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ELECTRICALLY OPERATED POWER UNIT,
ELECTRIC VEHICLE AND ELECTRIC
MOTORCYCLE

PRIORITY INFORMATION

[0001] This application is based on and claims priority to
Japanese Patent Application No. 2001-194251, filed Jun. 27,
2001 the entire contents of which is hereby expressly
incorporated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates generally to an elec-
tric powered vehicle using a compact motor and transmis-
sion configuration, and more particularly to a compact motor
and transmission axially mounted within a wheel hub.

[0004] 2. Brief Description of Related Art

[0005] Conventionally, electric driving units that drive a
wheel with an electric motor, as disclosed, for example,
JP-A-H11-34965 disclosed electric motors where the motor
output shaft is parallel to the wheel axle. The electric driving
unit shown in JP-A-H11-34965 is used as a driving source
for an electric two-wheeled vehicle and provided with a
swing arm for supporting a rear wheel.

[0006] The swing arm for supporting the rear wheel has an
electric motor, a transmission and an axle that are provided
at its oscillating end and also has a control unit for control-
ling the electric motor that is mounted to the arm section of
the swing arm. The electric motor and the transmission are
installed such that their shaft axes are parallel to the trans-
verse direction of the vehicle body, the transmission is
arranged in front of the axle in the longitudinal direction of
the vehicle body, and the electric motor is located above the
transmission.

[0007] The control is housed in a storage compartment
isolated from the electric motor and is electrically connected
to the electric motor through wires.

[0008] In the conventional electric driving unit described
above, one compartment for housing an electric motor and
another compartment for housing a control unit are formed
separately. To form the separate compartments, larger vol-
umes of partition walls are required, causing the unit to be
larger as a whole increasing the production costs. The
arrangement in which the transmission and the electric
motor are and the transmission and the axle are placed in
front of each other also to be larger.

[0009] Additionally, long conductive wires for connecting
the control unit and the electric motor are required, because
the former is located remotely forward from the latter. This
causes an increase in production costs; the expense for
wiring increases due to work necessary to connect both ends
of the wires to the control unit and the electric motor.

[0010] Furthermore, since the conductive wires between
the motor compartment and the control unit compartment
are exposed externally, those exposed wires may be dam-
aged from pebbles thrown up by the rear wheel during
operation. The increase in the number of electrical connec-
tions increases the possibility of damage to the electrical
connections and the reliability thereof will be reduced.

Jan. 16, 2003

SUMMARY OF THE INVENTION

[0011] Compact, reliable electric vehicle designs promote
both functionally and attractive styling. Such compact
designs however pose challenges such as providing space
for all required components and keeping the various com-
ponents at an appropriate operating temperature.

[0012] One aspect of a preferred embodiment is a com-
pact, axially spaced motor incorporating a planetary trans-
mission on a shared axis and a compact control unit and
switching circuits closely proximate the electric motor. The
heat generated by the switching circuits is removed by a heat
sink providing a large surface area and attached directly to
swing arm body.

[0013] Another aspect of a preferred embodiment is the
use of minimal wiring due to minimal space between various
electrical components, allowing the electrical connections to
be very short and protected. Where wiring is required,
protective insulation is incorporated and the insulated wires
are routed on the swing arm and frame to allow for minimal
possible damage caused by road debris.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing features, aspects, and advantages of
the present invention will now be described with reference
to the drawings of the preferred embodiments that are
intended to illustrate and not to limit the invention. The
drawings comprise seven figures in which:

[0015] FIG. 1 is an elevated side view of a two-wheeled
electrically powered vehicle, with various parts shown in
phantom;

[0016] FIG. 2 is downward cross sectional view of a rear
trailing arm assembly, with various parts of a rear wheel
shown in phantom;

[0017] FIG. 3 is an elevated side view of the rear trailing
arm and wheel assembly, including a sectioned view of the
electric motor;

[0018] FIG. 4 is another elevated side view of the rear
trailing arm, including a sectioned view of the rear wheel
brake assembly;

