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1

My invention : relates--to.. electrical - regulating .-

systems.-having.a Step-by-step . operating . char-

acteristic; and more particularly to improvements. .
in:the centrol of sueh-autematic electrical “regu-.

lating: systems.-

In many automatic electrical regulator systems.
employing step-type:-equipment; such. as -under- -

load~tap: changers - for: transformers, - it -is -de-
sirable-that-the tap changing mechanism once set

in-operation continuerits.operation-until the com--

pletion-of a particular tap change, thus effecting ..
one:step.of:operation of thetap changing mech- -
anism-and s corresponding stepof change:in-the.-

output or secondary voltage. -
It is.also-desirable sthat- the -mechanism shall

age;suchas by switching operations.or otherwise.

In:order-to prevent unnecessary operation. of .the -
mechanism as a result of slight and temporary .

changes:in :the-voltage; it;has become. customary

toiprovide a time delay-relay for-delaying the op- -
eration ;of: the-tap changing.mechanism . for. a -
short::time: interval -after the operation.of -the.
primary.relay..so that.if the secondary voltage;re--

adjusts:itself within -the time.-delay: interval.the.:
operation..of:the: regulating mechanism will not.:

be:required:and .will; not -take: place.
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nof: operate ":frequently . between. adjacent. tap. -
positions;upon slight changes in - voltage such: as -
those:of short: duration:which may be caused. .
by temporary fluctuations in the secondary volt- -
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In"the:usual:type: of regulating systems,.a me~.

chanieal-time-delay . relay. having a dashpot. or:
similar: time-delaying: mechanism has been.used:-
in the: control -circuit: between the- ‘primary relay,:.

injtiating: the operation-of -the regulator;.and the

35

secondary:.relay, - completing ;;the -cireuits -con~: -

trolling:the: regulator.motor:. In-accordance with. .
my: invention,:a thermal relay.is employed which .

is:very light-in weight-and requires Jittle.energy...

to operate.: The:time interval is: dependent upon.
the:time necessary for -heating a bimetal element, .

~40

to-a :predetermined temperature: after-the -relay. -

is:energized -and- the -time -interval- required. for..
dissipation-of: this ;stored ‘heat:and the cooling. .-

of-the-bimetal element-to. s lower predetermined

temperature after the-heating element-of.the.re-. .

lay :is:deenergized: -

It.isan object.of :the: invention . to:provide. g -
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regulator.;equipment thatis: automatically .con-: -

trolled in accordance:with-an-electrical: charac~
teristic:-of a eircuit: to be- regulated;. in. which:a

-50.

time:interval. is -introduced .between- the -closing

of the primary relay contaets and the operation.of .

the: regulating mechanism..: )
Afurther object-of the invention: is the pro-
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vision of .a regulator:system of the character in-.-

dicated in which the means for.introducing the - .

time:interval into the operation.of the systemis a .

thermal relay requiring a small amount of -energy...-
..only-to operate.it and having a cycle of operation. .
in;which.the temperature responsive element is..-
first- heated-to.a predetermined value.and. then-:.

cooled to .a lower predetermined -value. :

Other objects and -advantages:of the invention -

:will .be-apparent from the following -deseription. -

of-a preferred-embodiment: of - the. invention, ref-
erencebeing had to the accompanying drawing, in
which:-.

Figure 1 is.a diagrammatic view of circuits and -
-apparatus - illustrating .a. regulator:. system. ar- -

ranged in aceordance with .the invention;

Fig. 2 is-a front-elevational view of the. timing...

relay;

Fig. 3 is.a side view -of the timing relay,. parts.:

.being shown in section;: and
Figs. 4 and b are details. of the switch element...

of -the timing relays..
Referring .particularly to Fig. 1, conductors. f,

2 and 3 represent.the conductors. of a three-phase. -
alternating-current. power. circuit connected. to -

primary.transformer .windings.4, 5 .and 6 .that
are inductively related to secondary windings 7,

8 and .9 through which energy is. supplied. to the -

three-phase load circuit represented by conduc-
tors 1,12 and.13.. A tap changing mechanism is
provided for varying the voltage ratio between the
primary conductors 1, 2 and.§ and the secondary
conductors {1, 12 and 3 which is diagrammat-.
ically. Hlustrated as comprising a plurality of tap:-

changing.switch:contact members {4 connected..

to .tapped -points on. the. secondary windings.1, 8 -

and:9 and .cooperating. with.movable switch .con- -
tact.members 15 in each.of.the three phases that...

are similarly operated by a mechanism illustrated -

as.an arm 46 controlled by.a screw-threaded shaft. .

