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7 Claims,

Our invention relates %o electiical control appa-
ratus, and particularly to apparatus for effecting
one function when ‘g éontrol circuit is enetrgized
by current of one relative polarity and another
function when the eontiol circuit is ‘energized by
current of the ’Othe‘r"I‘elative'pola,rity.

The apparatus of this mvention is an improve-
ment ‘on that shown and claimed in Létters
Patent of the United States No. 2,340,752, granted
February 1, 1944, to Andrew Hufnagel,

In the Hufnagel patent thére is shown ‘control
apparatus havinz a polar ‘Telay energized éver a
control circuit, an auxiliary relay associated with
the polar relay and energized {réin the control
circuit over connections governed by contacts of
the polar relay, and having ‘means efféctive on g
change in the polarity of the energy supplied to
the control circuit to-maintain the contacts of the
auxiliary relay picked up during movement of the
contacts frem one position to the other,

It is an objeet of this invention to provide im-
proved control apparatus of the type described
and in which the retained neutral feature may
be eliminated. .

Another object of this invention is to provide
improved control apparatus for controliing elec-
tric motors for operating track switches,

A further object of this invention is to provide
improved control apparatus for alternating cur-
rent electiic switch motors wherein positive re-
ieasing of the overload relay as a result of a
change of polarity of the control circuit is
brovided. » o

We shall describe thiee forms of control appa-
ratus embodying our invention, and shall then
boint out the novel features thereof in claims.

In practicing our inverition we provide a polar
relay and a neutral or polar biased neutial
auxiliary relay and energize them from a polar-
ized ¢ontrol circuit. _
relay is reversibly conhected across the contro]
circuit by meéans of polar contacts on thé polar
relay. The polar and auxiliary relays are selected
so that on a chartige in the polarity of the energy
supplied to the control circuit the contacts of the
auxiliary relay will release before the contacts of
the polar ielay respond, while a contact of the
auxiliary relay when released establishes a circuit
Independent of the winding of the auxiliary relay
for supplying énergy from the contro] circuit to
the winding of the polar relay to operate the
polar relay. The eifcuit govérned by this contact
of the auxiliary relay may ghunt the winding of
the auxiliafy relay to prevent picking up of the
auxiliary relay contacts tintil the poiar relay re-
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sponds ‘and may have an asymmetric unit in-
cluded therein to prevent flow of energy in the
circult when the polar relay contacts and the
polarity of the energy supplied to the control cir-
cuit are in correspondence, .

In some modifications the relays are employed
to control the motor for a track switch, and in
these cases an overload relay interrupts the cir-
cuit of the auxiliary relay in the event of an
overload, while means are provided to release the
overload relay on a subsequent change in the
polarity of the energy supplied to the control
circuit, o . .

In the drawings Fig, 1 is a diagram illustrating
one embodiment of our invention,

Fig. 2 is & diagram Mlustrating a modification
of our invention arranged to control & direct
current switch machine motor, and o

Fig. 3 is a diagram illustrating a modification
of our invention arranged to control an alternat-
ing current switch machine motor,

_Similar reference characters refer to similar
parts in each of the three views,

_Referring to Fig, 1 of the drawings, the refer-
ence character P designates a polar relay, while
the reference character N designates an auxiliary
relay. The windings of the relays P and N ara
energized in series Over a polarized control circuit
here shown as comprising conductors 8 and |
which are connected by contacts 8 and § of a
bole changer PC with a suitable source of direct
current, stch as a battery the terminals of which
are designated -+ and —." The conductors 1§ and
t1 may be line wires, or they may be the track
rails of a section of railway track, while the
pole changer PC may he a manually operated
device, it may be the contacts of a relay, or it may
be any other suitable mechanism,

The conductor 18 is connected to oné terminal
of the winding of relay P, while conductor 11 is
connected to polar contact 12 of relay P. The
other terminal of the winding of relay P is con-
nected to its polar contact 5. The contacts 12
and 15 control connections for reversibly connect-
Ing the winding of the relay N in series with the
winding of the relay P,

. The relay N may be of the polaj biased type as
here shown and if such its contacts become picked
Up when and only when enérgy fows through the
relay winding in the direction indicated by the
arrow. The various parts of the apparatus are
50 arranged that the relay N picks up only when
the positive termina] of the source is connected
to the left-hand terminal of the relay winding.