[0019] FIG. 5 is an elevated rear sectioned view of the
rear wheel assembly, with various parts shown in phantom;

[0020] FIG. 6 is sectioned view of the rear trailing arm
illustrating the electric motor, a planetary gear set, and a
control unit in accordance with a preferred embodiment of
the present invention;

[0021] FIG. 7 is a sectioned view of a control unit
mounting assembly in accordance with a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

The Overall Construction

[0022] With reference to FIGS. 1 through 5 an overall
configuration of an electric vehicle 10 and its electric driving
unit 12 is described below. The electric vehicle 10 employs
the electric driving unit 12, which is configured in accor-
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dance with preferred embodiment of the present invention.
The described electric driving unit configuration and the
associated control unit have particular utility for use with
compact two wheeled electric vehicles, and thus, are
described in the context of two wheeled electric vehicles.
The electric driving unit configuration and the control unit
design, however, also can be applied to other types of
electric vehicles, such as, for example, power-assisted
bicycles and other vehicles.

[0023] With reference initially to FIG. 1, the electric
vehicle 10 includes a foldable vehicle frame 14. The vehicle
frame 14 comprises a front frame 16 having a head pipe 18
and a rear frame 20 connected to the front frame 14 through
a pivot shaft 22. The head pipe 18 supports a handle bar 24
and a front fork 26, which supports a front wheel 28.

[0024] A seat 30 is mounted to the upper portion of the
rear frame 20. A swing arm assembly 32 is rotatably
mounted through a suspension pivot shaft 33 to the lower
side of the rear frame 20. The pivot shaft 33 passed through
the lower rear frame 20 to an extended right side portion 35
of the swing arm assembly 32. The swing arm 32 supports
a rear wheel 34. The extended portion 35 of the swing arm
assembly ensures better stability of the swing arm assembly
32 through a larger pivot shaft surface area allowing for
larger lateral loads to be carried by the rear wheel 34.

[0025] Abattery 36 is installed between the seat 30 and the
swing arm 32. The seat 30 is mounted to pivotally rotate on
the rear frame 20 to open and close an access opening where
the battery 36 is positioned.

[0026] The swing arm assembly 32 comprises a swing arm
body 38, which extends in a longitudinal direction to the left
side of the rear wheel 34. Dampening of the swing arm body
38 oscillations as a result of various road surface conditions
is achieved by a rear shock absorber 42. The rear shock
absorber 42 is mounted to the rear portion of the rear frame
20 through a shock absorber bracket 44. The rear shock
absorber 42 is mounted to the swing arm body 38 through a
swing arm shock absorber bracket 46. The electric driving
unit 12 is mounted to the right side of the sing arm body 38
through a rear wheel support assembly 48.

[0027] The rear wheel support assembly 48 provides sup-
port for a rear wheel 49 comprising a rear wheel center
section 50, which is attached to a rear rim 52 where the tire
34 is mounted. The rear wheel center section 50 is fastened
to a rear brake drum 54 through various lug bolts 56. The
rear brake drum 54 is rotatably supported by the rear wheel
assembly 48 through a rear axle 58 and is attached to the axle
58 by an axle nut 60.

[0028] The rear wheel support assembly 48 is designed to
provide a circular surface and cylindrical cavity to allow for
the electric drive unit 12 to be mounted. The electric drive
unit includes an axial-gap compact electric motor 62 utiliz-
ing radially mounted coils 64 placed in a common plane. The
compact electric motor 62 utilizes a transmission to transfer
torque between the compact electric motor 62 and the rear
wheel 49. In the preferred embodiment a planetary trans-
mission assembly 66 is used to transfer the torque from
compact electric motor 62, however any type of single speed
or multiple speed torque-transfer apparatus as apparent to
one of ordinary skill in the art can be used.

[0029] A control unit 68 with various switching circuits 70
is used to operate the motor 62. Other types of motors
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understood by those of ordinary skill in the art can also be
used. The control unit 68 and corresponding switching
circuits 70 are electrically attached to the coils 64 through
various exposed electrical connections 72. The control unit
68 communicates with various components, such as a driv-
ers torque request from a throttle position and a speedometer
to inform the operator of the vehicle speed through covered
wires 74 and 76. The covered wires 74, 76 are designed to
be properly protected from the elements.

