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Description

Title of Invention: HEAT-REACTIVE SWITCH

Technical Field
[0001]
The present invention relates to a heat-reactive switch

used as a protective device of a motor or the like.

Background Art
[0002]

Conventionally, many heat-reactive switches using a
heat-reactive body such as bimetal have been proposed as the
type of heat-reactive switch mentioned above. A
configuration of such a heat-reactive switch as an example
will be described with reference to Figures 6 and 7. A
heat-reactive switch 101 has a metallic housing 102 and a
1lid plate 103. An airtight container is formed by welding
and fixing the 1id plate 103 to an opening part of the
housing 102. Through holes are provided in the 1id plate
103. Metallic conductive terminal pins 104A, 104B are
inserted into the through holes. The conductive terminal
pins 104A, 104B are fixed in an airtight manner by an
electrical insulating material 105 such as glass. A fixed
contact 106 is fixed to one conductive terminal pin 104A, on
the inner side of the airtight container. One end of a
heater 107 as a heating member is connected to the other

conductive terminal pin 104B, on the inner side of the
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airtight container. The other end of the heater is
connected to the 1id plate 103.
[0003]

A heat-reactive plate 109 configured of bimetal or the
like is connected to the inner side of the housing 102,
through a connecting body 110. A movable contact 108 is
provided on a movable end of the heat-reactive plate 109.
The heat-reactive plate 109 is formed into a shallow plate-
shape, and is configured to reverse its curving direction
when it reaches a predetermined operating temperature, and
recover its curving direction when it reaches a
predetermined recovery temperature. Note that the heat-
reactive plate 109 normally brings the movable contact 108
into contact with the fixed contact 106, as shown in Figure
6.

[0004]

The heat-reactive switch 101 is used in an enclosed
electric compressor or the like for compressing a
refrigerant of an air conditioner, for example. In this
case, the heat-reactive switch 101 is arranged inside an
unillustrated closed housing of the compressor, such that
the conductive terminal pins 104A, 104B are connected in
series with a motor. During operation of the air
conditioner, an operating current of the electric compressor
flows through the heat-reactive switch 101 connected in the
aforementioned manner, by the following route: the
conductive terminal pin 104B - the heater 107 - the 1lid

plate 103 - the housing 102 - the connecting body 110 - the
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heat-reactive plate 109 - the movable contact 108 - the
fixed contact 106 - the conductive terminal pin 104A. The
current flowing in this manner heats the heater 107 and the
heat-reactive plate 109 of the heat-reactive switch 101.
However, a current flowing during normal operation of the
air conditioner keeps the heat-reactive plate 109 equal to
or lower than the operating temperature. Hence, the motor
continues to be energized.

[0005]

However, when rotation of the motor is somehow
restricted, for example, an overcurrent several times larger
than the normal operation current flows through the motor.
Hence, if left in this state, components such as coils of
the motor may be burned.

[0006]

If the heating value of the heater 107 and the heat-
reactive plate 109 largely exceed the normal state due to
the overcurrent, the temperature of the heat-reactive plate
109 rises to the predetermined operating temperature, and
the curving direction of the heat-reactive plate 109 will be
reversed. Accordingly, the movable contact 108 fixed on a
tip end part of the heat-reactive plate 109 moves away from
the fixed contact 106. This releases the connection between
the movable contact 108 and the fixed contact 106, and
interrupts the electric circuit. Thus, when a malfunction
occurs in the compressor, the heat-reactive switch 101

releases the connection between contacts, to surely
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interrupt energization of the motor before coils of the

motor reach a burning temperature.

Citation List
Patent Literature
[0007]
Patent Literature 1: Japanese Patent Laid-Open No.

