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This invention relates to electromagnetic relays and
more particularly to an electromagnetic relay in which the
contacts are mounted on the relay frame for actuation
by the movement of an armature.

In bar relays and telephone type relays it is known
to mount the movable contacts on elongated leaf type
contact springs, the contact springs being rigidly attached
to a mounting block of insulating material. - Where the
contacts are closed by positive movement of an armature
operated actuator, for example a card or bar, both the
movable and stationary contacts are mounted in opposed
relation, so that the movable contacts are moved against
the bias of the contact springs into engagement with the
stationary contacts when the relay is energized. In an-
other well known construction, the contact springs are
attached to a mounting block and the springs are bent or
kinked between the mounting block and the contacts to
normally bias the movable contacts into closing engage-
ment with the stationary contacts, the contacts being open
when the relay is energized and the contact operator is
actuated. Where the contacts are closed solely by .the
bias of the contact spring, difficulties frequently arise as
a result of bending the contact springs to provide the
necessary contact closing pressures. The bending of the
contact springs is frequently accomplished by mass pro-
duction methods after the springs are molded or otherwise
attached to the mounting block. Such bending may in-
volve coining, or kinking of the spring, but in any event
the spring is permanently deformed to provide the neces-
sary bias for the movable contact.  This procedure has
not been found satisfactory in’practice, since bending
sometimes “work hardens™ the spring with the result that
the endurance of the spring is rendered unpredictable
during the stress reversals occasioned by operation of the
relay.

To avoid fatigue failure of the contact springs when the
_springs are bent, the springs are sometimes “over-
designed,” i.e., provided with a factor of safety to com-
pensate for the unpredictable performance resulting from
bending. Such over-design may be accomplished by in-
creasing the thickness of the contact spring, or its width,
and correspondingly. the cost of the relay is increased,
since the most economical material size is not used.

To avoid the effects of “work hardening” due to bend-
ing the contact springs, the springs are sometimes heat-
treated after bending to restore the original material
characteristics. Obviously, such heat treating is an ex-
pensive process which, unless special equipment is used,
can only be performed. prior to molding or otherwise per-
manently attaching the contact springs to the insulating
mounting block. In any event, the problem is present and,
in the past, has required additional manufacturing steps
or uneconomical methods to provide the desired contact
spring. In the present invention, the contact springs are
pretensioned in a unique manner that eliminates the
shortcomings of the methods used in the past. Accord-
ing to this invention, the contact springs of the movable
contacts are attached to their supporting mounting mem-
bers, preferably by molding, so that the springs are dis-
posed at an angle to the stationary contact assemblies.
The springs are substantially straight along their length
and are not kinked or bent in any way.  The predeter-
mined angle at which the springs are inclined toward the
stationary contacts provides the necessary pretensioning
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and, hence, closing pressures for the movable contacts at
the ends of the springs to properly engage the stationary -
contacts. '

Another problem frequently encountered is the assem-
bly and positioning of the various parts of the relay, for
example, the armature, and the contacts which are operat-
ed by the armature. For example, where the armature
is pivoted to the frame, it must be mounted securely on its
pivot to prevent any movement of the armature relative to
the pivot to insure that the armature face will be properly’
positioned relative to the pole face of the electromagnet
to provide the desired “pull in” characteristics. The -
proper positioning of the armature face in spaced relation
to the pole face of the electromagnet is effected by pro-
viding a backstop engageable with an end portion of the
armature to limit the movement of the armature face
away from the electromagnet when the relay is un-
energized. In the case of a telephone type relay, the
proper space between the armature face and the electro-
magnet is effected by bending the portion of the armature
end extending from the armature face. In the present in-
vention, -such adjustment is substantially eliminated, or
at least minimized, since the dimensions of the armature
and the supporting portlon of the frame are closely con-
trolled to reduce to a minimium any variations is the p051-
tion of the armature on the relay and, hence, in the “pull
in” characteristics of the relay. Since the resisting forces
of the contact sprmgs are also a consideration in deter-
mining the pull in characteristics of a relay, the means
for pretensmmng the contact springs as previously de-
scribed is extremely important.

Another significant feature of the present relay which
relates to the operation of the contact springs, and, hence,
to the pull in characteristics, is that only one row of con-
tacts of a double-throw type contact arrangement is
moved by the armature during the initial travel of the
armature. The magnetic forces attracting the armature
to the pole face of the core are the smallest and hence the
most ‘critical when the armature is at'its' maximum dis-
tance from the core. It-will thus be apparent that when
the retarding spring forces are not effective until the
armature has moved at least a short distance, the attrac-
tive forces need not -be so great and efficiency is im-
proved. It will also be readily apparent that the in-
creased retarding forces of the contact spring do not be-
gin to operate until the magnetic pull between the arma-
ture and the pole face of the core has substantially in-
creased due to movement of the armature toward the
pole face of the core.

Where the frame which forms part of the magnetic
circuit of the relay functions as a backstop for the arma-
ture ends, the ends of the armature must be magnetically
insulated from the frame to prevent sticking. In the past,
this magnetic insulation is usually effected by positioning
a stop member to space the ends of the relay from the
frame, or by providing a nonmagnetic member between
the armature ends and the frame.

In the present invention, the ends of the armature
which extend over the frame are effectively insulated from
the magnetic frame by a member of nonmagnetic ma-
terial which extends the length of the relay frame and
on which the ends of the armature rest when the relay
is in its unenergized condition. This nonmagnetic mem-
ber further functions to retain the armature on its pivot
on the frame. The nonmagnetic member is held in posi-
tion when the relay is properly adjusted, by the contact
stack assembly. This arrangement, as one skilled in the
art will recognize, is highly desirable, since both the arma-
ture and the contacts can be properly positioned and
secured in coacting adjusted relationship in a single opera-
tion. If it is desired to obtain pull in characteristics of
very close tolerances, an adjusting fixture could be used
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to obtain the proper relative positioning of the asso-
ciated parts. When such a fixture is used, the adjusting
is effected in a single operation merely by properly plac-
ing the relay in the fixture and then tightening the stack
mounting screws after the parts are properly positioned.
It will also be apparent that the nonmagnetic member,
which extends the length of the surface of the frame
between the frame and the contacts, will reduce “frame
to contact capacitance” in addition to insuring antistick
operation of the relay.

