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A thermally responsive switch includes a hermetic container (2) including a metal housing (3) and a header plate (4) , at least one
conductive terminal pin (10A, 10B) hermetically fixed in the through hole (4A, 4B) , a fixed contact (8) fixed to the terminal pin
(10A, 10B) In the container (2) , a thermally responsive plate (6) having one end connected and fixed to an inner surface of the
container (2) and reversing a direction of curvature at a predetermined temperature, and at least one movable contact (/) secured
to the other end of the thermally responsive plate (6) . Each of the fixed contact (8) and the movable contact (/) includes a silver-tin
oxide-Indium oxide system contact, and the container (2) Is filled with a gas containing helium ranging from 50% to 95% so that an
Internal pressure of the container (2) ranges from 0.25 to 0.8 atm. at room temperature.
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ABSTRACT

A thermally responsive switch includes a hermetic container

(2) 1ncluding a metal housing (3) and a header plate (4), at least

one conductive terminal pin (10A, 10B) hermetically fixed in the
through hole (4A, 4B), a fixed contact (8) fixed to the terminal
pin (10A, 10B) in the container (2), a thermally responsive plate
(6) having one end connected and fixed to an inner surface of
the containef (2) and reversing a direction of curvature at a
predetermined temperature, and at least one movable contact (7)

secured to the other end of the thermally responsive plate (6).

Bach of the fixed contact (8) and the movable contact (7) includes

a sllver-tin oxide-indium oxide system contact, and the

container (2) is filledwith a gas containing helium ranging from

00% to 95% so that an internal pressure of the container (2) ranges

from 0.25 to 0.8 atm. at room temperature.
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DESCRIPTION

THERMALLY RESPONSIVE SWITCH

TECHNICAL FIELD

The present invention relates to a thermally responsive
switch having a contact switching mechanism using a thermally
responsive plate such as a bimetal in a hermetic container.
BACKGROUND ART

Thermally responsive switches of this type are disclosed
1n Japanese patent No. 2519530 (prior art document 1) and Japanese
patent application publications JP-A-H10-144189 (prior art
document 2), JP-A-2002-352685 (prior art document 3) and
JP-A-2003-59379 (prior art document 4). The thermally
responsive switch described in each document comprises a
thermally responsive plate provided in a hermetic container
comprising a metal housing and a header plate. The thermally
responsive plate reverses a direction of curvature thereof at
a predetermined temperature. An electrically conductive
terminal pin 1is inserted through the header plate and
nhermetically fixed by an electrically insulating filler such as

glass. A fixed contact is attached directly or via a support
to a distal end of the terminal pin located in the hermetic
container. Furthermore, the thermally responsive plate has one

end fixed via a support to an inner surface of the hermetic

contaliner and the other end to which a movable contact is secured.
The movable contact constitutes a switching contact with the

fixed contact.

The thermally responsive switch is mounted in a closed



10

15

20

25

CA 02659856 2009-02-03

housing of a hermetic electric compressor thereby to be used as

a thermal protector for an electric motor of the compressor. In
thlis case, windings of the motor are connected to the terminal
pin or the header plate. The thermally responsive plate reverses
the direction of curvature when a temperature around the

thermally responsive switch becomes unusually high or when an

abnormal current flows in the motor. When the temperature drops
Lo or below.a predetermined value, the contacts are re-closed

such that the compressor motor is energized.

DISCLOSURE OF THE INVENTION

PROBLEMS OVERCOME BY THE INVENTION

The thermally responsive switch is required to open the

contacts upon every occurrence of the aforesaid abnormal

condition until a refrigerating machine or air conditioner in

which the compressor is built reaches an end of product’s life.
The thermally responsive switch needs to cut off current
extremely larger than a rated current of the motor particularly
wheﬁ a motor 1s driven in a locked rotor condition or when a short
occurs between motor windings. When current having such a large

inductivity is cut off by the opening of contacts, arc is

generated between the contacts, whereupon contact surfaces are
damaged by heat due to arc. The welding of contacts occurs when

the switching of contacts exceeds a guaranteed operation number.

In this regard, in order that an electric path may be cut off
even upon occurrence of contact welding for the purpose of

preventing secondary abnormality, double safety and protective

measures are taken when needed (a fusing portion of a heater
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described 1in prior art documents 1 and 2, for example).