The rectifier X is connecteq across the ter-
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minals of the relay N by a circuit which is inter-
rupted by a back contact of relay N. The rectifier
K is poled to permit energy to flow in the direc-
tion opposite to that which is effective to pick up
the contacts of relay N.

The contact 1§ of relay N and contact IT of
relay P may cooperate to perform any desired
control function.

When the equipment is in the condition shown
in Fig. 1 of the drawings, energy from the posi~
tive terminal of the source flows over pole changer
contact 8, through conductor 19, winding of relay
P, and normal polar contact 15 of relay P to the
left-hand terminal of relay N, through the wind-
ing of relay N, normal polar contact {2 of relay
P, conductor {f, and pole changer contact 8 to
the negative terminal of the source. At this time
relay P and relay N are energized in series, while
the polarity of the energy supplied is such that

the contacts of relay P are held in their left- ¢

hand position as shown, and the direction of flow
of energy through the winding of relay N is that
which is effective to pick up the contacts of the
relay. The circuit for rectifier K is open at con-
tact 18 of relay N. .

On a reversal of the pole changer PC the posi-
tive terminal of the source is connected by con-
tact 8 to conductor {1 and the negative terminal
of the source is connected by contact 8 to con-
ductor 18. At the time of reversal of the pole
changer PC contacts 12 and I5 of relay P are in
their left-hand positions, as shown, so that
energy flows from the positive terminal of the
source over conductor {f and contact 12 of relay
P to the right-hand terminal of the winding of
relay N, through the relay winding, contact 15
of relay P, winding of relay P, and conductor {8
to the negative terminal of the source.

The energy flowing in this direction through
the winding of relay N causes relay N to release
due to the reversal of current flow in the winding,
which causes the magnetic flux in the relay core
to decrease to zero and build up again in the ob-
posite direction. Back contact {8 of relay N

closes, and thereby establishes the circuit through 4

rectifier K, shunting relay N. This circuit pre-
vents relay N from picking up and provides a low
resistance circuit for the energy supplied to relay
P so that its contacts are certain to move. As
soon as contacts 12 and 5 of relay P move out of
engagement with their left-hand contacts, the
circuit previously traced for energizing the wind-
ings of relays P and N is interrupted, but the
operating characteristics of the relay P are such
that the relay contacts will continue to move after
the interruption of the supply of energy to the
relay winding with the result that the relay con-
tacts will complete their movement to their right-
hand positions.
. When the contacts of relay P complete their
movement to their right-hand positions, a cir-
cuit is completed to energize the windings of re-
lays P and Nin series. This circuit may be traced
from the positive terminal of the source, through
pole changer PC, conductor {1, reverse polar con-
tact 12 of relay P, the winding of relay N from left
to right, reverse polar contact 15 of relay P,
through the winding of relay R, and over con-
ductor 0 to the pole changer PC and the nega-
tive terminal of the source. Although the cir-
cuit including rectifier X is closed at this time,
the direction of the flow of energy is opposite to
the direction in which the recifier is poled, thus no
current can flow through the rectifier.

The direction of current; flow through the wind-
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ing of relay N is now such that relay N picks up
its contacts, and the circuit including rectifier K
is interrupted by back contact 18 of relay N, In
addition, the energy supplied to the winding of
relay P is effective to maintain the contacts of
this relay in their right-hand positions.

The operation of the equipment on a subseduent
change in the polarity of the energy supplied over
the conductors 18 and i is similar to that
described in detail above and will not be repeated.

If, on a change in polarity of the energy sup-
plied over the conductors 18 and 11, the contacts
of relay P fail to move from one position to the
other, the conductors 18 and ii will be connected
to the winding of relay N in such a manner that
the positive terminal of the source is connected to
the right-hand terminal of the relay winding.
Accordingly, the direction of fow of energy
through the winding of relay N will be stich that
the energy is ineffective to pick up the relay con-
tacts. Accordingly the relay N releases and re-
mains released so that its contact 6 is open. The
relay N, therefore, checks response of relay P to
changes in the polarity of the energy supplied
over the conductors 19 and {1, and contact {6 of
relay N will not establish the circuit governed by
contacts 17 of relay P unless the contacts of relay
P are in correspondence with the polarity of the
energy supplied to the relay.

1f it is not necessary to have the relay N check
the relay P, or if the relay P is of the safety type
which. does not require checking, the relay N
may be of the neutral type.

