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EP 0 501 759 A1

Dual condition responsive switch apparatus.

@ An electric switch responsive separately to temperature and pressure has stationary and movable

switch contacts, of which the movable contact is coupled by motion transfer means to diaphragm
means responsive to temperature and to pressure. The diaphragm means may include a snap-acting
temperature responsive diaphragm and a separate pressure responsive diaphragm. The motion transfer
means may include a solid or tubular pin extending from the temperature responsive diaphragm to the
movable contact with a second pin extending from the pressure responsive diaphragm either to the
temperature responsive diaphragm or directly to the movable contact. The temperature responsive
diaphragm may be mounted in a cage with the second pin extending from the cage to the pressure
responsive diaphragm.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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Background of the Invention

This invention relates generally to electric switches and more specifically to electric switches which are
responsive separately to two different conditions.

In many mechanical and electrical apparatus sensors are utilized to monitor and respond to various con-
ditions to ensure proper operation of the apparatus and prevent unsafe or undesirable operation thereof. For
example, in refrigerator compressors it is common practice to provide a pressure responsive electric switch
such as that shown and described in U.S. Patent No. 3,584,168, assigned to the assignee of the present inven-
tion. In that patent a switch is described having a port fitting adapted to be attached to a pressure source so
that when the pressure rises to a predetermined level a diaphragm snaps from a convex to a concave configu-
ration transmitting its motion through a motion transfer pin to a movable contact arm of the switch to either open
or close an electric circuit.

It is also common practice to mount a temperature responsive electric switch in heat transfer relationship
with selected portions of a compressor apparatus such as the compressor shell. For example, a temperature
responsive electric switch of this type is shown and described in U.S. Patent No. 3,416,115 also assigned to
the assignee of the present invention. In that patent a switch is described having a snap acting thermostatic
disc thermally coupled to a thermally conductive surface which in turn is mounted in heat transfer relation with
a surface whose temperature is being monitored, i.e. the compressor shell. The disc is adapted to move from
afirst convex or concave configuration to the opposite concave, convex configuration, upon reaching a selected
temperature with its motion transferred through a motion transfer pin to a movable contact arm of the switch
to either open or close an electrical circuit.

Summary of the Invention

It is an object of the present invention to provide an electric switch which will respond separately to two
different conditions such as pressure and temperature.

Another object of the invention is the provision of an electric switch responsive separately to two different
conditions which is reliable yet economical to produce.

Briefly, in accordance with the invention, an electric switch having stationary and movable contact means
is mounted in a cavity formed in a base member. A motion transfer pin guide is received on the base and is
provided with a recess formed on an outer surface to accommodate a first, snap acting disc such as a ther-
mostatic disc. A motion transfer pin is slidably mounted in a bore of the guide between the first disc and the
movable contact means. The base and guide are received in a tubular metallic housing which is hermetically
attached to a second snap acting disc, such as a pressure responsive diaphragm, and an annular disc support.
A second pin is received in the bore of the annular support and extends between the diaphragm and the first
disc.

According to a feature of the invention a disc retainer is mounted on the pin guide and extends into the
recess a selected distance such that the first disc, in its normal unactuated convex configuration, is permitted
to move freely between the floor of the recess and the disc retainer.

The housing is formed with a pressure port so that the diaphragm can be placed in direct communication
with a fluid pressure source. In operation, when the pressure increases to a selected level the second disc or
diaphragm will move from its unactuated convex configuration to an opposite concave configuration transferring
its motion through the second pin to the first disc. Since the first disc is free to move within its prescribed limits
it moves-against the first pin and transfers motion to the movable contact means to open the switch circuit. Inde-
pendently of changes in pressure, if the temperature of the first disc increases to a selected level it will snap
from its normal, unactuated convex configuration to the concave configuration with its outer periphery reacting
against the disc retainer and the center of the disc transferring its motion through the first pin to the movable
contact means to open the switch circuit.

