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1
INTERCHANGEABLE BICYCLE SPROCKET

BACKGROUND

The present invention relates to a bicycle sprocket.

Bicycle sprockets are used in bicycle drive trains to
transmit rotational energy from the pedaling action of a rider
via a chain to a rear wheel of the bicycle. Many bicycles
feature multiple front sprockets provided in a front sprocket
assembly and multiple rear sprockets provided in a rear
sprocket assembly. Each of the front and rear assemblies has
a plurality of sprockets of different diameters and different
numbers of teeth. Such bicycles also include shifting mecha-
nisms for shifting the chain among the different sprockets of
the front sprocket assembly and rear sprocket assembly, to
thereby achieve a desired gear ratio. On the sprockets of
these sprocket assemblies, shift aiding structures have been
positioned at precise locations to aid in transitioning the
chain between sprockets during shifting, to reduce noise,
vibration, derailment, skipping, slipping, delayed chain
engagement, and chain suck during shifting. The precise
location for these shift aiding structures depends on the
geometry of each sprocket.

Depending on circumstances such as terrain, style of
riding, fitness level, etc. a rider may desire to change a front
or rear sprocket on a bicycle, to achieve a different gear
ratio. Heretofore, since the front and rear sprocket assem-
blies have been designed so that the positions of the shift
aiding structures among the sprockets are optimized, a rider
could not exchange sprockets as desired without adversely
affecting a shifting operation. In other words, if a rider
exchanges a sprocket to achieve a different gear ratio, there
is then a challenge in providing effective shift aiding struc-
tures. Since prior shift aiding structures have been posi-
tioned on the sprockets based on the particular geometrical
relationship between each adjacent pair of sprockets of
different sizes in the sprocket assembly, it is an as-yet-
unanswered challenge to provide such shift aiding structures
on a sprocket that will be interchangeably paired with other
sprockets of different sizes.

SUMMARY

To address the above issues, a bicycle sprocket is pro-
vided. According to a first aspect of the invention, a bicycle
sprocket is provided that has a rotational center axis and
includes a first shifting facilitation area configured to facili-
tate a first shifting operation from a first sprocket having a
first tooth number toward the bicycle sprocket, and a second
shifting facilitation area configured to facilitate a second
shifting operation from a second sprocket having a second
tooth number toward the bicycle sprocket. The first tooth
number is different from the second tooth number. One
potential advantage of this configuration is that it is possible
to exchange the combination of the bicycle sprocket and the
first sprocket for the combination of the bicycle sprocket and
the second sprocket.

In this aspect, the first sprocket is a smaller sprocket than
the bicycle sprocket, and the second sprocket is a smaller
sprocket than the bicycle sprocket. One potential advantage
of this configuration is that it is possible to exchange a
smaller sprocket from the first sprocket to the second
sprocket.

In this aspect, the first shifting facilitation area may
include a first spike pin provided on the bicycle sprocket,
and the second shifting facilitation area includes a second
spike pin provided on the bicycle sprocket. One potential
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advantage of this configuration is that shifting between more
than two different gears with different tooth numbers is
facilitated.

In this aspect, the first shifting facilitation area may
include a first projection provided on the bicycle sprocket,
and the second shifting facilitation area includes a second
projection provided on the bicycle sprocket. One potential
advantage of this configuration is that shifting between more
than two different gears with different tooth numbers is
facilitated.

In this aspect, the first projection may be positioned so as
to avoid contact of the first projection with the chain in a first
chain phase of the chain on the first sprocket during the first
shifting operation. One potential advantage of this configu-
ration is that a smooth shifting operation can be achieved in
the first chain phase during the first shifting operation.

In this aspect, the first projection may be positioned so as
to contact a chain and urge the chain in an axial direction
parallel to the rotational center axis to move the chain away
from the bicycle sprocket in a second chain phase of the
chain on the first sprocket during the first shifting operation,
and the second chain phase may be different from the first
chain phase. One potential advantage of this configuration is
that the projection prevents the bicycle chain from undesir-
ably hitting against the bicycle sprocket, thereby minimizing
excess noise and vibration that could result in skipping,
slipping, delayed chain engagement, chain suck, and other
problems.

In this aspect, the urging of the chain by the first projec-
tion may prevent the chain from contacting the first spike
pin. One potential advantage of this configuration is that the
projection prevents the bicycle chain from undesirably hit-
ting against the spike pin of the bicycle sprocket, thereby
minimizing excess noise and vibration that could result in
skipping, slipping, delayed chain engagement, chain suck,
and other problems.

