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The present invention relates to timing devices, 
and more particularly to devices for timing a 
series of operations according to a predetermined 
time sequence. 
In many manufacturing operations and pro 

cesses, a sequence of steps is carried Out on a time 
basis, with definite time periods allotted for at 
least some of the steps. Thus, in the case of 
plastic molding operations, which will hereinafter 
be used as a typical example of a sequential opera." 
tion which the timing device is well adapted to 
control, the sequence of operations may include 
charging the die with the material, a prelininary 
closing and pressing, a slight reopening for gas 
sing, reclosing under full pressure, a curing 
period, and opening and ejection of the molded 
piece, 
While such a sequence may be carried out 

under the direct control of the press operator, it 
has been found that substantially improved rer - 
sults may be obtained by providing automatic 
timing means for carrying out the sequence ac 
cording to an accurately controlled time basis. 
Not only does this relieve the operator of the con 
trol problem, but it insures that intervals such 
as the curing period will be given the full pre 
determined time. 

Accordingly, one of the objects of the invention 
is to provide a simple and effective control device 
for automatically carrying out a repetitive opera 
tion involving a predetermined sequence of steps, 
at least some of which involve intervals of appre 
ciable duration. 
It is likewise an object of the invention to pro 

vide a timing control not dependent on clock 
work or similar mechanism for the basic tinning 
element, and wherein the time intervals of the 
several timing periods may be readily adjusted or 
modified to suit the particular require intents of 
the operation. 

Still another object of the invention is to pro 
wide apparatus for control of a sequence of opera 
tions which permits certain of said operations to 
be controlled on a time basis, while other steps 
may be automatically controlled on some 
other basis such as position or displacement. 

In accordance with these and other objects, a, 
feature of the invention involves the use as the 
basic timing unit, of a simple resistance-capacity 
netWork in a SSociation with an electron discharge 
device controlled thereby, the timed intervals 
being provided by the selective application of ap 
propriate potentials to the resistance-capacity 
network. In order to permit the use of readily. 
available values of capacity and resistance in this 
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timing circuit, progressively actuated switching 
means are provided so that time intervals sub 
stantially longer than would normally be avail 
able in terms of the time constant of the circuit 
may be obtained with high accuracy. 
The drawing shows a schematic wiring diagram 

of a time sequence control embodying the inven 
tion. For purpose of illustration, the timer is 
shown as arranged to provide a typical operating 
sequence for a plastic molding operation, a show 
ing of the press itself being omitted as unneces 
sary to a full disclosure of the invention. 
The timing apparatus comprises, in general, a 

basic timing unit (shown in the upper portion of 
the drawing), and switching circuits shown in 
the lower portion of the diagram and under the 
Control of the timing unit. 
The timing unit involves an electron discharge 

tube 8 with associated power supply, and a re 
sistance-capacity (RC) network composed of re 
sistor 0 and condenser 2 connected to the con 
trol grid. The tube 8 is preferably of the gas dis 
charge type, although conventional high-vacuum 
types of tubes may be employed with minor cir 
cuit, modifications. In either case, it is ad 
vantageous to employ a tetrode having a screen 
or second grid in addition to the control grid. 
Appropriate operating potentials are provided by 
the usual power supply composed of transformer 
4, rectifier 6, filter condenser 8 and Voltage 
regulator tube 20. 
Included in the anode circuit of the tube is a 

relay 24 having contacts which normally con 
nect the power Supply to the anode. A series 
isolating resistor 26 and a shunt anode capacitor 
28 of relatively high capacity are likeWise in 
cluded in the anode circuit. 
In accordance with the usual operating charac 