Another problem arises when the electromagnet is
secured to the frame of the relay. In prior constructions,
the core is attached to the heel portion of the relay by
mechanical means such as swaging or staking after the
end of the core is passed through an opening in the heel
portion of the frame. Such mechanical staking in this
fashion has proved satisfactory except when it is desired
to use the heel piece for mounting the relay on a sup-
porting structure. Mounting is difficult, since the end
portion of the core protrudes beyond the surface of the
heel portion of the frame, in which instance it is neces-
sary to grind away or otherwise remove the protruding
portion of the core to provide a flat, flush mounting
surface.

In the present invention, the mounting problem is ob-
viated by so constructing the core and frame that, after
attaching the core, the outside surface of the heel piece to
which the core is attached will be smooth and flat. It
will thus be unnecessary to grind or otherwise finish this
mounting surface by a subsequent operation.

Another problem frequently encountered in the as-
sembly of the contacts for telephone type relays is the
proper adjusting of the contacts relative -to each other
and to the frame on which the contact stacks are mount-
ed. In the present invention, the contacts are each pre-
attached by cementing or preferably molding the contact
supporting members in insulating mounting blocks which
are subsequently placed in superposed relation and at-
tached to the frame of the relay. The surfaces of the
mounting blocks which contact each other are provided
with interfitting projections and recesses to permit proper
alignment of the movable contacts and stationary con-
tacts merely by mounting the blocks one on the other.
The portion of the relay frame on which the contact stack
is mounted is also provided with recesses or projections
which engage with corresponding members in the lower-
most insulating member of the stack assembly. By the
use of such an arrangement, the contacts are properly
positioned relative to the frame, armature and to each
other merely by placing the preassembled contact stack
on the surface of the frame and then fastening the stack.

Accordingly, an object of the present invention is to
provide an electromagnetic relay in which the movable
contacts are mounted on contact springs which are ac-
curately pretensioned to bias the movable contacts into
engagement with the stationary contacts.

Another object of the present invention related to the
first is to provide a relay having movable leaf type con-
tact springs which are molded to a mounting block of
insulating material along a portion of the springs remote
from the contacts at an angle to the plane of the sta-
tionary contacts.

Another object of the present invention is to provide a
relay in which leaf type contact springs which support
the movable contacts are pre-tensioned by a new, unique
construction which eliminates bending or otherwise de-
forming the contact springs to obtain proper contact
engaging pressures.

A further object of the present invention is to provide
a contact stack arrangement in which the mounting blocks
for the movable and stationary contact assemblies are
provided with interlocking projections and recesses to
permit rapid aligned assembly of the contacts.
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An additional object of the present invention is to .

provide a relay in which the armature retaining member

4

underliés the contact stack, is secured to the frame by the
stack, and acts as a backstop to magnetically insulate
the armature tails from the relay frame.

A further object of the present invention is to provide
an armature and. armature retaining element which co-
operate with the contact stack to permit proper position-
ing of the armature and the confact stack in a single
assembly operation. |

A further object is to provide a unique core and frame
assembly for an electromagnetic relay in-which the core
is fastened to the heel piece in a manner which provides
a smooth outer surface on the portion of the heel piece
by which the relay is supported.

A further object is to provide a multi-piece core com-
prised of a plurality of stamped core members of identical
configuration held together solely by attaching the core
members to the frame heel piece.

A still further object is to provide a relay construction
which is particnlarly economical to manufacture, simple
to assemble, and requires little, if any, adjustment.

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 accom-
panying drawings, which form a part of this specification,
and wherein: ] :

FIG. 1is a side elevational view of an electromagnetic
relay, including a contact spring comstruction in accord-
ance with the present invention;

FIG. 2 is a top plan view of the relay of FIG. 1;

FIG. 3 is an end elevational view of the relay of FIG.
1, showing the armature end of the relay;

FIG. 4 is an end elevational view of the device of FIG.
1, showing the heel end of the relay;-

FIG. 5 is a vertical sectional view taken on the line
5—5 of FIG. 1;

FIG. 6 is a horizontal sectional view taken on the line
6—6 of FIG. 1; '

FIG. 7 is a partial vertical sectional view taken on the
line 7—7 of FIG. 1; and

FIG. 8 is a view in exploded perspective of the relay
including its associated parts.

Referring now to the drawings in detail, FIG. 1 shows
a relay in accordance with the present invention.” The
relay includes a frame 1, an armature 2 pivoted to the
frame, a contact stack designated generally as 3 mounted
on the frame, and an electromagnet 4 attached to the
frame. -

As best seen in FIG. 8, the frame 1 is L-shaped and
has a flat, generally rectangular main leg 5 projecting
generally at right angles to a flat, rectangular heel piece 6;
heel piece 6 and main leg 5 being formed of an integral
strip of uniform thickness magnetic material. The end
of leg 5 remote from heel piece 6 flares outwardly as at
7 to form an end of a larger transverse dimension than
that of main leg 5, and terminates in an armature sup-
porting portion comprising a pair of longitudinally extend-
ing projections 8 defining therebetween a generally U-
shaped slot 9.

Rectangular heel piece 6 of frame 1 has a plurality of
threaded bores 10 extending through the heel piece, into
which threaded fasteners can be screwed to mount the
relay to a supporting structure, Heel piece 6 is also
provided with a rectangular opening 11 to enable securing
the electromagnet to heel piece 6 of the frame. Threaded
bores 10 are disposed in a generally rectangular arrange-
ment in heel piece 6.

Electromagnet 4 is comprised of a core 12 surrounded
by a coil assembly 13. Coil assembly 13 includes a
bobbin 14 of molded resilient plastic material, which
is preferably nylon, and a coil 14’ of magnet wire wound
on the bobbin, the ends of the coil being attached to
terminals 15. Bobbin 14 comprises a thin walled rectan-
gular body portion 15’ which defines a rectangular core
receiving opening 16. At the ends of rectangular body
15" are generally flat, rectangular end members 17 and
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17’ which extend radially from rectangular body 15’
Flat end 17 of the bobbin which contacts heel piece 6
is provided with a plurality of circular depressions 18 in
alignment with threaded bores 10 to provide clearance
space to accommodate the ends of any of the threaded
. fasteners used to mount the relay which may protrude
through the heel piece. The other end 17’ of bobbin 14
has a pair of rectangular bars 19 protruding longitudinally
from the face of end 17’, one on each side of rectangular
opening 16 of bobbin 14.

