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This invention relates to an improved reiay 

which is particularly adapted for use in control 
ling the circuit connections of the starting Wind 
ing of a single phase motor. 
Warious relay arrangements have been heretoe 

fore proposed to automatically effect the discon 
nection of the Starting or phase Winding of a 
single phase notor from the energization circuit 
upon the acceleration of the motor to a desired 
Speed Wherein the nail or running Windings of 
the motor are capable of Satisfactorily controlling 
the further operation of the motor. The relay 
devices which have heretofore been employed 
have generally been responsive to the current or 
voltage in the starting winding circuit arriving 
at a predetermined Value whereupon the opera 
tion of the relay was effected to disconnect the 
starting winding from the energization circuit. 
Arrangements of this type are not only subject 
to the disadvantage of requiring a highly sensi 
tive performance but have the further disad 
vantage of being rendered unreliable and inac 
curate in operation when the Omotor is employed 
in any supply circuit wherein a substantial range 
of voltage variation is encountered. 

Furthermore, relay constructions heretofore 
known have been uniformly subject to the disad 
vantage that the movement of the arnature 
member of the relay which effected the deener 
gization of the starting winding of the motor did 
not produce such substantial changes in the 
Inagnetic circuit of the relay as to insure that 
the arrature would not be immediately re 
attracted or otherwise moved to its circuit clos 
ing positig to produce a recycling operation of 
the relay. S3ch recycling tendencies in conven 
tional relays are also particularly noticeable 
under abnorina line voltage conditions, occurring 
either at high or low line voltages, depending on 
the construction of the particular relay. 

It is a feature of this invention that a relay 
construction is provided which, when applied to 
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the control of the energization of the starting 
winding of a single phase notor, has the ad 
vantage of being substantially independent of 
variations in the iina voltage available for en 
ergizing such actor, inasmuch as the relay func 
tions to disconnect the starting Winding upon 
the current in the starting winding obtaining 
a predetermined phase and magnitude relation 
ship with respect to the current fiowing in the 
running winding of the motor. By operating 
upon the proportional relationships of the cur 
rent in the starting and running Winding cir 
cuits, the effects of line voltage variations are 
substantially eii:35Aated. 
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A relay constructed in accordance with this 
invention has the further advantage of incorpo 
rating an arrangement wherein the movement 
of an armature member to effect the opening 
of the Switch contact in the circuit of the start 
ing Winding produces such a substantiai change 
in the magnetic circuit of the relay as to insure 
that the armature member will not again be 
noved to its circuit closing position irrespective 
of variations in Voltage of the supply source or 
the load carried by the running winding of the 
Yaachine, unless the current in the running wind. 
ing of the motor achieves a sufficiently large mag 
initude as to be connensurate with the initial 
Starting current of the motor and then the as 
sistance of the starting winding is desirable. 

Accordingly, it is an object of this invention 
to provide an improved relay, and particularly 
& relay which is responsive to relative magnitude 
and phase differences of a plurality of exciting 
currents. 
A further object of this invention is to provide 

an improved stating relay for a single phase 
inctor having starting and running windings 
characterized by the reliable operation of the 
relay to disconnect the starting winding from 
ine energizing circuit upon the attainment of 3, 
predetermined phase and magnitude relationship 
of the currents flowing in the starting and run. 
ning Windings of the motor, and such operation 
being substantially independent of variations of 
the Supply voltage. 

Still another object of this invention is to 
provide a relay construction characterized by the 
incorporatio of a magnetic circuit arrangement 
which prevents the recycling of the relay after 
its initial operation until proper conditions are 
established requiring the re-operation of the 
Irelay. 
A particular object of this invention is to pro 

vide an improved relay for controlling the ener 
gization of the starting winding of a single phase 
notor characterized by the uniform reliable op 
eration of the relay to disconnect the starting 
Winding from the energizing circuit when the 
current in Such starting Winding attains a pre 
determined phase and magnitude relationship 
to the current in a running Winding, and further 
characterized by the provision of means for prea 
wenting the recycling Operation of the relay to 
reinsert the starting winding in the energiza 
tion circuit unless the motor load is increased 
to a point wherein the addition of the starting 
winding energization circuit is necessary to prea 
went stalling. 
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The specific nature of this invention, as well 
as other objects and advantages thereof, will be 
come apparent to those skilled in the art from 
the following description of the annexed sheet of 
drawings which, by way of preferred example 
only, illustrate one embodiment of the invention. 
On the drawings: 
Figure 1 is a schematic view of a relay embody 

ing this invention showing it in circuit connection 
with the windings of a single phase motor and 
illustrating the position of the components of the 
relay prior to energization of the motor. 

