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The present invention relates in general to elec-
tromagnetic devices and, more particularly, to
electromagnetic devices of the relay type.

An electromagnetic device of the relay type
conventionally comprises a field structure includ-
ing a core provided with a winding, a movable
armature carried by the fleld structure, and one
or more sets of switch springs operatively asso-
ciated with the armature. .

It is the object of the present invention to pro-
vide an improved electromagnetic relay of the
type described which is light in weight, diminu-
tive in size, economical in construction, and yet
reliable, long wearing, and positive in operation.

Another object of the invention is to provide
in an electromagnetic relay an improved multi-
contact switch spring arrangement which posi-
tively insures electrical contact between each pair
of associated contacts carried by the switch
_springs and which accommodates equalization of
the contact pressure between associated contacts.

A further object of the invention is to provide
in an electromagnetic relay an improved mount-
ing arrangement for the relay armature including
an anti-vibration means which positively elimi~
nates vibration of the armature mass from an ex-
ternal source, such as is encountered when the
relay structure is mounted in an airplane, tank,
automobile, train, and other vibratory machinery
either mobile or stationary, without subjecting the
armature or its bearing to such stress or strain
that the normal operating characteristics of the
relay are altered thereby. .

The objects set forth above are in part realized
in accordance with one feature of the present
invention by providing an electromagnetic relay
which comprises one or more sets of switch
springs, each set comprising one or more so called
armature springs, which are movable under con-
trol of the relay armature, and one or more so
called make or break springs, engageable with or
disengageable from said movable armature springs
under control of said armature, wherein each of
the armature springs comprises a relatively long
flexible portion and is provided with two spaced-
apart and independently flexible portions and a
plurality of contacts carried by the flexible por-
tions, and'wherein each of the make or break
springs comprises a relatively short stiff portion
and is provided with two spaced-apart and inde-
pendently flexible portions and & plurality of con-
tacts carried by the flexible portions, the contacts
carried by the flexible portion of the armature
spring cooperdting with the contacts carried by
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More particularly, each of the break or make
springs Is formed of flat metalllc stock and is pro-
vided with a base end and a free end comprising
a relatively short stiff portion to facilitate maxi-
mum ease of adjusting the relative position there-
of, and a pair-of very flexible branches which, al-
though of unequal cross section and unlike shape,
equalize the contact pressure between cooperating
contacts of armature springs.

Each of the armature springs is formed of flat
metallic stock and is provided with a base end
and a free end comprising a relatively long flexing
portion to facilitate maximum ease of adjusting
the pressure of the spring against the armature
or cooperating spring, and minimum orperating
power from the relay to move the armature, there-
by to effect a change in the relative positions of
the contacts on the armature springs with respect
to the cooperating contacts of the make or break
springs. .
" The two independently flexible portions pro-
vided in the armature spring are formed by an
elongated slot provided adjacent the free end
thereof and the two flexible portions provided in
the make or break spring are formed by an elon-
gated L-shaped slot provided at the free end
thereof. Also, the contacts respectively carried
by the flexible portion of the spring are carried
thereby at points aloug the lengths of the flexible
portions whereat the flexible portions have. a
maximum movement with respect to the base por-
tion of the springs, thereby to insure self equaliza-
tion of contact pressure between the respective en-
gaging contacts when the contacts carried by
the flexible portion of the armature springs are
respectively forced into engagement with the con-
tacts respectively carried by the flexible portions
of the associated make or break springs.

Furthermore, the means for moving the arma-
ture springs comprises an operating member car-
ried by each armature spring adjacent the free
end and intermediate the two flexible portions
thereof and an arm including the relay armature
operating to engage the operating member,

According to another feature of the invention,
one or more spring sets are assembled, inde-
pendently of the relay, to a non-magnetic clamp-
ing plate provided with a comparatively long ar-
mature bearing surface whereby the armature and
its associated pivot pin is rotatably secured to the
fleld structure by the mere act of securing the
spring set or sets to the fleld structure. The
clamping plate is also of greater width than the
free end of the heel piece so that there is suffi-

the flexible portions of the make or break springs. §8 clent space between the arm or arms of the arma-
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element 12, by means of a serew (9, and a movable
magnetle armature 19 plvotally mounted upon

lsakege thershetwesn, & non-magnetic bearing
is olsp provided betwaen the spring seb clamping
plate and the Aeld strucbure to provide a bearing
surface for the armeitre plvot pin.

