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BICYCLE COMPONENT WITH WIRELESS

COMMUNICATION
BACKGROUND
[0001] 1. Field of the Invention
[0002] This invention generally relates to a bicycle compo-

nent with wireless communication. More specifically, the
present invention relates to a bicycle component having both
wireless communication and wireless power or wireless
energy transmission.

[0003] 2. Background Information

[0004] Recently, some bicycles are provided with cycle
computers for providing information (e.g., operating condi-
tions, rider performance, etc.) to the rider. Also some bicycles
are provided with electronic bicycle components for assisting
the rider in operating the bicycle or for adjusting an operating
condition of the bicycle to improve the comfort or perfor-
mance of the bicycle. Information on various operating con-
ditions and rider performance are often used by electronic
bicycle components that are adjusted based on the bicycle
operating conditions. One particularly useful piece of infor-
mation is the power exerted by the rider on the bicycle com-
ponents due to the pedaling force applied by the rider.
[0005] One example of a bicycle power sensing apparatus
is disclosed in the U.S. Pat. No. 7,861,599. In this patent, the
bicycle power sensing apparatus measures a power exerted to
rotate a bicycle wheel, a crank, or other rotating part. The
bicycle power sensing apparatus is basically provided with a
cadence sensor, a strain gauge, an amplifier, an A/D converter,
a processor and a wireless transmitter. The cadence sensor
measures cadence (the rotational speed of the crank). The
strain gauge measures a strain of the crank shaft occurring
when a rider is pedaling. The amplifier amplifies an analog
electric signal outputted from the strain gauge to a range that
can be processed by the A/D converter. The A/D converter
circuit converts the amplified analog electric signal to a digi-
tal signal. The processor calculates the torque acting on the
crank shaft based on this digital electric signal. The processor
calculates a power imparted by the rider based on this torque
and the cadence outputted from the cadence sensor. The wire-
less transmitter transmits the power or torque calculated by
the processor to a cycling computer. The display unit includes
a central processing unit and memory that can display useful
information to benefit the cyclist. For example, the display
unit can display time, cycling trip time, trip distance, odom-
eter readings, a stop watch display, cadence (RPMs), speed,
average speed, lap counter and heart rate (with the cyclist
wearing a heart rate sensor).

SUMMARY

[0006] Generally, the present disclosure is directed to vari-
ous features of a bicycle component that has both wireless
communication and wireless power or wireless energy trans-
mission.

[0007] Inview of the state of the known technology and in
accordance with a first aspect of the present disclosure, a
bicycle component is provided that basically comprises a
wireless electrical power transmission arrangement and a
wireless communication arrangement. The wireless electrical
power transmission arrangement has a power transmitter and
a power receiver to wirelessly transfer electrical power from
the power transmitter to the power receiver. The wireless
communication arrangement has a first communication unit
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and a second communication unit. The first and second com-
munication units are spaced apart to wirelessly communicate
from one of the first and second communication units to the
other of the first and second communication units. The wire-
less communication arrangement is spaced from the wireless
electrical power transmission arrangement by a prescribed
distance that is larger than 5.0 mm.

[0008] In accordance with a second aspect of the present
invention, the bicycle component according to the first aspect
further comprises a stationary structure having the power
transmitter and the first communication unit disposed
thereon, and a rotating structure rotatably mounted relative to
the stationary structure about a rotational axis, the rotating
structure having the power receiver and the second commu-
nication unit disposed thereon.

[0009] In accordance with a third aspect of the present
invention, the bicycle component according to the second
aspect is configured so that the wireless communication
arrangement is disposed adjacent a first axial end of the rotat-
ing structure, the wireless electrical power transmission is
disposed adjacent a second axial end of the rotating structure,
and the first and second axial ends are opposite ends of the
rotating structure with respect to the rotational axis.

[0010] In accordance with a fourth aspect of the present
invention, the bicycle component according to the second
aspect is configured so that the stationary structure includes a
first bottom bracket part with the power transmitter disposed
thereon and a second bottom bracket part with the first com-
munication unit disposed thereon.

[0011] In accordance with a fifth aspect of the present
invention, the bicycle component according to the fourth
aspect is configured so that the stationary structure includes a
first coil holder that is coupled to the first bottom bracket part
with the power transmitter disposed on the first coil holder,
and a second coil holder that is coupled to the second bottom
bracket part with the first communication unit disposed on the
second coil holder.

[0012] In accordance with a sixth aspect of the present
invention, the bicycle component according to the fifth aspect
is configured so that the first and second coil holders are
formed of a non-magnetism material.

[0013] In accordance with a seventh aspect of the present
invention, the bicycle component according to the second
aspect is configured so that the rotating structure includes a
crank axle, a first crank arm coupled to a first end of the crank
axle, and a second crank arm coupled to a second end of the
crank axle.

[0014] In accordance with an eighth aspect of the present
invention, the bicycle component according to the seventh
aspect is configured so that at least one of the crank axle and
the first and second crank arms includes at least one strain
sensor connected to the second communication unit.

[0015] In accordance with a ninth aspect of the present
invention, the bicycle component according to the second
aspect further comprises a power measurement arrangement
disposed on the rotational structure.