In this aspect, the second projection may be positioned so
as to avoid contact of the second projection with the chain
in a first chain phase of the chain on the second sprocket
during the second shifting operation, and the second chain
phase may be different from the first chain phase. One
potential advantage of this configuration is that a smooth
shifting operation can be achieved in the first chain phase
during the second shifting operation.

In this aspect, the second projection may be positioned so
as to contact the chain and urge the chain in an axial
direction parallel to the rotational center axis to move the
chain away from the bicycle sprocket in a second chain
phase of the chain on the second sprocket during the second
shifting operation. One potential advantage of this configu-
ration is that the projection prevents the bicycle chain from
undesirably hitting against the bicycle sprocket, thereby
minimizing excess noise and vibration that could result in
skipping, slipping, delayed chain engagement, chain suck,
and other problems.

In this aspect, the urging of the chain by the second
projection may prevent the chain from contacting the second
spike pin. One potential advantage of this configuration is
that the projection prevents the bicycle chain from undesir-
ably hitting against the spike pin of the bicycle sprocket,
thereby minimizing excess noise and vibration that could
result in skipping, slipping, delayed chain engagement,
chain suck, and other problems.

In this aspect, the bicycle sprocket may have a third tooth
number that is larger than both the first tooth number and the
second tooth number, and the first sprocket and the second
sprocket may be interchangeably mountable to co-rotate
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with the bicycle sprocket. One potential advantage of this
configuration is that it is possible to switch between more
than two different gears with different gears with different
tooth numbers.

In this aspect, the first shifting operation may include
shifting a chain from the first sprocket to the bicycle
sprocket, and the second shifting operation may include
shifting the chain from the second sprocket to the bicycle
sprocket. One potential advantage of this configuration is
that it is possible to switch between more than two different
gears with different gears with different tooth numbers.

In this aspect, the first shifting facilitation area and the
second shifting facilitation area may be provided at the same
location on the bicycle sprocket. One potential advantage of
this configuration is that the switching between more than
two different gears with different tooth numbers is facilitated
by forming a minimum shifting facilitation area.

In this aspect, the first shifting facilitation area and the
second shifting facilitation area may be provided so as to be
circumferentially spaced apart from each other on the
bicycle sprocket with respect to the rotational center axis.
One potential advantage of this configuration is that the
switching between more than two different gears with dif-
ferent tooth numbers is facilitated.

In this aspect, the first shifting facilitation area may be one
of a plurality of first shifting facilitation areas provided on
the bicycle sprocket, and the plurality of the first shifting
facilitation areas may be disposed so as to be circumferen-
tially spaced apart from each other with respect to the
rotational center axis. One potential advantage of this con-
figuration is that the switching between more than two
different gears with different tooth numbers is facilitated.

In this aspect, the second shifting facilitation area may be
one of a plurality of second shifting facilitation areas pro-
vided on the bicycle sprocket, and the plurality of second
shifting facilitation areas may be disposed so as to be
circumferentially spaced apart from each other with respect
to the rotational center axis. One potential advantage of this
configuration is that the switching between more than two
different gears with different tooth numbers is facilitated.

In this aspect, at least one of the first shifting facilitation
areas and at least one of the second shifting facilitation areas
may be provided at the same location on the bicycle
sprocket. One potential advantage of this configuration is
that the switching between more than two different gears
with different tooth numbers is facilitated by forming a
minimum shifting facilitation area.

In this aspect, the first shifting facilitation area may
include a first recess provided on the bicycle sprocket, and
the second shifting facilitation area may include a second
recess provided on the bicycle sprocket. One potential
advantage of this configuration is that the recesses allow the
bicycle chain to tilt toward the teeth of the bicycle sprocket,
facilitating the switching between different gears.

In this aspect, the first recess provided may be positioned
downstream from the first spike pin with respect to a
rotational driving direction of the sprocket, and the second
recess provided may be positioned downstream from the
second spike pin with respect to the rotational driving
direction. One potential advantage of this configuration is
that the recesses allow the bicycle chain to tilt toward the
teeth of the bicycle sprocket, facilitating the switching
between different gears.

