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This invention relates to electrical switches, and more
particularly to switches of the general class wherein the
contact making member or means has a rate and extent
of movement which is different from that of the operator
member to which the operating force is directly applied.

An object of the present invention is to provide an
improved electrical switch device wherein there is a large
ratio between the movements of the contact-carrying mem-
ber and the switch operating member while at the same
time the switch structure is extremely simple, uncompli-
cated and economical to fabricate and manufacture.

Another object of the invention is to provide an im-
proved and simplified quick-acting type electrical switch,
wherein only a relatively small and slow operating move-
ment is required to effect a quick-acting, large-magnitnde
movement of the contact means.

A further object of the invention is to provide an im-
proved electrical switch in accordance with the foregoing,
wherein one or several circuits may be controlled to
either cpen or close the same with but extremely little
force being required on the switch operator.

An additional object of the invention is to provide an
improved switch mechanism as above characterized, hav-
ing a large ratio of movement toegther with extreme sim-
plicity, wherein there is obtained a desirable wiping ac-
tion of the contacts, thereby to normally maintain the
same in relatively clean and operative condition through-
out an extended period of use.

Yet another object of the invention is to provide an im-
proved single-circuit or multi-circuit electrical switch
wherein the switch-cperating system is characterized by
balanced or opposed forces which provide for a high de-
gree of efficiency, smooth operation, a reduction of work-
ing stresses, and reliable response to small operating forces
at specified positions of the switch operator.

A stiil further object of the inventicn is to provide an
improved electrical switch device as set forth above, which
may employ either a direct or indirect actuating or op-
erating system and which is characterized by an elongate
actuator device placed in operation by the application of
a longiiudinally directed force to either one or both ends
of said device, to translate said force into a lateral move-
ment of a portion of the device for causing circuit-con-
trolling movement of one or several electrical contacts
carried thereby.

Still another object of the invention is to provide an
improved momentary-contact switch construction employ-
ing an elongate actuating device as outlined, wherein an
inherent spring action is had, thereby to obviate the neces-
sity for additional componests for the purpose of return-
ing the switch to an initial or starting position.

An additional object of the invention is to provide an
improved simplified elongate switch actuator device as
characterized, wherein a large ratio of movement exists
between the longitudinaily directed end force which is
applied io the device and the resultant lateral movement
of the contact or contacts carried by the device.

A further object of the invention is to provide a novel
and improved switch construction involving opposed or
balanced operating forces, wherein a self-locking action
is had for one position of the switch operator, and where-
in the switch may be tripped either to open or close the
circuit with but the application of a very small operating
force.

Yet another object of the invention is to provide an
impreved switch construction having opposed or balanced
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forces as above stated, wherein the switch may be sus-
tained in one operative position by the application of oniy
very small or minute forces.

A feature of the invention resides in the provision of
an improved switch construction which is extremely sensi-
tive in its response and may be operated by the applica-
tion of relatively small forces while at the same time there
are produced high contact pressures between the coop-
erable contact elements.

Another feature of the invention resides in the provi-
sion of a novel and improved switch adapted for mo-
mentary contact service, wherein either single or multiple
circuits may be controlled and switched either on or off
by an actuator mechanism involving either balanced or
unbalanced operating forces, such switch mechanism hav-
ing a “dead center” position and being operable either
to one side or both sides of the said center position.

A further feature of the invention resides in the pro-
vision of a novel and improved switch arranged for sus-
tained-contact service, which may handle either single
or multiple electrical circuits to switch the latter on or
off utilizing a switch actuator mechanism having either
balanced or unbalanced operating forces.

Other features and advantages will hereinafter appear.

In the drawings accompanying this specification simiiar

_ characters of reference are used to designaie like compo-

nents wherever possible threughout the several views, in
which:

FIG. 1 is a top plan view, with the cover removed, of an
improved multiple circuit balanced-type electrical switch’
as provided by the invention, the swiich being shown in
its normal, open-circuit position.

FIG. 2 is a side elevational view of the switch shown
in FIG. 1, with a side plate of the casing removed to re-
veal the interior construction.

FIG. 3 is a view like FIG. 2, but showing the switch in
closed circuit position with the operator at “dead center.”

FIG. 4 is a view like FIGS. 2 and 3 but showing the
switch again in open circuit position, with the switch op-
erator having passed the “dead center” position.