Figure 2 is a view similar to Figure 1 but illus 
trating the position of the components of the re 
lay after the motor has been energized but before 
the motor has achieved a sufficient speed wherein 
it would be desirable that the starting winding 
be deemergized. 

Figure 3 is a view similar to Figure 1 but illus 
trating the position of the components of the 
relay after the motor has attained full speed and 
the starting winding has been disconnected from 
the energizing circuit. 
As shown on the drawings: 
Those skilled in the art will recognize that a 

single phase motor having a main winding and 
a starting or phase winding, for example a ca 
pacitor start motor, can develop a starting torque 
only when both the main winding and the phase 
or starting winding are energized. Upon the 
initial energization of such a motor, a very large 
current flows in the main winding of the motor 
and a relatively smaller current flows in the start 
ing winding, which latter current, in the case of 
the capacitor start motor, is substantially dis 
placed in phase from the current flowing in the 
main winding. As the motor accelerates and 
comes up to normal speed, the current in the main 
winding falls of rapidly while the current in 
the starting winding builds up with equal rapidity. 
At the same time, the phase of the current in the 
starting winding circuit approaches the phase of 
the current flowing in the main winding. A point 
is thus reached under any starting conditions 
wherein the currents flowing in the starting and 
running windings of the motor will be of sub 
stantial equal magnitude and will be substantially 
in phase with each other. 
A relay embodying this invention operates upon 

the principle of effecting a control action in re 
sponse to the attainment of a predetermined re 
lationship between the current flowing in the 
starting winding of the motor and the current 
flowing in the main winding. By initiating the 
control action which results in the disconnection 
of the starting winding from the energization 
circuit upon the occurrence of such predetermined 
relationship, the effects of variations of voltage 
of the energizing circuit are substantially elimi 
nated, for, under any starting conditions, whether 
the line voltage be higher or lower than normal, 
at any motor speed wherein it is desired that the 
disconnection of the starting winding be effected, 
the currents flowing in the starting and running 
windings will bear approximately the same re 
lationship to each other in magnitude and phase. 

Referring to the drawings, there is shown a 
relay embodying this invention together with a 
schematic indication of the connections of such 
relay with respect to the main winding Wr and 
the starting winding W of a single phase motor. 
It should be distinctly understood, however, that 
a relay constructed in accordance with this in 
vention is not limited specifically to use in a 
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4. 
able characteristics which may be incorporated 
in other applications, as will become apparent 
to those skilled in the art as the description pro 
ceeds. 
The motor withdings are energized from a suit 

able source of alternating current voltage repre 
sented by the line terminals 0 and the energiza 
tion circuit for the main or running winding Wr 
is completed by closing of the switch . An ener 
gizing coll Cr of the relay f is connected in series 
with the running winding Wr while a second ener 
gizing coil of the relay Cs, wound in opposition to 
the coil Cr, is connected in series with the starting 
winding W through the switch contacts 25 and a 
starting condenser C. 
The relay preferably embodies a suitable as 

semblage of magnetic members to define a mag 
netic circuit having a low permeability gap por 
tion therein. For example, such magnetic men 
bers may comprise core which is supported upon 
the base arm 2a of an L-shaped magnetic frame 
member 2. Arm 2a is in turn supported on an 
insulating block 2. The vertical arm 2b of the 
frame member 2 extends in generally parallel 
relationship to the core and hence provides at 
its top end a low permeability air gap between 
itself and the core . 
A primary armature member 3 is provided 

