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(57) Abrege/Abstract:

A driving unit for use In an electric assist bicycle includes a rotation detection device In addition to a torgue detection device such
that the detection resolution of the rotation detection device Is increased. The driving unit includes a housing, a crankshaft, a torque
detection device, a rotating member, and a rotation detection device. The rotating member includes a connecting shaft and an
output shaft. The connecting shaft is located at one of the ends of the rotating member disposed along its axis, and is coupled with
the crankshaft in the housing. The output shaft is located at the other one of the ends of the rotating member disposed along its
axis, and a driving sprocket Is attached to the output shaft. The rotation detection device Includes a detected portion and a
detector. The detected portion Is provided on the rotating member, and located around the central axis of the crankshaft in the
housing. The detector detects that the detected portion rotates together with the rotating member.
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ABSTRACT OF THE DISCLOSURE

A driving unit for use in an electric assist bicycle 1ncludes

a rotation detection device in addition to a torque detection device

such that the detection resolution of the rotation detection device

is increased. The driving unit includes a housing, a crankshaft, a

torque detection device, a rotating member, and a rotation detection

device. The rotating member includes a connecting shaft and an output

F ﬁ

shaft. The connecting shaft is located at one of the ends of the

rotating member disposed along its axis, and is coupled with the

crankshaft in the housing. The output shaft is located at the other

—

one of the ends of the rotating member disposed along 1ts axils, and

a driving sprocket is attached to the output shaft. The rotation
detection device includes a detected portion and a detector. The

detected portion is provided on the rotating member, and located

around the central axis of the crankshaft 1in the housing. The detector

detects that the detected portion rotates together with the rotating

memper.
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DRIVING UNIT AND ELECTRIC ASSIST BICYCLE
CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of priority from Japanese.Patent |
Application Serial No. JP2012-275111 filed December 17, 2012.
BACKGROUND CF THE INVENTION

1., Field of the Invention

{0001} The present invention relates to a driving unit for use
in an electric assist bicycle, and an electric assist bicycle

including the driving unit.

2. Description of the Related Art

[0002] Recently, electric assist bicycles have been disclosed that
assist the rider by augmenting the pedaling force of the rider
(hereinafter referred to as "tread force”) with a driving force of
an electric mqtéru An electric assist bicycle includes a torque
detection device. The torque detection device measures the torque
generated in the crankshaft when the rider pedals the bicycle. When
a torque larger than a predetermined reference value continues to
be generated for a certain period of time, the electric assist bicycle
assists the rider by augmenting the tread force with a driving force
by the electric motor. '

[0003] Some electric assist bicycles include a rotation detection
device to detect rotation of the crankshaft, in addition to a torque

detection device. For example, JP-Hei 8-58670 A discloses an

electric assist bicycle including a tread force detection device and
a crankshaft rotation sensor. The tread force detection device

includes a torque/displacement converting device that converts
torsion by a tread force into an axial displacement and a stroke sensor

that outputs an electric signal corresponding to the displacement.
The torque/displacement converting device works by engaging the
convex cam surface provided on the end surface of a slider inner side

that rotates together with the crankshaft with the concave cam surface
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provided on the end surface of the driving member. The crankshaft

rotation number sensor detects, 1n an optical or magnetic manner,

a cog provided on the periphery of a collar that couples the crankshaft
with the head of the torsion bar and outputs a detection pulse.

[0004] As discussed above, the electric assist bicycle assists
the rider by augmenting the tread force with the driving force from
the electric motor. To assist the rider in a manner that corresponds

to the pedaling of the rider, for example, a rotation detection device

may be provided in addition to a torgque detection device, and the
detection resolution of the rotation detection device may be

1ncreased.
[0005] In JP-Hei 8-58670 A, the number of cogs must be increased

1n order to 1ncrease the detection resolution of the crankshaft
rotation sensor. However, in JP-Heil 8-58670 A, the cogs are provided

on the collar that couples the crankshaft with the head of the torsion

bar. As such, 1t 1s unrealistlc to increase the number of cogs to

increase the detection resolution.

SUMMARY OF THE INVENTION

[0006] A preferred embodiment of the present invention provides

a driving unit for use 1n an electric assist bicycle that includes
a rotation detection device in addition to a torque detection device,

wherein the detection resolution of the rotation detection device

1s increased.

[0007] Another preferred embodiment of the present invention
provides an electric assist bicycle including the driving unit.
[0008] The driving unit according to a preferred embodiment of

the present invention may be used in an electric assist bicycle and
includes a housing, a crankshaft, a magnetostrictive torque detection
device, a rotating member, and a magnetic rotation detection device.
[0009] The crankshaft extends through the housing. The torque
detection device 1s located in the housing to detect a torgque generated
in the crankshaft. The rotating member includes the torque detection

device, and 1s concentric with the crankshaft and rotatable together

with the crankshaft. The rotation detection device 1s located in the

housing to detect the rotation of the crankshaft.
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[0010] The rotating member includes a connecting shaft and an
output shaft. The connecting shaft i1s located at one of the ends of
the rotating member disposed along 1its axis and 1s coupled with the

crankshaft within the housing. The output shaft 1s located at the

other one of the ends of the rotating member disposed along 1ts axis,
and a driving sprocket i1s attached to the output shaft.

[0011] The rotation detection device i1ncludes a detected portion
and a detector. The detected portion is provided on the rotating
member and located around the central axis of the crankshaft within
the housing. The detector detects that the detected portion rotates
together with the rotating member. The detected portion 1s provided

gr—
p—

in a position different from that of the torque detection device as

measured 1n an axial direction of the crankshaft.

[0012] In the driving unit according to preferred embodiments of
the present invention, the detection resolution of the rotation
detection device 1s 1ncreased.

[0013] The above and other elements, features, steps,

characteristics and advantages of the present 1nvention will become

more apparent fromthe following detailed description of the preferred

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic right side view of an electric assist

bicycle according to a first preferred embodiment of the present

invention.

[0015] FIG. 2 is a schematic view of a driving unit and a driven
sprocket.

10016] FIG. 3 1is a cross-sectional view taken along line III-ITT
of FIG. 2.

[0017] FIG. 4 1s a side view of a rotating member with the

crankshaft inserted therethrough.
00181 FIG. 5 1is a cross-sectional view of the rotating member
with the crankshaft inserted therethrough.

[0019] FIG. 6 1s an enlarged cross—-sectional view of portions of

components shown in FIG. 5.

[0020] FIG. 7 is a cross—-sectional view of a driving unilit included
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in an electric assist bicycle according to a second preferred
embodiment of the present i1nvention.
[0021] FIG. 8 1s an enlarged cross-sectional view of portions of

components shown in FIG. 7.

H

[10022] FIG. 9 1s a cross-sectional view of a driving unit i1ncluded

in an electric assist bicycle according to a third preferred

embodiment of the present invention.

[(0023] FIG. 10 1s an enlarged cross-sectilonal view of portions
of components shown 1n FIG. 9.

[0024] FIG. 11 1s a cross-sectional view of adriving unit included
1n an electric assist bicycle according to a fourth preferred
empbodiment of the present invention.

[0025] FIG. 12 1s an enlarged cross-sectional view of portions

p—

of components shown in FIG. 11.

(0026] FIG. 13 1s a cross-sectional view of a driving unit included

in an electric assist bicycle according to a fifth preferred
embodiment of the present invention.

10027] FIG. 14 1s an enlarged cross-sectional view of portions

of components shown in FIG. 13.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(0028 ] Now, driving units and electric assist bicycles according

to various preferred embodiments of the present invention will be
described with reference to the drawings. The same or corresponding

components are labeled with the same reference characters throughout
the drawings, and their description will not be repeated. The sizes

of the components 1n the drawings do not exactly represent the sizes
and size ratios of the actual components. In the following
description, front/forward, rear/rearward, left and right are
directions as perceived by the rider sitting on the saddle 18 and

grasping the handlebars 16.

First Preferred Embodiment

[0029] An electricassist bicycle 10 according toa first preferred

embodlment of the present invention will be described with reference

to FIGS. 1 and 2. FIG. 1 i1is a schematic right side view of the electric
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assist bicycle 10. FIG. 2 is a schematic view of a driving unit 50
and driven sprocket 26 included in the electric assist bicycle 10.

(0030] As shown 1n FIG. 1, the electric assist bicycle 10 includes

a pbody frame 12, a front wheel 14F, a rear wheel 14R, handlebars 16,
a saddle 18, and a driving unit 50.

[0031] The body frame 12 i1ncludes a head pipe 12A, a down frame
12B, a seat frame 12C, a bracket 12D (see FIG. 2), a pair of chain

stays 12E, and a pair of seat stays 12F.

