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ABSTRACT OF THE DISCLOSURE

A relay having elongated pole elements between which
is positioned a tiltable armature connected to a resilient
snapper element having a pair of bi-stable segments. Tilt-
ing movements of the armature in response to coil ener-
gization cause the snapper segments to snap back and
forth between their stable positions to make and break
electrical contact with stationary contact elements.

CROSS REFERENCES TO RELATED
APPLICATIONS

Two patent applications of Donald F. Wilkes entitled
respectively “Snap Action Apparatus” and “Electrical
Contact Making and Breaking Apparatus” are being filed
concurrently herewith, These applications disclose re-
lated subject matter, and the disclosures thereof are in-
corporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to magnetically operable switch-
ing apparatus in which an armature is caused to move in
response to magnetic forces and in which movements of
the armature serve to actuate bi-stable snap-acting ele-
ments that carry out electrical switching functions. The
invention is particularly suitable for use in miniature
relay construct’ons.

In the design of relays and other types of magnetically
operablé switching apparatus, much attention has been
given heretofore to the problem of maximizing mag-
netic flux utilization. This problem becomes particularly
important in connection with small devices in which coil
size must be restricted because of space limitations and/or
because of limited heat dissipating capabilities. How-
ever, the proposed solutions have been only partially suc-
cessful, and in most of the prior art constructions the
positional reiationships between the movable armatures
and the magnetic pole pieces have been such that the
flux paths have been unnecessarily inefficient.

Difficulties also have been experienced in obtaining
efficient electrical contact making and breaking functions
in these magnetically operable devices. In a typical relay
construction for example, a movable contact element is
held against a back contact by a spring of some sort and
is moved against the action of the spring by the armature
to draw it away from the back contact and bring it into
engagement with a front contact upon energization of
the relay coil. However, a critical analysis of the force-
space relationships inherent in such devices makes it
evident that they cannot be operated to produce sharp
definitive contact breaking functions unless the coils are
capable of quickly generating very large magnetic forces.

Moreover, the prior art proposals are in general diffi-
cult to apply in connection with the design of small de-
vices which must be manufactured on a mass production
basis. In such applications, dimensional tolerances be-
come exceedingly critical and irregularities in the mate-
rials from which the parts are fashioned are troublesome.
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2
SUMMARY OF THE INVENTION

. The. magnetically operable switching apparatus of this
Invention overcomes or avoids the difficulties and prob-
!ems outlined above. A key feature of the new apparatus
is an improved armature-movable contact assembly
which, in a preferred embodiment, includes an elongated
armature permanently magnetized along the direction
of its length and a snapper element of thin resilient ma-~
terial having a central opening disposed in surrounding
relationship to the armture. In the assembled positions
of these parts, the snapper element is elastically stressed
in'patterns which cause the end portions thereof protrud-
ing beyond the ends of the armature to cone out of the
plane of the armature. The elastically coned end portions
of-the snapper are bi-stable. Each of them may assume
coned configurations extending either above or below the
plane of the armature.

In the assembled apparatus, the coned snapper seg-
ments at opposite ends of the armature are caused to
extend away from the plane of the armature in opposite
directions. Opposing stationary reaction surfaces are lo-
cated in the paths of movement of the free outer end
portions of the snapper segments and serve to limit the
extent of movement of these portions.

Some or all of the reaction surfaces may be electrically
conductive, and the snapper element is provided with
electrically conductive surface portions for cooperating
with the electrically conductive reaction surfaces. In
addition to providing movable contacts, the snapper ele-
ment may also bear whatever circuit elements may be
desired.

The armature-movable contact assembly is disposed
between a pair of elongated magnetic pole pieces and
mounted so as to permit tilting movements of the arma-
ture about an axis located approximately midway be-
tween the ends of the armature and midway between the
pole pieces. The extent of tilting movement permitted
however is limited by the presence of the opposed pole
pieces. In one extreme position of the armature, its
“north” end will contact one of the pole pieces while its
“south” end contacts the other of the pole pieces. In the
other extreme position of the armature, an opposite rela-
tionship between its ends and the respective pole pieces
will prevail.

Movement of the armature between its extreme posi-
tions under the influence of magnetic forces applied
through the pole pieces will function first to increase
the bearing forces between the outer end portions of
the snapper segments and the reaction surfaces, and then
to suddenly snap the snapper segments into the oppo-
sitely directed stable positions thereof.