(23

6

generally rectangular nonmagnetic member 39 in contact
with surface 35 of frame leg 5. Nonmagnetic member 39
has at one end a centrally located, longitudinally extend-
ing tongue 40 having a rectangular opening 41 therein.
Rectangular opening 41 has one side in straight line rela-
tion with edge 42 of nonmagnetic member 39 from which
the tongue projects. ‘When the nonmagnetic member 39
is positioned on frame leg 5, Iug 36 of armature 2 projects

- through rectangular opening 41. At each side of tongue

10

As best seen in FIG. 8, core 12 is comprised of two -

core members 20 of identical outline configuration and of
- substantially the same uniform thickness. Each core
member 20 has a pair of flat planer surfaces 21 on op-
posite sides of the care member. Core member 20 has
a rectangular body portion 22 with an integral rectan-
gular pole end 23 at right angles to core body 22 which
extends beyond the side edges of the body to provide a
pair of abutment surfaces 24 which are generally parallel
with and face heel piece 6. At its other end, body 22
" has a projecton 25 extending longitudinally from the
body. -The projection 25 is smaller .in width than'the
body, thereby providing flat stop shoulders 26 at the end
of body 20 which face in the same direction as the abut-
ment surfaces 24. ‘The rectangular opening 16 in bobbin
14 is dimensioned to receive core members 20 and closely
embrace the exposed surfaces of body 22 when the core
members are aligned with their planer surfaces 21 in
contact. ‘An important relationship between the core
and: the bobbin is that the length of body 22 of core
member 20 is slightly less than the length of bobbin 14
from the surface of flat end 17 to the surface of flat end
17’. Due to the slight difference in length, the resilient
plastic material of the bobbin will be deformed slightly
in an axial direction when the core members 20 are in-

20
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serted ‘in the rectangular opening 16 of bobbin 14 and

projections 25 are inserted in rectangular opening 11 in
heel piece 6 with stop shoulders 26 in engagement with
the surface of the heel piece adjacent the rectangular
opening.. This slight axial compression is effected by the
engagement of abutment surfaces 24 of core members 20
with flat end 17’ of the bobbin. Since bobbin 14 is
axially compressed, the springiness due to the resiliency
of the bobbin material will prevent any movement of the
bobbin along the core, and hence the core will be rigidly
attached.

Armature 2 of magnetic material comprises a flat, gen-
erally rectangular main body portion 27 having a pair of
generally parallel arms 28 projecting from opposite edges
of main body 27. Each arm 28 extends at right angles to
the plane of main body 27 and has a forward portion 29,
an angled step 36, and a straight portion 31 terminating in
an end 32 which projects inwardly across the surface of
frame leg 5. A pair of U-shaped notches 33 open out-
wardly in aligned relation from opposite edges of arma-
ture body 27.. Notches 33 engage with projections 8 of
main leg 5 to pivotally support the armature 2 on frame
1 with the portion of the armature main body between the
notches disposed in the U-shaped slot 9.

An edge 34 of the armature main body 27 is coplanar
with a surface 35 of main leg 5 remote from the electro-
magnet, A lug 36 extends beyond surface 35 from edge
34 of armature body 27. On each side of lug 36 and
spaced therefrom are ears 37 extending from edge 34
beyond surface 35 of main leg 5. The ears 37 are par-
allel to each other and have outwardly projecting portions
having surfaces 38 which provide a side wall for notches
33. The edge 34 and the surfaces 38 are coplanar so
that the edge 34 will be coplanar with the surface 35 of
frame 1-when the armature is in its pivotal position on
the frame. When so positioned, the armature pivots with
the surfaces 38 in bearing contact with the surface 35 of
the projections 8, and the surface of body 27 in contact
with the edge of main leg 5 between the projections 8.

Armature 2 is retained by a preformed, thin, resilient,

40

40 and spaced therefrom is a tab 43 extending longitudi-
nally from edge 42 of nonmagnetic member 39. Tabs 43
contact edge 34 of armature body 27 with the ends 44 of
tabs 43 extending at right angles to the tabs to engage the
armature body 27 on the surface 45 of the armature body
remote from the pole face of the core. It will thus be
apparent that the tongue 40 and tabs 43 with ends 44 co-
operate with edge 34, lug 36 and surface 45 to retain the
armature 2 on its pivotal support on frame leg 5.

Nonmagnetic member 39 has a pair of transversely
spaced openings 46 through which annular projections on
frame leg 5 project when the nonmagnetic member is
placed’on the frame. An elongated opening 48 in approxi-
mately the middle of nonmagnetic member 39 receives lo-
cating half punch 49 extending from surface 35 of frame
leg 5. Openings 46 are slightly larger in diameter than
the diameter of annular projections 47 so that nonmag-
netic member 39 can be moved slightly longitudinally of
the frame to properly position nonmagnetic member 39
to retain the armature 2 on its pivot.

Contact stack 3 comprises a first movable contact as-
sembly 50, a second movable contact assembly 51 and a
stationary - contact assembly 52 located between the first
and second movable contact assemblies. The first mov-
able contact assembly 50 includes a parallelepiped insu-
lating mounting member 53 molded to a plurality of mov-
able contact springs 54. FEach spring 54 has a terminal
portion 55 at one end of the spring and a contact 56
spaced slightly from the other end of the spring. Inter-
mediate its ends at a point remote from the contacts 56,
Spring 54 has a supported portion 57 attached to insulating

. mounting member 53.
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Stationary contact assembly 52 comprises a plurality
of stationary contact arms 58 having a terminal end 59
and a stationary contact 60 mounted adjacent the other
end. Stationary contact arm 58 has a supported portion
61 intermediate its ends attached to a parallelepiped in-
sulating mounting member 62. Mounting member 62 ex-
tends along a substantial portion of the length of station-
ary contact arms 58 to support the arms and increase the
zigidity of the assembly.

Second movable contact assembly 51 is identical to mov-
able contact assembly 50, save that contact assembly 51
is inverted relative to contact assembly 56. Second mov-
able contact assembly 51 comprises a parallelepiped in-
sulating mounting member 63 molded to a plurality of
movable contact springs. 64. Each spring 64 has a ter-
minal portion 65 and a movable contact 66 spaced slightly
from the other end of the spring. Intermediate its ends,
at a point remote from movable contacts 66, spring 64 has
a supported portion 67 attached to insulating mounting
member 63.

