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(54) COOLING DEVICE AND MOTOR

(57) To provide a cooling device having a structure
capable of improving the cooling efficiency while sup-
pressing an increase in size. A cooling device that cools
a heating element, according to one aspect of the present
invention, is provided with: a cooling chamber for cooling
the heating element with a first cooling medium; a radiator
chamber for releasing the heat of the first cooling medium
to the outside; and a first connection path and a second
connection path for connecting the cooling chamber and
the radiator chamber. At least part of the radiator cham-
ber is located father toward the upper side in the vertical
direction than the cooling chamber is. A portion where
the first connection path and the radiator chamber are
connected is located at the same position, in the vertical

direction, as a portion where the first connection path and
the cooling chamber are connected or is located father
toward the upper side than the portion where the first
connection path and the cooling chamber are connected
is. When part of the first cooling medium in the cooling
chamber is gasified, at least part of the gasified first cool-
ing medium moves into the first connection path, thus
causing a circulation in which the first cooling medium in
the cooling chamber flows into the radiator chamber via
the first connection path, and the first cooling medium in
the radiator chamber flows into the cooling chamber via
the second connection path.



2

EP 3 333 529 A1



EP 3 333 529 A1

3

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present invention relates to a cooling de-
vice and a motor.

[Background Art]

[0002] For example, in Patent Literature 1, a cooling
device configured to cool a motor is described. In the
cooling device in Patent Literature 1, a liquid refrigerant
absorbs heat of a casing and evaporates, and a motor
is cooled through the casing.

[Citation List]

[Patent Literature]

[0003] [Patent Literature 1]
Japanese Unexamined Patent Application Publication
No. H9-23614

[Summary of Invention]

[Technical Problem]

[0004] In the cooling device described above, in order
to return the liquid refrigerant that has evaporated and
become a gas to a liquid again, a condenser is necessary.
When a temperature of a heat generating object to be
cooled becomes higher, since an amount of the liquid
refrigerant evaporated increases, a larger-sized con-
denser is necessary. Accordingly, there is a problem of
the size of the entire cooling device increasing.
[0005] In view of the above problem, an object of an
aspect of the present invention is to provide a cooling
device having a structure through which it is possible to
improve cooling efficiency while preventing the size in-
creasing and a motor including such a cooling device.

[Solution to Problem]

[0006] According to an aspect of the present invention,
there is provided a cooling device configured to cool a
heating element. The cooling device includes: a cooling
chamber that cools the heating element by a first cooling
medium; a radiator chamber that releases heat of the
first cooling medium to an outside; and a first connection
path and a second connection path that connect the cool-
ing chamber to the radiator chamber, wherein at least a
part of the radiator chamber is positioned above the cool-
ing chamber in a vertical direction, wherein a part in which
the first connection path is connected to the radiator
chamber is positioned at a same part in which the first
connection path is connected to the cooling chamber in
the vertical direction or is positioned above a part in which
the first connection path is connected to the cooling

chamber, and when a part of the first cooling medium in
the cooling chamber is vaporized, at least a part of the
first cooling medium which is vaporized moves into the
first connection path, and a circulation is generated in
which the first cooling medium in the cooling chamber
flows to the radiator chamber through the first connection
path, and the first cooling medium in the radiator chamber
flows into the cooling chamber through the second con-
nection path.
[0007] According to an aspect of the present invention,
there is provided a cooling device configured to cool a
heating element. The cooling device includes: a cooling
chamber that cools the heating element by a first cooling
medium; a radiator chamber that releases heat of the
first cooling medium to an outside; and a first connection
path and a second connection path that connect the cool-
ing chamber to the radiator chamber, wherein at least a
part of the radiator chamber is positioned above the cool-
ing chamber in the vertical direction, wherein a part in
which the first connection path is connected to the radi-
ator chamber is positioned at a same part in which the
first connection path is connected to the cooling chamber
in the vertical direction or is positioned above a part in
which the first connection path is connected to the cooling
chamber, and when a part of the first cooling medium in
the cooling chamber is vaporized, at least a part of the
first cooling medium which is vaporized condenses in
any one of the first connection path, the second connec-
tion path, and the radiator chamber.
[0008] A motor according to an aspect of the present
invention includes the above cooling device.

[Advantageous Effects of Invention]

[0009] According to an aspect of the present invention,
there are provided a cooling device having a structure
through which it is possible to improve cooling efficiency
while preventing the size increasing and a motor includ-
ing such a cooling device.

[Brief Description of Drawings]

[0010]

FIG. 1 is a schematic diagram showing a cooling
device of the present embodiment.
FIG. 2 is a schematic diagram showing the cooling
device of the present embodiment.
FIG. 3 is a schematic diagram showing the cooling
device of the present embodiment.
FIG. 4 is a schematic diagram showing a cooling
device which is another example of the present em-
bodiment.
FIG. 5 is a cross-sectional view showing a motor of
the present embodiment.
FIG. 6 is a perspective view showing a part of the
motor of the present embodiment.
FIG. 7 is a perspective view showing an upper insu-
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lator of the present embodiment.
FIG. 8 is a perspective view showing a part of the
motor of the present embodiment.

[Description of Embodiments]

[0011] A cooling device and a motor according to em-
bodiments of the present invention will be described be-
low with reference to the drawings. Here, the scope of
the present invention is not limited to the following em-
bodiments, and can be arbitrarily changed within the
technical scope of the present invention. In addition, in
the following drawings, in order to facilitate understand-
ing of components, sizes, numbers, and the like in struc-
tures may be different from sizes, numbers, and the like
in actual structures.
[0012] In addition, in the drawings, an XYZ coordinate
system is appropriately shown as a three-dimensional
orthogonal coordinate system. In the XYZ coordinate
system, a Z axis direction is a vertical direction. An X axis
direction is a direction orthogonal to the Z axis direction
and is a direction in which a central axis J in FIG. 5 ex-
tends. The X axis direction is a left and right direction in
Fig. 1. A Y axis direction is a direction that is orthogonal
to both the X axis direction and the Z axis direction.

<Cooling device>

[0013] FIG. 1 to FIG. 3 are schematic diagrams show-
ing a cooling device 10 of the present embodiment. As
shown in FIG. 1, the cooling device 10 cools a heating
element HE. The heating element HE is, for example, a
coil of a motor. The cooling device 10 includes a cooling
chamber 11, a radiator chamber 12, a first connection
path 13, a second connection path 14, and an elastic part
15.
[0014] A first cooling medium CM1 is filled into the cool-
ing chamber 11, into the radiator chamber 12, into the
first connection path 13, and into the second connection
path 14. The first cooling medium CM1 is, for example,
a fluorine-based inert liquid. The first cooling medium
CM1 has, for example, an insulation property. The type
of the first cooling medium CM1 can be selected accord-
ing to a maximum heat generation temperature of the
heating element HE.
[0015] Here, in this specification, when it is described
that the first cooling medium CM1 is filled into a certain
space, this is not limited to a case in which only the inside
of the certain space is filled with only the first cooling
medium CM1. When it is described that the first cooling
medium CM1 is filled into a certain space, this includes
also a case in which a substance other than the first cool-
ing medium CM1 is housed in a certain space.
[0016] The cooling chamber 11 is surrounded by a wall
11a. The cooling chamber 11 cools the heating element
HE using the first cooling medium CM1. In the present
embodiment, the heating element HE is housed in the
cooling chamber 11.