[0032] The head pipe 12A is located in a front portion of the

electric assist bicycle 10 and extends in a top-to-bottom direction.
A stem 20 1s rotatably inserted into the head pipe 12A. The handlebars
16 are fixed to the top end of the stem 20. A front fork 22 is fixed
to the bottom end of the stem 20. A front wheel 14F 1s rotatably
attached to the bottom end of the front fork 22.

[0033] The down frame 12B 1s located rearward of the head pipe
12A and extends 1n a front-to-rear direction. The front end of the
down frame 12B 1s connected with the head pipe 12A. The rear end of

pr——

the down frame 12B is connected with the bottom end of a seat frame

12C that extends 1n a top-to-bottom direction.

[0034] A seat pipe 24 1s 1nserted 1nto the seat frame 12C. The

saddle 18 1s attached to the top end of the seat pipe 24.
[0035] As shown in FIG. 2, the bracket 12D is attached to a rear
portion of the seat frame 12C. The palr of chaln stays 12E are attached

to a rear portion of the bracket 12D.

[00306] As shown in FIG. 1, the pair of chain stays 12E extend in

a front-to-rear direction. A rear wheel 14R 1s located between the
chain stays 12E. The rear wheel 14R i1s rotatably attached to the rear

e

end of each of the chain stays 1l2E. The driven sprocket 26 is located

to the right of the rear wheel 14R. The driven sprocket 26 is coupled

with the rear wheel 14R via a one-way clutch, not shown.

(0037] The seat stays 12F extend 1n a front-to-rear direction.

The front end of each of the seat stays 12F 1s connected with the

top end of the seat frame 12C. The rear end of the seat stay 12F located

to the right of the rear wheel 14R 1s connected with the rear end
of the chain stay 12E located to the right of the rear wheel 14R.
The rear end of the seat stay 12F located to the left of the rear
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wheel 14R 1s connected with the rear end of the chain stay 12E located
to the left of the rear wheel 14R
[0038] As shown 1in FIG. 2, the driving unit 50 1s fixed to the

bracket 12D by a plurality of fasteners 28. Details of the driving

unit 50 will be discussed below.

|0039] As shown 1in FIGS. 1 and 2, an endless chain 30 is wound
around the driving sprocket 58 included in the driving unit 50 and
the driven sprocket 26.

10040] As shown 1n FIG. 1, a chain cover 32 is attached to the

body frame 12. The chain cover 32 covers the driving unit 50 and chain

30. The chain cover 32 includes a maln cover 32A and an auxiliary

cover 32B. The mailn cover 32A covers the right side of the driving

sprocket and extends 1n a front-to-rear direction. The auxiliary
cover 32B covers the right side of a rear portion of the driving unit
50.

10041} As shown 1in FIG. 1, an end of a crankarm 34R 1s attached

to one of the ends of the crankshaft 54, disposed along its axis,

P

included in the driving unit 50, while an end of a crankarm 34L 1is

attached to the other one of the ends thereof disposed along 1ts axis.
A pedal 36R 1s attached to the other end of the crankarm 34R, while
a pedal 36L 1s attached to the other end of the crankarm 34L.

[0042] As shown 1n FIG. 1, a battery unit 38 that supplies electric

power to the electric motor (see FIG. 3) of the driving unit 50 is

located rearward of the seat frame 12C. The battery unit 38 i1ncludes

a battery and a controller. The battery 1s a rechargeable battery
that can be charged and discharged. The controller controls the

charge and discharge of the battery and monitors the output current
and remalning level of the battery.

(004 3] Next, the driving unit 50 will be described with reference

to FIG. 3. FIG. 3 1s a schematic vertical cross—-section of the driving
unit 50, and 1s a cross-sectional view taken along line III-III of
FIG. 2.

(0044 ] The driving unit 50 includes a housing 52, a crankshaft

54, a rotating member 56, a drive power generator 60, an auxiliary

sprocket ©2, and a chain tensioner 64.

[0045] The housing 52 includes a first housing portion 52A and
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a second housing portion 52B. The first and second housing portions

52A and 52B are joined together from the left and right, and are fixed

to each other by a plurality of fasteners 66. The housing 252 1s
attached to the bracket 12D by the fasteners 2Z28.
[0046] The housing 52 will be described in more detail. The first

housing portion 52A includes an overlay surface 53A. The second

housing portion 52B includes an overlay surface 53B. The overlay

surfaces 53A and 53B are perpendicular or substantially perpendicular

to the axis of the crankshaft 54. When the first and second housing

portions 52A and 52B are joined together, the overlay surfaces O53A

and 53B are overlaid on each other. That is, the first and second

housing portions 52A and 52B are overlaid so as to be arranged 1n

p—

an axial direction of the crankshaft 54.

[0047] The first and second housing portions 52A and 52B are

preferably made by casting, for example. In the present preferred

embodiment, the first and second housing portions 52A and 5Z2B are

preferably made by die-casting, for example.

F

(0048 ] The crankshaft 54 is located in a front portion of the

housing 52 and extends through the housing 52 in a left-to-right

direction. The crankshaft 54 is rotatably supported by a first

de

bearing 68L and a second bearing 68R. The first bearing 68L 1s located

— —

closer to one of the ends of the crankshaft 54 disposed along 1ts

axis than the rotating member 56 is (i.e., to the left), and is fixed

to the first housing portion 52A. The second bearing 68R 1s located

P

closer to the other one of the ends of the crankshaft 54 disposed

along its axis than the first bearing 68L 1s (1.e., to the right)

and is fixed to the second housing portion 5ZB.

(004 9] In the present preferred embodiment, the first and second

housing portions 52A and 52B are preferably made by die-casting.

Accordingly, a slope 55A that facilitates stripping 1s located near

portions of the first housing portion 52A that support the first

bearing 68L, while a slope 55B that facilitates stripping is located

near portions of the second housing portion 52B that support the second

bearing 68R.
[0050] The crankshaft 54 extends through the rotating member 56.

The driving sprocket 58 is located outside the housing 52 and to the
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right of the housing 52, and rotates together with the rotating member
56. The rotating member 56 will be detailed below.

[0051] The driving force generator 060 1s located 1nside the housing

52 and rearward of the crankshaft 54. The driving force generator

60 includes an electric motor 60A and an output member 60B.

[0052] The electric motor 60A generates an assist driving force
that assists the rider 1n riding the electric assist bicycle 10 based
on control signals supplied by a control device, not shown. The
electric motor 60A also changes the assist driving force according
to the assist mode selected by the rider.

[0053] The electric motor 60A i1ncludes a stator 70, a rotor 72,
and a rotating shaft 74. The stator 70 1s fixed to the first housing

portion 52A. A cover 76 1s attached to the first housing portion 52A
to cover the left side of the electric motor ©60A. The rotor 72 1s
located 1nward of the stator 70. The rotating shaft 74 1s positioned
to extend through the rotor 72 and fixed to the rotor 72. The rotating
shaft 74 1s rotatably supported by bearings 78L and 78R. The bearing
78L 1s located at one of the ends of the rotor 72 disposed along 1ts
axis (i1.e., to the left) and i1s fixed to the cover 76. The bearing

18R 1s located at the other one of the ends of the rotor 72 disposed

along 1ts axis (1.e. to the right) and is fixed to the first housing

portion 52A. A gear 74A 1s provided on the other one of the ends of
the rotating shaft 74 disposed along 1ts axis.
(0054 ] The output member 60B 1s located i1nside the housing 52 and

rearward of the crankshaft 54. The output member 60B 1ncludes an

output shaft 80 and an output gear 82.
[0055] The output shaft 80 1s located rearward of the rotating
shaft 74. The output shaft 80 1s rotatably supported by bearings 84L

and 84R. The bearing 84L is located at one of the ends of the output

shaft 80 disposed along its axis (i.e., to the left) and is fixed
to the first housing portion 52A. The bearing 84R 1s located closer
to the other one of the ends of the output shaft 80 disposed along
1ts axlis than the bearing 84L 1s (1.e., to the right) and 1s fixed
to the second housing portion 52B.

[0056] The opening shaft 80 1s positioned to extend through the
output gear 82. The output gear 82 1s located between the bearing
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84L and bearing 84R. The output gear 82 engages the gear 74A. This
allows the assist driving force generated by the electric motor 60A

tc be transtferred to the output gear 82 via the rotating shaft 74.

As a result, the output gear 82 rotates. The rotating shaft 64 rotates
forward. As a result, the output gear 82 rotates rearward.

[0057] A latch mechanism 86 1s provided between the output shaft

80 and output gear 82. As such, a rearward rotational force of the
output gear 82 can be transferred to the output axis 80, while a forward
rotational force of the output gear 82 cannot be transferred to the
output axis 80.