This construction has many practical advantages. For
example, flux utilization is optimized by the novel ar-
rangement of the armature with respect to the pole pieces,
and the snap actions achieved in the snapper end seg-
ments in response fo armature movements assure ef-
fective contact making and breaking operations.

An equally important attribute of the construction is
that it may be manufactured reliably on a mass produc-
tion basis. The snapper element is formed from thin sheet
material which is highly uniform in its structural proper-
ties, and the outlines of the element may be established
with precision through the use of photochemical process-
ing techniques analogous to those employed in chemical
milling operations and in the production of printed circuit
components. Additionally, there are very few critical di-
mensional relationships in the entire construction so that
it generally is not necessary that close tolerances be main-
tained in the fabrication of the components or in assem-
bling such components.
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BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of these and other features and
advantages of the invention will be gained from a con-
sideration of the following detailed description of cer-
tain embodiments illustrated in the accompanying draw-
ings, in which

FIGURE 1 is an elevational view, with a casing com-
ponent illustrated in cross section, of a small relay em-

bodying the pr1nc1ples of the invention;
FIGURE 2 is a horizontal cross- sectlonal view taken

along line 2—2 in FIGURE 1;

FIGURE 3 is a plan view of a resilient snapper elernent
suitable for use in the relay of FIGURES 1 and 2;

FIGURE 4 is an enlarged, transverse cross—sectional
view taken along the line 4—4 in FIGURE 3;

FIGURE 3 is a longitudinal cross-sectional view taken
along the line 5—35 of FIGURE 6;

FIGURE 6 is an end elevational view of the left end
of the relay, with a portion of the casing being shown
in cross section;

FIGURE 7 is a transverse vertical cross-sectional view
generally along the line 7—7 in FIGURE 1;

FIGURE 8 is a plan view, similar to FIGURE 3, but
illustrating an alternative snapper configuration suitable
for use in relays of the type illustrated in FIGURE 1;
and

FIGURE 9 is an enlarged vertical cross-sectional view
taken along the line 9—9 in FIGURE 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The relay chosen for illustration in the drawings is a
small device sometimes characterized in the trade as a
“half crystal can” relay. It includes a base member 2 hav-
ing contact pins 4 mounted therein and electrically insu-
lated therefrom by suitable ceramic material 6. For rea-
sons which will become clear hereinafter, the material
from which the base 2 iiself is formed, should be one
which will give the base a high capacity for transmitting
magnetic flux. A cover 8 of suitable non-magnetic mate-
rial fits tightly over the periphery of the base 2 to pro-
vide an enclosure for the coil and switching components.
If desired, hermetic seals may be provided between the
cover § and the base 2 so as to protect the interiorly lo-

cated components against the deteriorating influences of

environmental gases,

A bracket structure 10 of suitable non-magnetic mate-
rial is attached to the upper surface of the base 2 as indi-
cated at 12. This bracket structure 10 includes four ver-
tically extending leg portions 14 and a horizontal platform
16 (FIGURE 7), one end portion 18 of which is disposed
at a level beneath the main body of the platform as indi-
cated in FIGURE 5. The portion 18 is provided with
laterally spaced apart reaction surfaces such as those
shown at 20, and additional reaction surfaces 22 at the
opposite end of the device are supported at the same level
by means to be described below. In some forms of the
invention, these reaction surfaces 20 and 22 will be elec-
trically conductive and will serve as stationary contacts.
Each of the downwardly facing reaction surfaces is di-
rectly above one of the contact pins 4.

An electrical coil 24 wound on a generally rectangular
core form 26 is supported by the main body portion of
the platform 16 at an elevation above the base 2 of the
relay. Extending through the core form 26 is an elongated
element 28 of a material such as soft iron, which wiil
serve as a good conductor of magnetic flux.

The element 28 is formed from an elongated, somewhat
thin, sheet. The desired thickness is achieved by folding
the sheet back and forth upon itself as indicated in FIG-
URE 7. This folded construction gives the element 28
ample flux-carrying capacity, but the element as a whole
is relatively easy to bend.

At the left end of FIGURE 35, the element is shown
as being bent downwardly as it emerges from the end of
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4
the coil 24. Then, it is bent again at the level of the plat-
form 16 and caused to extend longitudinally along the
Jower face of the platform 16. Spot welds, or the like,
may be employed to secure the end portion of the element
28 to the platform 16.