According to other features of the invention several embodiments are shown to thermally couple the ther-
mostatic disc with the compressor shell including extending the housing and forming it into a tubular port con-
figuration for direct attachment to an aperture in the compressor shell and extending the housing or pressure
disc support outwardly to form a welding plate for direct attachment to the compressor shell. Another embodi-
ment shows an outward extension on a portion of the housing removed from the pressure sensor to minimize
potential deleterious affects on calibration caused by heat associated with welding of the switch housing to the
compressor shell.

An alternative embodiment employs concentric motion transfer pin members comprising a solid pin slidably
mounted within a tubular pin which in turn is slidably mounted in a bore of a guide member. The solid pin extends
between a pressure disc and the movable contact means through an aperture in the thermostatic disc and the
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EP 0 501 759 A1

tubular pin extends between the thermostatic disc and the movable contact means.

According to another feature of the invention the pressure sensing function may be accomplished with a
single pressure disc or a stack of several pressure discs depending upon the desired actuation pressures.

Another alternative embodiment is particularly adapted for use to be responsive to low pressure or partial
vacuum conditions as well as to temperature conditions. In this embodiment the pressure responsive disc in
its normal condition is bowed inwardly maintaining the movable contact, through a temperature responsive disc
assembly, in the closed condition. Upon a selected decrease in sensed pressure, e.g. upon being exposed to
a selected partial vacuum, the disc will snap outwardly causing the spring bias in the movable contact arm to
open the switch. In the event temperature increases to a selected level the temperature responsive disc will
snap which will also allow the spring bias in the movable arm to open the switch.

Brief Description of the Drawings

The above mentioned and other features and objects of this invention and the manner of attaining them
will become more apparent and the invention itself will be better understood by reference to the following des-
cription of several preferred embodiments of the invention taken in conjunction with the accompanying draw-
ings, wherein;

Fig. 1 is a cross section taken through a dual condition responsive switch made in accordance with a first

embodiment of the invention;

Figs. 2 and 3 are cross sectional partial views of two alternate embodiments showing different mounting

means;

Figs. 4 and 5 are cross sectional views of mounting means adapted to avoid potential pressure sensor cali-

bration drift associated with mounting of the switch;

Fig. 6 is a cross sectional view taken through an alternative embodiment of a dual condition responsive

switch;

Fig. 7 is a cross sectional partial view of another alternative embodiment of a dual condition responsive

switch; and

Fig. 8 is a cross sectional partial view of a variation of the Fig. 7 embodiment.

Detailed Description of Preferred Embodiments

Referring to Fig. 1, switch 10 comprises a cylindrical cup shaped base member 12 formed of a conventional
molded electrically insulative material, and is formed with apertures 14, 16 for reception therein of terminal mem-
bers 18 and 20 respectively. Movable contact arm 22 formed of electrically conductive material having good
spring characteristics, such as beryllium copper, is cantilever mounted to the free distal end of terminal 18 in
any conventional manner as by welding. Arm 22 is preferably formed with a dimple 26 for engagement with a
motion transfer pin to be described below. Arm 22 mounts on its free end a movable contact 28 which is normally
biased into engagement with the distal end portion 30 of terminal 20 which end portion is bent approximately
90° to extend into the cavity 32 formed within base member 12.

A generally circular pin guide 34 of suitable electrically insulative material is disposed on the free distal
end of the base member sidewall 36. A bore 38 is formed through pin guide 34 in alignment with dimple 26 of
movable contact arm 22. Pin guide 34 also has a recess 40 formed therein for reception of a temperature res-
ponsive thermostatic disc 42. A thermally conductive disc retainer 44 is received on the annular shaped top
surface of pin guide 34 and is also shaped as an annulus having disc retaining feet 46 depending down into
the recess at a plurality of locations around the outer periphery of the recess to define an upward limit of the
motion of disc 42 which can move from and to floor 48 of the recess. It will be appreciated that feet 46 could
be a continuous circular member as well as a plurality of discrete feet.

A first or lower pin 50 is slidably received in bore 38 and extends generally between dimple 26 and ther-
mostatic disc 42.

