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Description

TECHNICAL FIELD

�[0001] The present invention relates to an in-�wheel
motor to be mounted in an electric vehicle and, more
particularly, to an in-�wheel motor for an electric vehicle
devised to be freely mountable regardless of the shape,
structure, and characteristics of a drive motor thereof.

BACKGROUND ART

�[0002] Conventional in- �wheel motors for electric vehi-
cles consist of those described below.
�[0003] FIG. 1 is a sectional view showing the structure
of a conventional in-�wheel motor for an electric vehicle.
�[0004] FIG. 1 shows an in- �wheel motor that is config-
ured such that the casing of a motor, which partially con-
stitutes a drive mechanism, includes mounting means.
In this electric vehicle, a drive mechanism 100 is integrally
incorporated into a driving wheel (in- �wheel-�motor type).
The drive mechanism 100 is configured such that a drive
motor 200, a reduction gear mechanism 300, and a brake
400 are integrated into a unit mechanism. A tire 500 is
mounted on the unit mechanism.
�[0005] The drive motor 200 is a permanent- �magnet-
type AC motor. A casing 210 of the drive motor 200 is
composed of an outer frame 211, an inner frame 212, an
end ring 213, and an end plate 214. The outer frame 211
is cylindrical and includes a bracket portion 211a, which
is located towards the right in FIG. 1. The inner frame
212 is a cylindrical member that is concentrically dis-
posed within the outer frame 211, and includes a bracket
portion 212a, which is located at the right end in FIG. 1.
�[0006] The bracket portion 211a and the bracket por-
tion 212a are joined via bolts, whereby the outer frame
211 and the inner frame 212 are joined. The end ring 213
and the end plate 214 are attached via bolts to the left
end face of the outer frame 211.
�[0007] A stator 220, which includes a stator core 221
and a coil 222, is mounted on the inner circumferential
surface of the outer frame 211. A cylindrical rotor 240 is
rotatably mounted on the outer circumferential surface
of the inner frame 212 via a motor bearing 230.
�[0008] The rotor 240 includes a rotor core 241 and a
permanent magnet 242. A rotary block 250 is attached
to the rotor core 241 via bolts. A revolution speed detector
260 is attached to the left-�hand end of the rotary block
250. A shaft 270 is serration-�coupled to a right-�hand por-
tion of the rotary block 250. AC current is supplied to the
coil 222 of the drive motor 200 through a cable 280. A
revolution speed signal indicative of revolution speed de-
tected by the revolution speed detector 260 is output
through a cable 281.
�[0009] Support rings 290 and 291 formed in the outer
frame 211 are fitted to corresponding fulcrums of a sus-
pension mechanism, whereby the drive mechanism 100
is mounted onto a chassis of the electric vehicle.

