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My invention relates to snap-action devices,
and more particularly to snap-acting switches
of the sequence type and the like and has for its
object the provision of a simple and reliable de-
vice of this character which has a minimum
number of parts and which is inexpensive to
manufacture, :

In carrying out my invention I support upon a
reciprocable actuating member a switch member
comprising a palr of compression arms pivotally
mounted on opposite sides of the actuating mem-
ber and extending in opposite directions there-
from and & tension member connected between
the free ends of the compression members to
permit overcenter movement of the pivoted ends
of the compression members with respect to the
plane of the tension member, copending appli-
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interrupting capacity for both alternating and
direct current in comparison to its physical di-~
mensions. The switch is suitable for precision
work, since movement of the actuating member
required to effect circult making or circuit break-
ing movement of the contacts at the outer ends
of the spring strip is quite small and remains
substantially constant. For example, in a typical
switching device in which the switch member of
spring material was approximately one inch in

. length, the actuating movement was approxi-
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cation. Preferably, the switch member comprises - '

a single unitary strip of spring material slotted
to provide & pair of outer tension arms and a
central pair of spaced-apart compression arms
Jjuxtaposed in opposing relation such as described
and claimed in my copending application, Serial

No. 435,220, filed March 18, 1942, The juxta-

posed inner ends of the compression arms are
pivotally mounted upon the reciprocable actuat-
ing member which is arranged to move the piv-
oted ends of the compression arms over center
with respect to the plane of the strip, thereby to
move the outer ends of the strip in the opposite
" direction with a snap action. The outer ends of
the strip and the actuating member are provided
with suitable stops to limit the movement of the
various parts of the device.
provided for limiting movement of the outer ends
of the spring strip in each direction and in
order to render the overcenter movement of the
outer ends of the spring strip non-simultaneous
or sequential in any desired order, one or both
of these pairs of limiting stops may be displaced
longitudinally of the direction of movement of
the actuating member so that a line drawn be-
tween one or both pairs of stops is slightly in-
clined with respect to the direction of move~
ment of the actuating member. According to
another form of the invention sequential over-
center movement of the compression arms and
hence sequential snap action of th . opposite ends
of the strip is attained by pivoting the compres-
sion arms upon the actuating member at dif-
ferent perpendicular distances from the plane of
the tension arms.

Such a device may be built in very small sizes
and, when used to actuate the contacts of an
electric switch, the switch possesses remarkable
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mately #; of an inch and was found to be sub-
stantially invariable sfter many thousands of
operations. In this device the contact move-
ment was of the order of only g of an inch;
yet this switch successfully made the circult of
& Y, horsepowered stalled rotor capacitor motor
and interrupted the full load running current
of the motor thousands of times. .
For s more complete understanding of my
invention and for a further appreciation of its
objects and advantages, reference should now
be had to the following detailed specification
taken in conjunction with the -accompanying
drawing in which Fig. 1 is a plan view partly
in section of a snap-action electric switch em-
bodying my invention; Fig. 2 is a side elevation,
partly in section, of the device shown at Fig. 1
with the cover removed; Figs. 3 and 4 are sim-
plified diagrams of the snap-action switch of
Figs. 1 and 2 showing various phases of the OD-
eration; Figs. 5 and 6 are simplified diagrams
lilustrating other embodiments of the invention;
and Fig. 7 13 a simplified circuit diagram of a
motor control circuit illustrating a typical ap-
blication of the electric switch shown at Pigs,
1-4 inclusive. ‘
Referring now to the drawing, I have shown
my invention applied to & push-button operated
snap-action switch of the type deseribed and
claimed in my copending application, Serial No.
435,220, filed March 18, 1942 and assigned to the
same assignee as the instant application. The
switch is mounted in a casing 0 of suitabie
configuration which is preferably made of g
molded insulating compound and provided with

8 cover {0a. The switch member itself is a uni-

tary flat strip of gpring material i1, slotted at
12 and 13 to provide a pair of outer tension arms
I8 and 15 and a central pair of opposing com-
bression arms {8 and (1. 'The compression
members {8 and 17 are deformable and are
formed by dividing a single central arm trans-
versely in the region of its center so that the
inner ends of the arms 18 and (1 are Juxtaposed
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in spaced relation. - At opposite outer ends of the
strip 11 are mounted movable contact members
18 and 19. .