Relays having ermagures of the pivol pin type
heve heen extensively used in telephone systems
and have proved very soiisfactory. However, It
nhags been found that relays of this type when suk-
jegted to comsient vibrablon from an external
source ave subject o ¢ s not present in the
normel use of thes

Tests have shown
thes the vibration ceused excesslve wear on either
the bearing surface for the pivot pin or upon the
oivol pin lbself, thereby, interfering with the nor-
mal operating cherecterisiics of the relay. The
analysls of this excessive wear shows that it re-
sults from ot least two differeni types of motion.

The armature exeris o furning movement pPro- s

poriionel to its mess and the rate and the direc-
tion of the vibretions, This tends to produce
oseiligtions of the srmature transverse to the axis
of the plvol pin ot o rate corresponding io the
vibration rate.

1f the vibrations sre in o plene which Includes
the pivot pin and the center of mass of the arme-
turae, o foree Is exerted which tends to make the
plvos pin chatbsr in the bearing et & rabs Propor-
tional to the vibration rate, -

1% is & feature of the present lovention to elimi-
nate the sbove mentioned motions of the arma-
ture produced by externel vibration of the relay
by exerting o twisting sction upon the armaurs
and its associated pivot pin by means of a fexible
spring, included in the spring sed, which spring
applies o relatively light pressure to the arma-
turs ot & poini betweesn the armature backstop
2nd the bearing surfece. This light pressure
meintaing the pivot pln in constanit engagement
with the beaving surface and eliminates the pos-
sibility of the above menbioned objectionable vi-
brotory motion hetween the pivet pin and the
nivos pin beaving., Such & pressure is suffcisnt
to prevent both the transverse motion and the
chatier motion referred to above without adverse-
1y afiecting the operating angd releasing char-
acteristics of the reley when the same is ener-
gized and deenergized.

Other obiect and features of the present in-
wention will be apnerent by reference o the fcl-
lowing specifleation taken in connection with
the accompanying drawing, In which:

@e, 1 18 o side view of an electromagnetic relay
constructed and arranged in accordance with the
present invention;

Fig, 2 is o vight end view of the relay Mlustrated
in g, 13

Pig. 3 is an exploded perspective view of the
electromagnetic rvelay illustrated in Fig, 1;

Fig. 4 is an enlarged sectional view showing the
arrangement for pivoitally suppoerting the relay
armature;

Fig. b is o plan view of an eleciromagnstic relay

constructed and arranged in accordance with the ¢

present invention bub modifled fo accoramodate
two separate switch spring sets;

Fig. 6 is o right end view of the modified relay
fliustrated In Fig. B. ‘

Referring now more partictiarly o Figs. 1 to 4, -

inclusive, of the drawing, the electromagnetic re-
lay there shown comprises o fleld struciure in-
cluding o longitudinally extending core element
12 provided with 2 winding 18, a substantially L-
shape magnetic heel pilece 14, secured to the core

(3]

the outer end of the heel plece {4 and cooperat-
ing with the core element 12,

As best shown In Figs. 1 and 3, the armeature {8
carries o pair of spaced-epart upwardly extending
ears 18 provided with aligned holes therein and
an operating arm 17. A plvot pin 29 is inserted
into the aligned holes and the ouler ends of the
pivot pin 28 are Aanged over in order to rigidly
secure the pivot pin 29 to the armsature 8. The
operating arm 17 extends along the side of the
heel pisce and parallel thereto, and is provided at
the end thereof with an lnwardly extending op-
erating projection 17 which overlaps the upper
suriace of the heel plece 13 and normally rests
upon & non-magnetic rivet 22, secured o and ex-
tending upwardly from the uppsr surface of the
heel piece 14,