In this aspect, the first recess may be positioned radially
inwardly from the first spike pin with respect to the rota-
tional center axis, and the second recess may be positioned
radially inwardly from the second spike pin with respect to
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the rotational center axis. One potential advantage of this
configuration is that the recesses allow the bicycle chain to
tilt toward the teeth of the bicycle sprocket, facilitating the
switching between different gears.

In this aspect, the bicycle sprocket further may include a
body including an annular portion having teeth formed
around an outer perimeter thereof, the annular portion
including a smaller sprocket facing side on which the first
shifting facilitation area and the second shifting facilitation
area are provided. One potential advantage of this configu-
ration is that the bicycle sprocket is configured to accom-
modate two smaller sprockets.

In this aspect, the first projection may be positioned
downstream from the first spike pin with respect to a
rotational driving direction of the sprocket, and the second
projection may be positioned downstream from the second
spike pin with respect to the rotational driving direction. One
potential advantage of this configuration is that the projec-
tion prevents the bicycle chain from undesirably hitting
against the bicycle sprocket, thereby minimizing excess
noise and vibration that could result in skipping, slipping,
delayed chain engagement, chain suck, and other problems.

In this aspect, the first projection may be positioned
radially inwardly from the first spike pin with respect to the
rotational center axis, and the second projection is posi-
tioned radially inwardly from the second spike pin with
respect to the rotational center axis. One potential advantage
of this configuration is that the projection prevents the
bicycle chain from undesirably hitting against the bicycle
sprocket, thereby minimizing excess noise and vibration that
could result in skipping, slipping, delayed chain engage-
ment, chain suck, and other problems.

In this aspect, the first shifting facilitation area may
include a first recess provided on the bicycle sprocket, the
second shifting facilitation area may include a second recess
provided on the bicycle sprocket, the first projection may be
positioned between the first spike pin and the first recess in
a radial direction with respect to the rotational center axis,
and the second projection may be positioned between the
second spike pin and the second recess in a radial direction
with respect to the rotational center axis. One potential
advantage of this configuration is that the projection pre-
vents the bicycle chain from undesirably hitting against the
bicycle sprocket, thereby minimizing excess noise and
vibration that could result in skipping, slipping, delayed
chain engagement, chain suck, and other problems.

In this aspect, the first projection may be positioned
between the first spike pin and the first recess in a circum-
ferential direction with respect to the rotational center axis,
and the second projection may be positioned between the
second spike pin and the second recess in a circumferential
direction with respect to the rotational center axis. One
potential advantage of this configuration is that the projec-
tion prevents the bicycle chain from undesirably hitting
against the bicycle sprocket, thereby minimizing excess
noise and vibration that could result in skipping, slipping,
delayed chain engagement, chain suck, and other problems.

In this aspect, the first projection may be configured to
prevent a chain from engaging the first spike pin during the
second shifting operation while the second sprocket is
mounted to the bicycle sprocket. One potential advantage of
this configuration is that the projection prevents the bicycle
chain from undesirably hitting against the bicycle sprocket,
thereby minimizing excess noise and vibration that could
result in skipping, slipping, delayed chain engagement,
chain suck, and other problems.



US 10,155,566 B2

5

In this aspect, the second projection may be configured to
prevent a chain from engaging the second spike pin during
the first shifting operation while the first sprocket is mounted
to the bicycle sprocket. One potential advantage of this
configuration is that the projection prevents the bicycle
chain from undesirably hitting against the bicycle sprocket,
thereby minimizing excess noise and vibration that could
result in skipping, slipping, delayed chain engagement,
chain suck, and other problems.

This Summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that
solve any or all disadvantages noted in any part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated by way of example
and not by way of limitation in the figures of the accompa-
nying drawings, in which the like reference numerals indi-
cate like elements and in which:

FIG. 1 is an inside elevational view of a bicycle sprocket,
a first sprocket, and a second sprocket in accordance with a
first embodiment;

FIG. 2 is a cross-sectional view of the bicycle sprocket
taken along line III-IIT of FIG. 1;

FIG. 3 is an enlarged inside elevational view of a part of
the bicycle sprocket illustrated in FIG. 1 (a first chain phase
state);

FIG. 4 is a cross-sectional view of the bicycle sprocket
taken along line V-V of FIG. 3;

FIG. 5 is a perspective view of a part of the bicycle
sprocket illustrated in FIG. 1;

FIG. 6 is a cross-sectional view of a part of the bicycle
sprocket taken along line VII-VII of FIG. 3;