[0016] In accordance with a tenth aspect of the present
invention, the bicycle component according to the ninth
aspect further comprises a crank arm having the power mea-
surement arrangement disposed thereon.

[0017] Inaccordance with an eleventh aspect of the present
invention, the bicycle component according to the second
aspect is configured so that the stationary structure includes a
hub axle, and the rotating structure includes a hub shell.
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[0018] In accordance with a twelfth aspect of the present
invention, the bicycle component according to the second
aspect further comprises a first seal structure disposed in an
axial space between the stationary structure and the rotating
structure at a location radially outward of the wireless elec-
trical power transmission arrangement, and a second seal
structure disposed in an axial space between the stationary
structure and the rotating structure at a location radially out-
ward of the wireless communication arrangement.

[0019] Inaccordance with a thirteenth aspect of the present
invention, the bicycle component according to the first aspect
is configured so that each of the first and second communi-
cation units includes an antenna coil.

[0020] Inaccordance with a fourteenth aspect of the present
invention, the bicycle component according to the thirteenth
aspect is configured so that each of the antenna coils are
covered by a non-magnetism material.

[0021] In accordance with a fifteenth aspect of the present
invention, the bicycle component according to the first aspect
is configured so that the power transmitter includes a DC-AC
converter.

[0022] Inaccordance with a sixteenth aspect of the present
invention, the bicycle component according to the first aspect
is configured on that the power transmitter includes a power
line communication unit.

[0023] In accordance with a seventeenth aspect of the
present invention, the bicycle component according to the
first aspect further comprises a remote electrical power sup-
ply electrically connected to the power transmitter by an
external power cable.

[0024] In accordance with an eighteenth aspect of the
present invention, the bicycle component according to the
first aspect is configured so that the power receiver includes a
capacitor configured to storage electrical power received
from the power transmitter.

[0025] In accordance with a nineteenth aspect of the
present invention, the bicycle component according to the
first aspect is configured so that the prescribed distance is
larger than 10.0 mm.

[0026] Also other objects, features, aspects and advantages
of the disclosed bicycle component will become apparent to
those skilled in the art from the following detailed descrip-
tion, which, taken in conjunction with the annexed drawings,
discloses one embodiment of the bicycle component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Referring now to the attached drawings which form
a part of this original disclosure:

[0028] FIG. 1 is a side elevational view of a bicycle that is
equipped with a pair of bicycle components, each having a
wireless electrical power transmission arrangement and a
wireless communication arrangement in accordance with an
illustrative embodiment;

[0029] FIG. 2 is a perspective view of a handlebar area of
the bicycle illustrated in FIG. 1;

[0030] FIG. 3 is a schematic block diagram showing an
overall configuration of an electric shifting system of the
bicycle illustrated in FIG. 1 with the bicycle crank assembly
providing data to the electric shifting system and receiving
electrical power from the main power supply;

[0031] FIG. 4 is a perspective view of a bicycle component
in the form of a bicycle crank assembly having a wireless
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electrical power transmission arrangement and a wireless
communication arrangement in accordance with the illus-
trated embodiment;

[0032] FIG. 5 is a cross-sectional view of the bicycle crank
assembly illustrated in FIG. 4 and a portion of the frame of the
bicycle;

[0033] FIG. 6 is an enlarged cross-sectional view of a por-
tion of a left end of the bicycle crank assembly illustrated in
FIGS. 4 and 5;

[0034] FIG. 7 is an enlarged cross-sectional view of a por-
tion of a right end of the bicycle crank assembly illustrated in
FIGS. 4 and 5; and

[0035] FIG. 3 is a schematic block diagram showing an
overall configuration of an electric shifting system of the
bicycle illustrated in FIG. 1 with the rear hub providing data
to the electric shifting system and receiving electrical power
from the main power supply; and

[0036] FIG.9is across-sectional view of a bicycle compo-
nent in the form of the rear hub having the wireless electrical
power transmission arrangement and the wireless communi-
cation arrangement in accordance with the illustrated
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] Selected embodiments will now be explained with
reference to the drawings. It will be apparent to those skilled
in the bicycle field from this disclosure that the following
descriptions of the embodiments are provided for illustration
only and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.
[0038] Referring initially to FIG. 1, a bicycle 10 is illus-
trated that is equipped with an electric bicycle shifting system
in accordance with a first embodiment. While the bicycle 10
is illustrated as a racing style road bike, the bicycle shift
notification is not limited to use with a road hike. The electric
bicycle shifting system includes a bicycle crank axle assem-
bly 12 (i.e., a bicycle component), a rear hub 14 (i.e., a bicycle
component) and a cycle computer 16. As explained below, the
bicycle crank axle assembly 12 and the rear hub 14 are con-
figured to detect various bicycle operating parameters and
provide the detected operating parameters to the cycle com-
puter 16. The electric bicycle shifting system includes a
motorized rear derailleur 18, a motorized front derailleur 20,
and a pair of shift operating devices or shifters 22A and 22B.
A main power supply 24 is provided on a bicycle frame 26 for
supplying power to the bicycle crank axle assembly 12, the
rear hub 14 with a plurality of sprockets, the cycle computer
16, the rear derailleur 18, the front derailleur 20, and the
shifters 22A and 22B.