. As best seen in FIG. 2 in broken lines, and in FIG.
5, the supported portions 57 and 67 of contact springs 54
and 64 are cut away as at 67’ to permit the material of
mounting members 53 and 63 to insulate threaded fas-
teners 68 from contact springs 57 and 67. Stationary con-
tact arms 58 are similarly cut away for the same purpose.

Adjacent terminals 55 and 65, the ends of movable con-
tact springs 54 and 64 are bent away from stationary con-
tact terminals 39 to provide sufficient space to attach suit-
able wires for connecting the relay to the device to be
operated. Supported portions 57 and 67 of contact springs
54 and 64 are disposed at an angle to the plane of sta-
tionary contact assembly 52. Springs 54 and 64, when
relaxed, are substantially straight along their length from
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and including supported portions 57 and 67 to contacts
56 and 66.

When the contact stack 3 is assembled and fastened to
frame 5 with stationary contact assembly 52 superim-
posed on first movable contact assembly 5¢ and second
movable contact assembly 51 superimposed on stationary
contact assembly 52, movable contacts 56 engage station-
ary contacts 60. Conlact spring 54 is effectively preten-
sioned by disposing the supported portion 57 at an
angle to the plane of stationary contact assembly 52, The

_ angle at which the supported portion is disposed relative
to the plane of stationary contact assembly 52 will natu-
rally depend on the required closing pressure for the con-
tact as well as the distance that the supported portions
are spaced from the plane of stationary contact assembly
52. Tt has been found, however, that under ordinary cir-
cumstances almost all desired closing pressures can be
obtained by disposing the supported portion 57 of con-
tact spring 54 at an angle (“A”, FIG. 1) of between 2°
and 15° to the plane of stationary contact assembly 52,
when the supported portions 57 of contact springs 54 are
between 346" and %’ from the supported portions 61 of
stationary contact arms 58.

The contact stack 3 is attached to frame leg 5 adjacent
armature 2 by threaded fasteners 68 which extend com-
pletely through aligned bores 69 in contact stack 3 and
are screwed into threaded bores 76 in annular projections
47 of frame leg 5. Nonmagnetic plate 39 is interposed
between the contact stack and surface 35 of frame leg 5.
‘When the threaded fasteners 68 are tightened, the contact
stack 3 is firmly pressed against nonmagnetic member 39
to secure the nonmagnetic member to frame leg 5 in its
desired position. Since the nonmagnetic member 39 is
very thin and flexible, the contact stack 3 is mounted
closely adjacent the armature pivot to leave only a very
short exposed portion 71 of nonmagnetic member 39 ex-
posed between armature 2 and contact stack 3. As best
seen in FIG. 6, exposed portion 71 of nonmagnetic mem-
ber 39 from the edge of the contact stack 3 to the face of
armature 2 is less than the thickness of armature body 27.
It can also be seen from FIG. 6 that the exposed portion
of nonmagnetic member 39 from end 44 of tab 43 to the
edge of the contact stack is less than twice the thickness
of armature body 27. Since only a very short exposed
portion 71 of nonmagnetic member 39 extends from the
edge of contact stack 3 to surface 45 of armature body
27, this exposed portion is relatively rigid and, even
though the nonmagnetic member is resilient and of thin
material, exerts sufficient spring force to maintain tabs
43 in contact with edge 34 of armature body 27. It will
be apparent that when the armature is so retained it is free
to pivot, but is securely held to its pivot by tabs 43, tab
ends 44, and tongue 40 of nonmagnetic member 39,

As best seen in FIGS, 5 and 6, insulating mounting
members 53, 62 and 63 each have a pair of mounting
surfaces 72, 73 and 74, respectively, on opposite sides of
the mounting members which surfaces are generally
parallel to surface 35 of frame leg 5. Extending com-
pletely through each mounting member 53, 62 and 63 are
bores 69 in which threaded fasteners 68 are inserted. To
facilitate aligning stationary contact assembly .52 with
movable contact assemblies 50 and 51, mounting surfaces
72, 73 and 74 of mounting members 53, 62 and 63 are
provided with interengaging aligning means. The align-
ing means on mounting member 62 for the stationary
contacts are annular projections 75 concentric with bores
69, annular projections 75 protruding beyond each
mounting surface 73 of insulating mounting member 62.
The mounting surfaces 72 and 74 of insulating mounting
members 53 and 63 which engage with the surfaces 73 of
mounting member 62 each have annular recesses 76 like
counterbores, co-axial with each bore 69. When mount-
ing members 53, 62 and 63 are placed in superimposed
relation, annular projections 75 engage in recesses 76 to
align the movable and stationary contacts in predeter-
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mined relation. Surfaces 72 and 74 of insulating mount-
ing members 53 and 63 remote from stationary contact
assembly 52 each have a pair of annular recesses 77
which are essentially identical to recesses 76 and are co-
axial with bores 69. The recesses 77 in mounting mem-
ber 53 of first movable contact assembly 5¢ are engaged
by annular projections 47 on frame leg 5 to position con-
tact stack 3 in predetermined aligned relation relative to
frame 1 and corresponding to armature 2.

A T-shaped armature return spring 78 has an elongate
spring portion 79 corresponding to the stem of the T and
a straight head portion 89 corresponding to the bar of the
T which is mounted on surface 74 of insulating mounting
member 63. Straight head portion 8¢ has a pair of
circular openings 81 and protruding projections 82 co-
axial with openings 81, the projections extending toward
frame leg 5. Projections 82 engage with recesses 77 in
insulating mounting member 63 to align aperture 83 at
the end of spring portion 79 with projection 84 of oper-
ating card 85.