[0017] The radiator chamber 12 is surrounded by a wall
12a. The radiator chamber 12 releases heat of the first
cooling medium CM1 to the outside. A heat absorbing
part 16 is attached to the wall 12a of the radiator chamber
12. In the example in FIG. 1, the heat absorbing part 16
is attached to, for example, the upper side of the radiator
chamber 12 in the vertical direction.
[0018] The heat absorbing part 16 is, for example, a
part included in an instrument to which the cooling device
10 is attached. The heat absorbing part 16 absorbs heat
from the first cooling medium CM1 in the radiator cham-
ber 12. The heat absorbing part 16 can absorb heat from
the first cooling medium CM1 in the radiator chamber 12.
The heat absorbing part 16 may be, for example, a heat
sink made of a member having a relatively high thermal
conductivity. In addition, the heat absorbing part 16 may
be a fan that blows air to the radiator chamber 12. The
heat absorbing part 16 may be a member including a flow
path through which a cooling medium flows.
[0019] In the present embodiment, the radiator cham-
ber 12 releases, for example, heat of the first cooling
medium CM1 to the heat absorbing part 16. At least a
part of the radiator chamber 12 is positioned above the
cooling chamber 11 in the vertical direction. In the present
embodiment, for example, the entire radiator chamber
12 is positioned above the cooling chamber 11 in the
vertical direction.
[0020] The first connection path 13 and the second
connection path 14 connect the cooling chamber 11 to
the radiator chamber 12. In the present embodiment, the
first connection path 13 and the second connection path
14 extend in the vertical direction (the Z axis direction).
The lower end of the first connection path 13 in the vertical
direction and the lower end of the second connection
path 14 in the vertical direction are connected to the upper
end of the cooling chamber 11 in the vertical direction.
That is, the first connection path 13 and the second con-
nection path 14 are connected to the upper end of the
cooling chamber 11 in the vertical direction. The upper
end of the first connection path 13 in the vertical direction
and the upper end of the second connection path 14 in
the vertical direction are connected to the lower end of
the radiator chamber 12 in the vertical direction.
[0021] In the vertical direction (the Z axis direction), a
part P12 in which the first connection path 13 is connect-
ed to the radiator chamber 12 is positioned above a part
P11 in which the first connection path 13 is connected to
the cooling chamber 11 in the vertical direction. In the
present embodiment, the part P12 is positioned at, for
example, one end (+X side) of the radiator chamber 12
in the horizontal direction. In the present embodiment,
the part P11 is positioned, for example, near one end of
the cooling chamber 11 in the horizontal direction.
[0022] In the vertical direction (the Z axis direction), a
part P22 in which the second connection path 14 is con-
nected to the radiator chamber 12 is positioned above a
part P21 in which the second connection path 14 is con-
nected to the cooling chamber 11 in the vertical direction.
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In the present embodiment, the part P22 is positioned at,
for example, the other end (-X side) of the radiator cham-
ber 12 in the horizontal direction. In the present embod-
iment, the part P21 is positioned, for example, near the
other end of the cooling chamber 11 in the horizontal
direction.
[0023] A shape of a cross section (XY cross section)
orthogonal to a direction (the Z axis direction) in which
the first connection path 13 extends is not particularly
limited, and may be, for example, a circular shape. A
shape of a cross section (XY cross section) orthogonal
to a direction (the Z axis direction) in which the second
connection path 14 extends is not particularly limited, and
may be, for example, a circular shape.
[0024] A size of the first connection path 13 in a direc-
tion (the X axis direction, the Y axis direction) orthogonal
to the direction (the Z axis direction) in which the first
connection path 13 extends and a size of the second
connection path 14 in a direction (the X axis direction,
the Y axis direction) orthogonal to a direction (the Z axis
direction) in which the second connection path 14 ex-
tends have a size at which at least a part of the vaporized
first cooling medium CM1 is retained in the first connec-
tion path 13 or the second connection path 14. In the
present embodiment, the size of the first connection path
13 in a direction orthogonal to the direction in which the
first connection path 13 extends is an inner diameter D1
of the first connection path 13. In the present embodi-
ment, the size of the second connection path 14 in a
direction orthogonal to the direction in which the second
connection path 14 extends is an inner diameter D2 of
the second connection path 14.
[0025] Specifically, the inner diameter D1 of the first
connection path 13 and the inner diameter D2 of the sec-
ond connection path 14 are preferably, for example, in a
range of about 5 mm or more and 10 mm or less. When
the inner diameter D1 and the inner diameter D2 are set
to have such sizes, bubbles CM1g which are the vapor-
ized first cooling medium CM1 are likely to be retained
in the first connection path 13 and in the second connec-
tion path 14.
[0026] The elastic part 15 is in contact with the first
cooling medium CM1. The elastic part 15 is made of an
elastic material. A material of the elastic part 15 is not
particularly limited as long as the material is elastic. A
material of the elastic part 15 is, for example, rubber. In
the present embodiment, the elastic part 15 is, for exam-
ple, a part of the wall 11a constituting the cooling chamber
11.
[0027] Next, a method of cooling the heating element
HE using the cooling device 10 of the present embodi-
ment will be described. The cooling device 10 of the
present embodiment includes three cooling phases, that
is, a first cooling phase PH1, a second cooling phase
PH2, and a third cooling phase PH3. In the cooling device
10 of the present embodiment, the three cooling phases
are appropriately switched between according to a tem-
perature of the heating element HE, and it is possible to

efficiently cool the heating element HE. The three cooling
phases are switched between in the order of the first cool-
ing phase PH1, the second cooling phase PH2, and the
third cooling phase PH3 as the temperature of the heating
element HE increases.
[0028] FIG. 1 shows the cooling device 10 in the first
cooling phase PH1. As shown in FIG. 1, the first cooling
phase PH1 is a phase in which the heating element HE
is cooled by a convective flow CF of the first cooling me-
dium CM1 generated in the cooling chamber 11. When
the temperature of the heating element HE increases, a
temperature of the first cooling medium CM1 positioned
around the heating element HE increases. Accordingly,
the first cooling medium CM1 whose temperature has
increased rises in the cooling chamber 11 and the con-
vective flow CF is generated. That is, in the present em-
bodiment, when the temperature of the first cooling me-
dium CM1 has increased, the convective flow CF of the
first cooling medium CM1 is generated in the cooling
chamber 11.
[0029] When the convective flow CF is generated, the
first cooling medium CM1 is stirred in the cooling chamber
11 by the convective flow CF. Accordingly, the first cool-
ing medium CM1 positioned around the heating element
HE can be circulated in the cooling chamber 11 and the
heating element HE can be cooled. In the first cooling
phase PH1, the temperature of the heating element HE
is lower than a boiling point of the first cooling medium
CM1.
[0030] Here, in the present embodiment, the cooling
chamber 11 is connected to the radiator chamber 12 at
only the first connection path 13 and the second connec-
tion path 14. Therefore, in a natural state, the first cooling
medium CM1 is unlikely to be circulated between the first
cooling medium CM1 in the cooling chamber 11 and the
first cooling medium CM1 in the radiator chamber 12.
[0031] Here, in this specification, the natural state in-
cludes a state in which no first cooling medium CM1 is
vaporized and a state in which, even if the first cooling
medium CM1 is vaporized, no bubbles CM1g to be de-
scribed below are retained in the first connection path 13
or the second connection path 14. In this specification,
the natural state includes the first cooling phase PH1 and
the second cooling phase PH2. That is, in the first cooling
phase PH1 and the second cooling phase PH2, a circu-
lation CY1 of the first cooling medium CM1 to be de-
scribed below is unlikely to be generated between the
cooling chamber 11 and the radiator chamber 12.
[0032] When a circulation of the first cooling medium
CM1 is unlikely to be generated between the cooling
chamber 11 and the radiator chamber 12, heat exchange
is unlikely to occur between the cooling chamber 11 and
the radiator chamber 12. Since the first cooling medium
CM1 in the cooling chamber 11 cools the heating element
HE, the temperature is likely to relatively increase. On
the other hand, since the first cooling medium CM1 in
the radiator chamber 12 releases heat to the outside, the
temperature is likely to relatively decrease. Therefore, in
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the natural state, the temperature of the first cooling me-
dium CM1 in the radiator chamber 12 remains relatively
low.
[0033] In addition, when a circulation of the first cooling
medium CM1 is not generated between the cooling
chamber 11 and the radiator chamber 12, in the first con-
nection path 13 and the second connection path 14 that
connect the cooling chamber 11 and the radiator cham-
ber 12, the temperature of the first cooling medium CM1
remains relatively low.
[0034] In the first cooling phase PH1, when the heating
element HE cannot be sufficiently cooled and the tem-
perature of the heating element HE is equal to or higher
than the boiling point of the first cooling medium CM1,
the cooling phase transitions from the first cooling phase
PH1 to the second cooling phase PH2.
[0035] FIG. 2 shows the cooling device 10 in the sec-
ond cooling phase PH2. As shown in FIG. 2, the second
cooling phase PH2 is a phase in which the heating ele-
ment HE is cooled by the convective flow CF of the first
cooling medium CM1 and vaporization of the first cooling
medium CM1.
[0036] In the second cooling phase PH2, when the
temperature of the heating element HE is equal to or
higher than the boiling point of the first cooling medium
CM1, the first cooling medium CM1 around the heating
element HE is vaporized and the bubbles CM1g are gen-
erated from a gas of the first cooling medium CM1. There-
fore, due to latent heat generated when the first cooling
medium CM1 is vaporized, heat of the heating element
HE is absorbed and the heating element HE is cooled.
[0037] In this manner, in the second cooling phase
PH2, in addition to the convective flow CF, the heating
element HE is also cooled by vaporization of the first
cooling medium CM1. Therefore, an effect of cooling the
heating element HE in the second cooling phase PH2 is
stronger than an effect of cooling the heating element
HE in the first cooling phase PH2.
[0038] The bubbles CM1g generated in the second
cooling phase PH2 rise upward (+Z side) in the vertical
direction and move, for example, in the first connection
path 13. As described above, in the second cooling phase
PH2, since the circulation CY1 of the first cooling medium
CM1 to be described below is unlikely to be generated
between the cooling chamber 11 and the radiator cham-
ber 12, the temperature of the first cooling medium CM1
in the first connection path 13 remains relatively low. Ac-
cordingly, the bubbles CM1g that have moved in the first
connection path 13 condense and return to a liquid again.
[0039] In the example in FIG. 2, the bubbles CM1g
move only to the first connection path 13, but the present
invention is not limited thereto. In the second cooling
phase PH2, the bubbles CM1g may move to the second
connection path 14 or may move to the radiator chamber
12 through the first connection path 13 or the second
connection path 14. Also in the second connection path
14 and the radiator chamber 12, since the temperature
of the first cooling medium CM1 remains relatively low,