teristics of a grid-controlled gaseous discharge 
tube or thyratron, so long as the control grid of 
the tube is maintained at an appreciable negative 
potential relative to the cathode, the tube will be 
substantially non-conductive, and the anode-cir 
cuit relay 24 will remain de-energized. If, how 
ever, the grid is caused to become positive relative 
to the cathode, the tube 'fires' or becomes con 
ductive, and the anode current rises to a high 
value by reason of the discharge of condenser 28. 
This pulse of anode current actuates relay 24, 
causing its contacts to transfer and thereby dis 
connect the anode circuit from the power supply. 
As soon as the charge on condensel 28 has been 
dissipated, the relay returns to normal position. 
By this time, however, the anode potential will 
have dropped below the extinction voltage of the 
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tube, hence the tube is no longer conductive. 
Furthermore, the triggering potential has been 
removed from the control grid as will hereinafter 
appear, so that the tube remains non-conductive 
upon restoration of the full anode potential, until 
such time as a suitable triggering potential is 
again applied to the grid. 
The pulse of anode current provided by the dis 

charge of condenser 28 when the tube fires is 
utilized to operate a stepping relay by which the 
switching of the timing circuits and of the coil 

() 

trolling circuits for the machine or process is 
accomplished. The stepping relay, shown in the 
lower portion of the diagram, is of conventional 
construction, having an actuating Solenoid and 
latchet drive indicated at 34 by winich the Switch 
ing arms of the several banks of contacts are ad 
vanced simultaneously. As is well known in the 
art, the contacts and aims are so arranged in 
the actual construction that there is no break in 5 
the progression of the switch arms from the last 
set of contacts of each bank to the first Set, So 
as to permit continuous repetition of a cycle as 
the solenoid is successively energized. 
The times at which the tube is fired in order 

that a desired operating sequence may be pro 
vided by the stepping relay are under the control 
of potentiometers 40, 42, 44, 4S and 48 associated 
with the first contact bank 36 of the stepping 
relay. The particular arrangement shown in the 
drawing and hereinafter more fully described is 
to be understood as merely typical, since numer 
ous other combinations of contacts and control 
potentiometers are possible to provide a wide. 
variety of control sequences. These interval 
controlling potentiometers in effect provide a 
multiple voltage divider connected across the 
anode supply during normal, de-energized posi 
tion of the relay 24. The various voltages which 
are successively derived as the stepping relay ad 
vances are applied through an isolating resistor 
52 to the RC network Of the control grid circuit. 
Before considering the Switching sequence over 
a typical complete timing cycle, however, the 
method of providing a single timed interval will 
first be described. 

ASSunning for the present that the operating 
sequence of the timer has been initiated and 
that the tube has just fired, the time interval 
until the tube next fires is provided in the foll 
lowing manner. As has already been indicated, 
When the tube becomes conductive, the relay 24 
is briefly actuated. This disconnects the anode 
circuit from the anode supply, and transfers the 
latter to the RC circuit of the control grid, 
Since the tube remains conductive until the 
charge on condenser 28 drops below the extinc 
tion voltage for the tube, the condenser 2 be 
comes charged with a potential equal to the 
anode Supply voltage less the relatively small po 
tential drop across the diode composed of control 
grid and cathode. By way of illustration, for an 
anode Supply potential of 150 volts, the charge on 
Condenser 2, or difference in potential between 
the two sides of the condenser, might be of the 
order of 140 volts, allowing a 10 volt drop between 
grid and cathode for conductive conditions. 
Upon the Substantial completion of discharge 

of the anode condenser 28 and the consequent 
extinction of the tube, the RC circuit is discon 
nected by the relay from the anode supply line 
and is connected through the voltage divider 
circuit to a point of relatively lower potential. 
The magnitude of this reference potential is ad 
justable, depending on the particular potenti. 

