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BICYCLE SPROCKET, SPROCKET
ASSEMBLY, REAR SPROCKET ASSEMBLY,
AND DRIVE TRAIN OF BICYCLE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a bicycle sprocket,
a sprocket assembly, a rear sprocket assembly, and a drive
train of a bicycle.

DISCUSSION OF THE BACKGROUND

[0002] Bicycling is becoming an increasingly more popu-
lar form of recreation as well as a means of transportation.
Moreover, bicycling has become a very popular competitive
sport for both amateurs and professionals. Whether the
bicycle is used for recreation, transportation or competition,
the bicycle industry is constantly improving the various
components of the bicycle. Bicycle components that have
been extensively redesigned are a bicycle sprocket, a
sprocket assembly, a rear sprocket assembly, and a drive
train.

SUMMARY OF THE INVENTION

[0003] In accordance with a first aspect of the present
invention, a bicycle sprocket comprises at least one chain
engaging member, at least one bicycle attachment member,
and at least one shifting facilitation area. The at least one
chain engaging member constitutes at least a part of at least
one sprocket tooth of the bicycle sprocket. The at least one
chain engaging member is configured to contact a bicycle
chain in a state where the bicycle chain engages with the
bicycle sprocket. The at least one chain engaging member is
made of a first material. The at least one bicycle attachment
member constitutes at least a part of a sprocket body of the
bicycle sprocket. The at least one bicycle attachment mem-
ber is configured to be coupled to a bicycle. The at least one
bicycle attachment member is made of a second material
that is different from the first material. The at least one
shifting facilitation area is provided in the at least one chain
engaging member to facilitate a shifting operation of a
bicycle chain.

[0004] With the bicycle sprocket according to the first
aspect, it is possible to provide a lightweight bicycle
sprocket which facilitates the shifting operation.

[0005] In accordance with a second aspect of the present
invention, the bicycle sprocket according to the first aspect
is configured so that the at least one shifting facilitation area
extends between the at least one chain engaging member and
the at least one bicycle attachment member.

[0006] With the bicycle sprocket according to the second
aspect, it enhances shifting performance.

[0007] In accordance with a third aspect of the present
invention, the bicycle sprocket according to any one of the
first and the second aspects is configured so that the at least
one shifting facilitation area is constituted by both the at
least one chain engaging member and the at least one bicycle
attachment member.

[0008] With the bicycle sprocket according to the third
aspect, it further enhances shifting performance.

[0009] In accordance with a fourth aspect of the present
invention, the bicycle sprocket according to any one of the
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first to third aspects is configured so that the at least one
chain engaging member has at least a part of an annular
shape.

[0010] With the bicycle sprocket according to the fourth
aspect, it is possible to lighten the at least one chain
engaging member.

[0011] In accordance with a fifth aspect of the present
invention, the bicycle sprocket according to the fourth
aspect is configured so that the at least one chain engaging
member has an annular shape.

[0012] With the bicycle sprocket according to the fifth
aspect, it is possible to lighten the at least one chain
engaging member.

[0013] In accordance with a sixth aspect of the present
invention, the bicycle sprocket according to any one of the
first to fifth aspects is configured so that the second material
has a second specific gravity smaller than a first specific
gravity that the first material has.

[0014] With the bicycle sprocket according to the sixth
aspect, it is possible to further lighten the at least one chain
engaging member

[0015] In accordance with a seventh aspect of the present
invention, the bicycle sprocket according to any one of the
first to sixth aspects is configured so that the first material
has a first abrasion resistance larger than a second abrasion
resistance that the second material has.

[0016] With the bicycle sprocket according to the seventh
aspect, it is possible to enhance abrasion resistance of the at
least one chain engaging member as well as to lighten the at
least one chain engaging member.

[0017] In accordance with an eighth aspect of the present
invention, the bicycle sprocket according to any one of the
first to seventh aspects is configured so that the first material
has a first rigidity larger than a second rigidity that the
second material has.

[0018] With the bicycle sprocket according to the eighth
aspect, it is possible to enhance rigidity of the at least one
chain engaging member as well as to lighten the at least one
chain engaging member.

[0019] In accordance with a ninth aspect of the present
invention, the bicycle sprocket according to any one of the
first and eighth aspects is configured so that the first material
includes at least one of stainless steel, titanium, and alumi-
num.

[0020] With the bicycle sprocket according to the ninth
aspect, it is possible to further enhance rigidity of the at least
one chain engaging member as well as to further lighten the
at least one chain engaging member.

[0021] In accordance with a tenth aspect of the present
invention, the bicycle sprocket according to any one of the
first to ninth aspects is configured so that the second material
includes at least one of titanium, aluminum, and resin.
[0022] With the bicycle sprocket according to the tenth
aspect, it is possible to lighten the at least one bicycle
attachment member.

[0023] In accordance with an eleventh aspect of the pres-
ent invention, the bicycle sprocket according to any one of
the first to tenth aspects is configured so that the first
material includes a metallic material. The second material
includes a non-metallic material.

[0024] With the bicycle sprocket according to the eleventh
aspect, it is possible to further lighten the bicycle sprocket.
[0025] In accordance with a twelfth aspect of the present
invention, the bicycle sprocket according to the eleventh
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aspect is configured so that the second material includes a
fiber reinforced plastic material.

[0026] With the bicycle sprocket according to the twelfth
aspect, it is possible to further enhance rigidity of the at least
one bicycle attachment member as well as to further lighten
the at least one bicycle attachment member.

[0027] In accordance with a thirteenth aspect of the pres-
ent invention, the bicycle sprocket according to any one of
the first to twelfth aspects is configured so that the first
material includes a first metallic material. The second mate-
rial includes a second metallic material that is different from
the first metallic material.

[0028] With the bicycle sprocket according to the thir-
teenth aspect, it is possible to further enhance rigidity of the
bicycle sprocket.

[0029] In accordance with a fourteenth aspect of the
present invention, the bicycle sprocket according to any one
of the first to thirteenth aspects is configured so that the first
material and the second material include same kinds of
material components and have different metallic composi-
tions.

[0030] With the bicycle sprocket according to the four-
teenth aspect, it is possible to enhance adhesion between the
at least one chain engaging member and the at least one
bicycle attachment member as well as to further enhance
rigidity of the bicycle sprocket.

[0031] In accordance with a fifteenth aspect of the present
invention, the bicycle sprocket according to any one of the
first to fourteenth aspects is configured so that the first
material includes a first non-metallic material. The second
material includes a second non-metallic material that is
different from the first non-metallic material.

[0032] With the bicycle sprocket according to the fifteenth
aspect, it is possible to enhance adhesion between the at least
one chain engaging member and the at least one bicycle
attachment member as well as to further lighten the bicycle
sprocket.

[0033] Inaccordance with a sixteenth aspect of the present
invention, the bicycle sprocket according to any one of the
first to fifteenth aspects is configured so that the first material
and the second material have different resin compositions.

[0034] With the bicycle sprocket according to the six-
teenth aspect, it is possible to enhance adhesion between the
at least one chain engaging member and the at least one
bicycle attachment member as well as to further lighten the
bicycle sprocket.

[0035] In accordance with a seventeenth aspect of the
present invention, the bicycle sprocket according to any one
of the first to sixteenth aspects is configured so that the at
least one shifting facilitation area includes at least one
downshifting facilitation area.

[0036] With the bicycle sprocket according to the seven-
teenth aspect, it is possible to provide a lightweight bicycle
sprocket with which a downshifting is smoothly performed.
[0037] In accordance with an eighteenth aspect of the
present invention, the bicycle sprocket according to any one
of the first to seventeenth aspects is configured so that the at
least one shifting facilitation area includes at least one
upshifting facilitation area.

[0038] With the bicycle sprocket according to the eigh-
teenth aspect, it is possible to provide a lightweight bicycle
sprocket with which an upshifting is smoothly performed.

[0039] In accordance with a nineteenth aspect of the
present invention, the bicycle sprocket according to any one
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of the first to eighteenth aspects is configured so that the at
least one shifting facilitation area includes both of at least
one downshifting facilitation area and at least one upshifting
facilitation area.

[0040] With the bicycle sprocket according to the nine-
teenth aspect, it is possible to provide a lightweight bicycle
sprocket with which both a downshifting and an upshifting
are smoothly performed.

[0041] Inaccordance with a twentieth aspect of the present
invention, the bicycle sprocket according to the nineteenth
aspects is configured so that the at least one sprocket tooth
includes at least one facilitation tooth in the at least one
shifting facilitation area.

[0042] With the bicycle sprocket according to the twenti-
eth aspect, it is possible to provide a lightweight bicycle
sprocket which further facilitates the shifting operation.
[0043] In accordance with a twenty-first aspect of the
present invention, the bicycle sprocket according to the
twentieth aspect is configured so that the at least one
facilitation tooth includes at least one axially recessed tooth
with respect to a rotational center axis of the bicycle
sprocket.

[0044] With the bicycle sprocket according to the twenty-
first aspect, it is possible to provide a lightweight bicycle
sprocket which further facilitates the shifting operation.
[0045] In accordance with a twenty-second aspect of the
present invention, the bicycle sprocket according to any one
of'the twentieth and twenty-first aspects is configured so that
the at least one facilitation tooth facilitates downshifting.
[0046] With the bicycle sprocket according to the twenty-
second aspect, it is possible to provide a lightweight bicycle
sprocket which further facilitates the downshifting opera-
tion.

[0047] In accordance with a twenty-third aspect of the
present invention, the bicycle sprocket according to any one
of'the twentieth and twenty-first aspects is configured so that
the at least one facilitation tooth facilitates upshifting.
[0048] With the bicycle sprocket according to the twenty-
third aspect, it is possible to provide a lightweight bicycle
sprocket which further facilitates the upshifting operation.
[0049] In accordance with a twenty-fourth aspect of the
present invention, the bicycle sprocket according to any one
of the first to nineteenth aspects further comprises at least
one shifting facilitation projection in the at least one shifting
facilitation area.

[0050] With the bicycle sprocket according to the twenty-
fourth aspect, it is possible to facilitate the shifting operation
between two sprockets whose numbers of teeth are largely
different from each other.

[0051] In accordance with a twenty-fifth aspect of the
present invention, the bicycle sprocket according to the
twenty-fourth aspect is configured so that the at least one
shifting facilitation projection facilitates upshifting.

[0052] With the bicycle sprocket according to the twenty-
fifth aspect, it is possible to facilitate the upshifting opera-
tion between two sprockets whose numbers of teeth are
largely different from each other.

[0053] In accordance with a twenty-sixth aspect of the
present invention, the bicycle sprocket according to any one
of' the first to twenty-fifth aspects is configured so that the at
least one sprocket tooth includes at least one first tooth and
at least one second tooth. The at least one first tooth has a
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first chain engaging width. The at least one second tooth has
a second chain engaging width that is smaller than the first
chain engaging width.

[0054] With the bicycle sprocket according to the twenty-
sixth aspect, it is possible to improve chain-holding perfor-
mance of the bicycle sprocket.

[0055] In accordance with a twenty-seventh aspect of the
present invention, the bicycle sprocket according to the
twenty-sixth aspect is configured so that the first chain
engaging width is larger than an inner link space defined
between an opposed pair of inner link plates of the bicycle
chain in an axial direction parallel to the rotational center
axis of the bicycle sprocket and is smaller than an outer link
space defined between an opposed pair of outer link plates
of the bicycle chain in the axial direction. The second chain
engaging width is smaller than the inner link space.

[0056] With the bicycle sprocket according to the twenty-
seventh aspect, it is possible to further improve chain-
holding performance of the bicycle sprocket.

[0057] In accordance with a twenty-eighth aspect of the
present invention, the bicycle sprocket according to any one
of'the first to twenty-seventh aspects is configured so that the
at least one sprocket tooth is circumferentially arranged on
an outer periphery of the sprocket body. The at least one
sprocket tooth includes at least one first tooth and at least
one second tooth. The at least one first tooth is arranged on
the outer periphery to be received within an outer link space
defined between a pair of outer link plates of the bicycle
chain and has a first axially tooth center plane. The at least
one second tooth is arranged on the outer periphery to be
received within an inner link space defined between a pair of
inner link plates of the bicycle chain and has a second axially
tooth center plane. The first axially tooth center plane is
offset from the second axially tooth center plane in an axial
direction parallel to a rotational center axis of the bicycle
sprocket.

[0058] With the bicycle sprocket according to the twenty-
eighth aspect, it is possible to improve chain-holding per-
formance of the bicycle sprocket.

[0059] In accordance with a twenty-ninth aspect of the
present invention, the bicycle sprocket according to any one
of the first to twenty-eighth aspects is configured so that the
sprocket body includes a sprocket carrier to be coupled to
the bicycle.

[0060] With the bicycle sprocket according to the twenty-
ninth aspect, it is possible to provide a bicycle sprocket
including a lightweight sprocket carrier.

[0061] In accordance with a thirtieth aspect of the present
invention, the bicycle sprocket according to the twenty-ninth
aspect is configured so that the sprocket carrier is made of
a non-metallic material.

[0062] With the bicycle sprocket according to the thirtieth
aspect, it is possible to provide a bicycle sprocket including
a further lightweight sprocket carrier.

[0063] In accordance with a thirty-first aspect of the
present invention, the bicycle sprocket according to the
twenty-ninth aspect is configured so that the at least one
bicycle attachment member and the sprocket carrier are
integrated into a one-piece unitary member.

[0064] With the bicycle sprocket according to the thirty-
first aspect, it is possible to enhance rigidity of the sprocket
carrier as well as to lighten the sprocket carrier.

[0065] In accordance with a thirty-second aspect of the
present invention, the bicycle sprocket according to any one
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of the twenty-ninth to thirty-first aspects is configured so
that the sprocket carrier includes a plurality of supporting
arms.

[0066] With the bicycle sprocket according to the thirty-
second aspect, it is possible to provide a bicycle sprocket
including a lightweight sprocket carrier.

[0067] In accordance with a thirty-third aspect of the
present invention, the bicycle sprocket according to the
thirty-second aspect is configured so that each of the plu-
rality of supporting arms includes a reinforcing part.
[0068] With the bicycle sprocket according to the thirty-
third aspect, it is possible to enhance rigidity of the sprocket
carrier as well as to lighten the sprocket carrier.

[0069] In accordance with a thirty-fourth aspect of the
present invention, the bicycle sprocket according to the
thirty-third aspect is configured so that each of the support-
ing arms includes a first edge part and a second edge part
opposite to the first edge part in the circumferential direc-
tion. The reinforcing part is arranged between the first edge
part and the second edge part in the circumferential direc-
tion.

[0070] With the bicycle sprocket according to the thirty-
fourth aspect, it is possible to further enhance rigidity of the
sprocket carrier as well as to lighten the sprocket carrier.
[0071] In accordance with a thirty-fifth aspect of the
present invention, a rear sprocket assembly comprises
sprockets at least one of which is the bicycle sprocket
according to any one of the first to thirty-fourth aspects.
[0072] With the rear sprocket assembly according to the
thirty-fifth aspect, it is possible to provide a rear sprocket
assembly which facilitates the shifting operation.

[0073] In accordance with a thirty-sixth aspect of the
present invention, the rear sprocket assembly according to
the thirty-fifth aspect is configured so that a total number of
the sprockets is equal to or larger than nine.

[0074] With the rear sprocket assembly according to the
thirty-sixth aspect, it is possible to provide a lightweight rear
sprocket assembly which has a wide gear range and which
facilitates the shifting operation.

[0075] In accordance with a thirty-seventh aspect of the
present invention, the rear sprocket assembly according to
any one of the thirty-fifth and thirty-sixth aspects is config-
ured so that a tooth-number difference between a smallest
sprocket and a largest sprocket of the sprockets is equal to
or larger than twenty-five.

[0076] With the rear sprocket assembly according to the
thirty-seventh aspect, it is possible to provide a lightweight
rear sprocket assembly which has a further wide gear range
and which facilitates the shifting operation.

[0077] In accordance with a thirty-eighth aspect of the
present invention, the rear sprocket assembly according to
any one of the thirty-fifth to thirty-seventh aspects is con-
figured so that a tooth-number difference between a smallest
sprocket and a largest sprocket of the sprockets is equal to
or larger than thirty-five.

[0078] With the rear sprocket assembly according to the
thirty-eighth aspect, it is possible to provide a lightweight
rear sprocket assembly which has a further wide gear range
and which facilitates the shifting operation.