[0030] With reference to FIG. 3 the coils 64 are arranged
in a generally circular configuration around the axis of
rotation of the electric motor 62. Particularly, they are placed
along the inside surface of the rear wheel support assembly
48 of the swing arm body 38 in a “C”-shape arrangement
less than 360 degrees of a circle. The opening of the “C”, i.e.
that part of the 360 degree circle not occupied by coils 64,
is formed by deleting one or more coils of a plurality of coils
64 that are otherwise equally placed along the inside surface
of the rear wheel support assembly 48. The opening is
positioned to provide adequate space for the control unit 68
along with the various switching circuits 70. Such a arrange-
ment of mounting the control unit 68 and switching circuits
7 in place of a number of coils 64 allows for a very compact
construction.

[0031] FIG. 4 illustrates a brake drum assembly including
a brake drum 54 and two brake shoes 78 supported on one
end of each brake shoe 78 by a pin 80 and activated on the
other end of each brake shoe 78 by a cam mechanism 82.
The cam mechanism 82 activates the brake shoes 78 against
two return springs 84. The return springs 84 assure that the
brake shoes 78 return to a resting position when not being
activated by the cam mechanism 82. The planetary trans-
mission 66 is secured to the rear wheel support assembly 48
through numerous bolts 86.

The Electrically Operated Power Unit

[0032] In a preferred embodiment, the electric motor 62 is
an axial-gap type electric motor in which the axial rotation
of the motor is transverse or perpendicular to the driving
direction of the vehicle 10. The electric motor 62 is arranged
such that a stator 88 having a plurality of coils 64 is located
in the left end portion of the rear wheel support assembly 48.
A disk shaped rotor 90 is mounted on a rotatable motor shaft
92. A plurality of main magnets 94 are mounted equidistant
from each other on the rotor 90 and are adjacent to the
plurality of coils 64 mounted equidistant from each other on
the stator 88. Thus, the use of the axial-gap type electric
motor 62 allows the coils 64 to be positioned in a common
plane and allow for the electric driving unit to be compact
in its axial direction. Other types of motors such as a radial
type motor, or any motor familiar to a person having
ordinary skill in the art can also be used.

[0033] The motor shaft 92 is rotatably supported by a
plurality of bearings. A large support bearing 94 is located on
the left end of the shaft supported by the swing arm
assembly 32. A second, smaller bearing 96 is located on the
right end of the motor shaft 92 and is mounted in the center
inside the axle shaft 58 allowing the motor shaft 92 to rotate
independently but along the same turning axis as the axle
shaft 58.

[0034] Permanent magnets 97 are secured to an outer rotor
portion 98 of the rotor 90. An inner rotor portion 100 of the
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rotor 90 is formed in such away as to allow adequate space
for side rotor portions 102 to enclose the planetary trans-
mission 66 providing an overall compact assembly of the
electric driving unit 12. The inner rotor portion 100 is
connected to the motor shaft 92 to transfer rotational torque.

[0035] The planetary transmission 66 is comprised of a
sun gear 104 fixed to the motor shaft 92 of the electric motor
62, three planet gears 106 engaging the sun gear 104, and a
stationary ring gear 108, which surrounds and engages the
planet gears 106. The three planet gears 106 are supported
by a planet gear carrier 110 through respective pins 112
allowing each planet gear 106 to be engaged and rotate
between the stationary ring gear 108 and the sun gear 104.
Axle bearings 114 rotatably support the planet gear carrier
110 with the axle shaft 58. Such a planetary gear arrange-
ment provides a set gear ratio allowing torque produced by
the motor to be increased to drive the rear wheel 34 more
efficiently. The torque delivered by the motor 62 is translated
through the attached sun gear to the planet gears. The planet
gear carrier 110 is attached to the axle shaft to deliver the
increased translated torque to the rear wheel 34.