FIG. 5 is a fragmentary side elevational view showing
the center portion of the switch mechanism illlustrated
in FIG. 3, and showing further a stop for the switch oper-
ator, to establish as one of the limits of movements
thereof the “dead center” position.

FIG. 6 is a diagrammatic representation of a simple,
single pole single throw switch mechanism made in ac-
cordance with the invention, the switch being shown in
open-circuit position.

FIG. 7 is a view like FIG. 6, but showing the switch
as having been actuated to closed-circuit position by a
longitudinal force on one of the switch blade mounting
means, shifting said means toward the other blade mount-
ing means.

FIG. 8 is a view like FIGS. 6 and 7, but showing the
switch in closed-circuit position in response to the applica-
tion of a longitudinal actuating force to the other one of
the blade mounting means.

FIG. 9 is a view like FIGS. 6, 7 and 8 but showing the
switch as having been closed in response to longitudinal
actuating forces applied to both of a blade mounting
means.

FIG. 10 is a diagrammatic represenatative of a double
blade switch as provided by the invention, the switch
being shown in- open-circuit position and the left end
mounting means for the blades being indicated as mov-
able by the showing of arrows which are representatives
of longitudinal operating forces applied to the said mount-
ing means.

FIG. 11 is a diagrammatic representation of a four-
circuit switch mechanism as provided by the invention.

FIG. 12 is a diagrammatic representation of a two-cir-
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cuit switch mechanism as provided by the invention, hav-
ing a rotary type operator.

FIG. 13 is a diagrammatic representation of a four-
circuit switch mechanism in accordance with the inven-
tion, said mechanism having a lever type switch operator.

FIG. 14 is a diagrammatic representation of a four-
circuit switch mechanism along lines similar to the two-
circuit switch shown in FIG. 12.

FIG. 15 is a representation of a two-circuit balanced-
force type switch mechanism, utilizing a slide or plunger
typs operating member.

FIG. 16 is a diagrammatic representation of a singie-
circuit switch device as provided by the invention using
rigid members or arms in place of resilient or bowed mem-
bers as disclosed in the previous figures.

FIG. 17 is a diagrammatic representation of a single-
circuit switch mechanism, illustrating yet another embodi-
ment of the invention characterized by a very large ratio
of movement between the switch contact and the switch
operator.

FIG. 18 is a view like FIG. 17 but showing the switch
in its closed-circuit position.

FIG. 19 is a diagrammatic representation of still an-
other switch mechanism as provided by the invention,
having a very high ratio of movement utilizing non-resili-
ent or rigid pin-connected actuator arms.

FiG. 20 is a view similar to that of FIG. 19, but show-
ing the switch in its closed-circuit position.

FIG. 21 is a representation of a single-circuit switch
mechanism in accordance with the invention, this embodi-
ment employing a plunger-type operator and showing the
switch in its open circuit position when the plunger and
toggle mechanism are at dead-center, the mechanism being
of the opposed-force type.

FIG. 22 is a diagrammatic representation of a modified
form of throw-switch mechanism made in accordance with
the present invention, the switch being 'shown in open
circuit position.

An understanding of the basic action underlying the
switch mechanism of the present invention may be readily
had by first referring to the structures shown in FIGS.
6-9. As illustrated in these figures, the switch comprises
an elongate resilient blade member indicated generally by
the numeral 25, said member being also hereinafter re-
ferred to as an “elongate actuator device.” While in
FIGS. - 6-9 and in other illustrated embodiments of the
invention the elongate actuator device is constituted of a

- single resilient strip, the invention is not limited to such
construction since the actuator device may be formed of
a number of separate parts, as for example rigid arms
pivotally connected together as described in detail below.

The elongate actuator device 25 may thus be considered
as constituted of a pair of substantially aligned actuator
arms 27 and 28, having juxtaposed ends or end portions
2% and 30 respectively, the said end portions being opera-
tively connected together. In the illustrated embodiments
of FIGS. 6-9 the end portions 29, 3% of the arms 27,
28 are integral with each other, and accordingly the oper-
able connection beiween said end portions is character-
ized by a certain degree of flexibility but with no looseness,
free pivotal movement or play of any kind. As will be
hereinafter brought out, in other forms of the invention
the two arms making up the elongate actuator device may
be pivotally secured together as by means of suitable pin
connections.

As shown, the remote ends 32 and 33 of the arms 27,
28 are received in sockets 34 and 35 respectively provided
in end mounting means or members 37, 38. The end
mounting means 37 and 33 may be connected by suitable
leads 49 and 41 with electrical terminals 42, 43, as shown.