Two pairs of fixed contact members 20 and
21 are disposed adjacent the movable contacts
18 and {8 for engagement with the movable con-
tacts to limit their movement in opposite direc-
tions longitudinally of a reciprocable actuating
and supporting member. The actuating and
supporting member comprises a shank portion or
rod 30, a moulded head portion 3{ and a pair of
bowed spring strips 32. -

Each pair of fixed contact members 20 and 21
is arranged for engagement with the movable
contacts {8 and 19 in one of the two positions of
equilibrium of the spring strip 11. To provide for
sequential actuation of the movable contacts 18
and 19 upon movement of the reciprocable mem-
ber 30, the contacts of each pair of fixed contacts
20 and 21 are displaced longitudinally of the di-
rection of movement of the member 38, so that a
line drawn between each pair of fixed contacts,
such as a line drawn between the contact sur-

‘faces of the pair of fixed contacts 20, will be in-
clined with respect to the direction of motion of
the reciprocable actuating member 30, 31, 32. It
will be understood that the contacts of each pair
of fixed contacts 20 and 21 adjacent the same end
of the spring strip {1 are spaced apart to permit
.movement of the associated movable contact 18
or 19 therebetween. In the form of the inven-
tion shown ‘at Figs. 1-4, inclusive, and Fig. 6,
the spacing between the fixed contacts at each
end of the spring strip 11 Is the same, so that the
lines drawn between the contact surfaces of each
pair of fixed contacts will be parallel and hence,
similarly inclined with respect to the direction
of motion of the rectilinearly movable actuating
member 30, 31, 32.° . :

The actuating and supporting rod 30 is slid-
ably supported in the casing 10 for movement
of the juxtaposed pivoted inner ends of the com-
pression arms #6 and 17 overcenter with respect
to the plane of the spring strip I1. The actu-
ating member 30, 31, 32 may be arranged for
manual push button operation by extension of
the head portion 31 through a suitable aperture
in the casing 10. In the form of the invention
shown, the actuating member also comprises the
pair of bowed spring strips 32 clamped between
the actuating rod 30 and the push-button head
31. The spring strips 32 are provided with slightly
curved base sections 33 arranged for insertion in
suitable slots in the push-button head portion 31
in clamping relation between the actuating rod
30 and the push-button head 31. The portions
33 of the springs 32 serve frictionally to attach
the head portion 3! to the actuating rod 30 and
to ‘attach the spring strips 32 to the actuating
member., Each of the spring strips 32 is notched
at its lower end, as at 34, pivotally to support one
of the juxtaposed inner ends of the deformable
compression members 16 and 1. The springs 32
are biased outwardly to apply endwise forces
to the members 16 and 17, thereby to bend and
spread the members (6 and 7. The notched
ends of the spring strips 32 provide a pivotal
supporting and actuating connection between
the actuating member 30, 31, 32 and the resilient
switch member {i. The normal spacing between
the pivotal notches 34 in the actuating member
is greater than the space between the juxtaposed
ends of the members 16 and 17 in the plane of
the spring strip 1. It will of course be under-
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stood that, if desired, the springs 32 may be made
integral, as in the form of a resilient yoke bridg-
ing the gap between the juxtaposed inner ends of
the compression members 16 and {7.

The push-button actuating member is prefer-
ably biased to the position shown in Fig. 1 by
means of a small compression spring 35, one end
of which engages a portion of the casing 10 and
the other end of which engages a shoulder 36
formed on the actuating rod 30. The movement
of the push button in both directions is limited
by suitable stops. As shown in the drawing, up-
ward movement of the push button is limited by
engagement of a peripheral flange 37 on the head
portion 3i of the actuating member with the
casing {0. Downward movement of the push
button is limited by the limit of compression of
the spring 35 between the shoulder 36 and the
base of the casing (0.

