DESCRI PTI ON
SENSCR FOR USE | N POVER- ASSI STED MOBI LE OBJECT,
PONER- ASSI STED UNI T, POWNER- ASSI STED MOBI LE OBJECT, AND
TORQUE DETECTI ON METHOD

TECHNI CAL FI ELD

[ 0001] The present invention relates to a technique for
detecting torque in a power-assisted nobil e object.
BACKGROUND ART

[ 0002] A power - assi sted bicycle is known which uses drive
force from pedal pressure and drive force (assist power) from
notor drive force. In a typical power-assisted bicycle, a
sensor detects pedal pressure (torque), vehicle speed, and
crank angle, and a control device determ nes an appropriate
assist ratio (a ratio between pedal pressure and assi st power)
according to the detection results obtained by the sensor and
control a notor according to the determi ned assist ratio (for
exanpl e, Patent Literature 1 bel ow).

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0003] Patent Literature 1. Japanese Patent Laid-Open

No. 2008-254592

SUWARY OF | NVENTI ON

TECHNI CAL PROBLEM

[ 0004] In Patent Literature 1, two sensors detect peda
pressure, vehicle speed, and crank angle. Specifically, peda
pressure is detected by one torque sensor, and vehicle speed

and crank angle are detected by the other sensor. The torque
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sensor includes a ratchet pawl unit having a depression for
accommodating a ratchet paw, a support disc fixed to a drive
shaft, a disc spring disposed therebetween, a ring-shaped

per manent magnet nmounted on a paw unit, and a hall el enent
for detecting the magnetic field of the permanent nagnet.

When a bicycle user applies pedal pressure, rotary force is
transferred to the pawl unit. At this tine, the ratchet paw
receives the first force, corresponding to the pedal pressure,
fromthe pawl unit, an end of the ratchet pawl conmes in
contact with ratchet teeth, and the ratchet paw acts to
transfer the first force to the ratchet teeth. Meanwhile, a
ratchet teeth portion having ratchet teeth is connected to a
sprocket, and an end of the ratchet pawl receives the second
force generated by a load for drive fromthe ratchet teeth.
Specifically, the ratchet paw receives the first force and
the second force in the directions opposite to its ends.
Consequently, the ratchet paw rotates and stands up. Since
the ratchet pawl stands up, the pawl unit noves inward in an
axial direction, pushing in the disc spring. The disc spring
resists this, generating elastic force acting on the paw unit.
The pawl unit then stops at a point where a bal ance between
the elastic force of the disc spring and force that reflects
pedal pressure noving the paw unit in the axial direction is
achieved. Wth the novenent of the pawl unit, the permanent
magnet nounted on the pawl unit also noves, resulting in a
variation in the di stance between the pernanent magnet and the
hall element. The detection of a variation in the magnetic

field according to the variation in the distance allows for
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the detection of pedal pressure (torque).

[ 0005] However, the above-described torque sensor involves
a di splacenent of the disc spring and thus a tine difference
fromthe application of pedal pressure by a user until the
time when the bicycle starts to nove. For this reason,

i nproved responsivity of the bicycle to a step of the user on
the pedal is required. Since the disc spring is used and the
size of the torque sensor in the axial direction is therefore
i ncreased, a reduction in the size of the sensor is required.
In view of reductions in the size and cost of the sensor and
t he nunber of steps for manufacturing the sensor, it is
preferabl e that one sensor can detect all of the follow ng: a
pedal pressure, a vehicle speed, and a crank angle. It is

al so preferable that the sensor has high sensitivity. These
requi renents are not only for power-assisted bicycles but

vari ous power-assi sted nobile objects that can use drive force
generated by man power and assistant drive force generated by
el ectric power.

SOLUTI ON TO PROBLEM

[ 0006] The present invention has been nmade to sol ve at

| east a part of the above-described problens and all ows the

i npl enentation of the follow ng enbodi nents.

[ 0007] In the first aspect of the present invention,
provided is a sensor that is used in a power-assisted nobile
obj ect and can use first drive force generated by man power
and assi stant second drive force generated by electric power.
The sensor includes: a first nmagnet that has a north pole and

a south pole along a circunferential direction, has a ring
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shape, and is disposed so as to rotate with rotation of a
drive shaft of the power-assisted nobile object; a second
magnet that has a north pole and a south pole along the
circunferential direction, has a ring shape, and is disposed
coaxially with the first nmagnet so as to rotate with the
rotation of the drive shaft; at |least a pair of first hal

el enents that detects a magnetic field of the first magnet and
is disposed at a distance fromeach other in the
circunferential direction; at |least a pair of second hal

el enents that detects a magnetic field of the second nagnet
and is disposed at a distance fromeach other in the
circunferential direction; and a distortion unit that is
configured to get distorted in the circunferential direction
due to torque during rotation of the drive shaft and di sposed
such that the distortion changes relative positions of the
first nmagnet and the second nagnet in the circunferentia

di rection.