In order to provide o bearing surface for the
pivotel armature, o non-magnetic bearing plate
{8, formed of bronze or the like, iz carried upon
the upper surface of the heel plece 14 adjacent
to the ouler end thereof, and the pivot pin 20 s
rotatably held sngainst the upper surface of the
bearing plate (3 in o transverse pives pin recelving
siot 21 formed in the botiom surface of the clamp-

ing plate 19, The srrangement for securing the
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ermoiurs 19 In plvotal relationship with the heel
piece {4 2nd the cors 18 will e described in de-
tail hereinalier.

To facilitate ossembly of the electromaznetic
relay, the swiich spring seb 29 is assembled inde-
pendently of the relay structure itsell, and, alter
assembly, is secured to the heel plece !4 fogether
with the bearing plate 13 and the armature 5.
With this arrangement diffieveni combinations of
switch spring sets may be carried in stock by a
relay manufacturer in order to meet the custom-
ers’ requirements {or difierent numbers of springs
as well as different combinations of make and
break switch springs.

Wore particularly, the switch spring set 25 com-

- prises g plurality of individusl swiich springs 28,
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27, and. 28, and an armature restoring and re-
straining spring 29 arranged in super-impossd re-
lationship. Each of the switch springs comprise
@ base end and a free end and Is provided with a
cantilever mounting at its base end. Also, the
springs arve Insuwlated from each other and from
the clamping vlate 19 at their base ends. The
arrangement {ov assembling and lasulating the
base ends of the soring set 25 comprises g clamp-
ing plate 19, the plurality of insulators 28, tubular
insulators 24, an end plate 38, the individual
springs 2§, 27, 28, the restoring spring 29, and a
retaining screw 8{. More particularly, the retain-
ing screw 31 is inserted through the center tubu-
lar insulator 24 end threaded into the tapped hole
34’ in the clamping plate 19 to securely clamp the
springs and insulators between the clamping plate
12 and the end plate 38 in assembled relationship,
untii it is desired to fasten the soring set, by means

.of mounting screws 32, upon the heel piece 14.

In order to assemble the spring set 25 upon the
heel plece 14, the bearing plate 18 is wvlaced
thereon with the three clearance holes therein
in alignment with the three holes provided in
the heel piece 4. The armature {5 is then held
in place with the pivot pin 20, in engagement with
the pivot pin receiving slot 2] provided in the
bottom surface of the clamping plate 18, as is
clearly shown in the enlarged view Pig. 4, and the
holes in plate 19 placed in alignment with the
holes provided in the heel piece 14 and the bear-
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“ing plate 18. Screws 32 are then inserted through

the two outside holes in the end plate 30 and -

threaded into the tapped holes 33 in the heel
plece 14 to securely fasten the spring assembly
28, the pivot pin bearing plate 18, the armature
15, and the heel plece 14 together into & unitary
structure. In order to permit adjustments of
the air gap between the armature {5 and the
relay core {2, slotted holes are provided.in the
clamping plate 19 and the bearing plate 18, and
the two outside tubular insulators 24 are pro-
" vided with clearance holes therein ‘which are
slightly greater in diameter than the diameter
of the mounting screws 32.

' The switch springs 26, 21, and 28 as disclosed,
comprise a so-called break-make spring com-
bination in which the armature spring 27 is
adapted to be moved out of engagement with
the cooperating break spring 28 into engagement
with the cooperating make spring 26. In order
to facilitate maximum ease of adjustmeént of the
relative position of springs 26 and 28 with re-
spect to the armature spring 21, these springs
are provided with a relatively short stiff portion
extending from the base end thereof, and a pair
of very flexible branches 34 and 85. . 'The flexible
portions 34 and 35 of springs 26 and 28 carry ad-
jacent the free end thereof a pair of metallic
contacts.