The relays P and N are selected and arranged so
that on a change in the polarity of the energy
supplied to the control wires 10 and {{, contact
i§ of relay N will release and interrupt the cir-
cuit controlled thereby before contact 17 of relay
P moves. This mode of operation may be secured
by selecting the relays P and N so that relay N
responds more rapidly than relay P, or it may be
secured by arranging these relays so that relay P
will not respond to energy supplied through the
winding of relay N and will respond only to energy
supplied over the shunt circuit established by
back contact 18 of relay N. Since relay P will
not operate until after relay N releases, contact 17
of relay P is never required to interrupt the cir-
cuit governed thereby at a time when energy is
being supplied over the circuit.

PFig. 2 of the drawings shows a modification of
our invention for controlling & track switch W
which is moved between a normal and a reverse
position by means of an electric motor M. The
motor drives the switch through suitable
mechanism, not shown. In the system shown in
g, 2 the motor M is of a type designed to
operate on direct current supplied from a suitable
source, not shown, the positive terminal of which
is designated as C. Associated with motor M is
an overload relay OR and control relays P and N.

The equipment is shown in the condition which
it assumes when the switch W and its controlling
device PC are in their normal positions and the
contacts of the overload relay OR are released.

As the pole changer PC is in its normal posi-
tion, relays P and N are energized by a circuit
traced from the positive terminal of the source
of control energy through the pole changer PC,
conductor 10, through the winding of relay P,
normal polar contact 15 of relay P, through the
winding of relay N from left to right, over back
contact 28 of relay OR, over normal polar con-
tact 12 of relay P, conductor {f, and pole changer
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PC to the negative terminal.of the:source of con-
trol: energy:.

Accordingly, relay N is picked up and:relay P
iz energized to hold' its left~-hand: or'normal con-
tacts closed: :

As.the switch: W' is in its normal position, con-
tact 28 is out of engagement with contact-29 and
interrupts:the supply of energy furnished forthe
operation of the switch motor. The contact. 28
is operated in aeccordance with the movement of
the switch and is'arranged so that it engages con-
tact 29 in all positions of the switch except the
normal position: thereof, and so that it ‘engages
a. contact 27 in. all the: positions; of the switch
except the reverse position. thereof.

If the pole changer PC is:reversed, the. polarity
of the energy supplied to- relays P and N is re-
versed, and they operate in a manner substan-
tially the same as. that previously described for

Fig. 1. Relay N releases, after which the con- :

tacts of relay P move from their left-hand: posi-
tion to their right-hand position. Since. the
relay N releases before the contacts of relay p
move; the circuit. for supplying energy to the
switch motor M is always: ovened by contact 21
of relay N, thus interrupting any flow of energy
existing at that time. Since the contacts of
relay P are never called upon to interrupt. the
circuit for supplying energy to the switch motor

M. they may be of a lighter-type of construction, :

while the contacts: of relay N are of the heavy-
duty type.

After the contacts of relay: P--have moved: to
theirright-hand position, relay N pieks-up, estab-
lishing the circuit to supply energy to the motor
M. This circuit is traced from terminal B, over
front contact 21 of relay N, reverse polar con-
tact 22 of relay P, through motor armature 23,
thermal resistance 25, over reverse polar contact

26 of relay P, switch operated contacts 2T and °

28, and through the motor fleld winding 31 to
terminal ¢. 'The motor armature and its- field
winding are energized in series and the various
parts are arranged so that the motor operates to
move the switch W' to its reverse position,

When the switch completes its movement to its
reverse position, contact 28 is moved out of en-
gagement with contact 27 to interrupt the cir-
cuit traced above for supplying energy to the
motor M and the motor ceases to operate.

When the switch is in itg reverse position, if
the pole changer PC is restored to its normal
vesition, energy of normal polarity is applied to
relays P and N, so that relay N will release, the
contacts of relay P will move from their right-
hand position to their left-hand position, after
which relay N picks up, in-a manner similar to
that described previously for operation of relays
P and N when energy of reverse polarity was
applied, and a circuit is established to supply
energy to the motor M to cause it to move the
switch to its normal position. This circuit is
traced from termina] B, over front contact 21
of relay N, normal polar contact 26 of relay P,
through thermal resistance 25, motor armature
23, over normal polar contact 22 of relay P, con-
tacts 29 and 28, and through field coil winding
31 of motor M to terminal C.. Accordingly, the
metor armature and field winding are energized
in. series, while the various parts are arranged
so that the motor operates to move the switch to
its normal position. . -

When the. switch completes its movement to- its
hormal position, contact 28 ig moved out of en-
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Relay OR. is provided with

3 of the winding 33. Accordingly,

gagement; with contact 29 and interrupts the
cireuit traced above for supplying energy to. the
motor and the motor thereupon ceases to
operate.