[ 0008] This sensor can detect the rotation angle of the
drive shaft on the basis of the detection results obtained by
the first hall elements or the second hall elenments, that is,
on the basis of the change in the magnetic field detected by
the first or second hall elenents according to the rotation of
the drive shaft. This sensor can al so detect the rotation
speed of the drive shaft on the basis of the periodicity of a
change in the magnetic field. In addition, there is a

correl ation between the torque of the drive shaft and a

di fference between a rotation angle determ ned by the

detection results obtained by the first hall elenents and a
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rotation angle determ ned by the detection results obtained by
the second hall elenents, which are caused by the distortion
of the distortion unit, that is, a rotation angle difference
between the first nmagnet and the second nagnet. Accordingly,
the torque of the drive shaft can be detected on the basis of
the rotation angle difference. As described above, the sensor
according to the first aspect is one sensor that can detect a
torque, a rotation angle, and a rotation speed (the noving
speed of the power-assisted nobile object). The sensor
according to the first aspect does not use a spring that
extends and contracts in the axial direction and therefore has
hi gh responsivity to a command fromthe user to apply the
first drive force to the power-assisted nobile object, and is
conmpact. It should be noted that the output of the sensor may
be torque, a rotation angle, and a rotation speed, or other
physi cal anmounts corresponding to these (e.g., a magnetic
field detection val ue).

[ 0009] In the second aspect of the present invention
according to the first aspect, the at |least a pair of first
hall elenments is disposed so as to nake an angle of 90° with
each other in the circunferential direction, and the at | east
a pair of second hall elenents is disposed so as to nake an
angle of 90° with each other in the circunferential direction.
Thi s aspect enabl es easy detection of a rotation angle.

[ 0010] In the third aspect of the present invention
according to the first or second aspect, the first hal

el ements and the second hall elenents are each in nore than

one pairs. This aspect allows the detection of a rotation
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angl e absorbi ng runout on the basis of nore than one pairs of
detection results, which results in higher detection accuracy
of the sensor.

[ 0011] In the fourth aspect of the present invention
according to any one of the first to third aspects, the

di stortion unit is at least a part of a ratchet holder in a
rat chet mechani smincluding the ratchet hol der configured to
receive a ratchet pawl and a ratchet gear having ratchet teeth.
This aspect allows the ratchet hol der of the ratchet mechani sm
serving as a part of the power-assisted nobile object to be
used as a distortion unit. Consequently, the sensor is
conpact conpared to the case where a dedicated distortion unit
is provided for the sensor.

[ 0012] In the fifth aspect of the present invention
according to the fourth aspect, the ratchet hol der includes:
an inner portion that includes a ring-shaped inner region
having a through hole inside, and a first projection
projecting fromthe inner region toward an outer side in a
radial direction; an outer portion that includes an outer
region surrounding the inner region at a distance fromthe
inner region in the radial direction and having the ratchet
pawl nounted thereon, and a second projection projecting from
the outer region toward an inner side in the radial direction
and di sposed at a distance fromthe first projection in the
circunferential direction; and an el astic section sandw ched
between the first projection and the second projection in the
circunferential direction. The inner portion and the outer

portion are coaxially novable relatively to each other in the



-7 -

circunferential direction. In this aspect, the elastic
section is conpressed between the first projection and the
second projection, generating a rotation angle difference
between the first nmagnet and the second nagnet. This means
that high durability is provided because no distortion occurs
except in the elastic section.

[ 0013] In the sixth aspect of the present invention
according to the fourth aspect, the ratchet holder includes: a
ri ng-shaped i nner region having a through hol e inside; an
outer region surrounding the inner region at a distance from
the inner region in the radial direction and having the

rat chet paw nounted thereon; and a plurality of connections
connecting the inner region and the outer region and provided
at a distance fromeach other. 1In this aspect, the
connections reduce the stiffness of the ratchet holder in the
circunferential direction, naking the ratchet holder likely to
get distorted in the circunferential direction. This results
in an inproved sensitivity of the torque detection.

[ 0014] In the seventh aspect of the present invention
according to the sixth aspect, the connections extend in a
direction intersecting in the radial direction. This aspect
further reduces the stiffness of the ratchet holder in the
circunferential direction. This results in further inproved
sensitivity of the torque detection.

[ 0015] In the eighth aspect of the present invention
according to the sixth or seventh aspect, the width of the
outer region in the radial direction is smaller than that of

the connections in a direction orthogonal to the direction in
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whi ch the connections extend. In this aspect, when nore than
a predeterm ned | evel of torque occurs in the ratchet hol der,
the outer region having a relatively small w dth expands
toward the outer side in the radial direction, preventing the
ratchet holder to be distorted to an extent exceeding a
predeterm ned | evel. Hence, even high torque acting on the
rat chet hol der does not inpair the ratchet hol der.

[ 0016] In the ninth aspect of the present invention
according to any one of the sixth to eighth aspects, the
connections are nade of an elastic material. This aspect
makes the ratchet holder nore likely to get distorted in the
circunferential direction, further inproving the sensitivity
of the torque detection.

[ 0017] In the tenth aspect of the present invention
according to any one of the first to third aspects, the sensor
further includes a cylindrical unit that is configured to be
fixed around the drive shaft. The first nagnet is disposed at
one end of the cylindrical unit, and the second magnet is

di sposed at the other end of the cylindrical unit. This
aspect provides the sanme advantageous effects as the first to
third aspects.