An annular pressure disc support 52 of suitable weldable and bendable material such as steel, is disposed
on top of disc retainer 44 and has a bore 54. Support 52 is bent into a saucer shaped configuration a selected
amount to permit diaphragm 58 to move from the upwardly convex configuration shown in Fig. 1 to an opposite
concave configuration. A pressure responsive diaphragm 58 of stainless steel or other suitable material is
placed over the disc support 52 with a second or upper motion transfer pin 59 slidably received in bore 54. The
diaphragm is formed into a snap acting disc by means known in the art; basically involving forming a curved
surface by permanently deforming the diaphragm material.

Base member 12 and pin guide 34 are placed within a tubular, metallic housing 60 which is hermetically
attached to the outer periphery of disc support 52 and pressure diaphragm 58 as by welding. Housing 60 is
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provided with a reduced section 61 which fits against an enlarged diameter portion 13 of base member 12 to
lock the base member in one direction. The opposite direction is locked by means of the hermetic welding of
the housing to the diaphragm and disc support. Housing 60 extends above pressure diaphragm 58 and termi-
nates in an open tubular section 62 which is adapted to be inserted into an aperture of a compressor shell and
attached to the shell as by welding with the pressure diaphragm 58 directly exposed to a fluid pressure source
within the compressor shell and the temperature responsive disc 42 thermally coupled to the compressor shell
via the thermally conductive path including housing 60, disc support 52 and disc retainer 44 as well as via the
pressure fluid, pressure diaphragm 58 and disc support 44. Housing 60 extends below base member 12 to pro-
vide a well to receive epoxy 64 to provide an environmental seal for the switch cavity.

As noted above, the feet 46 of the disc retainer extend into recess 40 so that a selected distance is provided
between feet 46 and floor 48. This distance is selected so that upon a selected increase in pressure exposed
to diaphragm/disc 58 when the disc snaps from its upwardly convex configuration as shown in Fig. 1 to its oppo-
sitely configured, upwardly concave configuration (not shown) its motion will be transferred through upper pin
59 to temperature responsive disc 42 moving it toward the bottom of the recess and in turn moving lower pin
50 downwardly against dimple 26 to separate movable contact 28 from stationary contact 30.

In situations where the pressure does not increase to the selected level for actuating the pressure disc but
the temperature of the temperature responsive disc increases to its actuation level through heat transferred to
it from the compressor, disc 42 will snap from its upwardly convex configuration shown in Fig. 1 to its opposite,
upwardly concave configuration with the outer peripheral portions of the disc reacting against feet 44 and the
center of the disc transferring its motion through lower pin 50 to dimple 26 to cause movable contact 28 to move
out of engagement with stationary contact 30.

Figs. 2 and 3 show alternative structure for attaching the switch to a compressor shell including a radially
extending flange 66 projecting from housing 60.1 to facilitate welding of switch 10.1 to the compressor shell
as shown in Fig. 2. As shown in Fig. 3, a radial flange 68 has been added to the open tubular section 62 of
switch 10.2 which facilitates welding of switch 10.2 to the compressor shell.

Figs. 4 and 5 show yet other embodiments for mounting the switch to a compressor shell which provide
the further advantage of isolating the heat of the welding operation when attaching the switch housing to the
compressor shell, from the pressure sensing portion of the switch and thereby avoid possible calibration drifts
which could occur upon being subjected to excessively high temperatures. In Fig. 4 housing 60.3 is provided
with a radially extending flange 70 which extends from the housing below the transition between the full size
diameter portion and the reduced diameter portion.

Fig. 5 shows switch 10.4 mounted entirely within the compressor shell with housing 60.4 extended beyond
the bottom of base member 12 and terminating with outwardly extending radial flange 72 which is readily weld-
able to the compressor shell. Housing 60.4, preferably formed of cold rolled steel is provided with a plurality of
detents 63 which cooperate with enlarged radius portion 13 of base member 12 and a locking spring 74 to pre-
vent motion of base member 12 along with the hermetic welding of the pressure sensor portion of the switch.
Clamp rings 76 may also be used if desired for locking the base member within the housing.

