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DESCRIPTION
Cooling Structure for In-wheel Motor

Technical Field

The present invention relates to a cooling structure for an in-wheel motor, and
more particularly, to a cooling structure for an in-wheel motor having a heat radiating
portion provided apart from a housing of the in-wheel motor.

Background Art |

An in-wheel motor as a drive unit for a vehicle has conventionally been known.
Such an in-wheel motor is described for example in Japanese Patent Laying-Open No.
2002-337554 or the like. In the above description, the in-wheel motor is connected to
a torsion beam via a bracket.

However, the in-wheel motor as described above has a problem as described
below.

At least a portion of the in-wheel motor is provided within a wheel. To reduce
air resistance, a vehicle may be designed to have less airflow within a wheel even when
the vehicle is moving.  As a result, the in-wheel motor does not receive sufficient wind,
and thus cooling efficiency of the motor is reduced.

Disclosure of the Invention

One object of the present invention is to provide a cooling structure for an in-
wheel motor having a high cooling efficiency.

A cooling structure for an in-wheel motor in accordance with the present
invention includes an in-wheel motor having at least a portion thereof mounted within a
wheel of a vehicle to drive the wheel or to be driven by the wheel, and a heat radiating
portion to facilitate cooling of the in-wheel motor.  The in-wheel motor has a housing,
and the heat radiating portion is located apart from the housing.

With the arrangement described above, the heat radiating portion contributing to
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the cooling of the in-wheel motor can be provided at a location having a relatively good
Cooling condition, and thus cooling efficiency of the in-wheel motor can be improved.

Preferably, in the cooling structure for the in-wheel motor, the in-wheel motor is
assembled to the vehicle via a fixing member, and the heat radiating portion includes a
cooling fin provided to the fixing member.

With the arrangement described above, heat radiation via the fixing member can
be enhanced, improving the cooling efficiency of the in-wheel motor.

Preferably, in the cooling structure for the in-wheel motor, a contact surface
between the housing and the fixing member is provided with a portion having
protrusions to increase a contact area. |

With the arrangement described above, heat transfer from the housing of the in-
wheel motor to the fixing member can have an improved efficiency. Consequently, the
heat radiation via the fixing member can further be enhanced, improving the cooling
efficiency of the in-wheel motor. '

Preferably, in the cooling structure for the in-wheel motor, the in-wheel motor
has a cooling medium channel having at least a portion thereof provided to pass through
an outside of the housing, and the heat radiating portion includes the portion of the
cooling medium channel located outside the housing.

With the arrangement described above, a cooling medium contributing to the
cooling of the in-wheel motor can flow outside the housing. Consequently, heat
radiation from the cooling medium can be enhanced, improving the cooling efficiency of
the in-wheel motor by the cooling medium.

Preferably, in the cooling structure for the in-wheel motor, the in-wheel motor is
assembled to the vehicle via a fixing member, and the cooling medium channel goes
through an inside of the fixing member.

With the arrangement described above, the heat radiation from the cooling
medium can further be enhanced. As a result, the cooling efficiency of the in-wheel

motor by the cooling medium can be improved.
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Preferably, in the cooling structure for the in-wheel motor, by way of example,
the in-wheel motor is fixed to an intermediate beam of the vehicle via a fixing member.

In a fixing structure for an in-wheel motor using an intermediate beam and a
fixing member, the in-wheel motor is likely to receive less cooling wind, and thus
cooling efficiency of the in-wheel motor tends to be reduced. In contrast, the above
cooling structure can perform effective heat radiation when applied.

According to the present invention, the cooling efficiency of the in-wheel motor
can be improved as described above.
Brief Descript'ion of the Drawings ‘

Fig. 1 is a block diagram showing an electrically driven wheel including a cooling

structure for an in-wheel motor in accordance with first to third embodiments of the

_present invention.

Fig. 2 shows a state of a surrounding structure of the in-wheel motor shown in
Fig. 1 when seen from the front side of a vehicle.

Fig. 3 shows a state of the surrounding structure of the in-wheel motor shown in
Fig. 1 when seen from the outside of a lateral side of the vehicle.

Fig. 4 shows a state of the surrounding structure of the in-wheel motor shown in
Fig. 1 when seen from the top side of the vehicle.