The element 28 also is bent downwardly as it emerges
from the right end of the coil 24 in FIGURE 5. This
downwardly extending portion of the element 28 is con-
nected at its lower end to the base 2 of the relay by spot
welding or other appropriate techniques.

The combination of the element 28 with the base 2 es-
tablishes an extraordinarily efficient flux-conducting sys-
tem. The longitudinally extending portion 30 of the ele-
ment 28 on the underside of the bracket platform 16 con-
stitutes one pole base or element, while the base 2 con-
stitutes an opposed pole base or element disposed in gen-
erally parallel relation to the element 30. The bent con-
figurations imparted to the element 28 make it possible
for this element to join the two pole pieces together with
only one joint. This joint is the one which exists between
the base 2 and the lower right end portion of the element
20 in FIGURE 5. Even this joint is one which can be
formed so as to minimize flux leakage because of the com-
pliant nature of the surfaces of the element 28.

Moreover, it will be evident that, in constructions where
ample space is available, the element 28 may be extended
longitudinally so that the end portion from the right end
of the coil will be disposed beneath and parallel to the
portion 30. In such constructions there need be no joint
at all.

The pole element 30, the base 2 and the downwardly
facing reaction surfaces 20 and 22 define a shallow elon-
gated switching chamber 32. Disposed in this switching
chamber is a novel armature-movable contact assembly
34 carried by transversely spaced-apart central posts 36
and 38 which may be attached to the base 2 in the same
fashion as the contact pins 4.

FIGURE 3 illustrates in isolation, a thin, lightweight,
resilient snapper element 40 which forms an important
part of the novel armature-movable contact assembly.
This snapper element 40 is provided with an elongated
central opening 42 having concave end edge portions 44
which define the inner ends of protruding end segments
46 and 48. The end segments 46 and 48 are joined
together by longitudinally extending side strips 50 and 52.

Each of the end segments 46 and 48 has an external
edge outline such as to provide the segment with a pair
of protruding contact fingers. The finger portions of the
segment 46 are designated 54 and 56, while the finger
portions of the end segment 48 are designated 58 and
60. These finger portions constitute integral parts of the
respective end segments 46 and 48, and in the illustrated
arrangement, each pair of fingers functions as a mechani-
cal unit,

The side strips 50 and 52 are provided with longitu-
dinally extending stiffener ribs 62 at their outer margins.
These stiffening ribs 62 are formed by conventional
stamping techniques which serve to permanently deform
the material of the snapper element 40 in the zones of
the ribs.

The side strips 50 and 52 also include mounting tabs
64 and 66 extending inwardly into the central opening
42 at a mid portion of the element. These tabs 64 and
66 are, in the assembled relay, affixed to the upper
ends of the mounting posts 36 and 38 in the manner in-
dicated in FIGURE 7.

As illustrated in FIGURE 4, the snapper element 40 is
a laminate, made up of a bottom layer 68 of spring-
metal sheet material, an insulating layer 70 of plastic
material such as a polyester sheet, and a pariial top
surface layer 72 of electrically conductive material such
as copper. The several layers 68, 70 and 72 are adhered
together through sheet adhesive layers 74. It will be
understood of course that the thickness of the laminate
is greatly exaggerated in FIGURE 4. In one embodiment,
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the overall thickness of the laminate is only 0.004 inch,
and in applying the invention, it will rarely be found
necessary to use snapper elements thicker than a few
hundredths of an inch.

The outlines of the electrically conductive layer 72
may form patterns of considerable intricacy. Photochemi-
cal processing techniques of the type used in the manu-
facture of printed circuits are available for economically
tailoring the final shape of the partial layer 72 in any
desired manner. The particular shape illustrated in FIG-
URE 3 is one which provides the upper face of the snap-
per 40 with electrical contact surfaces 76 at the free
outer ends of the several contact fingers 54, 56, 58 and
60. The contact surfaces 76 on the fingers 56 and 60 are
connected together by a portion 78 of the electrically
conductive layer 72, and this portion 78 is, in turn, ex-
tended into the mounting tab 64 of the snapper 40 so that
an electrical outlet connection may be made through the
mounting post 36.

An armature 80 is mounted within the central opening
42 in the snapper element 40. The armature 80 preferably
is permanently magnetized along the direction of its
length. In the drawings, the left end portion of the arma-
ture has been designated a south magnetic pole and the
right end portion has been designated a north magnetic
pole for illustrative purposes.