[0079] In accordance with a thirty-ninth aspect of the
present invention, the rear sprocket assembly according to
any one of the thirty-fifth to thirty-eighth aspects is config-
ured so that a total number of tooth that a largest sprocket of
the sprockets has is equal to or larger than forty-four.
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[0080] With the rear sprocket assembly according to the
thirty-ninth aspect, it is possible to provide a lightweight rear
sprocket assembly which has a further wide gear range and
which facilitates the shifting operation.

[0081] In accordance with a fortieth aspect of the present
invention, the rear sprocket assembly according to any one
of the thirty-fifth to thirty-ninth aspects is configured so that
a total number of tooth that a smallest sprocket of the
sprockets has is equal to or smaller than ten.

[0082] With the rear sprocket assembly according to the
fortieth aspect, it is possible to provide a lightweight rear
sprocket assembly which has a further wide gear range and
which facilitates the shifting operation.

[0083] In accordance with a forty-first aspect of the pres-
ent invention, a drive train of a bicycle comprises a single
front sprocket and the rear sprocket assembly according to
any one of the thirty-fifth to fortieth aspects.

[0084] With the drive train according to the forty-first
aspect, it is possible to provide a lightweight drive train of
a bicycle.

[0085] In accordance with a forty-second aspect of the
present invention, the drive train according to the forty-first
aspect is configured so that the at least one sprocket tooth of
the single front sprocket is circumferentially arranged on an
outer periphery of the sprocket body of the single front
sprocket. The at least one sprocket tooth of the single front
sprocket includes at least one first tooth and at least one
second tooth. The at least one first tooth has a first chain
engaging width. The at least one second tooth has a second
chain engaging width that is smaller than the first chain
engaging width.

[0086] With the drive train according to the forty-second
aspect, it is possible to improve chain-holding performance
of the lightweight drive train of the bicycle.

[0087] In accordance with a forty-third aspect of the
present invention, the drive train according to the forty-
second aspect is configured so that the at least one first tooth
is configured to be received within an outer link space
defined between a pair of outer link plates of the bicycle
chain. The at least one second tooth is configured to be
received within an inner link space defined between a pair of
inner link plates of the bicycle chain.

[0088] With the drive train according to the forty-third
aspect, it is possible to further improve chain-holding per-
formance of the lightweight drive train of the bicycle.
[0089] In accordance with a forty-fourth aspect of the
present invention, the drive train according to any one of the
forty-second and forty-third aspects is configured so that the
first chain engaging width is larger than an inner link space
defined between an opposed pair of inner link plates of the
bicycle chain in an axial direction parallel to the rotational
center axis of the bicycle sprocket and is smaller than an
outer link space defined between an opposed pair of outer
link plates of the bicycle chain in the axial direction. The
second chain engaging width is smaller than the inner link
space.

[0090] With the drive train according to the forty-fourth
aspect, it is possible to further improve chain-holding per-
formance of the lightweight drive train of the bicycle.
[0091] In accordance with a forty-fifth aspect of the pres-
ent invention, a sprocket assembly comprises a first bicycle
sprocket and a second bicycle sprocket. The first bicycle
sprocket is the bicycle sprocket according to any one of the
first to thirty-first aspects. The first bicycle sprocket has a
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first total number of teeth. The second bicycle sprocket is the
bicycle sprocket according to any one of the first to thirty-
first aspects. The second bicycle sprocket has a second total
number of teeth. The second total number is different from
the first total number. The at least one bicycle attachment
member of the first bicycle sprocket and the at least one
bicycle attachment member of the second bicycle sprocket
are integrated into a one-piece unitary member.

[0092] With the sprocket assembly according to the forty-
fifth aspect, it is possible to provide a lightweight sprocket
assembly.

[0093] In accordance with a forty-sixth aspect of the
present invention, the bicycle sprocket according to any one
of the first to thirty-fourth aspects is configured so that a
radial tooth length between a root circle and a tooth tip of the
at least one sprocket tooth in a radial direction with respect
to a rotational center axis of the bicycle sprocket is longer
than an axial tooth length of the at least one sprocket tooth
in an axial direction parallel to the rotational center axis of
the bicycle sprocket.

[0094] With the bicycle sprocket according to the forty-
sixth aspect, it is possible to provide a further lightweight
bicycle sprocket.

[0095] In accordance with a forty-seventh aspect of the
present invention, the bicycle sprocket according to any one
of the first to twenty-eighth aspects is configured so that the
at least one bicycle attachment member has a hub engage-
ment profile to engage with a bicycle hub.

[0096] With the bicycle sprocket according to the forty-
seventh aspect, it is possible to provide a lightweight bicycle
rear sprocket.

[0097] In accordance with a forty-eighth aspect of the
present invention, the bicycle sprocket according to any one
of the first to thirty-fourth aspects is configured so that the
at least one bicycle attachment member has a crank attach-
ment portion to which a bicycle crank is attached.

[0098] With the bicycle sprocket according to the forty-
eighth aspect, it is possible to provide a lightweight bicycle
front sprocket.

[0099] In accordance with a forty-ninth aspect of the
present invention, a bicycle sprocket comprises at least one
chain engaging member and at least one bicycle attachment
member. The at least one chain engaging member constitutes
at least a part of at least one sprocket tooth of the bicycle
sprocket and configured to contact a bicycle chain in a state
where the bicycle chain engages with the bicycle sprocket.
The at least one chain engaging member is made of a first
metallic material and has a first torque transmitting profile.
The at least one bicycle attachment member constitutes at
least a part of a sprocket body of the bicycle sprocket and
configured to be coupled to a bicycle. The at least one
bicycle attachment member is made of a second metallic
material and has a second torque transmitting profile to
engage with the first torque transmitting profile.

[0100] With the bicycle sprocket according to the forty-
ninth aspect, it is possible to provide a lightweight bicycle
sprocket to securely transmit driving torque from or to the
bicycle chain.

[0101] In accordance with a fiftieth aspect of the present
invention, the bicycle sprocket according to the forty-ninth
aspect is configured so that the first torque transmitting
profile does not overlap with the second torque transmitting
profile as viewed in an axial direction parallel to a rotational
center axis of the bicycle sprocket.
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[0102] With the bicycle sprocket according to the fiftieth
aspect, it is possible to provide a lightweight bicycle
sprocket with a thin sprocket structure to securely transmit
driving torque from or to the bicycle chain.

[0103] Inaccordance with a fifty-first aspect of the present
invention, the bicycle sprocket according to any one of the
forty-ninth and fiftieth aspects is configured so that the first
torque transmitting profile has a first surface non-parallel to
a rotational direction of the bicycle sprocket around a
rotational center axis of the bicycle sprocket.

[0104] With the bicycle sprocket according to the fifty-
first aspect, it is possible to provide a lightweight bicycle
sprocket to further securely transmit driving torque from or
to the bicycle chain.

[0105] In accordance with a fifty-second aspect of the
present invention, the bicycle sprocket according to any one
of the forty-ninth to fifty-first aspects is configured so that
the first torque transmitting profile includes a first spline
along the rotational center axis. The second torque trans-
mitting profile includes a second spline along a rotational
center axis of the bicycle sprocket. The second spline is
configured to engage with the first spline.

[0106] With the bicycle sprocket according to the fifty-
second aspect, it is possible to provide a lightweight bicycle
sprocket to further securely transmit driving torque from or
to the bicycle chain.

[0107] In accordance with a fifty-third aspect of the pres-
ent invention, a bicycle sprocket comprises at least one chain
engaging member and at least one bicycle attachment mem-
ber. The at least one chain engaging member constitutes at
least a tooth tip and a driving surface of at least one sprocket
tooth of the bicycle sprocket and configured to contact with
a bicycle chain in a state where the bicycle chain engages
with the bicycle sprocket. The at least one chain engaging
member is made of a metallic material. The at least one
bicycle attachment member constitutes at least a part of a
sprocket body of the bicycle sprocket and configured to be
coupled to a bicycle. The at least one bicycle attachment
member partly extends radially outwardly from a root circle
of the at least one sprocket tooth and is disposed radially
inwardly from the tooth tip of the at least one sprocket tooth
of the bicycle sprocket. The at least one bicycle attachment
member is made of a non-metallic material.

[0108] With the bicycle sprocket according to the fifty-
third aspect, it is possible to provide a lightweight bicycle
sprocket.

[0109] In accordance with a fifty-fourth aspect of the
present invention, the bicycle sprocket according to the
fifty-third aspect is configured so that at least one chain
engaging member further constitutes a non-driving surface
of the at least one sprocket tooth of the bicycle sprocket.
[0110] With the bicycle sprocket according to the fifty-
fourth aspect, it is possible to provide a further lightweight
bicycle sprocket.

[0111] In accordance with a fifty-fifth aspect of the present
invention, the bicycle sprocket according to any one of the
fifty-third and fifty-fourth aspects is configured so that the at
least one bicycle attachment member has a tip end. The tip
end is disposed radially outwardly from the root circle of the
sprocket teeth by a distance that is equal to or larger than 0.1
mm.

[0112] With the bicycle sprocket according to the fifty-
fifth aspect, it is possible to provide a further lightweight
bicycle sprocket.
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[0113] In accordance with a fifty-sixth aspect of the pres-
ent invention, the bicycle sprocket according to the fifty-fifth
aspect is configured so that the tip end is disposed radially
outwardly from the root circle of the sprocket teeth by a
distance that is equal to or larger than 1.1 mm.

[0114] With the bicycle sprocket according to the fifty-
sixth aspect, it is possible to provide a further lightweight
bicycle sprocket.

[0115] In accordance with a fifty-seventh aspect of the
present invention, the bicycle sprocket according to any one
of the first to thirty-fourth and forty-sixth to fifty-sixth
aspects is configured so that the at least one bicycle attach-
ment member constituting at least a part of at least one
concavo-convex portion positioned radially inwardly from
the at least one sprocket tooth and extending from the
sprocket body in an axial direction parallel to a rotational
center axis of the bicycle sprocket.

[0116] With the bicycle sprocket according to the fifty-
seventh aspect, it is possible to enhance rigidity of the at
least one bicycle attachment member as well as to further
lighten the at least one bicycle attachment member.

[0117] In accordance with a fifty-eighth aspect of the
present invention, the bicycle sprocket according to the
fifty-seventh aspect is configured so that the at least one
concavo-convex portion includes at least one first concavo-
convex portion extending in a circumferential direction with
respect to the rotational center axis of the bicycle sprocket.
[0118] With the bicycle sprocket according to the fifty-
eighth aspect, it is possible to further enhance rigidity of the
at least one bicycle attachment member.

[0119] In accordance with a fifty-ninth aspect of the pres-
ent invention, the bicycle sprocket according to any one of
the fifty-seventh and fifty-eighth aspects is configured so
that the at least one concavo-convex portion includes at least
one second concavo-convex portion extending generally in
a radial direction with respect to the rotational center axis of
the bicycle sprocket.

[0120] With the bicycle sprocket according to the fifty-
ninth aspect, it is possible to further enhance rigidity of the
at least one bicycle attachment member.

[0121] In accordance with a sixtieth aspect of the present
invention, the bicycle sprocket according to any one of the
fifty-seventh to fifty-ninth aspects is configured so that the at
least one concavo-convex portion includes second concavo-
convex portions, a number of which is equal to a number of
the at least one sprocket tooth of the bicycle sprocket.
[0122] With the bicycle sprocket according to the sixtieth
aspect, it is possible to further enhance rigidity of the at least
one bicycle attachment member.

[0123] In accordance with a sixty-first aspect of the pres-
ent invention, the bicycle sprocket according to any one of
the fifty-seventh to sixtieth aspects is configured so that the
at least one second concavo-convex portion inclines in a
range of zero degrees to thirty-five degrees with respect to
a radial line from the rotational center axis of the bicycle
sprocket.

[0124] With the bicycle sprocket according to the sixty-
first aspect, it is possible to further enhance rigidity of the at
least one bicycle attachment member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0125] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-



US 2018/0194431 Al

ence to the following detailed description when considered
in connection with the accompanying drawings.

[0126] FIG. 1 a side elevational view of a bicycle includ-
ing a drive train of a bicycle in accordance with a first
embodiment.

[0127] FIG. 2 is a side elevational view of a bicycle
sprocket in accordance with the first embodiment.

[0128] FIG. 3 is another side elevational view of the
bicycle sprocket illustrated in FIG. 1.

[0129] FIG. 4 is a cross-sectional view of the bicycle
sprocket taken along line IV-IV of FIG. 3.

[0130] FIG. 5 is a cross-sectional view of the bicycle
sprocket taken along line V-V of FIG. 3.

[0131] FIG. 6 is a perspective view of the bicycle sprocket
illustrated in FIGS. 2 and 3.

[0132] FIG. 7 is a front view of the bicycle attachment
member illustrated in FIG. 6.

[0133] FIG. 8 is a cross-sectional view of the bicycle
sprocket taken along line XIII-XIIT of FIG. 2.

[0134] FIG. 9 is a side elevational view of a rear sprocket
assembly in accordance with the first embodiment.

[0135] FIG. 10 is a cross-sectional view of the rear
sprocket assembly taken along line X-X of FIG. 9.

[0136] FIG. 11 is a side elevational view of another
bicycle sprocket in accordance with the first embodiment.
[0137] FIG. 12 is a cross-sectional view of the bicycle
sprocket taken along line XII-XII of FIG. 11.

[0138] FIG. 13 is a cross-sectional view of the bicycle
sprocket taken along line XIII-XIIT of FIG. 11.

[0139] FIG. 14 is a cross-sectional view of the bicycle
sprocket taken along line XIV-XIV of FIG. 11.

[0140] FIG. 15 is a side elevational view of still another
bicycle sprocket in accordance with the first embodiment.
[0141] FIG. 16 is a cross-sectional view of the bicycle
sprocket taken along line XVI-XVI of FIG. 15.

[0142] FIG. 17 is a cross-sectional view of the bicycle
sprocket taken along line XVII-XVII of FIG. 15.

[0143] FIG. 18 is a perspective view of the still another
bicycle sprocket illustrated in FIG. 15.

[0144] FIG. 19 is a partial perspective view of the bicycle
attachment member illustrated in FIG. 15 viewed in an
opposite direction to a direction to which the still another
bicycle sprocket in FIG. 18 is viewed.

[0145] FIG. 20 is a side elevational view of a bicycle
sprocket assembly in accordance with a second embodi-
ment.

[0146] FIG. 21 is another side elevational view of a
bicycle sprocket assembly illustrated in FIG. 20.

[0147] FIG. 22 is a partial side elevational view of the
bicycle sprocket illustrated in FIGS. 20 and 21.

[0148] FIG. 23 is a partial perspective view of the bicycle
sprocket illustrated in FIGS. 20 and 21.

[0149] FIG. 24 is another partial perspective view of the
bicycle sprocket illustrated in FIGS. 20 and 21.

[0150] FIG. 25 is a side elevational view of a sprocket
assembly including a bicycle sprocket and a smaller bicycle
sprocket in accordance with a third embodiment.

[0151] FIG. 26 is a side elevational view of the bicycle
sprocket of the sprocket assembly illustrated in FIG. 25.
[0152] FIG. 27 is a cross-sectional view of the bicycle
sprocket taken along line XXVII-XXVII of FIG. 26.
[0153] FIG. 28 is a cross-sectional view of the bicycle
sprocket taken along line XXVIII-XXVIII of FIG. 26.

Jul. 12,2018

[0154] FIG. 29 is a cross-sectional view of the bicycle
sprocket taken along line XXIX-XXIX of FIG. 26.

[0155] FIG. 30 is a side elevational view of a sprocket
assembly in accordance with a fourth embodiment.

[0156] FIG. 31 is a cross-sectional view of the sprocket
assembly taken along line XXXI-XXXI of FIG. 30.

[0157] FIG. 32 is another side elevational view of a
sprocket carrier including at least one bicycle attachment
member in accordance with the fourth embodiment.

[0158] FIG. 33 is a side elevational view of at least one
chain engaging member in accordance with the fourth
embodiment.

[0159] FIG. 34 is a modification example of a cross-
sectional view of a sprocket assembly in the fourth embodi-
ment.

[0160] FIG. 35 is a side elevational view of a sprocket
carrier including at least one bicycle attachment member of
the modification example in accordance with the fourth
embodiment.

[0161] FIG. 36 is a side elevational view of a bicycle
sprocket in accordance with a fifth embodiment.

[0162] FIG. 37 is a partial cross sectional view of a portion
of the bicycle sprocket illustrated in FIG. 36 as seen along
section line XXXVII-XXXVII of FIG. 36.

[0163] FIG. 38 is a partial cross sectional view of a portion
of the bicycle sprocket illustrated in FIG. 36 as seen along
section line XXXVIII-XXXVIII of FIG. 36.