4. 
Ometer Setting. Because of the charge On con 
denser 2, the control grid is now negative by 
the amount the charge exceeds the reference po 
tential. Thus the tube, which has been extin 
guished, does not become conductive when anode 
potential is reapplied. 
The charge on condenser f2 is gradually dis 

sipated by the shunt resistor 0, the difference 
in potential decreasing exponentially. After a 
time dependent on the reference potential sup 
plied by the Voltage divider setting, the control 
grid potential reaches a value, relative to cath 
ode, at which the tube fires, causing the stepping 
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relay to advance one contact and initiating the 
next timing interval. 
By way of illustration of the time intervals 

which may be provided with this type of basic 
timing unit, it has been found possible to pro 
vide periods from approximately 1.5 seconds to 60 
Seconds, using values of the order of 20 megohms 
and 2 microfarads for the resistor and con 
denser 2 of the RC circuit. The fact that only a 
single RC circuit is employed as the critical tim 
ing unit is of advantage, since it enables the com 
ponents to be sealed in a single envelope to mini 
Inize the effects of changes in atmospheric con 
ditions. 

In order to provide accurately timed intervals 
Substantially longer than could be provided in 
a single timing interval with an RC timing cir 
cuit having a time constant of readily realizable 
magnitude, the present invention provides for 
multiplying the time intervals through use of the 
Stepping Switch. Thus, a plurality of contacts of 
the voltage divider bank may be connected to 
gether to provide a cumulative interval equal to 
the Sun of the intervals. By joining ten contacts, 
for example, a period of approximately ten 
minutes may be accurately timed, the relay ad 
Vancing one contact for each interval as deter 
mined by the common potentiometer setting. 
To provide control over the starting and 

stopping of the tinning sequence, and to permit 
either automatic or nonautomatic repetition 
thereof, a relay 68 may be employed in conjunc 
tion with push-button type start and stop 
Switches 62 and $4, making use of banks 66 and 
68 of the stepping relay. With the relays 23 and 
60 in the position shown, but with the power 
Supply Switch 9 closed, the following conditions 
prevail in the circuit. The anode, control grid 
and cathode are all at the full anode potential 
(positive) since the cathode and the interval 
determining voltage divider circuits are intercon 
nected but ungrounded, the upper contacts of 
relay 60 being open. The screen grid is at a nega 
tive potential, however, since resistors G and 2 
form a voltage divider across resistor 74. Thus 
the timer will remain in standby condition in 
definitely. 
Upon pressing the start button 62, the relay 60 

is energized, connecting the cathode and the 
Screen grid of the tube to ground and causing the 
tube immediately to fire, since the control grid 
is already at positive potential. The stepping 
relay thereupon advances to the second contact 
position to complete a holding circuit for relay 
88 through the lower set of relay contacts and 
switch bank 68, and to connect the cathode and 
Voltage divider group to ground through switch 
bank. 66. The timer will then proceed with the 
Operating sequence in accordance with the par 
ticular settings and arrangement of the interval 
controlling switch and potentiometers. 

If the stop button 64 be pushed during the 
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carrying out of a timing sequence, as for an emer 
gency, stop, the relay SO is de-energized. This 
OpenS, the interval-controling voltage divider cir 
cuit to ground, but leaves the cathode grounded 
through Switch bank 36 except when the latter's 
arril is at "home' position. Since the control 
grid relains at high positive potential, the Elbe 
fires in rapid succession, at a frequency deter 
mined by the voltage across resistor 8. Only 
Sufficient time is necessary to allow the condenser 
28 to build up its charge before the tube again 
fires. If the connection 74 be omitted and all 
contacts of switch bank 63 except, the first, be 
Connected together, whenever the stop button is 
depressed the stepping relay will rapidly advance. 
automatically to “hone' position and come to 
rest, in that position. In the arrangement shown, 
Where a separate connection is provided from the 
twelfth through the twentieth contact, inciusive, 
of bank 68 around the sto) switch, the stop switch 
is l'endered ineffective during the time the step 
ping relay is on said contacts. This prevents an 
Operator, during that portion of the timing Se 
quence, from in properly shortening the time in 
terval for which the timer may be set, as for ex 
ample the cure period in a plastic innolding 
operation. 
To apply the timing sequence of the timer to 

