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This invention relates to electromagnetic devices and 
more particularly to electromagnetic relayS. 
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One of the objects of this invention is to provide an 
improved, compact, heavy duty relay. 

Another object is to provide a multiple pole relay hav 
ing means preventing arcing between adjacent poles. 
A further object is to provide an alternating current 

electromagnetic device with means to maintain quiet 
operation without excessive chattering. 

Still another object is to devise an electromagnetic de 
vice having an improved retainer bracket. 
A still further object is to devise a relay, of the type 

having a plurality of movable contacts carried by an arma 
ture, with improved means for connecting a plurality of 
flexible conductors to the movable contact arms in Such 
a manner that the life of the conductors is not decreased. 

In order that the manner in which these and other 
objects are attained, in accordance with the invention, 
can be understood in detail, reference is had to the ac 
companying drawings, which form a part of this speci 
fication, and wherein: 

FIG. 1 is an end elevational view of a relay embodying 
the invention; 

FIG. 2 is an elevational view of the other end of the 
relay shown in F.G. 1; 
FIG. 3 is a side elevational view of the relay of FIG. 1; 
FIG. 4 is an elevational view, partly in section along 

line 4-4, FIG. 3, and with portions removed for clarity; 
FIG. 5 is a top plan view of the relay of FiG. 1, show 

ing in horizontal section a cover enclosing the relay; 
FIG. 6 is a bottom plan view of the armature assembly 

of the relay of FIG. 1; and 
FIG. 7 is a detail sectional view, on an enlarged scale 

for clarity, illustrating the manner of attaching a flexible 
conductor to a movable contact arm of the relay shown 
in FGS. 1-6. 

Referring now to the drawings, the embodiment of the 
invention there shown is a four pole, double throw alter 
nating current relay comprising an L-shaped frame 10 
supporting an alternating current electromagnet 11 and 
an armature 2. Frame 18 is constructed from magnetiz 
able material and has a pair of mutually perpendicular 
legs 13 and 14. Leg 13 is provided with a plurality of 
struck-out mounting lugs 15 by means of which the relay 
can be attached to a suitable Support. 
As shown in FIG. 2, leg 14 has an upper end portion 

provided with a pair of aligned, laterally spaced bearing 
surfaces or edges 16 which abut the bottom surface of 
the armature and provide a fulcrum about which the 
armature pivots between actuated and unactuated posi 
tions relative to the electromagnet. Edges i6 are sep 
arated by a shallow recess 17. 

Electromagnet 11 comprises a laminated core 18 Se 
cured at one end to leg 3 and supporting a spool 19 on 
which a winding or coil 20 is wound. Coil 20 encircles 
the core and is adapted to be energized with alternating 
current. Core 8 is of rectangular transverse cross-sec 
tion, the upper end of the core being exposed and slotted 
to receive a shading coil 2, which provides magnetic 
fields of different phase. As indicated by the dotted 
lines in FEG. 6, the shading coil is a rectangular annulus 
which encircles a shaded pole face 22 located between a 
pair of unshaded pole faces 23. The long dimension of 
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the exposed end of the core extends transversely of arma." 
ture 12. 

Electromagnet 11 extends perpendicular to leg 13 and 
parallel to leg 14, the length of the electromagnet being 
such that the pole faces 22 and 23 and bearing edges ió 
are approximately equidistant from leg 13 so that when 
the armature is attracted to its actuated position, it lies 
substantially parallel to leg 13. Adjacent to one end, 
the sides of armature 12 are notched, as indicated at 24 
in FIG. 6. A retainer bracket 25 is secured by a pair 
of rivets 26 to leg 14 and has a pair of ears 27 which 
extend through the notches 24 to prevent the armature 
from sliding laterally and longitudinally of edges 16. 
As shown in FIG. 2, each of ears 27 has an L-shaped 
end portion 28 which extends transversely of and overlies 
the armature to limit movement of the armature away 
from engagement with edges 16, the direction of such 
movement being generally normal to edges 5 and parallel 
to leg 14. The end portions 28 are operative to prevent 
the ears 27 from being withdrawn from the notches ex 
cept upon rupture or permanent distortion of either the 
bracket or the armature. 

Bracket 25 has a pair of lugs 29 which project out 
wardly from leg 14, the lugs being suitably shaped to 
detachably anchor one end of each of a pair of parallel 
restoring springs 30. The other ends of springs 30 are 
detachably secured to a pair of lugs 3 which extend 
from that end of the armature which lies opposite to 
electromagnet 11. Springs 30 are in tension and exert 
forces on armature 12 in directions parallel to leg 4 to 
bias the armature into engagement with edges 6 and 
toward its unactuated position, such position being that 
illustrated in FIG. 3. As best seen in FIG. 2, bracket 25 
and armature 12 are wider than leg 14. Lugs 29 and 
31 are so located that the lines of force of springs 30 
are separated by a distance greater than the width of 
leg 4 so that such forces are exerted on the armature 
beyond the outer ends of edges 16. 

