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9 Claims. (CL 200-—5)

The present invention relates to multiple push button
switches and particularly to an improvement in such
switches of the type pioneered by the Andrews Patent
No. 2,431,904, which is assigned to the same assignee
as is the present invention. Such push button switches
are widely used for controlling the heating elements of
electric ranges, for clothes washing and drying machines,
room air conditioners, electric broilers, window fans,
ete.

This invention was conceived principally to fulfill an
urgent need in eliminating the possibility of flashover
in pushbutton switches for electric ranges that operate
on a three-wire 115/230 volt system. A flashover is
defined as an electrical discharge or arc between con-
ducting portions of the switch of differing line potentials
and is, therefore, a short circuit established through the
arc. It may be of low current magnitude and/or short
time duration, in which case no damage is done to the
switch. If, however, the current magnitude of the arc
and/or the time duration are such as to cause welding
of the switch contacts, the switch itself may be destroyed
and a fire may result. This phenomenon of flashover
may occur in any switching action in which movable con-
tacts connected to a common load are transferred very
rapidly from a contact of one potential to a contact of
ground or opposite potential. It is most likely to occur
when switching rapidly from the maximum heat posi-

tion with the range heating element across a 230 volt-

line to a lower heat position with the element across the
115 volt line. )

A typical switch used on electric ranges is a six button,
five heat position switch where the sixth button is the
“off” button. Each heating element usually consists
of two resistance units which are connected in various
single, series, and parallel circuits operating at either 115
or 230 volts to give the different levels of heat for cook-
ing. In the “high” or “medium high” positions, the re-
sistance units are connected across the 230 volt line
from one 115 volt terminal to the other of opposite
polarity. In the “medium” or “low” positions, the re-
sistance units are connected across the 115 volt line
from one 115 volt terminal to neutral. In switching
from “high” or “medium high” to “medium” or “low,”
the load connection is transferred from one of the 115
volt line terminals to the neutral términal. If the switch-
ing is done sufficiently rapidly, the arc at the 115 volt
terminal may not have been intetrupted prior to the
switch blade having closed on the neutral terminal, and
a short circuit is established through the arc between
the 115 volt line and neutral, causing a flashover. De-
pendent on the severity of the flashover, the temperature
of the arc may be of such high intensity that it will weld
the contacts together, destroying the usefulness of the
switch, o

The arc established between the contacts of a switch
of this type operating in an alternating current circuit
may be interrupted in one of two means, first by opening
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and secondly by the alternating current of the arc going
through a current zero as occurs at each half cycle.
There is a practical limit to which the contacts can be
separated to establish a long gap, thereby extinguishing
the arc. This limit is imposed by factors of size and
cost of materials of the switch. It is therefore preferable
to interrupt the arc by having the current reach a zero
value on the sine curve of the alternating current. If
the contact to be closed can be kept from closing for a
full half cycle after the contact being interrupted is first
opened, then flashover cannot occur since there is no arc
to sustain the short circuit. As a practical matter, the
time can be considerably less than a half cycle since the
available gap does help to interrupt the arc, and since
flashovers that occur late in the half cycle are of such
short duration and of such low magnitudes of instan-
taneous current that the heat of the arc is not sufficient
to cause damage. Experimental work has demonstrated
that a switching interval of one third cycle, rather than
one half cycle, provides adequate protection for a 2600
watt resistive load on a 115/230 volt line operating at
60 cycles per second. ‘

For a common load, the switching time interval be-
tween opening a first switch element connected to a line
of one potential and closing a second switch element
to a line of neutral or opposite potential is a function
of the speed of movement of the sliders of the switch
that control the positions of the movable contact blades.
This will be better nnderstood after a careful reading
of the detailed description of the present invention which
follows. It will suffice to say at this time that the greater
the time taken between opening the line contacts and
closing the neutral contacts, the greater will be the like-
lihood that the arc is extinguished by the natural charac-
teristic of the alternating current passing through a zero
value on the sine wave at the halfway point of the com-
plete cycle.

The primary object of this invention is to provide a
multiple push button switch with a time delay slider
which will delay the closing of the neutral contacts of a
circuit of low potential until sufficient time has been
allowed for the opening of the line contacts in a circuit
that operates at a higher potential.

A further object of this invention is to provide a
multiple push button switch with an additional slider
that will provide a delay in the time of closing of a given
circuit until sufficient time has been allowed for the
opening of a previously closed circuit in order to prevent
flashover from occurring.