With the foregoing understanding of the con-
structional features of my snap-action switch, the
mode of operation of the switch will be clear
from the following brief description. Referring
now particularly to Figs. 1, 2, 3 and 4, the switch
is shown at Fig, 2 in its normal position with the
actuating member 39, 31, 32 biased upwardly by
the spring 35 and the contacts i8 and 19 in en-
gagement with the lower pair of stationary con-
tacts 21. If now the actuating rod 30 is de-
pressed by pushing downwardly upon the head
portion 3f of the actuating member, the com-
pression arms {6 and (T of the resilient switch
member {1 will be forced over center in sequen-
tial relation with respect to the plane of the
tension arms 14 and 5. Such over-center move-
ment will be accomplished partly by the deforma-
tion of the spring strips 32 against their outward
or spreading bias and partially by defermation
of the resilient compression arms {6 and 17 them-
selves. , .

It will be noted from Fig. 2 that the plane of
the tension arms {4 and 15 is inclined with re-
spect to the direction of motion of the actuating
member 30, 31, 32 by reason of the fact that the
contact points of the two stationary contacts
21 define a line which is so inclined. Because of
this inclination of the plane of the tension mem-
bers 14 and (5, the pivoted end of the compres-
sion arm 16 will pass overcenter with respect to
this plane prior to a like overcenter movement
of the pivoted end of the compression arm 7.
As soon as the pivoted inner end of the compres-
sion arm 16 passes overcenter, the outer or free
end of this compression arm carrying the mov-
able contact {8 will move in the opposite direc~
tion, in this case upwardly, with a snap action
under the influence of the compression member
16 and the associated spring 32. At Fig. 3 T have
shown the switch in this intermediate position
where the compression arm 16, which is first to
pass overcenter, has raised the movable contact
{8 to its upper position, while the pivoted end
of the compression arm {71 has not yet passed the
plane of the tension members {4 and {5 in its
downward movement., A further depression of
the actuating member 30 will effect overcenter
movement of the pivoted inner end of the com-
pression arm {7, thereby to raise the movable
contact {9 to its upper position with a snap
action. The final position of the switch, upon
downward movement of the actuating member
80, is shown at Fig. 4.

It will be appreciated from the foregoing de-
scription that it is the inclination of the plane
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of the tension members i4 and {5 with respect
to the direction of movement of the actuating
rod 30 which causes the pivoted end of one of the
compression arms to move overcenter prior to
overcenter movement of the pivoted end of the
other compression arm, It will also be evident
from Pig. 3 that the upward snapping movement
of the first movable contact 18 changes the in-
clination of the plane of the tension members
{4 and 8 and, therefore, moves the plane of the
tension members nearer to the pivoted inner end
of the compression arm |7 which has not yet
moved over center, It is possible, if desired, to
- 80 orient the parts of the device that this change
in the inclination of the plane of the tension
members |4 and 15 by snapping movement of the
first contact will of itself effect overcenter opéera-

tion of the pivoted inner end of the compression

arm {7, thereby to produce a very rapid sequen-
tial operation of the contacts without further
downward movement of the actuating rod 30.
On the other hand, the device may be so arranged
that, as shown in Fig. 3, a slight additional down-
ward movement of the actuating member i nec-
essary in order to snap the second movable con-
tact 19 to its upper position. In this case the
switch member will be in equilibrium in the in-
termediate position of Fig. 3 as well as in the two
opposite overcenter positions shown at Figs. 2
and 4.

Fig. 4 indlcates that a certain amount of over-
travel of the pivoted inner ends of the compres-
sion arms {8 and (7 is desirable after overcenter
movement of the last of the compression arms.
Buch overtravel ensures positive engagement of
the movable contacts 18 and 19 with the upper
stationary contacts 20. However, any such addi-
tlonal downward movement of the actuating rod
30 must be limited, as by engagement of the turns
of the spring 35 with each other, in order to
prevent the actuating member from carrying the
entire switch member {1 downwardly to such an
extent that the movement of the contacts 18 and
19 is reversed, thereby to reengage the contact 21.

From the foregoing description of the opera=
tion of the devices of Figs, 14, inclusive, it will
be evident that upon upward movement of the
switch actuating member 88, 3!, 32 under the
influence of the compression spring 35, the com-
pression arm 1T will pass over center prior to
overcenter movement of the compression arm 18§,

8o that the contact 19 will be actuated to its lower

position before downward movement of the con-
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tact 18, Thus, upon reversal of the direction of .

motion of the actuating member 36, 31, 32 the
sequential actuation of the movable contacts
takes place in reversed order.