[0039] As seen in FIG. 2, in the illustrated embodiment, a
main wiring junction 30 and a pair of secondary wiring junc-
tion 32 and 34 are provided that interconnects the cycle com-
puter 16, the rear derailleur 18, the front derailleur 20, and the
shifters 22A and 22B. The main wiring junction 30 has a
mode-calibration button for changing a mode of operation
and/or for calibrating the derailleurs 18 and 20. Preferably,
each of the cycle computer 16, the rear derailleur 18, the front
derailleur 20, and the shifters 22 A and 22B are each provided
with a power line communication (PLC) unit (PL.C section)
for communicating via power cords having a power line'V and
a ground line GND. Thus, these bicycle components can
communication with each other through electrical power
cords and receive electrical power from the main power sup-
ply 24. Here, the main power supply 24 is a rechargeable
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battery, which plugs into a main power supply holder that
includes a power controller and a power line communication
(PLC) unit (PLC section). On the other hand, the bicycle
crank axle assembly 12 wirelessly communicates with the
cycle computer 16 and wirelessly receives electric power
from the main power supply 24. As shown in FIG. 8, the rear
hub 14 also wirelessly communicates with the cycle com-
puter 16 and wirelessly receives power from the main power
supply 24.

[0040] In the illustrated embodiment, the cycle computer
16 includes a display unit 16a and a controller 165. The
display unit 164 is, for example, an LCD display visually
provides information to the rider about the current operating
conditions of the bicycle 10. Here, the controller 165 func-
tions as a signal controller for shifting the derailleurs 18 and
20 and for calculating various operating conditions (e.g., rider
performance, speed of the bicycle 10, the pedaling power, the
crank rotation (cadence) and distance traveled, etc.) that are
used for shifting and/or for providing to the rider via the
display unit 16a. While the display unit 164 and the controller
1654 are integrated together in a single housing in the illus-
trated embodiment, it will be apparent from this disclosure
that the controller 165 can be located separately from the
display unit 16a and/or the controller 165 can be formed of
several individual controllers as needed and/or desired.
[0041] Here, the controller 165 is preferably a micro-com-
puter that includes conventional components such as an input
interface circuit, an output interface circuit, and storage
devices such as a ROM (Read Only Memory) device and a
RAM (Random Access Memory) device. The micro-com-
puter of the controller 165 is programmed to process signals
from various sensors and inputs of the bicycle components of
the bicycle 10. Here, in the illustrated embodiment, since the
controller 165 is used for shifting the derailleurs 18 and 20
either automatically based on the operating condition of the
bicycle 10 or in response to operation of the shifters 22A and
22B. The memory circuit of the controller 165 stores, data
from the various sensors, processing results and control pro-
grams such as ones for carrying out the shifting operations
that are run by the processor circuit. For example, the internal
RAM ofthe controller 165 stores statuses of operational flags
and various control data, while the internal ROM of the con-
troller 164 stores the programs for various operations.

[0042] The derailleurs 18 and 20 are conventional electric
derailleurs that are used for changing speed of the drive train.
An example of a rear electric derailleur is disclosed in U.S.
Patent Application Publication No. 2012/0322591, while an
example of a front electric derailleur is disclosed in U.S. Pat.
No. 7,306,531. Although the front electric derailleur of U.S.
Pat. No. 7,306,531 is not provided with power line commu-
nication, it will be apparent that power line communication
can be added. The shifters 22A and 229 are electric shifters
having electrical switches SW1 and SW2 for performing
shifting operations of the derailleurs 18 and 20. An example
of such an electric shifter is disclosed in U.S. Pat. No. 7,854,
180. Although the electric shifter of U.S. Pat. No. 7,854,180
is not provided with power line communication, it will be
apparent that power line communication can be added. Since
the derailleurs 18 and 20 and the shifters 22A and 22B are
known bicycle components and power line communication is
known, the derailleurs 18 and 20 and the shifters 22A and 22B
will not be discussed in further detail herein.

[0043] As seen in FIG. 3, a bicycle component (e.g., the
bicycle crank axle assembly 12) is basically provided with a
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wireless electrical power transmission arrangement 36 and a
wireless communication arrangement 38. The bicycle com-
ponent further comprises a remote electrical power supply
(e.g., the main power supply 24) that electrically connected to
the power transmitter by an external power cable. The wire-
less electrical power transmission arrangement 36 has a
power transmitter 40 and a power receiver 42 to wirelessly
transfer electrical power from the power transmitter 40 to the
power receiver 42. Wireless power or wireless energy trans-
mission is the transmission of electrical energy from a power
source (e.g., the main power supply 24 via the power trans-
mitter 40) to an electrical load (e.g., the wireless communi-
cation arrangement 38 via the power receiver 42) without
man-made conductors. Preferably, the wireless power trans-
mission is carried out using electromagnetic induction. The
wireless communication arrangement 38 has a first commu-
nication unit 44 and a second communication unit 46. Pref-
erably, the wireless communication transmission is carried
out using radio waves. As explained below, the wireless com-
munication arrangement 38 is spaced from the wireless elec-
trical power transmission arrangement 36 to reduce, and pref-
erably eliminate, the -electromagnetic induction field
interfering with the radio waves during wireless communica-
tion.