FIG. 7 is a cross-sectional view of a part of the bicycle
sprocket taken along line VIII-VIII of FIG. 3;

FIG. 8 is an enlarged inside elevational view of a part of
the bicycle sprocket illustrated in FIG. 1 (a second chain
phase state);

FIG. 9 is a cross-sectional view of a part of the bicycle
sprocket taken along line X-X of FIG. 8;

FIG. 10 is a cross-sectional view of a part of a bicycle
sprocket in accordance with a second embodiment;

FIG. 11 is a cross-sectional view of a part of a bicycle
sprocket in accordance with a third embodiment; and

FIG. 12 is a cross-sectional view of a part of a bicycle
sprocket in accordance with a fourth embodiment.

FIGS. 13A-C are outside elevational views of a rear
bicycle sprocket, first rear sprocket, and second rear
sprocket in accordance with a fifth embodiment;

FIGS. 2-13C are drawn approximately to scale unless
otherwise indicated; however, other relative dimensions
may be used, if desired.

DETAILED DESCRIPTION

A selected embodiment of the present invention will now
be described with reference to the accompanying drawings.
It will be apparent to those skilled in the art from this
disclosure that the following description of an embodiment
of the invention is provided for illustration only and not for
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the purpose of limiting the invention as defined by the
appended claims and their equivalents.

Referring to FIG. 1, a schematic depiction of a bicycle
sprocket 10, a first sprocket 22 smaller than the bicycle
sprocket 10, and a second sprocket 38 smaller than the
bicycle sprocket 10 in accordance with a first embodiment is
illustrated. It will be appreciated that this illustration is a
schematic depiction, aspects of which are not drawn to scale.
The bicycle sprocket 10 may be a bicycle front sprocket or
bicycle rear sprocket configured to be provided on a gear
crank of a bicycle or a rear hub assembly of a bicycle. A first
sprocket 22 having a first tooth number and a second
sprocket 38 having a second tooth number are interchange-
ably mountable to co-rotate with the bicycle sprocket 10.
Thus, the first sprocket 22 and the second sprocket 38 are not
mounted to the bicycle sprocket 10 at the same time in the
illustrated embodiment. The bicycle sprocket 10 has a third
tooth number that is larger than both the first tooth number
and the second tooth number. The first sprocket 22 includes
a first sprocket main body 24 and first sprocket teeth 26. The
second sprocket 38 includes a second sprocket main body 34
and second sprocket teeth 36. The bicycle sprocket 10 has a
rotational center axis A and is configured to engage with a
bicycle chain 1. The bicycle sprocket 10 includes a sprocket
body 16 including an annular portion, having bicycle
sprocket teeth 20 formed around an outer perimeter thereof.
The annular portion includes a smaller sprocket facing side
on which a first shifting facilitation area 32a¢ and a second
shifting facilitation area 3256 are provided. The first shifting
facilitation area 32a preferably includes a first spike pin 40a,
a first projection 46aq, a first primary recess 42a and a first
secondary recess 44a provided on the bicycle sprocket 10.
The first shifting facilitation area 32a is configured to
facilitate a first shifting operation, which includes shifting
the chain 1 from a first sprocket 22 having a first tooth
number toward the bicycle sprocket 10. The first projection
46a may be positioned between the first spike pin 40a and
the first primary recess 42q in a radial or circumferential
direction with respect to the rotational center axis A. One or
more of the first spike pin 40qa, the first projection 46a, the
first primary recess 42a and the first secondary recess 44a
can be omitted according to need. Likewise, the second
shifting facilitation area 326 preferably includes a second
spike pin 405, a second projection 465, a second primary
recess 425 and a second secondary recess 44b provided on
the bicycle sprocket 10. The second shifting facilitation area
3254 is configured to facilitate a second shifting operation,
which includes shifting the chain 1 from a second sprocket
38 having a second tooth number, which is different from the
first tooth number, toward the bicycle sprocket 10. The
second projection 465 may be positioned between the sec-
ond spike pin 405 and the second primary recess 425 in a
radial or circumferential direction with respect to the rota-
tional center axis A. One or more of the second spike pin
404, the second projection 465, the second primary recess
42b and the second secondary recess 445 can be omitted
according to need. Thus, shifting between more than two
different gears with different tooth numbers is facilitated.