By way of illustration of a typical application
of my sequential snap-action switch illustrated
at Figs. 1-4, I have shown in Fig. 7 a circuit in-
cluding such a switch for controlling a reversible
direct current series motor. The motor includes
an armature 40, a forward fleld exciting winding
41 and a reverse fleld exciting winding 42. The
fleld exciting windings 41 and 42 are alternatively
connected in series circuit relation with the ar-
mature 40 to a source of direct current supply
43 through the contacts 18 and 19 of a snap-
action switch embodying my invention. As illus-
trated at Fig. 6, the circuit for the armature and
forward field exciting winding 41 is completed
through the movable contacts 18 and 19 and the
" upper pair of stationary contacts 20, while the
circuit for the armature and reverse field excit-
ing winding 42 is completed through the movable
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contacts {8 and 19 and the lower pair of station-
ary contacts 21, When the switch is in its nor-
mal position, as shown at Pig. 6, the circuit for
the forward fleld exciting winding 4f is com-
pleted. In operation, when the actuating mem-
ber 30, 31, 32 is depressed, the movable contact
{8 is first actuated to open the forward motoring
circuit and the contact 18 is subsequently moved
to its upper position to then complete the reverse
motoring circuit. Similarly, upon upward move-
ment of the actuating member 30, 31, 32 the re-
verse motoring circuit is first broken at the con-
tact 19 before completion of the forward motor-
ing circult at the contact 18.

At Fig. b, I have shown another embodiment

" of my inventfon in which the upper pair of sta-

tionary contacts 20 are relatively displaced longi- .
tudinally of the direction of movement of the
actuating member 30 in the manner heretofore
described, but in which the lower pair of station-
ary contacts 21’ are so positioned that g line
drawn between their contacting surfaces is per-
pendicular to the direction of movement of the
actuating member 80, 81, 32. By this arrange-
ment, it will be seen that sequential operation of
the movable contacts is effected only upon up-
ward movement of the actuating rod 30 to move
the movable contacts I8 and {8 to their lower
position, In the embodiment of Fig. 5, a down-
ward movement of the actuating rod 30 will effect
simultaneous overcenter movement of the pivoted
inner ends of the compression members 16 and
11 and, therefore, a simultaneous upward actua-
tion of the movable contacts {8 and 19,
Sequential snap action of the movable contacts
8 and 19 may also be effected by displacement
of the pivot points of the compression arms (8
and 171 as well as by displacement of the sta-
tionary contacts or stops at the outer ends of
the compression arms. At Fig. 6 I have shown
an arrangement in which each pair of stationary
contacts 20 and 21 are symmetrically positioned
so that lines defined by the contact points of
each pair of contacts are perpendicular to the
direction of motion of the actuating member 380,
31, 32. ' At Fig. 6, however, the pivotal notches

'34 in the springs 32 are displaced longitudinally

of the actuating rod 30, so that the pivot points
of the inner ends of the compression arms 16 and
{1 are unequally spaced from the plane of the
tension arms 14 and {5 in both overcenter equi-
librium. positions. It will be evident from the
foregoing description of the operation of other
embodiments of my invention that when the rod
30 of Fig. 6 is moved in either direction the
pivot points of the compression arms will pass
over center with respect to the plane of the ten-
sion arms in sequential relation and that the
movable contacts 18 and 9 will be snapped in
like sequential relation. It will, of course, be -
understood that if it is desired to render snap-
ping movement of the contacts of a device such
as that of Fig. 6 sequentia] in only one direction,
one pair of fixed contacts or stops may be so dis-
blaced that they lie on a line drawn between the
longitudinally displaced pivot points 34 for the
compression members,

I wish to have it understood that when I refer
in the appended claims to two “equiltbrium posi-
tions” of the switch member, I mean the two op-
posite overcenter equilibrium positions, such as
those of Figs. 2 and 4; rather than the optional
iFr‘xlter;nedia,te position of equilibrium shown at

g. 3.