[0044] Preferably, the power transmitter 40 is electrically
connected to a rechargeable power storage device 48 (e.g., a
capacitor or battery). While the power storage device 48 is
illustrated in F1G. 3 as a separate unit from the power receiver
42, preferably, the power receiver 42 includes a second power
coil 56, a capacitor (i.e., the power storage device 48) that is
configured to storage electrical power received from the
power transmitter 40 as illustrated by the dashed lines in FI1G.
3 and AC-DC convertor (not shown) that is connected
between the second power coil 56 and the capacitor. In either
case, the power storage device 48 is electrically connected to
the second communication unit 46 to supply electrical power
or energy for the operation of the second communication unit
46. Alternatively, the power storage device 48 can be omitted
if desired.

[0045] Generally, the power transmitter 40 includes a first
power coil 50, a DC-AC converter 52 and a power line com-
munication (PLC) unit 54 (PLC section). Generally, the sec-
ond power coil 56 of the power receiver 42 is arranged suffi-
ciently close to the first power coil 50 to wirelessly receive
electrical power or energy from the first power coil 50. In this
way, electrical power or energy is first supplied from the main
power supply 24 to the first power coil 50 via the DC-AC
converter 52 so that the direct current of the main power
supply 24 is converted to alternating current. Then the elec-
trical power or energy of the first power coil 50 is wirelessly
transmitted to the second power coil 56. The electrical power
or energy is transmitted from the power storage device 48 to
the second communication unit 46 for supplying electrical
power or energy to the second communication unit 46.

[0046] Generally, the first communication unit 44 includes
a power line communication (PLC) unit 60 (PLC section), a
wireless controller 62 and an antenna coil 64 (also called
simply an antenna). Generally, the second communication
unit 46 includes an antenna coil 66 (also called simply an
antenna) and a wireless controller 68. Thus, each of the first
and second communication units 44 and 46 includes an
antenna coil for communicating with each other. The control-
lers 62 and 68 control the transmission of the data (e.g., radio
waves) between the first and second communication units 44
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and 46. The transmission of the data (e.g., radio waves) can be
one-way from the second communication unit 44 to the first
communication unit 44, or can be two-way if needed and/or
desired. In the case of the bicycle crank axle assembly 12, a
left crank arm sensor unit 70 and a right crank arm sensor unit
72 are each electrically connected to the controller 68 of the
second communication unit 46 to provide data on a pedaling
force being applied to the bicycle crank axle assembly 12.
While the crank arm sensor units 70 and 72 are used, it will be
apparent that a single power sensor unit may be used.
[0047] Referring now to FIGS. 4to 7, the bicycle crank axle
assembly 12 (i.e., a bicycle component) having the wireless
electrical power transmission arrangement 36 and the wire-
less communication arrangement 38 will be discussed in
more detail.

[0048] Basically, as seenin FIGS. 4 and 5, the bicycle crank
axle assembly 12 includes a first (left) bicycle crank arm 74,
a second (right) crank arm 76 and a crank axle 78. The first
and second crank arms 74 and 76 are fixedly coupled to the
crank axle 78 such that the first and second crank arms 74 and
76 extend perpendicularly from the crank axle 78 in opposite
directions. In the illustrated embodiment, the second crank
arm 76 has a pair of sprockets 80 and 82.

[0049] The free ends of the first and second crank arm arms
74 and 76 are provided with bicycle pedals (shown in FIG. 1).
A rider applies a pedaling three on the bicycle pedals. This
pedaling force is then transmitted to the first and second crank
arms 74 and 76 for rotating the sprockets 34 and 36 and
moving the bicycle chain to propel the bicycle 10 in a con-
ventional manner. The crank axle 78 is rotatably supported in
the hanger tube of the bicycle frame 26 by a first bottom
bracket part 84 and a second bottom bracket part 86. The first
bottom bracket part 84 includes a first bearing unit 88, while
the second bottom bracket part 86 includes a second bearing
unit 90. The first and second bearing units 88 are conventional
bearings that are used to rotatably support the crank axle 78 in
the hanger tube of the bicycle frame 26. The first bottom
bracket part 84 and the second bottom bracket part 86 form a
bottom bracket of the bicycle crank axle assembly 12.
[0050] In the illustrated embodiment, the first and second
bottom bracket parts 84 and 86 constitute a stationary struc-
ture of the bicycle crank axle assembly 12, and the first and
second crank arms 74 and 76 and the crank axle 78 constitute
a rotating structure of the bicycle crank axle assembly 12.
Thus, broadly speaking, the bicycle component (i.e., the
bicycle crank axle assembly 12) further comprises a station-
ary structure (i.e., the first and second bottom bracket parts 84
and 86), and a rotating structure (i.e., the first and second
crank arms 74 and 76 and the crank axle 78) rotatably
mounted relative to the stationary structure about a rotational
axis. The stationary structure (i.e., the first and second bottom
bracket parts 84 and 86) has the power transmitter 40 and the
first communication unit 44 disposed thereon. In particular,
the stationary structure includes the first bottom bracket part
84 with the power transmitter 40 disposed thereon, and the
second bottom bracket part 86 with the first communication
unit 44 disposed thereon. The rotating structure includes the
crank axle 78, the first crank arm 74 coupled to a first end of
the crank axle 78, and second crank arm 76 coupled to a
second end of the crank axle 78. The rotating structure (i.e.,
the first and second crank arms 74 and 76 and the crank axle
78) has the power receiver 42 and the second communication
unit 46 disposed thereon. In particular, the rotating structure
includes the first crank arm 74 with the power receiver 42
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disposed thereon, and the second crank arm 76 with the
second communication unit 46 disposed thereon.