The use of a contact containing cadmium has recently been

limited for environmental reasons. For example, o
sllver-cadmium oxide (Ag-CdO) system contact has a small contact
welding force such that the silver-cadmium oxide system contact
has less wear due to arc. Accordingly, the silver-cadmium oxide
system contact has been used in a large number of thermally
responsive switches. Equivalent durability and current cutoff
performance to those of the conventional thermally responsive
switches need to be ensured by the use of an alternative contact
material in the future. The current cutoff performance would

—

be reduced by half when the silver-cadmium oxide system contact

1s merely replaced by a cadmiumless contact.
In order that the current cutoff performance may be improved,

a structure i1s considered in which the size of the contacts is

‘increased for the purpose of increasing the heat capacity,

whereby occurrence of contact welding is reduced even upon
occurrence of arc. Furthermore, another structure is considered
in which the size of the thermal responsive plate is increased
so that a force separating the contacts from each other 1is
increased. ‘ However, when either construction is employed, the
thermally responsive switch would be rendered larger in size,
whereupon 1t would become difficult to mount the thermally

responsive switch in the hermetic housing of the compressor.

An object of the present invention is to provide a thermally

responsive switch which uses cadmiumless contacts and is small

in size and has a high durability and current cutoff performance.

MEANS FOR OVERCOMING THE PROBLEM
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The present 1nvention provides a thermally responsive
switch which 1s used to cut off AC current flowing through
a compressor motor, the thermally responsive switch
comprising:

a hermetically sealed contalner 1including a metal
housing and a header plate hermetically secured to an open
end of the housing;

at least one conductive terminal pin inserted through

a through hole formed through the header plate and

hermetically fixed in the through hole Dby an electrically

insulating filler;
a fixed contact fixed to the at least one conductive
terminal pin 1n the container;

=

a thermally responsive plate having one of two ends

conductively connected and fixed to an inner surface of the

container and formed into a dish shape by drawing so as to

reverse a direction of curvature at a predetermined
temperature;
a movable contact secured to the other end of the

thermally responsive plate and constituting, together with

the fixed contact, a pair of switching contacts,
wherein each of the fixed contact and the movable
contact comprises a silver-tin oxide-indium oxide system

contact, and the container is filled with a gas containing

helium ranging from 50% to 95% so that an internal pressure

of the container ranges from 0.25 atmosphere to 0.8

atmosphere at room temperature or more preferably from 0.3

atmosphere to 0.6 atmosphere. In some embodiments, the
thermally responsive switch further comprises at least one

additional pair of switching contacts.
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EFFECT OF THE INVENTION

According to the invention, the thermally responsive switch

1s reslstant to local damage due to arc since the arc generated

by the opening of the contacts moves on each contact.

Consequently, the thermally responsive switch has a small size

-

and an 1mproved durability and can achieve a high current cutoff

4a

.

-
pay
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performance even though cadmiumless contacts are used.

BRIEEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] FIG. 1 is a longitudinal section of a thermally
responsive switch of one embodiment in accordance with the

present 1nvention;

[FIG. 2] FIG. 2 is a cross section taken along line II-IT

in FIG. 1;

[FIG. 3] FIG. 3 is a side view of the thermally responsive

switch;

[FIG. 4] FIG. 4 is a plan view of the thermally responsive

switch;

P

[FIG. 5] FIG. 5 is a graph showing results of a durability

test in the case where a gas charged pressure 1s varied;

[FIG. 6] FIG. © shows surface conditions of a movable

contact (A) and a fixed contact (B) after end of the durability

test 1in the case where the gas charged pressure 1s at 0.5
atmosphere respectively;

[FIG. 7] FIG. 7 1s a view similar to FIG. ©6 1n the case
where the gas charged pressu're 1is at 0.7 atmosphere respectively;
and

[FIG. 8] FIG. 8 is a view simllar to FIG. 6 1n the case

where the gas charged pressure is at 1.3 atmosphere respectively.