[ 0018] In the el eventh aspect of the present invention, a
power - assi sted unit is provided. The power-assisted unit

i ncludes: a sensor according to any one of the first to tenth
aspects; a notor for generating the second drive force; and a
control device configured to control the notor on the basis of
the detection results obtained by the sensor. In the twelfth

aspect of the present invention, provided is a power-assisted
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nobi | e obj ect conprising the power-assisted unit according to
the el eventh aspect. These aspects provi de the sane

advant ageous effects as the first to tenth aspects.

[ 0019] In the thirteenth aspect of the present invention,
provided is a nethod used for a power-assisted nobil e object
that can use first drive force generated by man power and

assi stant second drive force generated by electric power in
order to detect torque of the first drive force by using a
sensor. This nethod includes the steps of: detecting, by use
of at least a pair of first hall elenents disposed at a

di stance fromeach other in the circunferential direction, a
magnetic field of the ring-shaped first nmagnet that is

di sposed so as to rotate with rotation of the drive shaft of

t he power-assi sted nobile object and has a north pole and a
south pole along the circunferential direction; detecting, by
use of at least a pair of second hall elenments disposed at a
di stance fromeach other in the circunferential direction, a
magnetic field of the ring-shaped second magnet that is

di sposed so as to rotate with the rotation of the drive shaft
and has a north pole and a south pole along the
circunferential direction; and detecting torque of the first
drive force on the basis of an angle difference that is
generated by a distortion unit that is distorted by torque
during the rotation of the drive shaft in the circunferentia
direction, the angle difference being between a rotation angle
of the drive shaft determ ned by detection results obtained by
the first hall elenment and a rotation angle of the drive shaft

determ ned by detection results obtained by the second hal
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el enment. Like the first aspect, this nethod enabl es torque
detection with high responsivity and nmakes the sensor conpact.
BRI EF DESCRI PTI ON OF DRAW NGS
[ 0020] Figure 1 is a schematic diagram of a power-assisted
bi cycl e according to one enbodi nent of the present invention.

Figure 2 is a schematic diagram of the periphery of a
not or of a power-assisted bicycle.

Figure 3 is a cross-sectional view showi ng the structure
of a power-assisted unit.

Figure 4 illustrates the structure of the sensor.

Figure 5 illustrates the rotation angle difference
between the first magnet and the second magnet due to the
di stortion of the ratchet hol der caused by torque.

Figure 6 is a schematic view showi ng the principle of the
detection by the sensor.

Figure 7 illustrates the rotation angles of the first

magnet and t he second nagnet.

Figure 8 illustrates another structure of a ratchet
mechani sm
Figure 9 illustrates another structure of the sensor.

DESCRI PTI ON OF EMBODI MENTS
[ 0021] A. First enbodi nent

Figure 1 shows a schematic structure of a power-assisted
bi cycl e 10 according to one enbodi nent of the present
i nvention. The power-assisted bicycle 10 includes a bicycle
body 20 and a power-assisted unit 35. The bicycle body 20
i ncludes a body frame 21, a handle 22, a saddle 23, a front

wheel 24, and a rear wheel 25.
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[ 0022] A drive shaft 26 is rotatably supported in the
center below the body frane 21, being joined to pedals 28 via
a pedal crank 27 at its both right and left ends. A sprocket
29 is nounted on the drive shaft 26 so as to be coaxial with
the drive shaft 26, through a ratchet mechanism 40 (which is
not shown in Figure 1 but in Figure 3) used to transfer only
rotary force in the direction of an arrow Al which indicates
the direction of the forward novenent of the power-assisted

bi cycle 10. A chain 32 which has no ends is hung between the
sprocket 29 and a rear wheel power nechani sm 31 provided in
the center of the rear wheel 25.

[ 0023] The power-assisted unit 35 includes a sensor 50 (not
shown in Figure 1 but in Figure 3 described later) and a notor
90. The sensor 50 is provided to detect predeterm ned

physi cal anmounts related to the power-assisted bicycle 10.

The physical anpbunts include a pressure to the pedals 28
(torque), a vehicle speed of the power-assisted bicycle 10,
and a rotation angle of the pedal crank 27. The details of
the sensor 50 will be described |ater.

[ 0024] The nmotor 90 is provided to produce nan power, i.e.,
drive force (assist power) for assisting drive force generated
by the pressure on the pedal 28 applied by a user. The drive
force generated by the notor 90 acts on, via a gear (not shown
in the drawing), a transfer gear for transferring the pressure
on the pedal 28 to the sprocket 29. This allows a synthesis
of pedal pressure and assi st power, thereby assisting peda
pressure.

[ 0025] In the power-assisted bicycle 10, assist power
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produced by the notor 90 is determned in the foll ow ng manner.
First, the sensor 50 detects a pressure to the pedals 28
(torque), a vehicle speed of the power-assisted bicycle 10,
and a rotation angle of the pedal crank 27. A predetermn ned
algorithmis then executed according to the detection results
and an optinmum assist ratio is determ ned. The notor is then
controlled according to the determ ned assist ratio. The

al gorithm may be any known al gorithm

[ 0026] Figure 2 shows the state where the notor 90 is
nount ed on the power-assisted bicycle 10. In this enbodi nent,
the notor 90 is detachably nounted on the power-assisted
bicycle 10. In addition, the notor 90 includes a built-in
control device 91. The control device 91 is, for exanple, a

m croconputer including a CPU and a nenory. The nenory stores
t he above-described al gorithm and the CPU executes the
algorithm \When the notor 90 is nounted on the power-assisted
bi cycl e 10, the control device 91 and the sensor 50 are

el ectrically connected to each other.