A still further object of this invention-is to provide a
multiple push button switch with sliders that have a lost
motion feature in cooperation with at least one of the
buttons to cause the movement of some of the sliders
before one of the sliders is actuated by the button, to
provide a delay in the time of actuating a given circuit
until another circuit has been actuated.

The illustrated embodiment of the present invention is
a six button, five heat position push button switch having
a hollow housing of suitable molded insulating compound.
Four elongated sliders of insulating sheet material are
stacked in the housing in side-by-side relation for inde-
pendent reciprocating movement on the bottom wall of
the housing. A plurality of movable contact blades are
each fastened at one end to the housing and arranged
crosswise of the sliders for cooperation with a series of
cam surfaces cut into the lower edge of each slider. Com-
plementary fixed contacts are positioned near the free
end of the movable contact blades. Accordingly, the
shifting movement of the sliders moves the cam surfaces
which in turn open or close the contact blades to change
the circuitry of the switch. A plurality of push buttons
extend through openings in the top wall of the switch
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housing and cooperate with inclined surfaces on the sliders
so that the depression of each button in succession will
act upon certain of the inclined surfaces to shift the
sliders in a predetermined manner. v

An additional slider has been added and it is herein-
after described as the time delay slider. The time delay
slider has at least one cam surface on its lower edge for
holding the neutral contact blade from closing until one
of the line contacts has opened for a sufficiently long time
to extinguish the arc that forms in the air gap. This time
delay feature is especially important when the switch is
already set in the “high” or “med. high” heat position and
the “medium” or “low” heat position is to be obtained.
When the button for the “medium”™ or the “low” heat
position is depressed, at least one of the cther four sliders
begins to shift and engage or disengage the proper con-
tact blades, but the delay slider does not move immedi-
ately. This delay is due to the fact that the inclined
surface on the delay slider is deeper set in the delay slider
and presents a steeper slope to the push button than the
inclined surfaces of the other sliders. This configuration
causes lost motion between the button for either the
“medium” or “low” heat positions and the delay slider
when the switch is being changed from the “high” or the
“med. high” heat positions. Once the delay slider begins
to move, its cam surface will disengage itself from the
neutral contact blade and allow it to close. All of this
has been done to increase the time available from the
initial opening of the contact blade for one of the line
terminals until the blade for the neutral terminal is closed.
The results obtained from exhaustive life tests and simu-
lated field trials, are that the flashover problem has been
solved by the present invention for the wattage loads em-
ployed and for the impact levels normally imposed on the
switch by the public.

My invention will be better understood from the fol-
lowing description taken in connection with the accom-
panying drawings and its scope will be pointed out in the
appended claims.

Figure 1 is a front elevational view of a multiple push
button switch embodying my invention.

Figure 2 is a bottom: plan view of the switch of Figure
1 with the cover plate removed.

Figure 3 represents the circuit diagrams for the six
positions of the switch.

Figure 4 is a schematic drawing showing the configura-
tions of the several sliders of the switch with relation to
the movable contact blades and the push buttons.

Referring in detail to the drawings and in particular
to the general view of the switch of Figure 1, 1§ repre-
sents the hollow switch housing having a plurality of push
buttons 11 arranged in a line above the switch. Each but-
ton 11 is attached to a metal push rod 12 that extends
through a suitable opening in the top wall of the housing.

Looking at the bottom plan view of Figure 2, it will be :

understood: that the housing 10 comprises a. recessed base
13 that is open at the bottom and is adapted to be closed
by: a thin cover plate (not shown) of insulating material
as is well known in this art: A series of elongated sliders
of insulating sheet material are shown in detail in Figure
4.-and labeled at the right side as A, B, C, D and Delay.
The sliders are stacked.together in side-by-side relation
within the base 13 of the housing. These sliders are sup-
ported on the bottom. wall of the housing formed by the
cover plate and are held in position by close-fitting parti-
tions 14- of the base:13; The lower edge of each slider
as.shown: in Figure-4 is undercut to form cam.surfaces-15
that.are held raised off of the bottom wall of the housing
by the supporting. feet' 16. .

The- electrical: contacts of the switch comprise a.plu-
rality: of movable contact blades 20 that make and break
contact with complementary fixed contacts 21. The con-

tact blades 20 are supported in cantilever fashion- in- the-

housing: along. one: side wall thereof, as seen at the lower
portion.of Figure-2. These contact blades 20 have termi-
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nal ends 22 which represent the load terminals 1, 2, 3 and
PL of the switch. The fixed contacts 21 have terminal
ends 23 with threaded opening 24 to provide screw termi-
nations for the line terminals LY, N and L2.

