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This invention relates to relays for controlling
the supply of operating current to electro-mag-
netically operated devices of the kind in which
the supply of operating current effected when
the circuit for this current, closed when the con-
trol relay is energised, is arranged to be inter-
rupted at a point other than the control relay
contacts after a predetermined time interval.

According to the invention, the electro-mag-
netic energy stored in the device while the lat-
ter is supplied with operating current is arranged
to be utilised, when the circuit of the device iz
interrupted, to effect a positive and rapid open-
ing movement of the control relay contacts which
are subsequently reclosed provided that the con-
trol relay continues to be energised.

The invention is illustrated by way of example
in the accompanying drawings of which Figures
1, 2 and 3 are diagrammatic ecircuit diagrams of
control relay apparatus embodying various forms
of the invention.

Referring now first to Figure 1, the control
apparatus therein shown comprises a sensitive
control relay | having an energising winding 2, a

movable element 3 and a single fixed contact 4,

the element 3 being normally cut of engagement
with the contact 4 and making contact there-
with when the winding 2 is energised from a
control cireuit. v

The control relay | is arranged to control the
supply of operating current to a power relay A
from the terminals 5 of a power supply circuit
through a front contact C!, of a normally ener-
gised slow release relay C when the control relay
| is energised, the relay C being normally ener-
gised from the terminals 5§ through a circuit in-
cluding a back contact Al of the power relay A,
this contact A! being closed so long as the relay
A is deenergised.

The control relay winding 2 is connected te
the conductors 6§ of a control circuit in series
with an inductance 1, a suitable condenser 8 be-
ing connected in parallel with the relay winding
2. " A relatively high resistance 9 is included in a
conductor {0 extending as shown from one end
of the inductance T to one of the terminals of
the power relay A which is previded with g front
contact A2 controlling the energising circuit of
an electro-magnetically operated device (not
shown) to be controlled.

The operation of the apparatus of Figure 1is as
follows:

Under normal conditions the relay C is main-
tained energised from the supply terminals §
throiigh a circuit including the back contact Al
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of the power relay A, the front contact C! of the
relay C being thus closed.

‘When energising current is supplied from the
conductors 6§ to the winding 2 of the control
relay | through a ecircuit including the induct-
ance 1, the control relay [ is energised and the
element 3 of this relay is caused to engage with
the fixed contact 4.

A circuit for the operating winding of the
power relay A is thus completed from the supply
circuit terminals 5 through the closed contact C!
of the relay C and an additional or reinforcing
current is at the same time supplied to the con-
trol relay winding 2 in parallel with the wind-
ing of the power relay A from the terminals 5
through conductor 10, the resistance 9 and the
inductance 1 this additional current causing the
element 3 of the control relay to be firmly main-
tained in its closed position against the con-
tact 4.

The energisation of the control relay | effects
the interruption of the energising circuit of the
slow release relay C which after the expiration
of an interval of time releases its contact C! and
thereby breaks the energising circuit of the power
relay A at this contact.

As soon as this occurs, the discharge of the
electro-magnetic energy stored in the magnetic
circuit of the power relay A due to the decay of
the magnetic flux tends to cause a transient
current to flow in the circuit of the energizing
winding 2 of the confrol relay in a direction op-
posed to that of the control current from the con-
ductors 6. The actual current traversing the
control relay winding 2 during thig short period
of time will evidently be the difference between
the value of the transient current above referred
to and the control current -and its direction of
flow will be such as to cause the control relay
element 3 to be positively and promptly moved
away from the fixed contact 4 to an extent de-
pendent on this actual current temporarily
traversing the control relay winding 2.

As soon as the transient current ceases the
control current will return the element 3 of the
control relay | into engagement with the contact
4 and this action will evidently occur after a
short interval of time dependent upon the extent
of the opening movement of the control relay ele-
ment 3. If, therefore, the control current is rel-
atively high, the extent of the opening move-
ment above referred to will be relatively small
and the return movement of the control relay
element 3 will be completed after a relatively
short time interval. - If, on the.other hand, the
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cuit conductors 8 are sup-
with current in cue direction or the other,
winding 2 of the control relay 1 is corre-
ngly energised to cause the relay slement