the bubbles CM1g that have moved into the second con-
nection path 14 and the radiator chamber 12 condense
and return to a liquid again. That is, when the first cooling
medium CM1 in the cooling chamber 11 is vaporized, at
least a part of the vaporized first cooling medium CM1
condenses in any of the first connection path 13, the sec-
ond connection path 14, and the radiator chamber 12.
[0040] When the heating element HE is cooled in the
second cooling phase PH2 and the temperature of the
heating element HE is lower than the boiling point of the
first cooling medium CM1, the cooling phase returns from
the second cooling phase PH2 to the first cooling phase
PH1.
[0041] On the other hand, when the heating element
HE is not sufficiently cooled in the second cooling phase
PH2, the temperature of the heating element HE rises,
and an amount of the vaporized first cooling medium CM1
increases to a certain extent, the cooling phase transi-
tions from the second cooling phase PH2 to the third
cooling phase PH3.
[0042] FIG. 3 shows the cooling device 10 in the third
cooling phase PH3. As shown in FIG. 3, the third cooling
phase PH3 is a phase in which the heating element HE
is cooled by vaporization of the first cooling medium CM1
and the circulation CY1 of the first cooling medium CM1
generated between the cooling chamber 11 and the ra-
diator chamber 12.
[0043] When the temperature of the heating element
HE further increases, an amount of the vaporized first
cooling medium CM1 increases and an amount of the
bubbles CM1g increases. Here, the inner diameter D1
of the first connection path 13 and the inner diameter D2
of the second connection path 14 are set such that the
bubbles CM1g which are the vaporized first cooling me-
dium CM1 are likely to be retained in the first connection
path 13 and the second connection path 14. Therefore,
when an amount of the bubbles CM1g increases, the
bubbles CM1g are retained in the first connection path
13. Accordingly, a pressure difference is generated be-
tween the part P11 in which the first connection path 13
is connected to the cooling chamber 11 and the part P21
in which the second connection path 14 is connected to
the cooling chamber 11 according to a length of a part in
the vertical direction (the Z axis direction) in which the
bubbles CM1g are retained in the first connection path
13. That is, a pressure in the part P11 is lower than a
pressure in the part P21.
[0044] Accordingly, the first cooling medium CM1 in
the second connection path 14 moves to the cooling
chamber 11 that is positioned on the lower side in the
vertical direction due to gravity. When the first cooling
medium CM1 in the second connection path 14 moves
into the cooling chamber 11, a part of the first cooling
medium CM1 in the cooling chamber 11 is pushed out
to the first connection path 13 and moves to the radiator
chamber 12 through the first connection path 13. Accord-
ing to inflow of the first cooling medium CM1 from the
first connection path 13 and outflow of the first cooling
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medium CM1 from the second connection path 14, a part
of the first cooling medium CM1 in the radiator chamber
12 is pushed out to the second connection path 14 and
moves to the cooling chamber 11 through the second
connection path 14. Accordingly, the circulation CY1 of
the first cooling medium CM1 is generated between the
cooling chamber 11 and the radiator chamber 12.
[0045] As described above, in the third cooling phase
PH3, when a part of the first cooling medium CM1 in the
cooling chamber 11 is vaporized, at least a part of the
vaporized first cooling medium CM1 (the bubbles CM1g)
moves into the first connection path 13. Then, in the third
cooling phase PH3, the circulation CY1 is generated so
that the first cooling medium CM1 in the cooling chamber
11 flows to the radiator chamber 12 through the first con-
nection path 13 and the first cooling medium CM1 in the
radiator chamber 12 flows to the cooling chamber 11
through the second connection path 14.
[0046] Since the temperature of the first cooling medi-
um CM1 in the radiator chamber 12 remains relatively
low in the first cooling phase PH1 and the second cooling
phase PH2, the first cooling medium CM1 in the radiator
chamber 12 is moved into the cooling chamber 11 by the
circulation CY1, and thus the heating element HE can be
further cooled.
[0047] In this manner, in the third cooling phase PH3,
the heating element HE is cooled by the circulation CY1
of the first cooling medium CM1 in addition to vaporization
of the first cooling medium CM1. Therefore, an effect of
cooling the heating element HE in the third cooling phase
PH3 is stronger than an effect of cooling the heating el-
ement HE in the second cooling phase PH2. In addition,
in the third cooling phase PH3, a flow velocity of the cir-
culation CY1 of the first cooling medium CM1 generated
due to a pressure difference is higher than a flow velocity
of the convective flow CF of the first cooling medium CM1.
As a result, an effect of cooling the heating element HE
is improved.
[0048] Here, when the circulation CY1 of the first cool-
ing medium CM1 is generated, the first cooling medium
CM1 having a relatively high temperature in the cooling
chamber 11 flows into the radiator chamber 12. However,
since the radiator chamber 12 releases heat of the first
cooling medium CM1 to the outside, the first cooling me-
dium CM1 having a relatively high temperature flowing
from the cooling chamber 11 is cooled in the radiator
chamber 12 and becomes the first cooling medium CM1
having a relatively low temperature, and flows into the
cooling chamber 11 again.
[0049] In the third cooling phase PH3, the bubbles
CM1g retained in the first connection path 13 are moved
to the radiator chamber 12 together with the first cooling
medium CM1 which is a liquid by the circulation CY1 of
the first cooling medium CM1 and condense.
[0050] As described above, in the present embodi-
ment, according to the temperature of the heating ele-
ment HE, the cooling phase is automatically changed
among the first cooling phase PH1 to the third cooling

phase PH3. Accordingly, it is possible to realize an ap-
propriate cooling phase according to the temperature of
the heating element HE and it is possible to efficiently
cool the heating element HE.
[0051] The type of the first cooling medium CM1 is pref-
erably selected so that, for example, the cooling phase
in the cooling device 10 can be changed among the first
cooling phase PH1 to the third cooling phase PH3 de-
scribed above. Specifically, as the first cooling medium
CM1, a substance that can be vaporized by heat of the
heating element HE is preferably selected. That is, the
boiling point of the first cooling medium CM1 is preferably
lower than a maximum temperature of the heating ele-
ment HE. Accordingly, when the temperature of the heat-
ing element HE is higher than the boiling point of the first
cooling medium CM1, the first cooling medium CM1 is
vaporized, and the second cooling phase PH2 and the
third cooling phase PH3 are realized. Therefore, the heat-
ing element HE is more easily cooled.
[0052] According to the present embodiment, as de-
scribed above, it is possible to effectively cool the heating
element HE by vaporization of the first cooling medium
CM1 and the circulation CY1. Therefore, it is possible to
improve cooling efficiency of the cooling device 10. In
addition, for example, compared to when the heating el-
ement HE is cooled only by vaporization of the first cool-
ing medium CM1, it is possible to reduce an amount of
the vaporized first cooling medium CM1. Accordingly, it
is not necessary to provide a large condenser for con-
densing bubbles CM1g in the cooling device, and it is
possible to prevent the size of the cooling device from
increasing.
[0053] In addition, for example, a method in which an
instrument for applying a driving force to the first cooling
medium CM1 such as a pump is provided in the cooling
device, and thus the circulation CY1 of the first cooling
medium CM1 is generated between the cooling chamber
11 and the radiator chamber 12 may also be conceived.
However, in this case, the size of the cooling device is
increased by the pump or the like.
[0054] On the other hand, according to the present em-
bodiment, in the cooling device 10, the bubbles CM1g
are used, gravity applied to the first cooling medium CM1
is used as a driving force, and thus the circulation CY1
of the first cooling medium CM1 can be generated. As a
result, in the first cooling medium CM1, a flow velocity of
the circulation CY1 is higher than a flow velocity of the
convective flow CF. Therefore, according to the present
embodiment, it is possible to improve cooling efficiency
of the cooling device 10.
[0055] As described above, according to the present
embodiment, it is possible to prevent the size of the cool-
ing device from increasing and it is possible to improve
cooling efficiency.
[0056] In addition, according to the present embodi-
ment, the generated bubbles CM1g condense in any of
the first connection path 13, the second connection path
14, and the radiator chamber 12 in which the temperature
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of the first cooling medium CM1 remains relatively low.
Therefore, it is not necessary to provide a condenser
irrespective of the size, and it is possible to prevent the
size of the cooling device 10 from increasing.
[0057] In addition, according to the present embodi-
ment, since the inner diameter D1 of the first connection
path 13 has a size at which the bubbles CM1g are re-
tained in the first connection path 13, the cooling phase
is likely to transition from the second cooling phase PH2
to the third cooling phase PH3. Accordingly, the cooling
device 10 can more easily cool the heating element HE
and it is possible to further improve cooling efficiency of
the cooling device 10. In addition, when the inner diam-
eter D1 of the first connection path 13 is small enough
for the bubbles CM1g to be retained, in the natural state,
it is difficult for the first cooling medium CM1 of the radi-
ator chamber 12 to move due to the first connection path
13 or the second connection path 14, and the circulation
CY1 of the first cooling medium CM1 is unlikely to be
generated between the cooling chamber 11 and the ra-
diator chamber 12. Therefore, in the natural state, it is
possible to prevent the occurrence of heat exchange be-
tween the cooling chamber 11 and the radiator chamber
12. As a result, the temperature of the first cooling me-
dium CM1 in the radiator chamber 12 is likely to remain
relatively low.
[0058] In addition, according to the present embodi-
ment, the entire radiator chamber 12 is positioned above
the cooling chamber 11 in the vertical direction. There-
fore, in the third cooling phase PH3, the gravitational
force on the first cooling medium CM1 due to a pressure
difference is used, and the circulation CY1 of the first
cooling medium CM1 is likely to be generated between
the cooling chamber 11 and the radiator chamber 12.
[0059] In addition, according to the present embodi-
ment, the first connection path 13 is connected to the
upper end of the cooling chamber 11 in the vertical di-
rection. Therefore, in the second cooling phase PH2 and
the third cooling phase PH3, the bubbles CM1g are likely
to move to the first connection path 13. Accordingly, the
bubbles CM1g are likely to condense in the first connec-
tion path 13 or the radiator chamber 12. In addition, in
the third cooling phase PH3, the bubbles CM1g are re-
tained in the first connection path 13, and the circulation
CY1 of the first cooling medium CM1 can be easily gen-
erated.
[0060] In addition, according to the present embodi-
ment, the heating element HE is housed in the cooling
chamber 11. Therefore, the first cooling medium CM1
comes directly in contact with the heating element HE.
Therefore, it is possible to more easily cool the heating
element HE by the first cooling medium CM1 and it is
possible to further improve cooling efficiency of the cool-
ing device 10.
[0061] In addition, for example, when a part of the first
cooling medium CM1 is vaporized, a volume of the first
cooling medium CM1 filled into the cooling chamber 11,
the radiator chamber 12, the first connection path 13 and