[0058] The auxiliary sprocket 62 is fixed to the other one of the
ends of the output axis 80 disposed along its axls, and 1s located

F

outside the housing 52 and to the right of the housing 52. The

auxiliary drive force generated by the electric motor 60A is

transferred to the auxiliary sprocket 62 via the output shaft 80.

As a result, the auxiliary sprocket 62 rotates rearward.

[0059] The chain tensioner ©4 1s located at a rear portion of the

right side of the second housing portion 52B. As shown in FIG. 2,
an end of the chain tensioner 64 is attached to the second housing
portion 52B via a tension spring 88. The other end of the chain

tensioner 64 1s rotatably attached to the second housing portion 52B
by a support bolt 90, for example. The chain tensioner 64 includes
a tension sprocket 64B that can be rotated about a support bolt 64A.

The chain 30 1s wound around the tension sprocket 64B. The chain 30
pushes the tension sprocket 64B rearward. As a result, an appropriate
tension 1s applied to the chain 30.

[0060] Next, the rotating member 56 will be described with
reference to FIGS. 4 to 6. FIG. 4 1s a side view of the rotating member
56 with the crankshaft 54 inserted therethrough. FIG. 5 1s a

cross—-sectional view of the rotating member 56 with the crankshaft

54 1nserted therethrough. FIG. € 1s an enlarged cross—-sectional view
of portions of components shown in FIG. 5.
[0001] As shown 1n FIGS. 4 and 5, the rotating member 56 1is

positioned to be concentric with the crankshaft 54 and rotates

together with the crankshaft 54. The rotating member 56 includes a

connecting shaft 56A, a torque detection device 56B, and a one-way
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clutch 56C.
(00062 ] The connecting shaft 56A 1s located at one of the ends of

the rotating member 56 disposed along 1ts axis (i1.e., to the left)

and 1s located inside the housing 52 (see FIG. 3). As shown in FIG.

P

5, the connecting shaft 56A has the shape of a circular or

substantially circular cylinder. The crankshaft 54 is inserted

through the connecting shaft 56A. The connecting shaft 56A 1s

positioned to be concentric with the crankshaft 54.

[00063] As shown 1in FIGS. 5 and 6, serrations 92 are provided on

the 1nner peripheral surface of one of the ends of the connecting
shaft 56A disposed along its axis. The serrations 92 engage

serrations 54A provided on the outer peripheral surface of the

crankshaft 54. Thus, the connecting shaft 56A 1s coupled with the
crankshaft 54. As such, the connecting shaft 56A rotates together

with the crankshaft 54 regardless of whether the crankshaft 54 rotates
forward or rearward. A slide bearing 106 1is located between the other
one of the ends of the connecting shaft 56A disposed along 1ts axis
and the crankshaft 54.

{0064 ] As shown 1n FIG. 3, the torque detection device 56B is
located inside the housing 52 and arranged to detect the torque
generated by the crankshaftt 54 when the rider operates the pedals
36R and 36L (see FIG. 1). The torque detection device 56B is provided

on the connecting shaft 56A. The torque detection device 56B 1s

preferably a magnetostrictive torque sensor. As shown in FIGS. 5 and

6, the torque detection device 56B i1ncludes an attachment shaft 94,
a coll 96, a detector 98, and a shield 100.

[0065] As shown 1n FIGS. 5 and 6, the attachment shaft 94 is

attached to the outer peripheral surface of the connecting shaft 56A

and rotates relative to the connecting shaft 56A. In other words,

the attachment shaft 94 does not rotate together with the connecting
shaft 56A. The co1il 96 1s located on the outer peripheral surface
of the attachment shaft 94. The detector 98 detects the torque

generated 1n the crankshaft 54 by detecting changes in the voltage

across the coil 96 caused by distortions of the connecting shaft 56A.

The detector 98 outputs the detected torgue to a control device (not

shown). The control device refers to the torque output by the detector

10
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98 tomonitor the pedaling effort of the rider and control the electric
motor 60A. The shield 100 prevents the detection precision of the
detector 98 from being reduced by external magnetic fields. The

shield 100 1is attached to a support plate 101. The support plate 101

includes a lower surface 101A that extends in directions perpendicular

or substantially perpendicular to an axial direction of the crankshaft

54. The support plate 101 engages an engagement piece (not shown)
provided on the first housing portion 52A. That 1s, the shield 100
does not rotate together with the connecting shaft 56A.

[0066] As shown 1in FIGS. 5 and 6, the one-way clutch 56C 1s located

. |

closer to the driving sprocket 58 than the torque detection device

56B 1s, and 1s positioned to be concentric with the crankshaft 54.

The one-way clutch 56C 1includes a driving member 102 and a driven

member 104. The driving member 102 includes a body 108 and a
cylindrical portion 110.

0067 As shown 1n FIGS. 5 and 6, the body 108 has a ring shape.
The crankshaft 54 1s inserted through the body 108. The body 108 is

positioned to be concentric with the crankshaft 54.

[0068] As shown in FIGS. 5 and 6, serrations 112 are provided on

F

the inner peripheral surface of the body 108. The serrations 112

engage serrations 114 provided on the outer peripheral surface of
the other one of the ends of the connecting shaft 56A disposed along
its axis. Thus, the body 108, i1.e., the driving member 102 is coupled
with the connecting shaft 56A. As such, the body 108, 1.e., the

driving member 102 rotates together with the connecting shaft 56A

regardless of whether the connecting shaft 56A rotates forward or

rearward. In other words, the driving member 102 rotates together

with the crankshaft 54 regardless of whether the crankshaft 54 rotates

forward or rearward.

(10069] As shown 1n FIGS. 5 and 6, the cylindrical portion 110 1is

located closer to the driving sprocket 58 than the body 108 1s, and
1s positioned to be concentric with the body 108. The cylindrical
portion 110 has the shape of a circular or substantially circular

cylinder and 1s positioned to be concentric with the crankshaft 54.

The cylindrical portion 110 is preferably integral with the body 108.
|0070] As shown 1n FIGS. 5 and 6, the driven member 104 has the

11
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shape of a circular or substantially circular cylinder. The

crankshaft 54 1s inserted through the driven member 104. The driven

mempber 104 1s positioned to be concentric with the crankshaft 54 and
is positioned to be concentric with the driving member 102.
[0071] As shown 1n FIG. 5, slide bearings 122 and 124 are located

between the driven member 104 and crankshaft 54. Thus, the driven

member 104 1s rotatable relative to the crankshaft 54. A seal lip
126 1s located between the driven member 104 and crankshaft 54 and

P

closer to the other one of the ends of the rotating member disposed

along 1ts axis than the slide bearing 124 is.

(0072 ] As shown 1n FIG. 5, the driven member 104 includes a driven
shaft 116 and an output shaft 118. The driven shaft 116 i1s located
closer to the driving member 102 than the output shaft 118 1s, and

1s positioned to be concentric with the output shaft 118. The driven
shaft 116 1s preferably integral with the output shaft 118.
[0073] As shown in FIGS. 5 and o, the driven shaft 116 is located

r—

inward of the cylindrical portion 110 as measured 1n a direction

perpendicular to the central axis Cl of the crankshaft 54. A latch

mechanism 120 1s located between the driven shaft 116 and cylindrical

portion 110. As such, the forward rotational force of the driving

member 102 can be transferred to the driven shaft 116, 1.e., the driven

memper 104, while the rearward rotational force of the driving member

102 cannot be transferred to the driven shaft 116, 1.e., the driven
member 104.

[0074] As shown 1n FIG. 5, the output shaft 118 1s rotationally
supported by the second bearing 68R. The output shaft 118 1ncludes

portions located adjacent to the side of the second bearing 68R

g

opposite the side thereof adjacent the driving member 102. The

driving sprocket 58 1s attached to these portions (see FIG. 3).

[0075] That 1s, the one-way clutch 56C allows a rotational force

that causes forward rotation of the driving sprocket 58 about the

central axis Cl of the crankshaft 54 to be transferred to the driving

sprocket 58, while it prevents a rotational force that causes rearward

rotation of the driving sprocket 58 to be transferred to the driving
sprocket 58.

(0077 6] Next, the rotation detection device 130 will be described

12
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wlith reference to FIG. 3. The rotationdetectiondevice 130 is located

inside the housing 52 and detects rotation of the crankshaft 54. The
rotation detection device 130 includes a ring magnet 132 that serves
as the detected portion, and a detector 134.