Movable contacts 56 and 66 are operated by card 85
having an elongated tab 86 extending from an edge 87 of
card 85 opposite projection 84. At each side of tab 86,
edge 87 forms a pair of stop shoulders which limit the
distance that tab 86 can be inserted in slots 88 of arma-
ture ends 31 to maintain edge 87 of tab 86 essentially
parallel with surface 35 of frame leg 5. Card 85 extends
generally at right angles to surface 35 of frame leg 5 and
hence is parallel with the contact stack 3. Ends 89 and
90 of movable contact springs 54 and 64 remote from
mounting members 53 and 63 extend through slots 91 and
92 in card 85. Slots 91 and 92 are slightly longer than
tab 86 and have edges 93, 94 and 95, 96, respectively,
which are generally parallel to each other and to surface
35 of frame leg 5. The portion of card 85 between edge
94 and edge 96 is generally rectangular. This rectangle
or bar 98 is the portion of the card which functions to
push movable contacts 56 and 66 into and out of engage-
ment with stationary contacts 60,

When electromagnet 4 is energized, body 27 of arma-
ture 2 is moved into engagement with pole end 23 of
core 12. Ends 31 of armature 2 move card 85 generally
at right angles to leg 5 with edge 87 of card 85 in engage-
ment with the surfaces of ends 31 adjacent slots 88 of
armature 2. Edge 96 of slot 92 engages the surface of
ends 90 of movable contact springs 64 to move movable
contact 66 away from stationary contacts 60. Simul-
taneously, edge 93 of slot 91 is moved away from relay
frame leg 5 to permit ends 89 of contact springs 53 to
move toward stationary contacts 60, so that movable
contacts 56 engage contacts 60. When the relay is de-
energized, return spring 78 moves card 85 toward frame
leg 5, thereby moving ends 31 of armature 2 against the
surface of nonmagnetic member 39 while body 27 pivots
away from pole end 23 of core 12. In the unenergized
position, as best seen in FIGS. 1 and 4, edge 93 of card
85 engages ends 89 of movable contact springs 54 to hold
movable contacts 56 spaced from stationary contacts 60.
Movable contacts 66 on movable contact springs 64 en-
gage with stationary contacts 69, the engaging pressures
being due solely to the spring action of contact springs
64. When the relay is unenergized, ends 99 of contact
springs 64 are spaced between edges 95 and 96 of slot 92,
When the relay is energized, ends 89 of movable contact
springs 54 are spaced between edges 93 and 94 of slot 81
and again the sole engaging pressure between movable
contacts 56 and stationary contacts 69 is due to the spring
bias of movable contact springs 54. As previously ex-
plained in detail, the closing pressure of the springs is due
solely to mounting the supported portions 57 of movable
contact springs 54 and the supported portions 67 of
movable contact springs 64 at an angle to stationary con-
tact assembly 52. As shown in FIG. 1, this angle “A” is
measured between supported portions 57 or 67 and sta-
tionary contact arms 58.  Movable contact springs 54



3,256,401

9

.and 64, although substantially straight in their relaxed
condition, as best seen in FIG. 8, become bowed, as seen
in FIG, 1, when the contact stack is assembled. = As best
seen in FIG. 1, in their bowed position indicated generally
as 97, the movable contact springs 54 and 64 each have
smooth, even curvatures and are not bent or kinked along

* their lengths. Since the terminals.55 and 59 do not flex

or bend during operation of the relay, they can be bent
in desired configuration without affecting the endurance
of the movable portion of the spring.

When electromagnet 4 is energized, a magnetic flux is
set up in the magnetic circuit of the relay comprising the
magnetic core 12, magnpetic frame 1 and magnetic body
. 27 of armature 2, the only break in the magnetic circuit

being the air gap between armature body 27 and pole end
23 of core 12. Surfaces 38 of notches 33 are in intimate
contact with surfaces 35 of projections 8 of frame leg 5,
and body 27 adjacent edge 34 of armature 2 is in engage-
ment with the edge of U-shaped slot 9 to complete the
magnetic circuit at the armature pivot. Since the mag-
netic circuit is complete save for the armature air gap,
the full energy of the magnetic field produced by electro-

magnet 4 will be utilized to attract the armature body 27
when the relay is energized.

When the armature is unenergized, ends 90 of movable
contact springs 64 are spaced between edges 95 and 96
of card 85, and contacts 66 engage stationary contacts
60 (FIGS. 1 and 4). Also, edge 93 engages end 89 of
contact springs 54, thereby spacing movable contacts 56
from stationary contacts 60. Hence, the card 85, with
slots 91 and 92, provides suitable means for spacing at
least one set of movable contacts from stationary con-
tacts 60. = Since ends 90 of movable contact springs 64 are
spaced from edge 96 of card 85, the additional force due
to movable contact springs 64 does not begin to act until
after the armature body 27 has moved slightly toward
core 12, In fact, movable contact springs 54 which
(when the relay is unenergized) engage edge 93 of card
85 create a force in opposition to the force of armature
return spring 78, the assisting force due to springs 54
being greatest when armature body 27 is farthermost from
core 12. Since the magnetic atfraction between two
members varies inversely as the square of the distance
between the members, it will readily be appreciated that
the slight freedom of movement of armature body 27
prior to the action of the retarding forces due to contact
springs 64 is indeed an asset to reduce to a minimum the
flux and hence the current required to pivot.the arma-
ture. On the other hand, when the armature is energized
and armature body 27 is in engagement with core 12, the
forces due to movable contact springs 64 assist in return-
ing the armature to its original unenergized position,
This feature tends to prevent sticking of armature body
27 to the pole end 23 of core 12. Again, the forces due
to contact springs 54 which would retard the armature
from returning to its unenergized -position do not come
into play until after armature body 27 is out of contact
with pole end 23 of core 12, at which time ends 89 engage
with edge 93 of card 85.

Nonmagnetic member 39 extends the length of relay
frame leg 5 and functions as a magnetic insulator to pre-
vent ends 31 of armature 2 from sticking to surface 35 of

frame leg 5 when the relay is energized. As previously
described, nonmagnetic member 39 also functions to re-
tain armature 2 on its pivot, the nonmagnetic member 39
being integral and extending from armature body 27 at
one end of frame leg 5 to a point beyond ends 31 of arma-
ture 2 at the other end of frame leg 5.

To assemble the relay, core members 20 are aligned in
superimposed relation and are inserted in rectangular
opening 16 of bobbin 14 with abutment surfaces 24 in

- engagement with end 17" of bobbin 14 between bars 19.

Rectangular pole ends 23 extend transversely of the arma-

ture to provide a rectangular pole face approximately

twice as long as it is wide, with the long dimension gen-
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erally parallel with edge 34 of .armature body 27. The
projections 25 are aligned with and inserted in rectan-
gular opening 11 in heel piece 6 whereupon the projec-
tions are staked or otherwise fastened by mechanical
means to heel piece 6. Since the longitudinal length of
projections 25 is less than the thickness of the frame, the
end portions of projections 25 do not protrude beyond the
surface of heel piece 6. By this arrangement, it is un-
necessary to finish the surface of the frame to provide a
smooth mounting surface. Preferably, however, a cement
is applied to the slightly recessed ends of the core after
assembly to provide a flush smooth surface.