The thermal resistance 25 which is included
in series with the circuit for supplying energy
to. the switeh motor has a positive thermal co-
efficient. of resistance, that is, the resistance of
the: unit; increases as the temperature of the
material of which it is constructed increases.
a_ pick-up winding
32 which is connected across resistor 25. The
relay- OR: also has a, holding winding 33, and
means are provided: to shunt the holding winding
when: the relay contacts are released, and to
energize the holding winding in series with the
relay- P when the overload relay contacts are
picked up.

The relay OR is. equipped with contacts of the
make-before-break t¥pe, and as shown the right-
hand terminal of the holding winding 33 is con-
nected to movable contact 35, while the contact
35, when released, engages stationary contact
31 which is connected to the left-hangd terminal
as long as the
contacts. of relay OR are released, the holding
winding 33 of relay OR is short-circuited by the
cireuit. controlled by contacts 3% and 37. As the
winding 33 is short-circuited when the relay
contacts are released, the relay contacts are
rendered slow in picking up and the overload
relay will not respond to momentary surges.in the
eyrrent in the motor circuit, as. occur when the
meter is. started or the- switch is reversed -in
mid-stroke. :

As previously explained, the energy supplied
to the motor M is supplied over the circuit which
includes in series therewith the resistor 25, while
the terminals of the pick-up winding 32 of relay
OR: are connected across the resistor 25. On the
supply of energy to the motor there is a voltage
drop across the resistor 25 with a result that a
portion of the energy supplied to the motor is
supplied through the Dick-up winding 32 of relay
OR. As a result of the supply of energy to the
motgr M, the resistor 25 beeomes heated and its
resistance increases so that there is a correspond-
ing increase in the value of the current supplied
through the pick-up winding 32 of relay OR.

The various parts are So- arranged and pro-
portioned that under normal conditions most of
the energy supplied to the motor is supplied

-through the resistor 25, while the current supplied

through the winding 32 of relay OR is of too
small value to pick up the relay contacts. Ac-
cordingly, the contacts of relay OR remain re-
leased and contact 20 maintains the cireuit. for
connecting the winding of relay ¥ in series with
the winding of relay P so that contact 21 of relay
N remains picked up and maintains the supply

‘of energy to the motor unti the switch completes
‘is movement and causes contact 28 to interrupt

the efreuit of the switeh motor. .
The various parts of the equipment are also
arranged and proportioned so that if the motor
M draws eurrent of unusually high value for an
abnormally long period, as occurs when move-
ment of the switeh is obstructed, the resistance

23 will become heated to g temperature such

that its resistance increases to a degree effec-
tive to cause the current. supplied through the
winding: 32 of relay OR. to be great enough to pick
up. the relay contacts. - )

On movement of the contacts of relay OR to-
wards their picked-up position eontact 38 engages
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eontact 35 to thereby establish a circuit to en-
ergize the holding winding 33 in series with relay
P, while contact 38 moves contact 35 out of en~
gagement with stationary contact 37 to interrupt
the circuit short-circuiting the holding wind-
ing'33. - T )

If the switch is being moved to its normal
position ‘at the time the overload condition oc-
curs, the circuit for supplying energy to the wind-
ing 33 of relay OR is traced from the positive
terminal of the source, through pole changer PC,
conductor 10, winding of relay P, winding 33 of
relay OR from left to right, over contacts 35
and 38 of relay OR, conductor |1, and through
pole changer PC to the negative terminal of the
source. When the switch is being moved to its
normal position the direction of current flow
through the resistor 25 is such that energy flows
through the pick-up winding 32 of relay OR from
1eft to right, and when the circuit for the holding
winding 33 is completed, energy will flow through
the holding winding 33 in the same direction
as that flowing in the pick-up winding.

