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This invention relates in general to an improved motor
control system which is operable in response to a predeter-
mined change of a condition, and in particular to an im-
proved motor control system for a step type voltage regu-
lator.

In step type reguiators the load voltage is sought to be
maintained between predetermined limits by the system,
the voltage being normal when it is between these limits.
When the voltage is abnormal the regulator attempts to
correct this condition by making a tap change to either
increase or decrease the load voltage, depending on the
need.

In some pricr art step type regulating systems a device
is provided in the control system for the tap changer ac-
tuating means which distinguishes between a momentary
abnormal voitage and abnormal voltages of sufficient
duration to require a tap change. When the regulated
voltage becomes abnormal a iime delay mechanism starts
to ruan and if the voltage remains abnormal the tap
changer motor will be energized at the end of the time
delay and actuate the tap changer. However, if the
regulated voltage returns to normal before the time delay
has expired, the motor is not energized, and the timing
mechanism starts to run in the opposite direction until
it reaches its neutral position. Hence, the regulated voli-
age can be abnormal for a period of time slightly less
than the time delay, return to normal for the same period
of time or a greater period and then become abnormal
again without a correction being made by the control
system. Thus the regulated voltage varies considerably
without being compensated for by the tap changer.

It has been found that closer regulation is obtained
when the control system for the tap changer motor uti-
lizes a time delay device in which the timing mechanism
ceases to operate when the voltage becomes normal rather
than returning to its neutral position.
the occurrence of a succession of short voltage devia-
tions in the same direction eventually results in a tap
change, and after a first tap change in voltage raising or
voltage lowering direction consecutive tap changes in the
same direction take place without time delay, and non-
consecutive tap changes in the same direction take place
with a reduced time delay.

It is, therefore, an object of the present invention to
provide an improved control system which controls the
extent of movement of a movable element in response
to a predetermined change of a condition.

Another object of the present invention is to provide
an improved system which controls the direction and
extent of movement of a movable element in response to
a change of a condition a predetermined time after a
change has occurred.

A further object of the present invention is to provide
an improved control system which selects the direction
of movement of a movable element in response to a
change of a condition and after a first time delay moves
the element a predetermined extent, and if the change of
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condition still exists, moves the element another predeter-
mined exient without a time delay.

A stili further object of the present invention is to pro-
vide in a moter operated voltage regulator an improved
motor control system wutilizing a time delay device which
is inoperative when the voltage is normal and operative
when the voltage is abnormal.

Objects and advantages other than those mentioned
above will become apparent from the following descrip-
tion when read in connecticn with the drawings in which:

Fig. 1 shows diagrammatically the improved control
system used in cooperation with a step type voltage regu-
lating system;

Fig. 2 is a front elevation of the tap changing switch
shown diagrammaticaily in Fig. 1;

Fig. 3 is a partial section view taken on the line ITI—III
of Fig. 2;

Fig. 4 shows another embodiment of the control system
of Fig. 1; and

Figs. 5 and 6 compare graphically the regulation ob-
tained by the improved system and a prior art system.

Referring to the drawings, as shown in Fig. 1 the volt-
age regulating system generally comprises a step type
voltage regulator 9, a reversible motor 18 to operate the
tap changer switch 13 of regulator 9, and a control system
12 to selectively operate motor 19 in two directions.

Control system 12 comprises a relay 13, which may
be a contact making voltmeter, connected to load cir-
cuit 14 either directly or through a suitable transformer.
Relay 13 has a solenoid 16 and pairs of control contacts
17, 18 selectively actuable into closed position by sole-
noid 16 in response to a predetermined change in load
voltage. Control system 12 also inciudes a pair of simi-
larly arranged units for controlling motor 18. Each
unit comprises a main winding, an auxiliary winding, a
source of voltage, a current limiting means and auxiliary
contacts. Control contacts 37 are in series with a cur-
rent limiting means shown as a variable resistor 18 through
auxiliary contacts 28. Control contacts 18 are in series
with a current limiting means, shown also as a variable
resistor 21, through auxiliary contacts 22.

Main windings 31, 32 of electroresponsive device 39,
shown as a reversible split phase motor, are connected
acress a source of voltage. As shown, the main windings
are connected across the regulated load voltage by means
of conduciors 33, 34 but they may also be energized from
a separate source. Auxiliary winding 36 is connected
in series with variable resistor 19 through part of main
winding 31 and auxiliary contacts 28. Auxiliary wind-
ing 37 is connected in series with variable resistor 21
through part of winding 32 and auxiliary contacts 22.
Electroresponsive device 38 has a movable member 49
mounted on a shaft 38. Member 46 has an extension 41
which actuates either switch 42 to open auxiliary con-
tacts 2¢ and close main contacts 43 or switch 44 to open
auxiliary contacts 22 and close main contacts 4.