which is movably mounted relative to the mag 
netic frame member 12 and the core so as to 
move into a bridging position with respect to the 
air gap defined between such members. For ex 
ample, the primary arnature member may 
comprise an inverted L-shaped metal stamping 
which is pivotally mounted adjacent its vertex 
to the top end of the vertical frame arm 2b. For 
this purpose, the frame arm 2b may be provided 
with integral outturned ears 2c while the arma 
ture is provided with a pair of downturned 
ears (not shown) which are apertured to receive 
a mounting pin 4 supported by the frame 
ears 2b. 
The primary arnature is thus pivotally sup 

ported with one arm la in a generally horizon 
tal position and the other arm b in a generally 
depending vertical position. The top arm a is 
provided with a recess lic which extends in a 
general radial direction with respect to the axis 
of the pivotal mounting of the primary armature 
8. The end portion d of the arm a is ar 
ranged to move into engagement with the top 
surface of the core and thus the primary are 
mature provides a bridging connection across 
the air gap of the magnetic circuit in the man 
ner illustrated by the position of the components 
in Figure 2. 
A secondary armature S is provided which is 

also of the leaf type and has a pair of depending 
ears Sa by which it is coaxially pivotally mount 
ed with the primary armature upon the pivot 
pin 4. The secondary armature 5 is of suitable 
dimensions so as to permit it to move freely into 
the recess lic of the primary armature f3. Sec 
ondary armature is may also move into bridging 
relationship with respect to the air gap in the 
magnetic circuit, as illustrated by its position in 
Figures 2 and 3. 

In accordance with this invention, it is desired 
that the movement of the primary armature 
toward its bridging position with respect to the 
air gap produce concurrently a movement of the 
secondary armature 5 toward its bridging posi 
tion. At the same time, it is desired that the 
primary armature arrive at its bridging posi 

single phase motor starting circuit but has desir- 7s tion prior to the arrival of the secondary arma 
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ture 5 at its bridging position. To accomplish arrives at its bridging position prior to the sec 
these features, the primary arnature 3 is pro- ondary armature 5. Such movement of the pri 
vided with an integral upturned projection 3f mary armature 3 effects the closure of the con 
at the far end of the recess 3c, which projection tacts 25 and hence the starting winding Wis and 
is turned rearwardly to overlie a portion of the 5 the condenser C are connected across the ener 
recess 3c. Therefore, as best shown in Figure 1, gizing circuit through the Switch contacts 25 and 
when the primary armature 3 is in its remote the relay winding Cs. 
position with respect to the air gap, any move- As the motor comes up to speed, the current 
ment of the primary armature 3 toward its flow through the starting winding Ws increases 
bridging position will concurrently produce a sim- in magnitude and more nearly approaches in 
ilar movement of the secondary armature 5. At phase the current flowing in the main winding 
the same time, the primary armature 3 is free to Wr. As a result, the effective magnetic field ex 
move away from its bridging position in the mag- erted by the opposed coils Cr and Cs is decreased 
netic circuit independently of the position of the until, at a predetermined relationship of the cur 
secondary.armature 5. 5 rent in the starting winding to the current flow 
Means are provided for biasing each of the ar- ing in the running winding, the differential field 

matures away from their bridging position with strength will no longer be capable of retaining 
respect to the air gap. For the primary arma- the primary armature 3 in its bridging position 
ture, a rod 6 is threaded into the Vertical frame against the bias exerted by the spring T. The 
arm f2b and a spring 7 operates between a head- primary armature 3 will thereupon be moved by 
ed end 6a of such rod and the depending arm 20 spring to its non-bridging position as repre 
3b of the primary armature, the rod 6 passing sented in Figure 3, while the secondary armature 
through a suitable aperture 3g in the primary f5, due to the lighter bias exerted by its spring 
armature and the spring having a cup-shaped 8 will remain in bridging position with respect 
spring seat member a retained by the head por- to the air gap of the magnetic circuit. 
tion 6a of the rod 6. A torsion Spring 8 is This is the normal condition of the relay dur 
provided to bias the secondary armature 5, such ing the normal operation of the motor. The con 
spring being wrapped around the Supporting pin tacts 25 are of course opened by the movement 
4 and having one end anchored against the Sec- of the primary arnature 3 to its non-bridging 
ondary armature 5 and another end anchored position and the starting winding Wis is discon 
in a suitable recess 3h provided in the depend- nected from the circuit. . 
ing arm 3b of the primary armature. For area.- ... The disconnection of the starting winding Ws 
son to be developed later, the effective. force of will, of course, immediately substantially increase 
the spring 7 on the primary armature 3 is made the effective magnetic force exerted by the wind 
Substantially greater than the effective force of ing Cr in the magnetic circuit defined by the core 
spring 8 on secondary armature 5. . and the frame 2. However, due to the fact 