Fig. 5 shows a state of the cooling structure for the in-wheel motor in

. accordance with the first embodiment of the present invention when seen from the rear

side of the vehicle.

Fig. 6 shows a state of the cooling structure for the in-wheel motor in
accordance with the first embodiment of the present invention when seen from the inside
of the lateral side of the vehicle.

Fig. 7 shows a state of the cooling structure for the in-wheel motor in
accordance with the second embodiment of the present invention when seen from the
outside of the lateral side of the vehicle.

Fig. 8 shows a state of the cooling structure for the in-wheel motor in
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accordance with the second embodiment of the present invention when seen from the
front side of the vehicle.

Fig. 9 shows a modification of the cooling structure for the in-wheel motor in
accordance with the second embodiment of the present invention.

Fig. 10 shows a state of the cooling structure for the in-wheel motor in
accordance with the third embodiment of the preseﬁt invention when seen from the
outside of the lateral side of the vehicle.

Fig. 11 shows a state of the cooljng structure for the in-wheel motor in
accordance with the third embodiment of the present invention when seen from the front
side of the vehicle.

Best Modes for Carrying Out the Invention

Hereinafter, embodiments of a cooling structure for an in-wheel motor in
accordance with the present invention will be described. In the description below,
identical reference numerals refer to identical or corresponding parts, and a detailed
-description thereof may not be repeated.

Fig. 1 is a block diagram showing an arrangement of an electrically driven wheel
including a cooling structure for an in-wheel motor in accordance with first to third
embodiments which will be described later. Referring to Fig. 1, an electrically driven
wheel 1 includes a wheel disc 100 and a wheel hub 200 serving as a "wheel", a joint 300,
an in-wheel motor 400, a brake rotor 500, a brake caliper 600, a mounting bracket 700
serving as a "fixing member", and a tire (not shown).

In-wheel motor 400 includes a case 410 serving as a "housing", a motor 420, a
planetary geé.r 430 serving as a reduction mechanism, an oil pump 440, and a shaft 450.
In-wheel motor 400 drives wheel disc 100 and wheel hub 200, or is driven by wheel disc
100 and wheel hub 200. _

Wheel disc 100 is substantially shaped like a cup, and has a disc po.rtion 110 and
a rim‘portion 120. The tire (not shown) is fixed on the outer edge of rim portion 120

of wheel disc 100. Wheel disc 100 is formed to accommodate wheel hub 200, a
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portion or whole of in-wheel motor 400, brake rotor 500, and brake caliper 600.
Wheel disc 100 is assembled to a vehicle from a direction indicated by an arrow DR,

and coupled with wheel hub 200 by fastening disc portion 110 to wheel hub 200 with a

" hub bolt.

Wheel hub 200 is coupled to shaft 450 of in-wheel motor 400 via joint 300. -

Brake rotor 500 is disposed such that its inﬁer peripheral end is fixed to an outer
peripheral end of wheel hub 200 and its outer peripheral end passes through within
brake caliper 600. Brake caliper 600 includes a brake piston and brake pads 610 and
620. Brake pads 610 and 620 sandwich the outer peripheral end of brake rotor 500.

When brake oil is supplied to brake caliper 600, the brake piston moves to the
right side of the drawing, pushing brake pad 610 to the right side of the drawing. In |
response to brake pad 610 moving to the right side of the drawing, brake pad 620
moves to the left side of the drawing. Thereby, brake pads 610 and 620 sandwich the
outer peripheral end of brake rotor 500 to brake electrically driven wheel 1.

Next, an arrangement of in-wheel motor 400 will be described.

Case 410 is disposed on the left side of wheel hub 200 in the drawing,
accommodating motor 420, planetary gear 430, oil pump 440, shaft 450, and a portion
of an oil channel.

Motor 420 has a bearing 421, a rotary shaft 422, a rotor 423, and a stator 424.
Stator 424 includes a stator core 424A and a stator coil 424B. Stator core 424A is
fixed to case 410.  Stator coil 424B is wound on stator core 424A. When motor 420
is a three-phase motor, stator coil 424B is formed of a U-phase coil, a V-phase coil, and
a W-phase coil. Rotor 423 is disposed on the inner peripheral side of stator core 424A
and stator coil 424B.