�[0010] The reduction gear mechanism 300 is a plane-
tary gear mechanism and is adapted to transmit rotation
of the shaft 270 to a wheel shaft 410 after reduction of
speed. In this case, a carrier 301 of the reduction gear
mechanism 300 is serration- �coupled to the wheel shaft
410 so as to transmit torque to the wheel shaft 410 while
being allowed to move axially.
�[0011] A wheel shaft tube 411, through which the
wheel shaft 410 extends, is fixedly attached to the bracket
portions 211a and 212a. The reduction gear mechanism
300 is disposed in a space that is enclosed by the wheel
shaft tube 411 and the bracket portion 212a of the inner
frame 212. A ring gear 302 of a planetary gear is formed
on the inner surface of.the inner frame 212. An end face
of the shaft 270 and an end face of the wheel shaft 410
are pivoted by means of a pivot 412. The brake 400 is a
hydraulic brake that uses a drum.
�[0012] A wheel hub 420 is attached to the wheel shaft
410 via bolts. A brake drum 430 and a disk wheel 505 of
a wheel are attached to the wheel hub 420 via bolts. A
hub bearing 440, which serves as a wheel bearing, is
interposed between the wheel shaft tube 411 and the
wheel hub 420. A back plate of the brake 400 is fixedly
attached to a flange portion of the wheel shaft tube 411.
When hydraulic pressure increases as a result of a brake
pedal being stepped on, a wheel cylinder 401 causes
brake shoes 402 to be expanded, so that the brake shoes
402 come into contact with the brake drum 430 for brak-
ing.
�[0013] The tire 500 is mounted on a rim 510 of the disk
wheel 505. In the thus-�configured drive mechanism 100,
when the motor 200 is activated to thereby rotate the
rotor 240, rotation of the rotor 240 is transmitted to the
rotary block 250 and the shaft 270 and is then speed-
reduced at the reduction gear mechanism 300. The
speed- �reduced rotation is transmitted to the wheel shaft
410. Thus, the tire 500 coupled to the wheel shaft 410 is
rotated, whereby the electric vehicle moves.
�[0014] FIG. 2 is a modified version of the drive mech-
anism 100 shown in FIG. 1. For application to a small-
diameter tire 500, this modified drive mechanism em-
ploys a drive motor 200 having a.long axial dimension
and a short radial dimension. Since the drive motor 200
has a short radial dimension, centrifugal force induced
by the rotor 240 is small, and thus the drive motor 200
can be a high- �speed motor.
�[0015] Therefore, the reduction gear mechanism 300
is designed to provide a large reduction gear ratio; thus,
the outside diameter of the reduction gear mechanism
300 is greater than the inside diameter of the stator 220.
Also in this embodiment, the ring gear 302 of the reduc-
tion gear mechanism 300 is formed on the inner surface
of the inner frame 212.
�[0016] Still another drive mechanism is disclosed in
U.S. Patent No. 5,087,229. This drive mechanism in-
cludes a drive motor, a reduction gearset, a brake, and
a tire as well as a steering knuckle, a ball joint mechanism,
etc. which are provided integrally with a motor wheel for
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supporting the motor wheel.
�[0017] In FIG. 3 (see US-�A-�5087 229), reference nu-
meral 10 denotes a motor wheel; reference numeral 12
denotes a steering knuckle; reference numeral 14 de-
notes a ball joint mechanism; reference numeral 16 de-
notes a motor wheel support element; reference numeral
18 denotes a vehicle shock tower; reference numeral 20
denotes a frame member; reference numeral 22 denotes
bolts; reference numeral 24 denotes a mounting clamp;
reference numeral 26 denotes a McPherson assembly;
reference numeral 28 denotes a plate; reference numeral
30 denotes a nut; reference numeral 32 denotes a lower
control arm; reference numeral 34 denotes a sway bar;
reference numeral 36 denotes a ball joint mechanism;
reference numeral 38 denotes a link; reference numeral
40 denotes a hub; reference numeral 42 denotes bolts;
reference numeral 44 denotes a motor housing; refer-
ence numeral 46 denotes bolts; reference numeral 48
denotes a housing of a planetary reduction gearset as-
sembly; reference numeral 49 denotes a gearset; refer-
ence numeral 50 denotes bolts; reference numeral 51
denotes a steering tie rod attached to the steering knuckle
12; reference numeral 52 denotes a hub bearing element;
reference numerals 53 and 54 denote bearings; refer-
ence numeral 58 denotes a disk rotor; reference numeral
60 denotes a disk wheel; reference numeral 62 denotes
lug nuts; reference numeral 64 denotes a tire;� reference
numeral 66 denotes a valve; reference numeral 68 de-
notes a caliper; reference numeral 72 denotes pads; ref-
erence numeral 76 denotes cooling fins; reference nu-
meral 80 denotes a stator; reference numeral 82 denotes
a coil; reference numeral 84 denotes lead-�in conductors;
reference numeral 86 denotes a connector; reference
numeral 88 denotes a cable; reference numeral 90 de-
notes a driving shaft; reference numeral 91 denotes a
washer; reference numeral 92 denotes a hub nut; refer-
ence numeral 93 denotes a rotor; reference numeral 94
denotes a rotor; reference numeral 95 denotes magnets;
and reference numeral 96 denotes a rotation detector.
�[0018] US5472059 discloses the features of the pre-
amble of claim 1 and in particular a wheel end assembly
for driving an individual wheel of a motor vehicle, with
the assembly comprising a stationary, annular spindle
which is operably affixable to the vehicle, a wheel hub
rotatably mounted to and coaxial with the spindle, and
an electric motor and axially spaced apart inboard and
outboard speed reduction gear sets for driving the wheel
hub and vehicle wheel at a speed less than the speed of
the motor output shaft. The assembly further comprises
a cartridge bearing disposed between the inboard and
outboard gear sets with the wheel hub rotatably mounted
to the spindle via the cartridge bearing.

DISCLOSURE OF THE INVENTION

�[0019] In the conventional motors shown in FIGS. 1
and 2, the support rings 290 and 291, which are used for
mounting the motors onto respective chassis, are formed