{1 :that- is .operated. through .suitable gearing .

mechanism 18 by a motor. 19... Control equipment. .

for:the: motor. operated tap changing equipment. .
is provided: comprising .a cireuit controlling .ele-
ment or-primary relay. 28 for operating the. motor..

{9.in one.direction. through control .of :a timing ..
relay 21,-an auxiliary relay 22 and a secondary: .

relay 23, or for operating the motor. 49 in the op-.
posite direction through control of .a timing relay

-24,-an auxiliary relay 25.and a secondary relay 26,
The: primary relay 20.is provided with a pivoted...

movable-arm:. 3} and- an electromagnet having .

an.armature .energized by..an. operating .winding...

82..connected -by..conductors 33.and.34..to the.

-secondary -circuit-conductors 12 and.I3 for. oper-
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ating the relay 20 in accordance with the voltage
of the secondary circuit conductors. The lever
31 is also biased by a spring 35, the combined in-
fluence of the winding 32 and spring 3% being
effective to operate the arm 31 to move the relay
contact member 36 into engagement with the one
or the other of the contact members 3T or 38 as
the voltage of the secondary circuit drops below
or increases above the desired voltage.

If, for example, the voltage of the secondary
circuit drops below the desired value, thus caus-
ing the contact 36 to engage the contact 31, a
circuit is closed from the supply conductor 28
through conductor 39, arm 31, contact members
36 and 37, conductor 41, contact 42 in its illus-
trated position, the winding 43 comprising the
heating element of the timing relay 21, conductor
44 to the supply conductor 45. In the initial or
illustrated position of the timing relay switch,
the movable contact member 46 is in engagement
with contact member 41 closing one point in a
circuit which is held open by the contact mem-
ber 48 of the auxiliary relay 22 in its illustrated
or deenergized position. Upon the heating of the
bimetal element 49 to a predetermined tempera~-
ture, this element causes the movable element
46 of the switch to move with a snap action from
the contact member 47 into engagement with the
contact member 51 to close a circuit through the
primary relay contact members 36 and 37 and
conductor 52, winding 53, and conductor 44 to the
supply conductor 45 thus energizing the auxiliary
relay 22, causing its several contact members to
move upwardly, as illustrated in the drawings,
thus interrupting the circuit formerly closed
through the contact member 42 and closing con-
tact members 48, 50, and 54. The contact 54 in
moving to a circuit closing position closes a hold-
ing circuit in shunt to the circuit through switch
contact members 46 and 51 of the timing relay,
which holding circuit is completed through the
contact members 36 and 37 of the primary relay.
The upward movement of the relay contact mem-
ber 42 interrupts the circuit through the wind-
ing 43 of the timing relay constituting the heat-
ing element of that relay, thus permitting the
bimetal element 49 to cool. The contact member
48 closes one point in a circuit for energizing the
secondary relay 23 which circuit is, however, in-
terrupted so long as the switch contact member
46 remains in engagement with the contact 51.

The contact member 50 closes a holding cir-
cuit in shunt relation to the holding circuit
through the contact member 54. This circuit

extends from the supply conductor 28, through :

the conductors 39 and 40, contact 30 on the relay
23, contact 50 on the relay 22, conductor 52,
winding 53, and conductor 44 to the supply con-
ductor 45. The purpose of the holding circuit
through the contact members 30 and 50 is to dis-
continue the control of the relay 22 by the pri-
mary relay 20 for the interval of time after the
relay 22 has been energized during which the
bimetal 49 is cooling. If this is not done, and if,
during the cooling period of the bimetal, the
contacts of the primary relay keep opening and
closing, this will cause repeated operation of the
relay 22, causing excessive wear.

When the bimetal element 49 of the timing re-
lay 21 has cooled to a predetermined value, the
contact member 46 moves by a snap action from
engagement with the contact member 51 into
engagement with the contact member 47, thus
completing a circuit from the supply conductor
28 through the primary relay contact members
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36 and 37, conductor 41, timing relay contact
members 46 and 41, auxiliary relay contact 48,
conductor 55, secondary relay winding 56, con-
ductor 51 to the supply conductor 45.