2005-240596

Summary of Invention
Technical Problem
[0008]

When an electric compressor as an object to be
protected is small, for example, its energization current is
small. For this reason, a heater and a heat-reactive plate
cannot generate sufficient heat by itself in the
configuration of the conventional heat-reactive switch 101.
Hence, measures need to be taken to increase the heating
value of the heater and the heat-reactive plate. However,
since the kind of metals used as bimetal and tri-metal of
the heat-reactive plate is limited, for example, there is a
limit to increasing the heating value by improving materials
of the heat-reactive plate. Another conceivable method of
increasing the heating value is to form the heat reactive-
plate thin, to thereby reduce the cross—-sectional area and
increase the value of resistance. However, since a drive
power for opening and closing a movable contact needs to be

secured for the heat-reactive plate, there is also a limit
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to forming the heat-reactive plate thin. Additionally, the
kind of metal used as the material of the heater is also
limited due to the required physical characteristics such as
weldability and cost regquirements. Hence, there is
substantially a limit to replacing the material of the
heater with a material having high resistivity. Hence, the
most effective way to increase the heating value of a heat-
reactive switch is to reduce the cross-sectional area and

stretch the overall length of a heater.

Solution to Problem
[0009]

According to a heat-reactive switch of the present
invention, a heating element of a heater has multiple
meandering portions formed of a strip-shaped metal plate,
and is arranged parallel to and between a 1lid plate and a
heat-reactive plate. The meandering portions are: arranged
such that at least two of the meandering portions are
opposite to each other with a conductive terminal pin
interposed therebetween; each aligned with an inner
circumferential surface of a housing; and are each bent with
respect to a reference axis extending in the longitudinal
direction of the housing, so that strip-shaped flat portions

face each other.

Advantageous Effect of Invention

[0010]
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According to the heat-reactive switch of the present
invention, by applying advantageous ideas to the shape of
the heater, it is possible to reduce the cross-sectional
area and extend the overall length of the heater. Hence,

the heating value of the heater can be increased.

Brief Description of Drawings

[0011]

[Figure 1] Figure 1 is a front view of a heat-reactive
switch of an embodiment.

[Figure 2] Figure 2 is a longitudinal section of the heat-
reactive switch.

[Figure 3] Figure 3 is a cross—-sectional view of the heat-
reactive switch.

[Figure 4] Figure 4 is a perspective view of a heater.
[Figure 5] Figure 5 is a development of the heater.
[Figure 6] Figure 6 is a longitudinal section of a
conventional heat-reactive switch.

[Figure 7] Figure 7 is a cross-—-sectional view of the

conventional heat-reactive switch.

Description of Embodiment
[0012]

Hereinbelow, a description will be given of an
embodiment of a heat-reactive switch to which the present
invention is applied, with reference to the drawings. As
shown in Figures 1 and 2, a heat-reactive switch 1 is an

airtight container configured of a metallic housing 2 and a
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lid plate 3. The housing 2 is formed into a long dome shape
having an open end. The 1lid plate 3 is adhered in an
airtight manner to the open end of the housing 2 by welding,
for example. Metallic conductive terminal pins 4A, 4B are
inserted into two through holes provided in the 1lid plate 3.
These conductive terminal pins 4A, 4B are fixed by an
electrical insulating filler such as glass. Thus, the
conductive terminal pins 4A, 4B are adhered in an airtight
manner, in an electrically insulated state.

[0013]

A fixed contact 6A is fixed, through a conductive fixed
contact support 6B, to a part of one conductive terminal pin
4A on the inner side of the airtight container. Also, a
heat-reactive plate 9 configured of bimetal or tri-metal,
for example, is fixed to the inner side of the housing 2
through a connecting body 10. The heat-reactive plate 9 is
formed into a plate shape by drawing, and has one end
connected to an inner surface of the housing 2 through the
connecting body 10. The heat-reactive plate 9 reverses its
curving direction, when it reaches a predetermined
temperature. Also, a movable contact 8 is fixed to a
movable end, which is the other end, of the heat-reactive
plate 9.