The upper edge of each slider has a series of inclined
surfaces 26 as seen in Figure 4. The push buttons 11
are shown diagrammatically in cooperation with the delay
slider but it should be understood that the sliders are
side-by-side and the buttons may engage all of the sliders.
The push rods 12 are stampéd from thin metal stock and
have a rounded lower end that slides on the inclined sur-
faces 26 of the slidets. A careful study of the various
directions of inclinations of the surfaces 26 in Figure 4
should maké clear t6 those skilled in this art that the
depression of any button will bring its push rod 12 to
exert a side thrust against one or more of the inclined sur-
faces 26 of the sliders. This will shift the sliders either
to the left or right in a predetermined manner and adjust
the position of the cam surfdces 15 with relation to the
contact blades 28.  These contact blades 20 are shown of
V shape as the central portion of the blades would ap-
pear in transverse cross-section. This shape is used to
render the blades suitable for being cammed as the sliders
are shifted.

The details of the switch structure as explained above
have become generally standardized, although heretofore
such a switch contained only sliders such as A, B, C, and
D. The delay slider of Figure 4 has been added by this
invention for reasons which will be better understood
after study is made of the circuit diagrams of Figure 3.
The circuits are labeled in the order of increasing tem-
perature from “off,” “warm;” “low,” “medium,” “medium
high™ and “high.” The switch is supplied a voltage of
115/230 from three conductors that dre joined to the load
terminals L1, N, and L2. Accordingly, any circuit across
one of the line terminals L1 or L2 and the ncutral termi-
nal N would be operating at a voltage of 115 volts, while
a circuit across the two. line terminals L1 and 1.2 would
be at a potential of 230 volts. There are four load termi-
nals listed as 1, 2, 3, and PL (for pilot light). The heat-
ing element that is to be controlled by the subject switch
comprises two resistarice heaters 30 and 31 which are used
alone, or together in series or in parallel circuits across
either the low or the high voltages to provide a wide range
of available cooking temperatures. In the “high” posi-
tion, heating elements 30 and 31 are connected in parallel
across the two line terminals L1 and L2 at a potentia] of
230 volts. The “medium high” position has only the re-
sistance 31 energized, and is connected across the line

" terminals. L1 and L2 at a potential of 230 volts. The

“medium™ heat position has the two resistance heaters 30
and 31 again connected in parallel, as in the “high”
heat position; but across line L1 and neutral N at a po-
tential of 115 volts. Moreover, the “low” heat position is
comparable to the “medium high” position in that the
heater 31 is the only element that is energized, but the
difference is that it is being operdted at the lower voltage
of 115 volts. Finally, the “warm™ position has the two
heaters 30 and: 31 connected in series across line L1 and
neutral N.

Flashover is known to occur in push button switches
of previous designs when the switch setting is changed
either from the “high” or “medium. high™ positions to
either the “medium” or “low” positions. Attention is
drawn to the fact that in both the “high” and “medium
high” positions the contacts 1.2—3 are closed between line
L2 and load 3, while the contacts N-3 are opened be-
tween the neutral terminal N and load 3. However; in
the “medium” or-“low™ positions, the contacts L2—3 are
open while the contacts N-3 are closed. Hence, it will be
seen that if the circuit is closed by contact N-3 before
the arc is extinguished:in the air gap formed by the open-
ing:of contacts 1.2—3, a short circuit through the arc will
develop as the switch mechanism performs its-switching
operation. from. the. 230 volt settings to the 115 volt set-
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tings. If a sufficient time is given for the opening of the
contacts L2-—3 before the contact N-3 is closed, the
arc in the air gap will be exrnguished automatically. In
the event that the button for the “medium” or “low” heat
position is punched or struck with a heavy impact, some
of the standard sliders A, B, C and D would shift sudden-
ly, causing the circuit transfer to take place in con-
siderably less than a half cycle. If this timing is in the
order of three or four milliseconds, a flashover may oc-
cur across line L2 and the neutral terminal N.

Turning now to a consideration of the delay slider of
Figure 4, particular attention should be given to push but-
tons M and L which represent the “medium” and “low”
positions. Instead of having the usnal inclined surfaces
26, the delay slider has a deeper set inclined surface 28
for both buttons M and L. The expression “deeper set”
means that there is lost motion or a vertical drop for
the rounded end of the push rod 12 before it will engage
the inclined surface 28. Initially, as button M or L is
depressed, the push rod 12 engages the inclined surfaces
26 of the other sliders and these other sliders begin to
shift immediately. The delay slider does not move until
a later time when the button has arrived at the lower posi-
tion where it engages the inclined surface 28. Further
downward movement of the button then causes the delay
slider to move. As shown in Figure 4 of the drawing,
the inclined surface 28 has a steeper slope with respect
to the longitudinal axis or axis of travel of the push button
11 than the slope of the inclined surfaces 26 of the stand-
ard sliders.