[0051] At least one of the crank axle 78 and the first and
second crank arms 74 and 76 includes at least one strain
sensor connected to the second communication unit 46. In the
illustrated embodiment, the crank arm sensor unit 70 is pro-
vided on the first crank arm 74 and the crank arm sensor unit
72 is provided on the second crank arm 76. The controller 68
and the crank arm sensor units 70 and 72 form a power
measurement arrangement disposed on the rotational struc-
ture. Here, the controller 68 is mounted on the second crank
arm 76. Thus, each of the first and second crank arms 74 and
76 has the power measurement arrangement disposed
thereon. The crank arm sensor unit 70 is disposed in a recess
of the crank arm 74, while the crank arm sensor unit 72 is
disposed in arecess of the crank arm 76. The crank arm sensor
unit 70 includes a strain-flexing part 70a that includes a
pedaling force sensor 706 (i.e., parameter detection part).
Likewise, the crank arm sensor unit 72 includes a strain-
flexing part 72a that includes a pedaling force sensor 725 (i.e.,
parameter detection part). In the illustrated embodiment, each
of'the pedaling force sensors 705 and 724 includes a plurality
of strain sensors (i.e., four strain sensors) that are configured
and arranged in the manner as the parameter detection part
that is disclosed in U.S. Patent Application Publication No.
2014/0060212. However, the crank arm sensor units 70 and
72 are not limited to this arrangement. Rather, any pedaling
force sensing arrangement can be used as needed and/or
desired.

[0052] As seen in FIG. 5, the first and second communica-
tion units 44 and 46 are spaced apart to wirelessly communi-
cate from one of the first and second communication units 44
and 46 to the other of the first and second communication
units 44 and 46. The wireless communication arrangement 38
is spaced from the wireless electrical power transmission
arrangement 36 by a prescribed distance that is larger than 5.0
ram to reduce, and preferably eliminate, the electromagnetic
induction field of the wireless electrical power transmission
arrangement 36 interfering with the radio waves of wireless
communication arrangement 38 during wireless communica-
tion. More preferably, the prescribed distance is larger than
10.0 mm. Even more preferably, the wireless communication
arrangement 36 is disposed adjacent a first axial end of the
rotating structure (i.e., the first and second crank arms 74 and
76 and the crank axle 78), the wireless electrical power trans-
mission is disposed adjacent a second axial end of the rotating
structure (i.e., the first and second crank arms 74 and 76 and
the crank axle 78). The first and second axial ends are oppo-
site ends of the rotating structure (i.e., the first and second
crank arms 74 and 76 and the crank axle 78) with respect to
the rotational axis.

[0053] Preferably, the stationary structure includes a first
(power) coil holder 404 that is fixedly coupled to the first
bottom bracket part 84 with the power transmitter 40 disposed
on the first coil holder 40a. The first coil holder 40a can be
detachably fixed on the first bottom bracket part 84 by a fixed
member, e.g. a screw or a bolt. Preferably, the stationary
structure includes a second (antenna) coil holder 44aq that is
fixedly coupled to the second bottom bracket part 86 with the
first communication unit 44 disposed on the second coil
holder 44a. The second coil holder 44a can be detachably
fixed on the second bottom bracket part 86 by a fixed member,
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e.g. ascrew or abolt. The first and second coil holders 40a and
44a are formed of a non-magnetism material such as a hard
plastic material.

[0054] Preferably, the rotating structure includes a third
(power) coil holder 424 that is fixedly coupled to the first
crank arm 74 with the power receiver 42 disposed on the third
coil holder 42a. Preferably, the rotating structure includes a
fourth (antenna) coil holder 46a that is fixedly coupled to the
second crank arm 76 with the second communication unit 46
disposed on the fourth coil holder 46a. The third and fourth
coil holders 42a and 46a are formed of a non-magnetism
material such as a hard plastic material.

[0055] The power coils 50 and 56 are partially embedded in
the first and third coil holders 40a and 42a. The first and third
coil holders 40a and 424 are axially spaced apart from each
other by one or two millimeters so that they do not contact
each other when the first crank arm 74 rotates relative to the
first bottom bracket part 84. Each of the antenna coils 50 and
56 can be covered by non-magnetism material.

[0056] The antenna coils 64 and 66 are completely embed-
ded in the second and fourth coil holders 44a and 46a. Thus,
each of the antenna coils 64 and 66 are covered by a non-
magnetism material. The second and fourth coil holders 42a
and 46a are spaced apart from each other by one or two
millimeters so that they do not contact each other when the
second crank arm 76 rotates relative to the second bottom
bracket part 86. The antenna coils 64 and 66 can be disposed
on the surfaces of the second and fourth coil holders 44a and
464, and covered by non-magnetism material.