[0164] FIG. 39 is a partial cross sectional view of a portion
of the bicycle sprocket illustrated in FIG. 36 as seen along
section line XXXIX-XXXIX of FIG. 36.

[0165] FIG. 40 is a side elevational view of a bicycle
sprocket in accordance with a sixth embodiment.

[0166] FIG. 41 is a partial cross sectional view of a portion
of the bicycle sprocket illustrated in FIG. 40 excluding the
bicycle attachment member as seen along section line XII-
XLI of FIG. 40.

DESCRIPTION OF THE EMBODIMENTS

[0167] The embodiments will now be described with
reference to the accompanying drawings, wherein like ref-
erence numerals designate corresponding or identical ele-
ments throughout the various drawings.

First Embodiment

[0168] Referring initially to FIG. 1, a drive train 10 of a
bicycle in accordance with an embodiment is mounted to a
bicycle 1. In the illustrated embodiment, for example, the
drive train 10 comprises a single front sprocket FS and a rear
sprocket assembly RSA. However, this is a mere example,
and the drive train 10 may further comprise an additional
front sprocket AFS to constitute a front sprocket assembly
FSA (see second and third embodiments). The front sprocket
FS can be referred to as a bicycle sprocket 12 according to
this embodiment. The front sprocket FS is attached to a
crank axle CAX. A bicycle crank CR is attached to the front
sprocket FS. A pedal P is attached to the bicycle crank CR.
The front sprocket FS has a rotational center axis Al. The
front sprocket FS is rotatable about the rotational center axis
Al relative to a bicycle frame BF. The front sprocket FS is
engaged with a bicycle chain BC to transmit a rotational
driving force F1 (See FIGS. 2 and 3) to the bicycle chain BC.
The bicycle chain BC is engaged with the front sprocket FS
and the rear sprocket assembly RSA. The rear sprocket
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assembly RSA can be referred to as a rear sprocket assembly
14 according to this embodiment. The rear sprocket assem-
bly RSA is attached to a bicycle hub BH. The rear sprocket
assembly RSA has a rotational center axis A2. The rear
sprocket assembly RSA is engaged with the bicycle chain
BC to receive the rotational driving force F1 (see FIGS. 11
and 15) from the bicycle chain BC. The rear sprocket
assembly RSA is rotatable about the rotational center axis
A2 relative to the bicycle frame BF. The front sprocket
assembly FSA and the rear sprocket assembly RSA can be
simply referred to as a sprocket assembly SA in this embodi-

ment.
[0169] In the present application, the following directional
terms “front”, “rear”, “forward”, “rearward”, “left”, “right”,
“transverse”, “upward” and “downward” as well as any
other similar directional terms refer to those directions
which are determined on the basis of the user who sits on a
saddle 3 of the bicycle 1 with facing a handlebar 5. Accord-
ingly, these terms, as utilized to describe the front sprocket
FS and the rear sprocket assembly RSA, should be inter-
preted relative to the bicycle equipped with the drive train 10

as used in an upright riding position on a horizontal surface.

[0170] As seen in FIGS. 2 and 3, the bicycle sprocket 12
comprises at least one chain engaging member 18 and at
least one bicycle attachment member 20. In the illustrated
embodiment, the bicycle sprocket 12 includes one chain
engaging member 18 and one bicycle attachment member
20. However, the illustrated one chain engaging member 18
may be divided into several pieces to constitute the at least
one chain engaging member 18, and the illustrated one
bicycle attachment member 20 may be divided into several
pieces to constitute the at least one bicycle attachment
member 20. Therefore, the at least one chain engaging
member 18 has at least a part of an annular shape. In the
illustrated embodiment, the at least one chain engaging
member 18 has an annular shape. The bicycle sprocket 12
includes at least one sprocket tooth 22 and a sprocket body
24. The at least one sprocket tooth 22 of the bicycle sprocket
12 (the single front sprocket FS) is circumferentially
arranged on an outer periphery 200 of the sprocket body 24
of'the bicycle sprocket 12 (the single front sprocket FS). The
outer periphery 200 of the sprocket body 24 can be identical
to a root circle RC1 of the at least one sprocket tooth 22. The
sprocket body 24 has a crank attachment portion 26 to which
the bicycle crank CR is attached. Specifically, the at least
one bicycle attachment member 20 has the crank attachment
portion 26 to which the bicycle crank CR is attached. The
bicycle crank CR is attached to the crank attachment portion
26 with an attachment member (e.g. a bolt and a nut) which
is not illustrated in the drawings.

[0171] Each of the at least one sprocket tooth 22 includes
atooth tip 28, a driving surface 30, and a non-driving surface
32. The driving surface 30 is configured to contact the
bicycle chain BC in a state where the bicycle chain BC
engages with the bicycle sprocket 12. The non-driving
surface 32 is a surface of each of the at least one sprocket
tooth 22 other than the driving surface 30. The at least one
chain engaging member 18 constitutes at least a part of the
at least one sprocket tooth 22 of the bicycle sprocket 12.
Specifically, the at least one chain engaging member 18
constitutes at least the tooth tip 28 and the driving surface 30
of the at least one sprocket tooth 22 of the bicycle sprocket
12. The at least one chain engaging member 18 is configured
to contact the bicycle chain BC in a state where the bicycle
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chain BC engages with the bicycle sprocket 12. The at least
one bicycle attachment member 20 constitutes at least a part
of the sprocket body 24 of the bicycle sprocket 12 and is
configured to be coupled to the bicycle 1. The at least one
bicycle attachment member 20 is disposed radially inwardly
from the tooth tip 28 of the at least one sprocket tooth 22 of
the bicycle sprocket 12. In the illustrated embodiment, the at
least one chain engaging member 18 further constitutes the
non-driving surface 32 of the at least one sprocket tooth 22
of'the bicycle sprocket 12. However, the at least one bicycle
attachment member 20 may further constitute the non-
driving surface 32 of the at least one sprocket tooth 22 of the
bicycle sprocket 12.

[0172] In this embodiment, the at least one sprocket tooth
22 of the bicycle sprocket 12 (the single front sprocket FS)
includes at least one first tooth 34 and at least one second
tooth 36. Specifically, the bicycle sprocket 12 (the single
front sprocket FS) includes a plurality of sprocket teeth 22,
and the plurality of the sprocket teeth 22 include a plurality
of first teeth 34 and a plurality of second teeth 36. Preferably,
the first teeth 34 and the second teeth 36 are alternately
arranged in the circumferential direction D1 of the bicycle
sprocket 12.

[0173] As seen in FIG. 4, the at least one first tooth 34 is
configured to be received within an outer link space BC21
defined between a pair of outer link plates BC2 of the
bicycle chain BC. The at least one first tooth 34 has a first
chain engaging width W1. The first chain engaging width
W1 is defined in the axial direction D2. Each of the first teeth
34 has the first chain engaging width W1. As seen in FIG.
5, the at least one second tooth 36 is configured to be
received within an inner link space BC11 defined between a
pair of inner link plates BC1 of the bicycle chain BC. The
at least one second tooth 36 has a second chain engaging
width W2 that is smaller than the first chain engaging width
W1. The second chain engaging width W2 is defined in the
axial direction D2. Each of the second teeth 36 has the
second chain engaging width W2. As seen in FIGS. 4 and 5,
the first chain engaging width W1 is larger than the inner
link space BC11 defined between an opposed pair of inner
link plates BC1 of the bicycle chain BC in the axial direction
D2 parallel to the rotational center axis Al of the bicycle
sprocket 12. The first chain engaging width W1 is smaller
than the outer link space BC21 defined between an opposed
pair of outer link plates BC2 of the bicycle chain BC in the
axial direction D2. The second chain engaging width W2 is
smaller than the inner link space BC11. A radial tooth length
L1 between the root circle RC1 and the tooth tip 28 of the
at least one sprocket tooth 22 in a radial direction D3 with
respect to the rotational center axis Al of the bicycle
sprocket 12 is longer than an axial tooth length W1 of the at
least one sprocket tooth 22 in the axial direction D2 parallel
to the rotational center axis Al of the bicycle sprocket 12.

[0174] As seen in FIG. 4, the at least one first tooth 34
includes a first axial end 34A and a first opposite axial end
34B opposite to the first axial end 34A in the axial direction
D2. The first axial end 34A and the first opposite axial end
34B are contactable with the outer link plate BC2 of the
bicycle chain BC. The first chain engaging width W1 is
defined between the first axial end 34A and the first opposite
axial end 34B in the axial direction D2. In this embodiment,
each of the first teeth 34 includes the first axial end 34A and
the first opposite axial end 34B opposite to the first axial end
34A in the axial direction D2. In each of the first teeth 34,
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the first chain engaging width W1 is defined between the
first axial end 34 A and the first opposite axial end 34B in the
axial direction D2.

[0175] As seen in FIG. 5, the at least one second tooth 36
includes a second axial end 36A and a second opposite axial
end 36B opposite to the second axial end 36A in the axial
direction D2. The second axial end 36A and the second
opposite axial end 36B are contactable with the inner link
plate BC1 of the bicycle chain BC. The second chain
engaging width W2 is defined between the second axial end
36A and the second opposite axial end 36B in the axial
direction D2. In this embodiment, each of the second teeth
36 includes the second axial end 36A and the second
opposite axial end 36B opposite to the second axial end 36 A
in the axial direction D2. In each of the second teeth 36, the
second chain engaging width W2 is defined between the
second axial end 36 A and the second opposite axial end 36B
in the axial direction D2.

[0176] As seen in FIG. 6, the at least one chain engaging
member 18 has a first torque transmitting profile 38. In the
illustrated embodiment, the chain engaging member 18 has
a plurality of first torque transmitting profiles 38, but the
chain engaging member 18 can have only one first torque
transmitting profile 38. When the illustrated one chain
engaging member 18 is divided into several pieces to
constitute the at least one chain engaging member 18, at
least one of the several pieces can have an individual first
torque transmitting profile 38.

[0177] As seen in FIGS. 6 and 7, the at least one bicycle
attachment member 20 has a second torque transmitting
profile 40 to engage with the first torque transmitting profile
38. In the illustrated embodiment, the bicycle attachment
member 20 has a plurality of second torque transmitting
profiles 40, but the bicycle attachment member 20 can have
only one second torque transmitting profile 40. When the
illustrated one bicycle attachment member 20 is divided into
several pieces to constitute the at least one bicycle attach-
ment member 20, at least one of the several pieces can have
an individual second torque transmitting profile 40.

[0178] As seen in FIGS. 2 and 3, the first torque trans-
mitting profile 38 does not overlap with the second torque
transmitting profile 40 as viewed in the axial direction D2
parallel to the rotational center axis Al of the bicycle
sprocket 12. The first torque transmitting profile 38 has a
first surface 38 A non-parallel to a driving rotational direc-
tion D11 of the bicycle sprocket 12 around the rotational
center axis Al.

[0179] As seen in FIGS. 6 and 8, the first torque trans-
mitting profile 38 includes a first spline 38S along the
rotational center axis Al. The first spline 38S includes the
first surfaces 38A. As seen in FIGS. 2, 3, 6, and 7, the second
torque transmitting profile 40 includes a second spline 40S
along the rotational center axis Al. The second spline 40S is
configured to engage with the first spline 38S. The second
spline 40S includes second surfaces 40A to contact the first
surfaces 38A. The second surfaces 40A are non-parallel to
the driving rotational direction D11 of the bicycle sprocket
12 around the rotational center axis Al. That is, the second
torque transmitting profile 40 has a second surface 40A
non-parallel to the driving rotational direction D11 of the
bicycle sprocket 12 around the rotational center axis Al. As
seen in FIGS. 7 and 8, the second torque transmitting profile
40 includes an inner base 40B. The second surfaces 40A
extend radially outwardly from the inner base 40B.
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[0180] As seen in FIGS. 7 and 8, the at least one bicycle
attachment member 20 includes a clamping profile 41. The
clamping profile 41 includes an inner protrusion 41PI and an
outer protrusion 41P0. The inner protrusion 41PI and the
outer protrusion 41P0 outwardly extend from the inner base
40B in the radial direction D3 of the bicycle sprocket 12
perpendicular to the rotational center axis Al of the bicycle
sprocket 12. In other words, the inner protrusion 41PI and
the outer protrusion 41P0 radially outwardly extend from the
inner base 40B. As seen in FIG. 8, the first torque transmit-
ting profile 38 is sandwiched between the inner protrusion
41PI and the outer protrusion 41P0 in the axial direction D2
parallel to the rotational center axis Al of the bicycle
sprocket 12. Therefore, the at least one chain engaging
member 18 is secured with the at least one bicycle attach-
ment member 20 in the axial direction D2.

[0181] As seen in FIG. 8, the at least one chain engaging
member 18 is made of a first material. The at least one
bicycle attachment member 20 is made of a second material
that is different from the first material. The first material
includes metallic material, and the second material includes
a non-metallic material. Preferably, the second material has
a second specific gravity smaller than a first specific gravity
that the first material has. More preferably, the first material
has a first abrasion resistance larger than a second abrasion
resistance that the second material has. Even more prefer-
ably, the first material has a first rigidity larger than a second
rigidity that the second material has. Therefore, preferably,
the first material includes at least one of stainless steel,
titanium, and aluminum. The second material includes a
fiber reinforced plastic material. Preferably, the at least one
bicycle attachment member 20 is integrally molded with the
at least one chain engaging member 18 using a metal die.
Alternatively, the at least one bicycle attachment member 20
is made by hot-pressing prepreg sheets which are piled on
the at least one chain engaging member 18.

[0182] FIG. 9 shows one example of the rear sprocket
assembly 14. In the illustrated embodiment, the rear
sprocket assembly 14 includes sprockets RS1 to RS12. In
the illustrated embodiment, a total number of the sprockets
RS1 to RS12 is twelve. However, the total number of the
sprockets is not limited to twelve, but preferably, the total
number of the sprockets is equal to or larger than nine. At
least one of the sprockets RS1 to RS12 can be referred to as
a bicycle sprocket 16 according to this embodiment. At least
one of the sprockets RS1 to RS12 can be referred to as a
bicycle sprocket 17 according to this embodiment. In the
illustrated embodiment, the sprocket RS5 can be referred to
as the bicycle sprocket 16, but the bicycle sprocket 16 is not
limited to the sprocket RSS5. In the illustrated embodiment,
the sprocket RS10 can be referred to as the bicycle sprocket
17, but the bicycle sprocket 17 is not limited to the sprocket
RS10. Accordingly, the rear sprocket assembly 14 comprises
the sprockets RS1 to RS12 at least one of which is the
bicycle sprocket 16. The rear sprocket assembly 14 com-
prises the sprockets RS1 to RS12 at least one of which is the
bicycle sprocket 17. In the illustrated embodiment, the
smallest sprocket RS12 of the sprockets RS1 to RS12 has ten
teeth. The largest sprocket RS1 of the sprockets RS1 to
RS12 has forty-eight teeth. Therefore, a tooth-number dif-
ference between the smallest sprocket RS12 and the largest
sprocket RS1 of the sprockets RS1 to RS12 is thirty-eight.
In this embodiment, preferably, a tooth-number difference
between a smallest sprocket and a largest sprocket of the
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sprockets is equal to or larger than twenty-five. More
preferably, a tooth-number difference between a smallest
sprocket and a largest sprocket of the sprockets is equal to
or larger than thirty-five. A total number of tooth that a
largest sprocket of the sprockets has is equal to or larger than
forty-four. A total number of tooth that a smallest sprocket
of the sprockets has is equal to or smaller than ten.

[0183] As seen in FIG. 10, the rear sprocket assembly 14
includes a sprocket carrier 42. The sprockets RS1 to RS8 are
attached to the sprocket carrier 42 to be coupled to the
bicycle hub BH. Preferably, the sprocket carrier 42 is made
of a non-metallic material. More preferably, the sprocket
carrier 42 is made of a fiber reinforced plastic material.
Further, the bicycle hub BH has a spline around its center
axis, and the sprocket carrier 42 has a hub engagement
profile (e.g. a spline) 428 to engage with the bicycle hub BH
in a state where the rear sprocket assembly 14 is coupled to
the bicycle 1. Each of the sprockets RS9 to RS12 has an
individual hub engagement profile to engage with the
bicycle hub BH. However, this is a mere example. At least
one of the sprockets RS1 to RS8 can have an individual hub
engagement profile to engage with the bicycle hub BH, and
at least one the sprockets RS9 to RS12 may be attached to
the sprocket carrier 42. Further, the rear sprocket assembly
14 may not include the sprocket carrier 42, and all the
sprockets RS1 to RS12 can have an individual hub engage-
ment profile to engage with the bicycle hub BH.