Stator winding 46 of motor 18 is connected in series
with secondary winding 47 of transformer 48 through
contacts 43, Stator winding 42 of motor 10 is con-
nected in series with secondary winding 47 of transformer
48 through contacts 45.

Motor 10 has a shaft 50 which is adapted to move an
element in two directions. As shown in Figs. 1,2 and 3
the motor is used to operate the tap changing switch 11
of the step type voltage regulator 9. Regulator 9 com-
prises means of maintaining the voltage supplied by a
current supply 51 to a load circuit 14 at a sitbstantially
constant value independently of changes in load. Regu-
lation is accomplished by adding to the load circuit 14
or subtracting therefrom the voltage of transformer 52
having one winding 53 in the load circuit and the other
winding 84 supplied through the tap changing switch 11.
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Winding 54 is connected in boosting or bucking relation
to the line voltage dependent upon the position of revers-
ing switch 56. The tap changing mechanism may include
a detent mechanism to translate the relatively slow con-
tinuous operation of the motor into a rapid snap -action
or it may include means for driving the mechanism
directly.

The tap changer here described is in general of the
type disclosed by U. S. Patent 2,177,109 to L. H. Hill,
October 24, 1939, Voltage Regulator, and includes a
detent mechanism.

Referring to Figs. 2 and 3 the tap changing mechanism
has an insulating panel 61 upon which are mounted sta-
tionary contacts 62. These contacts are connected to
transformer 48 through suitable means such as conduc-
tors 63.

The movable contacts 64 and §% of the tap changer
are carried on movable contact carrying member 67.
Each of these contacts comprises two spring held contact
pieces, one bearing on one face and the other bearing on
the other face of the stationary contact 62. Movable
contacts 64 and 66 are connected respectively to current
collecting rings 68 and 69 by means of brushes 7¢ and
71, respectively. The shaft 72 is clamped rigidly against
panel 61 by means of & nut 73 and carries movable con-
tact carrying member 67. Shaft 72 is coupled to shaft
76 by means of insulating coupling 77.

A notched disk 78 is rigidly supported by two upright
members 81, 82, which are rigidly fastened to cross pieces
79 and 86¢. Notched disk 78 forms a bearing for mem-
ber 83 and coupling 77. Shaft 76 is suitably connected
at one end to the member 83 so as to rotate therewith.

Shaft 38 of motor 10 is geared to gear 84 which is
mounted on shaft 76. A substantially triangular mem-
ber 86 is suitably fastened by a key 87 to gear 84 so as
to rotate therewith. Gear 84 and triangular shaped
member 86 rotate together freely on shaft 76. Also
mounted on member 86 are two stops 88 and 89 which
move with the member 86.

‘Two arms 99, 91 are mounted on shaft 76 and rotate
freely relative thereto. The arms 29 and 91 cooperate
respectively with the stops 88 and 89 to apply pressure
to springs 92 or 93 connected between the outer ends of
arms 90 and 91 and a latch carrying member 94.

Latch member 95 is pivoted between upstanding por-
tions of member 94 and is biased to the position shown
in Fig. 3 by means of a spring as shown in Fig. 2. Latch
member 25 carries a bolt 96, the head of which is engaged
by the upper surface of arm 98 or 91 to disengage the
latch from notches $7 in the disk 78.

The contro! circuit for the tap changing motor utilized
in the voltage regulating system is shown in the neutral
position in Fig. 1, line 14 being originally at normal
voltage. Assuming that a change of load voltage has
occurred the operation is as follows. Solenoid 16 of
contact making voltmeter 13 connected across the load
circuit 14 selectively closes either contacts 17 or 18 de-
pending on whether an increase or decrease is needed to
compensate for the change.

Assuming that an increase is needed and solenoid 16
is actuated to close contacts 17, variable resistor 1% is
shorted out of the circuit containing auxiliary winding
36. This action energizes the windings to unequal ex-
tents, increasing the energization of winding 36 over wind-
ing 37 which causes member 48 to rotate clockwise as
shown. Member 49 is operable when the condition of
circuit 14 is abnormal and is inoperable when condition
of circuit ‘14 is normal. After a predetermined time
member 41 actuates switch 42 opening auxiliary contacts
28 and closing main contacts 43. Closure of contacts
43 energizes stator winding 46 and causes shaft 50 to
rotate.