A is opened and closed, the openi " this cir- & tc engage with the contact {{1 or the contact
cuit being effected at the contact T of the slow 12 of the control relay in accordance with the
release relay C while the duration of the closed ;g direction of the current in the winding 2.

period is constant and determined by the char- Assuming that the elemant 3 is moved into en-
acteristic of the slow release relay C. The dura- gagement with the fizxed contact {2, the operat-
tion of the deenergised periods of the power relay ing winding of the relay B is shori-circuited

A 1is, on the other hand, dependent upon the through the element 3 and contact {2 with the
magnitude of the control current relative to the 15 result that the cutrrent supplied to the operating

magnetic characteristics of the power relay. winding of the relay A from the output terminals

This action is particularly advantageous {8 is censiderably increased and the relay A is
where the power relay A is arranged to control oberated to open its contact A! and to clese its
(through a circuit including a contact A? of the contact A2 Current is also supplied from the
relay A) a voltage or current regulator for a cir- 9 output terminals 15 to the winding 2 of the con-
cuit in which it is desired to maintain substan- trol relay { through a parallel circuit to the
tially constant voltage or current conditions, the winding of relay A including the inductance 7
current energising the control relay ! being ar- and the resistance 2] this current augmenting
ranged o be dependent upon the extent of the the current supplied to the winding 2 from the
deviation in one direction of the voltage or cur- o5 control conductors 8 and thus causing the ele-
rent conditions in the circuit controlled by the ment 3 to be firmly held in engagement with the
regulator from a given standard value. contact §2.

Since, as above explained the time interval The closure of the relay contact A2 by the full
between the de-energisation of the power relay energisation of the power relay A as above de-
A and its subsequent re-energisation is depend- g scribed causes the regulator to effect the desired
ent upon the magnitude of the confrol current voltage or cwrrent adjustment in the cireuit to
the durstion of this time interval will be shorter be controlled and the opening of ths relay con-
when the voltage or current deviation from the tact Al breaks the energising circuit of the relay
standard value is greater so that the power re- C which accordingly releases after a time interval
lay will be re-energised more rapidly and the g5 and opens the energising circuit of the relay A at
regulator will repeat its regulating action more the relay contact C!. The electro-magnetic
promptly than if the deviation is smaller. energy stored in the power relay A is then uti-

Referring now to Figure 2, in the apparatus lised as in the apparatus of Figure 1 to eause a
therein shown the contrel relay { is of the double transient current o traverse the winding 2 of
contact type having a contact element 3 ar- 4,4 the control relay { and thus to effect the prompt
ranged to be moved into engagement with one or movement of the element 3 of the conirol relay
other of two fixed contacts {4, {2 when the con- away from its contact {2 as already described
trol relay { is energised by current in one direc- with reference to Figure 1. The inductance 7
tion or the other. and the condenser 8 in the apparatus of Figures

Two power relays A, B are provided the ener- 1 and 2 serve as a smoothing device to prevent
gising circuits of which each include a contact Ct 45 vibration of the movable clement & of the control
of the slow release relay C, the windings of the relay | this element being preferably arranged
two power relays being connected in series with to have a relatively long natural time period of
one another to a source {3 of uni-directional cur- oscillation. A suitable damping resistance may
rent. The source i3 comprises a full-wave rec- also if desired be connected in parallel with the
tifier {4 the out-put terminals 15 of which are 50 energising coil 2 of the control relay { as indi-
connected to the cperating windings of the power cated for example at 23 in Figure 2. i
relays A, B in series with one another, the input In the apparatus embodying the invention de-
terminals {§ of the rectifier {4 being supplied scribed with reference to Figures 1 and 2 the
with current from the secondary winding {7 of a, operating circuit of the electro-magnetically op-
transformer {8 the primary winding {9 of which 55 erated device e. g. the energising circuit of the
is connected to an alternating current eircuit 28. power relay A or B is arranged to be automati-
The energising coil 2 of the control relay | is con- cally interrupted after the expiration of a time
nected through suitable resistances 24, 22 with the interval (determined by the action cf the slow
energising windings of both power relays A, B as release relay C) from the closure of this circuit
clearly shown in the drawing. 60 under the action of the control relay i.