[0184] FIG. 11 illustrates the bicycle sprocket RS5 as a
bicycle sprocket 16. However, at least one of the other
sprockets RS1 to RS4 and RS6 to RS8 may have substan-
tially the same structure as the bicycle sprocket 16 for except
an individual size and a total number of tooth. As seen in
FIG. 11, the bicycle sprocket 16 comprises at least one chain
engaging member 44 and at least one bicycle attachment
member 46. The at least one chain engaging member 44 has
substantially the same structure as the at least one chain
engaging member 18 except for a shape of at least one
sprocket tooth 48 and at least one shifting facilitation area
50. The at least one bicycle attachment member 46 has
substantially the same structure as the at least one bicycle
attachment member 20 except for the at least one shifting
facilitation area 50 and a sprocket carrier attachment portion
52 in place of the crank attachment portion 26. Thus,
elements in the at least one chain engaging member 44 and
the at least one bicycle attachment member 46 having
substantially the same function as those in at least one chain
engaging member 18 and the at least one bicycle attachment
member 20, respectively will be numbered the same here,
and will not be described and/or illustrated again in detail
here for the sake of brevity.

[0185] In the illustrated embodiment, the bicycle sprocket
16 includes one chain engaging member 44 and one bicycle
attachment member 46. However, the illustrated one chain
engaging member 44 may be divided into several pieces to
constitute the at least one chain engaging member 44, and
the illustrated one bicycle attachment member 46 may be
divided into several pieces to constitute the at least one
bicycle attachment member 46. Therefore, the at least one
chain engaging member 44 has at least a part of an annular
shape. In the illustrated embodiment, the at least one chain
engaging member 44 has an annular shape. The bicycle
sprocket 16 includes at least one sprocket tooth 48 and a
sprocket body 54. The at least one sprocket tooth 48 of the
bicycle sprocket 16 is circumferentially arranged on an outer
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periphery 540 of the sprocket body 54. The outer periphery
540 of the sprocket body 54 can be identical to a root circle
RC2 of' the at least one sprocket tooth 48. The sprocket body
54 has the sprocket carrier attachment portion 52 to which
the sprocket carrier 42 is attached. Further, the at least one
bicycle attachment member 46 has the sprocket carrier
attachment portion 52 to which the sprocket carrier 42 is
attached. In the illustrated embodiment, the sprocket carrier
attachment portion 52 has an attachment hole 52/ though
which a protrusion 56 of the sprocket carrier 42 is inserted
(See FIG. 10). A fastening member 58 is attached to the
protrusion 56 and a part of the bicycle sprocket 16 to fasten
the bicycle sprocket 16 to the sprocket carrier 42.

[0186] Each of the at least one sprocket tooth 48 includes
atooth tip 60, a driving surface 62, and a non-driving surface
64. The driving surface 62 is configured to contact the
bicycle chain BC in a state where the bicycle chain BC
engages with the bicycle sprocket 16. The non-driving
surface 64 is a surface of each of the at least one sprocket
tooth 48 other than the driving surface 62. The at least one
chain engaging member 44 constitutes at least a part of the
at least one sprocket tooth 48 of the bicycle sprocket 16.
Specifically, the at least one chain engaging member 44
constitutes at least the tooth tip 60 and the driving surface 62
of the at least one sprocket tooth 48 of the bicycle sprocket
16. The at least one chain engaging member 44 is configured
to contact the bicycle chain BC in a state where the bicycle
chain BC engages with the bicycle sprocket 16. The at least
one bicycle attachment member 46 constitutes at least a part
of the sprocket body 54 of the bicycle sprocket 16 and is
configured to be coupled to the bicycle 1. The at least one
bicycle attachment member 46 is disposed radially inwardly
from the tooth tip 60 of the at least one sprocket tooth 48 of
the bicycle sprocket 16. In the illustrated embodiment, the at
least one chain engaging member 44 further constitutes the
non-driving surface 64 of the at least one sprocket tooth 48
of'the bicycle sprocket 16. However, the at least one bicycle
attachment member 46 may further constitute the non-
driving surface 64 of the at least one sprocket tooth 48 of the
bicycle sprocket 16.

[0187] As seen in FIG. 11, the bicycle sprocket 16 com-
prises the at least one shifting facilitation area 50 provided
in the at least one chain engaging member 44 to facilitate a
shifting operation of the bicycle chain BC. The at least one
shifting facilitation area 50 includes at least one upshifting
facilitation area 66. The at least one shifting facilitation area
50 includes at least one downshifting facilitation area 68. In
this embodiment, an upshifting means the bicycle chain BC
moves from a larger bicycle sprocket to a smaller bicycle
sprocket and a downshifting means the bicycle chain BC
moves from a smaller bicycle sprocket to a large bicycle
sprocket. In the illustrated embodiment, the at least one
shifting facilitation area 50 includes both of the at least one
upshifting facilitation area 66 and the at least one down-
shifting facilitation area 68. In the illustrated embodiment,
the bicycle sprocket 16 includes three upshifting facilitation
areas 66 and three downshifting facilitation areas 68. How-
ever, either of the at least one upshifting facilitation area 66
and the at least one downshifting facilitation area 68 may be
omitted in this embodiment. The at least one shifting facili-
tation area 50 extends between the at least one chain
engaging member 44 and the at least one bicycle attachment
member 46. Specifically, the at least one shifting facilitation
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area 50 is constituted by both the at least one chain engaging
member 44 and the at least one bicycle attachment member
46.

[0188] In this embodiment, the at least one sprocket tooth
48 includes at least one regular tooth 70. Further, the at least
one sprocket tooth 48 includes at least one facilitation tooth
72 in the at least one shifting facilitation area 50. Specifi-
cally, the bicycle sprocket 16 includes a plurality of sprocket
teeth 48, and the plurality of the sprocket teeth 48 include a
plurality of facilitation teeth 72. The plurality of facilitation
teeth 72 includes at least one upshifting facilitation tooth 74
and at least one downshifting facilitation tooth 76. Prefer-
ably, the at least one upshifting facilitation tooth 74, at least
one downshifting facilitation tooth 76, (the plurality of
facilitation teeth 72) and the at least one regular tooth 70 are
arranged in the circumferential direction D4 of the bicycle
sprocket 16. The at least one facilitation tooth 72 facilitates
upshifting. Specifically, the at least one upshifting facilita-
tion tooth 74 facilitates upshifting. The at least one facili-
tation tooth 72 facilitates downshifting. Specifically, at least
one downshifting facilitation tooth 76 facilitates downshift-
ing.

[0189] As seen in FIG. 12, the at least one regular tooth 70
has a third chain engaging width W3. As seen in FIG. 13, the
at least one upshifting facilitation tooth 74 has a recess 75 in
the axial direction D5 to facilitate the upshifting operation
from the bicycle sprocket 16 to a smaller bicycle sprocket
(e.g. RS6). The recess 75 is to avoid excessive interference
with the bicycle chain BC so as to facilitate engagement of
the bicycle chain BC with the at least one upshifting
facilitation tooth 74 during upshifting operation. Accord-
ingly, the at least one upshifting facilitation tooth 74 has a
fourth chain engaging width W4 shorter than the third chain
engaging width W3. Therefore, the at least one facilitation
tooth 72 includes at least one axially recessed tooth 74 with
respect to the rotational center axis A2 of the bicycle
sprocket 16. In addition, as seen in FIG. 14, the at least one
downshifting facilitation tooth 76 has a recess 77 in the axial
direction D5 to facilitate the downshifting operation from
the smaller bicycle sprocket (e.g. RS6) to the bicycle
sprocket 16. The recess 77 is to guide the bicycle chain BC
toward the bicycle sprocket 16 to facilitate engagement of
the bicycle chain BC with one of sprocket teeth of the
bicycle sprocket 16 during a downshifting operation.
Accordingly, the at least one downshifting facilitation tooth
76 has a fifth chain engaging width W5 shorter than the third
chain engaging width W3. Therefore, the at least one facili-
tation tooth 72 includes at least one axially recessed tooth 76
with respect to the rotational center axis A2 of the bicycle
sprocket 16.

[0190] Further, as seen in FIG. 12, a radial tooth length [.3
between the root circle RC2 and the tooth tip 60 of the at
least one sprocket tooth 48 (the at least one regular tooth 70)
in the radial direction D6 with respect to the rotational center
axis A2 of the bicycle sprocket 16 is longer than an axial
tooth length W3 of the at least one sprocket tooth 48 (the at
least one regular tooth 70) in the axial direction D5 parallel
to the rotational center axis A2 of the bicycle sprocket 16. As
seen in FIG. 13, a radial tooth length L4 between the root
circle RC2 and the tooth tip 60 of the at least one sprocket
tooth 48 (the at least one facilitation tooth 72, the at least one
upshifting facilitation tooth 74) in the radial direction D6
with respect to the rotational center axis A2 of the bicycle
sprocket 16 is longer than an axial tooth length W4 of the at
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least one sprocket tooth 48 (the at least one facilitation tooth
72, the at least one upshifting facilitation tooth 74) in the
axial direction D5 parallel to the rotational center axis A2 of
the bicycle sprocket 16. As seen in FIG. 14, a radial tooth
length L5 between the root circle RC2 and the tooth tip 60
of the at least one sprocket tooth 48 (the at least one
facilitation tooth 72, the at least one downshifting facilita-
tion tooth 76) in the radial direction D6 with respect to the
rotational center axis A2 of the bicycle sprocket 16 is longer
than an axial tooth length W5 of the at least one sprocket
tooth 48 (the at least one facilitation tooth 72, the at least one
downshifting facilitation tooth 76) in the axial direction D5
parallel to the rotational center axis A2 of the bicycle
sprocket 16.

[0191] As seen in FIGS. 11 to 13, the at least one chain
engaging member 44 has the first torque transmitting profile
38 which is described above. In the illustrated embodiment,
the chain engaging member 44 has a plurality of the first
torque transmitting profiles 38, but the chain engaging
member 18 can have only one first torque transmitting
profile 38. When the illustrated one chain engaging member
44 is divided into several pieces to constitute the at least one
chain engaging member 44, at least one of the several pieces
can have an individual first torque transmitting profile 38.

[0192] As seen in FIGS. 11 to 14, the at least one bicycle
attachment member 46 has the second torque transmitting
profile 40 to engage with the first torque transmitting profile
38. When the illustrated one bicycle attachment member 46
is divided into several pieces to constitute the at least one
bicycle attachment member 46, at least one of the several
pieces can have an individual second torque transmitting
profile 40. Features of the first torque transmitting profile 38,
the second torque transmitting profile 40 and the clamping
profile 41 and a manufacturing method of the at least one
bicycle attachment member 46 are same as those of the
bicycle sprocket 12. Specifically, as seen in FIG. 11, the first
torque transmitting profile 38 does not overlap with the
second torque transmitting profile 40 as viewed in the axial
direction D5 parallel to the rotational center axis A2 of the
bicycle sprocket 16. The first torque transmitting profile 38
has a first surface 38A non-parallel to a rotational direction
D41 of the bicycle sprocket 16 around the rotational center
axis A2. As seen in FIGS. 12 to 14, the first torque trans-
mitting profile 38 includes the first spline 38S along the
rotational center axis A2. As with the second torque trans-
mitting profile 40 of the bicycle sprocket 12, the second
torque transmitting profile 40 includes a second spline 40S
along the rotational center axis A2.

[0193] Further, as seen in FIGS. 12 to 14, the at least one
chain engaging member 44 is made of the first material that
the at least one chain engaging member 18 is made of. The
at least one bicycle attachment member 46 is made of the
second material that the at least one bicycle attachment
member 20 is made of.

[0194] FIG. 15 illustrates the bicycle sprocket RS10 as a
bicycle sprocket 17. However, at least one of the other
sprockets RS9, RS11, and RS12 may have substantially the
same structure as the bicycle sprocket 17 except an indi-
vidual size and a total number of tooth. As seen in FIG. 15,
the bicycle sprocket 17 comprises at least one chain engag-
ing member 78 and at least one bicycle attachment member
80. The at least one chain engaging member 78 has sub-
stantially the same structure as the at least one chain
engaging member 44 except at least one shifting facilitation
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area 82 and a first torque transmitting profile 84. The at least
one bicycle attachment member 80 has substantially the
same structure as the at least one bicycle attachment member
46 except the at least one shifting facilitation area 82, a
second torque transmitting profile 86, and a hub engagement
profile 88. Thus, elements in the at least one chain engaging
member 78 and the at least one bicycle attachment member
80 having substantially the same functions as those in at
least one chain engaging member 44 and the at least one
bicycle attachment member 46, respectively will be num-
bered the same here, and will not be described and/or
illustrated again in detail here for the sake of brevity.

[0195] In the illustrated embodiment, the bicycle sprocket
17 includes one chain engaging member 78 and one bicycle
attachment member 80. However, the illustrated one chain
engaging member 78 may be divided into several pieces to
constitute the at least one chain engaging member 78, and
the illustrated one bicycle attachment member 80 may be
divided into several pieces to constitute the at least one
bicycle attachment member 80. Therefore, the at least one
chain engaging member 78 has at least a part of an annular
shape. In the illustrated embodiment, the at least one chain
engaging member 78 has an annular shape. Similarly, the at
least one bicycle attachment member 80 has at least a part
of an annular shape. In the illustrated embodiment, the at
least one bicycle attachment member 80 has an annular
shape. The bicycle sprocket 17 includes at least one sprocket
tooth 90 and a sprocket body 92. The at least one sprocket
tooth 90 of the bicycle sprocket 17 is circumferentially
arranged on an outer periphery 920 of the sprocket body 92.
The outer periphery 920 of the sprocket body 92 can be
identical to a root circle RC3 of the at least one sprocket
tooth 90.

[0196] As with the at least one sprocket tooth 48 of the
bicycle sprocket 16, each of the at least one sprocket tooth
90 has same elements as the tooth tip 60, the driving surface
62, and the non-driving surface 64. The at least one chain
engaging member 78 constitutes at least a part of the at least
one sprocket tooth 90 of the bicycle sprocket 17. Specifi-
cally, the at least one chain engaging member 78 constitutes
the at least the tooth tip 60 and the driving surface 62 of the
at least one sprocket tooth 90 of the bicycle sprocket 17. The
at least one chain engaging member 78 is configured to
contact the bicycle chain BC in a state where the bicycle
chain BC engages with the bicycle sprocket 17.

[0197] The at least one bicycle attachment member 80
constitutes at least a part of the sprocket body 92 of the
bicycle sprocket 17 and is configured to be coupled to the
bicycle 1. The at least one bicycle attachment member 80 is
disposed radially inwardly from the tooth tip 60 of the at
least one sprocket tooth 90 of the bicycle sprocket 17. In the
illustrated embodiment, the at least one chain engaging
member 78 further constitutes the non-driving surface 64 of
the at least one sprocket tooth 90 of the bicycle sprocket 17.
However, the at least one bicycle attachment member 80
may further constitute the non-driving surface 64 of the at
least one sprocket tooth 90 of the bicycle sprocket 17. As
seen in FIG. 15, the sprocket body 92 has a hub engagement
profile 88 to which the bicycle hub BH is attached. That is,
the at least one bicycle attachment member 80 has the hub
engagement profile 88 to engage with the bicycle hub BH.
In the illustrated embodiment, the hub engagement profile
88 has a spline to engage with the spline of the bicycle hub
BH.
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[0198] As seen in FIG. 15, the bicycle sprocket 17 com-
prises the at least one shifting facilitation area 82 provided
in the at least one chain engaging member 78 to facilitate a
shifting operation of the bicycle chain BC. The at least one
shifting facilitation area 82 includes the at least one upshift-
ing facilitation area 66. The at least one shifting facilitation
area 82 includes at least one downshifting facilitation area
68. In the illustrated embodiment, the at least one shifting
facilitation area 82 includes both of the at least one upshift-
ing facilitation area 66 and the at least one downshifting
facilitation area 68. The at least one shifting facilitation area
82 extends between the at least one chain engaging member
78 and the at least one bicycle attachment member 80.
Specifically, the at least one shifting facilitation area 82 is
constituted by both the at least one chain engaging member
78 and the at least one bicycle attachment member 80.