Although the pair of flexible branch portions
of springs 26 and 28 are of unequal cross-section
and of unlike shape, they provide, in combina-
tion with the associated relatively long, but flex-
ible, armature spring 27, an arrangement which
equalizes the contact pressure between cooperat-
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welded to its associated flexible portion of the
springs at & point along the length of the flex-
ible portion of the associated spring, whereat
the flexible portion has a maximum movement
with respect to.the base end or relatively: stiff
body portion of its associated spring, thereby to
Insure self-equalization of the contact pressure
between the respective engaging contacts, either
when the contacts of the armature spring 27 and
the -contacts of the break spring 28 are in en-
gagement, or when the contacts of the armature
spring 21 and the contacts of the make spring
28 are in engagement,

In order to facilitate movement of the ar-
mature spring 21, with respect to the associated
break and make springs, a substantially cup-
shaped metallic fixture 40 is securely fastened by

- welding or the like to the lower surface of the

20

curved operating portion 39 of the armature
spring 21. A substantially cylindrical insulating
operating element, or bushing 41, is arranged
within the fixture 40 and frictionally secured in

. place by the side wall thereof. Preferably, one
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ing contacts of associated cooperating springs.
Since the branch portions 34 and 35 are very -

flexible, the position to which the stiff portions of
- these springs are adjusted with respect to the
cooperating armature spring 271 may be approxi-
mate rather than accurate.

The armature spring 21 is provided with a rela-
tively long, flexible portion, as compared with the
relatively short, stiff portion of the cooperating
make and break springs 26 and 28, to facilitate
maXimum ease of adjusting the pressure of this
spring against the break spring 28, or, if no break
spring such as 28 is provided, against the oper-
ating projection 11e, whereby minimum operat-
ing power is required of the relay to overcome
the tension of this spring in order to disengage
the armature spring 271 from the cooperating
break spring 28 and to move it into engagement
with the cooperating make spring 286. In the
event no break spring 28 is required, the ar-
mature restoring spring 28 may be omitted in
which case the bushing 4{ on the spring 27 may
directly engage the operating projection i7a.
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More particularly, the armature spring 27 is pro-’

vided with an elongated longitudinally extending
slot 36 formed therein adjacent the free end

60

thereof, which slot provides the armature spring .

with two spaced apart and independently flex-
ible branches 37 and 38 connected together at
the free end thereof by a curved operating por-
tion 39.

The flexible portions 37 and 38 of the armature
spring 27 each carry a metallic contact. One pair
is provided on the bottom side of the spring to
cooperate respectively with the pair of contacts
provided on the top side of the break spring 28;
and the other pair is provided on the top side of
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the spring to cooperate respectively with the pair -

ol contacts provided on the bottom side of the

end of the bushing 41 is provided with an inverted
frusto-conical section which is inserted into the
cup-shaped fixture 40, and then the side wall of
the fixture is spun or pressed down into firm en-
gagement with the conical side wall of the re-
ceived section of the bushing 41. The specific
construction and arrangement described above is
disclosed in the copending application of Fredric
E. Wood, Serial No 459,121, filed September
21, 1942,

The bushing 41 cooperates directly with the :
armature restoring and restraining spring 29, and
contacts on the armature spring 21 are adapted
to be urged thereby out of engagement with the
cooperating contacts on the break spring 28 into
engagement with the cooperating contacts on
the make spring 26. More particularly, when the
winding 18 is energized, the armsature {5 is ro-
tated about the pivet pin 20 in & counterclockwise
direction as viewed in Fig. 1, thereby to cause the
armature {5 to be moved from its normal posi-
tion to its operated position, When this occurs,
the pivot pin 20 rotates in the transverse pivot
pin receiving slot 21 formed in the bottom side
of the clamping plate 19, the adjacent upper sur-
face of the bearing plate 18 serving also as a
bearing surface therefor. Also, at this time the
operating projection {1a, carried by the arm £7
of the armature 15, acts upon the armature re-
storing spring 29 and the bushing 4!, and conse-
quently, upon the armature spring 21. Accord-
ingly, the armature spring 27 is flexed, whereby
the normally engaged contacts of the associated
break spring 28 are disengaged, and the normally
disengaged contacts of the associated make
spring 26 are engaged by the associated coop-
erating contacts of the armature spring 27.