Armature 2 is then positioned on the frame with pro-
jections 8 in notches 33 and the portion of body 27 adja-
cent edge 34 in engagement with the edge of slot 9. Non-
magnetic member 39 is then placed on surface 35 of
frame leg. 5 with lug 36 of armature 2 projecting through
rectangular opening 41 of tongue 40. Tabs 43 are en-
gagement with top edge 34 of armature 2, whereas the
end portions of tabs 43 are in contact with surface 45 of
armature body 27. Contact stack 3 is -assembled by
superimposing stationary contact assembly 52 on mov-
able contact assembly 50 and movable contact assembly
51 on stationary contact assembly 52 with projections 75
and recesses 76 in interfitting engagement. The contact
stack 3 is mounted on frame 5 with annular projections
47 in engagement with recesses 76 of movable contact
assembly §0. Armature return spring 78 is placed on
surface 74 of mounting member 63 with projections 82
engaging in recesses 77. Threaded fasteners 68 are in-
serted in bores 69 and screwed into bores 70 of frame leg
5. Before threaded fasteners 68 are tightened, nonmag-
netic member 39 is moved longitudinally of the ffame to
insure that ends 44 of tabs 43 contact surface 45 of arma-
ture body 27 to securely hold the armature to its pivot.
Threaded fasteners 68 are then tightened to fixedly secure
contact stack 3, armature 2 and nonmagnetic member 39
to the frame. Card 85 is then positioned with ends 89
and 90 of contact springs 54 and 64 in slots 91 and 92
and edge 87 in contact with ends 31 of armature 2, the
tab 86 extending into slots 88 of armature ends 31. If it
is desired to very closely control the pull-in characteristics
of the relay, the assembled relay can be placed in an ap-
propriate adjusting fixture (not shown) to precisely ad-
just the contacts and armature of the relay. In some in-
stances, it may be necessary to bend the ends 31 or arms
28 of armature 2 to obtain the necessary air gap between
armature body 27 and core 12.

It is to be understood that, while a preferred embodi-
ment of this invention has been shown for illustrative
purposes, many variations can be made which are within
the scope of the invention. For example, in the preferred
embodiment, the movable contact springs 54 and 64 are
molded in insulating mounting members 53 and 63, but
of course could be attached to mounting members 53 and
63 by other means, such as cementing or by disposing
the springs between mating insulating mounting member
surfaces which are properly angled.

While, for illustrative purposes, the invention has been
shown by preferred embodiment thereof oriented in a
particular position, it will be understood that the relay
could be disposed in any operating position and that the
nove} features of the invention find more general ap-
plication.

What is claimed is:

1. In an electromagnetic relay, the combrnatron com-
prising .

a magnetic frame,

a magnetic armature carried by said frame,

a contact stack including a stationary contact assem-
bly and movable contact assemblies carried by sard
frame,

said stationary contact assembly comprising

an elongated stationary- contact arm having a sup-
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ported portion intermediate the ends of the
arm,

a stationary contact adjacent one end of said arm,

said movable contact assemblies comprising
a pair of movable contact springs each having a
supported portion intermediate the ends of the
springs,
a pair of insulating mounting members each hav-
ing at least one mounting surface,
said supported portions of said movable contact springs
being carried by said insulating mounting members,

each of said movable contact springs having a movable
contact on a portion of the spring rémote from the
mounting member,

said movable. contact springs each being substantially

straight along its length from said movable contact
to and including said portion supported by said
mounting member;

said mounting members being disposed in superposed

relation with said elongated contact arm for said
stationary contact disposed between the said pair of
movable contact springs, the stationary and movable
contacts being in alignment,

sajd portions of each of said movable contact springs

supported by said mounting members each being
disposed at an angle to incline said movable con-
tact toward the plane of said stationary contact arm
to normally bias said movable contact into engage-
ment with said stationary contact, and

contact operating means in engagement with at least

one of said springs to space one of said movable
contacts from said stationary contact, said means
being associated with said armature to operate said
movable contacts when said relay is energized.

2. An electromagnetic relay in accordance with claim
1 in which

the contact operating means are in engagement with

said one of said movable contact springs only when
the movable contact is spaced from the stationary
contact, the closing pressure for said contacts being
due only to the force resulting from the bias of
said movable contact spring.

3. An electromagnetic relay in accordance with claim
1 in which
" the supported portion of said elongated arm for said

stationary contact is embedded in- an- insulating
mounting member having mounting surfaces on op-
posite sides of the member in contact with one
mounting surface of each of said mounting mem-
bers for said movable contact springs.

4. A relay in accordance with claim 1 in which the
supported portion of said' movable contact spring is dis-
posed at an angle of between 2° and 15° to the plane of
said stationary contact.

5. A contact stack for an electromagnetic relay having
a frame, comprising

a first movable contact assembly, a stationary contact’

assembly, and a second movable contact assembly
carried by said frame in stacked superposed rela-
tion,
said stationary contact assembly comprising
a plurality of flat elongated stationary contact
arms each having a stationary contact adpacent
one end of the arm and a terminal adjacent the
other end of the arm,
an insulating mounting member supporting said
stationary contact arms along a substantial
length of each arm intermediate the stationary
contact and the terminal,
said first and second movable contact assemblies each
comprising
a plurality of flat elongated contact springs each
having a movable contact adjacent one end and a
terminal adjacent the other end,
an insulating mounting member supporting said
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contact springs along an intermediate length of
said springs adjacent the terminal ends,

each of said contact springs when relaxed being sub-
stantially straight along its length from the terminal
to the movable contact end,

said supported length of said stationary contact springs
being substantially larger than the supported length
of said movable contact springs,

said insulating mounting member of said stationary
contact assembly being disposed between said in-
sulating mounting menibers of said first and second
movable contact assemblies with said movable con-
tacts in alignment with said stationary contacts,

said supported lengths of said contact springs of said
first and second movable contact assemblies being
disposed at an acute angle to the plane of the sta-
tionary contact arm to normally bias said movable
contacts into engagement with said stationary con-
tacts, and

spacing means in engagement with said contact springs
of said first' movable contact assembly to space said
movable contacts from said stationary contacts, said
spacing means being operatively interconnected with
said armature to allow said movable contacts to
engage said stationary contacts when said armature
is operated by energizing said relay.