Planetary gear 430 includes a sun gear 431, a pinion gear 432, a ring gear 433,

and a planetary carrier 434.

A sun gear shaft (not shown) is coupled to rotary shaft 422 of motor 420.
Further, the sun gear shaft is rotatably supported. Sun gear 431 is coupled to the sun
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gear shaft. Pinion gear 432 engages sun gear 431 and is rotatably supported. Ring
gear 433 is fixed to case 410. Planetary carrier 434 is coupled to pinion gear 432.
Further, planetary carrier 434 is splined and engaged to shaft 450. Further, planetary
carrier 434 is rotatably supported.

Oil pump 440 pumps up oil in an oil pan, and supplies the pumped oil to an oil
channel 441 serving as a "cooling medium‘ channel".” A portion of oil channel 441
passes through the outside of case 410. The portion of the "cooling medium channel"
located outside case 410 constitutes a "heat radiating portion" to facilitate cooling of in-
wheel motor 400.  Specifically, oil channel 441 as the "heat radiatihg portion” is
formed apart from case 410, and the portion of oil channel 441 located outside case 410
is provided with a fin 442 (cooling fin). |

In-wheel motor 400 is assembled to the vehicle via mounting bracket 700.
Bracket 700 is provided with a fin 710 (cooling fin) serving as a "heat radiating portion".
Further, bracket 700 is provided with an oil channel 720 serving as a "cooling medium
channel". Qil channel 720 is in communication with oil channel 441.

When a switching circuit (not shown) mounted in the vehicle supplies an
alternating current to stator coil 424B, rotor 423 rotates and motor 420 outputs a
predetermined torque: The output torque of motor 420 is transferred to planetary gear
430 via the sun gear shaft. Planetary gear 430 changes the output torque received
from the sun gear shaft using sun gear 431 and pinion gear 432, that is, alters (reduces)
the speed, for output to planetary carrier 434. Planetary carrier 434 transfers the
output torque of planetary gear 430 to shaft 450, and shaft 450 rotates wheel hub 200
and wheel disc 100 via joint 300 at a predetermined number of revolutions.  Thereby,
electrically driven wheel 1 rotates at a predetermined number of revolutions.

‘On the other hand, oil pump 440 pumps up the oil from the oil pan, and supplies
the pumped oil to oil channel 441 as described above. The oil entering oil channel 441
is supplied for example to bearing 421 and planetary gear 430 to lubricate them. The

oil is supplied from oil channel 441 to each portion within case 410 via oil channel 720
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formed in mounting bracket 700.  Further, the oil cools stator coil 424B and the like.
Specifically, the oil constitutes a "cooling medium" contributing to the cooling of in-
wheel motor 400.

It is important to enhance heat radiatihg property of in-wheel motor 400 when it
is driven.  Generally, in terms of reducing air resisfance while a vehicle is moving, it is
preferable to employ a structure having less airﬂow”into a wheel during the moving.
However, this may act disadvantageously in terms of enhancing the heat radiating
property of in-wheel motor 400.  Although a fin for facilitating cooling may be
provided to case 410 itself of in-wheel motor 400, a sufficient cooling effect may not
necessarily be obtained due to the reason described above. Further, particularly when
electrically driven wheel 1 in accordance with the present embodiment is used for |
example as a rear wheel of a vehicle, a structure having less airflow into a wheel while a
vehicle is moving tends to be employed, and thus it is more important to facilitate the
cooling of in-wheel motor 400.

Electrically driven wheel 1 shown in Fig. 1 is provided with oil channels 441 and
720 and fins 442 and 710 disposed apart from case 410 and serving as the "heat
radiating portions" to facilitate the cooling of in-wheel motor 400. Details of the
cooling structure including these "heat radiating portions" will be described in the first to
third embodiments which will be described later.

Figs. 2 to 4 show a surrounding structure of in-wheel motor 400 shown in Fig. 1.
Here, Fig. 2 shows a state of the surrounding structure when seen from the front side of
a vehicle (from a direction indicated by an arrow DR3), Fig. 3 shows a state of the
surrounding structure when seen from the outside of a lateral side of the vehicle (from
the direction indicated by arrow DR1), and Fig. 4 shows a state of the surrounding
structure when seen from the top side of the vehicle (from a direction indicated by an
arrow DR2). It is to be noted that Figs. 2 to 4 do not show the "heat radiating
portion" shown in Fig. 1.

