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My invention relates to circuit breakers, more 
particularly to magnetic holding and releasing 
devices for electrical switches or relays, and has 
for an object the provision of a device of this 
character which is releasable with a minimum of 
actuating force, and which is reliable and inex 
pensive to manufacture. 
While my invention is capable of general use 

for circuit breakers, it is particularly useful in 
connection with certain relays, such as phase fail 
lure relays, inherently capable of furnishing but a 
Small actuating force in operating its contacts. 
Relays of this character preferably have a switch 
ing means which is latched in an initial position 
and then is tripped for movement to an operated 
position by action of the relay when it operates. 
If the power required to trip the latch is either 
large or variable, the accuracy of the relay is im 
paired. This is especially noticeable. On relays 
which have a close range of adjustment, or which 
have only a Small amount of torque available at 
the tripping point. - 

Accordingly, I have provided a magnetic latch 
ing mechanism which requires no force or torque 
in the actual tripping operation, but rather, it 
furnishes force or torque to the operating mem 
ber of the relay during tripping. This is accom 
plished by using a magnetic means including an 
arnature Secured to the Switching means to hold 
the switching means in an initial position against 
the bias of an operating spring. In addition, an 
element of suitable magnetizable material, pref 
erably a permanent magnet, is mounted on the 
moving member of the relay and at the tripping 
Or Operating value of relay current is moved 
toward the magnetic means holding the switching 
means in the initial position. When the mag 
netic element and magnetic means are almost 
touching, the magnetic element is pulled into 
contact with the magnetic means, thereby fur 
nishing force or torque to assist the moving 
member of the relay. The magnetic element it 
Self, when brought into proximity to the mag 
netic means, changes the distribution of mag 
netic flux in the magnetic means so that the 
holding force on the armature and switching 
means is weakened for release and operation by 
the biasing spring. In resetting or relatching the 
device, a movable pushrod returns the Switching 
means and arrnature attached thereto back to the 
initial position. In this position the armature 
and the Switching means are restrained by the 
magnetic means. A small amount of overtravel 
of the pushrod during resetting forces the mag 
netic releasing element out of engagement with 

(C. 200-87) 
the magnetic means, and the device is ready for 
Operation. 

Further objects and advantages of my inven 
tion will become apparent from the following 
specification, and for a more complete under 
standing of my invention, reference should be 
had to the accompanying drawing in which Fig. 1 
is a plan view of a phase failure relay provided 
with a magnetic latching and switching device 
embodying my invention; Fig. 2 is an enlarged 
side elevational view of the latching device shown 
in Fig. 1: Fig. 3 is an enlarged perspective view 
partly in section and partly disassembled of the 
latching and Switching device embodying my in 
vention; and Fig. 4 is a schematic diagram of the 
circuit connections for a relay embodying my in 
Vention. 

I have shown my invention in one form adapted 
for use With a phase failure relay, such as de 
scribed and claimed in United States Patent No. 
1,620,555 to B. W. Jones et al., patented March 8, 
1927. Briefly, this relay is for the purpose of 
causing the interruption of a multiphase circuit 
upon failure of one of its phases or upon a phase 
reversal. It comprises four windings, O, , 2 
and 3, which, as shown in Fig. 4, are connected 
in pairs in two phases of a 3-phase circuit. These 
Windings are wound on the usual magnetic cores 
4, mounted on a magnetic base f5, which is suit 
ably secured to an insulating base 6. Shading 
rings are provided on the magnetic cores 4 to 
improve Operation. The four windings and their 
COres are arranged symmetrically around a cen 
tral axis 8 and a suitable rotatable disc 9, such 
as a Copper disc, is centrally mounted on a rotat 
able shaft so as to be rotated by the rotating field 
set up by the four windings. In addition, a 
cross-shaped magnetic member 20 is mounted 
above the disc 9 to vary the effect of the fiux 
from the magnets 4 on the rotatable disc 9. 
The four arms of the magnetic member 20 are 
displaced slightly to one side of the respective 
axes of the magnets f4. In this manner, a torque 
independent of the rotating field due to the poly 
phase circuit is set up and gives a torque result 
ing from the single-phase flux of the individual 
magnets. 
With the magnetic member 20 displaced as 