. If the switch is being moved to its reverse posi-
tion at the time the overload condition occurs,
the circuit for supplying energy to the winding
33 of relay OR is traced from the positive termi-
nal of the source, through pole changer PC, con-
ductor 11, over contacts 35 and 38 of relay OR,
winding of relay OR from right to left, through
the winding of relay P, over conductor 10, and
pole changer PC to the negative terminal of ‘the
source. At this time the direction of current flow
through resistor 25 is such that energy flows

through the pick-up winding 32 of relay OR from

right to left, and when the circuit for the holding
winiding 33 is completed, energy will flow through
the holding winding 33 in the same direction as
that flowing in the pick-up winding. L
Accordingly, when the contacts of the overload
relay OR pick up the energy supplied from the
control wires to the holding winding of relay OR
always flows through this winding in the same di-
rection as the energy which had been supplied
to the relay pick-up winding. As a result, the
energy supplied to the pick-up and holding wind-
ings of this relay causes flux of the same polarity
to be developed in the relay core so that on pick-
ing up of the relay contacts, and resultant supply
of energy to the relay holding winding, the relay
contacts are maintained picked up. i
In addition, on picking up of the contacts of
relay OR its contact 20 interrupts the supply of
energy to relay N, and its contact 2 releases and
interrupts the supply of energy to the switch
motor. Release of contact 21 also interrupts the
supply of energy to the pick-up winding of relay
OR, but the contacts of this relay are maintained
picked up by the holding winding of the.relay
so that contact 20 of relay. OR interrupts the cir-
cuit of relay N and it remains released and con-
tinues to interrupt the cireuit of the switch motor.
_After an overload has occurred, control of the
switeh. may be regained by operation of the pole
changer PC to its other position, causing a change
in polarity of the supply of energy to the holding
winding 33 of relay OR. As a result, there is a
reversal of flux polarity in the relay core, which
causes the relay OR to release: When relay OR
releases, its contact 29 establishes the circuit in-
cluding rectifier K and winding of relay. N, and
thereafter the polar contacts of relay P move
to their other position followed by the contacts
-of relay N picking up. This results in the estab-

10

20

'8
Jishment of the circuit to supply energy to the
motor M to cause it to move the switch to its other

position. . g

in addition, on release of the contacts of relay

OR, contact 38 is disengaged from contact 35 to
interrupt the circuit for supplying energy to the
holding winding 33, while confact 35 engages con-
tact 87 to establish the circuit for short-circuiting
the winding 33. )
" Prom the foregoing it may be seen that this
system is so arranged that under any circum-
stances wherein the switch does not complete its
movement to one position or the other, the cir-
cuit for supplying energy to the motor M is al-
ways interrupted by contact 21 of relay N, so that
the contacts of this relay may be of the heavy-
duty type, while the contacts of relay P, which
are never called upon to interrupt the supply of
energy to the motor M, may be of a lighter con-
struction.

" Fig. 3 of the drawings shows a modification of
our invention which is similar to Fig. 2 and dif-
fers therefrom in that it employs a motor MA of
a type adapted to operate on alternating current,

5 and a rectifier RA is provided to supply the pick-

up winding 32 of relay OR with direct current.
The energy for operating the motor MA is sup-
plied from a suitable source of alternating cur-
rent, the terminals of which are designated BX
and CX in the drawings.
--The equipment is shown in the condition which
it assumes when the switch W and its controlling
device PC are in their normal positions and the
contacts of the overload relay OR are released.
As the pole-changer PC is in its normal position

. relays P and N are energized in series by a cir-
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cuit traced from the positive terminal of the
source of control energy, through the pole changer
PC, conductor 18, through the winding of relay
P, normal polar contact {5 of relay P, through
the winding of relay N from left to right, over
contact 20 of relay OR, over normal polar con-
tact 12 of relay P, conductor 11, and pole changer
PC to the negative terminal of the source of con-
trol energy. Accordingly, relay N is picked up
and relay P is energized to hold its left-hand or
nermal contacts closed.  As the switch W is in
its normal position, contact 28 is out of engage-
ment with contact 29 and interrupts the supply
of energy .to the motor MA.

If the pole changer PC is reversed, the relays
P and N operate in a manner similar to that
previously described for Fig. 1. When contacts
25 and .22 of relay P move to their reverse posi-
tions and contact 21 of relay N picks up, the cir-
cuit for supplying energy to the switch motor is
completed in such a manner as to cause the motor
to move the switch to the reverse position. This
circuit is traced from terminal BX, over contact
2{ of relay N, through thermal resistance 25,
reverse polar.contact 22 of relay P, armature 23
of mator MA,.reverse polar contact 26 of relay
P, over contacts 27 and 28, and through field
winding 31 to terminal CX. The motor armature
and its field winding are energized in series and
the various parts are arranged so that the motor
operates to move the switch W to its reverse
position. i . .