I is to be noted that the non-magnetic rivet
22 underlying the operating projection i17a pre-
vents the projection mentioned from sticking to
the adjaceni surface of the heel piece 14, due
to leakage of magnetic flux therebetween.

In order to prevent objectionable play between
the pivot pin 20 and the bearing surfaces, com-
prising the transverse pivot pin receiving slot 21
and the bearing plate 18, when the entire relay
structure is vibrated from an external source, the
relatively long flexible restoring spring 29 is
lightly. tensioned against the upper surface of
the operating projection arm ITa between the
point where the bottom surface thereof rests upon

make spring 26, Each of the spring contacts is 75 the rivet 22 and the point where the arm {7
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joins the projection i7a. The rivet 22 acls as &
fulcrum, so that pressure applled @ the upper
surface of the operating projection {7c at & point
removed from the fulerum tends to twist the
armature (5, as, is clearly shown in g slightly
exaggerated form in Fig. 2. Consequently, if
there is any play between the pivof pin 26 and
the besring surfaces indicated ahove, the arme-
ture restoring spring automatically takes up the
play therebetween and thereby prevents vibra-

tion of the armature from an exfernal source,’

either transverse to the axis of the pivot pin
or parallel to the axis of the pivot pin,

In view of the fact that the armature restor-
ing spring 28 applies its pressure to the operaiing
projection ITe at a point remote from the pivot
pin 20 and also at & point remote from fulcrum
-22, considerably less pressure is reguired to over-
come any tendency of the armature {5 to vibrate
.from an external source than would be required
if the pressure was applied directly to the pivot
pin itself. By actual test, it has been found that
a very small percentage of the pressure required
at the pivot pin to prevent vibration of the
armature, is required when the pressure is applied
to the operating projection (7e at the remote end
of the armature §§ in the manner shown.

It may be well to mention at this time that
in the event that the break spring &8 Is omitted
from the combination of switch spring set 8,
the necessity of providing & separate armafture
restoring spring, such as spring 28, is eliminated;
because the function of restoring the armature
and applying the necessary pressure to the oper-
ating projection (Tg may then be performed by
the armature spring 27, ‘

5]
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Referring now to Figs. § and 6 of the drawing,

there is shown therein an electromagnetic relay,
constructed and arranged in accordance with the
relay constructure disclosed in Figs. 1 to 4, in-
clusive, but modified to accommodate WO Sep-
arate switch spring sets. IMore particularly, the
left-hand switch spring set 42 of Fig. 6 is identical
to the switeh spring set 28, except that the clamp-
ing plate 28 and the bearing plate (8 are in-
creased in width to accommodate hoth the left-
hand switch spring set 42 and the right-hand
switch spring set 3. Furthermore, the armature
of the modified relay is provided with left and
right hand armature arms £4 ang (8 and as-

sociated operating projections 44 and 48a, in-.

stead of a single armature arm (T and a single
operating projection {%¢ as is provided in the
relay disclosed in Figs. 1 o & inclusive. 4 non-
magnetic rivet 46 is provided, underlying the
operating projection 45, to prevent the armature
 opérating projections &da and 45q from sticking

to the adjacent heel piece and to provide & ful-
crum about which the armature tends to twist
and take up objectionable play in the same man-
ner as has been previously described.

It is to be noted, however, that the switch
spring set 43 does not include an armature re-
storing and restraining spring such as spring
29. A spring of this type Is included, however,
in the switch spring set 42 and provides the
necessary pressure to the armature in order to
sutomatically take up any play which might
oecur between the armature pivot pin and its
bearing surfaces, and thereby prevents vibration
of the armafure from an externgi source.

Having described the construction and as-
sembly of the relay, the utility and purpose of
the invention will be set forth to enable the
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game to be more fully understood and appre-
clated.

