,
while one mechanism is being operated the re-
mainder are at rest, the sequence repeating auto-
matically as long as the switeh 3 is closed.
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The values of voltage or other circuit constants :

- mentioned in the foregoing description are cited
merely by way of example and do not constitute
3 limitation on the structure or mode of operation,

it beihg understood that any values of wvoltage,
resistance or capacitance may be used in combi-
nation which will produce the described cycle of
opeération,

Whereas with a single timing condenser a
charge of only approximately three volts could be
accumulated before a conventional thyratron
tube would be -extinguished, resulting in a very
short charging and discharging cycle, the action
of the second condenser 8 is such as to enahle
the charge on the first condenser to reach & rela-
tively high potential for timing purposes, thereby
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making available s relatively long discharging 65

cycle. Moreover, the second condenser, by its de-
layed cycles of charging and discharging, still
further extends the timing interval obtainable
with a given capacitance and supply voltage. It
is preferred to accomplish the charging cycle at
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a relatively fast rate, obtaining most of the meas-

ured time interval from the discharging cycle.
In operation, the action of this system is found
to be very reliable and steady so that once the
variable discharge resistor is set to produce &
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the desired time intervals may be adjusted by dial
indexing meens on the control panel.

Figure 2 shows the elements of the system of
Figure 1 necessary to produce a single timing in-
terval, and is pertinent to the foregoing descrip-
tion of the timing cycle. In Figure 2 the only
functions of the electromagnet 1T would be to op-
erate the switch arm 20 and a contactor to make
and break s single circuit to the device to be

timed. Also, in Figure 2 the transformer 2 has

been omitted, the system being connected di-
rectly on the line .

Iclaim: -

i, An electronic timing system comprising a
stepping switch arranged in & thyratron circuit
to advance one step esch time the circult is ener-
gized, & first condenser arranged for charging by
& potential in said circuit, a second condenser in
series with s resistance in a circuit parallel with
sald first ‘condenser, & switch operable by said
stepping switch to complete sald charging circuit,
a contrel grid responsive to.the potential of said
second condenser to ignite and extinguish sald
thyratron, said switch being operable by de-ener-
gization of said stepping switch to connect said
condensers into a discharge circuit comprising

a plurality of variable resistors, a contactor ac-

tuated by sald stepping switch to connect said
resistors into said discharge circuit sequentially
in successive cycles of operation, and a contactor
operable by said stepping switch to enecrgize a
plurality of circuits in succession and rotation
wherein the interval of energization of each cir-
cuit is controlled-by said variable resistors respec-
tively. ,

2. An electronic timing system comprising a
stepping switch arranged to energize a plurality
of circuits successively, repeatedly and in rota-

"tlon, a thyratron intermittently energizing said

stepping switch, a first condenser arranged for
charging by seid thyratron circuit, a second con-
denser under the control of sald first condenser
for controlling the ignition and extinguishing of
sald thyratron in accordance with condenser po-
tential, and a plurality of variable discharge cir-
cuits arranged for selection successively and in
rotation by sald stepping switch for the individual
timing of the energization of the respective first

_named circuits,

8. An electronic timing system for controlling
& plurality of external circuits in succession com-~
prising means to accumulate an electrical charge,
a charging circuit, a plurality of discharge circults-
for discharging sald charge accumulating means
at. different rates, and switching means operable
in step-by-step action in response to charging and
discharging cycles to eflect a repetition of saild
cycles with said different discharge circuits suc-
cessively and to energize said external circuits
successively.
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