The purpose of the deeper set inclined surfaces 28 will
be understood after comparing the two cam surfaces 32
and 33 that are cut in the lower edge of the delay slider

and their relationship to the cam surface 34 cut in the
lower edge of the “C” slider. In Figure 4, the sliders and
blades are illustrated as they are positioned by the push
rod 12 when button H is depressed to obtain the “high”
heat setting. The L.2—3 blade is in the closed position
‘as is permitted by cam surface 32 on the delay and cam
34 on the “C” slider respectively. The N-3 blade is held
open by cam surfaces 33 and 34 on the delay and “C”
sliders. When button M or L is depressed to achieve
“medium” or “low” heat, the “C” slider immediately
moves toward the left by the action of the push rod 12 on
the inclined surface 26, until cam surface 33 opens the
L2—3 blade. Simultaneously, cam surface 34 disengages
itself from the N-3 blade. However, the push rod has
not yet moved far enough to engage the inclined surface
28 of the delay slider, and as a consequence, cam surface
33 on this slider continues to hold the N-3 blade open.

At some later time, when the push rod has moved to a
position where it engages inclined surface 28, the delay
slider moves to the right, and the N-3 blade is permitted
to close. Cam surface 32 slides under the already open
12—3 blade. A delayed action in closing the N-3 blade
after opening the L2—3 blade has therefore been
achieved. The action is similar when the initial slider
and blade positions correspond with those which result
when button MH is depressed.

Having described above my invention of a novel push
button switch with an additional delay slider to prevent
flashover when switching from one potential to another
in a three wire system, it should be readily apparent to
those skilled in this art that this invention has use in
applications other than electric ranges. One example
would be for reversing the polarity of connections to
motors for the purpose of changing their direction of rota-
tion, Another is to provide assurance that one circuit
change is completed prior to another circuit change being
effected to protect against a situation such as the user of
the switch not completely depressing a button with the
result that the sliders do not move to their intended posi-
tion. It is not deemed necessary to locate the deeper set
inclined surfaces in an additional slider, or in the case of
two or more such surfaces to put them both on the same

10

15

20

25

30

35

40

45

50

55

60

85

70

75

6

slider. They may be positioned on different sliders and
the same operating principle will prevail. Also, different
shapes of deeper set or lost motion surfaces may be pre-
ferred, such as one having a sweeping arcuate shape.

Modifications of this invention will occur to those
skilled in this art and it is to be understood, therefore,
that this invention is not limited to the particular embodi-
ments disclosed but that it is intended to cover all modi-
fications within the true spirit and scope of this invention.

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

1. A multiple push button switch comprising a housing,
a plurality of elongated sliders assembled in the housing
in side-by-side relation for sliding movement on one wall
of the housing, one edge of each slider being undercut to
form cam surfaces, a plurality of movable contact blades
engageable with the cam surfaces of the sliders, each blade
being fixed at oné end to the housing and free to move at
its opposite end to make and break contact with a fixed
contact of the switch, each slider having inclined surfaces
which cooperate with a plurality of push buttons that ex-
tend through a wall of the housing, the inclined surfaces
being arranged on the different sliders so that only one
button may be fully depressed at any one time, and a
delay slider combined with the said sliders, the delay slider
having at least one cam surface for holding one of the
contact blades from closing until an adequate blade is
opened and the current flowing through it is interrupted,
the delay slider also having at least one inclined surface
that is deeper set than the inclined surfaces of the other
sliders whereby the delay slider moves at a later time than
the other sliders to disengage itself from the said one con-
tact blade and allow it to close.

2. A multiple push button switch comprising a housing,
a plurality of elongated sliders assembled in the housing
in side-by-side relation for reciprocating movement, one
lengthwise edge of each slider being undercut to form
cam surfaces, a plurality of movable contact blades en-
gageable with the cam surfaces of the sliders, each blade
being fixed at one end to the housing and free to move at
its opposite end to make and break contact with an op-
posing fixed contact of the switch, each slider having in-
clined surfaces which cooperate with a plarality of push
buttons that extend through a wall of the housing, the
inclined surfaces being arranged on the different sliders so
that the depression of any button will act upon one or
more of the sliders causing them to shift the cam surfaces
toward or away from some of the contact blades for
changing the circuit arrangement of the switch, the in-
clined surfaces extending in such directions that only one
button may be fully depressed at any one time; the in-
vention comprising the incorporation of an additional
delay slider having at least one cam surface for holding
one of the contact blades from closing until an adjacent
blade is cammed open and the circuit through that last-
mentioned blade is open, the delay slider also having at
least one inclined surface that is set back further from its
cooperating push button than the other inclined surfaces
and push buttons, whereby the delay slider is slower to
move than the other sliders due to the lost motion between
the push button and the deeper set inclined surface of the
delay slider, the contact blade that was held open by the
delay slider automatically closing as the delay slider shifts
to its extreme position.