[0036] In one preferred embodiment, as shown in FIG. 5,
the inner section of the rear wheel center section 50 is placed
on the right side of the rear wheel center section 48, as seen
in the forward direction of the vehicle.

[0037] The control unit 68, as seen in FIGS. 3, 4 and 6, is
disposed between the rear wheel support assembly 48 and
the swing arm body 38 along the swing arm assembly 32.
The control unit 62 is contained together with the electric
motor 62 in a motor storage space S so as to face between
two coils 64 of the motor 62.

[0038] As seen in FIG. 6, on a surface of a first substrate
120, hall sensors 122 for detecting the position of the rotor
are mounted. The switching circuits 70 are mounted on a
surface of a second substrate 124. FIG. 3 shows an exposed
detection portion of the hall sensors 122 on the right side of
the control unit 68 facing the rotor 90, as seen in the forward
direction of the two-wheeled electric vehicle 10, to detect
the permanent magnets 97 of the rotor 90 and determines the
position of the rotor.

[0039] The switching circuits 70 are composed of power
transistors and, as seen in FIGS. 6 and 7, are mounted on
a heat sink 126, which is connected to the swing arm body
38. The heat sink 126 is secured to the second substrate 124
by a fastening screw 128. In a preferred embodiment, a
projection 130 is provided on the swing arm body 38 where
the heat sink 126 is fitted. The heat sink 126 has a rectan-
gular cross section having an opening recess fitting on the
projection 130. The fitted sections of both the heat sink 126
and the projection 130 provide an increased surface area to
more efficiently draw heat produced from the switching
circuits 70 to the swing arm body 38 through the projection
130.

[0040] As previously discussed, shortened electrical con-
nections 72 for the control 68 and the electric motor 62, as
seen in FIG. 3, are used because the control unit 62 is close
to the coils 64 and the entire assembly is enclosed within the
rear wheel support assembly 48. The wiring 74, 76 connect-
ing the control unit 62 to the battery 36 and to various
operator-controlled functions, for example an accelerator
(not shown), is protected by insulation. The exposed elec-
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trical connections 72 are soldered at one end to the second
substrate 124 and the other end is connected to a brush (not
shown) of the electric motor 62. The insulated wires 74, 76
are routed along the inner side surface of the front section of
the swing arm body 38, as seen in the forward direction of
the two wheeled electric vehicle 10.

[0041] The electric driving unit 12 of the two-wheeled
electric vehicle 10 comprises the electric motor 62 and the
planetary transmission 66 coaxially arranged and supported
by a rear wheel support assembly 48. Since the control unit
68 for controlling the electric motor 62 is disposed close to
the electric motor 62 within a motor storage space S formed
in rear wheel support assembly 48, both the control unit 68
and the electric motor 62 are compact in design and the
volume of the area enclosing the electric drive unit 12 is
reduced.

[0042] Specifically, since the two-wheeled electric vehicle
10 is constructed such that the central area of the rear wheel
acts as a mounting area for the electric driving unit 12, space
is more efficiently used and the two-wheeled electric vehicle
is reduced in size. As a result, the width in the transverse
direction of the rear wheel 34 becomes narrower. The
external appearance of the two-wheeled electric vehicle 10
is improved because the compact electric motor 62 is hidden
within the rear wheel 34 in the transverse direction as seen
from behind.

[0043] The preferred embodiment comprises the control
unit 68 mounted close to the compact electric motor 62 and,
therefore, the length of the wires for connecting the control
unit 68 and the compact electric motor 62 are made shorter.
Additionally, the wires for connecting the control unit 68
and the compact electric motor 62 are stored in the motor
storage space S allowing for an overall compact design.
Since the exposed electrical connections 72 protruding from
the control unit 68 are directly connected to the compact
electric motor 62, the number of electrical connections can
be minimized and the reliability of the electrical connections
is improved.

[0044] Within the electric driving unit 12, the control unit
68 is disposed between the coils 64 in a stator 88 of the
compact electric motor 62. Since the control unit 68 can be
located in the space formed between the coils 64, the wiring
length between the control unit 68 and the compact electric
motor 62 can be made shorter.