[0014]

When the heat-reactive plate 9 is reversed, the movable
contact 8 moves away from the fixed contact 6A. This
releases a connection between the movable contact 8 and the

fixed contact 6A, and interrupts an electric circuit formed
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of: the conductive terminal pin 4B - a heater 7 - the 1lid
plate 3 - the housing 2 - the connecting body 10 - the heat-
reactive plate 9 - the movable contact 8 - the fixed contact
6A - the fixed contact support 6B - the conductive terminal
pin 4A. Note that in a normal state where the heat-reactive
plate 9 is not reversed, the movable contact 8 is in contact
with the fixed contact 6A and forms the above electric
circuit. Thus, the movable contact 8 opens and closes the
electric circuit, by being driven by the heat-reactive plate
9 to come into contact with and separate from the fixed
contact 6A.

[0015]

As also shown in Figure 3, one end of the heater 7 is
connected to a part of the other conductive terminal pin 4B
on the inner side of the airtight container. The other end
of the heater 7 is connected to an inner surface of the 1lid
plate 3. The shape of the heater 7 will be described with
reference to Figures 4 and 5. The heater 7 is configured of
a metal plate having a certain resistivity and formed into a
strip shape by pressing, for example. Also, the heater 7
has meandering portions, and the meandering portions are
bent. Specifically, the heater 7 is configured of multiple
heater units including a linear portion 7A as a linear
heating element, and a semicircular portion 7B as a
semicircular heating element. In the heater 7, multiple
heater units are alternately connected, by joining the
linear portion 7A of one heater unit to the semicircular

portion 7B of another heater unit. Thus, the heater 7 has
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multiple meandering portions 7C, 7D in which multiple linear
portions 7A are provided adjacent to one another with the
semicircular portion 7B interposed therebetween.

[0016]

The structure of the heater 7 adopts the meandering
heating element, so that a longer electric circuit can be
obtained inside a limited space. The meandering portions 7C,
7D are connected by a connection portion 7E. In this case,
the connection portion 7E is a linearly extending strip-—
shaped element. Note, however, that the connection portion
7E may be a meandering part. Additionally, fixing portions
7F, 7G are provided on both end parts of the heater 7.

[0017]

The meandering portions 7C, 7D are bent with respect to
predetermined reference axes 7H shown in Figure 5. 1In this
case, the reference axis 7H is an axis that extends in the
longitudinal direction of the long dome-shaped housing 2.
The reference axis 7H set in this manner is an axis that
extends in a direction perpendicular to the center axis of
the linear portion 7A, in other words, to the extending
direction of the linear portion 7A. Also, the reference
axis 7H is an axis extending in a direction perpendicular to
the extending direction of the connection portion 7E, which
connects the meandering portions 7C, 7D. Note that in the
meandering portion 7D, the heater unit of a part facing the
fixing portion 7F includes the linear portion 7A shorter
than the linear portion 7A of the other heater units.

[0018]
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The meandering portions 7C, 7D are bent with respect to
the reference axes 7H, such that a first surface of both
surfaces of the linear portion 7A faces the same first
surface. In other words, the meandering portions 7C, 7D are
bent 180 degrees with respect to the reference axes 7H. In
the meandering portions 7C, 7D bent in this manner, a
predetermined gap is formed between opposite planes of the
first surface of the same linear portion 7A, that is,
between surfaces on the inner side in the bent state.
Additionally, the meandering portions 7C, 7D are configured
such that the respective strip-shaped flat parts
constituting the linear portions 7A face each other. Also,
the meandering portions 7C, 7D are bent such that the
extending direction of the linear portion 7A is
perpendicular to the connection portion 7E. Then, the
heater 7 is arranged inside the airtight container such that
the connection portion 7E is parallel to the inner surface
of the 1lid plate 3. Accordingly, the heater 7 is arranged
inside the airtight container such that the extending
direction of the linear portion 7A is vertical to the inner
surface of the 1lid plate 3.