This armature 80 includes enlarged end portions 82
and 84 connected together by an elongated center por-
tion 86. Each of the end portions 82 and 84 is curved
convexly in the areas which are to cooperate with the
concavely curved end portions 44 of the edge of the
central opening 42 of the snapper element 40. As shown
in FIGURES 1 and 5, notches or grooves 88 are provided
in the outer edges of the armature end portions 82 and
84 for receiving the curved edges 44 of the snapper.

Certain of the dimensional relationships between the
armature 80 and the edges of the central opening 42 in
the snapper element 40 are important. The radius of
curvature of the base of each of the notches 88 is less
than the radius of curvature of the curved edge 44 as-
sociated therewith. Additionally, the length of the arma-
ture, as measured from the base of one groove 88 to the
base of the other groove 88 is greater than the distance
between the curved edge portions 44 if measured when
the snapper 4% is in a flat condition. Hence, when the
snapper 40 and the armature 80 are in their assembled
relation to each other, the snapper is distorted elastically.
The curvatures of the edges 44 of the central opening 42
of the snapper are made to conform to the curvatures of
the bases of the grooves 88 in the end portions of the
armature 80, and the snapper end segments 46 and 48
cone elastically out of the plane of the central opening
42 as best shown in FIGURES 1 and 5.

The armature 80 has an overall shaps such that it con-
tacts the snapper 40 only in the zones of the curved end
portions 44 of the central opening 42. The side strips 50
and 52 do not contact the armature at all and they are
permitted to assume configurations which will serve to
distribute the stresses in the snapper 40.

Each of the end segments 46 and 48 is bi-stable. Tt may
assume one stable position in which its top face is con-
vex and in which it extends downwardly at an angle
from the plane of the central opening 42, or it may as-
sume another stable position in which its top face is con-
cave and in which it extends upwardly at an angle from
the plane of the central opening 42.

In the assembled device, the two coned end segments
46 and 48 of the snapper are arranged to operate out of
phase with each other in the sense that when the snapper
segment 46 is coned downwardly, the snapper segment
48 will be coned upwardly and vice-versa. With this ar-
rangement, the mid portions of the side strips 50 and 52,
where the mounting tabs 64 and 66 are located, have
little tendency to move as the positions of the end seg-
ments 46 and 48 are reversed. This makes it possible to
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use a rigid connection between the mounting posts 36 and
38 and the mounting tabs 64 and 66. The distortions
which result are of minimal magnitnde and are easily
accommodated by the flexible nature of the material of
the snapper 40. Moreover, the flexible pivot provided by
the connection of the snapper mounting tabs to the upper
ends of the mounting posts 36 and 38 tends to reduce
the importance of locating the upper ends of the mount-
ing posts exactly at the middle of the switching cham-
ber. Minor positional deviations can be accommodated
by the material of the snapper 40 without detracting from
the performance characteristics of the device.

The upper and lower faces of the end portions 82 and
84 of the armature extend at angles to the horizontal,
and, as shown in FIGURES 1 and 5, these faces may be
brought into abutting relationship with the magnetic pole
elements 30 and 2. This provides a closed magnetic path
for the device in either extreme position of the armature
80. Flux will pass, for example, from the left end of the
coil 24 through the element 28 to the pole portion thereof
3¢, through the armature 890 to the base 2, and then back
again to the right end of the coil through the right end
portion of the element 28.

If, as in the illustrated embodiment, it is desirable that
the armature have a “normal” position so as to provide
the relay with normally closed or normally open con-
tacts, the interior of the switching may be provided with
permanent magnets for holding the armature in one of
its extreme positions. In the drawings, two such magnets
99 and 92 are shown extending along the right end por-
tion of the base 2 with their south magnetic poles dis-
posed in the vicinity of the north magnetic pole of the’
armature 80. Similarly, permanent magnets 94 and 96
are carried by the bracket platform 16 on opposite sides
of the pole element 30 and are disposed so that their
north magnetic poles will be in the vicinity of the south
magnetic pole of the armature.

The upper magnets 24 and 96 preferably have substan-
tial widths as indicated in FIGURE 6, so that the upper
stationary reaction surfaces 22 may be formed on or car-
ried by the lower faces of the magnets. These reaction
surfaces 22 are disposed directly above the pins 4 at the
left end of the relay.