Circuit control means are provided which are that the Secondary armature 5 is retained in 
responsive to the movements of the primary ar- bridging position relative to the air gap of such 
mature 3 to and from its bridging position with magnetic circuit, the secondary armature 5 con 
respect to the air gap of the magnetic circuit. stitutes, in effect, a magnetic short or shunt so 
Such circuit control means may conveniently 40 far as the primary armature 3 is concerned and 
comprise a pair of switch contacts 25 respectively hence Very little attractive force is exerted upon . . 
carried by a leaf-type support arm 20 Secured to the primary armature 3 by the current flowing 
the insulating base 2 and a resilient leaf-type Sup- in coil Cr during normal operation of the motor. 

sport, arm2 riveted to the upstanding frame arm. In any event, the force exerted upon the primary 
2b. The lower end 13e of the depending arms 5 armature 3 tending to make it return to its 
portion 3c df the primary armature f3 is shaped bridging position, which would of course cause a 
so as to move into engagement with the resilient recycling of the relay, is so small as to be come 
support arm 2 and to open the contacts 25 when pletely overcome by the bias of the spring 7. 
the primary armature 3 is in its non-bridging Therefore, the initial disconnection of the start 
position with respect to the air gap of magnetic 50 ing winding Ws through the opening of the con 
circuit, and to permit such contacts to close when tacts does not produce a magnetic condition in 
the primary armature 3 is in its bridging posi- the relay which would tend to cause the recycling 
tion with respect to such air gap. -ka- of the relay. a 
The operation of the relay as applied to con- It should be further noted that in the subse 

trol of the energization of the starting winding 55 quent operation of the motor, variations of the 
Ws of a single phase motor will now be described. energizing Voltage or of the load current drawn 

Referring to Figure 1, it will be noted that when by the motor running winding Wr will have no 
the metor isdeenergized, that is when the Switch effect upon the primary armature i3 unless the 
9 is opened, both the primary armature 3 and load current reaches an excessive value, corre 
secondary armature...f5 are held in their non- 60 sponding to a current greater than the starting 
bridging positions by the springs 7 and 8 re- current of the motor. Under such overload con 
spectively and the contacts 25 are maintained ditions, the primary armature 3 may again be 
open. Upon closure of main switch 9 to start the reattracted to its bridging position and the start 
motor, a large inrush of current is produced ing winding Ws reinserted in the circuit, but it 
through the main winding Wr and hence through 65 should be noted that under such conditions, it is 
the series connected relay coil Cr. The magnetic g. esirable to have the starting winding 
field developed in the magnetic circuit defined : tedinasmtéhas the speed of the motor 
by the core if and the frame 42 is sufficientil £essarily have been reduced to a point. 
strong so as to attract the primary armature 3 si, the assistance of the starting winding in 
and both the primary armature 3 and the sec- 70 regaining the normal speed is a necessity. 
ondary armature 5 are pulled into their bridg- Of course, upon the deemergization of the mo 
ing positions, as shown in Figure 2. However, tor by the opening of the main switch 9, the relay 
due to the nature of the interconnection between coil winding Cris deemergized and the secondary 
the primary and secondary armatures provided armature 5 is returned to its initial position as 
by the projection 3i, the primary armature is 75 shown in Figure i under the bias of the spring . 
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Hence the relay is automatically restored to prop 
er position for the next starting cycle. 
From the foregoing description, it will be ap 