[0019]

By bending the meandering portions 7C, 7D in this
manner, it is possible to reduce the dimension of the heater
7 in the width direction, which is the direction
perpendicular to the reference axis 7H and the extending
direction of the connection portion 7E. Hence, the heater 7

can be accommodated in a smaller space, and the heater 7
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having a longer overall length can be arranged inside a
conventional-sized airtight container. Also, the heater 7
having the meandering portions 7C, 7D bent in this manner is
arranged inside the airtight container, such that the linear
portion 7A of one meandering portion 7C faces the linear
portion 7A of the other meandering portion 7D. Additionally,
the heater 7 is arranged inside the airtight container, such
that the linear portion 7A of one meandering portion 7C is
parallel to the linear portion 7A of the other meandering
portion 7D.

[0020]

Also, when arranged inside the airtight container, the
heater 7 surrounds the periphery of the conductive terminal
pin 4B with the fixing portion 7G - the meandering portion
7C — the connection portion 7E - the meandering portion 7D -
the fixing portion 7F. That is, the heater 7 is arranged
around the conductive terminal pin 4B, in such a manner as
to form a spiral. Additionally, the heater 7 is arranged
such that the meandering portions 7C, 7D are opposite to
each other with the conductive terminal pin 4B interposed
therebetween. Also, the heater 7 is arranged such that the
meandering portions 7C, 7D are parallel to the inner surface
of the 1id plate 3. The heater 7 is also arranged such that
lateral surfaces on the outer sides of the meandering
portions 7C, 7D are aligned with an inner circumferential
surface of the housing 2. Then, the fixing portion 7G as an
end part of the heater 7 on the circumferential edge side is

fixed to the inner surface of the 1lid plate 3 by welding,
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for example. Meanwhile, the fixing portion 7F as an end
part of the heater on the center side is fixed to an end
part of the conductive terminal pin 4B inside the airtight
container, by welding, for example.

[0021]

Moreover, the heater 7 is arranged inside the airtight
container such that the connection portion 7E is on the
heat-reactive plate 9 side, a bent portion closest to the
connection portion 7E is on the lid plate 3 side, and the
next bent portion is on the heat-reactive plate 9 side.
Hence, when the heater 7 is arranged inside the airtight
container, its area is larger on the heat-reactive plate 9
side than on the 1lid plate 3 side opposite to the heat-
reactive plate 9 side.

[0022]

According to the heat-reactive switch 1, the heater
element of the heater 7 has multiple meandering portions 7C,
7D formed of a strip-shaped metal plate. These meandering
portions 7C, 7D are arranged parallel to at least the 1lid
plate 3, between the 1lid plate 3 and the heat-reactive plate
9. Also, the meandering portions 7C, 7D are arranged
opposite to each other with the conductive terminal pin 4B
interposed therebetween. Also, each of the meandering
portions 7C, 7D is aligned with the inner circumferential
surface of the housing 2. Also, the meandering portions 7C,
7D are partially bent with respect to the reference axes 7H
extending in the longitudinal direction of the housing 2.

The meandering portions 7C, 7D are also configured such that
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their strip-shaped flat portions are opposite to each other.
That 1is, according to the heat-reactive switch 1, by
applying advantageous ideas to the shape of the heater 7, it
is possible to reduce the cross—-sectional area and extend
the overall length of the heater 7. Hence, the heating
value of the heater 7 can be increased.

[0023]

In a deployed state, a heater formed into a strip shape
is likely to receive force in a direction perpendicular to
the surface of the heater, and therefore may easily warp.
However, according to the heat-reactive switch 1 to which
the present invention is applied, the meandering portions 7C,
7D as heating elements are bent with respect to the
predetermined reference axes 7H. Additionally, the
meandering portions 7C, 7D are bent with respect to the
predetermined reference axes 7H, such that the extending
direction of the linear portion 7A is vertical to the inner
surface of the 1lid plate 3. Hence, force is less likely to
be applied perpendicularly on the surfaces of the meandering
portions 7C, 7D, and warpage resistance of the heater 7 can
be improved.