Clockwise rotation of the shaft 5@ slowly rotates the
gear 84 and triangular member 86, thereby causing stop
89 to bear against arm 21 and placing spring 93 under

9,718,142

10

15

20

30

40

45

50

60

70

75

4

tension. The shaft 76 and the member 94 do not move
at first because latch 95 is in a notch 97 of disk 78.
Upon further rotation of the detent mechanism to sub-
stantially 100% of its travel for one full step, the stop
89 causes the upper surface of arm 91 to bear against
bolt 96, rotating the latch 95 counterclockwise about its
pivot point 98, thereby releasing the latch from notch
97 in disk 78. Movable contact members 64, 66 are then
snapped counterclockwise as viewed in Fig. 2 by means
of spring 93 and are stopped at the next notch of disk 78
by the temsion placed on spring 92 by arm 98 stopping
against the stop 88.

This action increases the voltage of line 14 by one step
of the regulator. If the voltage change is not compen-
sated for by one tap change the tap changer takes the
necessary number of steps without further time delay
until the voltage is returned to normal and the contact
‘making voltmeter 13 opens contacts 17. Opening of
contacts 17 open circuits winding 36 since contacts 20
are open. Winding 37 being still energized causes mem-
ber 40 to rotate counterclockwise allowing switch 42 to
reclose auxiliary contacts 20 and open main contacts 43.
Reclosure of auxiliary contacts 2§ closes the circuit of
auxiliary winding 36. By presetting variable resistors
19 and 21 so that both auxiliary winding circuits are
energized to equal and opposite extents, member 49
ceases to operate when both windings are in the circuit.
In this manner a subsequent tap change in the same di-
rection as previously takes place with a reduced time
delay, but a subsequent tap change in the opposite direc-
tion takes place after an increased time delay.

However, if it is desired to have a shorter time de-
lay in one direction than the other, resistors 19 and
21 are set so that member 40 creeps towards switch 42
or 44 when the regulated voltage is normal. Assum-
ing that it is desired to have a shorter time delay in
the clockwise direction resistor 19 is set to a value
smaller than resistor 21. This causes auxiliary winding
36 to be energized more than winding 37 which causes
member 40 to creep clockwise. Extension 41 contacts
switch 42 but does not open contacts 20 because wind-
ing 36 is not energized sufficiently. Closure of con-
tacts 17 shorts resistor 19 out of the circuit of auxil-
iary winding 36 and energizes auxiliary winding 36 suf-
ficiently to open auxiliary contacts 20 and close main
contacts 43. The circuit then operates as previously
described.

Another embodiment of the present invention is shown
in Fig. 4. Control circuit 109 shown in Fig. 4 con-
trols motor 10 to operate the step type regulator (not
shown) of Fig. 1.

In control circuit 169 variable resistors 19 and 20
are omitted and auxiliary contacts 26 and 22 are re-
placed by auxiliary contacts 110 and 11, Auxiliary
winding 36 is then connected in series with auxiliary
contacts 111 and auxiliary contacts 230 are connected
in series with auxiliary winding 37. Control contacts
17 and 18 are connected in series with auxiliary con-
tacts 111 and 110, respectively.

The control circuit of Fig. 4 is shown in the neutral
position, the load circuit 14 (not shown) being original-
ly at normal voltage. Assuming that a change of load
voltage has occurred the operation is as follows.

Solenoid 16 of contact making voltmeter 13 con-
nected across the load circuit selectively closes either
contacts 17 or 18 depending on whether an increase
or decrease is needed to compensate for the change.

Assuming that an increase is needed and solencid
16 is actuated to close contacts 17 auxiliary winding 36
is emergized. This action causes member 48 to ro-
tate clockwise, as shown. After a predetermined time
extension 41 of member 49 actuates switch 42 closing
contacts 43 and 119. Closure of contacts 11¢ ener-
gizes auxiliary winding 37 of electroresponsive device
30 and since both auxiliary windings 36 and 37 are then
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energized member 49 stops. Closure of contacts 43
energizes stator winding 46 of reversible motor 1§
and causes it to rotate clockwise. Rotation of motor
16 results in a tap change being made in the manner
previously observed.

When the load voltage is returned to normal as the
resuit of the tap change, solenoid 16 opens contacts 17
and open circuits auxiliary winding 36. Auxiliary
winding 27 is still energized and causes member 48
to rotate counterclockwise until contacts 110 and é_33
are open. Opening of contacts 110 open cifcuits
auxiliary winding 37 causing member 40 to stop ro-
tating.