[0057] Preferably, afirst seal structure including two rubber
seals 92 and 94 are disposed in an axial space between the first
coil holder 404 of the stationary structure and the third coil
holders 42a of the rotating structure at a location radially
outward of the power coils 50 and 56 of the wireless electrical
power transmission arrangement 36. The seals 92 and 94
prevent water or dust from reaching the power coils 50 and 56.
The rubber seals 92 and 94 have an overall circular or annular
configuration with a uniform cross section as seen in FIG. 6.
[0058] The first coil holder 40q has first and second circular
or annular protrusions P1 and P2 protruding towards the
crank arm 74 in an axial direction with respect to the crank
axle 78. The first circular protrusion P1 is disposed in radially
inward from the second circular protrusion P2. The first and
second circular annular protrusions P1 and P2 are concentri-
cally arranged about the crank axle 78. The third coil holder
42ahas third and fourth circular or annular protrusions P3 and
P4 protruding towards the first bottom bracket part 84 in axial
direction with respect to the crank axle 78. The third circular
protrusion P3 is disposed in radially inward from the fourth
circular protrusion P4. The first, second, third and fourth
protrusions P1, P2, P3 and P4 overlap as viewed in the radial
direction with respect to the crank axle 78. The third protru-
sion P3 is disposed between the first and second protrusions
P1 and P2. The second protrusion P2 is disposed between the
third and fourth protrusions P3 and P4.

[0059] The rubber seal 92 has a base portion that is fixed on
one of the first coil holder 40a and the third coil holder 424,
and a distal end that is elastically contacting the other of the
first coil holder 40a and the third coil holder 42a. The rubber
seal 94 has a base portion that is fixed on one of the first coil
holder 40a and the third coil holder 42a, and a distal end that
is elastically contacting the other of the first coil holder 40a
and the third coil holder 42a. Preferably, at least one of the
rubber seals 92 and 94 is fixed on one of the first, second, third
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and fourth protrusions P1, P2, P3 and P4 and extends in the
radial direction with respect to the crank axle 78. Preferably,
the rubber seals 92 and 94 are disposed radially inside of the
third protrusion P3 with respect to the radial direction of the
crank axle 72. In the illustrated embodiment, the base portion
of the rubber seal 92 is fixed on the third coil holder 42a and
the distal end of the rubber seal 92 elastically contacts the first
circular protrusion P1 of the first coil holder 40a. Also in the
illustrated embodiment, the base portion of the rubber seal 94
is fixed on the third circular protrusion P3 of the third coil
holder 42a and the distal end of the rubber seal 92 elastically
contacts the first circular protrusion P1 of the first coil holder
40aq.

[0060] Preferably, a second seal structure including two
rubber seals 96 and 98 are disposed in an axial space between
the second coil holder 44a of the stationary structure and the
fourth coil holder 46a of the rotating structure at a location
radially outward of the antenna coils 64 and 66 of the wireless
communication arrangement 46. The seals 96 and 98 prevent
water or dust from reaching the antenna coils 64 and 66. The
rubber seals 96 and 98 have an overall circular or annular
configuration with a uniform cross section as seen in FIG. 7.
[0061] The second coil holder 44q has fifth and sixth cir-
cular or annular protrusions P5 and P6 protruding towards the
crank arm 74 in an axial direction with respect to the crank
axle 78. The fifth circular protrusion P5 is disposed in radially
inward from the sixth circular protrusion P6. The fifth and
sixth circular annular protrusions P5 and Pé6 are concentri-
cally arranged about the crank axle 78. The fourth coil holders
46a has seventh and eighth circular or annular protrusions P7
and P8 protruding towards the second bottom bracket part 86
in axial direction with respect to the crank axle 78. The
seventh circular protrusion P7 is disposed in radially inward
from the eighth circular protrusion P8. The fifth, sixth, sev-
enth and eighth protrusions P5, P6, P7 and P8 overlap as
viewed in the radial direction with respect to the crank axle
78. The seventh protrusion P7 is disposed between the fifth
and sixth protrusions P5 and P6. The sixth protrusion P6 is
disposed between the seventh and eighth protrusions P7 and
P8.

[0062] The rubber seal 96 has a base portion that is fixed on
one of the second coil holder 444 and the fourth coil holder
46a, and a distal end that is elastically contacting the other of
the second coil holder 44a and the fourth coil holder 46a. The
rubber seal 98 has abase portion that is fixed on one of the
second coil holder 44a and the fourth coil holder 464, and a
distal end that is elastically contacting the other of the second
coil holder 44a and the fourth coil holder 46a. Preferably, at
least one of the rubber seals 96 and 98 is fixed on one of the
fifth, sixth, seventh and eighth protrusions P5, P6, P7 and P8
and extends in the radial direction with respect to the crank
axle 78. Preferably, the rubber seals 96 and 98 are disposed
radially inside of the seventh protrusion P7 with respect to the
radial direction of the crank axle 72. In the illustrated embodi-
ment, the base portion of the rubber seal 96 is fixed on the
fourth coil holder 46a and the distal end of the rubber seal 96
elastically contacts the fifth circular protrusion P5 of the
second coil holder 44a. Also in the illustrated embodiment,
the base portion of the rubber seal 98 is fixed on the seventh
circular protrusion P7 of the fourth coil holder 46a and the
distal end of the rubber seal 98 elastically contacts the fifth
circular protrusion P5 of the second coil holder 44a.