[0024]

Also, when vibration or impact is applied, a large
stress acts on a fixing portion for fixing the heater. 1In
particular, a configuration in which a heater projects
largely in the lateral direction tends to be affected by
vibration, since the center of gravity of the heater is

separated from the fixing portion. Hence, when vibration or
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impact is applied, a large rotary torque acts on the fixing
portion, and durability thereof is degraded. However,
according to the heat-reactive switch 1 to which the present
invention is applied, the heater 7 is partially bent, and
therefore does not largely project in the lateral direction.
Also, the heater 7 is arranged in such a manner as to form a
spiral parallel to the 1lid plate 3, and its fixing portion
7F on the center side is fixed to the conductive terminal
pin 4B. According to this configuration, the fixing portion
7F is positioned close to the center of gravity of the
heater 7. Hence, even when vibration or impact is applied,
the fixing portion 7F is less likely to receive an excessive
rotary torque.

[0025]

Also, the heater 7 is formed into a spiral as a whole,
and the fixing portions 7F, 7G on both end parts are
arranged at a predetermined interval in the longitudinal
direction of the heat-reactive switch 1. In other words,
the heater 7 has an asymmetrical shape as a whole. 1In
addition, since the heater 7 has the meandering portions 7C,
7D as heating elements bent in a complex manner, lengths and
directions of the parts are varied in many ways. This can
suppress occurrence of resonance phenomena in the heater 7
due to vibration or the like.

[0026]

Note that the present invention is not limited only to

the single embodiment described above, and various

modifications or extensions can be made without departing



from the gist of the invention. For example, the number of
meandering portions of the heater is not limited to two, and

may be varied as appropriate.
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Claims

[Claim 1]

A heat-reactive switch comprising:

an airtight container formed by adhering a 1lid plate in
an airtight manner to an open end of a metallic, long, dome-—
shaped housing;

two conductive terminal pins respectively inserted into
two through holes provided in the 1id plate, and each fixed in
an airtight manner by an electrical insulating filler;

a fixed contact fixed to one of the conductive terminal
pins inside the airtight container;

a heater having one end connected to the other of the
conductive terminal pins and the other end connected to the
1lid plate inside the airtight container;

a heat-reactive plate having one end connected to an
inner surface of the housing, and whose curving direction is
reversed at a predetermined temperature; and

a movable contact provided on the other end of the heat-
reactive plate, and constituting a pair of switching contacts
with the fixed contact, wherein:

a heating element of the heater has a plurality of
meandering portions formed of a strip-shaped metal plate, and
is arranged parallel to and between the 1lid plate and the
heat-reactive plate; and

the meandering portions are
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arranged such that at least two of the meandering
portions are opposite to each other with the conductive
terminal pin interposed therebetween,

each aligned with an inner circumferential surface of the
housing, and

are each bent with respect to a reference axis extending
in the longitudinal direction of the housing, so that strip-
shaped flat portions face each other.
[Claim 2]

The heat-reactive switch according to claim 1, wherein

the meandering portion is formed by alternately
connecting a plurality of heater units including a linear
portion and a semicircular portion.
[Claim 3]

The heat-reactive switch according to claim 2, wherein

the meandering portion is bent such that a first surface
of both surfaces of the linear portion faces the same first
surface.
[Claim 4]

The heat-reactive switch according to claim 2 or 3,
wherein

the meandering portion is bent such that an extending
direction of the linear portion is vertical to an inner
surface of the 1lid plate.

[Claim 5]
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The heat-reactive switch according to any one of claims 2
to 4, wherein

the linear portion of the meandering portion is arranged
parallel to the linear portion of another one of the
meandering portions.
[Claim 6]

The heat-reactive switch according to any one of claims 1
to 5, wherein

the heater has an end part on a circumferential edge side
fixed to the 1lid plate, and an end part on a center side fixed

to the conductive terminal pin.