shown, this single-phase torque tends to rotate 
the disc 9 in a counter-clockwise direction. The 
torque due to the rotating field normally predom 
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inates over the independent opposing torque just 
mentioned, so that the disc will normally rotate 
in a clockwise direction. If, however, one phase 
of the polyphase circuit is open, there will no 55 
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longer be a rotating field and the single-phase 
torque then causes rotation of the disc 9 in a 
counter-clockwise direction. Counter-clockwise 
rotation of the disc 9 is utilized to carry a latch 
releasing means adjacent a switching means held 

O 

in the latched position to bring about a release of 
the switching means in a manner to be more fully 
described hereinafter. 
A movable operating arm 2 f is suitably secured 

to the rotatable shaft at the axis fa for rotation 
with the disc 9. As seen in Fig. 4, the long end 
of the movable arm carries a magnetic member 
22 which is fastened at the end of the arm by a 
fork and cotter pin. 23. The movable arm 2 is 
provided at its opposite end extending at the 
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other side of the axis shaft with a suitable bal 
ance weight 24 to counter balance the weight of 
magnet 22 and arm 2. For reasons that will 
become more fully apparent from the description 
hereinafter, the magnetic element 22 preferably 
is in the form of a permanent magnet having a 
pair of pole faces 25 at one side thereof separated 
by a central slot 26. Under normal operating 
conditions of the relay, the torque due to the ro 
tating field rotates the disc 9 and with it the 
operating arm 2 to an extreme clockwise position 
(not shown) into engagement With a suitable 
stop, such as a leaf spring 27, supported by a 
bracket 28 which also assists in mounting the axis 
shaft. The operating arm 2 normally remains 
in the clockwise position just described until 
phase failure or phase reversal occurs. 
the operating arm 2 and the magnetizable mem 
ber 22 are in the operated or latch-releasing posi 
tion after counter-clockwise rotation due to the 
single-phase torque, the pole faces 25 being re 
Spectively in engagement with a pair of pole 
pieces. 29 made of magnetic material for releas 
ing a magnetically latched circuit breaker 30 as 
explained herebelow. 
The breaker 30 comprises a pair of oridg 

ing contacts 3 f movable into engagement with a 
pair of resiliently Supported fixed contacts 32, 
the fixed contacts 32 each being mounted on a 
resilient strip 33 secured to a base 34 of suit 
able insulating materia. As seen in Fig. 3, the 
base 34 is provided with a pair of spaced-apart 
walls 35 to separate and insulate the resilient 
conducting strips 33 and their respective ter 
minals from each other, the was 35 also form 
ing a partial enclosure for a reset pushrod 36 
extending between these walls and carriving the 
movable contacts 3f. The reset, pushrod 36 is 
slidable in an aperture provided in a transverse 
wal 37 internosed between the was 35. the 
Ipper end of the pushrod 36, as viewed in Fig. 3. 
being encircled by a main biasing spring 33 
which is seated between the wall 37 and an 
axially a disfiable Washer 39 half in olace on 
the pushrod 36 hw a rinitar pin ?in. "The snring 
38 biases the pushrod 36 in a direction to dis 
engage tha movable contacts 3 frnm the fivre? 
contacts 32. At the other side of the wall 37 

, the Jower extending end of the pushrod 36 serves 

O 

to slidably mount a magnetic armature 3 for 
movement into bridging engagement with the 
pole pieces 29 when the pushrod is moved down 
wardly, the magnetic attraction between the 
armature 4 and the pole pieces 29 being sufi 
cient to retain or latch the pushrod 36 in the 
down position against the force of the spring 38, 
and also hold the contarfs 3 and 32 in onga pra 
ment. The armature 4 is prevented from slip 
ping of the lower end of the pushrod 36 by an 

As shown, 
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enlarged end on the pushrod forming a pair of 
transverse shoulders. 