While I have described only certain preferred
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embodiments of my invention by way of illus-
tration, many modifications will occur to those
skilled in the art and I, therefore, wish to have it
understood that I intend in the appended claims
to cover all such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A snap-action device comprising & base, an
actuating member mounted upon said base for
limited reciprocal movement, & palr of compres-
ston members pivotally mounted upon said actu-
ating member and extending laterally in opposite
directions therefrom, a tension member connected
between the free ends of said compression mem-
bers to permit overcenter movement of the piv-
oted ends of said compression members with re-
spect to said tension member, and filxed stop
means arranged for limiting movement of said
free ends of sald compression members in each
direction longitudinally of said reciprocable actu-
ating member, thereby to provide two positions
of stable equilibrium for said tension member,
saidg stop means for limiting movement in at
jeast one direction being so arranged that the dis-
tances between said tension member and the piv-
oted ends of said compression members are un-
equal in at least one position of equilibrium of
said tension member, thereby to render overcen-
ter movement of said compression members se-
quential in at least one direction.

2. A snap-action device comprising a base, an
aetuating member mounted upon said base for
limited reciprocal movement, & pair of compres-
sion members pivotally mounted upon said actu-
ating member and extending laterally in opposite
directions therefrom, a tension member connected
between the free ends of said compression mem-
bers to permit overcenter movement of the pivoted
ends of said compression members with respect to
said tension member, and fixed stop means for
limiting movement of said free ends of said com-
pression members in each direction longitudinally
of said reciprocable actuating member, thereby to
provide two positions of stable equilibrium for
said tension member, said stop means being so
arranged that in each of said positions of stable
equilibrium the distances between said tension
member and the pivoted ends of said compression
members are unequal, thereby to render over-

. center movement of said compression members
sequential.

3. A snap-action device comprising a base, an
actuating member mounted upon said base for
limited reciprocal movement, a pair of compres-
sion members pivotally mounted upon said actu-
ating member and extending laterally in opposite
directions therefrom, a tension member connected
between the free ends of said compression mem-
bers to permit overcenter movement of the piv-
oted ends of said compression members with
respect to snid tension member, and fixed stop
means for limiting movement of said free ends of
said compression members in each direction longi-
tudinally of said reciprocable actuating member,
said stop means for limiting movement in at
least one direction including a pair of stop mem-
bers disposed on opposite sides and displaced
longitudinally of said actuating member, there-
by to render overcenter movement of said piv-
oted ends of said compression members sequen-
tial. .

4. A snap-action device comprising a base, an
actuating member mounted upon said base for
limited reciprocal movement, a pair of compres-
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sion members pivotally mounted upon said actu-
ating member and extending laterally in opposite
directions therefrom, a tension member connected
between the free ends of sald compression mem-
bers to permit overcenter movement of the piv-
oted ends of sald compression members with re-
spect to-said tension member, and fixed stop
means for limiting movement of said free ends
of said compression members in each direction
longitudinally of said actuating member and
thereby to provide two positions of stable equilib-
rium for said tension member, said stop means
for limiting movement in at least one direction-
being so arranged that in one of said equilibrium
positions said tension member is inclined with
respect to the direction of movement of sald
actuating member, thereby to render overcenter
movement of said pivoted ends of said compres-
sion members sequential. .

5. A snap-action device comprising a base, an
actuating member mounted upon said base for
limited reciprocal movement, s pair of compres-
sion members pivotally mounted upon said actu-
ating member and extending laterally in op-
posite directions therefrom, & tension member
connected between the free ends of said com-
pression members to permit overcenter move-
ment of the pivoted ends of said compression
members with respect to said tension member,
and a pair of stop members for limiting move-
ment of said free ends of said compression mem-
bers in each direction longitudinally of said actu-
ating member, the line between at least one of
said pairs of stop members being inclined with
respect to the direction of movement of said actu-
ating member, thereby to render overcenter move-
ment of sald pivoted ends of said compression
members sequential when the free ends of said
compression members are held by said one pair
of stops. )

6. A snap-action device comprising & base, an
actuating member mounted upon said base for
limited reciprocal movement, 8 pair of compres-
sion members pivotally mounted upon said actu-