[0063] Referring now to FIGS. 8 and 9, a rear hub 14' (i.e.,
a bicycle component) that replaces the conventional rear hub



US 2015/0311954 Al

14 of FIG. 1 will now be discussed. Here, when the rear hub
14' is installed in the bicycle 10, the crank axle assembly 12
would be replaced with a conventional crank axle assembly.
As explained below, the rear hub 14' is equipped with a
bicycle power sensing apparatus.

[0064] The rear hub 14' rotatably supports a rear wheel on
the frame 26 in a conventional manner. In the illustrated
embodiment, the rear hub 14' basically includes a hub shell
100 and a hub axle 102. In the rear hub 14', the stationary
structure includes the hub axle 102 and the rotating structure
includes the hub shell 100. The hub shell 100 is rotatably
supported on the hub axle 102 by a pair of bearing units 104
and 106. The rear hub 14' also has a freewheel 108 for attach-
ing a rear gear cassette 110. The hub axle 102 has a center
longitudinal axis that defines a center rotational axis of the
hub shell 100. The hub shell 110 constitutes a driven member
that receives a driving torque or force from a chain via the rear
gear cassette 110 that are mounted on the freewheel 108.
[0065] Here in the rear hub 14', the hub axle 102 (the
stationary structure) includes a power transmitter 112 and a
first communication unit 114, while the hub shell 110
includes a power receiver 116 and a second communication
unit 118. The power transmitter 112 and the first communi-
cation unit 114 are electrical coupled by power cords to the
wiring junction 34 so as to receive electrical power or energy
from the main power supply 24. The power transmitter 112
wirelessly transfers electrical power to the power receiver
116. The first communication unit 114 with the second com-
munication unit 118 to send and receive data.

[0066] The hub shell 110 also includes a controller 120 and
a power sensing unit 122. As seen in FIG. 7, the power
transmitter 112 has the same construction as the power trans-
mitter 40, except that the power transmitter 112 is configured
to be fixed to the hub axle 102. The first communication unit
114 has the same construction as the first communication unit
44. The power receiver 116 has the same construction as the
power receiver 42, except that the power receiver 116 is
configured to be fixed to the hub axle 102. The second com-
munication unit 118 has the same construction as the second
communication unit 46 except that the second communica-
tion unit 118 is configured to be fixed to the hub axle 102.
Thus, the power transmitter 112 and the power receiver 116
form a wireless electrical power transmission arrangement
136, while the first and second communication unit 114 and
118 for a wireless communication arrangement 138. The
wireless electrical power transmission arrangement 136 wire-
lessly transfers electrical power from the power transmitter
40 to the power receiver 42.

[0067] Here, the wireless electrical power transmission
arrangement 136 and the wireless communication arrange-
ment 138 are the same as the wireless electrical power trans-
mission arrangement 36 and the wireless communication
arrangement 38, as discussed above, except that the wireless
electrical power transmission arrangement 136 and the wire-
less communication arrangement 138 are adapted to the rear
hub 14'. In view of the similarities of the wireless electrical
power transmission arrangement 136 and the wireless com-
munication arrangement 138 to the wireless electrical power
transmission arrangement 36 and the wireless communica-
tion arrangement 38, the wireless electrical power transmis-
sion arrangement 136 and the wireless communication
arrangement 138 will only be briefly described herein.
[0068] The power sensing unit 122 is able to measure the
driving force of a rider, which is processed by the controller
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120. The controller 120 transmits information related to the
driving force measured by the power sensing unit 122 to the
rider via the wireless communication arrangement 138. The
information related to the driving force which is transmitted is
displayed on, for example, the cycle computer 16, which is
mounted on the handlebar of the bicycle 10. Here, in the
cycling computer 16, information such as the speed of the
bicycle, the rotation speed of a crank (cadence), the distance
traveled, and the like can also be displayed to the rider. U.S.
Patent Application Publication No. 2014/0074348 describes
an example of a power sensing unit that can be adapted to
construct the power sensing unit 122 shown in FIG. 9.
[0069] While the wireless electrical power transmission
arrangement and the wireless communication arrangement
were only illustrated in a crank axle assembly and a rear hub,
it will be apparent from this disclosure that the wireless elec-
trical power transmission arrangement and the wireless com-
munication arrangement can be adapted to other bicycle com-
ponents having the need of electrical power to be provided to
amoving part that also need to transmit data from the moving
part.

[0070] Inunderstanding the scope of the present invention,
the term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts unless
otherwise stated.

[0071] As used herein to describe the above embodiment
(s), the following directional terms ‘“forward”, “rearward”,
“above”, “downward”, “vertical”, “horizontal”, “below” and
“transverse” as well as any other similar directional terms
refer to those directions of a bicycle equipped with the bicycle
component. Accordingly, these terms, as utilized to describe
the bicycle component should be interpreted relative to a
bicycle equipped with the bicycle component as used in the
normal riding position on a horizontal surface.