L+

EXPLANATION OF REFERENCE SYMBOLS

Reference symbol 1 designates a thermally responsive
switch, 2 a hermetic container, 3 a housing, 4 a header plate,
6 a thermally responsive plate, 7 a movable contact, 8 a fixed

contact, 9 a filler, and 10A and 10B conductive terminal pins.
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BEST MODE FOR CARRYING OUT THE INVENTION

One embodiment will be described with reference to the

drawlngs. The present invention is applied to a thermal
protector for anelectric motor of a compressor in the embodiment.
FIGS. 3 and 4 are side and plan views of a thermally responsive

e
p—

switch respectively, FIG. 1 is a longitudinal section thereof,

and FIG. 2 is a cross section taken along line II-IT in FIG. 1.
The thermally responsive switch 1 comprises a hermetically
sealed container 2 including a metal housing 3 and a header plate
4. The housing 3 is formed into an elongate dome shape by drawing
an iron plate or the like by a press machine so as to have both
lengthwise ends each formed into a substantially spherical shape
and a middle portion connecting the ends. The header plate 4

is formed by shaping an iron plate thicker than the housing 3

into an oval and is hermetically sealed to an open end of the
housing 3 by the ring projection welding or the like.

A thermally responsive plate 6 has one end fixed via a
support 5 made of a metal plate to an inside of the contailner
2. The thermally responsive plate 6 is formed by drawing a
thermally responsive member such as a bimetal or trimetal into

a shallow dish shape and is designed to reverse a direction of

curvature with a snap action when the thermally responsive member
reaches a predetermined temperature. A movable contact 7 1s
secured to the other end of the thermally responsive plate 6.
A part of the container 2 to which the support 5 1s fixed 1is
externally collapsed thereby to be deformed, so that a contact
pressure is adjustable between the fixed contact 7 and a movable

contact 8 which will be described later, whereupon a temperaturé
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at which the thermally responsive plate 6 reverses the direction
of curvature can be calibrated to a predetermined value.

The header plate 4 has two through holes 4A and 4B through
which electrically conductive terminal pins 10A and 10B are
inserted and hermetically fixed in the through holes by an

electrically insulating filler 9 such as glass or the like in

F

view of a thermal expansion coefficient by a well-known hermetic

compression sealing. A contact support 11 is secured to a part

of the terminal pin 10A near to the distal end of the pin inside
the hermetically sealed container 2. The fixed contact 8 1is
secured to a part of the contact support 11 opposed to the movable
contact 7.

F

Each of the movable and fixed contacts 7 and 8 comprises

a sllver-tin oxide-indium oxide (Ag-(Sn-In)0Ox) contact
containing 9.7 weight percentage metal oxide. Each of the
contacts 7 and 8 1s formed into a three layer structure including
an 1ntermediate layer of copper and a lower layer of iron. Each

contact has the shape of a disc having a diameter ranging from

3 mm to 5 mm and a slightly convexly curved surface (a sphere

having a radius of 8 mm in the embodiment, for example).

A heater 12 serving'as a heating element has one of two ends
fixed to a portion of the terminal pin 10B located near the distal
end of the terminal pin inside the hermetically sealed container

2. The other end of the heater 12 is fixed to the header plate

4. The heater 12 is disposed so as to be substantially parallel
to the thermally responsive plate 6 along the terminal pin 10B,
so that heat generated by the heater 12 isefficiently transmitted

to the thermally responsive plate 6.
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The heater 12 1s provided with a fusing portion 12A having

a smaller sectional area than the other part thereof. The fusing
portion 12A 1s prevented from being fused by an operating current
of an electric motor during a normal operation of a compressor
serving as an equipment to be controlled. Furthermore, the
fusing portion 12A is further prevented from being fused upon

- 2

occurrence of a locked rotor condition of the motor since the

thermally responsive plate 6 reverses 1ts direction of curvature
thereby to open the contacts 7 and 8 in a short period of time.
However, when the thermally responsive switch 1 repeats the
opening and closure of the contacts for a long period of time

F

such that the number of times of switching exceeds a guaranteed

numpber of switching operations, the movable and fixed contacts
/7 and 8 are sometimes welded together thereby to be inseparable
fromeach other. 1Inthis case, whena rotor of themotor is locked,
a temperature of the fusing portion 12A 1s increased by an
excessively large current such that the fusing portion is fused,
whereupon power supply to the motor can reliably be cut off.