[0199] In this embodiment, the at least one sprocket tooth
90 includes at least one regular tooth 70. Further, the at least
one sprocket tooth 90 includes at least one facilitation tooth
94 in the at least one shifting facilitation area 82. Specifi-
cally, the bicycle sprocket 17 includes a plurality of sprocket
teeth 90, and the plurality of the sprocket teeth 90 include a
plurality of facilitation teeth 94. The plurality of facilitation
teeth 94 includes at least one upshifting facilitation tooth 74
and at least one downshifting facilitation tooth 76. Prefer-
ably, the at least one upshifting facilitation tooth 74, the at
least one downshifting facilitation tooth 76 (the plurality of
facilitation teeth 94) and the at least one regular tooth 70 are
arranged in the circumferential direction D4 of the bicycle
sprocket 17. The at least one facilitation tooth 94 facilitates
upshifting. Specifically, the at least one upshifting facilita-
tion tooth 74 facilitates upshifting. The at least one facili-
tation tooth 94 facilitates downshifting. Specifically, the at
least one downshifting facilitation tooth 76 facilitates down-
shifting.

[0200] As seen in FIG. 16, the at least one regular tooth 70
has a sixth chain engaging width W6. As seen in FIG. 17, the
at least one upshifting facilitation tooth 74 has the recess 75
in the axial direction D5. Accordingly, the at least one
upshifting facilitation tooth 74 has a seventh chain engaging
width W7 shorter than the sixth chain engaging width W6.
Therefore, the at least one facilitation tooth 94 includes the
at least one axially recessed tooth 74 with respect to the
rotational center axis A2 of the bicycle sprocket 17.

[0201] Further, as seen in FIGS. 15 and 16, a radial tooth
length 1.6 between the root circle RC3 and the tooth tip 60
of the at least one sprocket tooth 90 (the at least one regular
tooth 70) in the radial direction D6 with respect to the
rotational center axis A2 of the bicycle sprocket 17 is longer
than an axial tooth length W6 of the at least one sprocket
tooth 90 (the at least one regular tooth 70) in the axial
direction D5 parallel to the rotational center axis A2 of the
bicycle sprocket 17. As seen in FIGS. 15 and 17, a radial
tooth length 1.7 between the root circle RC3 and the tooth tip
60 of the at least one sprocket tooth 90 (the at least one
facilitation tooth 94, the at least one upshifting facilitation
tooth 74) in the radial direction D6 with respect to the
rotational center axis A2 of the bicycle sprocket 17 is longer
than an axial tooth length W7 of the at least one sprocket
tooth 90 (the at least one facilitation tooth 94, the at least one
upshifting facilitation tooth 74) in the axial direction D5
parallel to the rotational center axis A2 of the bicycle
sprocket 17.
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[0202] As seen in FIG. 18, the at least one chain engaging
member 78 has the first torque transmitting profile 84. In the
illustrated embodiment, the chain engaging member 78 has
a plurality of first torque transmitting profiles 84, but the
chain engaging member 78 can have only one first torque
transmitting profile 84. When the illustrated one chain
engaging member 78 is divided into several pieces to
constitute the at least one chain engaging member 78, at
least one of the several pieces can have an individual first
torque transmitting profile 84.

[0203] As seen in FIGS. 18 and 19, the at least one bicycle
attachment member 80 has the second torque transmitting
profile 86 to engage with the first torque transmitting profile
84. In the illustrated embodiment, the bicycle attachment
member 80 has a plurality of second torque transmitting
profiles 86, but the bicycle attachment member 80 can have
only one second torque transmitting profile 86. When the
illustrated one bicycle attachment member 80 is divided into
several pieces to constitute the at least one bicycle attach-
ment member 80, at least one of the several pieces can have
an individual second torque transmitting profile 86.

[0204] As seen in FIG. 15, the first torque transmitting
profile 84 does not overlap with the second torque trans-
mitting profile 86 as viewed in the axial direction D5 parallel
to the rotational center axis A2 of the bicycle sprocket 17.
The first torque transmitting profile 84 has a first surface
84 A non-parallel to a rotational direction D41 of the bicycle
sprocket 17 around the rotational center axis A2.

[0205] As seen in FIGS. 16 to 18, the first torque trans-
mitting profile 84 includes a first spline 84S along the
rotational center axis A2. The first spline 84S includes the
first surfaces 84A. The first surfaces 84A are different from
the first surfaces 38A of the bicycle sprockets 12 and 16 in
that the first surfaces 84A extend outwardly from the root
circle RC3 of'the at least one sprocket tooth 90 viewed in the
axial direction D5.

[0206] As seen in FIGS. 15 and 19, the second torque
transmitting profile 86 includes a second spline 86S along
the rotational center axis A2. The second spline 86S is
configured to engage with the first spline 84S. The second
spline 86S includes second surfaces 86A to contact the first
surfaces 84A. The second surfaces 86A are non-parallel to
the rotational direction D41 of the bicycle sprocket 17
around the rotational center axis A2. That is, the second
torque transmitting profile 86 has a second surface 86A
non-parallel to the rotational direction D41 of the bicycle
sprocket 17 around the rotational center axis A2. As seen in
FIGS. 18 and 19, the second torque transmitting profile 86
includes an inner base 86B. The second surfaces 86 A extend
radially outwardly from the inner base 86B. The second
surfaces 86A are different from the second surfaces 40A of
the bicycle sprockets 12 and 16 in that the second surfaces
86A extend outwardly from the root circle RC3 of the at
least one sprocket tooth 90 viewed in the axial direction D5
in a state where the at least one chain engaging member 78
is secured with the at least one bicycle attachment member
80.

[0207] As seen in FIG. 15, the at least one bicycle attach-
ment member 80 partly extends radially outwardly from the
root circle RC3 of the at least one sprocket tooth 90. For
convenience of explanation, a part of the at least one bicycle
attachment member 80 which extends radially outwardly
from the root circle RC3 of the at least one sprocket tooth 90
is referred to as a radial extension 80A. The at least one
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bicycle attachment member 80 has a tip end 100. The tip end
100 is a farthest point of the radial extension 80A from the
rotational center axis A2 of the bicycle sprocket 17 viewed
in the axial direction D5. The tip end 100 is disposed radially
outwardly from the root circle RC3 of the sprocket teeth 90
by a distance DG that is equal to or larger than 0.1 mm.
Preferably, the tip end 100 is disposed radially outwardly
from the root circle RC3 of the sprocket teeth 90 by the
distance DG that is equal to or larger than 1.1 mm.

[0208] As seen in FIGS. 15 to 18, the at least one chain
engaging member 78 includes a first axial engagement
profile 96. As seen in FIGS. 15 to 19, the at least one bicycle
attachment member 80 includes a second axial engagement
profile 98 to engage with the first axial engagement profile
96 in the axial direction D5 of the bicycle sprocket 17.
Therefore, the at least one chain engaging member 78 is
secured with the at least one bicycle attachment member 80
in the radial direction D6 and the circumferential direction
D4 of the bicycle sprocket 17.

[0209] As seen in FIGS. 16 and 17, the at least one chain
engaging member 78 is made of a first material. The at least
one bicycle attachment member 80 is made of a second
material that is different from the first material. Preferably,
the first material includes a metallic material, and the second
material includes a non-metallic material. However, the
second material can include a metallic material. In this case,
the first material can include a first metallic material, and the
second material can include a second metallic material that
is different from the first metallic material. That is, the at
least one chain engaging member 78 is made of a first
metallic material, and the at least one bicycle attachment
member 80 is made of a second metallic material.

[0210] Preferably, the second material has a second spe-
cific gravity smaller than a first specific gravity that the first
material has. More preferably, the first material has a first
abrasion resistance larger than a second abrasion resistance
that the second material has. Even more preferably, the first
material has a first rigidity larger than a second rigidity that
the second material has. Therefore, preferably, the first
material includes at least one of stainless steel, titanium, and
aluminum. Further, the second material includes at least one
of titanium, aluminum, and resin. If the second material
includes resin, preferably, the second material includes a
fiber reinforced plastic material. If the second material
includes a metallic material, the first material and the second
material can include same kinds of material components and
can have different metallic compositions. For example, the
first material can be a first aluminum alloy which is 7000
series aluminum alloy. The second material can be a second
aluminum alloy which is 6000 series aluminum alloy. Both
the first aluminum alloy and the second aluminum alloy
have comparatively high rigidity as compared to other
aluminum alloys. The first aluminum alloy has a higher
rigidity than the second aluminum alloy has. However, the
second aluminum alloy is lighter than the first aluminum
alloy. When the bicycle sprocket 17 is manufactured, the at
least one chain engaging member 78 and the at least one
bicycle attachment member 80 are bonded. Alternatively, if
the second material includes resin, the at least one bicycle
attachment member 80 is made by hot-pressing prepreg
sheets which are piled on the at least one chain engaging
member 78.

[0211] With the bicycle sprocket 16, it is possible to
provide a lightweight bicycle sprocket which facilitates the
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shifting operation, because the bicycle sprocket 16 com-
prises at least one chain engaging member 44, at least one
bicycle attachment member 46, and at least one shifting
facilitation area 50. With the bicycle sprockets 12 and 16, it
is possible to provide a lightweight bicycle sprocket,
because the bicycle sprocket 16 comprises at least one chain
engaging member 44 made of a metallic material and at least
one bicycle attachment member 46 made of a non-metallic
material. With the bicycle sprocket 17, in addition to the
features of the bicycle sprockets 12 and 16, it is possible to
securely transmit driving torque from or to the bicycle chain,
because the at least one bicycle attachment member 80
partly extends radially outwardly from the root circle RC3 of
the at least one sprocket tooth 90.

Modification of First Embodiment

[0212] As described above, the first material includes a
metallic material. However, the first material can include a
first non-metallic material. For example, the first material
can be a carbon-fiber-reinforced plastic (CFRP) in which
carbon fibers are woven into an epoxy resin. In this case, the
second material can include a second non-metallic material
that is different from the first non-metallic material. For
example, the second material can be an epoxy resin. Alter-
natively, the first material and the second material can have
different resin compositions. For example, the first material
can be a carbon-fiber-reinforced plastic (CFRP) in which
carbon fibers are woven into an epoxy resin. The second
material can be a nylon resin. The nylon resin can be used
in injection molding, thereby at least one bicycle attachment
members 20, 46 and 80 can be flexibly molded into various
shapes using the nylon resin.

[0213] Further, the bicycle attachment members 20 and 46
may further include the radial extension 80A. In this case,
the chain engaging member 18 and 44 may have shapes
corresponding to shapes of the bicycle attachment members
20 and 46.

Second Embodiment

[0214] A sprocket assembly 15 in accordance with a
second embodiment will be described below referring to
FIGS. 20 and 21. The sprocket assembly 15 is one example
of the front sprocket assembly FSA in the first embodiment.
As seen in FIGS. 20 and 21, the sprocket assembly 15
comprises a bicycle sprocket 112 and a bicycle sprocket 113.
The bicycle sprocket 113 has the same configuration as the
bicycle sprocket 112 except for its size and a total number
of sprocket teeth. Therefore, explanation of the structure of
the bicycle sprocket 113 is omitted. The bicycle sprocket 112
has the same configuration as the bicycle sprocket 12 except
for at least one shifting facilitation area 150. Thus, elements
having substantially the same function as those in the first
embodiment will be numbered the same here, and will not
be described and/or illustrated again in detail here for the
sake of brevity.

[0215] As seen in FIGS. 20 and 21, the bicycle sprocket
112 comprises at least one chain engaging member 118 and
at least one bicycle attachment member 120. In the illus-
trated embodiment, the bicycle sprocket 112 includes one
chain engaging member 118 and one bicycle attachment
member 120. However, the illustrated one chain engaging
member 118 may be divided into several pieces to constitute
the at least one chain engaging member 118, and the
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illustrated one bicycle attachment member 120 may be
divided into several pieces to constitute the at least one
bicycle attachment member 120. Therefore, the at least one
chain engaging member 118 has at least a part of an annular
shape. In the illustrated embodiment, the at least one chain
engaging member 118 has an annular shape. The bicycle
sprocket 112 includes at least one sprocket tooth 122 and a
sprocket body 124. The at least one sprocket tooth 122 of the
bicycle sprocket 112 is circumferentially arranged on an
outer periphery 1240 of the sprocket body 124. The outer
periphery 1240 of the sprocket body 124 can be identical to
a root circle RC4 of the at least one sprocket tooth 122. The
sprocket body 124 has the crank attachment portion 26 to
which the bicycle crank CR is attached. Specifically, the at
least one bicycle attachment member 120 has the crank
attachment portion 26 to which the bicycle crank CR is
attached. In this embodiment, the at least one chain engaging
member 118 is made of the first material that the at least one
chain engaging member 18 is made of. The at least one
bicycle attachment member 120 is made of the second
material that the at least one bicycle attachment member 20
is made of.

[0216] Each ofthe at least one sprocket tooth 122 includes
the tooth tip 28, the driving surface 30, and the non-driving
surface 32. The at least one chain engaging member 118
constitutes at least a part of the at least one sprocket tooth
122 of the bicycle sprocket 112. Specifically, the at least one
chain engaging member 118 constitutes at least the tooth tip
28 and the driving surface 30 of the at least one sprocket
tooth 122 of the bicycle sprocket 112. The at least one chain
engaging member 118 is configured to contact the bicycle
chain BC in a state where the bicycle chain BC engages with
the bicycle sprocket 112. The at least one bicycle attachment
member 120 constitutes at least a part of the sprocket body
124 of the bicycle sprocket 112 and is configured to be
coupled to the bicycle 1. The at least one bicycle attachment
member 120 is disposed radially inwardly from the tooth tip
28 of the at least one sprocket tooth 122 of the bicycle
sprocket 12. In the illustrated embodiment, the at least one
chain engaging member 118 further constitutes the non-
driving surface 32 of the at least one sprocket tooth 122 of
the bicycle sprocket 112. However, the at least one bicycle
attachment member 120 may further constitute the non-
driving surface 32 of the at least one sprocket tooth 122 of
the bicycle sprocket 112.

[0217] In addition, the bicycle sprocket 112 comprises at
least one shifting facilitation area 150 provided in the at least
one chain engaging member 118 to facilitate a shifting
operation of the bicycle chain BC. The at least one shifting
facilitation area 150 includes at least one upshifting facili-
tation area 166. In this embodiment, an upshifting means the
bicycle chain BC moves from a smaller bicycle sprocket to
a large bicycle sprocket. In the illustrated embodiment, the
bicycle sprocket 112 includes two upshifting facilitation
areas 166.

[0218] In this embodiment, the at least one sprocket tooth
122 includes the at least one first tooth 34 and the at least one
second tooth 36. Further, the at least one sprocket tooth 122
includes at least one facilitation tooth 172 in the at least one
shifting facilitation area 150. Specifically, the bicycle
sprocket 112 includes a plurality of sprocket teeth 122. The
plurality of the sprocket teeth 122 include a plurality of first
teeth 34 and a plurality of second teeth 36. The plurality of
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first teeth 34 include a plurality of facilitation teeth 172. The
plurality of second teeth 36 include a plurality of facilitation
teeth 172.

[0219] Specifically, as seen in FIG. 22, the plurality of
facilitation teeth 172 include a plurality of upshifting facili-
tation teeth 174 A, 174B, 174C, and 174D provided in each
of the upshifting facilitation areas 166. The upshifting
facilitation teeth 174 A, 174B, 174C, and 174D are arranged
in this order from a downstream side to an upstream side of
the driving rotational direction D11.

[0220] As seen in FIG. 23, at least one of the upshifting
facilitation teeth 174A, 1748, 174C, and 174D includes a
first upshifting facilitation chamfer 104. The first upshifting
facilitation chamfer 104 is provided on one of the first axial
side 51 and the second axial side S2 to facilitate the
upshifting operation from the bicycle sprocket 113 to the
bicycle sprocket 112 which is larger than the bicycle
sprocket 113.

[0221] In the above described manner, at least one of the
upshifting facilitation teeth 174A, 174B, 174C, and 174D
facilitate upshifting. That is, the at least one facilitation tooth
172 facilitates upshifting.

[0222] As seen in FIGS. 21 to 24, the bicycle sprocket 112
further comprises at least one shifting facilitation projection
151 disposed in the at least one shifting facilitation area 150.
The at least one shifting facilitation projection 151 facilitates
upshifting. Specifically, the at least one shifting facilitation
projection 151 is configured to engage with the bicycle chain
BC when the bicycle chain BC shifts from the smaller
bicycle sprocket 113 toward the bicycle sprocket 112. In this
embodiment, the bicycle sprocket 112 includes a plurality of
shifting facilitation projections 151 disposed in the upshift-
ing facilitation areas 166 to engage with the bicycle chain
BC when the bicycle chain BC shifts from the smaller
bicycle sprocket 113 toward the bicycle sprocket 112. The
shifting facilitation projections 151 are secured to the
sprocket body 124 via a fastening structure such as a rivet.
As seen in FIGS. 21 to 24, the shifting facilitation projec-
tions 151 are secured to the at least one chain engaging
member 118. However, the shifting facilitation projections
151 can be secured to the at least one bicycle attachment
member 120.

