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This invention relates to relays and particu 
larly to relay systems including fundamental 
electrical elements having time constants so re 
lated to the time constants of the relay winding 
or Windings as to establish a desired time inter 
Wall of Operation for the relay, either in its for 
Ward or actuating operation, or in its backward 
Or resetting operation. 
An object of my invention is to provide a relay 

System embodying a combination of elements 
having time constants cooperatively related to 
those of the relay to establish a predetermined 
type of desired time operation and a predeter 
mined type of desired time of resetting of the 
relay. 

In electrical systems it is frequently desirable 
to control the time element in the actuating 
Operation of a relay, to operate a switch, or in the 
resetting operation of the relay to perform the 
reverse operation of the switch, for the purpose 
of controlling an external circuit or an opera 
tion in a sequence of control. There are several 
types of timing operations frequently desired 
in a relay. One type of operation that may be 
desired is a delayed actuating or closing opera 
tion of the relay, and a delayed resetting or open 
ing operation of the relay. 
Another type of Operation frequently desired 

is a quick actuating or closing operation of the 
relay, and a delayed resetting or opening opera 
tion of the relay. 
A third type of operation frequently desired is 

that in which a fixed minimum time interval 
shall elapse between Successive operations of a 
relay. 

I have illustrated several relay circuits, respec 
tively including a combination of fundamental 
electrical elements arranged to have electrical 
circuit constants cooperatively related to the 
electrical constants of the relay winding in such 
manner as to establish, purely electrically, the 
timing interval desired for the actuating or clos 
ing operation of the relay, or the timing interval 
desired for the resetting or opening interval of 
the relay. 
Warious circuits by means of which the several 

types of timing intervals are obtained in control 
ling the operation of a relay are illustrated in the 
accompanying drawings, in which: 

Figure is a diagram of an electrical circuit in 
which a relay is controlled to have both a de 
layed closing operation and a delayed opening 
operation; 

Fig. 2 is a graph showing the operating and 
resetting time curves for the circuit of Fig. 1; 

(C. 175-320) 
Fig. 3 is a diagram of an electrical circuit in 

which a relay is controlled to provide a quick 
closing or actuating operation, and a slow or de 
layed opening or resetting Operation; 

Fig. 4 is a graph showing the Operating and 5 
resetting time curves for the circuit of Fig. 3; 

Fig. 5 is a diagram of an electrical circuit in 
which a relay is to provide a minimum fixed in 
terval between predetermined successive actuat 
ing operations; and O 

Fig. 6 is a graph showing the relay operating 
and resetting curves in relation to such time in 
terval and other circuit conditions. 

In the diagram shown in Fig. 1, a relay O is 
provided with a winding f and an element 2 6 
controlled thereby that is illustrated, for the 
purpose of this invention, as a switch, or contact 
member. The relay is not limited to the con 
trol of an electrical circuit switch 2 but may 
be utilized to operate any mechanical member 20 
to perform a mechanical operation. The ener 
gization of the relay O is derived from a direct 
current supply circuit 3, connected to a direct 
current source of supply, or through a rectify 
ing device to an alternating current source of 25 
supply. For the purpose of this application, 
however, the energizing circuit 3. is a direct 
Current circuit. 
The operation and energization of the relay 
O by the direct current energy from the ener- 30 

gizing circuit 3 is controlled by two resistors 
4 and 5, and a condenser 6. The two re 

sistors are connected in series with the wind 
ing of the relay and the condenser 6 is con 
nected to bridge or shunt the relay winding fl 35 
and the resistor 5. 
In the circuit shown in Fig. 1, the time Con 

stants of the resistors f4 and 5, and of the 
condenser 6, are so co-operatively related to the 
time constants of the winding fl of the relay 0, 40 
that when the circuit 3 is first closed by Switch 

to energize the relay, the first current charge 
will be absorbed in charging the condenser 6, 
so that the energization of the winding of the 
relay to operate the relay will be delayed. The 45 
manner in which the energization of the relay 
winding is delayed is illustrated in Fig. 2, by 
the curve 2, representing the voltage across the 
relay coil. The relay pick-up value is shown by 
the horizontal dashed line 22. As the voltage 50 
across the relay reaches the value correspond 
ing to the line 22, the relay winding fi becomes 
energized to perform its operation to close the 
switch f2. As will be observed from the graph 
in Fig. 2, the curve 2 crosses the line 22 at a 
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time T-1 after the energization of the circuit 
from the supply 3. That time is a function 
Of the product of the resistance of resistor f4 and 
the capacitance of the condenser 6. 