[0072] Also it will be understood that although the terms
“first” and “second” may be used herein to describe various
components these components should not be limited by these
terms. These terms are only used to distinguish one compo-
nent from another. Thus, for example, a first component dis-
cussed above could be termed a second component and vice-
a-versa without departing from the teachings of the present
invention. The term “attached” or “attaching”, as used herein,
encompasses configurations in which an element is directly
secured to another element by affixing the element directly to
the other element; configurations in which the element is
indirectly secured to the other element by affixing the element
to the intermediate member(s) which in turn are affixed to the
other element; and configurations in which one element is
integral with another element, i.e. one element is essentially
part of the other element. This definition also applies to words
of similar meaning, for example, “joined”, “connected”,
“coupled”, “mounted”, “bonded”, “fixed” and their deriva-
tives. Finally, terms of degree such as “substantially”, “about”
and “approximately” as used herein mean an amount of
deviation of the modified term such that the end result is not
significantly changed.
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[0073] While only selected embodiments have been chosen
to illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims. For
example, the size, shape, location or orientation of the various
components can be changed as needed and/or desired so long
as the changes do not substantially affect their intended func-
tion. Components that are shown directly connected or con-
tacting each other can have intermediate structures disposed
between them so tong as the changes do not substantially
affect their intended function. The functions of one element
can be performed by two, and vice versa. The structures and
functions of one embodiment can be adopted in another
embodiment. It is not necessary for all advantages to be
present in a particular embodiment at the same time. Every
feature which is unique from the prior art, alone or in com-
bination with other features, also should be considered a
separate description of further inventions by the applicant,
including the structural and/or functional concepts embodied
by such feature(s). Thus, the foregoing descriptions of the
embodiments according to the present invention are provided
for illustration only, and not for the purpose of limiting the
invention as defined by the appended claims and their equiva-
lents.

1. A bicycle component comprising:

a wireless electrical power transmission arrangement hav-
ing a power transmitter and a power receiver to wire-
lessly transfer electrical power from the power transmit-
ter to the power receiver; and

awireless communication arrangement having a first com-
munication unit and a second communication unit, the
first and second communication units being spaced apart
to wirelessly communicate from one of the first and
second communication units to the other of the first and
second communication units,

the wireless communication arrangement being spaced
from the wireless electrical power transmission arrange-
ment by a prescribed distance that is larger than 5.0 mm.

2. The bicycle component according to claim 1, further

comprising

a stationary structure having the power transmitter and the
first communication unit disposed thereon; and

a rotating structure rotatably mounted relative to the sta-
tionary structure about a rotational axis, the rotating
structure having the power receiver and the second com-
munication unit disposed thereon.

3. The bicycle component according to claim 2, wherein

the wireless communication arrangement is disposed adja-
cent a first axial end of the rotating structure,

the wireless electrical power transmission arrangement is
disposed adjacent a second axial end of the rotating
structure, and

the first and second axial ends are opposite ends of the
rotating structure with respect to the rotational axis.

4. The bicycle component according to claim 2, wherein

the stationary structure includes a first bottom bracket part
with the power transmitter disposed thereon and a sec-
ond bottom bracket part with the first communication
unit disposed thereon.
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5. The bicycle component according to claim 4, wherein
the stationary structure includes a first coil holder that is
coupled to the first bottom bracket part with the power
transmitter disposed on the first coil holder, and a second
coil holder that is coupled to the second bottom bracket
part with the first communication unit disposed on the
second coil holder.
6. The bicycle component according to claim 5, wherein
the first and second coil holders are formed of a non-
magnetism material.
7. The bicycle component according to claim 2, wherein
the rotating structure includes a crank axle, a first crank
arm coupled to a first end of the crank axle, and a second
crank arm coupled to a second end of the crank axle.
8. The bicycle component according to claim 7, wherein
at least one of the crank axle and the first and second crank
arms includes at least one strain sensor connected to the
second communication unit.
9. The bicycle component according to claim 2, further
comprising
a power measurement arrangement disposed on the rota-
tional structure.
10. The bicycle component according to claim 9, further
comprising
a crank arm having the power measurement arrangement
disposed thereon.
11. The bicycle component according to claim 2, wherein
the stationary structure includes a hub axle, and the rotating
structure includes a hub shell.
12. The bicycle component according to claim 2, further
comprising
a first seal structure disposed in an axial space between the
stationary structure and the rotating structure at a loca-
tion radially outward of the wireless electrical power
transmission arrangement, and
a second seal structure disposed in an axial space between
the stationary structure and the rotating structure at a
location radially outward of the wireless communication
arrangement.
13. The bicycle component according to claim 1, wherein
each of the first and second communication units includes
an antenna coil.
14. The bicycle component according to claim 13, wherein
each of the antenna coils are covered by a non-magnetism
material.
15. The bicycle component according to claim 1, wherein
the power transmitter includes a DC-AC converter.
16. The bicycle component according to claim 1, wherein
the power transmitter includes a power line communica-
tion unit.
17. The bicycle component according to claim 1, further
comprising
a remote electrical power supply electrically connected to
the power transmitter by an external power cable.
18. The bicycle component according to claim 1, wherein
the power receiver includes a capacitor configured to stor-
age electrical power received from the power transmit-
ter.
19. The bicycle component according to claim 1, wherein
the prescribed distance is larger than 10.0 mm.
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