In operation, the slow release relay C is nor- In a modification or development of the in-
mally maintained energised by uni-directional vention the actual operation of the electro-mag-
current from the output terminals i5 of the recti- netically operated device when its operating

fier {4 through a circuit including the normally circuit is interrupted is arranged to be delayed
closed contacts Al and B! of the power relays A 65 for a predetermined interval of iime so that

and B. 8o long as the movable element 3 of the in the event of a return movement of the control
control relay { is not in engagement with either relay being completed within this period, the
of the fixed contacts {i, {2 the operating wind- device will be re-supplied with operating cur-
ings of the power relays A and B are connected rent before its previous operation has ceased.
in series with one ancther to the cutput termi- 7¢ The device will not, under these conditions under-
nals (5 of the rectifier through the normaily g0 any cessation in operation while if the dura-
closed contact C! of relay C but the current tion of the time interval between the de-ener-
traversing this circuit is under these conditions gisation of the device or of the power relay and

insufficient to operate either of the power relays its re-energisation is greater than the predeter-
Aand B. As a result the relay contacts A? and 45 mined interval of time above referred to, the
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will be interm
tion will under
intervals

ustrates control apparatus simi-
that of Flgure 2 hut embodying the modi-
tion or daveiopment above referred to as ap-
1 %0 the control of current supply to a load
aiscl
conduciors ¢f which are indicated at R, Y, B
and the neutral conductor at . - These conduc-
tors are connected through a voliage regulator 24

I any sultable tyse to the primary windings of
a main frensformer 25 the secondary windings
of which are connected to the input terminals
of a rectifier 24 the output terminals of which
are connected %o the lead I through conductors

7, 28. The voltage regulator 24 is operated
by an electric motor device 29 comprising motor
windings 39, 34 to one or other of which current
is supplied o effect the operation of the motor
device 29 in one dirsction or the other to raise
or to lower the voltage applied to the primary
windings of the main transformer 25 through
the regulator 24.

The current supplied to the motor winding 39
or 3i is derived from the phase conductor B and
the n ral condustor N of the alternating cur-
réent supply cireuit and this current supply is
controlled hy an intermediate polarised relay 32
having siow release characteristics.

The relay 22 cormprises o movable element 23
arxronged t0 engage with one or other of two
fized contacts 34, 35 connected to the feld wind-
Ings 89, 31 respectively and an energising winding
2¢. The terminals of the winding 35 are con-
nected through the contacts A2 or B? of the power
relays A and B to one terminal 27 of 5 suitable
source of uni-directional current the other termi-
nal 8 of which is connected to the mid-point 39
of the winding 38.

The control circuit conductors § are connected
to the load conductors 2%, 28, this control circuit
including a substantially constant adjustable
source of uni-directional current constituted as
indicated by a set of primary cells 40.

The relay C is, in this form of apparatus, nor-
mally deenergised and is arranged to be supplied
with energising current from the output termi-
nals 18, of the rectifier 1§ through the contact
Al cor B! of the power relays A'or B when this
relay is energised.

The operation of the apparatus of Figure 3
is similar to that of the apparatus of Figure 2
above described as regards the action of the con-
trol relay ! and the power relays A and B. 'The
current fraversing the winding 2 of the control
relay | is, however, in the apparatus of Figure 3
dependent upon the difference between the volt-
age across the load conductors 27, 28 and the
veltage of the source 42 which constitutes an ad-
Justable standard of reference. In the event
therefore of the voltage across the conductors
21, 28 rising above or falling below the voltage
of the source 48, current will traverse the conirol
conductors § and the winding ¢ of the control
relay { in one direction or the other respective-
1y, the magnitude of this current being dependent
upon the magnitude of the difference between the
voltage across the load conductors 27, 28 and that
of the scurce 48.

The operation of the voltage regulator 28 in-

three-phase supply circuit the phase -

’ y 32, current in
one direction or the other being supplied to the
winding 3¢ of the relay 32 from the terminals
o4, 8 through the contact A2 or B2 respectively
of the power relays A or B when this relay is
energised.

If for instance the power relay A is energised,
current will be supplied to the left half of the
winding 26 of the relay 32 from the terminals
37, 88. The movable element 33 will according-
ly be moved into engagement with the relay con-
tact 35 and current will be supplied to the motor
winding 31 of the device 29 from the eonductors
B and N of the polyphase supply ecircuit.