The contalner 2 1s filled with a gas containing helium (He)
ranging from 50% to 95% so that an internal pressure of the
contalner 2 ranges from 0.25 atm. to 0.8 atm. at room temperature,

as will be described later. The gas filling the container 2

contains nitrogen, dried air, carbon dioxide and the like other

than helium. The container 2 is filled with helium as an inert
gas for the following reason. That is, helium has such a good

heat conductlivity that upon occurrence of an excessively large

current, a period of time (short time trip (S/T)) necessitated

for the opening of the contacts 7 and 8 by heat generated by the
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heater 12 can be shortened as described in prior art document
2. Furthermore, a minimum operating current value (an ultimate
trip current (UTC)) can be 1increased as compared with the
conventional thermal protectors. Additionally, when the
thermally responsive plate 6 1s configured so that 1ts resistance

value 1s increased for the purpose of increasing a heating value

thereof, heat generated by the plate 6 as the result of the filling

of the container 2 with helium can efficiently be allowed to
escape. Consequently, the aforesaid short time trip (S/T) can
be rendered longer. However, since the breakdown voltage tends

to be reduced when a helium charged rate 1s 1ncreased, the helium

charged rate preferably ranges from 30% to 95% or particularly
from 50% to 95% 1n the case of an ordinary commercial power supply

ranging from AC 100 V to 260 V.

On the filler 9 fixing the terminal pins 10A and 10B is
closely fixed a heat-resistant 1norganic insulating member 13
comprising ceramics and zirconia (zirconium oxide). The
heat-resistant 1norganic i1nsulating member 13 1is configured in
consideration of the physical strength such as resistance to a
creepling discharge or resistance to heat due to sputter.

Consequently, even when sputter occurring during meltdown by the
heater 12 1s adhered to the surface of the heat-resistant

1norganic 1nsulating member 13, a sufficient insulating

performance can be maintained, whereupon arc generated between

fusing portions can be prevented from transition to a space

petween the terminal pin 10B and the header plate 4 or a space

- between the terminal pins 10A and 10B.

When current flowing into the motor is a normal operation
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current 1including a' short-duration starting current, the
contacts 7 and 8 of the thermally responsive switch 1 remain
closed, so that the motor continues running. On the other hand,
the thermally responsive plate 6 reverses the direction of
curvature thereof to open the contacts 7 and 8, thereby cutting
off the motor current when a current larger than a normal current

gr—

flows continuously into the motor as the result of an increase

in the load applied to the motor, the motor is constrained such
that an extremely large constraint current flows into the motor
continuously for more than several seconds, or when the
temperature of a refrigerant in the hermetic housing of the
compressor becomes extremely high. Subsequently, when the
internal temperature of the thermally responsive switch 1 drops,
the thermally responsive plate 6 agalin reverses the direction
of curvature thereof such that the contacts 7 and 8 are closed,
whereupon energization to the motor 1s re-started.

Next, the following describes optimization of the structure

of the thermally responsive switch 1 based on the durability test.

The thermally responsive switch 1 used as a thermal protector

for the compressor motor necessitates the performance of cutting

off an extremely large current such as constraint current flowing

1n the event of locked rotor condition or a short-circuit current
flowing 1n the occurrence of a short circuit between the windings

of the motor. Furthermore, the thermally responsive switch 1

necessitates a durability longer than a product’s life of a
refrigerating machine or an air conditioner in which the
compressor to be protected is built. Additionally, the

thermally responsive switch 1 needs to be small in size from the

10
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viewpoints of installation space and thermal responsiveness

since the switch 1 is used 1n the hermetic housing of the enclosed

electric compressor.

Arc 1s generated between the contacts /7 and 8 when the
contacts 7 and 8 are opened while an excessively large inductive
current such as the aforesaid constraint current or

short-circuit current is flowing. In order that the durability

(the guaranteed operation number) and current cutoff performance

P
—

of the thermally responsive switch 1 may be improved, it is

effective to shorten an arc-extinguishing time or to reduce
damage due to arc. Damage due to arc sometimes spreads not only
to the contacts 7 and 8 but also outside the contacts, for example,
to the thermally responsive plate 6.

Known means for reducing the arc-extinguishing time include

high pressurization or extremely low pressurization of filling

gas (vacuuming), an increase 1in the intercontact gap, the

mounting of an arcing horn, magnetic induction of arc and arc

blowout. However, these means result in significant reduction

in the production efficiency, complicated structure and an
increase 1n the size of the thermally responsive switch 1.

Accordingly, the means are unsuitable for the thermally

responsive switches protecting relatively smaller motors used

1n COmMpPressors.