[ 0027] Figure 3 is a cross-sectional view showi ng the
structure of the power-assisted unit 35. The sensor 50
includes a first magnet 51, a second nagnet 52, two pairs of
first hall elements 53 (hereinafter also referred to as a pair
of first hall elenents 53a and 53b and a pair of first hal

el ements 53c and 53d. In Figure 3, only the first hal

el enents 53a and 53c are shown in the drawing), two pairs of
second hall elenents 54 (hereinafter also referred to as a
pair of second hall elenents 54a and 54b and a pair of second

hal | el ements 54c and 54d. In Figure 3, only the second hal
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el enents 54a and 54c are shown in the drawi ng), and a sensor
circuit 55. 1In this enbodinent, a ratchet nmechani sm 40 partly
functions as a conponent of the sensor 50. The nunbers of
pairs of the first hall elenents 53 and the second hal

el enents 54 may be each one, or three or nore.

[ 0028] The ratchet nechani sm 40 includes a ratchet hol der
41 configured to receive a ratchet paw 43, and a ratchet gear
42 having a ratchet teeth portion 44. The ratchet nechani sm
40 is nmounted around the drive shaft 26. As is well known, in
t he ratchet mechani sm 40, when the drive shaft 26 rotates in
the direction of the arrow Al, the ratchet pawl 43 engages the
ratchet teeth portion 44 of the ratchet gear 42 to transfer
the rotary force of the drive shaft 26 to the ratchet gear 42
via the ratchet holder 41 and the ratchet pawl 43 and further
transfer it to the sprocket 29. When the drive shaft 26
rotates in the opposite direction of the arrow Al, the ratchet
pawl 43 does not engage the ratchet teeth portion 44, and the
rotary force of the drive shaft 26 is not transferred to the
sprocket 29.

[ 0029] The first nmagnet 51 has a ring shape. The first
magnet 51 is a two-pole nagnet having a north pole and a south
pole in the circunferential direction. In this enbodi nent,
the first magnet 51 is fixed around a boss 56 around the drive
shaft 26. Hence, the first magnet 51 rotates with the
rotation of the drive shaft 26 coaxially with the drive shaft
26. The second magnet 52 has a ring shape. The second magnet
52 is a two-pol e magnet having a north pole and a south pole

in the circunferential direction. The second nagnet 52 is
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di sposed coaxial with the first magnet 51. In this enbodi nent,
the di aneter of the second magnet 52 is larger than that of
the first magnet 51. Accordingly, the second magnet 52 is

di sposed outer than the first magnet 51 in a radial direction.
In this enbodi nent, the second magnet 52 is fixed to the

rat chet hol der 41 (specifically, an outer region 47 (see
Figure 4(a))) through, for exanple, the netal nmagnet hol der
(not shown in the draw ng) hol ding the second nagnet 52. The
fixation nmethod may be, for exanple, swagi ng or spot wel ding.
Consequently, the second nmagnet 52 rotates with the rotation
of the drive shaft 26 coaxially with the drive shaft 26 when
the drive shaft 26 rotates in the direction of the arrow Al
(see Figure 1).

[ 0030] Two pairs of first hall elenments 53 are provided to
detect the magnetic field of the first magnet 51. A pair of
(two) first hall elenents 53a and 53b is distanced from each
other in the circunferential direction (see Figure 6 described
later). In this enbodinment, the first hall elenents 53a and
53b are disposed so as to make an angle of 90° with each ot her
in the circunferential direction. Simlarly, the other pair
of first hall elenments 53c and 53d is disposed so as to nake
an angle of 90° with each other in the circunferentia
direction. In other words, the four first hall elenents 53a
to 53d are disposed at regular intervals in the
circunferential direction. Two pairs of second hall elenents
54 are provided to detect the magnetic field of the second
magnet 52. A pair of (twd) second hall elenments 54a and 54b

is distanced fromeach other in the circunferential direction
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(see Figure 6 described later). In this enbodinment, the
second hall elenents 54a and 54b are di sposed so as to make an
angl e of 90° with each other in the circunferential direction.
Simlarly, the other pair of second hall elenments 54c and 54d
is disposed so as to make an angle of 90° with each other in
the circunferential direction. In other words, the four
second hall elenents 54a to 54d are di sposed at regul ar
intervals in the circunferential direction. Disposing a pair
of hall elenments such that they make an angle of 90° with each
other in this manner facilitates the calculation of a rotation
angl e difference AB described later. 1t should be noted that
the pair of first hall elenents 53 and 54 can be di sposed at
any angle. The two pairs of first hall elenents 53 and the
two pairs of second hall elenents 54 are fixed to a fixation
portion of the power-assisted bicycle 10 so that their
positions do not change in the circunferential direction due
to the rotation of the sprocket 29. To be specific, the two
pairs of first hall elenments 53 and the two pairs of second
hal | elements 54 are held by a sensor circuit hol der that

hol ds the sensor circuit 55 (in Figure 4(b), the hall elenents
53 and 54 and the sensor circuit holder are integrally shown
for sinplicity). In addition, in this enbodinent, the first
magnet 51 and the second magnet 52 are di sposed such that the
positions of their poles in the circunferential direction are
perfectly matched. However, their poles nmay deviate in the
circunferential direction.