If, now, the relay is to be de-energized to per 
mit the switch 2 to be opened, the circuit 3 
is opened by Switch f and energization of the 
relay 0 discontinued. The energy magneti 
cally stored in the field of the winding fo and 
in the condenser 6 must be dissipated, however, 
before the Winding of the relay will be sufficiently 
de-energized to permit the relay to return to its 
initial de-energized position. The respective time 
constants of the relay winding f and of the 
resistor 5 and of the condenser 6 are so selected 
that they will cooperate to provide the time in 
terval that is desired for the de-energization of 
the winding of the relay to provide the time 
delay that is wanted. 
Such time delay is illustrated by the curve 25 in 

Fig. 2, which illustrates the manner in which the 
current in the circuit of the winding is slowly 
dissipated to the drop out value indicated by the 
horizontal line 23. The time T-2 between circuit 
opening and relay opening is a function of the 
product of the resistance and capacity constants 
of resistor 5 and condenser 6. 
The circuit shown in Fig. 3 is arranged to pro 

vide a quick closing operation and a delayed 
opening operation of the relay 30. As shown in 
the drawings, the relay 30 comprises a main hold 
ing winding, pr coil 3, and an auxiliary actuat 
ing or pick-up coil 32. The construction of the 
relay is schematically illustrated to show an actu 
ating core 33 that is responsive to the actuating 
winding 32 and movable thereby to a position at 
which a holding core 34 will be moved into the 
holding magnetic zone of the holding winding 
3 of the relay. Winding 3 is not sufficiently 
strong to actuate the relay, but will hold it in 
operated closed position once it has been moved 
thereto by the actuating winding 32. The relay 
30, when closed, operates a switch or other simi 
lar member 35. The energization of the relay 
is derived from a direct current circuit 36, 
through the closure of Switch 2, and the timing 
operations of the relay are controlled by a resistor 
37 and a condenser 38. The resistor 37 is con 
nected in series circuit relation between the two 
windings 3 and 32, and the condenser 38 is con 
nected to bridge or shunt the resistor 37 and the 
relay holding winding 3. 
When the circuit 36 is first energized, assum 

ing switch 2 is closed, the immediate charging 
Current impulse to the condenser 38 energizes 
the actuating Winding 32 to actuate the relay to 
its operated or closed position, at which the hold 
ing core 34 is within the range of influence of 
the holding winding 3. While as the condenser 
is charged, the holding winding 3 becomes en 
ergized in series with the actuating winding 32 
to an extent that is sufficient to hold the relay 
closed, although it is not sufficient to close the 
relay initially from its normally open position. 
With this circuit, the relay is provided with a 
quick closing operation. 
When the relay is to be de-energized, the sup 

ply circuit 36 is de-energized or switch. 2 is 
Opened, and the actuating winding 32 becomes 
quickly de-energized according to its time con 
stant which must be small. The time constant 
of the holding winding 31, however, is compara 
tively large, and its energy, together with the 
energy stored in the condenser 38, must be dis 
sipated before the holding winding 3 will be 

2,182,687 
sufficiently de-energized to release the holding 
core 34 to permit the relay to resume its initial 
open position. 
The closing operation of the relay 30 is quickly 

effected, as indicated by the charging current 
curve 4 of Fig. 4, within the time interval T-3. 
In the meantime, the holding coil is energized, as 
shown in curve 42, to a value sufficient to hold 
the relay closed. When the relay circuit is 
opened to de-energize the relay, the time curve 
is illustrated by the curve 43 which represents 
the decaying current in the circuit of the hold 
ing winding. As illustrated, that current does 
not diminish to the drop-out value until the 
expiration of an interval T-4 after the ener 
gizing circuit 36 has been opened. That time 
interval is a function of the product of the con 
stants of resistor 37 and condenser 38. 

In Fig. 5 is illustrated a modified relay circuit 
in which a relay 50 is provided with a winding 
5 to control a switch or similar mechanical ele 
ment 52. The relay is energized from a direct 
current circuit 53 through a resistor 54 bridged 
by a condenser 55. When switch 3 is first closed, 
the relay 50 is energized to close its switch 52 
quickly by reason of the charging current of 
the condenser 55. The relay then remains closed 
because of the holding current that then traverses 
the resistor 54 shunting the condenser 55. The 
relay 50 will now remain closed as long as circuit 
53 is energized or connected to its Source. If 
switch from the energized circuit 53 should noW 
be opened, relay 50 would be de-energized and 
it would open immediately. The energy stored 
in the condenser 55, however, must be first dis 
sipated in the closed circuit including the Con 
denser 55 and the resistor 54 before a reclosure 
of the circuit 53 will be able to energize the 
winding 5 sufficiently to operate the relay. So 
long as the condenser 55 remains partially 
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40 charged, the amount of charging current which 
it will immediately be able to receive will not be 
sufficient to re-energize and re-operate the relay 
50. The relay will therefore remain insufficiently 
energized until the circuit 53 has remained Open 
for a sufficient time to permit the condenser 55 to 
discharge or dissipate substantially its entire 
quantity of stored energy. 
The manner in which the circuit in Fig. 5 