The thermally responsive switch 1 of the embodiment is

directed to protection of AC motors driven by a commercial power

P

supply. Arc has a duration of ten and several ms (a half cycle)

at the longest and of several ms on average. Then, the durability

test was conducted so that high durability and high current cutoff

11
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performance can be achieved by reducing damage due to arc as much
as possible but not by reducing the arc-extinguishing time. The
structural optimization was carried out based on the results of

the durability test.

In the durability test, an upper part of the hermetic housing

F

of the compressor i1n which the motor 1s built 1s cut, and the

thermally responsive switch 1 was mounted in the compressor.
Subsequently, the compressor was installed on a test bench, and
the thermally responsive switch 1 repeated a switching operation
under the condition that an excessively large current flowed into
the motor.

The motor was a single-phase induction motor having a rated
voltage of 220V (50 Hz), rated current of 10.8 A and rated power
of 2320 W. A rotor of the motor was held so as to be prevented
from rotation. A power supply under test was 240 V 50 Hz. The

compressor was 1nstalled under the circumstance of room

temperature (25°C). A constraint current at the start of the

durability test (when the temperature of the motor was at room

temperature) had the value of 60 A. The temperature of the motor
rose as the result of repeated energization and de-energization,
achleving equilibrium at the constraint current of 52 A. The
thermally responsive switch 1 used in the durability test had

the minimum operating current (UTC) ranging from 18.4 A to 25.4

A (120°C) and had a characteristic that the contacts 7 and 8 were

r—

opened in 3 to 10 seconds (S/T) upon flow of 54 A current.

A constraint current of an electric motor is several times
larger than a rated current, and a period of time (S/T) necessary

for opening the contacts 7 and 8 is shortened to about several

12



10

15

20

29

CA 02659856 2009-02-03

seconds by the heating of themotor, the heater 12 1n the thermally
responsive switch 1 and the thermally responsive plate 6 as
described above. Upon opening of the contacts /7 and 8, an
interior temperature of the thermally responsive switch 1
gradually drops such that the contacts 7 and 8 aré re-closed 1n
about 2 minutes, whereby the motor is energized. The number of
normally repeated switching operations was measured 1n the
durability test. In each switching operation, energilzation by
the constraint current (for several seconds) as the result of
closing operation of the thermally responsive switch 1 and
de-energization (about 2 minutes) aS the result of an opening
operation of the thermally responsive switch 1.

When the contacts 7 and 8 are repeatedly opened and closed,
the contacts 7 and 8 are gradually damaged by arc generated during
contact opening, whereupon the contact welding occurs. In the
durability test, when an energizing time exceeded 10 seconds
(S/T), it was determined that the contact welding had occurred
and the test was terminated. It was observed that the thermally
responsive plate 6 was damaged by the arc depending upon the
intercontact distance. Furthermore, since the thermally

responsive plate 6 repeated reversing the direction of curvature
with snap action every time of switching, the thermally
responsive plate 6 was sometimes broken by fatigue before
occurrence of contact welding when the switching number became

excessively large.

FIG. 5 shows the results of the durability test in the case

where a pressure of gas charged into the hermetic container 2

- was varied. An axls of absclssas designates pressure

13
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(atmospheric pressure (atm.)), and an axls of ordinates

-

designates the number of switching operations counted before

F

reach of contact welding. FIG. 5 shows measured values and an

interpolation curve of the minimum values 1n a plurality of

samples. A charged gas comprised 90% helium and 10% dried air.

Each of the movable and fixed contacts 7 and 8 comprised a
silver-tin oxide-indium oxide system contact containing 9.7
welght percentage of metal oxide and had a three layer structure

including an intermediate layer comprising copper and a lower

layer comprising iron, the layers being deposited and pressed

into a three layer structure together with the silver-tin

oxlde—-1ndium oxide. Each contact was formed into the shape bf
a disc having a diameter of 4 mm and a thickness of 0.9 mm and
had a contact surface formed 1nto a spherical shape with a radius
of 8 mm. An intercontact distance was 1.0 mm. The thermally
responsive plate 6 was set to reverse 1its diréction of curvature
in the contact opening direction at the temperature of 160°C and
in the contact closing direction at the temperature of 90°C.