The juxtaposed end portions 29, 39 of the arms 27, 28
have secured to them an electrical switch contact 45 which
is cooperable and engageable with a stationary electrical
contact 46 connected by means of a lead 47 with an elec-
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trical terminal 48. It is to be noted that while for illus-
trative purposes the contact 45 is described as a separate
part secured to the arms, the present invention neverthe-
less contemplates the provision of a contact surface which
is a part of and integral with the arms themselves.

The elongate actuator device comprising the bowed
flexible strip 25 may be formed of any suitable material,
such as spring steel, spring brass or bronze, beryllium
copper, stainless steel, etc.  As illustrated in the figures,
the actuator or strip 23 is always bowed, either to a
greater or lesser extent, regardless of whether the switch
contacts 43, 46 are engaged or separated. In FIG. 6
the switch contacts are shown in their separated positions,
and in accordance with the present invention closure of
the switch and engagement of the contacts 45, 46 is
effected in response to the application of a longitudinally
directed operating force on either one or else both of
the mounting means 37, 38.

In FIG. 7, such operating force is represented by the
arrow 58, applied to the left mounting member 37. In
FIG. 8 the arrow 51 represents the longitudinal operating
force applied to the right mounting means 38.. In FIG.
9 the arrows 52 and 53 represent operating forces applied
to both of the end mounting means 37, 38. Referring
to FIG. 7 the application of the force 5¢ will cause an
increased flexing of the actuator device 25, whereby the
center portion thereof, constituted of the arm ends 29, 36
and the switch contact 45, will be shified laterally of the
actuator device and in an upward direction until the con-
tact 45 engages the cooperable stationary contact 46.

It will be noted that the movable contact 45 has shifted
edgewise a slight extent to the right from a centralized
position, and part of such shifting will occur after en-
gagement of the contacts. 45, 46 has occurred, thereby
resulting in a wiping action of the contacts which is desir-
able in maintaining the same in a clean and bright condi-
tion, and in removing foreign particles and matter which
might collect at the contacts.

In FIG. 8 the movable contact 45 has been shified
from its centralized position to the left, effecting a left
wiping action when the switch is closed. In FIG. 9, the
operating forces 52, 53 may be substantiaily balanced
whereby the movable contact 45 will shift neither to the
right nor to the left, and with this construction there is no
appreciable wiping action present. In circumstances where
extremely small currents and voltages are being handled,
the absence of a wiping action if not a disadvantage, and
accordingly the embodiment illustrated in FIG. 9 would
find an application for such uses.

It will be seen that with the novel and improved switch
construction illustrated in FIGS. 6-9 a relatively small
movement of either or both of the end mounting means
37, 38 will result in a correspondingly greater lateral
movement of the movable contact 45 whereby a desirable
movement multiplying action is had. Thus, in response to
a relatively short travel of one or both of the end mount-
ing means, the movable contact may be caused to travel

" a correspondingly greater extent, and also to more rapidly
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move into engagement with the stationary contact 46.
Conversely, upon the removal of the operating force from
the mounting means, the spring action of the actuator de-
vice 25 will restore it to the initial flexed condition shown
in FIG. 6, and opening of the switch will be characterized
by a relatively rapid movement of the contact 45 together
with a great extent of movement, as compared with the
movements of the end mounting means 37, 35. As is
well-known in certain applications, the rapid separation
of contact points or surfaces is beneficial in minimizing
arcing, sparking and the like, and the present switch
construction by virtue of the quick-break action, also has
an advantage in this respect. In conjunction with the

large ratio of movements, the quick-acting make and break .

and the wiping action of the contacts, the switch con-
struction shown in FIGS. 6-9 has the added advantage of
an inherent return force without requiring the utilization
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of scparate springs or other biasing means, since the
bowed member 25 may be formed with the desired bias
to effect separation of the contacts 45, 46 upon removal
of the operating force from the end mounting means.