the second connection path 14 increases. Therefore, the
pressure rises in the cooling chamber 11, the radiator
chamber 12, the first connection path 13, and the second
connection path 14, and there is a risk of the boiling point
of the first cooling medium CM1 increasing. Accordingly,
there is a risk of the cooling phase not transitioning to
the second cooling phase PH2 and the third cooling
phase PH3 even when the temperature of the heating
element HE is relatively high. Therefore, there is a risk
of the heating element HE not being appropriately cooled.
[0062] On the other hand, according to the present em-
bodiment, the cooling device 10 further includes the elas-
tic part 15. Therefore, when the first cooling medium CM1
is vaporized and the bubbles CM1g are generated, the
elastic part 15 is deformed, and it is possible to prevent
a pressure in the cooling chamber 11, the radiator cham-
ber 12, the first connection path 13, and the second con-
nection path 14 from increasing. Accordingly, it is possi-
ble to prevent the boiling point of the first cooling medium
CM1 from increasing and the heating element HE is ap-
propriately and easily cooled.
[0063] In addition, for example, when the cooling
phase transitions to the second cooling phase PH2 and
the third cooling phase PH3, a higher boiling point of the
first cooling medium CM1 is preferable. This is because
the temperature in the cooling chamber 11 when the cool-
ing phase transitions to the second cooling phase PH2
and the third cooling phase PH3 increases, a tempera-
ture difference from the outside increases, and cooling
efficiency is improved.
[0064] According to the present embodiment, the cool-
ing device includes the elastic part 15 that absorbs a
pressure variation, and a pressure absorption width of
the elastic part 15 is adjusted. Therefore, a pressure in
the second cooling phase PH2 and the third cooling
phase PH3 can increase in a range in which the cooling
phase can transition to the second cooling phase PH2
and the third cooling phase PH3. Therefore, it is possible
to further improve cooling efficiency in the second cooling
phase PH2 and the third cooling phase PH3.
[0065] In addition, according to the present embodi-
ment, the elastic part 15 is a part of the wall 11 a consti-
tuting the cooling chamber 11. Therefore, it is possible
to prevent a pressure in the cooling chamber 11 in which
the bubbles CM1g are generated from increasing, and it
is possible to prevent the boiling point of the first cooling
medium CM1 in the cooling chamber 11 from increasing.
[0066] In addition, according to the present embodi-
ment, as the cooling phase, the first cooling phase PH1
in which the convective flow CF of the first cooling me-
dium CM1 is generated is provided. Therefore, even if
the temperature of the heating element HE is relatively
low and the first cooling medium CM1 is not vaporized,
it is possible to cool the heating element HE by the con-
vective flow CF of the first cooling medium CM1.
[0067] Here, in the present embodiment, the following
configuration can be used. In the following description,
the same components as those described above will be
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appropriately denoted with the same reference numerals
and descriptions thereof will be omitted.
[0068] In the present embodiment, when the cooling
device 10 cools the heating element HE, for example,
the cooling phase may be changed only between the first
cooling phase PH1 and the second cooling phase PH2.
In this case, in the second cooling phase PH2, the first
cooling medium CM1 in the cooling chamber 11 is va-
porized and thus the temperature of the heating element
HE is lower than the boiling point of the first cooling me-
dium CM1. Accordingly, the cooling phase is alternately
switched between the first cooling phase PH1 and the
second cooling phase PH2, and the heating element HE
is appropriately and easily cooled according to the tem-
perature.
[0069] In addition, in the present embodiment, in the
vertical direction (the Z axis direction), the part P12 in
which the first connection path 13 is connected to the
radiator chamber 12 may be positioned at the same po-
sition as the part P11 in which the first connection path
13 is connected to the cooling chamber 11. In this case,
a pressure difference when the cooling phase transitions
from the second cooling phase PH2 to the third cooling
phase PH3 is generated according to the inner diameter
D1 of the first connection path 13.
[0070] In addition, in the present embodiment, while
the heating element HE is positioned outward from the
cooling chamber 11, the heating element HE may be
cooled. In this case, for example, the heating element
HE is attached to the wall 11a of the cooling chamber
11, and the heating element HE is cooled by the first
cooling medium CM1 through the wall 11a.
[0071] In addition, in the present embodiment, as long
as the elastic part 15 is elastically deformed when the
bubbles CM1g are generated, a configuration thereof is
not particularly limited. In the present embodiment, the
elastic part 15 may be a part of the wall 12a of the radiator
chamber 12, or a part of a wall that constitutes the first
connection path 13 and the second connection path 14.
[0072] In addition, in the present embodiment, the elas-
tic part 15 may be a sphere made of an elastic material
or the like. In this case, the elastic part 15 is positioned
in the cooling chamber 11, the radiator chamber 12, the
first connection path 13, or the second connection path
14. In addition, in the present embodiment, the elastic
part 15 may be a gas such as air.
[0073] In addition, while a case in which, when the cool-
ing phase transitions to the third cooling phase PH3, the
bubbles CM1g are retained only in the first connection
path 13 has been described above, the present invention
is not limited thereto. In the present embodiment, the
bubbles CM1g can move to both the first connection path
13 and the second connection path 14, and when the
cooling phase transitions from the second cooling phase
PH2 to the third cooling phase PH3, the bubbles CM1g
may be retained both in the first connection path 13 and
the second connection path 14. In this case, a pressure
of a part in which the connection path on the side in which