[ 0031] The sensor circuit 55 supplies signals representing

a pressure on the pedal 28 (torque), a vehicle speed of the
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power - assi sted bicycle 10, and a rotation angle of the peda
crank 27 determ ned based on outputs fromthe two pairs of
first hall elements 53 and the two pairs of second hal

el enents 54, to the control device 91. The sensor circuit 55
i ncludes a nonvol atile nmenory. This nenory stores information
used to cal cul ate torque values (or values that can be
converted to torque values) fromthe detection results

obtai ned by the two pairs of first hall elenents 53 and the
two pairs of second hall elenents 54 (the details will be
descri bed later).

[ 0032] Figure 4 illustrates the structure of the sensor 50.
Figure 4(a) shows the ratchet nechanism 40 viewed fromthe
sprocket 29 side in the axis direction of the drive shaft 26,
and Figure 4(b) is a cross-sectional view of Figure 4(a).
Figure 4(b) is an enlarged view of the periphery of the above-
descri bed sensor 50 in Figure 3. As shown in Figure 4(a), the
ratchet hol der 41 of the ratchet mechani sm 40 includes an

i nner region 45, an outer region 47, and a plurality of
connections 46. The inner region 45 has a ring shape with a
through hole inside. The drive shaft 26 is passed through the
t hrough hole of the inner region 45. The outer region 47
surrounds the inner region 45, at a distance in the radia
direction fromthe inner region 45. The ratchet pawl 43 is
nounted on the outer region 47. The plurality of connections
46 are at a distance fromeach other. This plurality of
connections 46 connects the inner region 45 to the outer
region 47. Gaps 48 are fornmed between the plurality of

connections 46. It should be noted that, instead of the gaps
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48, parts thinner than the plurality of connections 46 may be
fornmed between the connections 46.

[ 0033] The ratchet nechani sm 40, which has gaps 48, has | ow
stiffness in the circunferential direction of the ratchet

hol der 41, conpared to a conventional ratchet nechani sm which
does not have gaps 48. Accordingly, when the drive shaft 26
passed through the through hole in the inner region 45 rotates,
the ratchet hol der 41 (specifically, the connections 46 and
the outer region 47) is likely to get distorted in the
circunferential direction. To be specific, the outer region
47 rotates with a rotation angle difference, which corresponds
to the distortion, fromthe rotation angle of the drive shaft
26. Since the second nagnet 52 is fixed to the outer region
47 as descri bed above, a rotation angle difference occurs
between the first magnet 51, which is fixed to the boss 56
insensitive to the distortion, and the second nagnet 52
sensitive to the distortion. 1In this manner, the connections
46 and the outer region 47 are configured to get distorted in
the circunferential direction due to the torque caused by the
rotation of the drive shaft, and serve as a distortion unit
the distortion of which varies the relative positions of the
first nmagnet 51 and the second magnet 52 in the
circunferential direction. Use of a part of the ratchet

hol der 41 as a conponent (distortion unit) of the sensor nakes
the sensor 50 and thus the power-assisted bicycle 10 conpact
and |ightwei ght conpared to those with a dedicated distortion
unit for the sensor. It should be noted that since the second

magnet 52 is fixed to the outer region 47 as described above,
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the distortion of the connections 46 can be accurately
reflected to the rotation angle difference between the first
magnet 51 and the second magnet 52. Note that the second
magnet 52 may be fixed to the ratchet gear 42. This structure
can also reflect, to sone extent, the distortion of the
connections 46 to the rotation angle difference between the
first nmagnet 51 and the second magnet 52. In addition, when
the rotary force of the drive shaft 26 is transferred to the
ratchet gear 42 after the outer region 47 is conpletely

di storted, the distortion of the connections 46 can be
accurately reflected to the rotation angle difference between
the first nmagnet 51 and the second magnet 52.

[ 0034] Figure 5 shows the rotation angle difference between
the first nmagnet 51 and the second magnet 52 due to the above-
descri bed distortion of the ratchet holder 41. In Figure 5,
the hatched portions in the first nmagnet 51 and the second
magnet 52 represent north poles, and the unhatched portions
represent south poles. Figure 5(a) shows the ratchet
mechani sm 40 free fromload, and Figure 5(b) shows the ratchet
mechani sm 40 with a | oad applied thereto in the direction of
the arrow Al (see Figure 1). As shown in the draw ngs, unlike
the case where no load is applied, a rotation angle difference
AB between the first magnet 51 and the second magnet 52 is
caused by the distortion of the ratchet holder 41 when a | oad
is applied (Figure 5(b) shows an undistorted ratchet hol der 41
for the sinplicity of the drawing). The sensor 50 detects the
rotation angle difference AB with the use of the first hal

el enent 53 and the second hall elenent 54, and detects torque



according to the results.

[ 0035] In this enbodi ment, as shown in Figures 4 and 5, the
connections 46 extend in a direction intersecting the radia
direction. The intersecting direction may be either a certain
direction or a direction variable according to the position.
The connections 46 may have, for exanple, a curved shape.