If another increase in voltage is needed shortly there-
after member 4@ moves for a shorter predetermined
time in reclosing contacts 116 and 43. If a decrease
in voliage is needed member 49 moves for a longer pre-
determined time in closing contacts 111 and 45.

The advantage of the present invention over prior
art control systems can readily be seen by comparing
Figs. 5 and 6. In these figures the area between lines
A and B represent the band width in which the load
voltage is sought to be maintained by the regulator,
line A representing the upper limit and line B the lower
limit.

In prior art control systems if load fluctuations cause
the load voltage to vary in time by a given amount as
shown by curve C, a tap change will not occur until
the average value of the load voltage has increased
or decreased to the extent that the voltage reaches either
of the two exireme conditions represented by curves
D and B. The periods of time PQ, QR, etc., between
points P to V on line A are all identical and equal to
the time delay of the control system. The voltage is
normal for the periods from P to Q, R to S, and T to
U, and sbrormal from Q to R, S to T, and U to V.
Thus, the value of the load voltage can vary between
limit F on curve D and limit G on curve E without be-
ing corrected.

However, with the present control system curves D
and E of Fig. 5 are replaced by curves M and N as
shown in Fig. 6. This is because if the voltage ex-
ceeds the limit A during a succession of short periods
the time delay device integrates those periods aund
eventually cause the tap changer to move by one step.
If the voltage drops below the limit B during a succes-
sion of short periods the tap changer moves by one
step in the opposite direction. Limits F and G in
Fig. 5 are therefore reduced to the band width limits
A, B which shows that the voltage wave cannot vary
more than the band width for any length of time with-
out being corrected for.

Although but two embodiments of the present inven-
tion have been illustrated and described, it will be ap-
parent to those skilled in the art that various changes
and modifications may be made therein without de-
parting from the spirit of the invention or from the
scope of the appended claims.

it is claimed and desired to secure by Letters Patent:

1. In combination, an element to be moved in response
to a circuit condition and means for moving said element
comprising a motor, and means for operating said motor
in either direction comprising a first voltage supply and
first and second main contacts for connecting said supply
to said motor, a control system for selectively operating
one of said main contacts to provide for operation of said
motor in cne direction, said control system comprising a
relay having first and second normally open contacts se-
lectively actuable into closed position in response to said
circuit condition, an electroresponsive device comprising
a movable member, a first unit providing for movement of
said member in cne direction and a second unit providing
for movement of said member in another direciion, each
of said units comprising a main winding, an auxiliary
winding, a voltage supply for energizing said windings,
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current limiting means, and auxiliary contacts actuable by
said member, said current limiting means connected in
series with part of said main winding through said aux-
iliary winding and szid auxiliary contacts, said first relay
contacts connected in series with said current limiting
means through said auxiliary contacts, said units being
normally energized to predetermined extents while said
relay contacts are open, closure of said first relay contacts
in response to said circuit condition shunting said current
limiting means and said auxiliary contacts of said first
i i ¢ the energizaiion of said first unit and cause
said member to rotate in a predetermined direction, rota-
tion of said member for a predetermined time opening
said shunted auxiliary contacts in said first unit and clos-
ing one of s2id main contacts to energize said motor to
move said element, cpening of said first relay contacts
when said condition is corrected causing said first unit to
be energized less than said second unit to rotate said mem-
ber in said other direction, said member after a second
vredetermined time opening said closed main contacts,
and closing said auxiliary contacts of said first unit caus-
ing said first unit tc be reenergized to said predetermined
exient.

2. In combination, an element to be moved in response
to a circuit condition, means for moving said element
comprising a motor and detent mechanism for translat-
ing the relatively slow uniform continuous operation of