more bubbles CM1g are retained is connected to the
cooling chamber 11 decreases, and the cooling phase
transitions to the third cooling phase PH3 due to a pres-
sure difference therebetween. For example, when an
amount of the bubbles CM1g retained in the second con-
nection path 14 is larger than an amount of the bubbles
CM1g retained in the first connection path 13, a circula-
tion in a direction opposite to the circulation CY1 of the
first cooling medium CM1 shown in FIG. 3 is generated.
[0074] In addition, in the present embodiment, the con-
figuration shown in FIG. 4 may be used. FIG. 4 is a sche-
matic diagram showing a cooling device 110 which is
another example of the present embodiment. FIG. 4
shows the cooling device 110 in the third cooling phase
PH3. As shown in FIG. 4, the cooling device 110 includes
a cooling chamber 111, a radiator chamber 112, a first
connection path 113, a second connection path 114, and
an elastic part 115.
[0075] The cooling chamber 111 and the radiator
chamber 112 are arranged in the horizontal direction (the
X axis direction). The cooling chamber 111 and the ra-
diator chamber 112 extend in the vertical direction (the
Z axis direction). In the vertical direction, for example, a
position of the lower end of the cooling chamber 111 in
the vertical direction is the same as a position of the lower
end of the radiator chamber 112 in the vertical direction.
A position of the upper end of the radiator chamber 112
in the vertical direction is above, in the vertical direction,
a position of the upper end of the cooling chamber 111
in the vertical direction. That is, in such a configuration,
a part of the radiator chamber 112 is positioned above
the cooling chamber 111 in the vertical direction.
[0076] A heat absorbing part 116 is attached to the
radiator chamber 112. The heat absorbing part 116 is
the same as the heat absorbing part 116 shown in FIG.
1 to FIG. 3 except that it is positioned on the side (-X
side) opposite to the cooling chamber 111 in the horizon-
tal direction (the X axis direction) of the radiator chamber
112.
[0077] The first connection path 113 includes a first
linear part 113a and a second linear part 113b. The first
linear part 113a linearly extends from the upper end of
the cooling chamber 111 in the vertical direction to the
upper side thereof in the vertical direction. The second
linear part 113b linearly extends from the upper end of
the first linear part 113a in the vertical direction toward
the side (-X side) of the radiator chamber 112 in the hor-
izontal direction (the X axis direction). The end on the
side of the radiator chamber 112 of the second linear part
113b is connected to the upper end in the vertical direc-
tion at the end on the side (+X side) of the cooling cham-
ber 111 of the radiator chamber 112. In such a configu-
ration, the entire first connection path 13 is positioned
above the cooling chamber 111 in the vertical direction.
[0078] The second connection path 114 extends in the
horizontal direction (the X axis direction). The second
connection path 114 is connected to the lower end of the
cooling chamber 111 in the vertical direction and the low-
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er end of the radiator chamber 112 in the vertical direc-
tion. In the vertical direction, a position of the lower end
of the second connection path 114 in the vertical direction
is the same as, for example, a position of the lower end
of the cooling chamber 111 in the vertical direction and
a position of the lower end of the radiator chamber 112
in the vertical direction.
[0079] In such a configuration, the second connection
path 114 does not include a part that is positioned above
the cooling chamber 111 in the vertical direction. In other
words, in such a configuration, the entire second con-
nection path 114 is positioned vertically below the upper
end of the cooling chamber 111 in the vertical direction.
[0080] The elastic part 115 is a part of the wall of the
radiator chamber 112. The elastic part 115 is provided
on a wall that is positioned at the lower end of the radiator
chamber 112 in the vertical direction.
[0081] The configuration of the cooling device 110 is
otherwise the same as the configuration of the cooling
device 10 shown in FIG. 1 to FIG. 3.
[0082] In such a configuration, when the bubbles CM1g
are retained in the first connection path 113, a pressure
difference is generated between the cooling chamber
111 and the radiator chamber 112, and a circulation CY2
is generated. Therefore, in such a configuration, it is pos-
sible to prevent the size of the cooling device from in-
creasing and it is possible to improve cooling efficiency.
[0083] Here, in such a configuration, the pressure dif-
ference is determined according to a length of the bub-
bles CM1g in the vertical direction (the Z axis direction)
that are retained in the first linear part 113a of the first
connection path 113. In addition, in such a configuration,
the bubbles CM1g move only to the first connection path
113.

<Motor>

[0084] Next, an example in which the cooling device
of the present embodiment is mounted on a motor will
be described. FIG. 5 is a cross-sectional view showing
a motor 1 of the present embodiment. FIG. 6 and FIG. 8
are perspective views showing a part of the motor 1 of
the present embodiment. FIG. 7 is a perspective view
showing an upper insulator 233 of the present embodi-
ment. In FIG. 6, a first connection path member 235 is
indicated by a two-dot line.
[0085] Here, in the following description, a direction in
which the central axis J extends (the X axis direction) is
defined as a longitudinal direction. A positive side in the
X axis direction (+X side) with respect to a certain object
may be referred to as a "front side" and a negative side
in the X axis direction (-X side) with respect to a certain
object may be referred to as a "rear side." Here, the lon-
gitudinal direction, the front side, and the rear side are
names that are simply used for explanation and do not
limit the actual positional relationship and direction.
[0086] In addition, unless otherwise specified, a direc-
tion (the X axis direction) parallel to the central axis J

may be simply referred to as an "axis direction," a radial
direction with respect to the central axis J may be simply
referred to as a "radial direction," and a circumferential
direction with respect to the central axis J, that is, an axial
circumference of the central axis J, may be simply re-
ferred to as a "circumferential direction."
[0087] As shown in FIG. 5, the motor 1 of the present
embodiment includes a cooling device 210, a rotor 220,
a stator 230, a housing 240, a first lid member 250, a
second lid member 251, a first connection pipe 260, a
second connection pipe 261, and a cooling jacket (heat
absorbing part) 216.
[0088] The cooling device 210 includes a plurality of
cooling chambers 211, a radiator chamber 212, a first
connection path 213, a second connection path 214, and
an elastic part 215. In the present embodiment, a cooling
chamber 211 includes a first cooling chamber (cooling
chamber) 211a and a second cooling chamber (cooling
chamber) 211b.
[0089] Similarly to the cooling device 10 shown in FIG.
1 to FIG. 3, the first cooling medium CM1 is filled into the
cooling chamber 211, the radiator chamber 212, the first
connection path 213, and the second connection path
214. In the present embodiment, the first cooling medium
CM1 has, for example, an insulation property.
[0090] In the present embodiment, the cooling cham-
ber 211, the first connection path 213, the second con-
nection path 214, and the elastic part 215 are provided
in the stator 230. In the present embodiment, the radiator
chamber 212 is provided in the housing 240. Compo-
nents of the cooling device 210 will be described below
together with the configuration of the stator 230 and the
housing 240.
[0091] The rotor 220 includes a shaft 221, a rotor core
222, and a rotor magnet 223. The shaft 221 is centered
on the central axis J that extends in one direction (the X
axis direction). The shaft 221 is rotatably supported
around the central axis J by a bearing (not shown).
[0092] The rotor core 222 surrounds the shaft 221 with
respect to an axis and is fixed to the shaft 221. The rotor
magnet 223 is fixed to the outer surface along the central
axis J in the rotor core 222. The rotor core 222 and the
rotor magnet 223 rotate integrally with the shaft 221.
[0093] The stator 230 is positioned outward from the
rotor 220 in the radial direction. The stator 230 surrounds
the rotor 220 with respect to the central axis J. The stator
230 includes a stator core 231, a plurality of coils 232,
the upper insulator (insulator) 233, and a lower insulator
(insulator) 234.
[0094] The stator core 231 includes a core back part
231a and a tooth part 231b. The shape of the core back
part 231a is, for example, a cylindrical shape concentric
with the shaft 221. The tooth part 231b extends from an
inner surface of the core back part 231 a to the shaft 221.
A plurality of tooth parts 231b are provided and arranged
at equal intervals in the circumferential direction of the
inner surface of the core back part 231a.
[0095] The coil 232 is formed by winding a conductive
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wire. The coil 232 is wound on each of the tooth parts
231b through the upper insulator 233 or the lower insu-
lator 234. The upper insulator 233 and the lower insulator
234 are mounted on each of the tooth parts 231b. The
coil 232 excites the stator core 231.
[0096] In the present embodiment, for example, the
upper insulator 233 is mounted on the tooth part 231b
that is positioned above the shaft 221 in the vertical di-
rection among the plurality of tooth parts 231b. The upper
insulator 233 includes an insulator main body 237, the
first connection path member 235, and a second connec-
tion path member 236. The first connection path member
235 and the second connection path member 236 are
attached to the insulator main body 237. The first con-
nection path member 235 is attached to the +X side end
of the insulator main body 237 in the horizontal direction.
The second connection path member 236 is attached to
the -X side end of the insulator main body 237 in the
horizontal direction. The first connection path member
235 and the second connection path member 236 are,
for example, members that are separate from the insu-
lator main body 237.
[0097] The insulator main body 237 includes the first
cooling chamber 211a, a housing recess 237a that is
positioned on the +X side of the insulator main body 237
in the horizontal direction, a housing recess 237b that is
positioned on the -X side of the insulator main body 237
in the horizontal direction, a rib part 237c that is posi-
tioned on the +X side of the insulator main body 237 in
the horizontal direction, and a rib part 237d that is posi-
tioned on the -X side of the insulator main body 237 in
the horizontal direction. That is, the upper insulator 233
includes the first cooling chamber 211a, the housing re-
cess 237a, the housing recess 237b, the rib part 237c,
and the rib part 237d.
[0098] The housing recess 237a and the rib part 237c,
and the housing recess 237b and the rib part 237d are
the same except that they are reversed in the axis direc-
tion (the X axis direction).
[0099] The first cooling chamber 211a has the same
function as the cooling chamber 11 described above with
reference to FIG. 1 to FIG. 3. Although not shown, in the
present embodiment, for example, the first cooling cham-
ber 211 a has an annular shape that surrounds both sides
of the tooth part 231b in the axis direction and both sides
of the tooth part 231b in the circumferential direction. In
the present embodiment, the coil 232 positioned above
the central axis J in the vertical direction is housed in the
first cooling chamber 211 a. That is, in the present em-
bodiment, the heating element HE cooled by the first cool-
ing chamber 211a is the coil 232.
[0100] The first cooling chamber 211a includes a
mounting wall 233a, an inner wall 233b, an outer wall
233c, and a lid 233d. In the present embodiment, the
mounting wall 233a, the inner wall 233b, the outer wall
233c, and the lid 233d are provided on both end sides of
the stator core 231 in the axis direction (the X axis direc-
tion).