[0077] The ring magnet 132 has the shape of a circular or

substantially circular cylinder. The ring magnet 132 may be a ferrite

bonded magnet, for example. The outer peripheral surface of the ring
magnet 132 defines magnetic poles. More specifically, the peripheral

surface of the ring magnet 132 has alternating north and south poles

around the central axis Cl of the crankshaft 54. The number of

magnetic poles of the ring magnet 132 may be in the range of about

F

32 to about 44, for example. The magnetization pitch of the ring

magnet 132 may be in the range of about 3.5 to about 4.8 mm, for example.
[0078] The ring magnet 132 is provided on the rotating member 56.
The ring magnet 132 is located closer to the connecting shaft 56A
than the output shaft 118 1s, and 1s located inside the housing 52

and around the central axis Cl of the crankshaft 54.

[0079] The ring magnet 132 i1s provided on the driving member 102.

More particularly, 1n the present preferred embodiment, the ring

magnet 132 1s provided on the cylindrical portion 110. This will be
1llustrated in more detail below.

[0080] As shown 1n FIGS. 4 to 6, the driving member 102 includes
an attachment surface 136. The attachment surface 136 1is located
closer to the connecting shaft 56A than the output shaft 118 is, and

1s located 1nside the housing 52 and around the central axis Cl of
the crankshaft 54. 1In the present preferred embodiment, the

attachment surface 136 1s the outer peripheral surface of the driving
member 102, and i1ncludes the outer peripheral surface of the body
108 and that of the cylindrical portion 110. In other words, the

attachment surface 136 1s a cylindrical surface extending in an axial
direction of the crankshaft 54.

(0081 ] The driving member 102 1s inserted through the ring magnet
132, and the i1nner peripheral surface of the ring magnet 132 is bonded
to the outer peripheral surface (1.e., the attachment surface 136)
of the driving member 102. Thus, the ring magnet 132 is attached to

the attachment surface 136.

13
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[0082] The attachment surface 136 includes the outer peripheral
surface of the cylindrical portion 110. As the ring magnet 132 1is
attached to the outer peripheral surface of the cylindrical portion
110, the ring magnet 132 is provided on the cylindrical portion 110.
008 3] As shown in FIGS. 5 and 6, the driving member 102 includes

a projection 109. The projection 109 protrudes outward from the

attachment surface 136 as measured in a direction perpendicular to
the central axis Cl of the crankshaft 54. When the ring magnet 132
is attached to the attachment surface 136 in the manner described
above, the ring magnet 132 1is in contact with the projection 109 such
that the magnet and projection are arranged 1n an axial direction

of the crankshaft 54. As will be apparent from this arrangement, 1n

the present preferred embodiment, the drivling member 102 is inserted
into the ring magnet 132 starting from the cylindrical portion 110.
10084 ] As the ring magnet 132 is attached to the attachment surface
136 in the manner described above, the ring magnet 132 1s located

closer to the second bearing 68R than the middle point LC of the

distance L1 between the first and second bearings 68L and 68R 1s,

as shown in FIG. 4. In other words, the ring magnet 132 is provided
on the rotating member 56 closer to the second bearing 68R than to
the first bearing 68L.

[0085] As the ring magnet 132 is attached to the attachment surface
136 in the manner described above, at least portions of the ring magnet

132 are located closer to the second bearing ©8R than the overlay

surfaces 53A and 53B of the first and second housing portions 52A
and 52B are, as shown in FIG. 3.
(0086] As the ring magnet 132 1is attached to the attachment surface

136 in the manner described above, the ring magnet 132 1s located

closer to the overlay surfaces 53A and 53B than to the second bearing

68R, as measured 1n an axial direction of the crankshaft 54, as shown
in FIG. 3.

[0087] The detector 134 detects the rotation of the ring magnet
132 together with the rotation member 56. In the present preferred
embodiment, the detector 134 detects changes 1n the magnetic field

caused by the rotation of the ring magnet 132 together with the

rotating member 56. In other words, in the present preferred

14
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embodiment, the rotation detection device 130 1s a magnetic rotation

detection sensor.

10088] The ring magnet 132 is provided on the driving member 102
of the rotating member 56, which rotates together with the crankshaft
54. As such, the rotation of the crankshaft 54 1s detected by

detecting changes 1n the magnetic field caused by the rotation of

ring magnet 132. The detector 134 outputs the detected rotation of
the crankshaft 54 to the control device (not shown). The control
device refers to the rotation of the crankshaft 54 detected by the
detector 134, i1n addition to the torque detected by the detector 98,

tomonitor the pedaling effort by the rider and to control the electric
motor 60A.
[0089] The detector 134 1s preferably a one-chip hole IC that

includes two detecting elements. Thus, the detector detects the

transverse and longitudinal fields of the ring magnet 132. As such,
the detector determines whether the ring magnet 132 1s rotating
forward or rearward.

[0090] The detector 134 1s provided on a substrate 138. The
substrate 138 is separate from the substrate on which the control
device that controls the electricmotor 60A 1s mounted. The substrate
138 is attached to the first housing portion 52A. Th

134 is positioned outward of the ring magnet 132 as measured 1n a

en, the detector

ling

direction perpendicular to the central axis Cl of the crankshaft 54.

The detector 134 faces the surface of the ring magnet 132 that defines

the magnetic poles (1i.e., the outer peripheral surface) such that

the detector and magnet are arranged in a direction perpendicular
or substantially perpendicular to the central axis Cl of the
crankshaft 54.

[0091] In the electric assist bicycle 10, the rider operates the
pedals 36L and 36R such that the crankshaft 54 rotates forward. As

the crankshaft 54 rotates forward, the connecting shaft 50A rotates

forward. As the connecting shaft 56A rotates forward, the driving

member 102 rotates forward. As the drivingmember 102 rotates forward,

the driven member 104 rotates forward. When the driving member 102
rotates rearward, 1.e., when the crankshaft 54 rotates rearward, the

driving member 102 rotates relative to the driven member 104. As the
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driven member 104 rotates forward, the driving sprocket 58 rotates

—

forward. The rotational force of the driving sprocket 58 1s

transferred to the driven sprocket 26 via the chain 30.

[0092] As the rider operates the pedals 36L and 36R, a torque 1is

generated in the crankshaft 54. The torque generated 1in the

crankshaft 54 is detected by the torque detection device 56B. When

the torgque generated in the crankshaft 54 continues to be above a

predetermined reference value for a certain period of time or longer,

the rotor 72 of the electric motor 60A, i.e., the rotating shaft 74,
rotates forward. As the rotating shaft 74 rotates forward, the output
gear 82 rotates rearward. As the output gear 82 rotates rearward,

the output shaft 80 rotates rearward. As the output shaft 80 rotates

rearward, the auxiliary sprocket 62 rotates rearward. The rotational

force of the auxiliary sprocket 62 is transferred to the driven

sprocket 26 via the chain 30. Thus, the rider is assisted 1n pedaling.

[0093] In the electric assist bicycle 10, the rotation detection

device 130 detects the rotation of the crankshaft 54. This makes 1t

possible to refer to the rotation of the crankshaft 54, 1n addition

to the torque generated in the crankshaft 54, to monitor the pedaling

effort by the rider. As a result, the pedaling effort by the rider

is monitored more accurately, making it easier to detect a failure

P

or making it possible to assist the rider more appropriately, for

example.

[0094 ] The electric assist bicycle 10 includes a driving unit 50.

The driving unit 50 includes a housing 52, a crankshatft 54, a torque

detection device 56B, a rotating member 56, and a rotation detection
device 130.

(0095} The crankshaft 54 is positioned to extend through the

housing 52. The torque detection device 56B is located in the housing

52 to detect a torque generated in the crankshaft 54. The rotating

member 56 includes the torque detection device 56B, and is positioned

to be concentric with the crankshaft 54 and rotates together with

the crankshaft 54. The rotation detection device 130 1s located 1in
the housing 52 and detects rotation of the crankshaft 54.
[0096] The rotating member 56 includes a connecting shaft 56A and

F
p—

an output shaft 118. The connecting shaft 56A 1s located at one or
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ends of the rotating member 56 disposed along 1ts axls, and is coupled
wlth the crankshaft 54 within the housing 52. The output shaft 118

ﬁ

1s located at the other one of the ends of the rotating member 56

disposed along 1ts axis, and a driving sprocket 58 1is attached to
the output shaft.
[0097] The rotation detection device 130 includes a detected

portion (ring magnet 132) and a detector 134. The ring magnet 132

1s provided on the rotating member 56 and located around a central
axls of the crankshaft 54 within the housing 52. The detector 134
detects that the ring magnet 132 rotates together with the rotation

member 56. The ring magnet 132 1s provided in a position different

from that of the torque detection device 56B as measured in an axial

direction of the crankshaft 54.