operates is schematically illustrated by the graph 
in Fig. 6, in which curve 6 represents the 
charging current curve when the relay is first 
connected to the supply circuit 53 after the con 
denser 55 has become entirely discharged. That 
current is sufficient to operate the relay. The 
current through the resistor 54 is shown by 
curve 62, and the resistance value of resistor 54 
in relation to the impedance of coil 5 is SO Se 
lected that the current through the resistor will 
be sufficient in magnitude to hold the relay 
closed. Curve 63 represents the voltage acroSS 
relay winding 5. 

If now, as at time T-6 in Fig. 6, the relay is to 
be de-energized and the circuit 53 is opened, the 
energy of the condenser and resistor combina 
tion will require a time interval illustrated by 
T-7 of Fig. 6 before the condenser will be suffl 
ciently discharged, to permit the condenser to 
receive a subsequent charging current sufficient 
to again energize the relay winding 5. 
In each case, the condenser and resistor time 

constants are selected to be co-operatively re 
lated to the time constants of the relay in Such 
manner as to provide the operation of the nature 
described. The selection of such constants will, 
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of course, depend upon the design and size of 
the respective relays and their windings, and 
upon the operating currents necessary to oper 
ate the relay and also upon the value of the 
drop-out current at which point the relay will 
be permitted to open. All of such co-operative 
relations will follow the Well established formu 
lae, applying to inductive and reactive circuits. 
By means of such simpie fundamental elec 

trical elements, the time element in the Oper 
ation of a relay, to its closed position, Or to its 
open position, may be predetermined and Con 
trolled in a simple and reliable manner. 
My invention is not limited to any specific con 

struction of relays nor to any Specific time Con 
stants in the elements that are to co-operate 
with the relays, since the various circuits may 
be modified without departing from the spirit 
and scope of the invention as set forth in the 
appended claims. 

I claim as my invention: 
1. A relay system arranged for quick actu 

ation and delayed resetting, comprising a main 
winding on the relay and an auxiliary winding 
on the relay, an energizing circuit for the relay, 
a condenser in series with the auxiliary winding 
and shunting the main winding, and a resistor 
in circuit with the main winding and the Con 
denser, the time constants of the resistor, of the 
condenser, and of the two relay windings being 
such that the auxiliary winding will serve to 
operate the relay, and the main winding will 
serve to hold the relay in operated position there 
after, but not to actuate the relay to operated 
position, and such that the main winding will 
co-operate with the resistor and the condenser 
to delay the resetting operation of the relay 
when the relay circuit is de-energized. 

2. In combination, a relay comprising an ac 

tuating winding and a holding winding con 
nected in series relationship, an energizing cir 
cuit therefor, and means connected in parallel 
to the holding Winding and Operative When the 
energizing circuit is energized to effect instan- 5 
taneous energization of the actuating winding 
and delayed energization of the holding Wind 
ing, and operative when the energizing circuit is 
deenergized or opened, to effect instantaneous de 
energization of the actuating Winding and to 0 
effect delayed de-energization of holding wind 
ing. 

3. A relay System comprising a relay having 
an actuating winding and a holding winding, an 
external resistor connected between the tWO 5 
Windings, and a condenser bridging the resistor 
and the holding winding. 

4. In an electric time limit control Scheme, 
in combination, an electromagnetic device haW 
ing two coils, a condenser, a Source of direct 20, 
current energy, one of Said coils and the COne 
denser being connected in series and the other 
coil being connected in parallel to the Con 
denser, means for connecting the coils and cone 
denser to said Source of direct current energy 25 
whereby the coil connected in series with the 
condenser becomes rapidly energized to thus 
effect the operation of the electromagnetic de 
vice immediately after connection of said coils 
and condenser to the said source of direct cur- 30 
rent and the coil connected across the terminals 
of the condenser remains energized by the dis 
charge current of the condenser for a definite 
time to maintain said electromagnetic device in 
operated condition for a definite time after the 35 
coils and condenser are disconnected from the 
source of direct current. 

RAPB E. MARBURY. 