According to the test results as shown in FIG. 5, the number
of switching operations was maximum (at or above 23000 times)
at the pressure of about 0.4 atm. and was gradually reduced
subsequently as the pressure was increased. The number of
switching operations was about 20000 times (sampled minimum
value) at 0.6 atm. and about 15000 times (sampled minimum value)

at 0.8 atm. The number of switching operations was substantially

constant at 7000 times (sampled minimum value) when the pressure
exceeded 1.3 atm. On the other hand, the number of switching

operations was gradually reduced when the pressure was reduced

14



10

15

20

25

CA 02659856 2009-02-03

from about 0.4 atm. to about 0.3 atm. When the pressure was
reduced to or below 0.3 atm., the number of switching operations
was rapidly reduced to about 15000 times (sampled minimum value) '
at the pressure of 0.25 atm., about 8000 times (sampled minimum
value) at 0.2 atm., and about 2000 times (sampled minimum value)
at 0.1 atm.

More specifically, 1n the thermally responsive switch 1
wlith the above—-described structure, at least 15000 times or above

can be guaranteed as the number of switching operations when the

charged pressure ranges from 0.25 atm. to 0.8 atm. as shown by

alternate long and short dash 1line and arrow 1in FIG. 5.

Furthermore, when the charged pressure ranges from 0.3 atm. to
0.6 atm., at least 20000 times or above can be guaranteed as the
number of switching operations.

F

FIGS. 6, 7 and 8 show the photographs of surfaces of the

movable contact 7 (A-1 to A-3) and the fixed contact 8 (B-1 to

B-3) after completion of the durability test when the charged

pressure 1s at 0.5, 0.7 and 1.3 atm. respectively. When the
charged pressure is relatively higher as 1.3 atm. (FIG. 8), arc
stops at one portion of each contact. Accordingly, the surface

of each contact is locallymelted such that a protrusion is formed.

It can be considered that the portion of the protrusion tends

to be easily deposited such that the durability is reduced. On

the other hand, when the charged pressure 18 relatively lower
as 0.5 atm. (FIG. 6) or 0.7 atm. (FIG. 7), arcmoves on each contact
surface without stopping at one portion. As a result, it can
be considered that the durability is improved since the contact

surface 1s uniformly worn, the forming of the protrusion is

15
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suppressed and the contact welding 1s suppressed.

However, when the charged pressure 1s reduced such that arc

1s easlier to move, there 1s a possibility that arc may move out

of the gap between the contacts 7 and 8. When arc generated
petween the contacts 7 and 8 spreads to the thermally responsive

plate 6, the thermally responsive plate 6 1s damaged such that

the durability 1s rather reduced. Furthermore, insufficient

breakdown voltage results 1n continuance of arc even at zero

#

crossing of current. 1In this case, the durability is extremely

lowered. An. extreme reduction 1n the number of switching
operations at the pressure of 0.1 atm. in FIG. 5 mainly arises
from the above-described two reasons. Accordingly, an upper

F

1imit of the intercontact distance is set as a value that can

prevent the transition of arc out of the contacts according to
the reduction in the charged pressure. On the other hand, a lower
limit of the 1ntercontact distance 1s determined from the
necessity to ensure the breakdown voltage. As the result of
inspection of experimental results, it is preferable that the
thermally responsive switch 1 of the embodiment has an
intercontact distance ranging from 0.7 mm to 1.5 mm.

When the contacts 7 and 8 are opened, the movable contact

side end of the thermally responsive plate 6 abuts against the
inner surface of the housing 3 during the curvature direction
reversing operation, so that further curvature direction

reversing operation is limited. On the other hand, the thermally
responsive switch 1 may be constructed so as to have an increased
space between the inner surface of the housing 3 and an upper

surface of the thermally responsive plate 6, whereupon the

16
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curvature direction reversing operation is prevented from being
limited in the middle thereof. When the thermally responsive
switch 1 1s constructed as described above, the contacts 7 and
3 can be separated from each other with a longer distance
therebetween by making use of a snap reversing force of the
thermally responsive plate 6. Although this construction is
regarded as effective for arc extinction, the thermally
responslive plate 6 1s easy to breakunless the reversing operation
thereof 1s 1limited, whereupon the durability thereof is
extremely reduced. Accordingly, the aforesaid upper limit of

the intercontact distance, 1.5 mm, is a value structurally set

as a distance necessary for the movable contact side end of the

thermally responsive plate 6 to abut against the inner surface

' and

of the housing 3 1n the middle of the curvature direction

reversing operation.