14 is well known that in mass production of
a large number of parts which are to be
assembled together, manufacturing tolerances
within certain limits are resorted to in order to
speed up production and to reduce the costs of
manufacturing such parts. For example, since
relay parts are manufactured in large numbers,
manufacturing tolerances are allowed on both
the pivot pin 20 and the pivet pin receiving slot
2§ of the relay shown in the drawing. It hss
been found that in manufacturing the pivot pin
28, it may be oversize or undersize from the de-
sired diameter; and that the pivot pin receiving
slot 2f may also be oversize or undersize from
the desired agiameter. In view of the above, it
ean be seen that s minimum diameter pivot pin
may be assembled in a maximum diameter pivob
pin receiving slot. Consequently, there may be
considerable play between the pivot pin and the
pivot pin receiving slot. In the event that &
relay is assembled with a pivot pin of minimum
diameter mounted in a pivot pin receiving slof
having & maximum diameter, and the relay is
mounted on an object subject to vibration, such
as may be encountered in an airplane, tank,
sutomobile, train gnd other vibratory machinery,
either mohile or stationary, the vibrations of the
armature ‘will cause & gradual wearing of the
pivot pin and the pivot pin receiving slot, and
thereby gradually increases the play between
these parts to such an exteni that the operating
characteristics of the relay will be materially
affected.

Aceording to the present invention, the light
pressure applied to the operating projection (ia
of the armature (5 causes the pivot pin to be
twisted in the pivot pin receiving slot to con-
stantly maintain the parts in engagement with
each other and thereby take up any play which
may occcur as & resuls of menufecturing toler-
ances.

It is to be noted that the armature spring 21
swings about 2 pivot point which is located ap-
proximately adjacent the point where the spring
protrudes from the side of the securely clamped
base end of the spring. When the armature
spring 27 is actuated responsive to the movement
of the armabure arm 07 the contacts thereon
swing through s rather large arc and conse-
ouently wipe aeross the contacts on the coop-
erating make or break springs 26 and 28 n &
line longitudinal to the length of the armature
spring. Furthermore, since the portion of the
malke and break springs 26 and 28 extending from
the end of the securely clamped base ends of the

- gprings is relatively short and stiff as compared
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with the armature spring 27, and, also, since
the relatively flexible branch portion 34 thereof
extends af right angles to the short-stiff por-
tion, the branch portion 84 swings through a
rather short arc, when engaged or disengaged
by the associated armature spring 27, and con- )
sequently wipes across the associated con-
tact thereof at right angles to the wiping action
caused by the movement of the armature spring
27. In addition, the l.-shape branch porticn 3§
of the make and break springs 26 and 28, ex-
tending af right angles to the relative shoyt-
stiff portion, swings through a first rather short
arc with the base of the L forming the pivot
point therefor together with a second rather
short arc, with the junction of the short-stiff
portion and one leg of the L forming the pivot
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point therefor. Consequently, the contact on
the L-shape portion of spring 26 or 28 wipes
across the associated contact on the armature
spring 27 at an angle intermediate the wiping ac~
tion caused by movement of the contacts on the
armature spring 27 and the wiping action caused
by movement of the contact on the flexible
branch portion 83. Trom the foregoing it will
be noted that the wiping action which occurs
between the contact on the branch portion 34
and the associated contact on the armature
spring 21 are at right angles to one another,
thereby insuring positive contact engagement
therebetween and also maximum movement
therebetween for the purpose of dislodging any
dust particles. Furthermore, it will be noted
that the wiping action which occurs between the
contact on the branch portion 35 and the as-
sociated contact on the armature spring 27 are
at an angle from one another, which angle is in-
termediate the wiping motion occurring between
the contact on the branch portion 34 and the as-
sociated contact on the armature spring 2T7.
The wiping action therebetween glso insures pos-
itive contact engagement between the contact on
branch portion 35 and the associated contact on
the armature spring 21 and also considerable
movement therebetween for the purpose of dis-
lodging dust particles.

Having fully described the invention, what is
considered to be new and desired to have pro-

tected by Letters Patent is specifically pointed

out in the following claims.