10098] In the above arrangement, the ring magnet 132 is provided

on the rotating member 56. Thus, a ring magnet 132 with larger inner
and outer diameters 1s provided than in 1mplementations where a ring

magnet 132 1s directly attached to the outer peripheral surface of

the crankshaft 54. This results 1n a ring magnet 132 with a large

number of magnetic poles. A ring magnet 132 with a large number of

magnetic poles results in the detector 134 providing improved

precision in detecting the rotation of the crankshaft 54, i.e.,

improved detection resolution of the detector 134. This makes it

i
pr—

easler to monitor the pedaling effort by the rider.

[0099] Further, in implementations where a ring magnet 132 is

directly attached to the outer peripheral surface of the crankshaft

54, the crankshaft 54 must be longer 1in an axial direction to ensure

P‘

an area of the crankshaft 54 to which the ring magnet 132 is to be

attached. In the above arrangement, the ring magnet 132 is provided

on the rotating member 56, thus making 1t unnecessary to ensure an

area of the crankshaft 54 towhich the ringmagnet 132 is to be attached.
As such, the axial dimension of the crankshaft 54 is smaller than
1n Implementatlions where a ring magnet 132 is directly attached to
the outer peripheral surface of the crankshaft 54.

[0100] The rotating member 56 may further include a one-way clutch
o00C. The one-way clutch 56C may be located closer to the driving

sprocket 58 than the torque detection device 56B is. The one-way
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o

clutch 56C may transfer a rotational force that causes rotation of

the driving sprocket 58 in one direction (1i.e., the forward direction)

around the central axis Cl of the crankshaft 54 to the driving sprocket
58, and prevent a rotational force that causes rotation of the driving
sprocket 58 in a direction opposite to the forward direction (1.e.,

the reverse direction) from being transferred to the driving sprocket

58. The torque detection device 56B may be attached to the connecting

shaft 56A. The one-way clutch 56C may include a driving member 102

that rotates together with the crankshaft 54. The detected portion

(i.e., the ring magnet 132) may be provided on one of the driving

member 102 and connecting shaft 56A. In other words, the detected

portion (1.e., the ring magnet 132) may be attached to a member that
rotates together with the crankshaft 54.

(0101 ] In the above arrangement, the ring magnet 132 has large
inner and outer diameters such that the ring magnet 132 has a large
number of magnetic poles. This improves the detection resolution of
the detector 134.

[0102] The detected portion (i1.e., the ring magnet 132) may be
provided on the driving member 102. In this case, the ring magnet

132 is located closer to the driving sprocket 58 than the torque

detection device 56B 1s. One of the spaces defined by the housing
52 and the plane including the torque detection device 56B that 1is
closer to the driving sprocket 58 1is larger than the other one. This
is because the output shaft 118 must be included. Thus, the ring
magnet 132 may have large inner and outer diameters such that the
ring magnet 132 has a large number of magnetic poles. This i1improves
the detection resolution of the detector 134.

[0103] The one-way clutch 56C may further include a driven member
104. The driven member 104 may be located inward of the driving member
102 as measured in a direction perpendicular to the central axis Cl

of the crankshaft 54. Thedrivingmember 102 may include a cylindrical

portion 110 located outward of the driven member 104 as measured 1n

a direction perpendicular to the central axis Cl of the crankshaft

54. At least a portion of the detected portion (i.e., the ring magnet

132) may be provided on the cylindrical portion 110.

(0104 ] In the above arrangement, the ring magnet 132 may have large
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inner and outer diameters such that the ring magnet 132 has a large

p—

number of magnetic poles. This improves the detection resolution of
the detector 134.

[0105] In addition, in the above arrangement, the ring magnet 137

is located outward of the one-way clutch 56C as measured in a direction

perpendicular to the central axis Cl of the crankshaft 54. 1In other

words, the ringmagnet 132 is located outward of a member that achieves

a predetermined function as the crankshaft 54 rotates, as measured

in a direction perpendicular to the central axis Cl of the crankshaft

54. Thus, the crankshaft 54 may have a smaller axial dimension than

in implementations where the ringmagnet 132 and a member that achieves

a predetermined function as the crankshaft 54 rotates are arranged

F

in an axial direction of the crankshaft 54.

[0106] The driven member 104 may include an output shaft 118 to
which the driving sprocket 58 is to be attached. 1In this case, the

ring magnet 132 may be located close to the driving sprocket 58. One

of the spaces defined by the housing 52 that is close to the driving

sprocket 58 is larger than the one of the spaces that 1s far from
the driving sprocket 58. Thus, the ring magnet 132 may have large
inner and outer diameters such that the ring magnet 132 may have a
large number magnet poles. This improves the detection resolution
of the detector 134.

[0107] The driving unit 50 may further include a first bearing

68L and a second bearing 68R. The first bearing 68L may be located

at one of the ends of the crankshaft 54 disposed along its axis, and
rotatably supports the crankshaft 54. The second bearing 038R may be

P ﬁ

lJocated at the other one of the ends of the crankshaft 54 disposed

along its axis, and rotatably support the rotating member 54 (1.e.,

the output shaft 118). The detected portion (i.e., the ring magnet

132) may be provided on the rotating member 56, located closer to

the second bearing 68R than to the first bearing o8L.

[0108] In this case, the inner diameter of the second bearing 68R

is larger than the inner diameter of the first bearing ©68L. Thus,

the one of the spaces defined by the housing 52 that 1s close to the

second bearing 68R is larger than the one of the spaces close to the

first bearing 68L. As such, the ring magnet 132 may have large inner
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and outer diameters such that the ring magnet 132 has a large number

of magnetic poles, thus improving the detection resolutlion of the
detector 134.

[0109] The outer diameter of the ring magnet 132 1s smaller than

-

— —

the outer diameter of the second bearing 68R (see FIG. 3). 1If the

—

outer diameter of the ring magnet 132 were larger than the outer

diameter of the second bearing 68R, the ring magnet 132 could contact

other members in the second housing portion 52B when the second bearing

68R is joined to the second housing portion 52B. In contrast, as the

F

ring magnet 132 is smaller than the outer diameter of the second

bearing 68R, the ring magnet 132 is prevented from contacting other

members in the second housing portion 52B when the second bearing

68R 1s joined to the second housing portion 5ZB.

[0110] The outer diameter of the second bearing 68R 1s larger than

the outer diameter of the first bearing 68L. Thus, a ring magnet 132

with a large diameter may be provided if the ring magnet 132 1s located

close to the second bearing 68R than in implementations where the

ring magnet 132 is located close to the first bearing 68L.

[0111] The driving unit 50 may further include a first bearing

681, and a second bearing 68R. The first bearing 68L may be located

at one of the ends of the crankshaft 54 disposed along 1ts axis, and

rotatably support the crankshaft 54. The second bearing 68R may be

- p—

located at the other one of the ends of the crankshaft 54 disposed

along its axis, and rotatably support the rotating member 56. The

outer diameter of the second bearing 68R may be larger than the outer

e

diameter of the first bearing 68L.

(0112] The detected portion (i.e., the ringmagnet 132) 1s provided

on the rotating member 56 which is supported by the second bearing

68R which has a larger diameter than the first bearing ©08L. Thus,

the large space near the second bearing 68R may be taken advantage

F

of, and a ring magnet 132 with a large diameter may be provided. This

improves the detection resolution.

[0113] The housing 52 may include a first housing portion 52A and

a second housing portion 52B that are overlaid so as to be arranged

P

in an axial direction of the crankshaft 54. The second bearing 638R

may be supported by the second housing portion 52B. At least a portion
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of the detected portion (i.e., the ring magnet 132) may be located

closer to the second housing portion 52B than the overlay surfaces

53A and 53B of the first and second housing portions 5Z2A and 52B are
(see FIG. 3).

(0114 ] In this case, the ring magnet 132 may be positioned 1in a

large space near the second bearing 68R. Thus, the ring magnet 132
may have a large diameter. This improves the detection resolution.
[0115] The detected portion (i.e., the ring magnet 132) may be
located closer to the overlay surfaces 53A and 53B than to the second
bearing 68R as measured in an axial direction of the crankshaft 54
(see FIG. 3).

[0116] In this case, the ring magnet 132 1s positioned 1n a large

space near the second bearing 68R. Thus, the ring magnet 132 may have
a large diameter. This improves the detection resolution.
[0117] The second housing portion 52B may be made by casting (in

p—

the present preferred embodiment, preferably by die-casting), for

example. In view of this, a slope 55B 1s provided at a portion of

the second housing portion 52ZB near a portion thereof that supports

the second bearing 68R. As such, the space becomes larger as 1t

extends toward the overlay surface 53B in the second housing portion
52B. Since the ring magnet 132 may be located in a large space, the
ring magnet 132 may have a large diameter. This improves the detection
resolution.