The intermediate relay 32 has slow release
characteristics so that when this relay is deener-
gised by the action of the power relay A or B, the
intermediate relay 32 is not operated to cause
the regulator 24 to cease operation until the re-
lease period of the intermediate relay 22 has
expired.

In the event of the extent of the opening move-
ment of the control relay | being relatively small
due to the control current.in the conductors
being relatively high as above described with ref-
erence to Figure 1 or 2, the interval of time he-
tween the opening and reclosure of the control
relay | may be less than the release period of
the intermediate relay 32 so that the latter,
under these conditions, will not release before it is
re-energised and there will consequently be no
cessation in the operation of the resulator 24.

For smaller values of the control current in
the sensitive relay {, the duration of the time
intervals during which the regulator 24 is ren-
dered inoperative will evidently depend upon the
difference between the duration of the interval
between the opening and reclosure of the sensi-
tive control relay | and the release period of
the intermediate relay 32 so that the duration of
the periods during which the regulator 24 is in-
operative will vary from zero to an indefinitely
Jlarge value.

Although, therefore, the power relay A or B is

intermittently energised and deenergised, the op-
eration of the regulator 24 is only intermittent
for control currents in the sensitive relay { of
below a predetermined value the durations of
the inoperative periods of the regulator 24 in-
creasing as the control current decreasges until
eventually the regulator is continuously inop-
erative,
. It will be obvious that an intermediate relay
controlled by the power relay may be provided
in the apparatus of Pigurs 1 if desired with a simi-
lar effect upon the action of the apparatus.

The invention is evidently not limited to the
particular forms of apparatus above described
and illustrated by way of example.

Having thus deseribed our invention, what we
claim is:

1. A circuit arrangement for controlling the
-operation of a relay in accordanee with the value
of a variable, comprising in combination, a vari-
able voltage direct current power supply; a sub-
stantially constant voltage direct current power
supply; a direct current control relay having an
operating winding; a first contact closed by said
control relay when and only when said operat-
ing winding is energized with direct current of
one polarity; a first energizing circuit connect-
ing said operating winding of said control relay
to said variable voltage power supply, whereby
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sdid operating winding is energized with direct
current of said -one polarity; a direct current
power relay having an operating winding; cir-
cuit means connecting said power relay operat-
ing winding in parallel with said first energiz-
ing circuit across said variable voltage power
supply, said  circuit having sufficient resistance
to prevent current from said variable voltage
power supply operating said power relay; a sec-
ond contact; a second energizing circuit inelud-
ing, in" series, said.energizing winding of said
power relay, said first contact, said second con-
tact and said constant voltage power supply such
that the polarity of each of said power supplies
is the same in relation to said energizing winding
of said power relay; and a time delay device auto-
matically opening said second contact a predeter-
mined time after the completion of said second
energising cireuit- and automatically- re-closing
said second contact a pledetermmed time . after
said opening. thereof.

2. A -circuit arrangement for controlling the
operation of & relay in accordance with the value
of a variable, comprising in combination, a vari-
able voltage direct current power supply; a sub-
stantially constant voltage direct current power
supply; a direct current control relay having an
operating winding; a first contact closed by said
control relay when and only when said operating
winding .is’ energized with direct current of one
polarity; a first energizing circuit connecting
said operating winding of 'said control relay to

said variable voltage power supply, whereby said.

operating winding is energized with direct cur-
rent of saild one polarity; a direct current power
relay having an operating winding; circuit means
connecting said power relay operating winding
in parallel with said first energizing circuit across
said variable voltage power supply; a second con-

tact, operated by said power relay and closed

when said operating winding of said power re-
lay is de-energized; a slow acting relay having
an operating winding; a second energizing cir-~
cuit including said second contact and connect-
ing said slow acting relay to said constant volt-
age power supply; a third contact operated by

said slow acting relay and -closed when: said op--

erating winding of said slow acting relay is en-
ergized; and a third energizing circuit includ-
ing, in series, said energizing winding of said
power relay, said first contact, said third contact
and said constant veltage power supply such that
the polarity of each of said power supplies is the
same in relation to said energlzlng winding of
said power relay.