If the contacts 36 and 37 are separated when
the above traced circuit is closed, then the oper-
ation of the relay 23 is only momentary and lasts
only long enough to deenergize the coil 53 and
permit the auxiliary relay 22 to drop to its deen-
ergized position and thus to interrupt the circuit
through the winding 56 of the relay 23, so that
this relay 23 drops to its deenergized position be-
fore it has been closed long enough to cause any
movement of the motor 19, If, when the above
traced circuit energizing the winding 66 is closed,
the contacts 36 and 371 are in engagement, then
the winding 53 of the relay 22 remains energized
through the circuit including the contacts 36 and
37 and the contact member 54.

The secondary relay 23 is thus energized and
operated to its upper or circuit closing position,
bringing contact members 58 and §9 to their cir-
cuit closing positions. The contact member 59
completes a circuit from supply conductor 45
through conductor 51, contact member 59, con-
ductor 62, to one terminal 63 of the motor 19,
and from the terminal 64 to the supply conduc-
tor 28 causing the motor to operate in a direc-
tion to raise the voltage of the secondary circuit.
Upon starting of the motor (9, a cam 65 is oper-
ated, closing a switch contact member 66 which
completes a holding circuit from supply conduc-
tor 28 through conductor 61, switch 66, conduc-
tor 68, secondary relay contact member 58, con-
ductor 11, relay winding 56, and conductor 51
to supply conductor 45, thus holding the relay 23
in its circuit closing position until the motor has
operated through a sufficient number of revolu-
tions to bring the tap changing mechanism to its
next tap changing position, thus interrupting the
holding circuit through the cam operated contact
member 66.

If, prior to the opening of the switch 66, the
primary relay contacts 36 and 31 have separated,

: thus deenergizing the auxiliary relay 22 and caus-

ing movement of the auxiliary relay contact
member 48 to its illustrated or circuit interrupt-
ing position, the secondary relay 23 will become
deenergized and drop to its illustrated or circuit
opening position causing the motor 19 to stop
when the mechanism completes a tap changing
operation causing the cam switch 66 to open.
If, however, the voltage between the secondary
circuit conductors 12 and 13 is still below the de-
sired value, the primary relay contact members
36 and 37 will remain closed, thus maintaining a
circuit through the holding contact 54 and the
winding 53 of the auxiliary relay closed, and like-
wise retaining the circuit through timing relay
contact members 46 and 4T and the auxiliary re-
lay contact member 48 closed, so as to main-
tain the winding 56 of the secondary relay 23 en-
ergized and continue the operation of the motor
in spite of the opening of the holding circuit of the
secondary relay by the contact 66. As soon as
the operation of the motor has continued the
movement of the mechanism beyond a tap posi-
tion the switch 66 is again closed thus ensuring
the completion of another step in the operation of
the tap changing mechanism.

When the contact members 36 and 37 separate
as the desired voltage on the secondary circuit
of the regulated system is reached, the next suc-
ceeding completion of a tap changing operation
by the motor operated tap-changing mechanism,
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resulting.-in :separation. of :the. holding circuit -

by:ithe:contact :member: 65 will- cause the seec~ -
ondary:relay 23 to: drop :to:its. circuit interrupt=

ing :position,- thus' discontinuing.the . regulating
operation.:

It will-be:seen that :‘if;s at any time after.the :

initial'“closing :of sthe contaet members 36 and

31-of the primary relay, .and. prior to:the.opera-.

tion:of -the secondary relay 23 to.a circuit clos—
ing- position,-the contacts 36 iand 237 are -again
separated; the relay 28 will not be operated: to a

circuit :closinig. position .to..cause: operation . of.:
thé-motor 9.~ If the.contact: members 36 and.

3T ceparate-after remaining in engagement. for
o, sufficient-length: of time:-to. cause the contact

member:§6-to engage the contact member 51 ;thus.

energizing the winding 52:and. operating. the
auxiliary-relay to its upper position,-there will

be-a momentary energization of the winding 56
upon-‘movement of :thé contact member 48 to:
again engage the contact member 471 sufficient.

to-interrupt the holding circuit through the con-
tact 38:to deenergize the winding 53-and cause
the relay 22 to drop to its lower position and .de-
energize the winding 8% by opening the contact
48 -The cycle of operation effecting the energiza-
ion of the operating winding 56 of the relay

28 ‘which: s -started- upon -engagement. of the -

contact members 35 and. 37 includes the heating
of the bimetal 49 to a predetermined temperature
to. cause-the switch contact member 46 .to en-
gage -thé contact member §{, thus energizing
the auxiliary relay 22to close the preset contact
member-48-/and. a subsequent cooling of the bi-
metal-48:t0 cause the switch member 46 to again
engage the contact member 41 while the con-
tact member- 48 s .closed. Separation of the
contact members 38 and 27 prior te the com-
pletion of  the heating portion of the cycle dur-
ing which the temperature of the bimetal 49 is
being raised, interrupts the cycle by interrupting
the energization of the timing relay winding :43.