[0118] The rotating member 56 may further include an attachment

surface 136. The attachment surface 130 may be located closer to the
connecting shaft 56A than the output shaft 118 1s and around the

central axis Cl of the crankshaft 54 in the housing 52. The detected

portion (i.e., the ring magnet 132) may be attached to the attachment
surface 136.

[(0119] In this case, the ring magnet 132 may be fabricated
separately from the rotatingmember 56. Thismakes 1t easier to adjust
the positional relationshilip between the ring magnet 132 and detector
134 in the housing 52.

[0120] The attachment surface 136 may be a cylindrical or

substantially cylindrical surface extending in an axial direction

of the crankshaft 54. 1In this case, the detector 134 may be positioned
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opposite to the surface of the ring magnet 132 that defines the

magnetic poles such that the detector and the surface are arranged
in a direction perpendicular or substantially perpendicular to the
central axils Cl of the crankshaft 54.

(0121] The rotating member 56 may further include a projection
109. The projection 109 may protrude outward from the attachment
surface 136 as measured 1n a direction perpendicular to the central
axls Cl1 of the crankshaft 54. The ring magnet 132 may contact the
projection 109 such that the magnet and projection are arranged in

fr—

an axlal direction of the crankshaft 54 when the detected portion

(L.e., the ring magnet 132) 1s attached to the attachment surface
136.
[0122] In this case, a relative positional relationship between

the ring magnet 132 and driving member 102 in an axial direction of

the crankshaft 54 may be defined. This improves the efficiency in

jolining the ring magnet 132 to the driving member 102.

Second Preferred Embodiment

[0123] Next, a second preferred embodiment of the present

invention will be described with reference to FIGS. 7 and 8. FIG.

p—

7 1s a cross-sectional view of a driving unit 50A included 1n an

electric assist bicycle of the second preferred embodiment. FIG. 8

-

1s an enlarged cross-sectional view of portions of
in FIG. 7.

[0124] As shown in FIG. 7, the driving unit 50A, as compared with

components shown

the driving unit 50, does not have the auxiliary sprocket 62. An

output member 60B i1s located forward of the rotating member 56. The
rotating shaft 74 is located forward of the output member 60B.

[0125] As shown 1in FIG. 7, the driving unit 50A includes an output

shaft 80A 1n lieu of the output shaft 80. A gear 81 i1s provided on
the output shaft 80A.
[0120] As shown 1n FIG. 7, the driving unit 50A 1ncludes a driven

mempber 104A in lieu of the driven member 104. The driven member 104A
includes an input gear 140. The input gear 140 is positioned to be

concentric with the output shaft 118, and is located outward of the

output shaft 118 as measured 1in a direction perpendicular to the
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central axis Cl of the crankshaft 54. The input gear 140 is provided

integrally with the output shaft 118. The input gear 140 engages the
gear 81l.
[0127] As shown in FIGS. 7 and 8, the driving unit 50A includes

a ring magnet 132A and support member 142 in lieu of the ring magnet

132. The ringmagnet 132A has the shape of a circular or substantially

circular plate. One of the ends of the ring magnet 132A disposed along
1ts axis defines the magnetic poles. 1In other words, one of the ends
of the ring magnet 132A disposed along 1ts axils has alternating north

and south poles around the central axis Cl of the crankshaft 54.

[0128] As shown 1n FIGS. 7 and 8, the support member 142 includes
a cylindrical portion 144 and a circular ring 1l46. The cylindrical

portion 144 extends 1n an axial direction of the crankshaft 54. The

cylindrical portion 144 i1is fixed to the outer peripheral surface of
the cylindrical portion 110. The cylindrical portion 144 may be fixed
to the outer peripheral surface of the cylindrical portion 110 by
press fitting or bonding, for example.

[0129] As shown 1n FIGS. 7 and 8, the circular ring 146 is located
at one of the ends of the cylindrical portion 144 disposed 1n an axial
direction and 1s positioned to be concentric with the cylindrical
portion 144. The circular ring 146 is preferably integral with the

cylindrical portion 144. The circular ring 146 includes an

attachment surface 136A. The attachment surface 136A is one of the

sides of the circular ring 146 disposed along 1ts axis and i1s an annular

surface extending 1n directlons perpendicular or substantially

g

perpendicular to the central axis Cl of the crankshaft 54. The

attachment surface 136A 1s a plane parallel or substantially parallel

to one of the sides of the substrate 148 disposed in a thickness

ﬁ

direction thereof.

[0130] In the present preferred embodiment, as the support member
142 is attached to the driving member 102, the rotating member 56
includes the attachment surface 136A.

[0131] As shown 1in FIGS. 7 and 8, in the driving unit 50, the

circular ring 146 and ringmagnet 132A are overlaid so as to be arranged

1n an axial direction of the crankshaft 54. Then, one of the sides

of the ring magnet 132A disposed along its axis 1s bonded to the
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attachment surface 136A.
[0132] As shown 1in FIGS. 7 and 8, 1n the driving unit 50A, the
detector 134 is located on the substrate 148. A control device (not

shown) that controls the electricmotor 60A 1s mounted on the substrate
148. 1In other words, in the present preferred embodiment, a separate
substrate on which the detector 134 1s to be positioned, other than
the substrate on which the control device 1s mounted, need not be
provided.

[(0133] In this electric assist bicycle, the rider operates the
pedals 36L and 36R such that the crankshaft 54 rotates forward. As

the crankshaft 54 rotates forward, the connecting shaft 56A rotates

forward. As the connecting shaft 56A rotates forward, the driving

member 102 rotates forward. As thedrivingmember 102 rotates forward,

the driven member 104 rotates forward. When the driving member 102
rotates rearward, 1.e., when the crankshaft 54 rotates rearward, the
driving member 102 rotates relative to the driven member 104. As the
driven member 104 rotates forward, the driving sprocket 58 rotates

=

forward. The rotational force of the driving sprocket 58 1is

transferred to the driven sprocket 26 via the chain 30.

[0134] As the rider operates the pedals 36L and 36R, a torque 1is
generated in the crankshaft 54. The torgue generated 1n the
crankshaft 54 is detected by the torque detection device 56B. When

the torgque generated in the crankshaft 54 continues to be above a

predetermined reference torque for a certain period of time or longer,
the rotor 72 of the electric motor 60A, 1.e., the rotational shaft
74, rotates forward. When the rotational shaft 74 rotates forwardg,
the output gear 82 rotates rearward. As the output gear 82 rotates

rearward, the output shaft 80 rotates rearward. As the output shaft

80 rotates rearward, the input gear 140 rotates forward. As the input

gear 140 rotates forward, the driving sprocket 58 rotates forward.
Thus, the rider i1is assisted 1n pedaling.

[0135] In the electric assist bicycle including the driving unit
50 described above, the rotating member 56 may 1nclude an annular

surface. The annular surface may extend in directions perpendicular

or substantially perpendicular to the axis of the crankshaft 54. The

annular surface may provide the attachment surface 136A.
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[0130] In this case, the detector 134 may be located opposite to

the surface of the ring magnet 132 that defines the electric poles
such that the detector and magnet are arranged in an axial direction
of the crankshaft 54.

(0137] Further, in the present preferred embodiment, an i1nput gear

140 is provided. This makes it easier to ensure a large space 1nsilde
the second housing portion 52B and near the second bearing 68R. As
such, the ring magnet 132 may have a large dliameter, thus improving
the detection resolution.

[0138] Particularly, in the present preferred embodiment, the
input gear 140 is larger than the outer diameter of the second bearing
68R. This makes 1t still easiler to ensure a large space inside the

second housing portion 52B and near the second bearing 68R.

Third Preferred Embodiment
[0139] Next, a third preferred embodiment of the present invention
will be described with reference to FIGS. 9 and 10. FIG. 9 1s a

cross-sectional view of a driving unit 50B 1ncluded in an electric

assist bicycle of the third preferred embodiment. FIG. 10 1s an

enlarged cross—-sectional view of portions of components shown in FIG.

9.
[0140] As shown in FIG. 9, the driving unit 50B, as compared with

the driving unit 50A of the second preferred embodiment, 1ncludes
a rotation detection device 150 in lieu of the rotation detection

device 130.
101411 As shown 1n FIGS. 9 and 10, in the rotation detection device

P
—

150, the ring magnet 132A is not provided. Instead, a plurality of

slits 147 are provided in the circular ring 146, which constitutes
the annular portion. The slits 147 are provided around the central
axis Cl of the crankshaft 54, with an equal distance.