With the magnets 90, 92, 94 and 96 in place, the arma-
ture 80 will be held in the exireme position illustrated in
FIGURES 1 and 5 until the coil 24 is energized to over-
ride the permanent magnets. Energization of the coil 24
serves to make the pole element 30 a south magnetic pole
and to make the base 2 a north magnetic pole. The ‘mag-
netic forces so generated operate first to repel the end
portions 82 and 84 of the armature and tilt the armature
about a transverse axis corresponding approximately to
a line between the upper ends of the mounting posts 36
and 38. As the motion of the armature continues, the
repulsion forces become less important and attractive
forces between the pole piece 30 and the armature end
portion 84, and between the base 2 and the armature end
portion 82 dominate the operation of the device and serve
to bring the armature into a position of rest in which
the upper face of the armature end portion 84 abuts
against the pole piece 30 and the lower face of the arma-
ture end portion 82 abuts against the base 2.

Of course, in many applications, it will not be neces-
sary or desirable that the armature be bjased toward a
“normal” position. In these instances the permanent mag-
nets 90, 92, 94 and 96 will be removed and the reaction
surfaces 22 will be formed on or carried by appropriately
located elements depending from the main level of the
bracket platform 16.

With the magnets 99, 92, 94 and 96 removed, the per-
manently magnetized armature 80 will be free to latch
magnetically in either of its extreme positions when the
coil 24 is deenergized. In one of its latched positions
(FIGURE 5), a closed flux path will extend from the
south magnetic pole to the armature, through the pole
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piece 30 and the core members 28, and then through the
base 2 to the north magnetic pole of the armature. In the
other latched position, the south magnetic pole of the
armature will engage the base 2, and the closed flux path
will extend in a reverse direction through the member 28.

Provisions will, of course, be made for energizing the
coil 24 selectively in either direction. Upon energization
of the coil 24 in the proper direction, the flux path
through the core member 28 may be reversed from the
direction established by the latching action, and the arma-
ture 80 may be shifted to its other extreme position.

During the tilting movement of the armature 80, the
inner ends of the snapper blades 46 and 48 will be moved
relative to the outer ends thereof. In explaining this ac-
tion, it will be helpful to refer to particular ones of the
stationary reaction surfaces defining the switching cham-
ber in which the armature-snapper assembly is located. In
FIGURE 5, a first reaction surface, located at the top
of the leftmost contact pin 4 in this view, has been desig-
nated a; and a second reaction surface, located at the top
of the rightmost contact pin 4 in this view, has been
designated b. A third reaction surface 22 is directly
above and faces the first reaction surface a. A fourth re-
action surface 20 is directly above and faces the second
reaction surface b. The finger portion 56 of the snapper
blade 46 extends into the space between the first and third
reaction surfaces, and the finger portion 60 of the snap-
per blade 48 extends into the space between the second
and fourth reaction surfaces. Ordinarily, a similar set of
four reaction surfaces would be provided for cooperation
with the finger portions 54 and 58 of the blades so as
to provide a balanced force pattern, but it will not be
necessary here to complicate the description by specific
references to these additional features.

The initial movement of the armature 80 in a counter-
clockwise direction in FIGURE 5 serves to increase the
bearing pressures between the finger 56 and the reaction
surface @ and between the finger 60 and the reaction sur-
face 20. This results in a transverse flattening or buckling
of the outer end portions of the fingers 56 and 60, and,
as the motion of the armature is continued, the flattening
progresses inwardly toward the armature. When the flat-
tening effect has progressed to the inner boundaries of
the snapper blades 46 and 48, the blades will snap over
to their reversely coned configurations and the fingers 56
and 60 will move quickly into engagement with the third
and second reaction surfaces 22 and & respectively.

The contact fingers 54, 56, 58 and 60 cone with their
corresponding end segments 46 and 48, and they will, by
reason of this coning effect, be able to transmit substan-
tial forces. The spatial relationships within the switching
chamber are such that this ability is utilized effectively.
In order that substantial contact pressures may be gener-
ated when the armature 80 is in either of its extreme
positions, the space between opposing upper and lower
reaction surfaces is restricted to such a degree that the
several contact fingers are not able to assume their fully
relaxed coned configurations over their entire lengths.
The outer end portion of each contact finger will bear
against an adjacent reaction surface with substantial pres-
sure and will tend to flatten somewhat,

Additional loading as between the contacts is achieved
during initial movements of the armature. In fact, the
contact pressure continues {o increase until snapover of
the snapper segments 46 and 48 occurs. This is most de-
sirable in that good contact is maintained during con-
tact break sequences, and little or no arcing or contact
heating will occur. Moreover, the increased loading of the
contacts during initial portions of the armature move-
ments will cause the surface portion 76 of the contact
fingers to scrape against the stationary contacts provid-
ed by the reaction surfaces, and the contacts will be kept
clean.