Referring to Figs. 2 to 4, in-wheel motor 400 in electrically driven wheel 1 is
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assembled to a wheel supporting unit via mounting bracket 700. The wheel supporting
unit has a shock absorber 2, a spring 3, an intermediate beam 4, and a trailing arm 5.
Intermediate beam 4 is provided between a pivot of trailing arm 5 and an axle of
electrically driven wheel 1.  In-wheel motor 400 in another electrically driven wheel is
assembled to the other end (not shown) of intermediate beam 4.

By fixing in-wheel motor 400 using mountiﬁg bracket 700 as described above,
in-wheel motor 400 can be assembled to a vehicle while readily avoiding interference
with shock absorber 2 and spring 3 in a fixing structure including intermediate beam 4.

It is to be noted that, in the fixing structure for in-wheel motor 400 using
intermediate beam 4 and mounting bracket 700, cooling wind toward in-wheel motor
400 is blocked by mounting bracket 700, and thus in-wheel motor 400 tends to receive
less wind. Therefore, the importance of facilitating the cooling of in-wheel motor 400
further increases.

First Embodiment

Figs. 5 and 6 show a cooling structure for an in-wheel motor in accordance with
a first embodiment. Here, Fig. 5 shows a state of the cooling structure when seen from
the rear side of the vehicle (from a direction opposite to the direction indicated by arrow
DR3), and Fig. 6 shows a state of the cooling structure when seen from the inside of the
lateral side of the vehicle (from a direction opposite to the direction indicated by arrow
DR1).

Referring to Figs. 5 and 6, in-wheel motor 400 has oil channel 441 as the
"cooling medium channel" provided such that at least a portion thereof passes through
the outside of case 410. The portion of oil channel 441 located outside case 410 is
provided with fin 442. In the cooling structure in accordance with the present -
embodiment, oil channel 441 and fin 442 located outside case 410 constitute the "heat
radiating portion" to facilitate the cooling of in-wheel motor 400.

The above arrangement allows the oil contributing to the cooling of in-wheel

motor 400 to flow outside case 410. Consequently, by providing oil channel 441 at a
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location readily receiving cooling wind (that is, a location having a relatively good
cooling condition), heat radiation from the oil flowing through oil channel 411 can be
facilitated, improving cooling efficiency of in-wheel motor 400 by the oil.

As described above, in the cooling structure for in-wheel motor 400 in
accordance with the present embodiment, oil channel 441 and fin 442 as the "heat
radiating portion" are located apari from case 410 és the "housing".

Second Embodiment |

Figs. 7 and 8 show a cooling structure for an in-wheel motor in accordance with
a second embodiment. Here, Fig. 7 shows a state of the cooling structure when seen
from the outside of the lateral side of the vehicle (from the direction indicated by arrow
DR1), and Fig. 8 shows a state of the cooling structure when seen from the front side of
the vehicle (from the direction indicated by arrow DR3).

Referring to Figs. 7 and 8, in-wheel motor 400 is assembled to the vehicle via
mounting bracket 700, and mounting bracket 700 is provided with fin '710. In the
cooling structure in accordance with the present embodiment, fin 710 constitutes the
"heat radiating portion" to facilitate the cooling of the in-wheel motor. Further, the
contact surface between case 410 and mounting bracket 700 is provided with a portion
having protrusions (.a portion A in Fig 7) to increase a contact area therebetween.
Furthermore, case 410 and mounting bracket 700 are in contact with each other viaa
material for facilitating heat transfer including a material having a relatively high heat
transfer coefficient such as silicon greasé.

With the above arrangement, cooling efficiency of in-wheel motor 400 can be
improved by heat radiation from mounting bracket 700.  Since mounting bracket 700 is
a member blocking a portion of cooling wind toward case 410, cooling of in-wheel
motor 400 can be facilitated effectively by enhancing heat radiation via the bracket.
Further, with the material for facilitating heat transfer described above, heat transfer
from case 410 of in-wheel motor 400 to mounting bracket 700 can have an improved

efficiency. As a result, the heat radiation via mounting bracket 700 can further be
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enhanced.