integrally with the casing 210. Required motor charac-
teristics, such as low speed or high speed, or low torque
or high torque, depend on the size of a tire and vehicle
characteristics. The size and shape of a motor vary de-
pending on the required motor characteristics. Thus, the
positions of the support rings 290 and 291, which are
used for mounting the motor onto a chassis, vary accord-
ingly in relation to the casing 210 and to the tire 500.
�[0020] Thus, when existing in- �wheel motors designed
for certain vehicles are to be applied to another vehicle,
an applicable in- �wheel motor is limited to that having a
specific mounting section; i.e., a mounting section that
satisfies a specific positional relation between the mount-
ing section and a wheel. Also, when an in-�wheel motor
of a certain tire is to be applied to a tire of a different
diameter or when a certain in-�wheel motor is to be re-
placed with an in-�wheel motor of different motor charac-
teristics, the desired application or replacement may be
infeasible if the positions of the support rings 290 and
291 are incompatible. Further, as is apparent from the
above-�described conventional motors, the axial length
of a motor casing changes depending on motor charac-
teristics, and the position of the mounting section chang-
es accordingly.
�[0021] Therefore, an in-�wheel motor has been select-
ed according to the position of a mounting section, not
according to motor characteristics, thereby narrowing the
range of selection and thus raising difficulty in design and
affecting convenience of use.
�[0022] When the revolution speed of a wheel and a
driving torque are to be changed without changing motor
output, reduction gear ratio must be changed. In this
case, a conventional motor does not allow replacement
of a reduction gear only, but requires replacement of an
entire motor.
�[0023] An object of the present invention is to solve
the above-�mentioned problems in a conventional in-
wheel motor and to provide an in-�wheel motor for an elec-
tric vehicle allowing a drive motor to be freely mounted
onto a chassis irrespective of the shape, structure, and
characteristics of the drive motor as well as allowing free
selection of a reduction gear ratio without need to replace
a drive motor.
�[0024] To achieve the above object, the present inven-
tion provides the following in-�wheel motors for an electric
vehicle.�

[1] An in-�wheel motor for an electric vehicle compris-
es a drive motor, a reduction gear mechanism, a
wheel bearing, and a mechanical brake and serves
as a drive apparatus for an electric vehicle. The in-
wheel motor is characterized in that the drive motor
includes a casing which houses a rotor and a stator;
the reduction gear mechanism comprises a plane-
tary gear mechanism; a wheel bearing is fixedly at-
tached to the outer circumference of an end portion
of a housing, which houses a wheel shaft coupled
to an output element of the planetary gear mecha-

3 4 



EP 1 600 324 B1

4

5

10

15

20

25

30

35

40

45

50

55

nism; the mechanical brake is a drum brake or a disk
brake; the planetary gear mechanism is housed with-
in the housing, and an input shaft of the planetary
gear mechanism is spline- �coupled to a rotary shaft
of the drive motor; and the housing is attached to the
casing via bolts.
[2] In the in-�wheel motor for an electric vehicle as
described above in [1], the planetary gear mecha-
nism is configured such that a partition is provided
within a gear chamber for controlling stirring of lubri-
cation oil.
[3] In the in- �wheel motor for an electric vehicle as
described above in [1] a rotational-�position detector
is disposed on the side of the rotor opposite the out-
put side of the rotor, and the rotational-�position de-
tector is a resolver.
[4] In the in- �wheel motor for an electric vehicle as
described above in [1] or [4], the drive motor is a 6-
phase synchronous AC motor.
[5] In the in- �wheel motor for an electric vehicle as
described above in [1] coil ends of an armature,
which partially constitutes the stator, are mechani-
cally compressed from axially opposite sides.

�[0025] A configuration not embodying the present in-
vention is characterized in that means for mounting an
in-�wheel motor comprises the mounting blocks provided
on the casing of the in- �wheel motor; the joint mecha-
nisms, which are movably coupled to a suspension
mechanism; and the attachments, which are attached to
the corresponding mounting blocks and joined to the cor-
responding joint mechanisms.
�[0026] A configuration not embodying the present in-
vention is characterized in that means for attaching the
above- �mentioned attachments to the mounting blocks is
in common among various attachments and that other
specifications of the attachments are modified as appro-
priate so as to be compatible with various applications.
�[0027] A configuration not embodying the present in-
vention is characterized in that the above-�mentioned
mounting blocks are provided respectively at an upper
portion and a lower portion of the casing and that the
above-�mentioned attachments are provided in corre-
spondence with the mounting blocks.
�[0028] A configuration not embodying the present in-
vention is characterized in that means for mounting an
in-�wheel motor comprises a mounting block provided on
an upper portion of the casing; a support portion of an
upper arm, which partially constitutes the attachment,
the support portion being coupled to a joint mechanism;
a mounting block provided on a lower portion of the cas-
ing; and a support portion of a lower arm, which partially
constitutes the attachment, the support portion being
coupled to a joint mechanism.
�[0029] A configuration not embodying the present in-
vention is characterized in that the coupling surface of
each mounting block and the coupling surface of a cou-
pling portion of each arm, which partially constitutes the