(10142 ] As shown 1n FIGS. 9 and 10, 1n the rotation detection device
150, the detector 134 1s not provided. Instead, a light emitter 1572
and a light receiver 154 that serves as the detector are provided.
[0143] As shown 1n FIGS. 9 and 10, the light emitter 152 1s located

adjacent to one of the sides of the circular ring 146 disposed along

the axis of the crankshaft 54. The light receiver 154 1s located
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adjacent to the other one of the sides of the circular ring 146 disposed
along the axis of the crankshaft 54.

(0144 ] Light emitted by the light emitter 152 1s detected by the
light receiver 154. As the circular ring 146 rotates, the light
receiver 154 can detect 1light emitted by the light emitter 152 through
the slits 154, whereas the light receiver 154 cannot detect 1light
emitted by the light emitter 152 through portions of the circular
ring without the slits 147. Thus, the light receiver 154 can detect
the rotation of the rotatingmember 56. In other words, in the present
preferred embodiment, the rotation detection device 150 i1s an optical
rotation detection sensor and the circular ring 146 serves as the
detected portion.

[0145] In the electric assist bicycle 1ncluding the driving unit
50B described above, the rotating member 56 may further include an
annular portion (i.e., the circular ring 146). The circular ring 146
may extend i1n a direction perpendicular or substantially
perpendicular to the axis of the crankshaft 54. The circular ring

146 may serve as the detected portion.

[01406] In this manner, too, the rotation of the crankshaft 54 can
be detected.

Fourth Preferred Embodiment
10147 ] Next, a fourth preferred embodiment of the present
invention will be described with reference to FIGS. 11 and 12. FIG.

11 is a cross-sectional view of a driving unit 50C i1ncluded 1n an

electric assist bicycle of the fourth preferred embodiment. FIG. 12
is an enlarged cross-sectional view of portions of components shown
in FIG. 11.

[0148] As compared with the driving unit 50A, the driving unit
50C does not include a ring magnet 132A, detector 134, and support
member 142. Instead, 1t includes a ringmagnet 132B and detector 134A.
[0149] The ring magnet 132B preferably has a geometry and
construction similar to those of the ring magnet 132. The ring magnet

132B 1s provided in a position different from that of the torque

detection device 56B as measured in an axial direction of the

crankshaft 54. The ring magnet 132B, together with the torqgue
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detection device 56B, 1s provided on the connecting shaft 56A.

[0150] At this moment, the ring magnet 132B i1s 1n contact with
the outer peripheral surface of the connecting shaft 56A. That 1is,
the ring magnet 132B 1s provided directly on the outer peripheral
surface of the connecting shaft 56A. 1In other words, the ring magnet
132B is fixed to the connecting shaft 56A with no other rotatable
member between i1tself and the connecting shaft 56A.

(0151 ] The ring magnet 132B is located between the torque detection

device 56B and one-way clutch 56C as measured in an axial direction

of the crankshaft 54. More particularly, the ring magnet 132B 1s
located between the support plate 101 and one-way clutch 56C as
measured 1n an axilal direction of the crankshaft 54.

101521 The detector 134A 1s attached to the lower surface 101A
of the support plate 101. The detector 134A preferably has a

construction and functions similar to those of the detector 134.

[0153] n the driving unit 50C, the ring magnet 132B 1s provided

on the rotating member 56. Thus, a ring magnet 132B with larger inner
and outer diameters may be provided than i1n implementations where
a ringmagnet 132B is directly attached to the outer peripheral surface
of the crankshaft 54. This results 1n a ring magnet 132B with a large

H
—

number of magnetic poles. A ring magnet 132B with a large number of

magnetic poles results in the detector 134 providing improved
precision 1n detecting the rotation of the crankshaft 54, 1i.e.,
improved detection resolution of the detector 134. This makes 1t yet

easier to monitor the pedaling by the rider.
10154 ] In the driving unit 50C, the ring magnet 132B is provided

in a position different from that of the torque detection device 56B

as measured 1in an axial direction of the crankshaft 54. Thus, the

detection resolution of the rotation detection device 130 1s 1mproved
while maintaining the precision in torque detection by the torque
detection device 56B.

[0155] In the driving unit 50C, the ring magnet 132B is provided

on the connecting shaft 56A. Thus, no other member 1s present pbetween

the ring magnet 132B and connecting shaft 56A. This facilitates
positioning the ring magnet 132B precisely relative to the central

axlis Cl of the crankshaft 54, thus making it easier to reduce the
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distance between the ring magnet 132B and detector 134A.
[0156] In the driving unit 50C, the housing 52 includes a first

housing portion 52A and a second housing portion 5Z2B that are overlaid

so as to be arranged in an axlial direction of the crankshaft 54. The
ring magnet 132B is located closer to the overlay surfaces 53A and
53B of the first and second housing portions 5Z2A and 52B than the
torque detection device 56B 1s.

[0157] In the housing 52, one of the spaces defined by the housing

and the plane including the torque detection device 56B that 1s closer

to the overlay surfaces 53A and 53B 1s larger than the other one.
This is because the one-way clutch 56C must be included. Thus, the
ring magnet 132B may have large inner and outer diameters such that
the ring magnet 132B has a large number of magnetic poles. This

improves the detection resolution of the detector 134.

[0158] In the driving unit 50C, the torque detection device 56B

is preferably a magnetostrictive torque sensor. Thilis reduces the

losses of a driving force generated by the pedals compared with a
planetary gear-based torque sensor. This will be described in more
detail below. A planetary gear-based torgque sensor uses a planetary

gear train disposed concentric with the crankshaft to divide the tread

force into two sub-forces. One sub-force isuseddirectlyasadriving
force, while the other is used by a potentiometer located downstream
along the path of transmission of forces to detect a torque. In this

mechanism, the planetary gears must be driven simultaneously,

requiring some additional tread force that 1s not to be used as a

driving force. In contrast, a magnetostrictive torgque sensor uses
magnetostriction effects and thus detects a torque without a

mechanical contact. That is, a magnetostrictive torque sensor 1s a

non-contact torque sensor. This reduces the losses of adriving force
generated by the pedals compared with a planetary gear-based torque

SENSOr.

[0159] In the driving unit 50C, the torque detection device 56B
is preferably a magnetostrictive torque sensor. This eliminates the

necessity for a spring element that provides a large displacement,

as can be found i1n a phase-detecting torque sensor, or eliminates

a thinning process to provide a large distortion. Further, a special
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mechanism as can be found 1n a strain gage or planetary gear
arrangement 1s not necessary. Since the arrangement 1s not
complicated, a mechanical strength may be easily ensured.

[0160] In the driving unit 50C, the torque detection device 56B
1s preferably a magnetostrictive torque sensor. Thus, the number of
components required 1s relatively small, thus reducing rattling of
components. Further, since the device 1s a non-contact device, 1t
does not wear. In addition, 1t has a large mechanical strength, thus

reducing the hysteresis loop of distortion. Thils 1ncreases the

reproducibility of signals 1n response to equal torques.
10161 ] In the driving unit 50C, the torque detection device 56B

is preferably a magnetostrictive torque sensor. Thus, the coll 96

1is excited at a high frequency, allowing a distortion of the connecting

shaft 56A to be 1nstantly detected. That 1s, 1t provides a good
responsiveness to a torque.

[0162] In the driving unit 50C, the torque detection device 56B
1s preferably a magnetostrictive torque sensor. Thus, a torque may

gr—

be detected 1n a non-contact manner such that the output of the

detector 98 does not change due towear. 1If apotentiometer were used,
a design would be required that takes wear 1nto consideration. A
planetary gear arrangement would involve large mechanical losses;
in contrast, amagnetostrictive arrangement 1nvolves small mechanical

losses.

[0163] In the driving unit 50, the rotational detection device

130 1s preferably a magnetic rotational detection sensor. Thus, a

large magnetism generated by the permanent magnet (i1.e., the ring
magnet 132B) is detected, making 1t possible to increase the gap

between the detected portion (i.e., the ring magnet 132B) and the

detector 134A. This facilitates positioning the detected portion
(i.e., the ring magnet 132B) and the detector 134A. A rotational
detection sensor that causes a high-frequency electric current to
flow through a coi1l to detect a phase based on a change in magnetic
reslistance (self-excitation) would use a small magnetic field,

requiring the gap between the detected portion and detector to be
smaller than 1n a magnetic arrangement. Further, a self-exciting

sensor would constantly consume an electric current, which 1s not
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the case with a magnetic sensor.