A novel and advantageous construction employing bal-
anced forces, and utilizing the principles of the basic
structures illustraied in FIGS. 6-9 is set forth in FIGS.
1-4. 1In these figures there is illustrated a switch capable
of controlling as many as four separate or individual elec-
trical circuits. The switch as shown comprises an elongate
box-like casing 56 having top and bottom walls 57, 58,
side walls 592, 66 and end walls 62, 63. The end walls
$2, 63 mount electrical terminal elements 64, and the
sids walls 59, 60 mount terminal elements 65. At their
inner ends, the terminals 65 carry stationary electrical
contacts 66 which are cooperable with movable contacts
68 carried by elongate actuator devices in the form of
bowed elements or strips 78. The sirips 70 may be sim-
ilar in construction and functioning to the actuator device
or element 25 described above.

The bowed elements 7§ are arranged in pairs, as shown,
and the elements of each pair are separated by an elongate
separator and guide member 73 disposed centrally in the
casing 56 and preferably secured to the bottom wall 58
and/or end walls 62, 63 of the casing. The separator
elements 73 may be advantageously constituted of an in-
sulating material such as plastic, or they may be formed
of metal where no insulation is required between the
bowed elements 78 of any one pair. End mounting means
75 are provided, having sockets 76 receiving the ends of
the bowed elements 7. The remaining ends of the bowed
elements, located adjacent the central portion of the casing
56, are provided with V-notches 78 to receive actuator
pins 79 of a step-down iransmission or toggle operator
mechanism 88, said mechanism including links 8%, pins
82 and a common connector and operator member 83
carried by a plunger 84 which has a bearing in the upper
and lower walls 57, 58 of the casing. The operating pins
79 also extend through guide siots 86 in the separator
members 73, as seen in FIGS. 2, 3 and 4. FIGS. 1 and 2
depict the open-circuit position of the switch mechanism.
When, referring to FIG. 2, the plunger 84 is depressed
g0 that it assumes the position of FIG. 3, the toggle
mechanism will be arranged with its legs in alignment or
in dead-center position, and the resultant operating forces
applied by the pins 79 to the ends of the bowed members
76 will cause increased bowing of the latter, causing the
members to assume the dotted line positions shown in
FIG. 1 whereby the cooperable contacts 65, 68 will be
brought into engagement with each other, closing the cir-
cuit through the switch, Upon further downward move-
ment of the plunger 84 from the position of ¥IG. 3 to the
position of FIG. 4, the toggle mechanism will again be
“broken” and the operating pressure will be removed from
the ends of the bowed members 78, whereupon said mem-
bers will become less bowed, thereby separating the mov-
able contacts 68 from the stationary contacts 68 so as to
open-circuit the switch.

When the plunger 84 is in the dead-center position
shown in FIG. 3, no sustaining force will be required to
maintain it in such position, since normally the small
friction existing in the relatively movable parts will effect
this. Thus, the switch will be maintained in its closed-
circuit position with virtually no operating force being
required on the plunger 84. Also, by the same token,
as the plunger 84 attains the dead-center position the
operating force which must be applied to it becomes less
and less, while at the same time the contact pressures be-
tween the cooperable contacts will not only be maintained,
but will be increased an appreciable extent. Thus, a very
appreciable contact pressure may be had with relatively
little force being required on the switch operator at the
time that the toggle attains its dead-center position. The
balanced forces experienced by the toggle for such dead-
center position will thus be acting to maintain the contact

10

15

30

50

60

65

70

75

6

pressures independent of force applied to the plunger.
Also, at the time that the switch is to be opened-circuited,
the force which is required on the plunger 84 to shift
it from the dead-center position of FIG. 3 to the open-
circuit position of FIG. 4 will be relatively small, and in
fact upon the plunger being started toward the open-circuit
position the resilience of the bowed members 78 will effect
a completion of the movement of the plunger, without
requiring further external force thereon.

Instead of the plunger 84 being shifted downward from
the FIG. 3 position to the FIG. 4 position to effect open-
circuiting of the switch, the movement of the plunger may
be reversed, and a stop may be provided to halt the
plunger in its dead-center position, this being illustrated
in FIG. 5. In this figure, the stop member is indicated
by the numeral 88.

With the above balanced-force switch construction it is
seen that the opposed forces enable a self-locking of the
switch to be had in one position, and enable the switch
to be tripped from its self-locked positicn with the appli-
cation of but very small forces. The sustaining of the
switch in its locking position further requires oaly very
smell forces, if indeed any whaisoever. The swiich con-
struction is moreover exiremely sensitive in its response,
involving high contact pressures and relatively small
operating forces as the toggle approaches its dead-center
position. Therefore relatively large currents may be
handled by the switch with safety. The switching action
is also characterized by little movement being required
of the operator, and by a relatively fast make and break,
thereby reducing arcing as compared with slow-acting
switch mechanisms.