attachment, can abut each other at any mounting angle.
�[0030] The configuration of the present invention is
characterized in that the planetary gear mechanism is
housed within the housing while a ring gear is provided
on the inner surface of the housing; the input shaft of the
planetary gear mechanism is spline-�coupled to the rotary
shaft of the drive motor; and the housing is attached to
the casing via bolts.
�[0031] The configuration of the present invention is
characterized in that the partition for controlling stirring
of lubrication oil is provided between the end face of the
planetary gear mechanism and a bracket portion of the
motor casing.
�[0032] In a configuration not embodying the present
invention, only the upper and lower mounting blocks are
formed on an in-�wheel motor body such that coupling
surfaces of the blocks are common among different types
of vehicles. While coupling specifications are common
among various upper arms and among various lower
arms, other specifications of the upper and lower arms
are modified according to, for example, mounting length
and mounting height, whereby the mounting blocks are
coupled to a suspension mechanism by means of the
upper and lower arms. A steering tie rod is coupled to
either the upper arm or the lower arm.
�[0033] Conventional motor mounting means is integral
with a motor casing; thus, mounting position, mounting
height, etc. are fixed. Therefore, replacement with a drive
motor of a different type is difficult unless the replacing
drive motor has the same mounting dimensions as those
of a drive motor to be replaced. By contrast, according
to the present invention, the attachment and the casing
are discrete members.�
Therefore, even when a replacing drive motor is of a dif-
ferent type, the replacing drive motor can be mounted by
means of changing attachments.
�[0034] Through change in the gear ratio of the plane-
tary gear mechanism of the reduction gear mechanism,
revolution speed of a wheel and driving torque can be
changed without need to replace a drive motor.

BRIEF DESCRIPTION OF DRAWINGS

�[0035]

FIG. 1 is a longitudinal sectional view of a conven-
tional in-�wheel motor for an electric vehicle;
FIG. 2 is a longitudinal sectional view of another con-
ventional in- �wheel motor for an electric vehicle;
FIG. 3 is a longitudinal sectional view of still another
conventional in-�wheel motor for an electric vehicle;
FIG. 4 is a schematic view showing means for mount-
ing an in- �wheel motor in a drive system of an electric
vehicle to which the present invention is applied; and
FIG. 5 is a longitudinal sectional view of an in-�wheel
motor for an electric vehicle of the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

�[0036] Modes for carrying out the present invention will
next be described with reference to the drawings.
�[0037] Embodiments of the present invention will next
be described with reference to the following drawings.
�[0038] FIG. 4 exemplifies an in-�wheel motor of the
present invention and means for mounting the in-�wheel
motor while other structural features are omitted. FIG. 5
is a longitudinal sectional view of the in- �wheel motor ac-
cording to the present invention.
�[0039] First, the in-�wheel motor of the present inven-
tion, particularly the inner structure thereof, will be de-
scribed with reference to FIGS. 4 and 5.
�[0040] A drive motor 1200 in a drive mechanism 1100
is a permanent-�magnet-�type AC motor, particularly a 6-
phase synchronous AC motor. A casing 1210 of the drive
motor 1200 includes an outer frame 1211, an end ring
1213, and an end plate 1214. The outer frame 1211 is
cylindrical and includes a bracket portion 1211a, which
is located at the right-�hand side thereof in FIG. 5. A stator
1220, which is composed of a stator core 1221 and a coil
1222, is mounted on the inner circumferential surface of
the outer frame 1211. In order to reduce idle space, the
number of poles of the coil 1222 is six, and the coil 1222
uses thin wires. Also, in order to reduce the axial length
of the drive motor 1200, coil ends are mechanically com-
pressed from opposite sides. Reference letters A and B
denote attachments.
�[0041] A rotor 1240 includes a rotor core 1241 and a
permanent magnet 1242. Rotary shaft blocks 1251 and
1252, which constitute a rotary shaft of the drive motor
1200, are attached to the rotor core 1241 via bolts. A
shaft portion 1251a of the rotary shaft block 1251 is sup-
ported rotatably by means of a motor bearing 1231, which
is fixedly attached to the end ring 1213. A revolution
speed detector 1260 such as a resolver is attached to
the left-�hand end of the shaft portion 1251a. A shaft por-
tion 1252a of the rotary shaft block 1252 is supported
rotatably by means of a motor bearing 1232, which is
fixedly attached to the bracket portion 1211a of the outer
frame 1211. Serrations are formed on the inner surface
of the shaft portion 1252a, so that the shaft portion 1252a
is spline- �coupled to an input shaft 1270 of a reduction
gear mechanism 1300.
�[0042] A housing 1411 houses the reduction gear
mechanism 1300. A wheel bearing; i.e., a hub bearing
1440, is fixedly attached to the outer circumference of a
wheel shaft tube portion 1411a of the housing 1411. The
housing 1411 is attached via bolts 1215 to the bracket
portion 1211a of the outer frame 1211 of the drive motor
1200.
�[0043] AC current is supplied to the coil 1222 of the
drive motor 1200 through a cable 1280. A revolution
speed signal indicative of revolution speed detected by
the revolution speed detector 1260 is output via a cable
1281.
�[0044] The reduction gear mechanism 1300 is imple-