'The operation of the mechanism in the reverse
direction is caused by operation of the primary

relay-28 ‘to close the contact members 36 and 4

38, thus-effecting a cycle of operation resulting

from operation of the timing relay 24; the aux-:

iliary relay €5 and the secondary relay 26 that
are identical with that described for the timing
relay 21, auxiliary relay 22 and secondary relay
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23, except that when the secondary relay:28 -

closes, & circuit is combleted from the supply
conductor 45 through.conductor 57, contact- mem-
ber 59" of relay 28, conductor 8! to the motor
terminal 82, through the motor winding to ter-
minal 64 and supply conductor 28-to cause the
motor--to opergte the tap changing mechanism
in-a -voltage lowering direction. The various
parts .of the two timing relays, the two aux-
iliary relays, and the two. secondary relays are
- similar and are similarly numbered except that
the parts -associated with relays 24, 25 'and 26
are primed.

Referring to Figs. 2, 3, 4 and 5, the timing relay
is=shown mounted on g panel 83 upon which
is mounted s support 84 carrying three bimetal
elements 49, 85-and 88, the corresponding ends

of which are fixedly  attached to the support:

84 by screws 81.° The outer or movable ends of
the. three ‘bimetel. elements. are attached by a
yoke member :88 ‘and carry- an:operating mem-
ber.89:engaging :a switch plunger shaft 91.
winding 43 constituting the heating element of
the relay is shown wound about the middle one
49:of the three bimetal:elements causing actua~

The -

60

70

75

6 5:\
tion of the operating member 89-toward or away- -
from:the:-plunger. 8.

Theuswiteh member of::the thermal: relay is::
shown mounted on:the opposite side of the panel-

83 from :the bimetal: elements 49, 85-and -86::

and comprises:.a casing (01 attached :to the-:
panel: 83 by any suitable means, and :through::
which the switch. plunger: shaft 81 extends. . The .
switch includes: an:anchor member 102 held in.:
place.upon. the: casing by a screw 103, the outer -
end.:of . which provides: a terminal for the -switch:"
connecting to the movable contact member 46,
The .anchor: member .102 is generally U-shaped:-
as. best shown-in Fig. 4, and.is provided with:
an:.opening . 184 ::through which the screw 103 -~
passes: The ends.of the two legs forming the U:
ave provided with V-shaped notches 105 which .
pivotally:receive the ends of a pair of compres~..
sion.springs 186 of the snap-acting switch mem=:.
Jber-107,-best shown generally in Fig. 5. A ten:-
sion member 108 comprises a part of the snap-.
acting. member 18T and is provided with a hole

189 which is also engaged by. the screw (03 hold-
ing.‘the ‘snap mechanism in position ‘with the.

-members 188 hent downwardly and under coms.

pression, as. shown in Fig. 3. The tension mems .
hers- 188 and the. compression member : 108 to-:
gether constitute a thin leaf spring strip joined to::.
each  other at. the. ends carrying.the contact -
member - 46

The lower contact member 51 is connected to:
a sterminal ~screw . {{! -and the upper contact
member 47 is connected to a.terminal screw {12
shown in Fig, 2. The upper terminal 4T - is

5.mounted. on. the lower end of a screw-threaded

member 143 extending through the panel 83 for
adjusting - the. position .of ‘the contact member .
47 to various positions, as indicated .on a timing:-.
dial:f 14, which may:be operated to vary the pres-.
sure required to:snap the switch upon the heat-
ing.of the bimetal 48 from- its.illustrated posi-
tion, in which contacts 46 and 47 are in engage- .
ment, to the position in which the contacts 46
and.8f are in engagement to determine the timing
cycle. of the switch.