Wth this structure, the stiffness of the ratchet holder 41 in
the circunferential direction is further reduced conpared to
the case where the connections 46 extend in the radia
direction. This results in a further inproved sensitivity of
the torque detection. In this enbodinent, the positions of
the inner ends of the connections 46 in the circunferentia
direction are ahead of the positions of the outer ends in the
circunferential direction in the direction of the arrow Al
(that is, the rotary direction during the transfer of the
rotary force of the drive shaft 26 to the ratchet gear 42)
(the direction fromthe outer ends to the inner ends al ong the
circunferential direction matches the direction of the arrow
Al). This structure further nmakes the connections 46 |ikely
to get distorted and further inproves the sensitivity of the
torque detection. In addition, the connections 46 may be nade
of an elastic material (e.g., spring steel). 1In this case,
the ratchet holder 41 is further likely to get distorted in
the circunferential direction

[ 0036] Moreover, in this enbodi nent, as shown in Figures 4
and 5, the width of the outer region 47 in the radia

direction is smaller than that of the connections 46 in a

direction orthogonal to the direction in which the connections



- 20 -

46 extend. Wth this structure, when nore than a
predeterm ned | evel of torque occurs in the ratchet hol der 41,
the outer region 47 having a relatively small w dth expands
toward the outer side in the radial direction. Accordingly,
the ratchet holder 41 is not distorted in the circunferentia
direction to an extent exceeding a predeterm ned |evel. Hence,
even high torque acting on the ratchet holder 41 does not

i mpair the ratchet hol der 41.

[ 0037] Figure 6 is a schematic view showi ng the principle
of the detection by the sensor 50. Figure 6(a) shows the
situation where the rotation angle of the two-pole first

magnet 51 is detected by a pair of first hall elenents 53a and
54b. Figure 6(b) shows the situation where the rotation angle
of the two-pole second magnet 52 is detected by a pair of
second hall elenents 54a and 54b. Wen the first magnet 51
and the second magnet 52 rotate with the rotation of the drive
shaft 26, the strength of the magnetic field detected by the
first hall elenents 53a and 54b and the hall elenents 54a and
54b changes according to the rotation angle of the first

magnet 51 and the second magnet 52. The rotation angles
(actual rotation angles) of the first magnet 51 and the second
magnet 52 can be detected based on this change. A difference
bet ween the two detected rotation angles can be obtai ned as

t he above-described rotation angle difference A8.

[ 0038] Figure 7 shows the rotation angles of the first
magnet 51 and the second magnet 52. A waveform WL represents
the rotation angle of the second magnet 52, and a waveform W2

represents the rotation angle of the first magnet 51. The
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rotation angle difference A6 can be determ ned fromthese two
wavefornms. The calculation is perfornmed by the sensor circuit
55.

[ 0039] In this enbodi nent, two pairs of first hall elenents
53 and two pairs of second hall elenments 54 are prepared, and
each pair produces the above-described waveform 1In this
enbodi nent, averaging these two pairs of waveforns determ nes
the rotation angle difference AB. This structure allows the
detection of a rotation angle absorbing runout. This results
in an increased detection accuracy of the sensor 50.

[ 0040] If a relationship between the rotation angle

di fference A6 obtained in the above manner and the torque is
nmeasured in advance and the neasurenent is stored in the
menory of the sensor circuit 55, the sensor circuit 55 can
refer to the relationship and cal culate the torque val ue,
based on the rotation angle difference A6. The sensor circuit
55 can detect the rotation angle of the drive shaft 26
(represented by the waveform W or the waveform W2 in Figure
7(b)), based on the detection results obtained by either the
first hall elenment 53 or the second hall elenment 54. Further,
the sensor circuit 55 can detect the rotation speed of the
drive shaft 26, based on the periodicity of the rotation angle.
The sensor 50 can detect the torque, the rotation angle, and
the rotation speed in this manner. In other words, one sensor
can detect these three values. Unlike a conventional torque
sensor using a spring that extends and contracts in the axia
direction, the sensor 50 has high responsivity to peda

pressure and is conpact. The sensor circuit 55 nmay out put
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either a torque, a rotation angle, and a rotation speed as
they are to the control device 91, or other physical anounts
corresponding to these (e.g., a magnetic field detection val ue
or an internedi ate cal culation value) to the control device 91
and a torque, a rotation angle, and a rotation speed nay be
determined in the control device 91.
[ 0041] B. Second Enbodi nent

The second enbodi nent of the present invention will now
be described. The second enbodinent is the sanme as the first
enbodi ment except that the power-assisted bicycle 10 includes
a ratchet mechani sm 140 i nstead of the above-described ratchet
mechani sm 40. Figure 8 shows the structure of a ratchet
mechani sm 140 according to the second enbodi nent of the
present invention. In Figure 8, the sane conponents as in the
first enbodiment (Figure 4) will be denoted by the sane
reference nunerals as in Figure 4 and their description wll
be om tted.
[ 0042] The ratchet nechani sm 140 includes a ratchet hol der
141 instead of the ratchet holder 41 in the first enbodi nent.
The ratchet hol der 141 includes an inner portion 144 and an
outer portion 147. The inner portion 144 includes an inner
region 142 and first projections 143. The inner region 142
has a ring shape with a through hole inside. A drive shaft 26
i s passed through the through hole of the inner region 142.
The first projections 143 project fromthe inner region 142
toward the outer side in the radial direction. In this
enbodi nent, three first projections 143 are di sposed at

regular intervals in the circunferential direction. Each
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first projection 143 has a through hol e 148 passing through
the first projection 143 in the axial direction.