[0223] The shifting facilitation projection 151 is disposed
between the upshifting facilitation teeth 174A and the
upshifting facilitation teeth 174B in the circumferential
direction D1 of the bicycle sprocket 112. The upshifting
facilitation tooth 174A is the first tooth 34 closest to the
shifting facilitation projection 151 among the first teeth 34.
While the shifting facilitation projections 151 are separate
members from the at least one chain engaging member 118
or the at least one bicycle attachment member 120 in this
embodiment, at least one of the shifting facilitation projec-
tions 151 can be integrally provided with the at least one
chain engaging member 118 or the at least one bicycle
attachment member 120 as a one-piece unitary member.
[0224] In the above description, the at least one shifting
facilitation projection 151 facilitates upshifting. However,
the at least one shifting facilitation projection 151 can
facilitate downshifting. The at least one shifting facilitation
projection 151 can include a projection to engage with the
bicycle chain BC when the bicycle chain BC shifts from the
bicycle sprocket 112 toward the smaller bicycle sprocket 113
so as to facilitate the downshifting operation from the
bicycle sprocket 112 to the smaller bicycle sprocket 113.
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[0225] The bicycle sprocket 112 further comprises at least
one side recess 153 disposed in the at least one shifting
facilitation area 150. In this embodiment, the bicycle
sprocket 112 includes a plurality of side recesses 153
disposed in the upshifting facilitation areas 166 to reduce
interference between the sprocket body 124 and the bicycle
chain BC and to guide the bicycle chain BC toward sprocket
teeth of the bicycle sprocket 112 during the upshifting
operation. In the illustrated embodiment, the at least one side
recess 153 is disposed in the at least one bicycle attachment
member 120, but the at least one side recess 153 can be
disposed in both the at least one chain engaging member 118
and the at least one bicycle attachment member 120 or only
in the at least one chain engaging member 118. The at least
one shifting facilitation projection 151 is secured to the at
least one chain engaging member 118. At least part of the at
least one facilitation tooth 172 is provided in the at least one
chain engaging member 118, and the at least one side recess
153 is disposed in the at least one bicycle attachment
member 120. Accordingly, the at least one shifting facilita-
tion area 150 extends between the at least one chain engag-
ing member 118 and the at least one bicycle attachment
member 120. Specifically, the at least one shifting facilita-
tion area 150 is constituted by both the at least one chain
engaging member 118 and the at least one bicycle attach-
ment member 120.

[0226] In the second embodiment, with the bicycle
sprockets 112 and 113, it is possible to improve chain-
holding performance of the bicycle sprocket 112 and 113
with facilitating the shifting operation, because the second
chain engaging width W2 of the at least one second tooth 36
is smaller than the first chain engaging width W1 of the at
least one first tooth 34 and the bicycle sprocket 112 and 113
comprise at least one shifting facilitation area 150.

Third Embodiment

[0227] A sprocket assembly 215 in accordance with a third
embodiment will be described below referring to FIGS. 25
and 26. The sprocket assembly 215 has the same configu-
ration as the sprocket assembly 15 except for a shape of at
least one sprocket tooth 222. As seen in FIGS. 25 and 26, the
sprocket assembly 215 comprises a bicycle sprocket 212 and
a bicycle sprocket 213 which is smaller than the bicycle
sprocket 212. The smaller bicycle sprocket 213 has substan-
tially the same configuration as the bicycle sprocket 212
except for its size and a total number of sprocket teeth.
Therefore, explanation of the structure of the smaller bicycle
sprocket 213 is omitted. The bicycle sprocket 212 has the
same configuration as the bicycle sprocket 112 except for the
at least one sprocket tooth 222. Thus, elements having
substantially the same function as those in the second
embodiment will be numbered the same here, and will not
be described and/or illustrated again in detail here for the
sake of brevity.

[0228] As seen in FIGS. 25 and 26, the bicycle sprocket
212 comprises at least one chain engaging member 218 and
the at least one bicycle attachment member 120. In the
illustrated embodiment, the bicycle sprocket 212 includes
one chain engaging member 218 and one bicycle attachment
member 120. However, the illustrated one chain engaging
member 218 may be divided into several pieces to constitute
the at least one chain engaging member 218. Therefore, the
at least one chain engaging member 218 has at least a part
of an annular shape. In the illustrated embodiment, the at
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least one chain engaging member 218 has an annular shape.
The bicycle sprocket 212 includes at least one sprocket tooth
222 and the sprocket body 124. The at least one sprocket
tooth 222 of the bicycle sprocket 212 is circumferentially
arranged on the outer periphery 1240 of the sprocket body
124. The outer periphery 1240 of the sprocket body 124 can
be identical to the root circle RC4 of the at least one sprocket
tooth 222. In this embodiment, the at least one chain
engaging member 218 is made of the first material that the
at least one chain engaging member 18 is made of.

[0229] As seen in FIG. 25, each of the at least one sprocket
tooth 222 includes the tooth tip 28, the driving surface 30,
and the non-driving surface 32. The at least one chain
engaging member 218 constitutes at least a part of the at
least one sprocket tooth 222 of the bicycle sprocket 212.
Specifically, the at least one chain engaging member 218
constitutes at least the tooth tip 28 and the driving surface 30
of'the at least one sprocket tooth 222 of the bicycle sprocket
212. The at least one chain engaging member 218 is con-
figured to contact the bicycle chain BC in a state where the
bicycle chain BC engages with the bicycle sprocket 212. In
the illustrated embodiment, the at least one chain engaging
member 218 further constitutes the non-driving surface 32
of'the at least one sprocket tooth 222 of the bicycle sprocket
212. However, the at least one bicycle attachment member
120 may further constitute the non-driving surface 32 of the
at least one sprocket tooth 222 of the bicycle sprocket 212.
[0230] In this embodiment, the at least one sprocket tooth
222 includes at least one first tooth 234 and at least one
second tooth 236. As seen in FIG. 26, the at least one
sprocket tooth 222 includes a plurality of first teeth 234 and
a plurality of second teeth 236. The plurality of first teeth
234 and the plurality of second teeth 236 are alternatingly
arranged in the circumferential direction D1.

[0231] As seen in FIGS. 26 and 27, the at least one first
tooth 234 is arranged on the outer periphery 1240 to be
received within the outer link space BC21 defined between
the pair of outer link plates BC2 of the bicycle chain BC.
The at least one first tooth 234 has a first chain engaging
width W21 defined in the axial direction D2. In this embodi-
ment, the first tooth 234 includes a first tooth axial surface
234A and a first chain-engagement surface 234B. The first
tooth axial surface 234 A faces in the axial direction D2. The
first chain-engagement surface 234B faces in the axial
direction D2 and is provided on a reverse side of the first
tooth axial surface 234A in the axial direction D2. The first
chain-engagement surface 234B is contactable with the
bicycle chain BC (the outer link plate BC2). The first chain
engaging width W21 is defined between the first tooth axial
surface 234 A and the first chain-engagement surface 234B
in the axial direction D2.

[0232] The first tooth 234 has a first center plane CP21
defined to bisect the first chain engaging width W21 in the
axial direction D2. The first center plane CP21 is perpen-
dicular to the rotational center axis Al. The first tooth 234
includes a first tooth-tip 228A having a first axially tooth
center plane CP23. The first tooth-tip 228A is the tooth tip
28 of the first tooth 234. That is, the at least one first tooth
234 has the first axially tooth center plane CP23. The first
axially tooth center plane CP23 is perpendicular to the
rotational center axis Al. The first axially tooth center plane
CP23 is offset from the first center plane CP21 in the axial
direction D2. However, the first axially tooth center plane
CP23 can coincide with the first center plane CP21 in the
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axial direction D2. The first tooth 234 has an asymmetrical
shape with respect to the first center plane CP21 in the axial
direction D2. However, the first tooth 234 can have a
symmetrical shape with respect to the first center plane
CP21 in the axial direction D2.

[0233] As seen in FIGS. 26 and 28, the at least one second
tooth 236 is arranged on the outer periphery 1240 to be
received within the inner link space BC11 defined between
the pair of inner link plates BC1 of the bicycle chain BC.
The at least one second tooth 236 has a second chain
engaging width W22 defined in the axial direction D2. In
this embodiment, the second tooth 236 includes a second
chain-engagement surface 236A and a second additional
chain-engagement surface 236B. The second chain-engage-
ment surface 236A faces in the axial direction D2 and is
contactable with the bicycle chain BC (the inner link plate
BC1). The second additional chain-engagement surface
236B faces in the axial direction D2 and is provided on a
reverse side of the second chain-engagement surface 236 A
in the axial direction D2. The second additional chain-
engagement surface 236B is contactable with the bicycle
chain BC (the inner link plate BC1). The second chain
engaging width W22 is defined between the second chain-
engagement surface 236A and the second additional chain-
engagement surface 236B in the axial direction D2. The
second tooth 236 has a second center plane CP22 defined to
bisect the second chain engaging width W22 in the axial
direction D2. The second center plane CP22 is perpendicular
to the rotational center axis Al.

[0234] The second tooth 236 includes a second tooth-tip
228B having a second axially tooth center plane CP24. The
second tooth-tip 228B is the tooth tip 28 of the second tooth
236. That is, the at least one second tooth 236 has the second
axially tooth center plane CP24. The second axially tooth
center plane CP24 is perpendicular to the rotational center
axis Al. The second axially tooth center plane CP24 is offset
from the second center plane CP22 in the axial direction D2.
However, the second axially tooth center plane CP24 can
coincide with the second center plane CP22 in the axial
direction D2. The second tooth 236 has an asymmetrical
shape with respect to the second center plane CP22 in the
axial direction D2. However, the second tooth 236 can have
a symmetrical shape with respect to the second center plane
CP22 in the axial direction D2. As seen in FIG. 28, the first
axially tooth center plane CP23 is offset from the second
axially tooth center plane CP24 in the axial direction D2
parallel to the rotational center axis Al of the bicycle
sprocket 212.

[0235] In this embodiment, the second chain engaging
width W22 is equal to the first chain engaging width W21.
The first chain engaging width W21 and the second chain
engaging width W22 are smaller than the inner link space
BC11. However, the second chain engaging width W22 can
be different from the first chain engaging width W21. One of
the first chain engaging width W21 and the second chain
engaging width W22 can be equal to or larger than the inner
link space BC11.

[0236] As seen in FIG. 26, the bicycle sprocket 212
comprises at least one shifting facilitation area 250 provided
in the at least one chain engaging member 218 to facilitate
a shifting operation of the bicycle chain BC. The at least one
shifting facilitation area 250 includes at least one upshifting
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facilitation area 266. In the illustrated embodiment, the
bicycle sprocket 212 includes two upshifting facilitation
areas 266.

[0237] As seen in FIGS. 25 and 26, the bicycle sprocket
212 further comprises the at least one shifting facilitation
projection 151 which is disposed in the at least one shifting
facilitation area 250 and which is described in the second
embodiment. The at least one shifting facilitation projection
151 facilitates upshifting. In this embodiment, the bicycle
sprocket 212 includes a plurality of shifting facilitation
projections 151 disposed in the upshifting facilitation area
266. The shifting facilitation projections 151 are secured to
the at least one chain engaging member 218. The bicycle
sprocket 112 further comprises the at least one side recess
153 which is disposed in the at least one shifting facilitation
area 150 and which is described in the second embodiment.
In this embodiment, the bicycle sprocket 212 includes a
plurality of side recesses 153 disposed in the upshifting
facilitation area 266. The at least one side recess 153 is
disposed in the at least one bicycle attachment member 120.
Accordingly, the at least one shifting facilitation area 250
extends between the at least one chain engaging member
218 and the at least one bicycle attachment member 120.
Specifically, the at least one shifting facilitation area 250 is
constituted by both the at least one chain engaging member
218 and the at least one bicycle attachment member 120.
[0238] As seen in FIG. 26, the at least one sprocket tooth
222 includes at least one facilitation tooth 272 in the at least
one shifting facilitation area 250. Specifically, the bicycle
sprocket 212 includes a plurality of sprocket teeth 222. The
plurality of the sprocket teeth 222 include a plurality of
facilitation teeth 272.

[0239] The plurality of facilitation teeth 272 includes at
least one first adjacent tooth 231 and at least one second
adjacent tooth 233. Specifically, the plurality of facilitation
teeth 272 includes a plurality of first adjacent teeth 231 and
a plurality of second adjacent teeth 233. The at least one first
adjacent tooth 231 is at least one of the first teeth 234 which
is closest to the at least one shifting facilitation projection
151 among the first teeth 234. The at least one shifting
facilitation projection 151 is at least partly closer to the
rotational center axis Al than the at least one first adjacent
tooth 231. The at least one second adjacent tooth 233 is at
least one of the second teeth 236 which is closest to the at
least one shifting facilitation projection 151 among the
second teeth 236. The plurality of facilitation teeth 272
further includes at least one receiving tooth 235. Specifi-
cally, the plurality of facilitation teeth 272 further includes
a plurality of receiving teeth 235. The receiving tooth 235 is
adjacent to the second adjacent tooth 233 without another
tooth between the receiving tooth 235 and the second
adjacent tooth 233 in the driving rotational direction D11.
The second adjacent tooth 233 is provided between the
receiving tooth 235 and the first adjacent tooth 231 in the
circumferential direction D1. However, the positional rela-
tionship among the first adjacent tooth 231, the second
adjacent tooth 233, the receiving tooth 235, and the shifting
facilitation projection 151 is not limited to this embodiment.
Further, total numbers of the first adjacent teeth 231, the
second adjacent teeth 233, and the receiving teeth 235 are
not limited to this embodiment.

[0240] In this embodiment, the at least one receiving tooth
235 is configured to first receive the bicycle chain BC in the
upshifting operation. Specifically, the receiving tooth 235
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first receives the opposed pair of outer link plates BC2 of the
bicycle chain BC in the upshifting operation.

[0241] As seen in FIG. 29, the at least one receiving tooth
235 has a third chain engaging width W31 defined in the
axial direction D2. In this embodiment, the receiving tooth
235 includes a third chain-engagement surface 235A and a
reverse surface 235B. The third chain-engagement surface
235A faces in the axial direction D2 and is contactable with
the bicycle chain BC (the outer link plate BC2). The reverse
surface 235B faces in the axial direction D2 and is provided
on a reverse side of the third chain-engagement surface
235A in the axial direction D2. The third chain engaging
width W31 is defined between the third chain-engagement
surface 235A and the reverse surface 235B in the axial
direction D2.

[0242] The receiving tooth 235 has a third center plane
CP31 defined to bisect the third chain engaging width W31
in the axial direction D2. The third center plane CP31 is
perpendicular to the rotational center axis Al. The receiving
tooth 235 includes a third tooth-tip 228C having a third
axially tooth center plane CP32. The third axially tooth
center plane CP32 is perpendicular to the rotational center
axis Al. The third axially tooth center plane CP32 coincides
with the third center plane CP31 in the axial direction D2.
Further, the third axially tooth center plane CP32 can be
offset from the second axially tooth center plane CP24 in the
axial direction D2 toward the smaller bicycle sprocket 213.
However, the third axially tooth center plane CP32 can be
offset from the third center plane CP31 in the axial direction
D2. The receiving tooth 235 has a symmetrical shape with
respect to the third center plane CP31 in the axial direction
D2. However, the receiving tooth 235 can have an asym-
metrical shape with respect to the third center plane CP31 in
the axial direction D2.

[0243] Inthe third embodiment, with the bicycle sprockets
212 and 213, it is also possible to improve chain-holding
performance of the bicycle sprocket 212 and 213 with
facilitating the shifting operation, because the first axially
tooth center plane CP23 is offset from the second axially
tooth center plane CP24 in the axial direction D2 parallel to
a rotational center axis Al of the bicycle sprocket 212 and
213 and the bicycle sprocket 212 and 213 comprise at least
one shifting facilitation area 250.

Modification of Third Embodiment

[0244] In the third embodiment, the bicycle sprocket 212
can be applied to a single front sprocket. In this case, the at
least one shifting facilitation projection 151 and the at least
one side recess 153 can be removed and the at least one
facilitation tooth 272 can be replaced with the at least one
first tooth 234 and/or the at least one second tooth 236.