The spring .members {86:and. {88 are adapted. .
to move the contact member 45 between the two
stationary contact members 87 and 51 with g .
snap action.: The thin. leaf compression mem-
bers 1086 ‘are -pivotally supported. in the notches:
{25 of the anchor member {82 and the tension-
member 108 is supported in cantilever fashion ..
under.the head of the screw 182 at the base . of .
the U-shaped anchor member 102, and passes
.near.the pivotal axis of the two compression mem-
bers 106 at the notches {85, If the tension center:
line .of .the member 198 is deflected across the
pivotal axis of the two compression members 106,
the spring members 108 and 188 will act to snap
the free end of theleaf spring member {87 carry-
ing_the contact member 46 from engagement
with- one of the contact members 41 or 5{ into
engagement :with' the .other. The anchor 102
and. the stationary contact members 41 and 51 -
which serve ‘as stops for the snap-acting spring .
member 187, are so alighed and positioned that
when no pressure is applied to the tension spring ;.
198:the springs will move the contact member 46
upwardly into normasal engagement with the con-
tact member 47 as illustrated in Fig. 3. Accord-
ingly, the tension member 198 only lies slightly ..
above the axis of the pivotal support of the com-
pression-springs: 186 as shown in Fig, 3.

The plunger- shaft 91 carries a plunger ({5.on.
its -end:having: a:projection 116 mnormally in en-~
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gagement with the leaf spring 108 and bearing
against the upper surface thereof as viewed in
Fig. 3, at a point intermediate its support under
the head of the screw 103, and a pivoted support
of the compression members 106 in the notches
105. When the bimetal element 49 is heated by
current flowing through the heating coil 43, caus-
ing the actuating member 89 and plunger shaft
9{ to be moved downwardly, as viewed in Fig. 3,
a very slight movement of the tension member
108, so as to carry the tension axis below the
point of the V-shaped notches {05 forming the
pivot point for the leaf springs 106, causes the
end of the spring members carrying the contact
member 46 to snap downwardly into engagement
with the contact member 5f. When this pres-
sure is released, the tension member 108 moves
about the pivot within the notches 105, causing
the contact member 46 to snap back to its illus-
trated position in engagement with the contact
member 41,

The positioning of the upper contact member
471 by turning the head of the timing dial by the
nut (17, adjusts the timing of the relay by adjust-
ing the predetermined temperature to which the
bimetal must be raised in order to operate the
switch from its illustrated to its other circuit
closing position. In order to limit the movement
of the spring member (07 carrying the movable
contact 46, should the upper contact member 471
be withdrawn by removing the screw-threaded
shaft 113, a stop 118 is provided mounted on a
support {19 within the casing (61 of the switch
member.

It will be appreciated that the particular struc-
ture shown as a part of the thermal relay is not
itself the subject matter of this invention, and
that the particular thermally responsive element
or heating element therefor disclosed need not
necessarily be employed. A relay is provided hav-
ing a characteristic that when a thermal respon-
sive element is heated to a predetermined tem-
perature a switch is operated from one of two
circuit closing positions to another, and that
when the thermal responsive element is cooled
to another predetermined temperature, the switch
is operated from the second to the first or original
of its two circuit closing positions, and that the
cycle of the relay as a timing relay includes both
the heating and the cooling of the thermal ele-
ment to operate the switch controlled thereby
from its first to its second closing position and
back again to its first circuit closing position.

Since modifications in the circuits and appara-
tus illustrated may be employed within the spirit
of my invention, I do not wish to be limited other-
wise than by the spirit of the appended claims.

I claim as my invention:

1. In a time delay control system for an auto-
matic step-type reversible motor driven regula-
tor, in combination, means including a primary
relay responsive to the value of a condition, and
relay means controlled thereby for initiating the
operation of the control system, said relay means
including a timing relay, an auxiliary relay and
a secondary relay, the timing relay having a
thermal responsive element and a heating ele-
ment therefor, a circuit closed through contacts
on the primary relay and contacts on the auxil-
iary relay for energizing the heating element of
the timing relay, said timing relay having con-
tacts operable upon a predetermined temperature
of the heating element for closing a circuit for
operating the auxiliary relay to a preset position,
said auxiliary relay being operative upon move-
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ment to its preset position for interrupting the
circuit energizing the heating element of the
timing relay and for closing a holding circuit for
retaining the auxiliary relay in its reset position,
contacts on said auxiliary relay that are closed
in the preset position of the relay for closing one
point in a circuit for operating the secondary
relay, the timing relay being operative upon the
cooling of the thermal element to a predeter-
mined temperature for completing the circuit for
operating the secondary relay, the auxiliary relay
being operative to its initial position for prevent-
ing operation of the secondary relay unless the
primary relay contacts are closed upon comple-
tion of the above defined cycle of operation of
the several relays for completing the circuit for
operating the secondary relay.