Also slidable on the pushrod 36, and mounted 
just above the armature 4, but separate or loose 
therefrom, is a bridging contact strip 42 which 
supports the movable contacts 3i. The bridging 
contact strip 42 is biased against the armature 
4 and the armature against the transverse 
shoulders of the pushrod 36 by a helical spring 
43 encircling the lower end of the pushrod 36 
and interposed between the wall 37 and the strip 
42. The spring 43 is weaker than the spring 38 
so that the resultant biasing force of these 
springs is always in a direction to move the mov 
able contacts 3 out of engagement with the 
fixed contacts 32. 

In order to assemble the pushrod 36 and its 
biasing springs 38 and 43 in position on the base 
34, the armature 4, the contact strip 42, and 
the spring 43 are first slipped onto the upper 
end of the rod and slid down along the rod until 
the arnature 4 is against the transverse shoul 
ders on the lower end of the rod. The upper 
end of the rod is then inserted through the 
aperture in the wall 3. The upwardly extend 
ing portion of the rod 36 is then ready to re 
ceive the spring 38, the washer 39, and finally 
the retaining cotter pin 4. 
The base 34 is provided with a recess 44 for 

receiving and retaining the magnetic means 
which maintains the pole pieces 29 in a mag 
netically energized condition. This magnetic 
means preferably comprises a block-shaped per 
manent magnet 45 of relatively high coercive 
force. As shown in Fig. 3, the pole pieces 29 are 
substantially L-shaped, having the outwardly 
extending legs forming the attracting pole faces 
for the armature . The other legs of the l 
are arranged to fit in recessed portions of the 
base 34 adjacent the recess A4 for closing off 
the sides of the recess after the permanent mag 
net 85 has been inserted between the pole pieces 
29. The magnet 45 is secured between the pole 
pieces with the aid of the fastening bolts 46 pass 
ing through the recess A4 at either side of the 

3 magnet 35. Each of the pole pieces 29 is pref 
erably provided with a notch 292 for increasing 
the reluctance of the magnetic circuit including 
the latched armature . 

operation, as explained hereinbefore, the 
magnetic releasing magnet; 22 is rotated in the 
extreme clockwise position against the stop 
spring 27 by the torque from the polyphase flux 
applied to the disc 9. At this time the pushrod 
36 may be moved downwardly, as viewed in the 
drawing, to place the armature 4f which bridges 
the pole pieces 29 in its magnetically restrained 
or latched position, wherein the fixed contacts 
32 are bridged by the movable contacts 3 f which 
are also carried downwardly, as the rod is moved, 
by the biasing force of the Spring 43. The fixed 
contacts 32 are so positioned that the movable 
contacts 3 come into engagement therewith 
and are prevented from further movement be 
fore the armature 4 actually engages the pole 
pieces 29. In this manner as the rod 36 proceeds 
in its downward resetting movement, the con 
tacts 3 and 32 are held into engagement, Solely 
by the force of the spring 43, and the contact 
pressure between these contacts in turn is de 
termined solely by the force of the spring 43. 
Once the contacts 3 assume a fixed position in 
engagement with the contacts 32, there is no 
further force from the spring 43 which tends 
to make the artiaature 4 follow the downward 
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movement of the pushrod 36. Such a force on 
the armature 4 f is unnecessary, however, since 
the arnature has been moved into the field of 
attraction of the pole pieces 29 and is pulled into 

5 engagement with the pole pieces by the magnetic 
forces. Since the magnetic forces. On the arma 
ture 4 when it is in its attracted position are 
greater than the opposing forces of the spring 
38, the armature thereafter retains the pushrod 
36 in its down or reset position while the con 
tacts 3 and 32 are held in engagement by the 
force of the spring 43. 