[ 0043] The outer portion 147 includes an outer region 145
and second projections 146. The outer region 145 surrounds
the inner region 142, at a distance in the radial direction
fromthe inner region 142. A ratchet paw 43 is nounted on
the inner region 142. The second projections 146 project from
the outer region 145 toward the inner side in the radia
direction. The sane nunber of second projections 146 as that
of first projections 143 are provided: in this enbodi nent,
three second projections 146 are di sposed at regular intervals
in the circunferential direction. The second projections 146
are disposed at a distance fromthe first projections 143 in
the circunferential direction. Accordingly, the inner portion
144 and the outer portion 147 can coaxially nove relatively to
each other in the circunferential direction.

[ 0044] The area in which the inner portion 144 and the
outer portion 147 nove relatively to each other in the
circunferential direction is limted by a stopper, which is
formed integrally with the outer portion 147, inserted in the
through hole 148. An elastic section 160 is di sposed between
each first projection 43 and the correspondi ng second
projection 146. The elastic section 160 is sandw ched between
the first projection 143 and the second projection 146.

[ 0045] When a | oad from pedal pressure is applied to the
rat chet mechanism 140 in the state of Figure 8(a) free from

| oad, the inner portion 144 and the outer portion 147 nove

relatively to each other in the circunferential direction and
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the elastic section 160 is conpressed between the first
projection 143 and the second projection 146 as shown in
Figure 8(b). This generates a rotation angle difference A8
between the first magnet 51 and the second magnet 52. The
rat chet mechani sm 140 has high durability because it gets no
di stortion except in the elastic section 160.
[ 0046] C. Third enbodi nent

The third enbodi mrent of the present invention will now be
descri bed. The third enbodinent is the sanme as the first
enbodi nent except that the sensor 250 includes, instead of the
rat chet mechanism 40, a cylindrical unit 270 serving as a
di stortion unit generating a rotation angle difference AB. The
rat chet mechani sm may have any structure. Figure 9 shows the
schematic structure of the sensor 250. In Figure 9, the sane
conmponents as in the first enbodinment will be denoted by the
sanme reference nunerals as in each drawing of the first
enbodi nent and their description will be omtted.
[ 0047] The sensor 250 includes a cylindrical unit 270. The
cylindrical unit 270 is nmounted around the drive shaft 26.
The cylindrical unit 270 is an elastic unit that can be
distorted in the circunferential direction in case of torque
in the drive shaft 26. A first magnet 51 is nounted on one
end of the cylindrical unit 270, and first hall elenents 53a
and 53b are disposed near it. A second nagnet 52 is nounted
on the end of the cylindrical unit 270, and second hal
el enents 54a and 54b are disposed near it. The first magnet
51 is fixed to a fixation portion of a power-assisted bicycle

10 such that the distortion of the cylindrical unit 270 have
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no inpact thereon. This structure can also generate a
rotation angle difference A6 between the first nagnet 51 and
t he second magnet 52 advant ageously.
[ 0048] The structure of the power-assisted bicycle 10
descri bed above can be applied to various power-assisted
nobi | e obj ects that can use drive force generated by nan power
and assistant drive force generated by electric power.
Exanpl es of these nobile objects include wheel chairs,
tricycles, and carri ages.
[ 0049] Al t hough the present invention has been descri bed
based on several enbodi nents, these enbodi nents are intended
for easy understanding of the present invention and shoul d not
be construed to limt the invention. It should be appreciated
that any nodification or inprovenent can be made w t hout
departing fromthe scope of the invention and the invention
includes its equivalents. As long as at |east part of the
problemto be solved is solved or at |east part of the
advant ageous effects is achieved, the conponents disclosed in
the clains and the description of the invention can be used in
any conbi nation or can be onmtted. For exanple, the ratchet
mechani sms 40 and 140 can be used independently of the other
conmponents of the sensor 50. The structures of the ratchet
mechani snms 40 and 140 are applicable to various sensors that
detect torque by use of distortion.
REFERENCE SI GNS LI ST
[ 0050] 10 ... power-assisted bicycle

20 ... bicycl e body

21 ... body frame



el enment

el enment

22 ... handle

23 ... saddle

24 ... front wheel

25 ... rear wheel

26 ... drive shaft

27 ... pedal crank

28 ... pedal

29 ... sprocket

31 ... rear wheel power mechani sm
32 ... chain

35 ... power-assisted unit
40 ... ratchet nechani sm
41 ... ratchet hol der

42 ... ratchet gear

43 ... ratchet paw

44 ... ratchet teeth portion
45 ... inner region

46 ... connection

47 ... outer region

48 ... gap

50 ... sensor

51 ... first magnet

52 ... second nagnet

53, 53a-53d ... first hal
54, 54a-54d ... second hal
55 ... sensor circuit

56 ... boss

90 ... notor



91 ..