Fig. 9 shows a modification of the portion having protrusions described above.
As shown in Fig. 9, by forming the portion to have trapezoidal protrusions, the portion
having such protrusions can also be utilized as an inlay portion (a positioning portion)
when in-wheel motor 400 is assembled to mounting bracket 700.

The shape of the portion having protrusions“ formed on the contact surface
between case 410 and mounting bracket 700 is not limited to those described above, and
can be modified as appropriate as long as the shape increases the contact area between
case 410 and mounting bracket 700. For example, the portion having protrusions may
be shaped like a wave.

As described above, in the cooling structure for in-wheel motor 400 in
accordance with the present embodiment, fin 710 as the "heat radiating portion” is
located apart from case 410 as the "housing".

Third Embodiment

_ Figs. 10 and 11 show a cooling structure for an in-wheel motor in accordance
with a third embodiment. Here, Fig. 10 shows a state of the cooling structure when
seen from the outside of the lateral side of the vehicle (from the direction indicated by
arrow DR1), and Fig. 11 shows d state of the cooling structure when seen from the front
side of the vehicle (from the direction indicated by arrow DR3).

Referring to Figs. 10 and 11, in-wheel motor 400 is assembled to the vehicle via
mounting bracket 700, and mounting bracket 700 is provided with fin 710. Mounting
bracket 700 is also provided with oil channel 720 as the "cooling medium channel".
Specifically, oil channel 720 goes through the inside of mounting bracket 700.

As described above, the oil pumped out of oil pump 440 provided within case
410 of in-wheel motor 400 flows into case 410 again via oil channel 720 located outside
case 410, contributing to the cooling of each portion of in-wheel motor 400.
Consequently, according to the cooling structure in accordance with the present

embodiment, cooling of the oil flowing through oil channel 720 can be facilitated by heat
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radiation from mounting bracket 700. That is, with the above arrangement, cooling
efficiency of in-wheel motor 400 by the oil can be improved. |

As described above, in the cooling structure for in-wheel motor 400 in
accordance with the present embodiment, fin 710 and oil channel 720 as the "heat
radiating portion" are located apart from case 410 as the "housing".

It should be understood that the embodiments disclosed herein are illustrative
and non-restrictive in every respect. The scope of the present invention is defined by
the terms of the claims, rather than the description above, and is intended to include any
modifications within the scope and meaning equivalent tci the terms of the claims.
Industrial Applicability '

As has been described, the present invention is applied to a cooling structure for

an in-wheel motor.
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CLAIMS

1. A cooling structure for an in-wheel motor, comprising:

an in-wheel motor (400) having at least a portion thereof mounted within a
wheel (100) of a vehicle to drive the wheel (100) or to be driven by the wheel (100); and

a heat radiating portion (441, 442, 710, 720) to facilitate cooling of said in-
wheel -motor (400),

wherein said in-wheel motor (400) has a housing (410), and

said heat radiating portion (441, 442, 710, 720) is located apart from said
housing (410).

2. The cdoling structure for an in-wheel motor éccording té claim 1, wherein

said in-wheel motor (400) is assembled to the vehicle via a fixing member (700),
and

said heat radiating portion includes a cooling fin (710) provided to said fixing
mem‘ber (700).

3. The cooling structure for an in-wheel motor according to claim 2, wherein a
contact surface between said housing (410) and said fixing member (700) is provided

with a portion having protrusions (A) to increase a contact area.

4. The cooling structure for an in-wheel motor according to claim 1, wherein

said in-wheel motor (400) has a cooling medium channel (441) having at least a
portion thereof provided to pass through an outside of said housing (410), and

said heat radiating portion includes the portion of said cooling medium channel

(441) located outside said housing (410). -
5. The cooling structure for an in-wheel motor according to claim 4, wherein
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said in-wheel motor (400) is assembled to the vehicle via a fixing member (700),
and _
said cooling medium channel (441) goes through an inside of said fixing member

(700).

6. The cooling structure for an in-wheel motor according to claim 1, wherein
said in-wheel motor (400) is fixed to an intermediate beam (4) of the vehicle via a fixing
member (700).

-13 -
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