3. A multiple push button switch comprising a switch
housing, a plurality of elongated sliders of insulating ma-
teria] assembled in the housing in side-by-side relation for
reciprocating movement, each slider having inclined sur-
faces cooperating with a plurality of push buttons that ex-
tend through a wall of the housing, the depression of any
one button serving to shift the sliders relative to each
other in a predetermined manner, one longitudinal edge
of each slider being undercut to form cam surfaces, and a
plurality of movable contact blades engageable with the
cam surfaces so that the shifting of the sliders causes the
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cams to open or close the contact blades depending on the
circuitry for. the button that has been depressed, and an
additional delay slider combined with the other sliders,
the delay slider having at least one cam surface that is
adapted to hold one of the contact blades from closing
a circuit at one potential until anocther blade is.opened in
a circuit of a higher potential, the delay slider having a
relatively steep inclined surface that cooperates with at
least one of the. push buttons and is set back to give a lost
motion effect to the button, whereby the delay slider
begins to shift after the other sliders have begun to move,
so that once the delay slider is moved, it disengages itself
from the said one contact blade and allows it to close.

4. A multiple push button switch comprising 2 housing,
a plurality of elongated sliders assembled in the housing
for independent. reciprocating movement, a plurality of
movable contacts engageable by the sliders for controlling
the circuitry of the switch, and a plurality of push buttons
extending through one wall of the housing and engageable
with inclined surfaces of the sliders for shifting the sliders
in a predetermined manner, at least one of the said in-
clined surfaces in a given slider being deeper set than the
others and with a steeper slope measured with respect to
its push buiton so there is lost motion between the com-
plementary push button and said given slider, whereby
the given slider moves at a later time than the other
sliders that are acted upon. by the said complementary
push button.

5. A multiple push button switch as recited in claim 4
wherein. the said given slider has a cam surface that holds
at least one of the movable: contacts from closing until
another movable contact has opened for a sufficient time
to interrupt the circuit. )

6. A multiple push button switch as recited in claim 5
wherein. the said given slider has two spaced cam sur-
faces along one longitudinal edge for cooperation with
two movable contacts, each cam serving to hold one of
the movable contacts open while the other movable con-
tact is closed and positioned between the two cam sur-
faces, so that when the given slider is shifted it will open
the closed contact before releasing the previously open
contact so it may close.
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7. A multiple push button switch comprising a hollow
housing of insulating material, a stack of elongated sliders
of insulating material assembled in the housing for- inde-
pendent sliding movement on the bottom. wall of the
housing, the bottom edge of each slider being undercut to
form cam- surfaces; a plurality of movable contacts en-
gageable by the cam surfaces of the sliders so that the
shifting of the sliders controls the opening and closing of
the movable. contacts, each slider having a series of in-
clined surfaces that cooperate with a plurality of push
buttons extending into the- housing through one wall
thereof, at least one of the inclined surfaces of a given
slider being set back into the slider and having a steeper
slope relative to the complementary push button than the
other inclined surfaces, whereby there is lost motion pro-
vided between the complementary button and the said
given slider so that this slider is slower to move than the
other sliders actuated by the complementary button, the
given slider having only two spaced.cam surfaces so that
two adjacent movable contacts will alternate in position
and both will not be closed at the same time.

8. A multiple push button switch as recited in claim 7
wherein a second slider has a single cam surface for coop-
eration with said two adjacent contacts for alternately
opening and closing them, the said given slider preventing
one of the. contacts from closing even though said one
contact has been disengaged by the single cam of the
said second slider, the given slider finally shifting its posi-
tion after the circuit is interrupted through the other of
the two contacts thereby disengaging itself from the one
contact and allowing it to close.

9. A multiple push button switch as recited in claim 4
wherein the said lost motion provides a delay in the time
of actuating a given circuit until another circuit has been
actuated.

References Cited in the file of this patent

UNITED STATES PATENTS

Andrews
Woodward

________________ Dec. 2, 1947
Oct. 15, 1957

2,431,904
2,810,027