When the switch completes its movement t0
its reverse position, contact 28 is moved out of
engagement with contact 27T to interrupt the cir-
¢uit traced above for supplying energy to the
motor MA and the motor ceases to operate.

When the switch is in - its reverse position, if
the pole changer PC is restored to its normal
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position, energy of normal polaiity is applied to
relays P-and N, so that rélay N will release, the
contacts of relay P will move from their reverse
Dosition to their normal position after which re-
lay N picks up, in a manner similar to that previ-
ously described for operation of relays P and N
when energy of reverse polarity was applied, and
& circuit is -established ‘to supply energy to the
motor MA to cause it to wiove the switch to its
normal position. This eireuit is traced from ter-
minal BX, over front contact 2{ of relay N,
through thermal resistance 25, riormal polar
contact 26 of relay P,motor armature 23, normal
bolar contact 22, contacts 28 and 29, and through
motor field winding 31 to terminal CX. The
motor ‘armature and ‘feld winding are energized
in series and the various parts are arranged 50
that the motor operates to move the switch W
to its normal position.

When the switch completes its ‘movement to its
normal position, contact 28 is moved out of en-
gagement with contact 29 to interrupt the cir-
cuit fraced shove for supplying energy to the
motor MA and the motor ceases to operate.

The input terminals of rectifier RA are con-
nected  aeross the thermal resistance 25, while
the positive output terminal is ‘connected to the
right-hand terminal of the ‘pick-up winding 32
of relay OR, while the negative otitput terminal
of rectifier RA is connected to the left-hand ter-
minal of pick-up winding 32 of relay OR. ‘The
holding winding 33 is supplied with energy from
the control cireuit in, series with relay P, and is
reversibly connected with the coniroe] wires by the
Polar.contacts -of relay P so that the flow of en-
ergy in the holding wihding when relay OR picks
up is always in the same direction as the direc-
tion of flow of energy in the pick-up winding,
that is, from rtight to left. The ‘contact equip-
ment is similar and functions similarly to that
previously described for relay OR in Pig. 2.

As previously explained, the voltage drop across
resistor 2§ increases if the motor M draws a high
value of current for an unusually long period of
time, ‘and the flow of rectified current supplied
to the pick-up winding 32 of relay OR through
rectifier RA hecomes great enough to pick up re-
lay ‘OR, which is then held up by the circuit
supplying energy to its holding winding 33.

If the switch is being moved to its normal posi-
tion at the time the overload occurs, the circuit
for supplying eneregy to the holding winding 33
of relay OR is traced from the Dositive terminal
of the source through pole changer contact 8,
conductor 19, winding of relay P, normal polar
contact 15 of relay P over :contacts 38 and 35 of
relay OR, through the winding 33 of relay OR
from right to left, over normal polar contact 12
of relay P, and through conductor 11 and con-
tact 9 of pole changer PC to the negative ter-
minal of the seurce.

If the switch is being moved to its reverse posi-
tion af the time the overload condition occurs,
the eircuit for supplying energy to the holding
winding 83 of relay OR is traced from the positive
terminal of the source through contact 8 of pole
changer PC, conductor {1, over reverse polar con-
tact 12 of relay P, contacts 35 and 38 of relay OR,
through winding 33 of relay OR from right to left,
Over reverse polar contact 15 of relay P, through
the winding of relay P, conductor 10, and over
contact 9 of pole changer PC to the negative
terminal of the source.

- It will-be seen, therefore, that on picking up of
the contacts :of relay OR a eitcuit is established
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to energize the holding winding 33 of relay OR in
series with relay P from the conductors 10 and t}
and that regardless of the polarity of the energy
supplied to the control wires at the time the over-
load relay picks up, the energy flows through the
winding 33 from its right-hand terminal to its
left-hand terminal,

The pick-up winding 32 of relay OR is con-

. neeted to rectifier RA so that energy always flows

through this winding from its right-hand to its
left~hand terminal,

Accordingly, the exiergy supplied to the pick-up
and holding windings of the overload relay OR
always flows through these windings in the same
direction at the time the overload relay picks up,
and as a result flux of the same polarity is de-
veloped in the relay core, so that on picking up of
the relay contacts, and resultant supply of energy
to the velay holding winding, the Telay contacts
are maintained picked up.