Projecting from the bottom surface of the armature is 
a circular embossed or raised portion 32 which is di 
mensioned and arranged to abut only shaded pole face 
22, when the armature is in its actuated position, to 
provide an air gap between the armature and unshaded 
pole faces 23 for achieving maximum utility of the flux 
components. The positional relationship of the pole faces 
to the armature, when the latter is in its actuated position, 
is illustrated in FIG. 6. 

Secured to the end of leg 13 is a molded panel 33 of 
insulating material, the panel being a generally rectangul 
lar block which extends perpendicular to leg 13 and 
parallel to leg 14. Panel 33 and leg 14 are disposed on 
opposite sides of the electromagnet. Armature 12 ex 
tends from leg 14 toward but terminates short of the 
panel. 

Panel 33 is provided with four rectangular apertures 
34. A pair of fixed contact arms 35 extends through each 
aperture 34, the contact arms being spaced in a direction 
perpendicular to leg 13. Each upper contact arm car 
ries a fixed, normally closed contact 36 and each lower 
contact arm carries a fixed normally open contact 37. 
Also mounted upon panel 33 are a pair of terminals 

38, to which are connected the terminals of coil 20, and 
four terminals 39 which are connected, in a manner de 
scribed hereinafter, to four movable contact arms 46 car 
Tied by the armature. The outer ends of contact arms 35 
and terminals 38 and 39 are each provided with a screw 
for attaching a conductor thereto, the ends being angularly 
arranged as shown in FIGS. 1 and 3 to provide con 
venient access of a screw driver to the screws. 
A rectangular insulating shim 42 and a molded movable 

contact arm carrier 43 are disposed on top of armature 
12, being secured thereto by a pair of rivets 44, the lower 



3,133,172 
3 

ends of which pass through and hold a pair of Believille 
springs or washers 45 against the armature. 

Carrier 43 includes a flat body 46 which, at its front 
end, has a dependent stiffening lip 47 which abuts the 
left edge of the armature, as viewed in FIGS. 3 and 6, 
and a pair of laterally spaced, longitudinally extending 
Stiffening ribs 43. Along the rear edge, i.e., the edge 
away from panel 33, carrier 43 has a transversely ex 
tending upstanding ridge 41 provided with four spaced 
recesses 49 each of which receives the fixed end of a 
different one of the movable contact arms 49. Each 
contact arm 40 is secured to carrier 43 by means of a 
compression plate 50 and a rivet 5i, the under side of 
the rivets being insulated from the armature by the in 
sulating shim 42. The ridge 43 supports the fixed ends 
of the contact arms so that the free ends of the contact 
arms extend generally parallel to body portion 46. Each 
contact arm is of electrically conductive spring material 
and carries at its free end a movable contact 52. 

Each movable contact 52 is disposed between a pair 
of normally open and normally closed fixed contacts, 
the movable contacts and the fixed contacts being ar 
ranged to provide a four pole, double throw, break-make 
switch. The contacts 36, 37 of each set of fixed con 
tacts are so spaced from each other that movement of 
the armature between its actuated and unactuated posi 
tions causes the movable contact arms to flex and pro 
vide effective wiping action between the contacts. 
When relays of the type thus far described are operated 

under conditions of heavy duty, there is a tendency for 
adjacent poles to arc over. To prevent this, panel 33 
is provided with three ribs 53 on the side thereof ad 
jacent to the electromagnet and the armature. The ribs 
are located between adjacent sets of contacts and ex 
tend outwardly from panel 33 a distance sufficient to 
prevent arcing between adjacent poles. The side ribs 
are aligned with stiffening ribs 48 of contact arm car 
Tier 43. The center rib has an overhanging portion 54 
which projects further from the panel than do the side 
ribs and is engageable with a stop member 55 located 
on the forward edge of body portion 46. Portion 54 
and stop member 55 are arranged to limit pivotal move 
ment of the armature in a direction away from the 
pole face to a predetermined angle beyond the unactu 
ated position of the armature, such predetermined angle 
eing so chosen that, if stop member 55 is caused to 

abut portion 54, as by reason of shock during shipment, 
for example, the movable contact arms 46 will not be 
permanently distorted and thereby disrupt the initial ad 
justment thereof. It is obvious that the side ribs could 
be identical to the center rib and have overhanging por 
tions also. 