As described above, the thermally responsive switch 1 of
the embodiment comprises the fixed contact 8 fixed to the
conductive terminal pin 10A, the thermally responsive plate 6
reversing the direction of curvature according to the
temperature, and the movable contact 7 secured to the free end

of the thermally responsive plate 6, these components being

enclosed 1in the hermetic container 2. Each of the movable and

fixed contacts 7 and 8 comprises a silver-tin oxide-indium oxide

system contact. The container 2 1is filled with the gas
containing helium (He) ranging from 50% to 95% so that the

internal pressure of the container 2 ranges from 0.25 atm. to

0.8 atm. at room temperature or more preferably, from 0.3 atm.

to 0.6 atm.
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According to this construction, the arc generated during
the opening of the contacts /7 and 8 moves on the contact surfaces
such that the contact surfaces are uniformly worn. Accordingly,
the durability can be improved 1n spite of use of the cadmiumless
contacts since an occurrence of contact welding 1s suppressed.

With this, each of the contacts 7 and 8 has a durability

performance equivalent to that of the conventional cadmium

contact (a silver-cadmium oxide system contact, for example).

Furthermore, since the contailner 2 1s filled with helium that

~has a good heat conductivity, the time period necessitated for

the opening of the contacts 7 and 8 upon the flow of an excessively
large current such as the constraint current can be shortened
(or 1ncreased depending upon the construction) and a rated
working current value can be 1ncreased. An influence of the

helium charged rate upon the durability of the switch 1is

relatively smaller.

In this case, a breakdown voltage can be ensured 1n the use
of a commercial power supply since the intercontact distance 1s
set at or above 0.7 mm. Furthermore, since the 1ntercontact

distance 1s set at a value equal to or smaller than 1.5 mm, arc

can be prevented from spreading out of the gap between the

contacts /7 and 8 as much as possible, and the reduction in the

durability can be prevented by suppressing damage due to arc to

per.pheral components such as the thermally responsive plate 6.

Furthermore, when the 1intercontact distance 1s set at a

value equal to or smaller than 1.5 mm, the movable-contact

side end of the thermally responsive plate 6 abuts against

the 1nner surface of the housing 3 in the middle of the

contact opening operation.
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This can prevent an excessive displacement of the thermally

responsive plate 6 by the snap curvature direction reversing

P

operation and subsequent occurrence of vibration, whereupon

reduction in the durability can be prevented.

The disc having the diameter ranging from 3 mm to 5 mm 1s

used as each of the movable and fixed contacts 7 and 8. The
durability of each contact against the heat due to arc 1s 1mproved
when the size of each contact is increased. However, since a

malin material of each contact 1is silver, costs are 1ncreased

consliderably. In contrast, when the size of each contact 1s
small, each contact with a reduced size 1s advantageous 1in cost

reduction. However, 1t 1s experimentally confirmed that each

contact with the diameter of 3 mm at the smallest 1s necessitated

in order that the durabi lity performance against current of 60
A may be ensu'red. Thus, using each contact with the diameter
equal to or larger than 5 mm, for example, with the diameter of
6 mm 1S posslible and i1mproves the durability. However, such
contact 1s 1mpractical from the viewpoints of costs and the size
of the thermally responsive switch.

Thus, the durability and current cutoff performance of the

thermally responsive switch 1 are 1improved without rendering the
contacts 7 and 8 and the thermally responsive plate 6 larger in
Siz.e. Consequently, the thermally responsive switch 1 can
easily be housed in the hermetic housing of the compressor motor
and 1S accdrdingly sultable for a thermal protector for the

compressor motor.

The invention should not be limited by the above-described

embodiment. The embodiment may be modified as follows, for
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example. The hermetic container 2 is filled with the gas

contailning helium ranging from 50% to 95% so that an internal

pressure of the contaliner 2 ranges from 0.25 atm. to 0.8 atm.

at room temperature. Although thilis 1s an indispensable feature,
the intercontact distance, the shape and size of the contacts
7 and 8 should not be limited by the above-described numerical
ranges.

The shape of the hermetic container 2 should not be limited
to the elongate dome shape. For example, when a certain strength
can be achieved by providing ribs along the lenghthwise direction
of the hermetic container 2, the shape of the hermetic container
2 may or may not be the elongate dome shape. Although the support

5> 1s fixed to one end of the hermetic container 2, the thermally

responsive plate 6 may be fixed in the vicinity of the center
of the hermetic container 2 when the thermally responsive switch
1s rendered further smaller. The support 5 may have a button
shape and may be eliminated.