3. A circuit arrangement for controlling the
selective operation of two relays in accordance
with the value of a variable, comprising in com-
bination, a first direct current power supply the
voltage and polarity of which depend upon the
variable; a second direct current power supply
having a substantially constant voltage; a direct
current control relay having an operating wind-
ing; a first energizing circuit connecting said
operating winding of said control relay to said
first direct current power supply; a first econtrol
contact closed when and only when said control
relay operating winding is energized by current
of normal polarity; a second control contact
closed when and only when said control relay
operating winding is energized by current of re-
verse polarity; a first power relay having an
operating winding; a second power relay hav-
ing an operating winding; a second energizing
circuit including said first eontrol contact con-
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necting said first power relay operating wind-.
ing to said second direct current power supply; a
third energizing circuit including said second
control contact connecting said second power re-
lay operating winding to said second direct cur-
rent power supply; contact means included in
said second and third energizing circuits closed
when both said power relays are de-energized
and adapted to be opened a predetermined time
after the energization of either of said power re-
lays; and means operative when said second and
third energizing ecircuits are opened for dis~
charging energy stored 'in one of said power re-
lays through said control relay operating wind-
ing as current of a polarity opposite to that of
the current flowing in said first energizing cir-
cuit. .

4." A eircuit arrangemeént comprising in com-3
bination, a first direct current power supply
cf substantially constant voltage; a first power
relay and a second bower relay, each having an
cperating winding respectively; a series circuit
including said operating windings and connected
across said first direct current power supply, the
resistance of said series circuit limiting the cur-
rent thersthrough to a value insufficient to oper-
ate either one of said power relays; a second
direct current power supply the voltage and po-
larity cf which depend upon ‘a variable; a direct
current .control relay having an operating wind-
ing; an energizing circuit connecting said control
relay operating winding across said second direct
current.power supply; circuit means connecting
said control relay operating winding in parailel
with both said power relay operating windings,
said eircuit means having sufficient resistance to
prevent current from said second power supply
eperating either of said power relays; a first con-
trol contact closed when and only when said con-
trol relay winding is energized with current of
normal polarity and connected across the operat-
ing winding of said first power relay; a second
control contact closed when and only when said
control relay winding is energized with current

-of reverse polarity and connected across the op-

erating winding of said second power relay; con-
tact means included in said series circuit, closed
when both said power relays are de-energized and
adapted to be opened a predetermined time after

‘the energization of either of said power relays;

and means for discharging the energy stored in
the operated one of said first and second power
relays through said control relay coperating wind-
ing as a current of a polarity opposite to that

-of said second power supply.

5. A circuit arrangement comprising in com=-
bination, a first direct current power supply of
substantially constant voltage; a first power relay
and a second power relay, each having an oper-

.ating winding respectively; a series circuit in-

cluding said operating windings and connected
across said first direct current power supply, the
resistance of said series cireuit limiting the cur-
rent therethrough to 2 value insufficient to oper-
ate either one of sald power relays; a second
direct current power supply the voltage and po-
larity of which depend upon a variable; a direct
current control relay having an operating wind-
ing; an energizing cireuit conrneciing said con-
trol relay operating winding across said second
direct current power supply; circuit means con-
necting said control relay operating winding in
parallel with both said power relay operating
windings, said circuit means having sufficient re-
sistance. to prevent current from- said second
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bower supply operating either of said power re-
lays; a first control contact closed when and only
when said conirol relay winding is energized with
current of normal polarity and connected across
the operating winding of said first power relay;
a second control contact closed when and only
when said control relay winding is energized with
current of reverse polarity and connected across
the operating winding of said second power re-
lay; a slow acting direct current relay having an
operating winding; a first normally closed con-
tact operated by said first power relay and opened
when said first power relay is energized ; a second
normally closed contact operated by said second

bower relay and opened when said second power |

relay is energized; and energizing circuit for said
slow acting relay connected o said first power
supply and including, in series, said first and
second normally closed contacts and said oper-
ating winding of said slow acting relay; a nor-
mally open contact operated by said slow acting

20
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relay, closed when said slow acting velay is en-
ergized, said contact being included in said series
circuit; and means for discharging the energy
stored in the operated one of said first and second
power relays through said eontrol relay operat-
ing winding as a current of a polarity opposite
to that of said second power supply.
SYDNEY ARTHUR STEVENS.
HARRY DUCKITT,
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