140 ...
141 ...
142 ...
143 ...
144 . ..
145 ...
146 ...
147 ...
148 ...
160 ...
250 ...
270 ...

control device

rat chet mechani sm
rat chet hol der

i nner region
first projection
i nner portion
outer region
second projection
outer portion

t hrough hol e

el astic section
sensor

cylindrical unit

27 -



CLAI M5

1. A sensor that is used in a power-assisted nobil e object
and can use first drive force generated by man power and
assi stant second drive force generated by electric power,
conpri si ng:

a first magnet that has a north pole and a south pole
along a circunferential direction, has a ring shape, and is
di sposed so as to rotate with rotation of a drive shaft of the
power - assi st ed nobil e object;

a second nmagnet that has a north pole and a south pole
along the circunferential direction, has a ring shape, and is
di sposed coaxially with the first nmagnet so as to rotate with
the rotation of the drive shaft;

at least a pair of first hall elenments that detects a
magnetic field of the first magnet and is di sposed at a
di stance fromeach other in the circunferential direction

at least a pair of second hall elenents that detects a
magnetic field of the second nmagnet and is disposed at a
di stance fromeach other in the circunferential direction; and

a distortion unit that is configured to get distorted in
the circunferential direction due to torque during rotation of
the drive shaft and di sposed such that the distortion changes
relative positions of the first magnet and the second magnet
in the circunferential direction.

2. The sensor according to Claim1l, wherein
the at least a pair of first hall elenents is disposed so

as to make an angle of 90° with each other in the
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circunferential direction, and

the at least a pair of second hall elenments is disposed
so as to make an angle of 90° with each other in the
circunferential direction.
3. The sensor according to Claim1l or 2, wherein the first
hal | elements and the second hall elenents are each in nore
t han one pairs.
4. The sensor according to any one of Clains 1 to 3, wherein
the distortion unit is at |least a part of a ratchet holder in
a ratchet nmechani smincluding the ratchet hol der configured to
receive a ratchet pawl and a ratchet gear having ratchet teeth.
5. The sensor according to Claim4, wherein the ratchet
hol der conpri ses:

an inner portion that includes a ring-shaped inner region
having a through hole inside, and a first projection
projecting fromthe inner region toward an outer side in a
radi al direction;

an outer portion that includes an outer region
surroundi ng the inner region at a distance fromthe inner
region in the radial direction and having the ratchet paw
nount ed thereon, and a second projection projecting fromthe
outer region toward an inner side in the radial direction and
di sposed at a distance fromthe first projection in the
circunferential direction; and

an el astic section sandwi ched between the first
projection and the second projection in the circunferentia
direction, wherein

the inner portion and the outer portion are coaxially
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novabl e relatively to each other in the circunferentia
direction.
6. The sensor according to Claim4, wherein the ratchet
hol der i ncl udes:

a ring-shaped inner region having a through hol e inside;

an outer region surrounding the inner region at a
di stance fromthe inner region in the radial direction and
havi ng the ratchet paw nounted thereon; and

a plurality of connections connecting the inner region
and the outer region and provided at a distance from each
ot her.
7. The sensor according to Claim6, wherein the connections
extend in a direction intersecting in the radial direction.
8. The sensor according to Claim6 or 7, wherein the width
of the outer region in the radial direction is smaller than
that of the connections in a direction orthogonal to the
direction in which the connections extend.
9. The sensor according to any one of Clains 6 to 8, wherein
t he connections are nmade of an elastic material.
10. The sensor according to any one of Clains 1 to 3, further
conprising a cylindrical unit that is configured to be fixed
around the drive shaft, wherein the first nagnet is disposed
at one end of the cylindrical unit, and the second nmagnet is
di sposed at the other end of the cylindrical unit.
11. A power-assisted unit conprising:

t he sensor according to any one of Clains 1 to 10;

a notor for generating the second drive force; and

a control device configured to control the notor on the
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basis of the detection results obtained by the sensor.
12. A power-assisted nobile object conprising the power-
assisted unit according to Claim 11.
13. A nethod used for a power-assisted nobile object that can
use first drive force generated by nan power and assi stant
second drive force generated by electric power in order to
detect torque of the first drive force by using a sensor,
conprising the steps of:

detecting, by use of at least a pair of first hal
el enents di sposed at a distance fromeach other in the
circunferential direction, a nagnetic field of the ring-shaped
first nmagnet that is disposed so as to rotate with rotation of
the drive shaft of the power-assisted nobile object and has a
north pole and a south pole along the circunferentia
direction;

detecting, by use of at |east a pair of second hal
el enents di sposed at a distance fromeach other in the
circunferential direction, a nagnetic field of the ring-shaped
second nmagnet that is disposed so as to rotate with the
rotation of the drive shaft and has a north pole and a south
pol e along the circunferential direction; and

detecting torque of the first drive force on the basis of
an angle difference that is generated by a distortion unit
that is distorted by torque during the rotation of the drive
shaft in the circunferential direction, the angle difference
bei ng between a rotation angle of the drive shaft determ ned
by detection results obtained by the first hall elenent and a

rotation angle of the drive shaft determ ned by detection
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results obtained by the second hall el enment.