6. An electromagnetic relay comprising in combina-

tion

a magnetic frame member including

a heel portion and

a flat leg projecting at right angles from said heel
portion and having an armature supporting por-

" tion spaced from said heel portion, said arma-
ture supporting portion being provided with a
pair of projections spaced apart transversely of
said leg and extending longitudinally thereof;
an electromagnet carried by said frame member and
comprising

a magnetic core having one end fixed to said heel
portion, said core projecting beside said leg and
having an exposed pole face located adjacent
said armature supporting portion of said leg,
and

a coil surrounding said core;

a magnetic armature comprising

a flat main body portion,

a pair of spaced, at least generally parallel arms
projecting each from a different one of two op-
posite edges of said main body portion and in-
tegral therewith, and extending at least general-
ly at right angles to the plane of said main body
portion,

means defining a pair of notches each opening out-
wardly from a different one of said opposite
edges, said notches being aligned with each
other across said main body portion and in-
cluding bearing faces engageable with cooperat-
ing bearing faces formed on said pair of pro-
jections of said frame member leg said main
body portion having a third edge extending be-
tween said opposite edges and said notches be-
ing located adjacent said third edge, said third
edge being provided with an outwardly pro-

. jecting lug,

said armature being pivotally supported on said arma-
ture supporting portion of said leg with said trans-
versely spaced projections of said leg engaged in said
notches of said armature main body portion to pro-
vide an armature pivot, and said main body portion
extending across said pole face of said core, said
armature arms extending each beside a different one
of the side edges of said leg toward said heel por-
tion;

means for retaining said armature on said armature
supporting portion on said leg with at least a por-
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tion of said means for retaining said armature in con-
tact with the surface of the leg opposite the surface
which faces the electromagnet;

a contact stack disposed on the side of said means for
retaining said armature opposite the side of said
means for retaining said armature which engages said
leg, said contact stack including movable contact
means;

fastener means securing said contact stack to said

frame, the contact stack thus secured being opera-
tive to fix said armature retaining means on said
frame;

said spaced, generally parallel arms of said armature
terminating in a pair of integral inwardly facing ends
each extending transversely across a portion of said
main leg of the frame spaced from said armature
supporting portion, and

spacing means on' said frame leg to space said in-
wardly facing ends of said armature from sald leg;
and

means interconnecting said armature and said mov-
able contacts to actuate said contacts when said
electromagnet is energized to pivot the armature.

7. An electromagnetic relay in accordance with clalm

6 in which

said armature retaining means is a generally flat, thin,
resilient nonmagnetic member comprising

a tongue extending beyond said armature main
body portion and having an opening into which
the said outwardly projecting lug of the arma-
ture extends,

a pair of generally parallel tabs, spaced one on
each side of the tongue, engaging said third
edge of said armature main body each on a dif-
ferent side of the said projecting lug,- the end
portions of said tabs extending generally at right
angles to said nonmagnetic member to engage
the side of said armature main body portion re-
mote from said pole face of said core,

said tabs and tongue cooperating to retain said arma-
ture pivotally supported on said armature support-
ing portion of said frame.

8. An electromagnetic relay in accordance Wlth claim

6 in which

said armature retaining means and said spacing means
for said armature ends comprise a generally flat,
thin, resilient member extending along said frame
leg from said armature supporting portion of said
leg to the portion of said leg adjacent the inwardly
facing ends of said armature with at least the means
for spacing said armature ends from said frame be-
ing nonmagnetic to magnetically insulate said in-
wardly facing ends from said frame.

9. An electromagnet1c relay in accordance with claim

6 in which

said armature retaining means and said spacing means
for said armature ends comprise an integral, gen-
erally flat, thin, resilient, nonmagnetic member ex-
tending along said frame leg from said armature
supporting portion of said leg to the portion of said
leg adjacent the inwardly facing ends of said arma-
ture and is in contact therewith to retain said arma-
ture and to magnetically insulate said inwardly fac-
ing armature ends from said frame.

10. In a relay of the type described,

a magnetic frame member including

a heel portion, and
a flat leg projecting from the heel portion;

an armature pivotally mounted on said flat leg and
compnsmg

a main body port1on,

a pair of spaced, at least generally parallel inte-

gral arms projecting each from a different one
of two opposite edges of said main body portion
and extending generally parallel beside said
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flat leg, said arms ferminating in a pair of inte-
gral inwardly facing ends each extending trans-
versely across a portion of said leg and each
having a transverse inwardly opening slot;

a contact stack including fixed and movable contacts
mounted on said frame leg and extending there-
along; _

a generally rectangular member of insulating material
having an edge portion disposed in and extending be-
tween said slots, said rectangular member extending
generally above said leg and having apertures there-
in positioned to extend around said movable contacts
of said stack; and

an electromagnet secured to said frame and adjacent
said main body portion of said armature to pivot
same;

said rectangular member being effective to operate said
contacts in response to pivotal movement of said
armature. .

11. An electromagnetic relay comprising in combina-

tion:

a magnetic frame member including

a heel portion, and

a flat leg portion projecting at an angle from said
heel portion and having an armature-supporting
portion;

an electromagnet carried by said frame member and
comprising

a magnetic core fixed to said frame, said core
having an exposed pole face, and

a coil surrounding said core,

a magnetic armature comprising

a flat main body portion,

a pair of spaced, at least generally parallel arms
projecting integrally from said main body por-
tion at an angle to the plane of said main body
portion, and

armature mounting means associated with said
main body portion,

said armature being pivotally supported on said arma-
ture-supporting portion of said frame by said arma-
ture mounting means of said main body with said
main body portion extending across said pole face
of said core,

a thin, resilient, nonmagnetic member on said frame
in contact with at least a portion of the surface of
the frame opposite the surface which faces the elec-
tromagnet,

said magnetic member comprising a tongue extending
beyond said armature main body portion with a
portion of said tongue extending over a part of said
armature main body portion to retain said armature
pivotally supported by said armature mounting
means on said armature supporting position of said
frame,

a contact stack -disposed on the side of said nonmag-
netic member opposite the face of said nonmagnetic
member which engages said leg, said contact stack
including movable contact means;

fastener means for securing said contact stack and
said nonmagnetic member to said frame,

said spaced, -generally parallel arms of said armature
terminating in a pair of integral inwardly facing ends
each extending transversely across a portion of said
main leg of the frame adjacent the heel portion of
the frame,

an integral portion of said nonmagnetic member ex-
tending longitudinally along said frame and between
said frame leg and said inwardly facing ends to
magnetically insulate said inwardly facing ends from
said frame;

said armature being operable to actuate said movable
contacts when said electromagnet ‘is energlzed to
pivot the armature.