[0101] Here, in the following description, with respect
to components of the insulators that are positioned on
both end sides of the stator core 231 in the axis direction,
a side on the stator core 231 in the axis direction may be
simply referred to as "an inner side in the axis direction"
and a side opposite to the stator core 231 in the axis
direction may be simply referred to as "an outer side in
the axis direction."
[0102] The mounting wall 233a is a part that is in con-
tact with and mounted on the tooth part 231b. The mount-
ing wall 233a is positioned between the stator core 231
and the coil 232 in the axis direction (the X axis direction).
That is, at least a part of the upper insulator 233 is posi-
tioned between the stator core 231 and the coil 232.
[0103] The inner wall 233b extends from an inner side
end (the lower side in the vertical direction) of the mount-
ing wall 233a in the radial direction to the outer side in
the axis direction. As shown in FIG. 6, in the present
embodiment, for example, the inner wall 233b is a mem-
ber that is separate from the mounting wall 233a, the
outer wall 233c, and the lid 233d.
[0104] The elastic part 215 is provided on the inner
wall 233b. The elastic part 215 has the same function as
the elastic part 15 described above with reference to FIG.
1 to FIG. 3. That is, when the elastic part 15 is deformed,
it is possible to prevent a pressure from increasing in the
plurality of cooling chambers 211, the radiator chamber
212, the first connection path 213, and the second con-
nection path 214. In the present embodiment, the elastic
part 215 is positioned in a mounting hole 233f that pen-
etrates the inner wall 233b in the radial direction. The
elastic part 215 blocks the mounting hole 233f. In the
present embodiment, for example, the elastic part 215 is
positioned at the outer side end of the inner wall 233b in
the axis direction. The elastic part 215 has, for example,
a shape that protrudes inward in the radial direction.
[0105] As shown in FIG. 5, the outer wall 233c extends
from the outer side end of the mounting wall 233a in the
radial direction to the outer side in the axis direction. As
shown in FIG. 6 and FIG. 7, the outer wall 233c includes
a connection hole 233e that is a hole that penetrates the
outer wall 233c in the radial direction (vertical direction).
The lid 233d connects the outer side end of the inner wall
233b in the axis direction to the outer side end of the
outer wall 233c in the axis direction. The lid 233d covers
the outer side of the coil 232 in the axis direction.
[0106] The housing recess 237a is recessed from the
outer side of the insulator main body 237 in the axis di-
rection (+X side) to the inner side in the axis direction (-X
side). The housing recess 237a is positioned on the outer
side of the first cooling chamber 211 a in the radial direc-
tion (the upper side in the vertical direction, +Z side). An
inner side wall of the housing recess 237a in the radial
direction (the lower side in the vertical direction, -Z side)
is, for example, the outer wall 233c of the first cooling
chamber 211a.
[0107] The housing recess 237a includes a bottom
237e. The bottom 237e is an inner side wall of the housing
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recess 237a in the axis direction. The bottom 237e in-
cludes a first connection hole 237f that is a hole that pen-
etrates the bottom 237e in the axis direction. The first
connection hole 237f is positioned at the outer side of
the rib part 237c in the radial direction (the upper side in
the vertical direction, +Z side). The first connection hole
237f is connected to the radiator chamber 212.
[0108] As shown in FIG. 7, the bottom 237e includes
a second connection hole 237g that is a hole that pene-
trates the bottom 237e in the axis direction. The second
connection hole 237g is connected to the radiator cham-
ber 212. A second connection path 218 to be described
below is connected to the second connection hole 237g.
[0109] The rib part 237c projects from the bottom 237e
to the outer side in the axis direction (+X side). The rib
part 237c is connected to the outer wall 233c. The outer
side end of a connection part of the bottom 237e in the
rib part 237c in the radial direction (the upper side in the
vertical direction, +Z side) is positioned at the inner side
end (the lower side in the vertical direction, -Z side) in
the radial direction on the inner edge of the first connec-
tion hole 237f. The outer side end of a connection part
of the outer wall 233c in the rib part 237c in the axis
direction is positioned at the inner side end in the axis
direction (-X side) on the inner edge of the connection
hole 233e.
[0110] As shown in FIG. 6, the first connection path
member 235 is housed in the housing recess 237a. The
first connection path member 235 is fixed into the housing
recess 237a. The first connection path member 235 faces
the rib part 237c. The first connection path 213 is provided
between the first connection path member 235 and the
rib part 237c. That is, the first connection path member
235 and the rib part 237c constitute the first connection
path 213. The first connection path 213 has the same
function as the first connection path 13 described above
with reference to FIG. 1 to FIG. 3.
[0111] In the present embodiment, the first connection
path 213 is constituted by a surface that faces the rib part
237c in the first connection path member 235 and a sur-
face that faces the first connection path member 235 in
the rib part 237c. That is, the first connection path mem-
ber 235 includes at least a part of the first connection
path 213.
[0112] The first connection path 213 is connected to
the first cooling chamber 211 a through the connection
hole 233e of the outer wall 233c. The first connection
path 213 is connected to the radiator chamber 212
through the first connection hole 237f.
[0113] In the present embodiment, the entire first con-
nection path 213 is positioned above the first cooling
chamber 211 a in the vertical direction. The first connec-
tion path 213 includes a first linear part 213a, an arc part
213b, and a second linear part 213c. The first linear part
213a extends outward from the first cooling chamber
211a in the radial direction (the upper side in the vertical
direction).
[0114] The arc part 213b is connected to the outer side

end of the first linear part 213a in the radial direction (the
upper side in the vertical direction, +Z side). The arc part
213b has an arc shape that is positioned on the inner
side in the axis direction (-X side) toward the outer side
in the radial direction (the upper side in the vertical direc-
tion). The second linear part 213c is connected to the
inner side end of the arc part 213b in the axis direction.
The second linear part 213c extends to the radiator cham-
ber 212 in the axis direction (the X axis direction).
[0115] As shown in FIG. 5, the second connection path
member 236 is housed in the housing recess 237b. The
second connection path member 236 is fixed into the
housing recess 237b. The second connection path 214
is provided between the second connection path member
236 and the rib part 237d. The second connection path
214 has the same function as the second connection
path 14 described above with reference to FIG. 1 to FIG.
3.
[0116] In the present embodiment, the second connec-
tion path 214 is constituted by a surface that faces the
rib part 237d in the second connection path member 236
and a surface that faces the second connection path
member 236 in the rib part 237d. That is, the second
connection path member 236 includes at least a part of
the second connection path 214. The other parts of the
second connection path 214 are the same as those of
the first connection path 213 except that they are re-
versed in the axis direction.
[0117] In the present embodiment, the lower insulator
234 is mounted, for example, on the tooth part 231b that
is positioned below the shaft 221 in the vertical direction
among the tooth parts 231b. The lower insulator 234 in-
cludes the second cooling chamber 211b. The second
cooling chamber 211b is positioned below the first cool-
ing chamber 211a in the vertical direction.
[0118] Although not shown, the second cooling cham-
ber 211b has an annular shape that surrounds both sides
of the tooth part 231b in the axis direction and both sides
thereof in the circumferential direction. In the present em-
bodiment, the coil 232 positioned below the central axis
J in the vertical direction is housed in the second cooling
chamber 211b. That is, in the present embodiment, the
heating element HE cooled by the second cooling cham-
ber 211b is the coil 232.
[0119] The second cooling chamber 211b includes a
mounting wall 234a, an inner wall 234b, an outer wall
234c, and a lid 234d. In the present embodiment, the
mounting wall 234a, the inner wall 234b, the outer wall
234c, and the lid 234d are provided on both end sides of
the stator core 231 in the axis direction (the X axis direc-
tion).
[0120] As shown in FIG. 8, the mounting wall 234a is
the same as the mounting wall 233a of the first cooling
chamber 211a. The inner wall 234b is the same as the
inner wall 233b of the first cooling chamber 211a. Unlike
the outer wall 233c of the first cooling chamber 211a, the
outer wall 234c does not include the connection hole
233e. The other parts of the outer wall 234c are the same
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as those of the outer wall 233c of the first cooling chamber
211 a.
[0121] The lid 234d includes a connection hole 234e
that penetrates the lid 234d in the axis direction (the X
axis direction). The first connection pipe 260 is connected
to the connection hole 234e that is positioned on the front
side (+X side) of the stator core 231. As shown in FIG.
5, the second connection pipe 261 is connected to the
connection hole 234e that is positioned on the rear side
(-X side) of the stator core 231. The other parts of the lid
234d are the same as those of the lid 233d of the first
cooling chamber 211a.
[0122] The housing 240 has a tubular shape that sur-
rounds the stator core 231 in the circumferential direction.
The housing 240 has, for example, a cylindrical shape
centered on the central axis J. The stator core 231 is
fitted into the inner circumferential surface of the housing
240. The housing 240 is made of, for example, a metal.
[0123] The housing 240 includes the radiator chamber
212. The radiator chamber 212 has the same function
as the radiator chamber 12 described above with refer-
ence to FIG. 1 to FIG. 3. In the present embodiment, for
example, the entire radiator chamber 212 is positioned
above the first cooling chamber 211 a in the vertical di-
rection. The radiator chamber 212 extends to, for exam-
ple, the entire housing 240 in the axis direction (the X
axis direction). For example, the radiator chamber 212
is provided for each upper insulator 233.
[0124] The first lid member 250 is attached to the front
side (+X side) of the stator 230. The first lid member 250
covers the front side of the stator 230. The first lid member
250 includes an annular bottom 250a, an inner tubular
part 250b, an outer tubular part 250c, and an annular lid
250d.
[0125] The annular bottom 250a has, for example, an
annular plate shape centered on the central axis J. The
annular bottom 250a is in contact with the lid 233d on
the front side (+X side) in the upper insulator 233 and the
lid 234d on the front side in the lower insulator 234. As
shown in FIG. 8, the annular bottom 250a includes an
insertion hole 250e that penetrates the annular bottom
250a in the axis direction (the X axis direction). The in-
sertion hole 250e faces the connection hole 234e in the
axis direction (the X axis direction).
[0126] The inner tubular part 250b has, for example, a
cylindrical shape that extends from the inner edge inside
the annular bottom 250a in the radial direction to the front
side (+X side). The outer tubular part 250c has, for ex-
ample, a cylindrical shape that extends from the outer
edge outward from the annular bottom 250a in the radial
direction to the front side. As shown in FIG. 5, the annular
lid 250d is connected to the front side end of the inner
tubular part 250b and the front side end of the outer tu-
bular part 250c. The annular lid 250d covers the front
side of the annular bottom 250a.
[0127] The first connection pipe 260 is housed inside
the first lid member 250, that is, a first connection space
252 which is a space surrounded by the annular bottom