A switch made in accordance with Fig. 5 has a total height of 1.5 inches, the housing has an outer diameter
of 1.25 inches and has the following characteristics:

Temperature Open 295 +/- 10° F
Close 195 +/- 20° F
Pressure Open 450 +/- 20 psig

Close 325 +/= 25 psig

With reference to Fig. 6 an embodiment is shown in which concentric motion transfer members are
employed. Switch 10.5 comprises a cup shaped base member 12 defining a switch cavity 32, as described
above, into which are received terminals 18, 20 (only terminal 18 being shown in the figure). A movable contact
member 22’ is mounted at one end on support 18.1, attached to terminal 18, and mounts movable contact 28’
at an opposite end. Movable contact 28’ is adapted to go into and out of engagement with stationary contact
30’ which is mounted on stationary terminal 20.1 attached to terminal 20.

A motion transfer guide member 34’ is provided with a centrally located hub 34.1 through which a bore
34.2 extends. A recess 40’ is formed in the outer surface of guide member 34’ and receives therein a thermos-
tatic disc 42’ having a centrally located aperture 42.1. Disc 42’ is retained in recess 40’ during assembly by a
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disc retainer member 44’ which is formed with a sidewall 44.1 to be discussed below. Disc retainer 44’ is con-
structed of heat conductive material such as aluminum and serves to conduct heat from housing 60.5 to heat
responsive disc 42’.

A tubular motion transfer member 80 of suitable electrically insulative material such as ceramic having an
outer diameter larger than the aperture in disc 42’ is slidably received in bore 34.2 and extends between mov-
able contact member 22’ and temperature responsive disc 42'. Guide member 34’ is placed on the free distal
end portion of the base member 12 sidewalls with sidewall 44.1 crimped beyond the enlarged portion 13 to
secure the temperature sensing assembly to base 12.

Annular pressure disc support 52’ is provided with a centrally located bore 52.1 and is formed with a recess
52.2 adapted to receive a selected number of pressure responsive discs 58, the particular number of discs being
dependent upon the desired actuation pressure. A single disc could be employed for relatively low actuation
pressures or a stack of up to five or more discs could be used for higher pressures. A solid pin 82 of suitable
electrically insulative material, preferably the same as member 80, is slidably inserted into tubular member 80
and extends between movable member 22’ and the pressure disc(s). It will be noted that pin 82 is somewhat
longer than tubular member 80 in order to extend through bore 52.1 of annular member 52’ to the pressure
disc(s). Movable member 22’ is preferably formed with a rib 26’ to engage members 80, 84. An outer cap 84
is received over recess 52.2 capturing the pressure responsive discs 58 therein and is welded to annular sup-
port 52' and the lower end of housing 60.5 along their outer peripheries to form an hermetic seal. An aperture
84.1 in cap 84 provides communication between the pressure responsive disc and the pressure source to be
monitored.

As in the Fig. 5 embodiment the housing is bent inwardly at selected locations 63 to lock the switch mechan-
ism into housing 60.5. The Fig. 6 embodiment provides a motion transfer mechanism which is easy to assemble
yet reliable in operation. It will be understood that the switching logic, i.e. normally closed v. normally open,
can be inverted by placing the stationary contact member on the other side of the movable contact member.

With reference to Fig. 7 a pressure and temperature responsive switch particularly adapted for use in sens-
ing low pressure conditions such as partial vacuum along with high temperature conditions is shown. The switch
of Fig. 7 is a variation of that shown in Figs. 1-5 with the differences discussed below. In this embodiment the
switch is normally closed with pressure responsive disc 86 bowed inwardly against disc support 52 at pressures
of a pressure source in communication with disc 86 above a selected level, for example above 12 psi. Should
the pressure of the fluid media exposed to disc 86 fall below that level the disc will snap outwardly to the dashed
line position shown in the figure.