parent to those skilled in the art that an unusual 
ly simile yet efficient and reliable relay construc 
tion is provided by this invention. The operation 
of the relay to effect the deenergization of the 
starting winding of a single phase motor is re 
liably effected independent of the existence of 
abnormal voltage conditions in the energizing cir 
cuit. Furthermore, there is no tendency of the 
relay to recycle following the initial deemergiza 
tion of the starting winding or to recycle due to 
normal varians in energizing voltage or load 
current drawn by the running winding of the mo 
tor. Nevertheless, upon the occurrence of an 
overload current corresponding to a great reduc 
tion in speed of the motor, the relay will operate 
to reinsert the starting winding to assist in over 
coming such extreme conditions. Upon the de 
energization of the running winding of the motor, 
the relay is automatically returned to its initial 
position ready for another starting cycle opera 
tion, 
By virtue of the utilization of the current com 

parison principle rather than operating accord 
ing to a predetermined magnitude of current or 
voltage, the entire construction of the relay has 
been greatly simplified, permitting it to be fab 
ricated in its entirety with components which 
may be produced by low cost, high quantity pro 
duction methods. 

It will, of course, be understood that various 
details of construction may be modified through 
a wide range without departing from the princi 
ples of this invention and it is, therefore, not the 
purpose to limit the patent granted hereon other 
wise than necessitated by the scope of the ap 
pended claims. 
I claim as my invention: 
1. A relay comprising magnetic members defin 

ing a magnetic circuit with an air gap therein, 
a leaf type primary magnetic armature pivotally 
mounted relative to said magnetic members and 
movable into a bridging position across said air 
gap, said primary armature having a recess ex 
tending in a generally radial direction with re 
spect to its pivotal axis, a secondary magnetic 
armature pivotally mounted relative to said mag 
netic members coaxially with said primary arma 
ture and disposed to move within said recess, said 
secondary armature also being pivotally movable 
to a bridging position across said air gap, means 
interconnecting said primary and secondary ar 
matures to move said secondary armature to its 
bridging position concurrently with the move 
ment of said primary armature to its bridging 
position relative to said air gap, said last men 
tioned means being constructed and arranged to 
permit said primary armature to reach its said 
bridging position prior to the secondary arma 
ture reaching its bridging position relative to the 
air gap, resilient means respectively biasing said 
armatures away from their said bridging posi 
tions, the effective bias exerted on said primary 
armature being substantially greater than the 
effective bias exerted on said secondary armature, 
whereby a predetermined decrease in the mag 
netization of said magnetic circuit will release 
said primary armature from bridging position 
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8 
but retain said secondary armature in bridgin 
position, an electric switch operated by move 
ments of said primary arnature to and fro 
said bridging position, and means for magnet 
cally exciting said magnetic circuit. 

2. The combination defined in claim 1 wherei 
said primary armature comprises a metal stamp 
ing having integral outturned ears at each sid 
of said recess for pivotal mounting of the primar. 
armature, and also having an integral projec 
tion overlying a portion of said recess constitut 
ing Said means connecting the primary and sec 
Ondary armatures. 

3. A relay comprising magnetic members de 
fining a magnetic circuit with an air gap there 
in, a leaf-type primary magnetic armatur 
pivotally mounted relative to said magnetic mem. 
bers and movable into a bridging position acros; 
said air gap, said primary armature having 
recess extending in a generally radial direction 
with respect to its pivotal axis, a secondary mag. 
netic armature pivotally mounted relative to saic 
magnetic members coaxially with said primary 
armature and disposed to move within said re. 
cess, said secondary armature also being pivotally 
movable to a bridging position across said ail 
gap, an upwardly flanged portion on said pri 
mary arrnature adapted to contact said secondary 
armature and move said secondary armature to 
its bridging position after said primary armature 
has reached its bridging position, first resilient 
means biasing Said primary armature away from 
its bridging position, second resilient means bias 
ing Said Secondary armature away from its bridg 
ing position, the effective bias exerted on said 
primary armature being substantially greater 
than the effective bias exerted on said secondary 
armature whereby a predetermined decrease in 
the magnetization of said magnetic circuit will 
release Said primary armature from bridging 
position but retain said secondary armature in 
bridging position. 

ARTHUR W. BURKS. 
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