Fourth Embodiment

[0245] A sprocket assembly 314 in accordance with a
fourth embodiment will be described below referring to
FIGS. 30 and 31. The sprocket assembly 314 has the same
configuration as the rear sprocket assembly 14 except for a
number of the sprockets, a sprocket carrier 342, and bicycle
attachment members of the sprockets. Thus, elements hav-
ing substantially the same function as those in the first
embodiment will be numbered the same here, and will not
be described and/or illustrated again in detail here for the
sake of brevity.
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[0246] As seen in FIGS. 30 and 31, the sprocket assembly
314 comprises a first bicycle sprocket 317 and a second
bicycle sprocket 319. In the illustrated embodiment, the
sprocket assembly 314 includes sprockets 2RS1 to 2RS5
which are similar to sprockets RS4 to RS12 in the first
embodiment, respectively. The first bicycle sprocket 317 is
a sprocket 2RS1 which has substantially the same configu-
ration as the bicycle sprocket 17 (RS10) in the first embodi-
ment except for the at least one bicycle attachment member
380A. The second bicycle sprocket 319 is a bicycle sprocket
smaller than the first bicycle sprocket 317 and has the same
configuration as the bicycle sprocket 16 except for its size
and a total number of sprocket teeth. Accordingly, the
second bicycle sprocket 319 has substantially the same
configuration as the bicycle sprocket 17 (RS10) in the first
embodiment except for the at least one bicycle attachment
member 380B. Thus, elements having substantially the same
function as the bicycle sprocket 317 and the bicycle sprocket
319 will be numbered the same here, and will not be
described and/or illustrated again in detail here for the sake
of brevity.

[0247] The first bicycle sprocket 317 has a first total
number of teeth. The second bicycle sprocket 319 has a
second total number of teeth. The second total number is
different from the first total number. In the illustrated
embodiment, the first total number of teeth is twenty-eight,
and the second total number of teeth is twenty-five.

[0248] The first bicycle sprocket 317 comprises the at least
one chain engaging member 78 and at least one bicycle
attachment member 380A. The second bicycle sprocket 319
comprises the at least one chain engaging member 78 and at
least one bicycle attachment member 380B. As seen in FIG.
30, the first bicycle sprocket 317 and the second bicycle
sprocket 319 comprise the at least one shifting facilitation
area 82 provided in the at least one chain engaging member
78 configured to facilitate a shifting operation of the bicycle
chain BC.

[0249] As seen in FIG. 31, the at least one bicycle attach-
ment member 380A and the at least one bicycle attachment
member 380B constitute at least a part of a sprocket body
398 of the bicycle sprockets 317 and 319. The at least one
bicycle attachment member 380A and the at least one
bicycle attachment member 380B are configured to be
coupled to the bicycle 1. As seen in FIGS. 30 and 31, the
sprocket assembly 314 includes a sprocket carrier 342.

[0250] The sprocket carrier 342 includes a plurality of
supporting arms 357. Each of the supporting arms 357
connects the at least one bicycle attachment member 380A
and the at least one bicycle attachment member 380B. In
other words, each of the supporting arms 357 connects the
bicycle sprockets 317 and 319. In the illustrated embodi-
ment, each of the supporting arms 357 connects all of the
bicycle sprockets which are connected to the sprocket carrier
342. Each of the supporting arms 357 includes a reinforcing
part 359. As seen in FIG. 31, the reinforcing part 359
protrudes radially inwardly from the at least one bicycle
attachment member 380A and the at least one bicycle
attachment member 380B in the radial direction D6. As seen
in FIG. 32, each of the supporting arms 357 includes a first
edge part 361 and a second edge part 363 opposite to the first
edge part 361 in the circumferential direction D4. The
reinforcing part 359 is arranged between the first edge part
361 and the second edge part 363 in the circumferential
direction D4. The first edge part 361 is inclined outwardly
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from the reinforcing part 359 in the radial direction D6. The
second edge part 363 is inclined outwardly from the rein-
forcing part 359 in the radial direction D6.

[0251] The at least one bicycle attachment member 380A
and the at least one bicycle attachment member 380B have
substantially the same configuration as the at least one
bicycle attachment member 80 except that the at least one
bicycle attachment member 380A, the at least one bicycle
attachment member 380B, and the sprocket carrier 342 are
integrated into a one-piece unitary member. For example, as
seen in FIG. 32, the at least one bicycle attachment member
380A and the at least one bicycle attachment member 380B
have the second torque transmitting profile 86 to engage
with the first torque transmitting profile 84 of the at least one
chain engaging member 78 which is illustrated in FIG. 33.
Accordingly, the at least one bicycle attachment member
380A and the sprocket carrier 342 are integrated into a
one-piece unitary member. The at least one bicycle attach-
ment member 380B and the sprocket carrier 342 are inte-
grated into a one-piece unitary member. The at least one
bicycle attachment member 380A of the first bicycle
sprocket 317 and the at least one bicycle attachment member
380B of the second bicycle sprocket 319 are integrated into
a one-piece unitary member. Further as seen in FIG. 34, the
sprocket body 398 includes the sprocket carrier 342 to be
coupled to the bicycle 1.

[0252] Preferably, the sprocket carrier 342 is made of a
non-metallic material. More preferably, the sprocket carrier
342 is made of a fiber reinforced plastic material. Accord-
ingly, preferably, the at least one bicycle attachment member
380A and 380B are made of a second material including a
non-metallic material. More preferably, the second material
includes a fiber reinforced plastic material. The at least one
chain engaging member 78 is made of a first material
different from the second material as explained in the first
embodiment.

[0253] Inthe fourth embodiment, with the sprocket assem-
bly 314, it is possible to provide a lightweight sprocket
assembly, because the at least one bicycle attachment mem-
ber 380A of the first bicycle sprocket 317 and the at least one
bicycle attachment member 380B of the second bicycle
sprocket 319 are integrated into a one-piece unitary member.

Modification of Fourth Embodiment

[0254] In the fourth embodiment, the sprocket carrier 342
can have a shape like a dome. FIGS. 34 and 35 illustrate a
sprocket assembly 314A including a sprocket carrier 342A
having a shape like a dome. Further, the sprocket assembly
314 can have the torque transmitting profiles 38 and 40 in
place of the torque transmitting profiles 84 and 86.

Fifth Embodiment

[0255] A bicycle sprocket 416 in accordance with a fifth
embodiment will be described below referring to FIG. 36.
The bicycle sprocket 416 has the same configuration as the
bicycle sprocket 16 except for at least one concavo-convex
portion 55. Thus, elements having substantially the same
function as those in the bicycle sprocket 16 will be num-
bered the same here, and will not be described and/or
illustrated again in detail here for the sake of brevity.

[0256] As seen in FIG. 36, the bicycle sprocket 416
comprises at least one chain engaging member 444, at least
one bicycle attachment member 446, and the at least one
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shifting facilitation area 50. The at least one chain engaging
member 444 constitutes at least the part of at least one
sprocket tooth 48 of the bicycle sprocket 416 and is con-
figured to contact the bicycle chain BC in a state where the
bicycle chain BC engages with the bicycle sprocket 416. The
at least one chain engaging member 444 is made of the first
material same as that of the at least one chain engaging
member 44 described in the first embodiment. The at least
one bicycle attachment member 446 constitutes at least a
part of a sprocket body 454 of the bicycle sprocket 416 and
is configured to be coupled to the bicycle 1. The at least one
bicycle attachment member 446 is made of the second
material that is different from the first material same as that
of the at least one bicycle attachment member 46 described
in the first embodiment.

[0257] In this embodiment, the bicycle sprocket 416
includes at least one concavo-convex portion 55. The at least
one concavo-convex portion 55 includes at least one first
concavo-convex portion 55A. The at least one concavo-
convex portion 55 includes at least one second concavo-
convex portion 55B. However, the at least one concavo-
convex portion 55 may not include one of the at least one
first concavo-convex portion 55A and the at least one second
concavo-convex portion 55B. In the illustrated embodiment,
the at least one chain engaging member 444 includes at least
one first concavo-convex portion 55A, and at least one
bicycle attachment member 446 includes at least one second
concavo-convex portion 55B. However, the at least one
chain engaging member 444 can include at least part of the
at least one second concavo-convex portion 55B. Alterna-
tively, the at least one bicycle attachment member 446 can
include at least part of the at least one first concavo-convex
portion 55A. The at least one chain engaging member 444
and the at least one bicycle attachment member 446 have
substantially the same configuration as the at least one chain
engaging member 44 and the at least one bicycle attachment
member 46, respectively except that a combination of all the
at least one chain engaging member 444 and all the at least
one bicycle attachment member 446 includes the at least one
first concavo-convex portion 55A and the at least one second
concavo-convex portion 55B.

[0258] The concavo-convex portions 55A and 55B are
provided only along the sprocket body 454 so as to not
interfere with the bicycle chain BC engaging the sprocket
teeth 48. In other words, the concavo-convex portions 55A
and 55B are positioned radially inwardly from each of the
sprocket teeth 48. Accordingly, the at least one bicycle
attachment member 446 constitutes at least a part of the at
least one concavo-convex portion 55 positioned radially
inwardly from the at least one sprocket tooth 48. The at least
one concavo-convex portion 55 is provided radially
inwardly from an outer periphery 4540 of the sprocket body
454 of the bicycle sprocket 416 with respect to the rotational
center axis A2 of the bicycle sprocket 416. The outer
periphery 4540 of the sprocket body 454 can be identical to
the root circle RC2 of the at least one sprocket tooth 48.

[0259] Specifically, the at least one first concavo-convex
portion 55A extends in the circumferential direction D4 with
respect to the rotational center axis A2 of the bicycle
sprocket 416. In the illustrated embodiment, the number of
the at least one first concavo-convex portion 55A is one, and
the first concavo-convex portion 55A has an annular shape.
Preferably, the first concavo-convex portion 55A is circular
with a center coinciding with the rotational center axis A2 of
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the sprocket body 454. However, when the illustrated one
chain engaging member 444 (the illustrated one bicycle
attachment member 446) is divided into several pieces to
constitute the at least one chain engaging member 444 (the
at least one bicycle attachment member 446), at least one of
the several pieces can have the at least one first concavo-
convex portion 55A. In such case, the first concavo-convex
portion 55A can have a part of an annular shape. Accord-
ingly, the first concavo-convex portion 55A has at least a
part of an annular shape. As seen in FIGS. 37 and 38, the first
concavo-convex portion 55A extends from the sprocket
body 454 in the axial direction D5 parallel to the rotational
center axis A2 of the bicycle sprocket 416. That is, at least
one concavo-convex portion 55 extends from the sprocket
body 454 in the axial direction D5 parallel to the rotational
center axis A2 of the bicycle sprocket 416. In other words,
the first concavo-convex portion 55A defines an annular
projection on an exterior axial surface (a first axial side 51)
of the sprocket body 454. However, alternatively or addi-
tionally, the first concavo-convex portion 55A can extend
from an opposite exterior axial surface (a second axial side
S2) of the sprocket body 454 in the axial direction D5.

[0260] As seen in FIGS. 36 and 39, the at least one second
concavo-convex portion 55B extends generally in the radial
direction D6 with respect to the rotational center axis A2 of
the bicycle sprocket 416. Each of the second concavo-
convex portions 55B has a straight shape viewed in the axial
direction D5, but each of the second concavo-convex por-
tions 55B can have a curved shape viewed in the axial
direction D5. As seen in FIGS. 40 and 42, the second
concavo-convex portion 55B extends from the sprocket
body 454 in the axial direction D5 parallel to the rotational
center axis A2 of the bicycle sprocket 416. That is, at least
one concavo-convex portion 55 extends from the sprocket
body 454 in the axial direction D5 parallel to the rotational
center axis A2 of the bicycle sprocket 416. In other words,
the second concavo-convex portion 55B defines a straight
elongated projection on the exterior axial surface (the first
axial side 51) of the sprocket body 454. However, alterna-
tively or additionally, the second concavo-convex portion
55B can extend from the opposite exterior axial surface (the
second axial side S2) of the sprocket body 454 in the axial
direction D5. Preferably, the at least one concavo-convex
portion 55 includes second concavo-convex portions 55B,
and a number of the second concavo-convex portions 55B is
preferably equal to a total number of the at least one sprocket
teeth 48. The second concavo-convex portions 55B inter-
connect with the first concavo-convex portion 55A. As
described above, each of the second concavo-convex por-
tions 55B extends generally in the radial direction D6 (see
FIGS. 12 to 14 for an example of the radial direction D6)
with respect to the rotational center axis A2 of the sprocket
body 454. As seen in FIG. 36, the phrase “extends generally
in the radial direction D6” as used herein refers to an
inclination 0 in a range of zero degrees to thirty-five degrees
with respect to a radial line RL from the rotational center
axis A2. That is, the at least one second concavo-convex
portion 55B inclines in a range of zero degrees to thirty-five
degrees with respect to the radial line RL from the rotational
center axis A2 of the bicycle sprocket 416. In the illustrated
embodiment, each of the second concavo-convex portions
55B is inclined with respect to the radial direction D6 with
respect to the rotational center axis A2 of the sprocket body
454.
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[0261] In the fifth embodiment, with the bicycle sprocket
416, it is possible to enhance rigidity of the at least one
bicycle attachment member as well as to further lighten the
at least one bicycle attachment member, because the at least
one bicycle attachment member 446 constitutes at least a
part of at least one concavo-convex portion 55.

Modification of Fifth Embodiment

[0262] The aforementioned bicycle sprockets 12,112, 113,
212, 213, 17, 317, and 319 can have the at least one
concavo-convex portion 55 on their sprocket bodies. The at
least one first concavo-convex portion 55A and the at least
one second concavo-convex portion 55B can have different
shapes from those described above as long as the at least one
first concavo-convex portion 55A and the at least one second
concavo-convex portion 55B enhances rigidity of the at least
one bicycle attachment member 446.

Sixth Embodiment

[0263] A bicycle sprocket 516 in accordance with a sixth
embodiment will be described below referring to FIGS. 40
and 41. The bicycle sprocket 516 has the same configuration
as a part of the bicycle sprocket 16 and a part of the bicycle
sprocket 17 except for at least one rivet 85. Thus, elements
having substantially the same function as those in the
bicycle sprockets 16 and 17 will be numbered the same here,
and will not be described and/or illustrated again in detail
here for the sake of brevity.

[0264] As seen in FIG. 40, the bicycle sprocket 516
comprises at least one chain engaging member 578, at least
one bicycle attachment member 580, and the at least one
shifting facilitation area 50. The at least one chain engaging
member 578 constitutes at least the part of at least one
sprocket tooth 48 of the bicycle sprocket 516 and is con-
figured to contact the bicycle chain BC in a state where the
bicycle chain BC engages with the bicycle sprocket 516.
Specifically, the at least one chain engaging member 578
includes the sprocket teeth 48 in place of the sprocket teeth
90 and has the first torque transmitting profiles 84 radially
inwardly from every other sprocket tooth 48 in the circum-
ferential direction D4 with respect to the rotational center
axis A2 of the bicycle sprocket 516. Other features of the at
least one chain engaging member 578 is the same as those
of the at least one chain engaging member 78. The at least
one chain engaging member 578 is made of the first material
as same as that of the at least one chain engaging member
78 described in the first embodiment.

[0265] The at least one bicycle attachment member 580
constitutes at least a part of a sprocket body 592 of the
bicycle sprocket 516 and is configured to be coupled to the
bicycle 1. Specifically, the at least one bicycle attachment
member 580 has the second torque transmitting profiles 86
radially inwardly from every other sprocket tooth 48 in the
circumferential direction D4 with respect to the rotational
center axis A2 of the bicycle sprocket 516. The second
torque transmitting profiles 86 are configured to engage with
the first torque transmitting profiles 84. Further, the at least
one chain engaging member 578 and the at least one bicycle
attachment member 580 include first axial engagement
profiles 96 and second axial engagement profiles 98, respec-
tively. Each of the first axial engagement profiles 96 is
configured to engage with each of the second axial engage-
ment profiles 98. Further, the at least one bicycle attachment
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member 580 has the sprocket carrier attachment portion 52
in place of the hub engagement profile 88. Other features of
the at least one bicycle attachment member 580 is the same
as those of the at least one bicycle attachment member 80.
The at least one bicycle attachment member 580 is made of
the second material that is different from the first material
same as that of the at least one bicycle attachment member
80 described in the first embodiment.