250a, the inner tubular part 250b, the outer tubular part
250c, and the annular lid 250d.
[0128] The second lid member 251 is attached to the
rear side (-X side) of the stator 230. The second lid mem-
ber 251 covers the rear side of the stator 230. The second
lid member 251 is the same as the first lid member 250
except that it is reversed in the axis direction (the X axis
direction). The second connection pipe 261 is housed in
a second connection space 253 that is a space inside
the second lid member 251.
[0129] As shown in FIG. 6 and FIG. 8, the first connec-
tion pipe 260 includes a cooling chamber connection part
260a, an arcuate part 260b, and a radiator chamber con-
nection part 260c. The cooling chamber connection part
260a extends in the axis direction (the X axis direction).
The end on the rear side (-X side) of the cooling chamber
connection part 260a is inserted into the insertion hole
250e. The inside of the cooling chamber connection part
260a is connected to the second cooling chamber 211b.
[0130] As shown in FIG. 8, the arcuate part 260b is
connected to the end on the front side (+X side) of the
cooling chamber connection part 260a. The arcuate part
260b extends in the first connection space 252 in the
circumferential direction from the lower side in the vertical
direction to the upper side in the vertical direction.
[0131] As shown in FIG. 5, the radiator chamber con-
nection part 260c is connected to the upper end of the
arcuate part 260b in the vertical direction. The radiator
chamber connection part 260c extends in the axis direc-
tion (the X axis direction). The end on the rear side (-X
side) of the radiator chamber connection part 260c is
connected to the radiator chamber 212.
[0132] The second connection pipe 261 is the same
as the first connection pipe 260 except that it is reversed
in the axis direction (the X axis direction).
[0133] The inside of the first connection pipe 260 is a
first connection path 217 into which the first cooling me-
dium CM1 is filled. The first connection path 217 is con-
nected to the second cooling chamber 211b and the ra-
diator chamber 212. The inside of the second connection
pipe 261 is the second connection path 218 into which
the first cooling medium CM1 is filled. The second con-
nection path 218 is connected to the second cooling
chamber 211b and the radiator chamber 212. That is,
the first connection path 217 and the second connection
path 218 connected to the second cooling chamber 211b
are connected to the radiator chamber 212 to which the
first cooling chamber 211a is connected. For example,
the second connection path 218 is connected to the ra-
diator chamber 212 through the second connection hole
237g (refer to FIG. 7).
[0134] Regarding the relationship between the second
cooling chamber 211b and the radiator chamber 212, the
first connection path 217 has the same function as the
first connection path 13 described above with reference
to FIG. 1 to FIG. 3. Regarding the relationship between
the second cooling chamber 211b and the radiator cham-
ber 212, the second connection path 218 has the same
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function as the second connection path 14 described
above with reference to FIG. 1 to FIG. 3. That is, in the
present embodiment, the cooling device 210 includes the
first connection path 217 and the second connection path
218.
[0135] The cooling jacket 216 has a cylindrical shape
that surrounds the outer sides of the stator 230, the first
lid member 250, and the second lid member 251 in the
radial direction. The cooling jacket 216 includes a cooling
flow path 216a. A second cooling medium CM2 is housed
in the cooling flow path 216a. That is, the second cooling
medium CM2 is housed in the cooling jacket 216. The
second cooling medium CM2 absorbs heat from the first
cooling medium CM1 in the radiator chamber 212. That
is, the cooling jacket 216 absorbs heat from the first cool-
ing medium CM1 in the radiator chamber 212 by the sec-
ond cooling medium CM2 in the cooling flow path 216a.
[0136] As the second cooling medium CM2, a medium
that can absorb heat in the radiator chamber 212 may
be used. For example, the second cooling medium CM2
may be the same as or different from the first cooling
medium CM1. The second cooling medium CM2 is, for
example, water.
[0137] The cooling flow path 216a is positioned above
the radiator chamber 212 in the vertical direction. An input
port 216b is connected to the end on the front side (+X
side) of the cooling flow path 216a. An output port 216c
is connected to the end on the rear side (-X side) of the
cooling flow path 216a.
[0138] The second cooling medium CM2 flows into the
cooling flow path 216a from the input port 216b. The sec-
ond cooling medium CM2 flowing into the cooling flow
path 216a flows out from the output port 216c. Accord-
ingly, the second cooling medium CM2 circulates in the
cooling flow path 216a.
[0139] According to the present embodiment, since the
motor 1 includes the cooling device 210 having the same
cooling structure as the cooling device 10 shown in FIG.
1 to FIG. 3, it is possible to efficiently cool the motor 1
while preventing the size of the motor 1 from increasing.
In the present embodiment, since the heating element
HE is the coil 232, it is possible to efficiently cool the coil
232.
[0140] In addition, according to the present embodi-
ment, the first cooling medium CM1 has an insulation
property, and the coil 232 is housed in the cooling cham-
ber 211. Therefore, while the coil 232 is immersed in the
first cooling medium CM1, it is possible to cool the coil
232. Accordingly, it is possible to additionally cool the
coil 232.
[0141] In addition, when the motor is cooled, since the
coil that generates heat in the motor is positioned inside
the motor, it is difficult to release heat of the coil to the
outside of the motor. Therefore, a cooling method in
which latent heat generated when the cooling medium is
vaporized is used to cool the coil, and the vaporized cool-
ing medium is liquefied in a condenser that is separately
provided and is used. Accordingly, there is a problem of