the control of a machine or process, connections 
are made to the stepping relay, as many switch 
banks being utilized as are necessary to handle 
the circuits to be controlled. In the illustrative 
embodiment of a timer suitable for controlling a 
moiding press, three switch banks 89, 82 and 38 
are shown connected to relay devices 36, 38 and 99 
which Inay be taken to represent, solenoid-actu 
ated valves in control of the high pressure, low 
pressure, and return lines of the press. In addi 
tion, a relay and supplementary push button 
switches iO2 and 64 are included for fiexibility 
of control in this typical application. These 
Switches permit, at certain stages in the Operat 
ing sequence, such as before initiation of a timing 
cycle and consequent energization of relay 9, 
nanual control of press opening and closing, 
through actuation of the low pressure and release 
valve controls 38 and 90, respectively. 
A complete operating sequence will now be 

described by way of illustration only, since the 
ctual control sequence is merely typical. Upot 

initiating the timing cycie by means of push but 
ton 2, the tube immediately fires, as has already 
been indicated, thus advancing the stepping 'elay 
to the second contact. The cathode is now con 
nected to ground for the duration of the cycle by 
switch bank 66, aid the relay 68 is held closed by 
bank 68. The SWitches 2 and 4 have been 
by-passed by relay it to insure automatic con 
trol of the press, and the return valve 99 is held 
open by switch bank 84. 
The stepping relay quickly advances to the 

third contact, due to the high positive reference 
potential provided at the second contact of bank 
36. The time intervai at the third contact, is 
determined by the setting of potentiometer 49. 
This provides for rapid press closing by the low 
pressure Supply, via the third contact of bank 
82. Next the low pressure is cut off (fourth con 
tact), and the high pressure briefly applied (fifth 
and sixth contacts of bank 82), for a preliminary 
pressing determined by potentiometer 42. 
To provide a gassing cycle, the high pressure 

supply is cut off at the seventh contact, and at 
the eighth contact a supplementary control cir 
cuit becomes operative to provide a predeter 
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mined separation of the mold. For this purpose, 
Switches 68 and 3 are mounted on the press to 
be closed by tine press noverent when the moid 
has opened the desired dista: Ce for gassing. 
When the eighth contact of bank 33 is reached, 
the waive. 38 is de-energized to operate the pull 
Back and open the press. As soon as li:it SWitch 
: G3 is closed, however, the valve 9 is re-energized 
to stop further opening. 
The length of time the pless stays in this 

partly open position for gassing is controlled by 
variable resistic: ; i. Since, before the cosing 
of Switch S, ice reference yixit:3ge applied 
through resistor S 23 to the R3 is relatively low, 
8, substantial e intervai is provided, perinit 
ting coatia by SC33e external control gains, ii 
lustrated inere by tiis iii.2it switch. Alliernative 
ly, a negative referezice voitage inay be provided 
by connection to an appropriate poikit in the cir 
cuit to provide indefinite suspension of the tinning 
cycle, until resurned tillough ceratic; of the 
external device of control. 
Upon termination of the gassing cycle as tinned 

by resistor 3, the high ri'eSSui'e is applied to 
close the noid and begin the cue period. It Will 
be observed that, the tenth through nineteenth 
contacts of bank. 36 are connected together to 
provide a multiplied or cumulative time interval 
during which the tube fires at intervals determined 
by the setting of potentioineter Ai. ihiroughout 
this period, which may be a matter of several 
minutes, the high pressure valve is energized by 
switch ark. 32. As has previously been if:{icated, 
during this cure period tha stop switch Gá is by 
passed by the connection i? to the corresponding 
contacts of Switch bank 38 to prevent, interrupt 
ing or shortening the cuiring time. 
Following the cure pari tie high pressure is 