[0266] As seen in FIGS. 40 and 41, in this embodiment,
the bicycle sprocket 516 includes at least one rivet 85
between the at least one chain engaging member 578 and the
at least one bicycle attachment member 580 in the radial
direction D6 of the bicycle sprocket 516. Specifically, the
bicycle sprocket 516 includes rivets 85 arranged between
adjacent two first axial engagement profiles 96 (adjacent two
second axial engagement profiles 98) in the circumferential
direction D4 with respect to the rotational center axis A2 of
the bicycle sprocket 516. More specifically, each rivet 85 is
arranged between the second axial engagement profile 98
and the radial extension 80A that is second nearest to the
second axial engagement profile 98 in the circumferential
direction D4 with respect to the rotational center axis A2 of
the bicycle sprocket 516. Preferably, the rivets 85 are
arranged radially inwardly from the outer periphery 5920 of
the sprocket body 592. The outer periphery 5920 of the
sprocket body 592 can be identical to the root circle RC2 of
the at least one sprocket tooth 48. However, the rivets 85 can
be arranged radially inwardly from the outer periphery 5920
of the sprocket body 592 so as to not interfere with the
bicycle chain BC engaging the sprocket tecth 48. More
preferably, the rivets 85 are not provided in the at least one
shifting facilitation area 50 to avoid the interference with the
bicycle chain BC in the upshifting and/or downshifting
operation. Accordingly, the rivets 85 are preferably arranged
radially inwardly from the regular teeth 70.

[0267] As seen in FIG. 41, each of the rivets 85 includes
a main body 85B, an first head 85HI, and an second head
85HO. The second head 85HO is opposite to the first head
85HI in the axial direction D5. The first head 85HI is
provided on the first axial side 51 on which the second axial
engagement profiles 98 is provided. The second head 85HO
is provided on the second axial side S2 on which the first
axial engagement profiles 96 are provided. The second axial
side S2 is a reverse side of the first axial side 51 in the axial
direction D5. The first head 85HI and the second head 85HO
have radially outward tapered surface 85T to tightly connect
the at least one chain engaging member 578 and the at least
one bicycle attachment member 580.

[0268] The first torque transmitting profile 84 includes a
tapered recess 84R corresponding to the radially outward
tapered surface 85T of the second head 85HO. More spe-
cifically, the tapered recess 84R is connected to the first
surface 84A and opposite to the first axial engagement
profile 96 and a recess 97 to engage with the second axial
engagement profile 98 of the at least one bicycle attachment
member 580. The tapered recess 84R is configured to secure
a gap between the radially outward tapered surface 85T and
the first torque transmitting profile 84 to secure rigidity of
the at least one bicycle attachment member 580.

[0269] In the sixth embodiment, with the bicycle sprocket
516, it is possible to enhance connection between the at least
one chain engaging member 578 and the at least one bicycle
attachment member 580 as well as to further lighten the at
least one bicycle attachment member 580, because the at



US 2018/0194431 Al

least one chain engaging member 578 and the at least one
bicycle attachment member 580 are connected with the
rivets 85.

Modification of Sixth Embodiment

[0270] The aforementioned bicycle sprockets 12,112, 113,
212, 213, 17, 317, 319, and 416 can have the rivets 85.
[0271] It will be apparent to those skilled in the bicycle
field from the present disclosure that the above embodiments
can be at least partially combined with each other.

[0272] In the present application, 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 step, but do
not exclude the presence of other unstated features, ele-
ments, components, groups, integers and/or step. This con-
cept also applies to words of similar meaning, for example,

CLIT)

the terms “have”, “include” and their derivatives.
[0273] The terms “member”, “section”, “portion”, “part”,
“element”, “body” and “structure” when used in the singular
can have the dual meaning of a single part or a plurality of
parts.
[0274] The term “configured” as used herein to describe a
component, section or part of a device includes hardware
and/or software that is constructed and/or programmed to
carry out the desired function. The desired function can be
carried out by hardware, software, or a combination of
hardware and software.
[0275] The ordinal numbers such as “first” and “second”
recited in the present application are merely identifiers, but
do not have any other meanings, for example, a particular
order and the like. Moreover, for example, the term “first
element” itself does not imply an existence of “second
element”, and the term “second element” itself does not
imply an existence of “first element.”
[0276] Finally, terms of degree such as “substantially”,
“about” and “approximately” as used herein mean a reason-
able amount of deviation of the modified term such that the
end result is not significantly changed.
[0277] Obviously, numerous modifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be prac-
ticed otherwise than as specifically described herein.
1. A bicycle sprocket comprising:
at least one chain engaging member constituting at least
a part of at least one sprocket tooth of the bicycle
sprocket and being configured to contact a bicycle
chain in a state where the bicycle chain engages with
the bicycle sprocket, the at least one chain engaging
member being made of a first material;
at least one bicycle attachment member constituting at
least a part of a sprocket body of the bicycle sprocket
and being configured to be coupled to a bicycle, the at
least one bicycle attachment member being made of a
second material that is different from the first material;
and
at least one shifting facilitation area provided in the at
least one chain engaging member to facilitate a shifting
operation of a bicycle chain.
2. The bicycle sprocket according to claim 1, wherein
the at least one shifting facilitation area extends between
the at least one chain engaging member and the at least
one bicycle attachment member.
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3. The bicycle sprocket according to claim 1, wherein

the at least one shifting facilitation area is constituted by
both the at least one chain engaging member and the at
least one bicycle attachment member.

4. The bicycle sprocket according to claim 1, wherein

the at least one chain engaging member has at least a part
of an annular shape.

5. The bicycle sprocket according to claim 4, wherein

the at least one chain engaging member has an annular
shape.

6. The bicycle sprocket according to claim 1, wherein

the second material has a second specific gravity smaller
than a first specific gravity that the first material has.

7. The bicycle sprocket according to claim 1, wherein

the first material has a first abrasion resistance larger than
a second abrasion resistance that the second material
has.

8. The bicycle sprocket according to claim 1, wherein

the first material has a first rigidity larger than a second
rigidity that the second material has.

9. The bicycle sprocket according to claim 1, wherein

the first material includes at least one of stainless steel,
titanium, and aluminum.

10. The bicycle sprocket according to claim 1, wherein

the second material includes at least one of titanium,
aluminum, and resin.

11. The bicycle sprocket according to claim 1, wherein

the first material includes a metallic material; and

the second material includes a non-metallic material.

12. The bicycle sprocket according to claim 11, wherein

the second material includes a fiber reinforced plastic
material.

13. The bicycle sprocket according to claim 1, wherein

the first material includes a first metallic material; and

the second material includes a second metallic material
that is different from the first metallic material.

14. The bicycle sprocket according to claim 1, wherein

the first material and the second material include same
kinds of material components and have different metal-
lic compositions.

15. The bicycle sprocket according to claim 1, wherein

the first material includes a first non-metallic material,
and

the second material includes a second non-metallic mate-
rial that is different from the first non-metallic material.

16. The bicycle sprocket according to claim 1, wherein

the first material and the second material have different
resin compositions.

17. The bicycle sprocket according to claim 1, wherein

the at least one shifting facilitation area includes at least
one downshifting facilitation area.

18. The bicycle sprocket according to claim 1, wherein

the at least one shifting facilitation area includes at least
one upshifting facilitation area.

19. The bicycle sprocket according to claim 1, wherein

the at least one shifting facilitation area includes both of
at least one downshifting facilitation area and at least
one upshifting facilitation area.

20. The bicycle sprocket according to claim 1, wherein

the at least one sprocket tooth includes at least one
facilitation tooth in the at least one shifting facilitation
area.
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21. The bicycle sprocket according to claim 20, wherein

the at least one facilitation tooth includes at least one
axially recessed tooth with respect to a rotational center
axis of the bicycle sprocket.

22. The bicycle sprocket according to claim 20, wherein

the at least one facilitation tooth facilitates downshifting.

23. The bicycle sprocket according to claim 20, wherein

the at least one facilitation tooth facilitates upshifting.

24. The bicycle sprocket according to claim 1, further

comprising:

at least one shifting facilitation projection in the at least
one shifting facilitation area.

25. The bicycle sprocket according to claim 24, wherein

the at least one shifting facilitation projection facilitates
upshifting.

26. The bicycle sprocket according to claim 1, wherein

the at least one sprocket tooth includes at least one first
tooth and at least one second tooth,

the at least one first tooth has a first chain engaging width,
and

the at least one second tooth has a second chain engaging
width that is smaller than the first chain engaging
width.

27. The bicycle sprocket according to claim 26, wherein

the first chain engaging width is larger than an inner link
space defined between an opposed pair of inner link
plates of the bicycle chain in an axial direction parallel
to the rotational center axis of the bicycle sprocket and
is smaller than an outer link space defined between an
opposed pair of outer link plates of the bicycle chain in
the axial direction, and

the second chain engaging width is smaller than the inner
link space.
28. The bicycle sprocket according to claim 1, wherein
the at least one sprocket tooth is circumferentially
arranged on an outer periphery of the sprocket body,
the at least one sprocket tooth includes at least one first
tooth and at least one second tooth,

the at least one first tooth is arranged on the outer
periphery to be received within an outer link space
defined between a pair of outer link plates of the bicycle
chain and has a first axially tooth center plane,

the at least one second tooth is arranged on the outer
periphery to be received within an inner link space
defined between a pair of inner link plates of the bicycle
chain and has a second axially tooth center plane, and

the first axially tooth center plane is offset from the second
axially tooth center plane in an axial direction parallel
to a rotational center axis of the bicycle sprocket.

29. The bicycle sprocket according to claim 1, wherein

the sprocket body includes a sprocket carrier to be
coupled to the bicycle.

30. The bicycle sprocket according to claim 29, wherein

the sprocket carrier is made of a non-metallic material.

31. The bicycle sprocket according to claim 29, wherein

the at least one bicycle attachment member and the
sprocket carrier are integrated into a one-piece unitary
member.

32. The bicycle sprocket according to claim 29, wherein

the sprocket carrier includes a plurality of supporting
arms.

33. The bicycle sprocket according to claim 32, wherein

each of the plurality of supporting arms includes a rein-
forcing part.
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34. The bicycle sprocket according to claim 33, wherein
each of the supporting arms includes a first edge part and
a second edge part opposite to the first edge part in the
circumferential direction, and
the reinforcing part is arranged between the first edge part
and the second edge part in the circumferential direc-
tion.
35. A rear sprocket assembly comprising:
sprockets at least one of which is the bicycle sprocket
according to claim 1.
36. The rear sprocket assembly according to claim 35,
wherein
a total number of the sprockets is equal to or larger than
nine.
37. The rear sprocket assembly according to claim 35,
wherein
a tooth-number difference between a smallest sprocket
and a largest sprocket of the sprockets is equal to or
larger than twenty-five.
38. The rear sprocket assembly according to claim 35,
wherein
a tooth-number difference between a smallest sprocket
and a largest sprocket of the sprockets is equal to or
larger than thirty-five.
39. The rear sprocket assembly according to claim 35,
wherein
a total number of tooth that a largest sprocket of the
sprockets has is equal to or larger than forty-four.
40. The rear sprocket assembly according to claim 35,
wherein
a total number of tooth that a smallest sprocket of the
sprockets has is equal to or smaller than ten.
41. A drive train of a bicycle, comprising:
a single front sprocket; and
the rear sprocket assembly according to claim 35.
42. The drive train according to claim 41, wherein
the at least one sprocket tooth of the single front sprocket
is circumferentially arranged on an outer periphery of
the sprocket body of the single front sprocket,
the at least one sprocket tooth of the single front sprocket
includes at least one first tooth and at least one second
tooth,
the at least one first tooth has a first chain engaging width,
and
the at least one second tooth has a second chain engaging
width that is smaller than the first chain engaging
width.
43. The drive train according to claim 42, wherein
the at least one first tooth is configured to be received
within an outer link space defined between a pair of
outer link plates of the bicycle chain, and
the at least one second tooth is configured to be received
within an inner link space defined between a pair of
inner link plates of the bicycle chain.
44. The drive train according to claim 42, wherein
the first chain engaging width is larger than an inner link
space defined between an opposed pair of inner link
plates of the bicycle chain in an axial direction parallel
to the rotational center axis of the bicycle sprocket and
is smaller than an outer link space defined between an
opposed pair of outer link plates of the bicycle chain in
the axial direction, and
the second chain engaging width is smaller than the inner
link space.
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45. A sprocket assembly comprising:

a first bicycle sprocket which is the bicycle sprocket
according to claim 1, the first bicycle sprocket having
a first total number of teeth; and

a second bicycle sprocket which is the bicycle sprocket
according to claim 1, the second bicycle sprocket
having a second total number of teeth, the second total
number being different from the first total number, the
at least one bicycle attachment member of the first
bicycle sprocket and the at least one bicycle attachment
member of the second bicycle sprocket being integrated
into a one-piece unitary member.

46. The bicycle sprocket according to claim 1, wherein

a radial tooth length between a root circle and a tooth tip
of the at least one sprocket tooth in a radial direction
with respect to a rotational center axis of the bicycle
sprocket is longer than an axial tooth length of the at
least one sprocket tooth in an axial direction parallel to
the rotational center axis of the bicycle sprocket.

47. The bicycle sprocket according to claim 1, wherein

the at least one bicycle attachment member has a hub
engagement profile to engage with a bicycle hub.

48. The bicycle sprocket according to claim 1, wherein

the at least one bicycle attachment member has a crank
attachment portion to which a bicycle crank is attached.

49. A bicycle sprocket comprising:

at least one chain engaging member constituting at least
a part of at least one sprocket tooth of the bicycle
sprocket and being configured to contact a bicycle
chain in a state where the bicycle chain engages with
the bicycle sprocket, the at least one chain engaging
member being made of a first metallic material and
having a first torque transmitting profile; and

at least one bicycle attachment member constituting at
least a part of a sprocket body of the bicycle sprocket
and being configured to be coupled to a bicycle, the at
least one bicycle attachment member being made of a
second metallic material and having a second torque
transmitting profile to engage with the first torque
transmitting profile.

50. The bicycle sprocket according to claim 49, wherein

the first torque transmitting profile does not overlap with
the second torque transmitting profile as viewed in an
axial direction parallel to a rotational center axis of the
bicycle sprocket.

51. The bicycle sprocket according to claim 49, wherein

the first torque transmitting profile has a first surface
non-parallel to a rotational direction of the bicycle
sprocket around a rotational center axis of the bicycle
sprocket.

52. The bicycle sprocket according to claim 49, wherein

the first torque transmitting profile includes a first spline
along a rotational center axis of the bicycle sprocket,
and

the second torque transmitting profile includes a second
spline along the rotational center axis, the second spline
being configured to engage with the first spline.
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53. A bicycle sprocket comprising:

at least one chain engaging member constituting at least
a tooth tip and a driving surface of at least one sprocket
tooth of the bicycle sprocket and being configured to
contact with a bicycle chain in a state where the bicycle
chain engages with the bicycle sprocket, the at least one
chain engaging member being made of a metallic
material; and

at least one bicycle attachment member constituting at
least a part of a sprocket body of the bicycle sprocket
and being configured to be coupled to a bicycle, the at
least one bicycle attachment member partly extending
radially outwardly from a root circle of the at least one
sprocket tooth and being disposed radially inwardly
from the tooth tip of the at least one sprocket tooth of
the bicycle sprocket, and being made of a non-metallic
material.

54. The bicycle sprocket according to claim 53, wherein

at least one chain engaging member further constitutes a
non-driving surface of the at least one sprocket tooth of
the bicycle sprocket.

55. The bicycle sprocket according to claim 53, wherein

the at least one bicycle attachment member has a tip end,
and

the tip end is disposed radially outwardly from the root
circle of the sprocket teeth by a distance that is equal to
or larger than 0.1 mm.

56. The bicycle sprocket according to claim 55, wherein

the tip end is disposed radially outwardly of the root circle
of the sprocket teeth by a distance that is equal to or
larger than 1.1 mm.

57. The bicycle sprocket according to claim 1, wherein

the at least one bicycle attachment member constituting at
least a part of at least one concavo-convex portion
positioned radially inwardly from the at least one
sprocket tooth and extending from the sprocket body in
an axial direction parallel to a rotational center axis of
the bicycle sprocket.

58. The bicycle sprocket according to claim 57, wherein

the at least one concavo-convex portion includes at least
one first concavo-convex portion extending in a cir-
cumferential direction with respect to the rotational
center axis of the bicycle sprocket.

59. The bicycle sprocket according to claim 58, wherein

the at least one concavo-convex portion includes at least
one second concavo-convex portion extending gener-
ally in a radial direction with respect to the rotational
center axis of the bicycle sprocket.

60. The bicycle sprocket according to claim 59, wherein

the at least one concavo-convex portion includes second
concavo-convex portions, a number of which is equal
to a total number of the at least one sprocket tooth of
the bicycle sprocket.

61. The bicycle sprocket according to claim 57, wherein

the at least one second concavo-convex portion inclines in
a range of zero degrees to thirty-five degrees with
respect to a radial line from the rotational center axis of
the bicycle sprocket.
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