The heater 12 and the heat-resistant inorganic insulating
member 13 may be provided as occasion demands. Although the
header plate 4 is provided with two terminal pins 10A and 10B,

only one terminal pin may be provided and the metal header plate‘

4 may serve as the other terminal.

Two or more pairs of switching contacts 7 and 8 may be

provided. At least one of the movable and fixed contacts 7 and

8 may have a convexly curved surface. Furthermore, a flat

portion may be provided on a top of the convexly curved surface.
The motor for which the thermally responsive switch is used

as the thermal protector should not be 1limited to the single-phase
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induction motor but may include three-phase induction motors.
Furthermore, the thermally responsive switch may be applied to
other types of electric motors, for example, motors to which AC

voltage 1s applied, such as synchronous motors.

INDUSTRIAL APPLICABILITY

As described above, the thermally responsive switch of the

invention is useful as a thermal protector for a compressor motor.

21
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A thermally responsive switch which 1s used to cut off
AC current flowling through a compressor motor, the
thermally responsive switch comprising:

a hermetically sealed contailner including a metal
housing and a header plate hermetically secured to an open
end of the housing;

at least one conductive terminal pin 1nserted through
a through hole formed through the header plate and
hermetically fixed in the through hole by an electrically

insulating filler;

a fixed contact fixed to the at least one conductive
terminal pin in the container;

a thermally responsive plate having one of two ends

conductively connected and fixed to an inner surface of the

container and formed into a dish shape by drawing so as to

reverse a direction of curvature at a predetermined
temperature;

a movable contact secured to the other end of the
thermally responsive plate and constituting, together with
the fixed contact, a pair of switching contacts,

wherein each of the fixed contact and the movable
contact comprises a silver-tin oxide-indium oxlde system

contact, and the container is filled with a gas contailning

helium ranging from 50% to 95% so that an i1nternal pressure
of the container ranges from 0.25 atmosphere to 0.8

atmosphere at room temperature.

2 . The thermally responsive switch according to claim 1,
wherein the container is filled with the gas so that the
internal pressure of the container ranges from 0.3

atmosphere to 0.6 atmosphere at room temperature.
22
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3. The thermally responsive switch according to claim 1,
wherein the movable contact and the fixed contact have an
intercontact distance therebetween in an open state, the
intercontact distance being set at or above 0.7 mm so that
the thermally responsive plate abuts against the inner
surface of the container during a contact opening operation
and so that a subsequent operation of the thermally
responsive plate 1s limited during a curvature direction

reversing operation.

4. The thermally responsive switch according to claim 2,
wherein the movable contact and the fixed contact have an
intercontact distance therebetween in an open state, the

intercontact distance being set at or above 0.7 mm so that

the thermally responsive plate abuts against the 1inner

surface of the container during a contact opening operation
and so that a subsequent operation of the thermally
responsive plate is limited during a curvature direction

reversing operation.

5. The thermally responsive switch according to claim 1,

wherein each of the fixed contact and the movable contact
is formed into a disc shape having a diameter ranging from

3 mm to 5 mm.

6. The thermally responsive switch according to claim Z,
wherein each of the fixed contact and the movable contact
is formed into a disc shape having a diameter ranging from

3 mm to 5 mm.

7. The thermally responsive switch according to claim 3,

wherein each of the fixed contact and the movable contact
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1s formed into a disc shape having a diameter ranging from

3 mm to 5 mm.

8. The thermally responsive switch according to claim 4,
wherein each of the fixed contact and the movable contact

is formed into a disc shape having a diameter ranging from

3 mm to 5 mm.
9. The thermally responsive switch according to claim DO,
wherein the fixed contact or the movable contact or both

has a convexly curved surface.

10. The thermally responsive switch according to claim 6,

wherein the fixed contact or the movable contact or both

has a convexly curved surface.

11. The thermally responsive switch according to claim 7,

-

wherein the fixed contact or the movable contact or both

has a convexly curved surface.

12. The thermally responsive switch according to claim 8,

wherein the fixed contact or the movable contact or both

has a convexly curved surface.
13. The thermally responsive switch according to any one

of claims 1 to 12, further comprising at least one

additional pair of switching contacts.

2.4
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0.5 atm.

FIG.
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1.3 atm.

FIG.8
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