Temperature responsive disc 42 is received in a cage 90 and retained therein by arms 92, the cage being
adapted to move up and down, as seen in Fig. 7, within recess 94. As shown in the figure the disc, at temperat-
ures below a selected level, has an inwardly convex configuration. Should the temperature of disc 42 increase
to the selected level the disc will snap to its opposite inwardly concave position (not shown).

Under normal operating conditions of the system with which switch 10.6 is used with normal temperature
and pressure conditions, pressure responsive disc 86 will bias pin 59 upwardly against bottom wall 91 of cage
90 biasing cage 90 and temperature responsive disc 42 upwardly which in turn, through pin 50, biases movable
arm 22.1 upwardly thereby maintaining movable contact 28.1 in engagement with stationary contact 30.1. If
the temperature of temperature responsive disc 42 increases to the selected level the disc will snap to its oppo-
site configuration allowing the bias in movable arm 22.1 to move the arm downwardly along with pin 50 with
the contacts moving into the contacts disengaged position. On the other hand if pressure decreases to a selec-
ted level, pressure responsive disc 86 will snap to its dashed line position allowing pin 59, and the temperature
responsive disc assembly of disc 42 and cage 90 to move downwardly thereby allowing movable arm 22.1 to
push pin 50 downwardly and concomitantly the contacts to move into the contacts disengaged position.

If desired the sensitivity of the temperature responsive disc assembly can be enhanced by improving the
heat conductive path from housing 60.6 to the disc as by forming a plurality of spaced apart arms 52.3 shown
in Fig. 8 from pressure disc support 52 and bending them upwardly to define the path of movement of cage 90
in close thermal coupling thereto.

In view of the above, it will be seen that the several objects of the invention are achieved and other advan-
tageous results attained.

As various changes could be made in the above constructions without departing from the scope of the
invention, it is intended that all matter contained in the above description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in a limiting sense.
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Claims

10.

1.

12.

13.

An electric switch having contacts that are opened and closed in response to changes of state of a tem-
perature responsive snap-action element, characterised in that there are provided means for enabling
either the opening or the closing of the switch contacts also to be responsive to pressure, and means for
connecting the switch to a source of pressure.

A switch according to claim 1 characterised by means enabling the pressure to be applied to the snap-
action element.

A switch according to claim 1 characterised by a pressure responsive diaphragm and means for transfer-
ring movement of the diaphragm to the switch contacts.

A switch according to claim 3 characterised in that the temperature responsive element and the diaphragm
are overlapping in substantially parallel planes and means is provided for conveying movement of the diap-
hragm to the temperature responsive element so that the operation of the switch contacts is responsive
to both temperature and pressure.

A switch according to claim 3 characterised by first rod means for conveying the movement of the tem-
perature responsive element to a switch contact and second rod means for conveying the movement of
the diaphragm to a switch contact.

A switch according to claim 5 characterised in that the first and second rod means convey movement to
the same switch contact, the other switch contact being fixed.

A switch according to claim 6 characterised in that the first rod means is tubular and the second rod means
slides inside the first rod means.

An electric switch responsive separately to temperature and to pressure comprising a switch base member
defining a cavity, a stationary and a movable contact means mounted within the cavity of the switch base
member, the movable contact means being adapted to move into and out of engagement with the station-
ary contact means, a generally tubular metallic housing, at least a portion of the switch base member being
disposed within the housing, a guide for a motion transfer member on the base member, the guide having
a bore extending through it in alignment with the movable contact means and having a recess formed on
a surface thereof, a temperature responsive snap acting disc disposed in the recess, a first motion transfer
member slidably received in the bore between the movable contact means and the disc, an annular press-
ure disc support having an outer periphery and a bore therethrough and a pressure responsive disc having
an outer periphery, the outer periphery of the annular pressure disc support and the pressure responsive
disc being hermetically sealed together and to the housing, a second motion transfer member disposed
in the bore through the annular pressure disc support between the temperature responsive disc and the
pressure responsive disc, and means for mounting the switch on a body whose temperature is to be moni-
tored and in communication with a pressure source whose pressure is to be monitored.