mented by means of a planetary gear mechanism and
adapted to reduce the revolution speed of the input shaft
1270 to thereby transmit the reduced revolution speed
to a wheel shaft 1410. A partition 1302 is provided within
a gear chamber for controlling stirring of lubrication oil.
The planetary gear mechanism may be of a single stage
or a plurality of stages.
�[0045] In this case, a ring gear 1303 of the planetary
gear mechanism is provided on the inner surface of the
housing 1411. A carrier 1301 is spline-�coupled to the
wheel shaft 1410 so as to transmit torque to the wheel
shaft 1410 while being allowed to move axially. The wheel
shaft 1410 is disposed within the wheel shaft tube portion
1411a of the housing 1411.
�[0046] An end face of the input shaft 1270 and an end
face of the wheel shaft 1410 are pivoted by means of a
pivot 1412. A brake 1400 is a mechanical drum brake. A
back plate 1403 of the brake 1400 is fixedly attached to
an end face of the housing 1411. A wheel hub 1420 is
attached to the wheel shaft 1410 via bolts. A brake drum
1430 and a disk wheel 1505 of a wheel are attached to
the wheel hub 1420 via bolts.
�[0047] A hub bearing 1440 is interposed between the
wheel shaft tube portion 1411a and the wheel hub 1420.
The brake 1400 operates in the following manner. As
hydraulic pressure increases as a result of a brake pedal
being stepped on, a wheel cylinder 1401 causes brake
shoes 1402 to be expanded, so that the brake shoes
1402 come into contact with the brake drum 1430 for
braking.
�[0048] A tire 1500 is mounted on a rim 1510 of the disk
wheel 1505.
�[0049] In the drive mechanism 1100, when the drive
motor 1200 is activated to thereby rotate the rotor 1240,
rotation of the rotor 1240 is transmitted to the rotary shaft
block 1252 and the input shaft 1270 of the reduction gear
mechanism 1300 and is then speed-�reduced at the re-
duction gear mechanism 1300. The speed- �reduced ro-
tation is transmitted to the wheel shaft 1410. Thus, the
tire 1500 is rotated via the wheel hub 1420 coupled to
the wheel shaft 1410, whereby the electric vehicle
moves.
�[0050] Next, an embodiment of means for mounting
the in-�wheel motor of the present invention will be de-
scribed with reference to FIG. 4.
�[0051] An upper mounting block 800 and a lower
mounting block 810 are integrally formed on the casing
1210 of the drive motor at an upper portion of the casing
1210 and at a lower portion of the casing 1210, respec-
tively. The upper mounting block 800 is formed on an
upper portion of the casing 1210 and assumes a sub-
stantially platelike shape. Coupling surfaces 801a and
801b are formed on the corresponding end faces of the
substantially platelike mounting block 800, the end faces
extending along the longitudinal direction of the casing
1210. A plurality of female screw portions (not shown)
are formed on each of the coupling surfaces 801a and
801b.
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�[0052] The lower mounting block 810 is formed on a
lower portion of the casing 1210 and assumes a substan-
tially platelike shape. Coupling surfaces 811a and 811b
are formed on the corresponding end faces of the sub-
stantially platelike mounting block 810, the end faces ex-
tending along the longitudinal direction of the casing
1210. A plurality of female screw portions are formed on
each of the coupling surfaces 811a and 811b. That is,
the upper mounting block 800 has the coupling surfaces
801a and 801b, to which an upper arm 600 is attached,
and the lower mounting block 810 has the coupling sur-
faces 811a and 811b, to which a lower arm 700 is at-
tached.
�[0053] The shape of the coupling surfaces, the angle
of the coupling surfaces with respect to a horizontal plane
and the like can be designed arbitrarily. The angles of
the coupling surfaces determine the angles of coupling
portions 601a and 601b of the upper arm 600, which abut
the upper mounting block 800, and the angles of coupling
portions 701a and 701b of the lower arm 700, which abut
the lower mounting block 810. Reference numerals 604a,
604b, 704a, and 704b denote locking screws to be en-
gaged with female screws formed in the coupling surfac-
es.
�[0054] The upper arm 600 includes a support portion
603, arm portions 602a and 602b, and the coupling por-
tions 601a and 601b.
�[0055] As mentioned above, the coupling portions
601a and 601b are formed so as to abut the coupling
surfaces 801a and 801b, respectively, of the upper
mounting block 800. The arm portions 602a and 602b
are shaped so as to extend between the support portion
603 and the coupling portions 601a and 601b. The shape
of the arm portions 602a and 602b must be determined
so as to exhibit sufficient strength and rigidity to endure
the weight of the vehicle and an impact force transmitted
from the wheel to the support portion 603 and a support
portion 703, which will be described later.
�[0056] A ball joint mechanism 612 or a spherical joint
mechanism is coupled to the support portion 603.
�[0057] The ball joint mechanism 612 assumes a known
structure. A taper shaft 609 of the ball joint mechanism
612 is inserted into a through-�hole 608 formed in the sup-
port portion 603 and locked by means of a nut 610. An
upper arm of an unillustrated suspension mechanism is
attached to a suspension attachment portion 605 of the
ball joint mechanism 612.
�[0058] A coupling 613, to which a steering tie rod is
coupled, is provided on the support portion 603 and lo-
cated away from the through-�hole 608. The tie rod cou-
pling 613 may be provided on the lower arm 700, which
will be described later.
�[0059] As shown in FIG. 5, the shaft 609 is inclined at
a predetermined angle with respect to the horizontal
plane of the support portion 603.
�[0060] A line that connects the center of rotation of the
shaft 609 of the ball joint mechanism 612 and the center
of rotation of a shaft 709 of a ball joint mechanism 712,