[0045] The space between coils 64 for housing the control
unit 68 is defined by removing three of the coils 34 that are
equally spaced in the circumferential direction. The control
unit 68 having a size equal to or smaller than the removed
three coils 64 can be stored in the electric motor 62 without
increasing of the diameter of the compact electric motor 62.

[0046] Since the hall sensors 122 for detecting the position
of the rotor are mounted on the surface of the first substrate
120 within the control unit 68, a dedicated substrate on
which the hall sensors 122 are mounted is not required. The
hall sensors 122 are placed to detect the main magnets 97,
therefore a special pick-up magnet to provide a signal to the
hall sensors 122 is also not required. As a result, the numbers
of parts and production costs can be reduced.

[0047] Within the control unit 68, the heat sink 126
communicating with the switching circuits 70 is in contact
with the swing arm body 38. Therefore, the heat generated
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by the switching circuits 70 conducts to the arm body 38
through the heat sink 65, which allows the switching circuits
70 to be cooled efficiently. At the contact portion between
the heat sink 126 of the switching circuits 70 and the swing
arm body 38, the projection 130 provided on the swing arm
body 38 is fitted to the rectangular cross sectional opening
recess of the heat sink 126, resulting in the increase of
surface area 132 between the heat sink 126 and the swing
arm body 38 improving the efficiency of heat conduction.
The heat sink 126 can move relative to the projection 130 so
vibration generated in the swing arm body 38 is not trans-
mitted to the switching circuits 70 via the heat sink 126 and
the connection of the switching circuits 70 to the second
substrate 63 is protected from the application of any external
force.

[0048] Although the present invention has been described
in terms of a certain preferred embodiments, other embodi-
ments apparent to those of ordinary skill in the art also are
within the scope of this invention. Thus, various changes and
modifications may be made without departing from the spirit
and scope of the invention. Moreover, not all of the features,
aspects and advantages are necessarily required to practice
the present invention. Accordingly, the scope of the present
invention is intended to be defined only by the claims that
follow.

What is claimed is:
1. An electrically powered vehicle incorporating an elec-
tric motor comprising:

a power wheel for providing a propulsive force for said
electrically powered vehicle, said wheel having a brak-
ing member adapted to be rotatably journalized upon an
axle defining an axis,

a rim extending circumferentially around said braking
member and adapted to mount a tire, said hub and said
rim being connected to each other by means of a
disk-shaped member formed on one side of the wheel
and defining a cavity,

a supporting assembly within said cavity including a
supporting bracket fixed axially relative to said hub in
surrounding relation thereto and fixed against rotation
by a direct connection to said vehicle, said electric
motor directly carried by said supporting bracket and
disposed circumferentially between said hub and said
rim and extending axially a distance not substantially
greater than the axial length of at least one of said hub
and said rim,

a control unit and switching circuits substantially dis-
posed within said electric motor,

a heat sink attached to said switching circuits, said heat
sink directly communicating with said supporting
assembly and,

a transmission disposed between said electric motor and
said wheel for driving said wheel from said electric
motor.

2. An electrically powered vehicle incorporating an elec-
tric motor and a transmission comprising:

an electric motor rotor attached to a motor shaft,

a sun gear directly attached to said motor shaft,
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a planet gear carrier comprising at least one planet gear
positioned to rotate within said planet gear carrier,

said planet gear in communication with said sun gear,

a ring gear surrounding said planet gear and in commu-
nication with said planet gear,

said sun gear being positioned centrally to said planet gear
and said ring gear,

said ring gear being attached to a swing arm assembly,

said sun gear being driven by said motor shaft, said sun
gear translating rotation of said motor shaft to said
planet gear, said planet gear carrier translating rotation
of said planet gear in communication with said fixed
ring gear resulting in a set gear reduction ratio,

said planet gear carrier translating rotation to an attached

wheel axle, said wheel axle driving an attached wheel.