id motor into a rapid snap action of said element and
means for operating said motor comprising a first voltage
supply and first and second main contacts for connecting
said motor to said supply, a control system for selectively
operating one of said main contacts to provide for op-
eration of said motor in cne direction, said conirol system
comprising a relay having first and second normally open
contacis selectively actuable into closed position in re-
sponse o said circuit conditicn, an electroresponsive de-
vice comprising a movable member, a first umnit providing
for movement of said member in one direction and a sec-
ond unit providing for movement of said member in an-
other direction, each of said units comprising a main
winding, an auxiliary winding, a voltage supply for ener-
gizing sald windings, a variable resistor, and auxiliary
contacts actuable by said member, said variable resistor
connected in series with part of said main winding through
said auxiliary winding and said auxiliary contacts, said
first relay contacts connected in series with said variable
resistor through said auxiliary contacts, said units being
normeally energized to predetermined extents while said
relay contacis are open, closure of said first relay con-
tacts in response to said circuit condition shunting said re-
sistor and said auxiliary contacts of said first unit to in-
crease the energization of said first unit and cause said
member to rotate in o predetermined direction, rotation
of said member for a predeiermined time opening said
shunted auxiliary contacts in said first unit and closing
one of said main contacts to energize said motor and
bias said detent mechanism to a predetermined extent to
move said element with a snap action, opening of said
first relay contacts when said condition is corrected caus-
ing said first unit to be ensrgized less than said second
unit to cause said member to rotate in the opposite direc-
tion, said member after a second predetermined time
opening said closed main centacts and closing said aux-
iliary contacts causing said first unit to
be reenergized to s ained extent.

3. In combinati it {6 be moved, means for
inoving said g a motor and means for
irection comprising a first
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operating said motor in either ¢
voitage supply and first and second main contacts for
connecting said supply to said inotor, a control system
for selectively operating one of said main contacts to pro-
vide for operation of said motor in one direction, said con-
trol system comprising a relay having first and second
acrmally open contacts selectively actuable into closed po-
sition in response to a change in a given circuit condition,
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an electroresponsive device comprising a movable mem-
ber, a first unit providing for movement of said member
in one direction and a second unit providing for move-
ment of said member in another directicn, each of said
units comprising a main winding, an auxiliary winding,
a voltage supply for energizing said windings, a variable
resistor, and auxiliary contacts actuable by said member,
said variable resistor connected in series with part of said
main winding through said auxiliary winding and said
auxiliary contacts, said first relay contacts connect-
ed in series with said variable resistor through said
auxiliary contacts, said units being normally energized to
equal and opposite predetermined extents by said variable
resistors while said relay contacts are open, closure of said
first relay contacts in response to said change in said cir-
cuit condition shunting said resistor and said auxiliary
contacts of said first unit to increase the energization of
said first unit and cause said member to rotate in a pre-
determined direction, rotation of said member for a pre-
determined time opening said shunted auxiliary contacts
in said first unit and closing one of said main contacts
to energize said motor to move said element, opening of
said first relay contacts when said condition is restored
causing said first unit to be energized less than said sec-
ond unit thereby causing said member to rotate in the
opposite. direction, said member after a second predeter-
mined time opening said closed main contacts and closing
said auxiliary contacts of said first unit causing said first
unit to be reenergized to said predetermined extent.

4. In combination, an element adapted to be moved,
means for moving said element comprising a motor and
detent mechanism for translating the relatively siow uni-
form continuous operation of said motor into a rapid snap
action of said element and means for operating said motor
comprising a first voltage supply and first and second
main contacts for connecting said motor to said supply,
a control system for selectively operating one of said
main contacts to provide for operation of said motor in
one direction, said control system comprising a relay hav-
ing first and second normally open contacts selectively
actuable into closed position in response to a change in
a given circuit condition, an electroresponsive device com-
prising a movable member, a first unit providing for
movement of said member in one direction and a second
unit providing for movement of said member in another
direction, each of said units comprising a main winding,
an auxiliary windiag, a voltage supply for energizing said
windings, a variable resistor, and auxiliary contacts ac-
tuable by said member, said variable resistor connected
in series with part of said main winding through said
auxiliary winding and said auxiliary contacts, said first
relay contacts connected in series with said variable
resistor through said auxiliary contacts, said units being
normally energized to equal and cpposite predetermined
extents while said relay contacts are open, closure of said
first relay contacts in response to said change in said circuit
condition shunting said resistor and said auxiiary con-
tacts of said first unit to increase the energization of said
first unit and cause said member to rotate in a predeter-
mined direction, rotation of said member for a predeter-
mined time opening said shunted auxiliary contacts in
said first unit and closing one of said main contacts to
energize said motor and bias said detent mechanism to
a predetermined extent tc move said element with a snap
action, opening of said first relay contacts when said condi-
tion is restored causing said first unit to be energized less
than said second unit thereby causing said member to ro-
tate in the oppesite direction, said member after a second
predetermined time opening said closed main contacts
and closing said auxiliary contacts of said first unit caus-
ing said first unit to be reenergized to said predetermined
extent.