cut off by bank 32, twentieth contaci, and the re 
lease valve $8 deenergized by bank 86, twenty-first, 
contact, to render the pullback operative. iihe 
distance the press opens is determined by the 
time interval provided by potentiometer 49, if 
switch 4 has been closed. If switch 4 is left 
open, the press will fully open at the end of the 
cure period. Switch is provides, when desired, 
for automatic partial reclosing of the press foll 
lowing removal of the molded piece and prepara 
tory to a new molding cycle, the extent of reclos 
ing being controlled Oil a time basis by the dura 
tion of the interval provided by potentioneter 8. 
The final contacts, the twenty-third, fourth and 
fifth, are passed over rapidly by reach of the high 
reference voltage, bringing the switch arms of the 
stepping relay to the initial or home position, 
where the timer goes into standby condition by 
reason of the opening of the holding circuit for 
relay 60. 
By providing a switch 8 in parallel with the 

push button start switch 62, the sequence may be 
made to repeat, automatically, where such mode 
of operation is desired. When it, is desired to stop 
the repetition, it is merely necessary to Open Switch 

8, and the time will complete the Sequence 
and then come to rest, in its standby position. 

For applications where it is advantageous to 
permit adjustment of the relative times of two or 
niaore intervals While maintaining the total time 
unchanged, the potentiometers in control of said 
intervals may be interconnected in the manner of 
the corvantional T. pad so that the reference 
potential provided by one potention eter is de 
creased when the other is increased, and vice 
Wesa. 

I have described as my invention an electrical 
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timing control or relative simplicity, yet adapted 
for accurate and reliable control of numerous 
types of machines and processes requiring a wide 
range of timed intervals according to a definite 
Sequence. 
as involving an electrical timing control. Wherein 
the timing intervals are determined by a single 
RC tinning circuit, whose reference potential is 
modified by appropriate Switching and control 
means to provide a succession of timed intervals 
of predetermined duration. While a particular 
embodiment of the invention has been described, 
this is by way of illustration only, as it will be un 
derstood that numerous modifications and adap 
tations of the control principles to specific appli 
cations may be made, within the scope of the 
appended clains. 

I claim: 
1. A timing control comprising an electron dis 

charge device having an anode, a cathode and a 2: 
control grid, a condenser connected to the grid, 
multiple, Woltage divider means for supplying a 
plurality of reference potentials, relay switching 
means in the anode circuit responsive to flow of 
anode current, for briefly connecting the con 
denser to a source of charging potential and for 
thereafter applying a selected reference potential 
to the condenser to cause the control grid to 
assume a potential differing from the reference 
potential by the charge on the condenser, a re- : 3. 
sistor for dissipating the condenser charge to 
cause the grid, after a time dependent on the 
magnitude of the reference potential, to render 
the electron discharge device operative, said relay 
switching means including stepwise actuated 
switching means for successively applying selected 
reference potentials to the condenser to provide 
a predetermined sequence of timed intervals be 
tween successive operations of the electron dis 
charge device. 

My invention may thus be considered 
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8 
2. A timing control comprising an electron dis 

charge device having an anode, a Cathode and a 
control grid, a condenser connected to the control 
grid, voltage divider means for developing a ref 
erence potential, relay means in the anode cir 
cuit responsive to flow of anode current for apply 
ing a charging potential to the grid condenser 
when the relay means is actuated and for con 
necting the grid condenser to the source of refer 
ence potential when the relay means is de-ener 
gized, whereby a potential is applied to the con 
trol grid differing from the reference potential by 
the charge on the condenser, a resistor connected 
across the grid condenser for dissipating the 
charge thereoin and for causing the control grid 
after a time dependent on the reference potential 
to assume a potential at Which the electron dis 
charge device becomes operative, and Switching 
In eans actuated Stepwise by Successive Operations 
of the electron discharge device for repetitively 
applying the reference potential upon said suc 
cessive operations to provide a timed interval 
equal to the sum of the intervals. 

GODWN R. F. GAY. 

REFERENCES (CTE) 

She followiig references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Nine Nane Cate 
2,061,011 Wingerhoets ------- Nov. 17, 1936 
2,178,112 Barker ------------ Oct. 31, 1939 
2,306,237 Wolfner ----------- Dec. 22, 1942 

FOREIGN PATENTS 
lifie: Country Date 

260,291 Great Britain ----- Sept. 8, 1927 

  