The first shifting facilitation area 32¢ may also be con-
figured to facilitate a shifting operation, which includes
shifting the chain 1 from the bicycle sprocket 10 toward the
first sprocket 22. Likewise, the second shifting facilitation
area 32b may also be configured to facilitate a shifting
operation, which includes shifting the chain 1 from the
bicycle sprocket 10 toward the second sprocket 38. Accord-
ingly, the first shifting facilitation area 324 can be configured
to facilitate a first shifting operation from one of the first
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sprocket 22 and the bicycle sprocket 10 toward the other of
the first sprocket 22 and the bicycle sprocket 10, and the
second shifting facilitation area 325 can be configured to
facilitate a second shifting operation from one of the second
sprocket 38 and the bicycle sprocket 10 toward the other of
the second sprocket 38 and bicycle sprocket 10. The bicycle
sprocket 10, the first sprocket 22 and the second sprocket 38
may also be bicycle rear sprockets, as described later.

Referring to FIG. 1, the first shifting facilitation area 32a
and the second shifting facilitation area 325 are provided so
as to be circumferentially spaced apart from each other on
the bicycle sprocket 10 with respect to the rotational center
axis A. The first shifting facilitation area 32¢ may be one of
a plurality of first shifting areas provided on the bicycle
sprocket, disposed so as to be circumferentially spaced apart
from each other with respect to the rotational center axis A.
Likewise, the second shifting facilitation area 326 may be
one of a plurality of second shifting facilitation areas pro-
vided on the bicycle sprocket 10, disposed so as to be
circumferentially spaced apart from each other with respect
to the rotational center axis A. The first and second shifting
facilitation areas are not necessarily mutually exclusive, and
may overlap in common shifting facilitation areas 32¢ each
of which preferably includes a third spike pin 40c¢, a third
projection 46¢, a third primary recess 42¢ and a third
secondary recess 44c¢. In other words, the common shifting
facilitation area 32c¢ is provided if at least one of the first
shifting facilitation areas 32a and at least one of the second
shifting facilitation areas 324 are provided at the same
location on the bicycle sprocket 10. The common shifting
facilitation area 32c¢ is configured to facilitate both a first
shifting operation from a first sprocket 22 having a first tooth
number toward the bicycle sprocket 10 and a second shifting
operation from a second sprocket 38 having a second tooth
number toward the bicycle sprocket 10. The bicycle sprocket
10 is configured to be rotated about the rotational center axis
A in a rotational driving direction D1 during the pedaling.
The rotational driving direction D1 is defined along a
circumferential direction D of the bicycle sprocket 10. A
direction D2 is defined along the circumferential direction
D. The direction D2 is opposite to the rotational driving
direction D1.

As illustrated in FIG. 2, a magnified cross-sectional view
of the bicycle sprocket 10 and the first sprocket 22 are
provided, taken along line III-III of FIG. 1. The bicycle
sprocket 10 comprises bicycle sprocket teeth 20, a sprocket
body 16 and a sprocket main body 14. The sprocket main
body 14 includes a base portion 28 to which the sprocket
body 16 is attached, and a cover portion 30 attached to the
base portion 28 to at least partially cover the base portion 28.
The first sprocket 22 comprising a first sprocket main body
24 and first sprocket teeth 26 is provided in proximity to the
bicycle sprocket 10 so that a first shifting facilitation area
facilitates a first shifting operation of a chain from the first
sprocket 22 toward the bicycle sprocket 10. In the illustrated
embodiment, the sprocket body 16 may be made of a first
material comprising one of iron, aluminum and titanium.
The sprocket main body 14 may comprise a non-metallic
material. For example, the non-metallic material comprises
fiber reinforced plastic. More specifically, the base portion
28 is made of a non-metallic material comprising fiber
reinforced plastic while the cover portion 30 is made of a
metallic material comprising aluminum, for example. In the
illustrated embodiment, the sprocket body 16 and the
sprocket main body 14 (i.e., the base portion 28) are attached
to each other by an integral molding process. The sprocket
body 16 is at least partially embedded in the sprocket main
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body 14 at the base portion 28. The base portion 28 and the
cover portion 30 can be integrally attached together as a
single unitary member. In such an embodiment, the sprocket
main body 14 is made of a metallic material comprising
aluminum, for example.