What is claimed is:

1, In g relay including a magnet and a heel
piece secured thereto, an armature therefor in-
cluding a pivet pin, means for supporting said
pivot pin on said heel piece whereby said arma-
ture is rotatably supported on said heel piece,
said armature including an operating arm ex-
tending transversely across said heel piece; a
fulerum on said heel piece cooperating with said
operating arm, and means for applying pressure
to said operating arm at a point removed from
said fulerum and said armature pivot pin where-
by any play existing between said pivot pin and
said supporting means is eliminated.

2. In a switching device, an armature, g pivot
pin secured to said armature, a heel piece, a pivot
pin bearing plate, means securing said bearing
plate to said heel piece, means in said bearing
plate rotatably securing said pivot pin on said
heel piece providing a bearing surface for said
pivot pin, said armature including an operating
arm, a fulerum for said operating arm provid-
ing an air gap between said operating arm and
sald heel piece to prevent magnetic leakage there-
between, and means for applying a light pres-
sure to said operating arm at a point removed
from said fulcrum whereby said pivot pin is
twisted in said bearing to take up any play ex-
isting between said pivot pin and said bearing
surface.

3. In g relay including a magnet and & heel

_plece secured thereto, an armature therefor in-
cluding a pivot pin, a switch spring set, means
for rotatably mounting said pivot pin between
said switch spring set and said heel piece where-
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by said armature is rotatably supported on said
heel piece, said armature including an operat-
ing arm for operating said switch spring set, a
fulerum for said operating arm, and means in-
cluding said switch spring set for applying pres-
sure to said operating arm at a point removed
from said fulcrum and said armature pivot pin
to create a torque whereby any play existing be-
tween said pivot pin and said rotatable mounting
means is eliminated.

4. In a gwitching device, a spring set includ-
ing a plurality of spring contacts, an armature,
a pivot pin secured to said armature, a heel piece,
a pivot pin bearing plate, means securing said
spring set to said bearing plate, means securing
said spring set and said bearing plate to said
heel piece, means in said bearing plate rotatably
securing said pivet pin on said heel piece provid-
ing a bearing surface for said pivot pin, said ar-
mature including a spring set operating arm, a
fulerum for said operating arm providing an air
gap between said operating arm and said heel

- piece to prevent magnetic leakage therebetween,
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and means including said spring set for apply-
ing a light pressure to said operating arm at a
point removed from said fulcrum whereby said
pivot pin is twisted in said bearing to take up
any play existing between said pivot pin and said
bearing surface.

5. In a relay including a maget and a heel -
piece secured thereto, a unitary structure com-

_prising an armature and a pivot pin, a spring

set comprising a plurality of springs and a
clamping plate secured together, a pivot pin bear-
ing surface in said clamping plate, means for
securing said spring set to said heel piece there-
by to secure said unitary structure to said heel
piece with said pivot pin in rotatable relation-
ship with said bearing surface, and means in-
cluding one of said plurality of springs for apply-
ing pressure to said armature at a point removed
from said pivot pin, to thereby tilt said pivot pin
in said bearing to maintain said pivot pin in con-
stant engagement with said bearing surface and
to prevent movement of said armature except
when said magnet is being energized and deen-
ergized.

6. In g relay including a magnet core and a
heelpiece secured thereto, an L-shaped arma-
ture, means including a pivot pin and a bear-
ing for rotatably supporting said armature on
said heelpiece, an operating arm on said armature,
extending in & plane parallel with said pivot pin
and transversely across said heelpiece, a non--
magnetic member on sald heelpiece cooperat-.
ing with the free end of said operating arm to
provide an air gap between said operating arm
and heelpiece and for limiting the air gap be-
tween said armature and core, and a restoring
spring on said heelpiece for applying pressure
to said operating arm at a point intermediate
said member and bearing whereby said member
acts as a fulcrum to twist said pivot pin in said
bearing to eliminate any existing play between
sald pivot pin and bearing.

FREDRIC E. WOOD.