12. In a relay,
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a frame member including a flat leg of magnetic
material;
a contfact stack mounted on one side of said leg and
including sets of movable and stationary contacts;
an ¢lectromagnet on the other side of said leg;
an armature pivotally mounted on said leg;
each set of said movable contacts being embedded in
an insulating mounting block, and each set of said
stationary contacts being embedded in an insulating
mounting block;
said mounting blocks having interengaging annular
projections and depressions to align said contacts
merely by stacking said mounting blocks;
projections in the form of embossments on said side
of said frame leg on which the contact stack is
mounted to mount an assembly stack in alignment
with said frame leg; )
elongated metal fasteners extending = concentrically
through said annular projections and depressions of
said blocks and into said frame leg concentric with
said embossments to align said contacts in predeter-
mined relation relative to said armature and frame
leg, and .
means integral with said mounting block for insulating
each contact of each of said sets from said elongated
metal fasteners.
13. A relay in accordance with claim 12 which further
includes
leaf spring means at the end of said stack remote from
said frame leg,
said spring means having mounting apertures therein
and including concentric embossments to align said
spring with said stack.
. 14. In an electromagnetic relay the combination com-
prising
a magnetic frame member including
a heel portion having a rectangular opening,
a flat, generally rectangular leg portion project-
ing at an angle from said heel portion and hav-
ing an armature supporting portion,
an electromagnet including a coil assembly surround-
ing a magnetic core having one end - fixed to said
heel portion of said frame,
said magnetic core projecting beside said leg of said
frame, said core comprising:
a rectangular body portion,
a rectangular pole portion at one end of said
body portion projecting transversely beyond the
side edges of said body portion to provide abut-
ment surfaces generally at right angles to said
body portion,
rectangular projection extending longitudinally
from the end of said body portion opposite said
pole portion, said rectangular end projection
having a width which is less than that of said
body portion to define stop faces at the end of
said body portion on each side of said projec-
tion, s .
said core being disposed with its end projection fixed
in said rectangular opening of said heel portion and
the stop faces of said core in engagement with the
surface of said heel portion adjacent said electro-
magnet,

said rectangular end projection extending longitudinally
from the body portion of said core having a length
which is less than the thickness of the heel portion
of said frame to provide a projection free smooth
mounting surface on the face of said heel portion
remote from said coil assembly,

said coil assembly including a bobbin having a coil
thereon with the ends of said bobbin retained be-
tween said heel portion of said frame and the abut-
ment surfaces of said core, and

an armature carried by the armature supporting . por-
tion of said leg with a main body portion of said
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armature extending across said pole portion of said
core member.

15. A relay in accordance with claim 14 in which

said magnetic core includes at least a pair of core mem-
bers of identical outline configuration having plane
surfaces thereof in contacting engagement.

16. In an electromagnetic relay the combination com-

prising

a magnetic frame member including

a heel portion having a rectangular opening,

a flat, generally rectangular leg portion projecting
at an angle from said heel portion and having
an armature supporting portion,

an electromagnet including a coil assembly surrounding
a magnetic core having one end fixed to said heel
portion of said frame,

said magnetic core including at least a pair of core
members having an identical configuration and being
of similar uniform thickness projecting beside said
leg of said frame, each of said core members com-
prising

a rectangular body portion, :

a rectangular pole portion at one end of said body
portion projecting transversely beyond the side
edges of said body portion to provide a pair of
abutment surfaces generally at right angles to
said body portion,
rectangular projection extending longitudinally
from the end of said body portion opposite said
pole portion, said rectangular end projection
having a width which is less than that of said
body portion to define stop faces at the end of

" said body portion on each side of said projec-
tion,

said core members being disposed one adjacent the
other in aligned relation with the end projections
fixed in said rectangular opening of said heel portion
and the stop faces of said core members in engage-
ment with the surface of said heel portion adjacent
said electromagnet,

said coil assembly including a bobbin having a coil
thereon with the ends of said bobbin retained between
said heel portion of said frame and the abutment
surfaces of said core members, said bobbin having a
rectangular opening extending the length thereof, the
walls defining said opening being in embracing en-
gagement with said body portions of said core mem-
bers,

said core members being retained in fixed aligned re-
lation, one to the other, solely by said end projec-
tions fixed to said frame and said rectangular opening
of said bobbin, and

an armature carried by the armature supporting portion
of said leg with a main body portion of said arma-
ture extending across said pole portion of said core
members.

17. In an electromagnetic relay the combination com-

prising

a magnetic frame member including

a heel portion having a rectangular opening,

a flat, generally rectangular leg portion projecting

* at an angle from said heel portion and having
an armature supporting portion,

an electromagnet including a coil assembly surround-
ing a magnetic core having one end fixed to said heel
portion of said frame,

said magnetic core including at least a pair of core
members having an identical configuration and being
of similar uniform thickness projecting beside said
leg of said frame, each of said core members com-
prising

a rectangular body portion,

a rectangular pole portion at one end of said body
portion projecting. transversely beyond the side
edges of said body portion to provide a pair of
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abutment surfaces generally at right angles to
said body portion,

a rectangular projection extending longitudinally
from the end of said body portion opposite said
pole portion, said rectangular end projection
having a width which is less than that of said
body portion to define a pair of stop faces at
the end of said body portion on each side of said
projection,

said core members being disposed one adjacent the
other in aligned relation with the end projections
fixed in said rectangular opening of said heel por-
tion and the stop faces of said core members in en-
gagement with the surface of said heel portion ad
jacent said electromagnet, . :

said coil assembly including a bobbin having a coil
thereon with the ends of said bobbin retained be-
tween said heel portion of said frame and the abut-
ment surfaces of said core members,

said bobbin comprising

a hollow, thin-walled, rectangular body member
of molded plastic material having a rectangular
opening therethrough, and”

substantially flat ends extending generally radially
outwardly from each end of said rectangular
body member,

said -heel portion of said frame having a plurality of
fastener receiving openings extending therethrough,

a one of said substantially flat ends of said bobbin
adjacent said heel portion having recesses extending
partially through said flat end,

said recesses being aligned with said fastener receiving
openings of said heel portion to accommodate the
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end portions of any fasteners which may project
through said heel portion when said relay is mounted,
and

an armature carried by the armature supporting por-
tion of said leg with a main body portion of said
armature extending across said pole portion of said
core members.
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