As seen in FIG. 2, the bicycle sprocket 10 includes an
axial surface 12a facing in an axial direction D3 of the
bicycle sprocket 10. The axial direction D3 is parallel to the
rotational center axis A of the bicycle sprocket 10. The
bicycle sprocket 10 further includes an opposite surface 125,
defined on the cover portion 30, opposite to the axial surface
12a in the axial direction D3. The axial surface 12a is
disposed closer to the first sprocket 22 than the opposite
surface 126. The axial surface 12a may be inclined with
respect to the axial direction D3, and the axial surface 12a
may even be substantially perpendicular with respect to the
axial direction D3.

As illustrated in FIG. 3, an inside elevational view of the
second shifting facilitation area 325 of the bicycle sprocket
10 in a first chain phase is enlarged in detail, along with an
enlarged view of part of the second sprocket 38. The first
sprocket 22 has been removed from this view for illustration
purposes because the first sprocket 22 and the second
sprocket 38 are not mounted to the bicycle sprocket 10 at the
same time as mentioned above. Since the first, second, and
third shifting facilitation areas all have substantially the
same structure, the structure of the second shifting facilita-
tion area 325 will be described here in detail to be repre-
sentative of the structure of all the shifting facilitation areas.

As shown in FIG. 3, the bicycle sprocket 10 comprises a
spike pin 4056 provided in the shifting facilitation area 325.
The spike pin 406 made of metallic material is attached to
the sprocket body 16 of the bicycle sprocket 10. The spike
pin 405 may also be made of a non-metallic material. In the
illustrated embodiment, the spike pin 406 is separately
provided from the bicycle sprocket 10; however, the spike
pin 405 can be integrally provided with the bicycle sprocket
10 as a single unitary member. The spike pin 405 is
configured to guide the bicycle chain 1 to engage with the
bicycle sprocket 10 in a first chain phase state where the
bicycle chain 1 is shifted from the first sprocket 22 or the
second sprocket 38 to the bicycle sprocket 10. Accordingly,
the term “first chain phase state”, as used herein, means a
state in which an outer link plate of a bicycle chain is
positioned on a spike pin 405 so that the spike pin 405
engages with the outer link plate. When the bicycle chain 1
is axially guided toward the bicycle sprocket 10 using a front
derailleur (not shown) during the gear-shifting operation, the
bicycle chain 1 is upwardly moved by the spike pin 405 to
engage with the bicycle sprocket 10 in the first chain phase
state.

As depicted in FIG. 3, the bicycle sprocket 10 includes a
primary recess 42b configured to reduce interference
between the bicycle sprocket 10 and the bicycle chain 1
when the spike pin 405 guides the bicycle chain 1 to engage
with the bicycle sprocket 10. In this example, the second
primary recess 42b of the second shifting facilitation area
3254 is illustrated. The second primary recess 424 is posi-
tioned downstream and/or radially inwardly from the second
spike pin 405 with respect to the rotational center axis A.
The second primary recess 425 is provided in the second
shifting facilitation area 326 so that the second primary
recess 425 is configured to reduce interference between the
bicycle sprocket 10 and the bicycle chain 1 in the first chain
phase state when an outer link plate 1a of the bicycle chain
1 is partially disposed in the primary recess 42b. Likewise,
illustrated in FIG. 1, the first primary recess 42a is posi-
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tioned downstream and/or radially inwardly from the first
spike pin 40a with respect to the rotational center axis A.
The first primary recess 42a is provided in the first shifting
facilitation area 32a so that the first primary recess 42a is
configured to reduce interference between the bicycle
sprocket 10 and the bicycle chain 1 in the first chain phase
state when an outer link plate 1a of the bicycle chain 1 is
partially disposed in the first primary recess 42a. FIG. 5
provides another view of the primary recess 425 from an
alternative angle.

As seen in FIG. 3, shifting facilitation area 326 of the
bicycle sprocket 10 also includes a secondary recess 44b.
The secondary recess 445 is at least partially provided
between the spike pin 405 and the primary recess 425 to
reduce interference between the bicycle sprocket 10 and the
bicycle chain 1 in the first chain phase state when the spike
pin 405 guides the bicycle chain 1 to engage with the bicycle
sprocket 10. FIG. 5 provides another view of the secondary
recess 445 from an alternative angle.