5. In combination, an element adapted to be moved,
means for moving said element comprising a first reversible
motor and means for operating said motor in either di-
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rection comprising a first voltage supply and first and sec:
ond main contacts for connecting said supply to said first
motor, a control system for selectively operating one of
said main contacts to provide for operation of said first
motor in one direction, said control system comprising
a relay having first and second ncrmally open contacts
selectively actuable into closed position, in response to a
circuit condition, a second reversible motor having a shaft,
a first unit providing for movement of said second
motor in one direction and a second unit providing for
movement of said second motor in another direction, each
of said units comprising a voltage supply for energizing said
second motor, a variable resistor, and auxiliary contacts ac-
tuable by said shaft, said variable resistor connected in
series with said first motor and said auxiliary contacts,
said first relay contacts connected in series with said vari-
able resistor through said auxiliary contacts, said units
being normally energized to predetermined extents while
said relay contacts are open, closure of said first relay
contacts in response to a change in said circuit condition
shunting said resistor and said auxiliary contacts of said
first unit to increase the energization of said first umit
causing said second motor to rotate said shaft in a pre-
determined direction, rotation of said shaft for a prede-
termined time opening said shunted auxiliary contacts in
said first unit and closing one of said main contacts to
energize said first motor to move said element, opening
of said first relay contact when said condition is restored
causing said first unit to be energized less than said second
unit causing said second motor to rotate said shaft in the
opposite direction, said shaft after a second predetermined
time opening said main contacts causing said first unit to
be reenergized to said predetermined extent.

6. In a step type regulating system having a plurality
of contact positions and a movable contact, the combina-
tion of means for moving said movable contact comprising
a motor and detent mechanism for translating the relative-
1y slow uniform continuous operation of said motor into a
rapid snap action of said movable contact, and means {or
operating said motor comprising a first voltage supply and
first and second main contacts for connecting said motor
to said supply, a control system for selectively operating
one of said main contacts to provide for operation of said
motor in one direction, said control system comprising
a relay having first and second normally open contacts
selectively actuable into closed position in response to a
change in a given circuit condition, an electroresponsive
device comprising a movable member, a first unit pro-
viding for movement of said member in one direction and
a second unit providing for movement of said member
in another direction, each of said units comprising a main
winding, an auxiliary winding, a voltage supply for ener-
gizing said windings, a variable resistor, and auxiliary
contacts actuable by said member, said variable resistor
connected in series with part of said main winding through
said auxiliary winding and seid auxiliary contacts, said
first contacts of said relay connected in series with said
variable resistor through said auxiliary contacts, said
units being normally energized to predetermined extents
while said relay contacts are open, closure of said first
relay contacts in response to said change in said circuit
condition shunting said resistor and said auxiliary con-
tacts of said first unit to increase the energization of said
first unit and cause said member to rotate in a predeter-
mined direction, rotation of said member for a first pre-
determined time opening said shunted auxiliary contacts
in said first unit and closing one of said main contacts
to energize said motor and biasing said detent mechanism
io a predetermined value to move said movable contact
with a snap action, opening of said first relay contacts
when said condition is restored causing said first unit to
be energized less than said second uvnit thereby causing
said member to rotate in the opposite direction, said mem-
ber after a second predetermined time opening said main
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contacts causing said first unit to be reenergized to said
predetermined extent.

7. In combination, an element to be moved in response
to a circuit condition, a motor for moving said element,
means for energizing said motor, first contact means for
connecting said motor energizing means to said motor,
a winding energizing means, an electroresponsive device
comprising an auxiliary winding, current limiting means
in circuit with said winding to limit the energization there-
of to a predetermined extent, second contact means inter-
connecting said winding energizing means and said wind-
ing, a member adapted to remain stationary when said
winding is energized to said predetermined extent, adapt-
ed to be moved in one direction when said winding is ener-
gized to a greater extent, and adapted to be moved in an-
other direction when said winding is energized to a lesser
extent, a relay operable from one position to another in re-
sponse to said condition to render said current limiting
means inoperable to cause said winding to be energized to

10

said greater extent and move said member in said one di-
rection, movement of said member in said one direction
for a predetermined time operating said first and second
contact means causing said motor to be energized to move
said element, and causing said winding to be energized to
said lesser extent when said condition is corrected and said
relay returns to said one position, energization of said
winding to said lesser extent causing said member to move
in said other direction for a time less than said predeter-
mined time to operate said first contacts to deenergize
said motor and to operate said second contacts to cause
said winding to be again energized to said predetermined
extent.
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