which will be described later, forms a king pin angle θ
with respect to the center axis of a wheel. The king pin
angle θ is determined in view of steering stability of a
vehicle and the like.
�[0061] The lower arm 700 includes a support portion
703, arm portions 702a and 702b, and the coupling por-
tions 701a and 701b. The support portion 703 assumes
a flat-�plate shape and is disposed horizontally while being
located away from the bottom surface of the lower mount-
ing block 810 of the casing 1210.
�[0062] As mentioned above, the coupling portions
701a and 701b are formed so as to abut the coupling
surfaces 811a and 811b, respectively, of the lower
mounting block 810. The arm portions 702a and 702b
are shaped so as to extend between the support portion
703 and the coupling portions 701a and 701b. As in the
case of the arm portions 602a and 602b of the upper arm
600, the shape of the arm portions 702a and 702b must
be determined so as to exhibit sufficient strength and
rigidity to endure the weight of the vehicle and an impact
force transmitted from the wheel to the support portion
703.
�[0063] The ball joint mechanism 712 assumes a known
structure. A taper shaft 709 of the ball joint mechanism
712 is inserted into a through-�hole 708 formed in the sup-
port portion 703 and locked by means of a nut 710. A
suspension attachment portion 705 of the ball joint mech-
anism 712 is attached to a lower arm of a suspension
mechanism (not shown). As shown in FIG. 5, the shaft
709 is inclined at a predetermined angle with respect to
the horizontal plane of the support portion 703.
�[0064] The shaft 709 of the ball joint mechanism 712
is provided such that the axis thereof is aligned with the
axis of the shaft 609 of the ball joint mechanism 612. As
mentioned above, this alignment feature is employed in
view of steering stability of a vehicle and the like.
�[0065] The present invention is characterized in that:�

(1) the upper mounting block 800 having the coupling
surfaces 801a and 801b which are common among
different types of vehicles and the lower mounting
block 810 having the coupling surfaces 811a and
811b which are common among different types of
vehicles are formed on the casing 1210 of the drive
motor;
(2) the upper arm 600- �which includes the coupling
portions 601a and 601b which abut the coupling sur-
faces 801a and 801b which are common among dif-
ferent types of vehicles, the support portion 603
which is coupled to a suspension mechanism, and
the arm portions 602a and 602b which extend be-
tween the support portion 603 and the coupling por-
tions 601a and 601bis fixedly attached to the cou-
pling surfaces 801a and 801b of the upper mounting
block 800 by use of the locking screws 604a and
604b or the like; and
(3) the lower arm 700which includes the coupling
portions 701a and 701b which abut the coupling sur-
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faces 811a and 811b which are common among dif-
ferent types of vehicles, the support portion 703
which is coupled to the suspension mechanism, and
the arm portions 702a and 702b which extend be-
tween the support portion 703 and the coupling por-
tions 701a and 701b-�is fixedly attached to the cou-
pling surfaces 811a and 811b of the lower mounting
block 810 by use of the locking screws 704a and
704b or the like.