the size of the motor increasing.
[0142] On the other hand, according to the present em-
bodiment, when a circulation of the first cooling medium
CM1 is generated between the cooling chamber 211 and
the radiator chamber 212, heat of the coil 232 can be
released from the radiator chamber 212 that is positioned
outward from the stator core 231 in the radial direction
to the outside of the motor 1. Therefore, it is not necessary
to provide the condenser, and it is possible to efficiently
cool the coil 232 while preventing the size of the motor
1 from increasing. In this manner, the cooling device 210
of the present embodiment does not have particularly a
strong effect when it is used for the motor 1.
[0143] In addition, for example, when the radiator
chamber 212 is arranged outward from the stator core
231 in the radial direction for each coil 232, the radiator
chamber 212 of the coil 232 positioned below the central
axis J in the vertical direction is positioned below the cool-
ing chamber 211 in which the coil 232 is housed in the
vertical direction. Therefore, it is not possible to use grav-
ity on the first cooling medium CM1 as a driving force
generating the circulation CY1, and the third cooling
phase PH3 is not realized. Therefore, it is not possible
to efficiently cool the coil 232 positioned below the central
axis J in the vertical direction in some cases.
[0144] On the other hand, according to the present em-
bodiment, the first connection path 217 and the second
connection path 218 that connect the second cooling
chamber 211b positioned below the first cooling chamber
211 a in the vertical direction and the radiator chamber
212 to which the first cooling chamber 211a is connected
are provided. Therefore, the radiator chamber 212 posi-
tioned above the second cooling chamber 211b in the
vertical direction can be connected to the second cooling
chamber 211b which cools the coil 232 positioned below
the central axis J in the vertical direction. Therefore, ac-
cording to the present embodiment, it is possible to effi-
ciently cool the coil 232 positioned below the central axis
J in the vertical direction using the third cooling phase
PH3.
[0145] In addition, according to the present embodi-
ment, the upper insulator 233 and the lower insulator 234
include the cooling chamber 211. Therefore, the coil 232
is easily housed in the cooling chamber 211.
[0146] In addition, according to the present embodi-
ment, the first connection path member 235 including at
least a part of the first connection path 213 and the sec-
ond connection path member 236 including at least a
part of the second connection path 214 are members that
are separate from the insulator main body 237. There-
fore, it is possible to change the size of the first connection
path 213 and the size of the second connection path 214
by exchanging only the first connection path member 235
and the second connection path member 236. Therefore,
according to the present embodiment, it is easy to change
the size of the first connection path 213 and the size of
the second connection path 214.
[0147] In addition, according to the present embodi-
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ment, since the cooling jacket 216 is provided as a heat
absorbing part, the temperature of the first cooling me-
dium CM1 in the radiator chamber 212 can remain rela-
tively low. Accordingly, the coil 232 which is the heating
element HE is more easily cooled.
[0148] In addition, for example, when the elastic part
215 is provided in the radiator chamber 212 in the motor
1 of the present embodiment, since it is necessary to
secure a space in which the elastic part 215 is deformed,
there is a risk of the size of the motor 1 increasing, for
example, in the radial direction.
[0149] On the other hand, according to the present em-
bodiment, since the elastic part 215 is provided in the
cooling chamber 211, a space inside the upper insulator
233 and the lower insulator 234 in the radial direction can
be used as a space in which the elastic part 215 is de-
formed. Accordingly, it is possible to provide the elastic
part 215 while preventing the size of the motor 1 from
increasing in the radial direction.
[0150] Here, in the motor 1 of the present embodiment,
the following configuration can be used.
[0151] In the present embodiment, the first connection
path 213 and the second connection path 214, and the
first connection path 217 and the second connection path
218 may be connected to the cooling chamber 211. In
this case, for example, the radiator chamber 212 is pro-
vided outward from the tooth part 231b on which each
coil 232 is mounted in the radial direction. In such a con-
figuration, it is possible to efficiently cool all of the coils
232 even if a motor 1 reversed in the vertical direction
and is used.
[0152] In addition, in the present embodiment, for ex-
ample, only one cooling chamber 211 may be provided.
In this case, all of the coils 232 may be housed in one
cooling chamber 211.
[0153] Here, an instrument to which the cooling device
of the present embodiment is applied is not particularly
limited, and the cooling device may be mounted in an
instrument other than a motor.
[0154] In addition, the configurations described above
can be appropriately combined in a range in which they
are not inconsistent with each other.

[Reference Signs List]

[0155]

1 Motor
10, 110, 210 Cooling device
11, 111,211 Cooling chamber
11a Wall
12, 112, 212 Radiator chamber
13, 113, 213, 217 First connection path
14, 114, 214, 218 Second connection path
15, 115, 215 Elastic part
16, 116 Heat absorbing part
211 a First cooling chamber (cooling chamber)
211b Second cooling chamber (cooling chamber)

216 Cooling jacket (heat absorbing part)
220 Rotor
221 Shaft
230 Stator
231 Stator core
232 Coil
233 Upper insulator (insulator)
234 Lower insulator (insulator)
235 First connection path member
236 Second connection path member
237 Insulator main body
CF Convective flow
CM1 First cooling medium
CM2 Second cooling medium
CY1, CY2 Circulation
HE Heating element
J Central axis

Claims

1. A cooling device configured to cool a heating ele-
ment, the cooling device comprising:

a cooling chamber, cooling the heating element
by a first cooling medium;
a radiator chamber, releasing heat of the first
cooling medium to an outside; and
a first connection path and a second connection
path, connecting the cooling chamber to the ra-
diator chamber,
wherein at least a part of the radiator chamber
is positioned above the cooling chamber in a
vertical direction,
wherein a part in which the first connection path
is connected to the radiator chamber is posi-
tioned at a same part in which the first connec-
tion path is connected to the cooling chamber in
the vertical direction or is positioned above a
part in which the first connection path is con-
nected to the cooling chamber, and
when a part of the first cooling medium in the
cooling chamber is vaporized, at least a part of
the first cooling medium which is vaporized
moves into the first connection path, and
a circulation is generated in which the first cool-
ing medium in the cooling chamber flows to the
radiator chamber through the first connection
path, and the first cooling medium in the radiator
chamber flows into the cooling chamber through
the second connection path.

2. The cooling device according to claim 1, wherein
a size of the first connection path in a direction or-
thogonal to a direction in which the first connection
path extends and a size of the second connection
path in a direction orthogonal to a direction in which
the second connection path extends are a size at
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which at least a part of the first cooling medium which
is vaporized is retained in the first connection path
or the second connection path.

3. The cooling device according to claim 1, wherein
an entire of the radiator chamber is positioned above
the cooling chamber in the vertical direction.

4. The cooling device according to claim 1, wherein
the first connection path is connected to an upper
end of the cooling chamber in the vertical direction.

5. The cooling device according to claim 1, wherein
the heating element is housed in the cooling cham-
ber.

6. The cooling device according to claim 1, further com-
prising:
an elastic part that is in contact with the first cooling
medium and made of an elastic material.

7. The cooling device according to claim 6, wherein
the elastic part is a part of a wall that constitutes the
cooling chamber.

8. The cooling device according to claim 1, wherein
when a temperature of the first cooling medium in-
creases, a convective flow of the first cooling medium
is generated in the cooling chamber.

9. The cooling device according to claim 1, wherein
a boiling point of the first cooling medium is lower
than a maximum temperature of the heating element.

10. A cooling device configured to cool a heating ele-
ment, the cooling device comprising:

a cooling chamber, cooling the heating element
by a first cooling medium;
a radiator chamber, releasing heat of the first
cooling medium to an outside; and
a first connection path and a second connection
path, connecting the cooling chamber to the ra-
diator chamber,
wherein at least a part of the radiator chamber
is positioned above the cooling chamber in the
vertical direction,
wherein a part in which the first connection path
is connected to the radiator chamber is posi-
tioned at a same part in which the first connec-
tion path is connected to the cooling chamber in
the vertical direction or is positioned above a
part in which the first connection path is con-
nected to the cooling chamber, and
when a part of the first cooling medium in the
cooling chamber is vaporized, at least a part of
the first cooling medium which is vaporized con-
denses in any one of the first connection path,

the second connection path, and the radiator
chamber.

11. The cooling device according to claim 10, wherein
when a part of the first cooling medium in the cooling
chamber is vaporized, a temperature of the heating
element is lower than a boiling point of the first cool-
ing medium.

12. The cooling device according to claim 10, wherein
a size of the first connection path in a direction or-
thogonal to a direction in which the first connection
path extends and a size of the second connection
path in a direction orthogonal to a direction in which
the second connection path extends are a size at
which at least a part of the first cooling medium which
is vaporized is retained in the first connection path
or the second connection path.

13. The cooling device according to claim 10, wherein
an entire of the radiator chamber is positioned above
the cooling chamber in the vertical direction.

14. The cooling device according to claim 10, wherein
the first connection path is connected to an upper
end of the cooling chamber in the vertical direction.

15. The cooling device according to claim 10, wherein
the heating element is housed in the cooling cham-
ber.

16. The cooling device according to claim 10, further
comprising:
an elastic part that is in contact with the first cooling
medium and made of an elastic material.

17. The cooling device according to claim 16, wherein
the elastic part is a part of a wall that constitutes the
cooling chamber.

18. The cooling device according to claim 10, wherein
when a temperature of the first cooling medium in-
creases, a convective flow of the first cooling medium
is generated in the cooling chamber.

19. The cooling device according to claim 10, wherein
a boiling point of the first cooling medium is lower
than a maximum temperature of the heating element.

20. A motor, comprising:
the cooling device according to claim 1 or 10.

21. The motor according to claim 20, comprising:

a rotor, including a shaft centered on a central
axis that extends in one direction; and
a stator, being positioned outward from the rotor
in a radial direction,
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wherein the stator includes a stator core and a
coil that excites the stator core, and
wherein the heating element is the coil.

22. The motor according to claim 21, wherein

the first cooling medium has an insulation prop-
erty, and
wherein the coil is housed in the cooling cham-
ber.

23. The motor according to claim 21, wherein

the cooling device includes a plurality of the cool-
ing chambers,
wherein the stator includes a plurality of the
coils,
wherein the cooling chamber includes a first
cooling chamber and a second cooling chamber
that is positioned below the first cooling chamber
in the vertical direction, and
wherein the first connection path and the second
connection path connected to the second cool-
ing chamber are connected to the radiator cham-
ber to which the first cooling chamber is con-
nected.

24. The motor according to claim 21, wherein

the stator includes an insulator of which at least
a part is positioned between the stator core and
the coil, and
wherein the insulator includes the cooling cham-
ber.

25. The motor according to claim 24, wherein

the insulator comprising:

an insulator main body;
a first connection path member which is at-
tached to the insulator main body and in-
cludes at least a part of the first connection
path; and
a second connection path member which is
attached to the insulator main body and in-
cludes at least a part of the second connec-
tion path,

wherein the first connection path member and
the second connection path member are mem-
bers that are separate from the insulator main
body.

26. The motor according to claim 20, comprising:
a heat absorbing part in which a second cooling me-
dium is housed and which absorbs heat from the first
cooling medium in the radiator chamber.
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