2. In a time delay control system for an auto-
matic step-type reversible motor driven regula-
tor, in combination, means including a primary
relay responsive to the value of a condition, an
auxiliary relay, a timing relay and a secondary
relay controlled by the primary relay, said timing
relay having a thermal responsive element and a
heating element therefor, a circuit closed by the
contacts of the primary relay for energizing the
heating element of the timing relay, the thermal
responsive element being operative upon a pre-
determined temperature for effecting the opera-
tion of the auxiliary relay to a preset position for
interrupting the energizing circuit for the heating
element and for closing one point in a circuit for
effecting the operation of the secondary relay
to a circuit closing position, the thermal re-
sponsive elerment being operative upon reduction
to a lower predetermined temperature for com-
pleting the circuit for effecting the operation of
the secondary relay to a circuit closing position,
said circuit including the closed contacts of the
primary relay, the auxiliary relay being operative
to its initial position upon completion of the above
defined cycle for prevensing operation of the
secondary relay unless the primary relay con-
tacts are closed upon completion of the above-
defined cycle of operation of the several relays
between the closing of the primary relay contacts
and the secondary relay.

3. In a time delay control system for an auto-
matic step-type reversible motor driven regu-
lator, in combination, means including a primary
relay responsive to the value of a condition, and
relay means controlled thereby for initiating the
operation of the control system, said relay means
including a timing relay, an auxiliary relay and
a secondary relay, the timing relay having a
thermal responsive element and a heating ele-
ment therefor, a circuit closed through contacts
on the primary relay and contacts on the aux-
iliary relay for energizing the heating element of
the timing relay, said timing relay having con-
tacts operable upon a predetermined tempera-
ture of the element for closing a circuit for op-
erating the auxiliary relay to a preset position,
said auxiliary relay being operative upon move-
ment to its preset position for interrupting the
circuit energizing the heating element of the
timing relay and for closing a holding circuit for
retaining the auxiliary relay in its preset po-
sition during the cooling of the thermal respon-
sive element, contacts on said auxiliary relay
that are closed in the preset position of the relay
for closing one point in a circuit for operating
the secondary relay to a predetermined position,
the timing relay being operative upon the cool-
ing of the thermal element to a predetermined
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s:bemperature: for: completing the: eireuit ‘for -op-
erating :the-secondary: relay, the auxiliary relay
being: -operative to. its:initial: position. for -pre~
-yenting:operation of :the secondary-relay to its

zipredetermined: position unless:the: primary relay:

;-gontacts are closed upon:completion of the above-~
-vdefined cycle: of ioperation of :the several relays,
-i:eircuit: confrolling  means: for:sealing said .sec-
izondary-relay: in:its ‘circuit :closing:position upon

wioperation of :said -regulator:: for- effecting “con-::

:tinued:operation of the'mechanism: throughout
’ong ‘operating step independently of the separa-
sidion-of the primary relay:contacts.

4. In astime:delay control system for an auto-

- matic sfep=type:reversible motor drivenregulator;,

fdncombination,; meansincluding & primary relay
~rresponsive to:the value of a condition, an aux-
ary relay having: an-operating winding, a tim-
-xing relay :and a:secondary relay controlled: by the
“primary: -relay and-having ‘two relay positions,.
said.-timing: relay. having. a ‘thermal responsive
lement: and.-a heating element therefor; a cir-
ricuit.-closed by the:contacts of ‘the: primary relay
~ifor lenergizing the heating-element. of the timing
relay, the ‘thermal responsive:element being op-
sierative upon & predetermined temperature for
+.effecting the energization of the operating wind-
ningofithe auxiliary relay and the operation of-the
7 auxiliary relay.to a-preset position for. interrupt-

-’ing: the “energizing -circuit. for. the heating ele-:,

-mentsand for closing:one point in a circuit for
-veffecting the: operation of the secondary relay to
1its energized -position, a holding circuit .for the
- .operating ‘winding: of the auxiliary relay includ-
dng «contacts on-said auxiliary' relay that are
«iclosed. when the auxiliary relay is in its energized
~position -and: :contacts on ‘said: secondary. relay
“when' .the -secondary -relay is in its deenergized
=position, the 'thermal responsive ‘element being
<operative - upon: reduction to a; - lower: predeter-
- mined temperature for completing .the circuit for
“‘effecting ithe -operation of*the secondary: :relay
‘b0 :its energized. position, 'said- circuitincluding

the closed contacts of the primary relay, the

auxiliary relay being operative to its initial posi-

tion upon completion: ofthe above-defined cycle

for preventing operation of the regulator unless

the primary relay contacts are closed upon com-
: pletion of the above-defined cycle of operation