An electric switch according to claim 8 including a temperature disc retainer extending into the recess on
the guide for a motion transfer member to limit outward movement of the outer periphery of the temperature
responsive disc.

An electric switch according to claim 9 in which the temperature disc retainer comprises an annular mem-
ber received intermediate the guide for a motion transfer member and the pressure disc support.

An electric switch according to any one of claims 8, 9 and 10 in which the means for mounting the switch
on a body comprises an extended portion of the housing projecting above the pressure responsive disc
and configured as a tubular portion.

An electric switch according to claim 11 in which the extended portion of the housing configured as a tubu-
lar portion has a distal end and an outwardly projecting flange attached to the open end to facilitate attach-
ment to the body.

An electric switch according to any one of claims 8 to 12 in which the switch base member has a bottom
wall with first and second slots formed therethrough, the movable and stationary switch means having first
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and second terminal members extending through the respective first and second slots.

An electric switch according to any one of claims 8, 9 and 10 in which the means for mounting the switch
on a body comprises a flange projecting outwardly from the housing.

An electric switch responsive separately to temperature and to pressure comprising a switch base mem-
ber, a stationary and a movable contact means mounted on the switch base member, the movable contact
means being adapted to move into and out of engagement with the stationary contact means, a motion
transfer member guide means having a bore extending therethrough and mounted on the base with the
bore in alignment with the movable contact means, the guide means having a recess formed on a surface
thereof, a temperature responsive snap acting disc disposed in the recess, a first motion transfer member
received in the bore extending between the movable switch means and the disc, an annular pressure disc
support having an outer periphery and a bore therethrough, a pressure responsive disc having an outer
periphery, the outer periphery of the annular support and the pressure responsive disc being hermetically
sealed together, means mounting the annular support and the pressure responsive disc adjacent to the
base member, and means coupling the pressure responsive disc with the movable contact means through
the bore in the annular pressure disc support whereby selected thermal conditions and pressure conditions
will cause engagement and disengagement of the movable and stationary contacts independently of one
another.

An electric switch according to claim 15 in which the means to couple the pressure responsive disc with
the movable contact means includes a second motion transfer member slidably received in the bore of
the annular pressure disc support and extending from the pressure responsive disc to the temperature
responsive disc or the movable contact member.

An electric switch according to any one of claims 8 to 14 and 16 wherein the first and second motion transfer
members are pins able to slide in respective bores.

An electric switch according to any one of claims 8 to 14 and 16 in which the first motion transfer member
is tubular and the second motion transfer member is a solid pin slidably received within the tubular first
motion transfer member and extending between the pressure responsive disc and the movable contact
means.

An electric switch according to any one of claims 8 to 18 in which a plurality of pressure responsive discs
are coupled to the annular support member.

An electric switch according to claim 15 in which the temperature responsive disc is received in a cage
having a bottom wall, the cage being movable within the recess towards and away from the movable con-
tact means, and the means coupling the pressure responsive disc with the movable contact means
includes a second motion transfer member slidably received in the bore of the annular pressure disc sup-
port and extending between the pressure responsive disc and the bottom wall of the cage.

An electric switch responsive separately to temperature and to pressure comprising a switch base member
defining a cavity, a stationary and a movable contact means mounted within the cavity of the switch base
member, the movable contact means being adapted to move into and out of engagement with the station-
ary contact means, a pin guide received on the base member, the guide having a bore extending through
it in alignment with the movable contact means, the pin guide having a recess formed on a surface thereof,
a movably mounted cage having a bottom wall received in the recess, a temperature responsive snap act-
ing disc disposed on the bottom wall of the cage, a first pin slidably received in the bore between the mov-
able contact means and the disc, an annular pressure disc support having a bore there-through and a
pressure responsive disc disposed contiguous to the annular pressure disc support, a second pin disposed
in the bore of the annular pressure disc support between the bottom wall of the cage and the pressure
responsive disc and means for mounting the switch on a body whose temperature is to be monitored and
in communication with a pressure source whose pressure is to be monitored.
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