Another attribute of the illustrated construction which
deserves special comment is that the motions of the arma-
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ture 80 are greatly amplified in the motions of the tips of
the contact fingers 54, 56, 58, 60. The armature itself
tilts through a relatively small angle, but the bi-stable
blades 46 and 48 snap through large angles. As a result,
large air gaps between electrical contacts may be estab-
lished, so as to permit the handling of high potentials,
without requiring large air gaps in the magnetic circuits.
In this latter connection, it will be observed that in the
iltustrated embodiment, the distances between the pole
piece 30 and the nearest end of the armature 80, and be-
tween the base 2 and the nearest end of the armature 80,
will always be very short indeed. Since the force exerted
by a magnetic field varies inversely with the square of the
distance, the exceedingly compact armature-pole piece ar-
rangement provided by the invention makes it possible to
minimize the size of the coil 24 without adversely affect-
ing the performance characteristics of the device as a
whole.

Even greater motion amplifications may be achieved if
desired by changing the proportions of the armature 80
and the snapper element 40. The angles at which the blades
46 and 48 cone away from the plane of the armature are
established by the curvatures of the armature end por-
tions and the end edge portions 44 of the snapper element,
and these angles may be the same in assemblies of dif-
ferent lengths. Hence, by increasing the length of the
armature, one may reduce the angle of tilt of this ele-
ment without causing corresponding reductions in the an-
gles through which the blades 46 and 48 snap in response
to tilting movements of the actuator.

The relative masses of the armature 80 and the spapper
element 40 in the jllustrated embodiment also are of in-
terest. As explained above, the snapper element is very
thin ‘and light. However, the armature 80 may be much
thicker and heavier in order that it may have completely
adequate flux carrying capacity. Increases in the inertia
of the armature are not ordinarily detrimental because of
the small amount of armature movement required and
because of the flexible coupling between the armature and
the snapper element. In this latter connection, it will be
observed that the inertia of the armature has little to do
with the operation of the snapper blades as they move
into ‘engagement with the stationary contacts. When a
blade has been snapped over its neutral position, the blade
movements required to complete the snap action, take
place substantially without regard to further movements
of the armature. Thus, bouncing of the armature as it
comes 1o rest in its extreme position will not ordinarily
be accompanied by undesired contact bounce effects.
Moreover, the extremely low masses of the snapper blades
themselves minimize the inertial energy which must be
dissipated in contact making sequences so that, in
practice, the contact bounce problem is effectively elimi-
nated.

Although the armature 80 chosen for illustration in the
drawings is comparatively massive and although such
constructions are preferred in some practical applications
of the invention, it should be understood that this feature
is not essential. Armatures of low mass may be used if
desired. Reductions in armature mass might be indicated,
for example, in applications where maximum speed of
armature movement is required.

FIGURE 8 shows another form of snapper element
which has been designated 40«. It is of the same configura-
tion as the snapper element 40 shown in FIGURE 3, and
corresponding reference numerals have been applied in
the two views to all parts except the electrical circuit
components.

As shown in FIGURE 9, the snapper 40a is formed
from 2 laminate suitable for the production of circuit
components on both faces of the snapper. This laminate
includes a spring-metal central layer 98, a pair of in-
sulating layers 100, and a pair of electrical conductive
layers 102 on the outer surfaces of the component. The
several layers are adhered together, as shown through ad-
hesives 104.
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With such a laminate, the circuits on the two faces of
the snapper 40¢ may be independent or they may co-
operate with -each other. For purposes of illustration,
FIGURE 9 shows a circuit portion 106 on the bottom
face of the snapper which may be made to cooperate with
a circuit portion 108 on the top face of the snapper by
providing suitable means for connecting these circuit por-
tions together at the location of mounting tab 66. Other
circuit portions 110 and 112 located respectively on the
top and bottom surfaces of the snapper are entirely in-
dependent of each other.