Referring now to the circuit diagram shown 

0 

in Fig. 4, a polyphase dynamo-electric machine . 
to be protected against phase failure or phase 
reversal, such as, a polyphase induction motor 
4, is supplied with polyphase power from a 
Suitable source 48 through a circuit breaker 49. 
As previously explained, the rotating field wind 
ings fo, fl, 2 and 3 of the phase failure relay 
are connected in pairs in two phases of the sup 
Jrly as shown. The contacts 3 and 32 of the 

cuit breaker 30 are connected in a separate 
energizing circuit for the energizing winding of 
a normally energized tripping mechanism SD for 

20 

25 

holding the circuit breaker 49 closed, this circuit 
being supplied from a suitable electric source 
5. When the circuit breaker 49 is in the closed 
position shown, the tripping mechanism 50 
Serves to latch the circuit breaker in the closed 
position upon closure of the contacts 3 and 32. 
It is apparent, of course, that these contacts are 
themselves held in engagement by the mag 
netic forces from the magnet 4 on the arma 
ture 4. Simultaneously, inder normal oper 
ating conditions the rotating field set up by the 
relay windings , , 2 and 3 causes the disc 
9 and the arm 2 to be rotated and maintained 

in the clockwise position against the stop 27. 
40 . Upon phase failure or phase reversal, the disc 

9 and operating arm 2 are rotated counter 
clockwise in the direction of the arrow in Fig. 4. 
As the magnetizable element 22 comes within the 
magnetic field at the pole pieces 29, the attrac 

4tion between these elements increases the torque 
already applied to the arm 2 and further move 
ment of the arm in the counter-clockwise direc 
tion to release the latching device 3D occurs with 
an increasing force applied. Thus the relay is 

0 not called upon to furnish additional operating 
torque at the point of latch release. 5. 
When the magnetizable element 22 engages 

and bridges the pole pieces 29, the magnetic flux 
previously having only one low reluctance path 
through the armature 4f now has another low 
reluctance shunt or parallel path through the 
magnetizable element 22. Thereby, the attract 
ing flux passing through the armature 4f is di 
vided and weakened so that the force of the 60 spring 38 overcomes the force on the armature 
4 to release the pushrod 36 and disengage the 
contacts 3 and 32. Deenergization of the wind 
ing of the tripping mechanism SD, then causes 
the circuit breaker 49 to open and disconnect the 

65 motor 47. 
As pointed out above, for the most effective op 

eration, the magnetizable element 22 is prefer 
ably a permanent magnet, although by properly 
choosing the reluctances of the main and shunt 

70 magnetic paths with the aid of the notch 29a in 
the pole pieces or by similar means, a piece of 
unmagnetized soft iron or the like may be used. 
If a permanent magnet is used as the element 22, 

... its poles are arranged opposite in polarity to the 
is polarity of the respective pole pieces 29. In this 

3 
manner, the flux distribution in the pole pieces 
and armature 4 is best affected for releasing the 
armature 4. 
To reset the circuit breaker 30, the pushrod 36 

is moved downwardly. The spring 43 moves the 
contacts into engagement. The armature 4 is 
attracted and restrained by the pole pieces. At 
the same time the pushrod 36 is moved slightly 
beyond the point necessary to position the arma 
ture 4 to enable the projecting lower end of the 
pushrod to force the magnetizable element 22 and 
the arm 2 away from the pole pieces 29 and ro 
tate them toward the clockwise position. 
While I have shown a particular embodiment 

of my invention, it will be understood, of course, 
that I do not wish to be limited thereto since 
many modifications may be made, and I there 
fore contemplate by the appended claims to COver 
any such modifications as fall within the true 
spirit and scope of my invention., 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In an electromagnetic device having a mem 