[0164] In the driving unit 50C, the rotational detection device
130 is preferably a magnetic rotational detection sensor. For
example, in a rotational detection sensor that detects a phase based
on an induced voltage generated by a change in magnetic resistance,

a signal cannot be detected unless the number of rotations exceeds

a certain level; further, as the number of rotations increases, the
induced voltage increases as well, requliring a protective clrcuilt.
This is not the case with a magnetic rotational detection sensor.
[0165] In the driving unit 50C, the rotational detection device
130 is preferably a magnetic rotational detection sensor. Thus, the
detector 134B may be easily located. Further, an additional

detecting element may be easily located to detect transverse and

longitudinal magnetic fields of the ring magnet 132B.

Fifth Preferred Embodiment

[01606] Next, a fifth preferred embodiment of the present 1nvention
will be described with reference to FIGS. 13 and 14. FIG. 13 1s a

cross-sectional view of a driving unit 50D included 1n an electric

assist bicycle of the fifth preferred embodiment. FIG. 14 1s an
enlarged cross-sectional view of portions of components shown in FIG.
13.

[(0167] As compared with the driving unit 50A, the driving unit
50D does not include a ring magnet 132A, detector 134, and support

member 142. Instead, 1t includes a ringmagnet 132C and detector 134B.
[0168] The ring magnet 132C preferably has a geometry and

construction similar to those of the ring magnet 132. The ring magnet

ﬁ

132C is provided in a position different from that of the torque

ﬁ

detection device 56B as measured 1n an axial direction of the

crankshaft 54. The ring magnet 132C, together with the torque
detection device 56B, 1s provided on the connecting shaft 56A.

[0169] At this moment, the ring magnet 132C 1s 1n contact with

the outer peripheral surface of the connecting shaft 56A. That 1s,

the ring magnet 132C is provided directly on the outer peripheral

surface of the connecting shaft 56A. In other words, the ring magnet
132C 1s fixed to the connecting shaft 56A with no other rotatable
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member between 1tself and the connecting shaft 56A.

pr——
—

[(0170] The ring magnet 132C 1s located adjacent to the side of

the torque detection device 56B opposite to the side adjacent to the
one-way clutch 50C as measured 1in an axial direction of the crankshaft
54. More particularly, the ring magnet 132C is located between the
torque detection device 56B and first bearing 68L as measured in an

axial direction of the crankshaft 54.

[0171] The detector 134B preferably has a construction and
functions similar to those of the detector 134. The detector 134B
1s provided on a substrate 160.

[0172] The substrate 160 1s attached to the first housing portion
52A via the support member 162. The support member 162 includes a
support portion 16Z2A and an attachment portion 162B. The support
portion 162A 1s used to support the detector 134B. The attachment

portion 162B 1s used to attach the substrate 160 to the first housing

portion 5Z2A. When the attachment portion 162B 1s attached to the first
housing portion 52A, the support portion 162A extends parallel or

substantially parallel to the central axis Cl of the crankshaft 54.
Thus, the detector 134B 1s located opposite to the detected portion

132C such that they are arranged in a direction perpendicular or

substantially perpendicular to the central axis Cl of the crankshaft
54.

[0173] In the driving unit 50D, the ring magnet 132C i1is provided

on the rotating member 56. Thus, a ring magnet 132C with larger inner
and outer diameters may be provided than 1n implementations where
a ring magnet 132C 1isdirectly attached to the outer peripheral surface
of the crankshaft 54. This results in a ring magnet 132C with a large
number of magnetic poles. A ring magnet 132C with a large number of
magnetic poles means that the detector 134B provides improved
precision 1n detecting the rotation of the crankshaft 54, i.e.,

P

improved detection resolution of the detector 134B. This makes it

yet easier to monitor the pedaling effort by the rider.

[0174] In the driving unit 50D, the ring magnet 132C is provided

1n a position different from that of the torque detection device 56B

as measured 1n an axial direction of the crankshaft 54. Thus, the

ﬁ

detection resolution of the rotation detection device 130 may be
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improvéd while maintaining the precision in torque detection by the
torque detection device 56B.

[0175] In the driving unit 50D, the ring magnet 132C is provided
on the connecting shaft 56A., Thus, no other member 18 present between
the ring magnet 132C and connecting shaft 56A. This facilitates
positioning the ring magnet 132B p;eciéely relative to the central
axis Cl of the crankshaft 54, thus making it easier to reduce the
distance between the ring magnet 132C and detector 134B.

[0176] While preferred embodiments of the present invention have
been described, the preferred embodiments above are merely examples
for carrying ocut the present invention. Thus, the present linvention
is not limited to the preferred embodiments above, and the above
preferred embodiments may be modified as necessary.

[0177] In the first preferred embodiment, the ring magnet 132 is
preferably attached to the outer peripheral surface of the cylindrical
portion 11l0; alternatively, for example, magnetic poles may be
provided on the cylindrical portion 110. |

‘[0178] In the second preferred embodiment, the ring magnet 132A
is preferably attached to one of the sides of the circular ring 146
disposed along its axis; alternatively, for example, magnetic poles
may be provided on the circular ring l4eé.

[0179] In the third preferred embodiment, the light emitter 152
is preferably located adjacent to one of the sides of the circular
ring 146 disposed in an axial direction of the crankshaft 54, and
the light receiver 154 is located adijacent to the other one of the

sides of the circular ring 146 disposed in an axial direction of the

crankshaft 54; alternatively, the light emitter 152 and the light
receiver 154 may be reversed in position. ]
[G180] While preferred embodiments of the present invention have
been described above, it is to be understood that vériations and
modifications will be apparent to those skilled in the art. The scope

of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation
consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1. A-driving unit for use in an electric assist bicycle, the
driving unit comprising:

a housing;

a crankshaft extending through the housing;

a magnetostrictive torque detection device located in the
housing to detect a torque genefated in the crankshaft;

a rotating member 1including the magnetostrictive torque
detection device, and positioned to be concentric with the crankshaft
and rotatable together with the crankshaft; and

a rotation detection device located in the housing to detect
rotation of the crankshaft; wherein

the rotating member includes:

a connecting shaft located at a first end along an axis
of the rotating member and coupled with the crankshaft within the
housing; and |

an output shaft located at a second end along the axis of
the rotating member, a driving sprocket attached to the output shaft;

the rotation detection device includes:

a detected portion provided on the rotating member and
located around a central axis of the crankshaft within the housing;
and _

a detector configured to detect that the detected portion
rotates together with the rotating member; and

the detected portion is provided at a position different from
that of the torque detection device in an axial direction of the

crankshaftt,;

the driving unit includes a support having the detector mounted
thereon; and

the support and the detector are located completely inside the
housing.

2. The driving unit according to claim 1, wherein the torque
detection device and the detected portion are provided on the
connecting shaft.
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3. The driving unit according to claim 2, wherein the rotating
member further includes a one-way clutch, the one-way clutch is
located closer to the driving sprocket than the torque detection
device is, the one-way clutch is configured to transfer to the driving
sprocket a rotational force that causes the driving sprocket to rotate
in a first direction around the central axis of the crankshaft and
not to transfer to the driving sprocket a rotational force that causes
the driving sprocket to rotate in a direction opposite to the first
direction; and

the detected portion is located adjacent to a side of the torque

detection device opposite to a side adjacent to the one-way clutch
in the axial direction of the crankshaft.

4, The driving unit according to ¢laim 2, wherein the rotating
member further includes a one-way clutch, the one-way clutch is
located closer to the driving sprocket than the torque detection
device is, the one-way clutch is configured to transfer to the driving
sprocket a rotational force that causes the driving sprocket to rotate
in a first direction around the central axis of the crankshaft and
not to transfer to the driving sprocket a rotational force that causes
the driving sprocket to rotate in a direction opposite to the first
direction; and

the detected portion is located between the torque detection

device and the one-way clutch as measured in the axial direction of
the crankshaft.

5. The driving unit according to claim 2, wherein the housing

includes a first housing portion and a second housing portion that
are overlaid with each other and arranged in the axial direction of
the crankshaft; and

the detected portion 18 located closer to overlay surfaces of
the first and second housing portions than the torqgue detection device
18,

6. An electric assist bicycle including the driving unit
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according to claim 1.

{. The driving unit according to claim 1, wherein:

the rotating member further includes a one-way clutch, the
one-way clutch is located closer to the driving sprocket than the
torque detection device is, the one-way clutch is configured to
transfer to the driving sprocket a rotational force that causes the
driving sprocket to rotate in a first direction around'the central
axis of the crankshaft and not to transfer to the driving sprocket
a rotational force that causes the driving sprocket to rotate in a
direction opposite to the first direction;

the torque detection device is provided on the connecting shaft;

the one-way clutch includes a driving member connected with the
connecting shaft; and

the detected portion 1is provided on the driving member.
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