. ating member and extending laterally in opposite

directions therefrom, a tension member connect-
ed between the free ends of said compression
members to permit overcenter movement of the
pivoted ends of said compression members with
respect to sald tension member, and a pair of
stop members for limiting movement of said free
ends of sald compression members In each di-
rection longitudinally of said reciprocable actu-
ating member, the lines between each of said
pairs of stop members being inclined with respect
to the direction of movement of said actuating
member, thereby to render overcenter movement
of sald pivoted ends of said compression mem-
bers sequential in both directions of movement.
7. A snap-action device comprising a base, an
actuating member mounted upon said base for
limited reciprocal movement, a pair of compres-
sion members pivotally mounted upon said actu-
ating member and extending laterally in op-
posite . directions therefrom, & tension member
connected between the free ends of said com-
pression members to permit overcenter move-
ment of the pivoted ends of said compression
members with respect to said tension member,
and a pair of stop members for limiting move-
ment of said free ends of said compression mem-
bers in each direction longitudinally of said recip-
rocable. actuating member, the lines between:
said pairs of stop members being parallel and in-
clined with respect to the direction: of movement
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of said actuaiing member, thereby to render
avercenter movement of said pivoted ends of
said compression members and consequent snap-
action of said free ends of said compression mem-
bers sequential and in inverse order in opposite
directions of movement,
8. A snap-action device comprising an integral
flat strip of spring material slotted longitudinally
‘to form a plurality of substantially parallel re-
silient arms connected together at opposite outer
ends of said strip, one of said arms being divided
transversely immediate its ends to provide & pair
of spaced-apart opposing compression members
having their inner ends in juxtaposition, an actu-
ating and supporting member disposed between
the juxtaposed ends of said compression mem-
bers, said actuating member being wider between
said juxtaposed ends of said compression mem-
_bers than the space between said ends and the
plane of said strip, means for supporting said
actuating member for limited reciprocal move-
ment to move the juxtaposed ends of said com-
pression members over center with respect to
the plane of said strip, and stop means for limit-
ing the movement of both outer ends of said
strip in both directions longitudinally of the di-
rection of movement of said actuating member
to provide two positions of stable equilibrium of
said strip, said stop means being so arranged that
in at least one position of equilibrium the plane
of said strip is inclined to the direction of move-
ment of said actuating member. .
9. A snap-action device comprising a base, an
actuating member mounted upon said base for
limited reciprocal movement, & pair of compres-
sion members pivotally mounted at longitudi-
nally displaced points along said actuating mem-
ber and extending laterally in opposite directions
therefrom, a fension member connected between
the free ends of said compression members to
permit overcenter movement of the pivoted ends
of said compression members with respect to said
tension member, and fixed stop means for limit-
ing movement of said free ends of said compres-
© sion members, thereby to provide two positions
. of stable equilibrium for said tension member,
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said stop means for limiting movement in at least
one direction being so arranged that the distances
between sald tension member and the pivoted -
ends of said compression members are unequal in
at least one position of equilibrium of said ten- -
sion member, thereby to render overcenter move-
ment of said compression member, sequential in
at least one direction. )

10. A snap-agtion device comprising & base, an
actuating member mounted upon said base for
limited reciprocal movement, a pair of compres-
sion members pivotally mounted at longitudi-
nally displaced points along said actuating mem-
ber and extending laterally in opposite directions
therefrom, a tension member connected between
the free ends of said compression members to
permit overcenter movement of the pivoted ends
of said compression members with respect to said
tension member, and stop means for limiting
movement of said free ends of said compression
members in both directions longitudinally of the
direction of movement of said actuating mem-
ber, thereby to provide two positions of stable
equilibrium of said tension member, said stop
means being so arranged that in at least one of
said positions of equilibrium said tension mem-
ber lles perpendicular to said direction of move-
ment of said actuating member.

11, A snap-action device comprising a base, an
actuating rod mounted upon said base for limited
reciprocal movement, a pair of compression arms
pivotally mounted at longitudinally displaced
points along said actuating rod and extending
laterally therefrom in opposite directions, a ten-
sion member connected between the free ends
of said compression members to permit overcen-
ter movement of the pivoted ends of said com-
pression members with respect to said tension
member, and two pairs of fixed stop members for
limiting movemen{ of said tension member in
opposite directions longitudinally of the direc-
tion of movement of said actuating member, at
least one of said pairs of stop members being
arranged to hold said tension member perpen-
dicular to said actuating rod. .

GEORGE M. HAUSLER.