Each of terminals 39 is connected to a different one 
of the movable contact arms 40 by means of a flexible 
stranded conductor 56. As shown in FIG. 3, each con 
ductor 56 extends from its associated terminal 39 and 
has a loop, indicated at 57, which provides sufficient 
flexibility to minimize interference with movement of the 
armature. If the ends of the conductors were merely 
soldered to the movable contact arms, the solder would 
run between the strands of the conductor into the area 
of the loop and, upon solidification, shorten the flexing 
length of the conductor. Under such circumstances, the 
solder not only decreases the flexibility of each conductor 
and slows up movement of the armature, but it also weak 
ens the conductor, at the point where the solder ends, so 
that the conductor will eventually break at this point. 
To increase its life, each conductor 56 is a single length 
of stranded wire which is bent at its middle and has the 
free ends secured to one of the terminals 39 by solder 
ing, conductor 56 being covered by a tubular sheath of 
insulating material. As shown in F.G. 7, the looped 
end of conductor 56 extends through an eyelet 58 having 
an annular head 59 and a tubular shank 60. The end 
of shank 60 away from head 59 is crimped, or other 
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wise distorted, the crimp being effective to distort the 
looped end of the conductor in such manner that the 
portion of the conductor which extends beyond shank 60 
has a greater lateral dimension than that of the end of 
the crimp so that the conductor cannot be pulled out of 
or withdrawn from the eyelet. The eyelet, in turn, ex 
tends through an opening in and is soldered to the up 
standing end of the movable contact arm 40, the crimp 
being effective to prevent solder from flowing back 
through the shank onto the flexing portion of the con 
ductor and thereby interfering with movement of the 
armature. Advantageously, the solder fills the space in 
dicated by the dotted lines in FIG. 7. 
As shown in FiG. 5, bracket 25 includes a lug 61 which 

extends away from leg 4 and is provided with an aper 
ture 62. A cover 63 is provided with a slot through 
which lug 61 extends, the cover being suitably shaped to 
enclose the components of the relay. A leaf spring 64 
of angular configuration is inserted through aperture 62 
and bears against both the cover and the lug to bias the 
cover into engagement with panel 33 and thereby secure 
the cover in place. Panel 33 has a pair of recesses 65 
and the cover has a pair of projections 66, indicated by 
the dotted ines in FIG. 5, which are received in re 
cesses 65, when the cover is in position, to prevent 
movement of the end of the cover adjacent the panel in 
a direction parallel to the plane of the panel. 
When the relay is de-energized, the armature occupies 

an unactuated position, which position is illustrated in 
FIG. 3. In the unactuated position, the forces of springs 
30, which tend to rotate armature 2 in a clockwise direc 
tion, are balanced by the forces of the movable contact 
arms, which tend to rotate the armature in a counterclock 
wise direction. The stiffness of springs 30 is so chosen 
and the movable contact arms 40 are so arranged that 
the contact pressure and the amount of flexing and wip 
ing are equal when the armature is in either the actu 
ated or unactuated position. 
When the relay is energized by passing an alternating 

current through coil 28, such current causes flux to 
pass through core 18, legs 3 and 4 and armature 2, 
whereby the armature is moved, against the bias of 
springs 30, from the position shown in FIG. 3 into en 
gagement with core i8, the raised portion 32 of the 
armature then engaging the shaded pole face 22 in the 
manner previously described. 
Movement of the armature 2 from its unactuated 

position to its actuated position causes movable contacts 
52 to be first disengaged from the normally closed fixed 
contacts 36 and then engaged with the normally open 
fixed contacts 37, such engagement being accompanied 
by suitable flexing of the movable contact arms to prop 
erly wipe the abutting contact surfaces and prevent stick 
ing thereof. Subsequent de-energization of the relay 
allows spring 33 to move the armature to its unactuated 
position. 
A relay constructed in accordance with the foregoing 

description is particularly quiet in operation. It is be 
lieved that this quiet operation is due to three factors: 
First, shading the pole face of core i3; second, allowing 
the armature to engage only the shaded pole portion to 
provide an air gap between the armature and the un 
shaded poie portion when the armature is actuated; and 
third, providing a three point suspension for the armature 
when in its actuated position, i.e., supporting the armature 
in engagement with the pole face and the two spaced 
bearing edges. 
While only one embodiment of this invention has been 

shown, it will be apparent to those skilled in the art that 
many changes can be made in the details and arrange 
ment of parts without departing from the scope of the 
invention as defined in the appended claims. 
What is claimed is: 
1. In an electromagnetic device of the type described, 

the combination of 
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a magnetic frame member comprising two flat legs pro 
jecting at right angles to each other, 

the free end of one of said legs presenting two 
aligned, transversely spaced bearing edges di 
rected away from the other of said legs; 