Another embodiment of the invention is illustrated in
FIG. 10, wherein a pair of elongate actuator devices 90 -
and 91 is shown, said devices being similar to the actuator
device 25 described above. The actuator devices or
members 98, 91 are disposed broadside to each other, and
have cooperable movable contacts 92 and 93 which may
be brought into engagement by application of an operat-
ing force 54 and 35 applied to either of the end mounting
means of the devices. The rapidity of the relative move-
ment of the contacts is increased where, as illustrated,
two operating forces 94 and $5 are concurrently applied.
By such construction, in addition to the advantages al-
ready enumnerated above there is had the further advan-
tage that a much wider separation of the coperable con-
tacts is eifected, tcgether with the aforesaid more rapid
relative movement of the contacts as compared with
s‘f/itch constructions employing but a single actuator de-
vice.

In FIG. 11 a four-circuit switch mechanism as provided
by the invention is illustrated. This switch mechanism
comprises four elongate actuator devices 97, 98, 99 and
180, having movable contacts 161, 102, 183 and 164
which are respectively cooperable with stationary con-
tacts 185, 166, 187 and 188. The stationary contacts
1¢5-168 are carried on spring leaf members 199, 1o,
112 and 112, the said members being insulated by suitable
separator strips 114, 115. The leaf elements 109-112
may yield a slight extent upon engagement between the
cooperable contacts, and accordingly a wiping action is
had between the contacts while at the same time the di-
mensions and adjustment of the switch mechanism is .
not so critical, since the yielding of the leaf elements
182-112 will permit complete closing of all four of the
switch circuits even though some of the contacts become
engaged prior to others. The operating forces for actu-
ating the switch members may be applied to the end
mounting means, as indicated by the arrows shown in con-
junction with each such mounting means. Such operat-
ing forces may accordingly be of the opposed or balanced
type, similar to the organization shown in FIGS. 1-4.
It will be understood that the arrangement of FIG. 11
provides for a wiping action of the switch contacts even
though operating forces are applied to both ends of any
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or all of the four elongate actuator devices, inasmuch as
the yielding of the leaf-members 162-112 will cause a
slight displacement of the staticnary contacts 165-188 in
an edgewise direction, that is, longitudinally of the actu-
ator devices.

Another embodiment of the invention is illustrated in
FIG. 12, wherein a rotary shaft 315 is provided, carrying
an operator disc 116 having notches 117 and 118§, in con-
junction with elongate actuatcer devices 119, 128. It will
be readily understood that counterclockwise turning of
the disc 236 will effect a greater flexure of the devices 119,
129 and closing of the switch circuits, and upon removal
of the operating force from the disc 126 the resilience of
the devices 118, 128 will cause them to flex to a lesser de-
gree, returning the operating disc 116 to iis open circuit
position. An arm 121 is carried by the operating dis
316 and is adapted to engage a fixed stop member 121
whereby the return movement of the operating disc ma
be stopped at a predetermined point.

‘In FIG. 13 an operating lever 122 has notches 123
accommodating the ends of elongate actuatcr devices
125, in an organization where four separats circuits may
be controlled. Counterclockwise turning movement of
the lever 122 will effect a closing of the upper left and
lower right switch devices, and clockwise movement of the
lever 122 will effect an opening of such devices and a
closing of the upper right and lower left switch devices.
if, for example, only the upper left and lower right switch
devices are employed and the other switch devices are
omitted, stop 127 may be uiilized for engagement with
the lever 122 to provide the opposing or reactive force
which was removed by removal of the upper right and
lower left switch devices.

FIG. 14.illustrates an organization quite similar to that
of FIG. 13 except that the operating lever 222 is replaced
by an operating disc or wheel 129, having notches 130
which function in the manner of the notches 323 in the
lever 122. The operation of the switches in FIGS. 13
and 14 is otherwise similar.