�[0066] Also, the present invention is characterized in
that, in the in-�wheel motor described above in (1), (2),
and (3), the support portions 603 and 703 of the arms
600 and 700 are coupled to the suspension mechanism
via the ball joint mechanisms 612 and 712 or respective
spherical joint mechanisms.
�[0067] Further, the present invention is characterized
in that the ring gear 1303 of the reduction gear mecha-
nism 1300, which reduces the revolution speed of the
drive motor and transmits the reduced revolution speed
to the wheel, is formed on the inner surface of the housing
1411, which is a member separate from the motor casing
1210; the input shaft 1270 of the reduction gear mecha-
nism 1300 is spline-�coupled to the shaft portion 1252a
of the drive motor; and the housing 1411 is removably
attached to the casing 1210 via bolts.
�[0068] The present invention is not limited to the
above- �described embodiments. Numerous modifica-
tions and variations of the present invention are possible,
and they are not excluded from the scope of the present
invention as defined by the claims.
�[0069] As described above, the present invention
yields the following effects. �

(A) Only the upper and lower mounting blocks are
formed on an in-�wheel motor body such that coupling
surfaces of the blocks are common among different
types of vehicles. A plurality of types of upper and
lower arms are prepared such that, while coupling
specifications are common among the upper arms
and among the lower arms, other specifications of
the upper and lower arms are modified according to,
for example, mounting height. An upper arm and a
lower arm are selected from the prepared upper and
lower arms as appropriate for individual applications.
The upper and lower mounting blocks are coupled
to a suspension mechanism by means of the thus-
selected upper and lower arms. �
Conventional motor mounting means is integral with
a motor casing; thus, mounting position, mounting
height, etc. are fixed. Therefore, replacement with a
drive motor of a different type is difficult unless the
replacing drive motor has the same mounting dimen-
sions as those of a drive motor to be replaced. By
contrast, according to the present invention, � the at-
tachment, which serves as motor mounting means,
and the casing are discrete members. Therefore,
even when a replacing drive motor is of a different

type, the replacing drive motor can be mounted by
means of changing attachments.
(B) The present invention allows a wheel drive sec-
tion including a speed reduction mechanism to be
separated from a drive motor. Therefore, through
change in the gear ratio of a reduction gear appara-
tus, the revolution speed of a wheel and driving
torque can be changed, whereby tire diameter can
be selected freely without need to replace a drive
motor.

INDUSTRIAL APPLICABILITY

�[0070] The in-�wheel motor of the present invention can
cope with changes in specifications and performance of
a vehicle through replacement of units and is favorably
used in an electric vehicle.

Claims

1. An in-�wheel motor for an electric vehicle comprising
a drive motor (1200), a reduction gear mechanism
(1300), a wheel bearing (1440), and a mechanical
brake (1400) and serving as a drive apparatus for
an electric vehicle, wherein
said drive motor (1200) includes a casing (1210)
which houses a rotor (1240) and a stator (1220); �
said reduction gear mechanism (1300) comprises a
planetary gear mechanism;�
a wheel bearing (1440) is fixedly attached to an outer
circumference of an end portion of a housing (1411),
which houses a wheel shaft (1410) coupled to an
output element of said planetary gear mechanism
(1300);�
said mechanical brake (1400) is a drum brake or a
disk brake; �
said planetary gear mechanism (1300) is housed
within said housing (1411): and
said housing (1411) is attached to said casing (1210)
via bolts (1215),�
characterised in that: �

an input shaft (1270) of said planetary gear
mechanism (1300) is spline-�coupled to a rotary
shaft of said drive motor (1200).

2. An in-�wheel motor for an electric vehicle as de-
scribed in claim 1, wherein said planetary gear mech-
anism is configured such that a partition is provided
within a gear chamber for controlling stirring of lubri-
cation oil.

3. An in-�wheel motor for an electric vehicle as de-
scribed in claim 1, wherein a rotational-�position de-
tector is disposed on a side of said rotor opposite an
output side of said rotor, and said rotational-�position
detector is a resolver.
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4. An in-�wheel motor for an electric vehicle as de-
scribed in claim 1, wherein said drive motor is a 6-
phase synchronous AC motor.

5. An in-�wheel motor for an electric vehicle as de-
scribed in claim 1, wherein coil ends of an armature,
which partially constitutes said stator, are mechani-
cally compressed from axially opposite sides.