an electromagnet comprising a core, an energizing 
Winding Surrounding said core and adapted to be 
energized by alternating current, and a shading coil, 

said core being fixed to said other leg, extending 
parallel to said one leg, and having an exposed 
end slotted to present at least first and second 
pole portions, said shading coil encircling one 
of said first and second pole portions, whereby 
said one pole portion presents a shaded pole 
face; 

an armature pivotally engaged with said bearing edges 
and arranged for pivotal movement between an actu 
ated position, in which said armature extends at 
least substantially parallel to said other leg and en 
gages only said shaded pole face of said core, aid 
an unactuated position, in which said armature is 
disengaged from said core; 

a pair of restoring springs each attached at one end 
to a point on said armature adjacent a different 
one of said bearing edges, 

said springs being spaced apart by a distance sub 
stantially equal to the spacing between Said 
bearing edges, 

said springs extending generally along said one 
leg; and 

means carried by said frame member and anchoring 
the other ends of said restoring springs to maintain 
said springs in tension to urge said armature against 
said bearing edges and bias said arnature pivotally 
toward said unactuated position, 

engagement of said airmature with said shaded 
pole face and said two spaced bearing edges 
providing three-point support for said armature 
when said armature is held in said actuated 
position by energization of said electromagnet, 

said free end of said one leg having a shallow 
notch between said bearing edges, whereby coil 
tact between said one leg and said armature is 
limited to said bearing edges. 

2. An electromagnetic device comprising an alternat 
ing current electromagnet having a shaded pole face; a 
frame member of magnetizable material Supporting said 
electromagnet and having a flat leg extending parallel to 
said electromagnet, said leg having an end portion pro 
vided with a pair of laterally spaced bearing edges; an 
armature mounted for pivotal movement about Said 
bearing edges into and away from engagement with said 
shaded pole face in response to actuation of Said electro 
magnet; a retainer bracket secured to said leg, said 
bracket being wider than said leg and including a pair of 
ears each of which extends laterally of and adjacent to a 
different one of said bearing edges, said bracket further 
having a pair of lugs extending generally perpendicular 
to said leg in a direction away therefrom, said armature 
having a pair of notches each of which embraces a dif 
ferent one of said ears to prevent said armature from slid 
ing laterally and longitudinally relative to said bearing 
edges, each of said ears terminating in an end portion 
which overlies said armature and limits movement there 
of in a direction away from engagement with said bearing 
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edges; and a pair of restoring springs each connected at 
one end to a different one of said lugs and at the other 
end to said armature and biasing said armature in a 
direction away from engagement with said pole face, said 
springs further biasing said armature in a direction gen 
erally parallel to said electromagnet and normal to said 
bearing edges to hold said armature in engagement with 
said edges. 

3. In an electromagnetic relay, the combination of an 
-shaped field ember; a front panel of electrical in 

Stilating material secured to said field member, said panel 
extending generally perpendicular to one leg of said field 
member and parallel to the other leg of said field member; 
an electromagnet mounted on said one leg of said field 
nnember and extending between and parallel to said panel 
and said other leg, said electromagnet including a pole 
face spaced from said one leg, said other leg terminating 
in an end portion spaced from said one leg by a distance 
approximately equai to the spacing of said pole face from 
said one leg; an armature mounted for pivotal movement 
about said end portion between actuated and unactuated 
positions relative to said pole face; a retainer bracket se 
cured to said other leg and effective to retain said arma 
ture in operative relation to said end portion; restoring 
spring means connected to said bracket and to said arma 
ture and biasing said armature toward said unactuated 
position, said armature extending from said end portion 
toward said front panel but terminating short thereof; a 
plurality of contacts mounted on said panel; and at least 
two iaiterally spaced movable contact arms operatively 
carried by said armature for movement therewith, each of 
said contact arms carrying a movable contact engageable 
with at least one of the contacts mounted on said panel, 
said pane further including a rib which extends between 
the movable contacts and contact arms a distance suffi 
cient to prevent arcing between said movable contacts. 

4. A relay constructed in accordance with claim 3 and 
inciuding a pair of terminals mounted on said panel, a 
pair of flexible stranded conductors each connected to 
one of said terminals, and means connecting each of said 
conductors to one of said movable contact arms, said 
last-mentioned means including an eyelet soldered to 
the movable contact arm, said eyelet being crimped to 
mechanically retain one end of said stranded conductor 
therein, said stranded conductor being solder-free adjacent 
said eyelet. 

5. A relay constructed in accordance with claim 3 and 
further comprising a cover, said cover bearing against 
said panel and being provided with a slot, a lug integral 
with and extending from said bracket through said slot, 
and resilient means engaged with said lug and biasing 
said cover toward said panel to secure the same in place. 
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