Still another embodiment of the invention is . illus-
trated in FIG. 15. In this figure two elengate actuator
devices 132 and 133 are provided, said devices being asso-
ciated with opposed-action operating levers 135 and 136.
Between the levers 135, 136 there is disposed a plunger
138 having a carrier member 139 provided with rollers
148, 3141 which are engageable respectively with the levers
135, 136. It will be understood that when the plunger
138 is depressed or shifted downward as szen in the fignre,
the levers 135, 136 will be swung in opposite directions
or away from each other, thereby increasing the flexing of
the actuator devices 132, 133 and closing the switch cir-
cuits. A stop 142 is provided to prevent further down-
ward movement of the plunger. The resilience of the
actutaor devices 132, 133 may be employed to return the
plunger 138 to its raised position, or if the operating
mechanism is designed to be self-locking by virtue of
the levers 135, 136 becoming parallel when. the switches
are in closed positions, the return of the plunger 138
must be effected by the application of an external return-
ing force, regardless of the resilience of the devices 132,
133. ‘Thus, the opposed or balanced force characteristic
of the switch iilustrated in FIGS. 1-4 may alsc be had
with the construction shown in FIG. 15.

. Another embodiment of the invention is illustrated in
FIG. 16, wherein the elongate actuator device 143 com-
prises a pair of rigid arms 144, 145, the remote ends of
said arms being received in sockets 146, %47 respectively
of and mounting means 148, 149. The juxtaposed end
portions 158, 151 of the rigid arms 144, 145 may be
operatively connected together by a pivotal connection
employing a pivot pin 153. One actuator arm, as for ex-
ample, the arm 145 shown in FIG. 16 may have an ex-
tension 155 provided with a movable contact 15§ which
is cooperable with a stationary contact 158. Upon the
application of an operating force to one or both of the
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end mounting means, as indicated by the arrows 160 in
FIG. 16, the movable contact 156 will be shifted laterally
with respect to the actuator device, and will be brought
into engagement with the stationary contact 158, thereby
to close the swiich circuit. With this construction, a
slightly greater mechanical advantage or multiplication
of movement is had, whereby a larger and faster move-
ment of the contact 156 is expsrienced with respect to
the movement of the end mounting means 148, 149 as

fTected by the operating force 169. A return spring 162
may be provided, to effect opening of the switch circuit
and straightening of the actuator arms 144, 145 upon re-
moval of the operating force 166.

Another embodiment of the invention is illustrated in
FIGS. 17 and 18. In this form, an elongate actuator
device 165 is provided, in the form of a bowed strip, -and
such strip may be considered as being constitnted of two
actuator arms, each arm comprising a half of the strip.
Thus, the center portion 167 of the strip 165 may be
thought of as the junction or connection between the two
actuator arms, which latter have been labeled 168 and 169
in the figures. Therefore, the juxtaposed end portions
of the actuator arms 168, 169 may be thought of as being
operatively connected together at the mid-point 167 of
the actuator device 165, insofar as the action and func-
tioning of the said device is concerned. For, the center
portion 167 of the actuator device will be shifted laterally
at a greater speed and with a greater travel than one of
the end mounting means for the switch mechanism, upon
the application of an operating force (as shown by the
arrow 170 in FIG. 18) thereto. Thus, the acticn of the
elongate actuator device 165 is similar in many respects
to the other forms of the invention described above. In
FIGS. 17 and 18 a separate contact carrying arm 172
is provided, having a movable contact 173 cooperable and
engageable with a fixed contact 174, the arm 172 being se-
cured to an end portion of the actuator device 165, In
the figures, the contact carrying arm 172 is shown as se-
cured to the left end portion of the actuator device. With
this organization there is retained the resilient or spring
action characteristic of a bowed actuator device while at
the same time an even greater Tratio of movement exists
bstween the movable contact and the end mounting means
to which the operating force is applied. Also, there is
present a wiping action of the contacts upon their being
engaged, and dimensions need not be critical inasmuch
as the contact carrying arm 172 may also be made re-
silient, whereby it can yield after effecting engagement
between the contacts 173 and 174. A single operating
force is indicated at 178, resulting in an unbalanced ar-
rangement.
gard to the structures shown in FIGS. 16, 17 and 18, a
balanced organization may be provided by duplicating
these structures and arranging them in alignment with
each other aleng the lines suggested by the embodiment
of FIGS. 1-4. A toggle-type operator may then be em-
ployed, or else a cam-type operator, the latter being illus-
trated in FIG. 15, for example. Thus, a balanced force
or opposed force system may be had with the attendant
advantages already mentioned above.