ber rotatable in response to predetermined cur 
rent conditions in said device, switching means 
including fixed and movable contacts arranged 
to be operated by a predetermined movement of 
said rotatable member, magnetic means including 
spaced apart pole pieces, an armature movable 
into bridging relation with said pole pieces for 
magnetically retaining said switching means in 
a predetermined position, supporting means for 
said armature and said movable contact includ 
ing a slidable pushrod, means biasing said rod for 
movement away from said pole pieces, means 
biasing said movable contact in a direction to 
engage said fixed contact when said armature is 
held by said pole pieces in bridging relation 
therewith, and means including a permanent 
magnet having pole faces arranged for move 
ment by said rotatable member adjacent said 
pole pieces, each of said pole faces being of a 
polarity opposite to the polarity of the respective 
pole piece toward which it is moved for causing 
a strong magnetic attraction between said per 
manent magnet and said pole pieces to assist in 
rotating said rotatable member, said permanent 
magnet when in proximity to said pole pieces 
causing a change in the flux distribution therein 
for enabling release of said armature and said 
pushrod from said magnetically restrained po 
sition. 

2. A circuit breaker comprising a base, a push 
rod slidably mounted on said base, switching 
means including a movable contact and a rela 
tively fixed contact, means mounting said mov 
able contact on said pushrod and for limited 
movement independently thereof, a first spring 
biasing said pushrod in a predetermined direc 
tion, another spring biasing said movable con 
tact in the other direction, an armature slidable 
on said pushrod and subject to the force of said 
other spring until engagement of said contacts, 
magnetic means for restraining said armature in 
a predetermined position for holding said push 
rod against the bias of said first spring, said other 
spring serving to retain said contacts in engage 
ment independently of said pushrod when said 
armature is in said predetermined position, and 
means including a permanent magnet movable 
adjacent said magnetic means for changing the 
distribution of flux therein, thereby to release 
said arnature and said pushrod for movement 
under the force of said first spring to disengage 
said contacts. 
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4. 
3. A circuit breaker comprising &, base, 2, push 

rod slidably mounted on said base, a pair of sta 
tionary contacts on said base on opposite sides 
of said push rod, a movable bridging contact slid 
ably mounted on Said push rod, a helical spring 
surrounding said push rod having one end en 
gaging Said base and its other end engaging said 
movable bridging contact to hold said contact 
against said stationary contacts, a permanent 
magnet on said base having pole pieces on Op 
posite sides of Said push rod, an armature of 
magnetic material mounted on said push rod on 
the side of said bridging contact opposite said 
Spring so as to hold said bridging contact on said 
push rod against the force of Said Spring, a sec 
Ond helical spring surrounding said push rod for 
biasing said push rod in a direction opposite to 
said first Spring, said Second Spring being 
Stronger than said first Spring and thereby nor 
mally moving said bridging contact out of en 
gagement with said stationary contacts, said push 
rod being arranged when depressed to bring said 
bridging contact into engagement with said sta 
tionary contacts and upon further movement of 
Said push rod to bring said arnature into engage 
ment with said pole pieces whereby said armature 
is held by Said pole pieces and said bridging con 
tact is held in engagement with said stationary 
contacts by said first spring, a permanent mag 
net movably mounted for engagement with said 
pole pieces with pole faces of opposite polarity in 

2,230,726 
engagement with each other whereby said first 
permanent magnet is caused to "elease Said 
armature and said push rod is oved by said sec 
ond spring to move said bridging contact to an , 
Open circuit position. 

4. A switching device comprising in combina 
tion with a member rotatable in response to a 
predetermined condition, a support made of elec 
trically insulating material provided with an 
aperture, a rectangular block-shaped permanent 
magnet fitting in said aperture with pole faces on 
its ends projecting from opposite ends of said 
aperture, a member of magnetic material engag 
ing each of said pole faces, a pair of bolts ene 
bracing said magnet and clamping said magnetic 
members on said magnet, an arm carried by said 
rotatably mounted member, a permanent magnet 
secured to said arm arranged upon rotation of 
said member in one direction to move into en 
gagement with said magnetic members, switching 
means, and an armature of magnetic material 
carried by said switching means arranged to be 
moved into engagement with said magnetic mem 
bers so as to be held thereby whereby said Switch 
ing means is held in one position, said armature 
being released for operation of said Switching 
means to another position when said movable. 
magnet is moved into engagement with said mag 
netic members. 
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