in addition, on picking up of the contacts of
relay OR its combact 20 interrupts the supply of
energy to relay N so that contact 24 of relay N
releases and interrupts the supply of energy to
the motor MA. Release of contact 21 also inter-
rupts the supply of energy to the pick-up winding
32 of relay OR, but the contacts of this relay are
maintained picked up by the holding winding of
the relay so that contact 2§ of relay OR inter-
rupls the circuit of relay N and it remains re-
leased and continues o interrupt the circuit of
the switch motor,

After an overload has occurred, eontrol of the
switeh may be regained by cperation of the pole
changer PC to its other position, causing a change
in the polarity of the energy supplied to the hold-~
ing winding 23 of relay OR, which results in a
change of pelarity of the flux in the core of relay
OR, whereupon relay OR releases and its contact
20 establishes the cireuit inclyding rectifier X and
relay N and thereafter the polar contacts of relay
P move to their other position followed by the
picking up of relay N. This results in the estab-
lishment- 6f the circuit to supply energy to the
mobor MA which eperates to move the switch to
its other position.

In addition, on release of the contacts of relay
OR cohtact 38 is disengaged from contact 35 to
interrupt the eircuit for supplying energy to the
holding winding 33, while contact 35 engages ¢on-
31 t0 establish the circuit for short-circuiting the
winding 33.

From the foregoing it will ba seen that our in-
vention provides means for controlling a pelar
relay and a neutral relay in such g manner that
on a -change in the polarity of the energy supplied
to the control circuit for the relays the neutral
relay releases prior to the movement of the con-
tacts-of the polar relay and the neutral relay will
not pick up unless the position of the polar relay
contacts is in agreement with the polarity of the
energy supplied to the relays. It will also be seen
that this invention provides means for controlling
electric switeh motors in such & manner that in
any case of the motor circuit being interrunted
before the switch completes its movement to one
bosition or the other, the contacts of the neutral
circuit will interrupt the motor circuit, rather
that the contacts of the polar relay.

Although we have heréin shown and descriked
only three forms of cireuits embodying our inven-
tion, it is understood that various changes and
modifications may be made therein within the
scope of the appended -claims without departing
from the spirit and scope of our invention.
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Having thus described our invention, what we
claim is: -

1. In combination, a pair of control conductors
o which energy of one polarity is supplied at times
and to which energy of the other polarity is sup-
plied at other times, a polarized relay having one
terminal of its winding connected to one of said
control conductors, an auxiliary relay having nor-
mally released contacts which become picked up
when and only when energy flows through the
relay winding from its first to its second termi-
nal, an asymmetric unit connected across the
winding of the auxiliary relay by a back con-
tact of said auxiliary relay and poled fo permit
enerey to flow from the second to the first ter-
minal of said winding, and means governed by
polar contacts of said polarized relay for re-
versibly connecting the auxiliary relay winding
and said asymmetric -unit in multiple between
the other terminal of the polarized relay winding
and the other one of said control conductors, said
means being arranged so that energy from said
control conductors fiows through the winding of
said auxiliary relay from its first to its second
terminal when and only when the position of the
contacts of said polarized relay and the polarity
of the energy supplied {o said control conductors
are in correspondence, said polarized and auxiliary
relays being selected so that the contacts of the
polarized relay will not be operated between their
two positions in response to energy of the value
supplied to the relay winding through the wind-
ing of said auxiliary relay but will be operated by
energy of the value supplied through said asym-
metric unit, and a circuit governed by a frong con-
tact of said auxiliary relay and by a polar contact
of said polarized relay.

2. In combination, a pair of control conductors
to which energy of one polarity is supplied at
times and to which energy of the other polarity

is supplied at other times, a polarized relay hav--

ing one terminal of its winding connected to one
of said control conductors, an auxiliary relay
having normally released contacts which become
picked up when and only when energy flows
through the relay winding from its first to its
second terminal, an asymmetric unit connected
across the winding of the auxiliary relay by a
back contact of said auxiliary relay and poled
to permit energy to flow from the second to the
first terminal of said winding, and means gov-
erned by polar contacts of said polarized relay
for reversibly connecting the auxiliary relay
winding and said asymmetric unit in multiple be-
tween the other terminal of the polarized relay
winding and the other one of said conirol con-
ductors, said means being arranged so that
energy from said control conductors flows
through the winding of said auxiliary relay irom
its first to its second terminal when the position
of the contacts of said polar relay and the polar-
ity of the energy supplied to said control conduc-
tors are in correspondence.