Still another embodiment of the invention is illustrated
in FIGS. 19 and 20, wherein an elongate actuator device
178 is provided, having rigid arms 176, 177 which are
pin connected together with a pin 178. 'The arms 176,
177 may be pivotally mounted at their remote ends, and
an operating force 186 may be applied to one of the piv-
o_t_al mounting pins, to effect lateral movement of the cen-
ter portion of the actuator device, where the pivot pin 178
is located. A contact carrying arm 282 may be provided,
secured to one of the actuator arms 176, 177, said carrier
being provided with a movable contact 182 which is co-
operable with a stationary contact 183, as shown.. In
FIGS. 19 and 20 the contact carrying arm or extension
184 is illustrated as carried by the left actuator arm 176
of the switch mechanism, and the contact carrier may be

It will be understood, however, that with re- -
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either rigid or else resilient, as will be understood. With
this organization as with the embodiment of FIGS. 17
and 18 an added mechanical advantage is had in that an
even greater ratio of movement exists between the operat-
ing force 189 and the movable contact 182. As shown,
a return spring is provided to open the switch circuit and
straighten the actuator arms 176, 177 upon removal of
the operating force 180.

In the foregoing examples of switch construction as
provided by the invention the application of the operating
force has been utilized to effect the closing of the circuit
by a driving action. However, by a simple reversal of
the contact arrangement, the application of operating
force to the switch may be utilized to open the switch cir-
cuit by an indirect action. Such arrangement is illus-
trated in FIG. 21 wherein an elongate actuating device 185
is shown which is normally biased to a straight positicn,
said device having a movable contact 186 which is co-
operable with a stationary contact 187. A plunger 188
and toggle arrangement 189 is illustrated, for actuating an
end mounting means 199 for the elongate actuator de-
vice 185. When the plunger 188 is shifted from the
raised full line position of FIG. 21 to the lowered or dot-
ted line position, the actuator device 183 will be flexed
to a lesser degree, thereby engaging the movable con-
tact 186 with the stationary contact 187. Tt wili be under-
stood that the open-circuit position of the switch is illus-
trated by the fullline showing, and that the togele mech-
anism is in dead-center position for such open circuit con-
dition. ‘With the organization shown in FIG. 21 there is
also the advantage of an opposed-force or balanced-force
organization in conjunction with a toggle mechanism,
while at the same time but a single elongate actuator de-
vice is utilized for controlling but a single electrical cir-
cuit. Thus, the advantages of the balanced-force or
opposed-force construction set forth in connection with
FIGS. 1-4 is had with the switch shown in FIG. 21, while
at the same time the switch need not utilize multiple
switching elements but instead may be of the single-circuit
type.

In the modified form of the present invention shown in
FIG. 22 the actuator arm 291 is made of non-conductive
material, such as plastic or the like. Upon the flexing of
the arm by application of force 202 the actuator 281 will
flex and shift in an upward direction to engage and move
the movable contact 45, thereupon causing the movable
contact 283 to engage the cooperable stationary comtact
294, providing a circuit of which the actuating arm is not
a part. It will be understocd that while the actuating
arm 201 has been described as being of non-conductive
material, the same results may be obtained by providing
an insulating cover over the metal arms hereinbefore de-
scribed.

While in the description the contacts have been usually
set forth as comprising separate parts, it is to be under-
stocd that the contacts may be an integral part of the
switch arms, which themselves will then provide contact
surfaces to equal advantage.

From the foregoing it will now be understood that I
have provided by the present invention an extremely
simple, sensitive and efficient electrical switch mechanism
wherein relatively small operating forces are required
while at the same time effecting high contact pressures.
The switch mechanisms are characterized by rapid make
and break, and a high ratio of movement between the
cooperable contacts and the operating force applied to op-
erate the switch. In conjunction with thess advantages
there is also had a wiping action of the contacts, together
with a simple, inherent spring action for effecting return
of the members to their initial positions. Switch mecha-
nisms employing opposed or balanced operating forces and
also unbalanced forces are illustrated, and the balanced or
opposed-force type of mechanism may be self-locking in
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a very small operating force, and also maintained in one
position by a small operating force.

Variations and modifications may be made within the
scope of the claims, and portions of the improvement
may be used without others.