Still other variations and modifications will readily sug-
gest themselves to persons skilled in the art. It is intended,
therefore, that the foregoing detailed description of the
illustrated embodiments be considered as exemplary only
and that the scope of the invention be ascertained from
the following claims.

What is claimed is:

1. In magnetically operable switching apparatus, an
improved armature-movable contact assembly compris-
ing:

a magnetic armature having a longitudinal axis and
a transverse axis and being tiltable about said trans-
verse axis; and

a thin, lightweight, resilient snapper element having
front and back faces at least one of which bears an
electrical contact, said element being provided with
a central opening therein disposed generally in sur-
rounding relation to said armature;

said snapper element being connected to opposite longi- ¢

tudinal ends of said armature at opposite ends of said
central opening and being elastically stressed ad-
jacent said opposite ends of said opening so as to
cause each of the protruding end portions of said
resilient element to seek a three-dimensional shape
corresponding generally to the surface of a segment
of a cone with said protruding end portions respec-
tively extending away from said opening at angles on
opposite sides of the plane of said opening.

2. In magnetically operable switching apparatus, the
improved armature-movable contact assembly according
to claim 1, wherein said armature is permanently mag-
netized in a direction such that said opposite longitudinal
ends thereof are of opposite magnetic polarity.

3. In magnetically operable switching apparatus, the
improved armature-movable contact assembly according
to claim 2, wherein the mass of said armature is substan-
tially greater than the mass of said snapper element.

4. In magnetically operable switching apparatus, the
improved armature-movable contact assembly according
to claim 1 in combination with first and second longitu-
dinally elongated, spaced-apart, genmerally parallel, sta-
tionary pole elements disposed on opposite sides of said
transverse axis in position to be contacted respectively by
opposite end portions of said armature when said arma-
ture is tilted about said transverse axis.

5. A relay comprising:

an electrical coil;

means defining one side of an elongated, shallow switch-

ing chamber and including
a first longitudinally extending magnetic pole cle-
ment operatively connected to one end of said
coil, and
first and second stationary, longitudinally spaced-
apart, reaction surfaces at least one of which is
electrically conductive;
means defining the opposite side of said switching cham-
ber and including
a second longitudinally extending magnetic pole
element facing said first magnetic pole element
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and being operatively connected to the opposite
end of said coil,

a third reaction surface facing said first reaction
surface, and

a fourth reaction surface facing said second reac-
tion surface;

a permanently magnetized, longitudinally elongated
armature in said switching chamber having end por-
tions of opposite polarity and being tiltable about a
transverse axis located intermediate said end portions
between two positions in each of which its respective
end portions are adjacent opposite ones of said pole
elements; and

a thin springy snapper element connected to the end
portions of said armature and including

elastically stressed, bi-stable end portions coning
angularly away from the ends of the armature
in opposite directions and extending respectively
into the space between said first and said third
reaction surfaces and the space between said sec-
ond and said fourth reaction surfaces,

longitudinally extending side portions spaced from
said armature and connecting said snapper end
portions together, and

electrical contact means carried by at least one of
said snapper end portions at a location to en-
gage an electrically conductive one of said reac-
tion surfaces.

6. A relay according to claim 5, wherein a pair of trans-
versely spaced apart stationary mounting posts extend
into said switching chamber and intersect said transverse
axis, wherein said snapper side portions are connected to
said mounting posts at the location of said transverse axis,
and wherein said snapper element and said armature are
connected together only at the end portions of said arma-
ture.

7. A relay according to claim 5 wherein the mass of said
armature is substantially greater than the mass of said
snapper element.

8. A relay according to claim 5 wherein said end por-
tions of said armature include angularly extending front
and back faces adapted to be brought into parallelism with
the adjacent surfaces of said pole elements upon comple-
tion of a tilting movement of said armature between said
two positions.

0, A relay according to claim 5 additionally comprising
permanent magnet means in said switching chamber for
holding said armature in one of the two positions thereof
when said coil is unenergized.

10. A relay according to claim 5, wherein said means
defining said one side of said switching chamber is in the
form of a base plate having contact pins extending there-
through and being insulated therefrom, and wherein said
base plate constitutes said first magnetic pole element and
the upper ends of said pins constitute said first and second
reaction surfaces.

11. A relay according to claim 10 comprising means
for mounting said coil above said switching chamber,
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