%

of the several relays between the closing of the.

primary relay contacts and the secondary relay.
5. In a time delay control system for an auto-
matic step-type reversible motor driven regulator,
~'in-combination, means ineluding a primary relay
=responsive to the value of a-condition; and relay
means eontrolled thercby for-initiating ‘the oper-
~ation of -the-control system;said-relay means in-
“cluding: a'timing -relay; an:gukiliary relay and a
secondary relay, the timing relay having a ther-
mal responsive element and a heating element
therefor, a circuit closed through contacts on the
primary relay and contacts on the auxiliary relay
for energizing the heating element of the timing
relay, said timing relay having contacts oper-
able upon a predetermined temperature of the
heating element for closing a circuit for oper-
ating the auxiliary relay to a preset position,
said guxiliary relay being operative upon move-
ment to its preset position for interrupting the
circuit energizing the heating element of the tim-
ing relay and for closing a holding cireuit for re-
taining the auxiliary relay in its reset position,
said holding circuit including contacts on said
auxiliary relay that are closed when the auxiliary
relay is in its reset position and contacts on said
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“secondary relay when thesecondary relay is in‘its
~ronsoperating . position;. a second holding circuit
forretaining the auxiliary selay in-its reset:po-
“sition: including ‘contacts on said. auxiliary ‘relay
-and contacts. on.the primary relay; contacts: on
gaid auxiliary ‘relay:that are closed in the pre-

. set position:of therelay-for closing one-pointiin a

10

‘circuit for: operating :the:secondary relay- to-its
operating position, the:timing relay: being. oper-
ative. upon the: cooling: of ‘the ‘thermal element
“to g predetermined temperature for. completing

wthe cireuit for-operating ‘the secondary relay, the

< auxiliary relay being operative toits:initial posi-

15

120

25

- tion 'upon separation:of the ‘primary relay con-
“bacts: for>preventing: operation: of. ‘the’ regulator
~unless the primary relay contacts are.closed. upon
‘completion:of -the above-defined ‘cycle: of: opera-

‘«tion of theseveral relays; circuit controlling means
for sealing said:secondary relay.in:its circuit . clos-
ing position upon ‘eperation of said regulator:for

“effecting continued: operation. of ‘the “regulator

‘throughout: one-operating step independently: ‘of

- the:separation of the. primary relay contacts.:

6. In a time delay control system for an auto-

‘matic. step-type reversible. ‘motor :driven regu-

- lator, in' combination, “means: including: a . pri-

‘mary relay responsive to the value of a:condition
and a pair of secondary relays controlled thereby,

« 'the primary-relay having contacts ‘thereon: for
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-effecting the energization of g Selected secondary
~relay, means for introducing a time delay:be-
‘tweent the closing. of ‘the primary relay-contacts

and-the energization of'the:secondary relay . com-

- prising a thermal-relay and an auxiliary relay, the

'35
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thermal relay having a temperature responsive
-element, a-heating element:therefor, and a'switeh

~member:having :‘two cireuit: ‘closing: positions; the
- 'switeh being -closed:in: one of its two circuit. clos-
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ing positions- when 'the: thermal responsive.ele-
ment of the relay is heated above a predetermined
~temperature andclosed:in:the other of .its two

- cireuit - closing - positions when -the: thermal -re-
~-sponsive element:of the relay-is cooled below-a

» predetermined temperature; a ‘circuit ‘including
* the primary relay: contacts and contacts on: the

~auxiliaryrelay when-in its initial position .for en-

60

wergizing the heating element of the thermal relay
~-foreffecting operation of'the thermalrelay switch,
~after: a time interval,-to its second: eircuit clos-
~ing:pesition, ‘the thermal relay switch-in oper-
- ating from its first cireuit closing position to:its
~seeond circuit closing position being effective to
- interrupt the circuit through thé heating element
- 0f the thermal relay-and:to close: acircuit for
“operating the auxiliary relay-to a preset position,
" 'the ‘thermal- relay switch' being- effective, :upon
« cooling and-return to-its first circuit ‘closing posi-~
“tion-to ‘close a circuit including ‘contacts: on the
auxiliary relay that are closed when the auxiliary
relay is in its preset position for energizing the
secondary relay, two holding circuits for the aux-
iliary relay for retaining it in its preset position,
one holding circuit, including contacts on the
auxiliary relay that are closed when the relay

3 is in its preset position, and contacts on the pri-

mary relay, the other holding circuit including
contacts on the auxiliary relay that are closed
when the relay is in its preset position and con-
tacts on the secondary relay that are closed when
that relay is in its deenergized position.