Patentansprüche

1. Radnabenmotor für ein elektrisches Fahrzeug, mit
einem Antriebsmotor (1200), einem Untersetzungs-
getriebemechanismus (1300), einem Radlager
(1440) und einer mechanischen Bremse (1400), der
als eine Antriebsvornchtung für ein elektrisches
Fahrzeug dient, wobei
der genannte Antriebsmotor (1200) ein Gehäuse
(1210) aufweist, in dem ein Rotor (1240) und ein
Stator (1220) aufgenommen sind;�
wobei der genannte Untersetzungsgetriebemecha-
nismus (1300) einen Planetenradmechanismus auf-
weist;�
wobei ein Radlager (1440) fest an einem äußeren
Umfang eines Endabschnitts einer Ummantelung
(1411) befestigt ist, welche eine Radachse (1410)
aufnimmt, die mit einem Ausgangselement des ge-
nannten Planetenradmechanismus (1300) gekop-
pelt ist;�
wobei die genannte mechanische Bremse (1400) ei-
ne Trommelbremse oder eine Scheibenbremse ist;�
wobei der genannte Planetenradmechanismus in-
nerhalb der genannten Ummantelung (1411) aufge-
nommen ist; und
wobei die genannte Ummantelung (1411) an dem
genannten Gehäuse (1210) über Bolzen (1215) be-
festigt ist, dadurch gekennzeichnet, daß : �

eine Eingangswelle (1270) des genannten Pla-
netenradmechanismus (1300) über eine Keil-
verzahnung mit einer Drehwelle des genannten
Antriebsmotors (1200) gekoppelt ist.

2. Radmotor für ein elektrisches Fahrzeug nach An-
spruch 1, dadurch gekennzeichnet, daß  der ge-
nannte Planetenradmechanismus so konfiguriert ist,
daß ein Bereich innerhalb einer Getriebekammer zur
Steuerung des Rührens von Schmieröl vorgesehen
ist.

3. Radmotor für ein elektrisches Fahrzeug nach An-
spruch 1, dadurch gekennzeichnet, daß  ein Dreh-
stellungsdetektor auf einer Seite des genannten Ro-
tors gegenüberliegend einer Ausgangsseite des ge-
nannten Rotors angeordnet ist, wobei es sich bei
dem genannten Drehstellungsdetektor um einen Re-
solver handelt.

4. Radmotor für ein elektrisches Fahrzeug nach An-
spruch 1, dadurch gekennzeichnet, daß  der ge-
nannte Antriebsmotor ein sechsphasiger synchro-
ner AC-�Motor ist.

5. Radmotor für ein elektrisches Fahrzeug nach An-
spruch 1, dadurch gekennzeichnet, daß  Spulen-
enden eines Ankers, der teilweise den genannten
Stator bildet, mechanisch von in axialer Richtung ge-
genüberliegenden Seiten zusammengedrückt sind.

Revendications

1. Moteur monté dans une roue pour un véhicule élec-
trique comprenant un moteur d’entraînement (1200),
un mécanisme de réduction (1300), un palier de roue
(1440) et un frein mécanique (1400) et servant d’ap-
pareil d’entraînement du véhicule électrique, dans
lequel
ledit moteur d’entraînement (1200) comporte un car-
ter (1210) qui reçoit un rotor (1240) et un stator
(1220) ; �
ledit mécanisme de réduction (1300) comprend un
mécanisme d’engrenage planétaire ;�
le palier de roue (1440) est lié fixement à une péri-
phérie externe d’une partie d’extrémité d’un boîtier
(1411), qui reçoit un arbre de roue (1410) accouplé
à un élément de sortie dudit mécanisme d’engrena-
ge planétaire (1300) ; �
ledit frein mécanique (1400) est un frein à tambour
ou un frein à disque ;�
ledit mécanisme d’engrenage planétaire (1300) est
reçu dans ledit boîtier (1411) ; et
ledit boîtier (1411) est fixé audit carter (1210) par
des boulons (1215),�
caractérisé en ce que : �

un arbre d’entrée (1270) dudit mécanisme d’en-
grenage planétaire (1300) est accouplé par can-
nelures à un arbre rotatif dudit moteur d’entraî-
nement (1200).

2. Moteur monté dans une roue pour un véhicule élec-
trique de la manière décrite dans la revendication 1,
dans lequel ledit mécanisme d’engrenage planétaire
est configuré de sorte qu’une séparation est prévue
à l’intérieur d’une chambre d’engrenage pour com-
mander l’agitation de l’huile de lubrification.

3. Moteur monté dans une roue pour un véhicule élec-
trique de la manière décrite dans la revendication 1,
dans lequel un détecteur de position de rotation est
disposé sur un côté dudit rotor opposé à un côté de
sortie dudit rotor, et ledit détecteur de position en
rotation est un résolveur.

4. Moteur monté dans une roue pour un véhicule élec-
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trique de la manière décrite dans la revendication 1,
dans lequel ledit moteur d’entraînement est un mo-
teur à courant alternatif synchrone hexaphasé.

5. Moteur monté dans une roue pour un véhicule élec-
trique de la manière décrite dans la revendication 1,
dans lequel les extrémités de bobinage d’une arma-
ture, qui constitue partiellement ledit stator, sont mé-
caniquement comprimées à partir de côtés axiale-
ment opposés.
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