3. In combination, a pair of control conductors
to which energy of one polarity is supplied at
times and to which energy of the other polarity
is supplied at other times, a polarized relay
having one terminal of its winding connected
to one of said control conductors, an auxiliary
relay, means governed by polar contacts of said
polarized relay for reversibly connecting the
winding  of said auxiliary relay between the
other terminal of the polarized relay winding
and the other of said control conductors, an
asymmetric unit in series with a back contact
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of said augiliary relay connected across' the
winding of said auxiliary relay, said asymmetric
unit being arranged so that energy flows from
said control conductors through said asymmetric
unit when said auxiliary relay is released and
the position of the contacts of said polarized
relay and the polarity of the energy supplied to
said control conductors are out of correspond-
ence, and a circuit governed by a contact of
said auxiliary relay and by a contact of said
polar relay. . )

4. Tn combination, a pair of control conductors
to which energy of one polarity is supplied at
times, and to which energy of the other polarity
is supplied at other times, a polarized relay hav-
ing one terminal of its winding connected to
one of said control conductors, an auxiliary
relay, means governed by polar contacts of said
polarized relay for reversibly connecting the
winding of said auxiliary relay between the
other terminal of the polarized relay winding
and the other of said control conductors, an
asymmetric unit in series with a back contact
of said auxiliary relay. connected across the

winding of said auxiliary relay, said asymmetric

unit being arranged so that energy flows from
said control conductors through said asymmetric
unit when said auxiliary relay is released and
the position of the contacts of said polar relay
and the polarity of the energy supplied to said
control conductors are out of correspondence,
said polarized and auxiliary relays being selected
so that the contacts of the polarized relay will
not be operated between their two positions in
response to energy of the value supplied to the
relay winding through the winding of said
auxiliary relay but will be operated by energy
of the value supplied through said asymmetric
unit, and a circuit governed by a front contact
of said auxiliary relay and by a polar contact
of said polarized relay. )

5. In combination, a pair of control conductors
to which energy of one polarity is supplied at
times and energy of the other polarity is supplied
at other times, a polarized relay having one
terminal of its winding connected to one of said
control conductors, an auxiliary relay, and means
including polar contacts of said polarized relay
for reversibly connecting the winding of the
auxiliary relay between the other terminal of
the winding of the polarized relay and the other
control conductor, said means being effective in
each position of the contacts of said polarized
relay provided a back contact of said auxiliary
relay is closed to connect in multiple with the
winding of the auxiliary relay and in series with
the winding of the polarized relay an asymmetric
unit poled to permit flow of energy therethrough
when the position of the polarized relay contacts
and the polarity of energy supplied to said con-
trol conductors are out of correspondence.

6. In combination, a pair of control conductors
to which energy of one polarity is supplied at
times and to which energy of the other polarity
is supplied at other times, a polarized relay, an
auxiliary relay having normally released contacts
which become picked up when and only when
energy flows through the relay winding from its
first to its second terminal, meéans governed by
polar contacts of said polarized relay for supply-
ing energy from said control conductors to the
winding of said auxiliary relay in such a manner
that energy flows through the winding of said
auxiliary relay from  its first terminal to 'ifs
second terminal when and only when the polar
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contacts of said polarized relay are in corre-
Spondence with the polarity of energy supplied
by said control conductors, circuit means includ-
ing a back contact of said auxiliary relay for
supplying from said control conductors to the
winding of said polarized relay energy effective
to operate the contacts of said polarized relay,
and a circuit governed by a front contact of said
auxiliary relay and by a polar contact of said
polarized relay. ‘

7. In combination, a pair of congrol conductors
to which energy of one polarity is supplied at
times and to which energy of the other polarity
is supplied at other times, a polarized relay, an
auxiliary relay having normally released con-
tacts which become picked up when and only
when energy flows through the relay winding
from its first to its second terminal, means gov-
erned by polar contacts of said polarized relay for
supplying energy from said control conductors to
the winding of said auxiliary relay in such a
manner that energy flows through the winding of
said auxiliary relay from its first terminal to its
second terminal when and only when the polar
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contacts of said polarized relay are in corre-
spondence with the polarity of energy supplied
by said control conductors, circuit means effec-
tive when and only when said auxiliary relay
is released for supplying from said control con-
ductors to the winding of said polar relay energy
effective to operate the relay contacts, and a cir-
cuit governed by a front contact of said auxiliary
relay and by a polar contact of said polarized
relay.

ALLAN T. JOHNSTON,

ARTHUR L. JEROME.
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