3. Abattery operated electric vehicle in which an electric

motor, transmission, and control circuitry are compactly
housed together comprising:

a battery,
a vehicle body,

at least one front and one rear wheel rotatably mounted
with respect to said body,

a power unit attached to said body and coupled to the axle
of at least one of said wheels comprising

an electric motor having:

a stator including a plurality of coils mounted in less
than a 360° circle around the axis of said drive shaft,

a permanent magnet rotor attached to the motor drive
shaft so that said rotor is juxtaposed said plurality of
coils with an air gap therebetween,

said transmission housed partially within the space
interior of said coils,

said transmission being substantially coaxial with said
drive shaft, and

said control circuitry mounted substantially within said
power unit,

said control circuitry substantially located in the space
of said 360° circle not occupied by said stator coils.

4. The electric vehicle of claim 3 wherein said coils are
mounted in a plane substantially transverse to said driven
wheel axle and said rotor is mounted substantially transverse
to said driven wheel axle in juxtaposition to said coils to
form an air gap lying substantially in a plane transverse to
wheel axle.

5. The electric vehicle of claim 3 wherein said motor
shaft, said gear reduction assembly, and said wheel axle are
coaxial.

6. The electric vehicle of claim 3 wherein said control
circuit includes a transducer mounted in juxtaposition with
said rotor.

7. The electric vehicle of claim 6 wherein said transducer
is a Hall element detecting the position of said rotor.

8. The electric vehicle of claim 3 wherein said control
circuit includes a switching circuit mounted to a heat sink.
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9. The electric vehicle of claim 3 wherein said vehicle
body includes a swing arm supporting said electric motor,
transmission, and control circuitry.

10. The electric vehicle of claim 9 wherein said control
circuit includes a heat sink directly connected to said swing
arm.

11. The electric vehicle of claim 8 wherein said control
circuit includes a power transistor switch.

12. The electric vehicle of claim 3 wherein said transmis-
sion is substantially contained within said electric motor.

13. The electric vehicle of claim 3 wherein said battery is
mounted within said vehicle body,

14. The electric vehicle of claim 3 wherein electrical
connections between said control circuitry and said battery
are enclosed within said vehicle body,

15. The electric vehicle of claim 3 wherein said electric
motor and said control circuitry are placed directly next to
each other having direct, minimally distanced electrical
connections.

16. An electric motorcycle comprising:

a body frame,

a front fork rotatably mounted to said body frame,

a front wheel rotatably supported by said front fork,

a swing arm having one end supported by body frame,

a rear wheel axle rotatably supported at the opposite end
of said swing arm,

an electric power unit attached to the opposite end of said
swing arm, said power unit comprising:
an electric motor having
a stator comprising a plurality of coils mounted in a
plane parallel to the plane of said swing arm, said

coils arranged in a less than 360° formation about
the axis of rotation of said rear wheel, and
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a rotor rotatably mounted about the axis of rotation
of said rear wheel axle in juxtaposition with said
stator,

a first gear attached to said rotor, and

a gear set assembly mating with said first gear and
connected to said rear wheel axle.

17. An electrically powered wheel for an electric vehicle
wherein the electric driving motor and transmission is
substantially retained within the rim of said powered wheel,
said powered wheel comprising:

a motor stator comprising a plurality of coils arranged in
a plane substantially perpendicular to the axis of said
wheel,

a permanent magnet rotor proximate to said stator with
the air gap between said permanent magnet rotor and
said stator lying in a plane substantially perpendicular
to the axis of said wheel, and

a transmission coupling said rotor to said wheel, said
transmission located partially within the plane of said
air gap.

18. The electrically powered wheel of claim 17 including

a control unit for controlling said electric drawing motor.

19. The electronically powered wheel of claim 17 wherein
said coils are arranged in a generally “C” shape.

20. The electronically powered wheel of claim 19 wherein
said coils are arranged in a generally circular configuration
less than 360 degrees.

21. The electrically powered wheel of claim 20 wherein
said control unit is located within that portion of the 360°
circle not occupied by said coils.