I claim:

1. An electrical switch for controlling an electrical cir-
cuit and comprising a normally bowed flexible strip, op-
posed mounting means for end mounting said flexible strip
in its normally bowed pesition, at least one of said mount-
ing means being movable relative to the other mounting
means, operable means for increasing the flex of said strip,
a contact connected intermediate the ends of said strip and
adapted to engage a cooperable contact upon further flex-
ing of said strip in response to the relative movement of
said mounting means toward one another upon the actua-
tion of said operable means, said operable means including
a toggle mechanism being shiftable between out of dead
center and dead center positions, said toggle mechanism
including a plunger and a link pivoted at one end to said
plunger and having its other end pivoted to said strip,
movement of said toggle mechanism to dead center further
flexes said strip and moves said contact carried thereby
into resilient engagement with said cooperable contact,
said strip resiliently disengaging said contacts upon move-
ment of said toggle mechanism to an out of dead center
position, and said further flexing of said strip causing an
edgewise movement of the contact connected thereto rela-
tive to the cooperable contact after engagement therebe-
tween the produce a wiping action between said contacts;
and said contacts being maintained closed with a minimum
of sustaining force on said plunger.

2. An electrical switch comprising a housing, a normal-
1y bowed flexible strip disposed in said housing, a pair of
opposed mounting means for end mounting said flexible
strip in 2 normally bowed position, means mounting at
Jeast a first of said mounting means for movement relative
to the other mounting means, operable means for moving
said first mounting means for further flexing said strip, a
movable contact connected to the high point of said nor-
mally bowed strip and adapted to engage a cooperable sta-
tionary contact upon said further flexing of said strip in
response to the relative movement between mounting
1means toward one another upon the actuation of said op-
erable means, said operable means including a plunger
shiftable between operative and inoperative positions, a
link pivoted at one end to said plunger and pivoted at its
other end to the end of said strip, whereby movement
of said plunger moves said connected link into a dead
center position and effects said further flexing of said strip
to move said movable contact into engagement with said
cooperable stationary contact, said contacts being main-
tained closed with minimum of sustaining force on said
plunger, and movement of said link out of dead center
causing resilient disengagement of said contacts.

3. An elecirical switch capable of controlling a plu-
rality of electrical circuits comprising a housing, normally
bowed flexible strips arranged in pairs disposed in said
housing, each strip of each pair of strips being oppositely
bowed, said pairs of strips being dispcsed in spaced end
to end relationship, end mounting means for receiving
the remote ends of the strips in each pairs of strips, a
movable contact connected to the high point of each of
said normally bowed strips, a fixed cooperable contact
opposite each of said movable contacts, operable means
disposed between the adjacent spaced ends of said pairs
of strips for simultaneously shifting the adjacent ends of
said pairs of strips laterally toward the remote ends there-
of for increasing the flex of said strips to effect contact
between the respective movable contacts connected there-
to and the adjacent cooperable fixed contacts to control
the respective circuits, said coperable means comprising a
toggle operator having a plunger shiftable between op-
posed walls of said housing, toggle links each having one
end pivotaily connected to the plunger and having its



3,109,901

i1

other end pivotally connected to the adjacent ends of one
of said pairs of flexible strips whereby movement of said
toggle links to their dead center positions effects flexing
of said strips to «close the respective contacts so that
the closing pressure between contacts increases as the
operating force diminishes, whereby said contacts are
maintained closed with a minimum of sustaining force on
said plunger, and movement ¢f said toggle operator out
cf said dead center position being operative to permit
return of said strips to their original flexed position and
the separation of said' movable and cooperable contacts.

4. An electrical switch capable of contrclliing a plu-
rality 'of electrical circuits comprising a housing having
connected top, bottom, side and end walls, normally
bowed flexible sirips arranged in pairs disposed in said
housing, each of said pairs of strips being disposed in
spaced end to end relationship, end mounting means for
receiving the remote ends of said pairs of sirips, a separa-
tor connected to one of said walls, said separator being
of insulating material and being disposed between said
strips 'of each pair, a movable contact connected to the
high point of each of said normally bowed sirips, a fixed
contact connected to the walls of said housing opposite
-to each of said movable contacts, operable means dis-
posed between the adjacent ends of said pairs of strips
for simultaneously shifting the adjacent ends of said pairs
of strips laterally toward the respective remote ends there-
of for increasing the flex of said strips to effect contact
between the respective movable contact connected thereto
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and the adjacent cooperable fixed contact to control the
respective circuits, said operable means comprising a
toggle coperatively connected to said adjacent ends of
said pairs of strips, said toggle means being movable into
and out of dead center position, said strips being fiexed
to effect said contact of said movable and fixed contacts
when toggle is in said dead center position, and said strips
being in said original flexed position with said movable
and fixed contacts spaced apart when said toggle is out
of said dead center position.
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