7. In a time delay control system for an auto-
matic step-type reversible motor driven regu-
lator, in combination, a multiple-position switch
operator, an electric motor for operating the
switch operator Irom one of its positions to an-
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other, a secondary relay having an operating
winding and switch contact members for con~
trolling the operation of the motor, a primary
- relay having contacts thereon for controlling the
energization of the operating winding of the
secondary relay, means for introducing a time
delay between the closing of the primary relay
contacts and the energization of the operating
winding of the secondary relay comprising a
thermal relay and an auxiliary relay, the thermal
relay having a temperature responsive element,
a heating element therefor, and a switch member
having two circuit closing positions, the switch
being closed in the first one of its two circuit posi-
tions when the thermal responsive element of the
relay is below a predetermined temperature and
closed in the second one of its two circuit closing
positions when the thermal responsive element
of the relay is heated above a predetermined tem-
perature, a circuit including the primary relay
contacts and contacts on the auxiliary relay when
in its initial position for energizing the heating
element of the thermal relay for affecting opera-
tion of the thermal relay switch, after a time
interval, to its second circuit closing position, the
thermal relay switch in operating from its first
circuit, closing position to its second circuit closing
position being effective to interrupt the circuit
through the heating element of the thermal relay
and to close a circuit for operating the auxiliary
relay to a preset position, the thermal relay switch
being effective, upon cooling and return to its
first circuit closing position to close a circuit in-
cluding contacts on the auxiliary relay that are
closed when the auxiliary relay is in its preset
position for energizing the secondary relay, a con-
trol switch and means for operating the control
switch to a circuit closing position upon opera-
tion of the motor to effect movement of the mul-
tiple position switch operator from one of its mul-
tiple positions to another and for operating the
control switch to a circuit opening position upon
completion of movement to another one of its
positions, and a holding circuit for maintaining
the secondary relay operating winding energized
including the above defined motor operated con-
trol switch and contacts on the secondary relay
that are closed when it is in its energized position.

8. In a time delay control system for an auto-
matic step-type reversible motor driven regu-
lator, in combination, an electric motor for oper-
ating the regulator, a secondary relay having an
operating winding and switch contact members
for controlling the operation of the motor, a cir-

cuit controller responsive to the value of a con- !

dition for initiating the operation of said control
system, a thermal time delay means operative
upon the operation of said circuit controller to a
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circuit closing position for introducing a time
delay between the operation of the circuit con-
troller and the operation of the regulator, said
thermal time delay means having two circuit clos-
ing positions and being operative to one of said
two positions in response to the heating of the
thermal means to a predetermined high tempera-
ture, and operative to the other of said two posi-
tions in response to the cooling of the thermal
means to a predetermined lower temperature, an
auxiliary relay controlled by said thermal time
delay means, having two operative positions and
being operable to a circuit closing position upon
operation of said thermal time delay relay in
response to a high predetermined temperature, a
holding circuit completed through two sets of
contacts one of which is controlled by the aux-
iliary relay and the other of which is controlled
by said circuit controller for holding said aux-
iliary relay in its circuit closing position, a second
holding circuit for said auxiliary relay including
contacts on the auxiliary relay that are closed
when the auxiliary relay is in its circuit closing
position and contacts that are closed when said
secondary relay is in its deenergized position, and
preset contacts on said auxiliary relay that are
closed when the auxiliary relay is in its circuit
closing position for closing one point in a circult
for energizing the winding of the secondary relay
which circuit is completed when the thermal time
delay means is operated to its second circuit clos-

ing position upon the cooling of the thermal

means to the lower predetermined temperature,
the secondary relay being energized and oper-
ated to a motor starting position upon the com-
pletion of the cycle of operation of the time delay
means and continued closure of the circuit con-
troller, the cycle of operation of the time delay
means including the interval during which the
thermal responsive element is first heated to the
predetermined higher temperature and the inter-
val during which the thermal responsive element
is then cooled to the predetermined lower tem-
perature.
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