As depicted in FIG. 3, the bicycle sprocket 10 comprises
a projection 465 provided in the shifting facilitation area 325
on the bicycle sprocket 10. In this example, the second
projection 465 of the second shifting facilitation area 326 is
illustrated. The second projection 465 is provided between
the second spike pin 406 and the second primary recess 425,
and at least partially provided between the second primary
recess 426 and the second secondary recess 445b. The second
projection 465 is positioned downstream and/or radially
inwardly from the second spike pin 406 with respect to the
rotational center axis A (depicted in FIG. 1) in the rotational
driving direction D1. The second projection 465 is posi-
tioned so as to avoid contact of the second projection 465
with the chain 1 in a first chain phase of the chain 1,
illustrated in FIG. 3, on the second sprocket 38 during the
second shifting operation. Likewise, in the first shifting
facilitation area 32a, illustrated in FIG. 1, the first projection
464 is positioned so as to avoid contact of the first projection
464 with the chain 1 in a first chain phase of the chain 1 on
the first sprocket 22 during the first shifting operation. In the
illustrated embodiment, the projection 465 is integrally
provided with the sprocket main body 14 as a single unitary
member. More specifically, the projection 465 is made of a
non-metallic material and is provided to the base portion of
the sprocket main body 14. The projection 465 can, how-
ever, be separately provided from the bicycle sprocket 10 as
well as the spike pin 405, and affixed to the bicycle sprocket
by adhesives or a fastener, for example. The projection 465
may also be made of a metallic material, formed integrally
with the bicycle sprocket or affixed thereto by welding or a
fastener, for example.

As seen in FIG. 3, in the first chain phase state, the
projection 4654 is disposed between adjacent two outer link
plates 1a of the bicycle chain 1, not overlapping with the
outer link plates 1a of the bicycle chain 1 when viewed from
the axial direction D3 so that the projection 465 does not
interfere with the outer link plates 1a of the bicycle chain 1.
FIG. 5 provides another view of the projection 465 from an
alternative angle.

Referring to FIG. 3, a distance [.21 between the spike pin
406 and the projection 465 is equal to or shorter than a
maximum longitudinal length .22 of the outer link plate 1a
of the bicycle chain 1. In the illustrated embodiment, the
distance .21 between the spike pin 405 and the projection
465 is shorter than the maximum longitudinal length [.22 of
the outer link plate 1a of the bicycle chain 1. The bicycle
sprocket teeth 20 are arranged at a first pitch angle P1 in the
circumferential direction D of the bicycle sprocket 10. A
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central angle P0 corresponding to a minimum circumferen-
tial distance between the spike pin 406 and the projection
465 is less than the first pitch angle P1. Similarly, the second
sprocket teeth 36 are arranged at a second pitch angle P2 in
the circumferential direction D. The central angle PO corre-
sponding to the minimum circumferential distance between
the spike pin 405 and the projection 465 is less than the
second pitch angle P2. The central angle PO, the first pitch
angle P1, and the second pitch angle P2 are defined about the
rotational center axis A.

As shown in FIG. 3, each of the bicycle sprocket teeth 20
has a tooth bottom 20a defining a root circle RC of the
bicycle sprocket teeth 20. The spike pin 405 is disposed
adjacent to the root circle RC. In the illustrated embodiment,
the spike pin 4054 is closer to the root circle RC than to an
inner periphery 125 of the bicycle sprocket 10 when viewed
from the axial direction D3. The projection 465 is closer to
the root circle RC than to the inner periphery 1256 of the
bicycle sprocket 10 in a radial direction of the bicycle
sprocket 10 when viewed from the axial direction D3. The
projection 465 is positioned radially inwardly from the spike
pin 4056. More specifically, a radially outermost end of the
projection 465 is radially inwardly disposed with respect to
a radially outermost end (i.e., the guiding part 41) of the
spike pin 405. The spike pin 406 is closer to the root circle
RC than the projection 466 when viewed from the axial
direction D3. A radial distance [.31 between the spike pin
405 and the root circle RC is less than a radial distance .32
between the projection 465 and the root circle RC in a radial
direction of the bicycle sprocket 10. The radial distance 1.31
can, however, be equal to or shorter than the radial distance
L.32 in the radial direction of the bicycle sprocket 10.

As illustrated in FIG. 3, the bicycle sprocket 10 may
further include a closed tooth opening at least partially
positioned radially outward from the root circle RC. In the
illustrated embodiment, the bicycle sprocket 10 includes
closed tooth openings 205 at least partially positioned radi-
ally outward from the root circle RC. The closed tooth
openings 205 are respectively provided to the bicycle
sprocket teeth 20; however, at least one of the bicycle
sprocket teeth 20 can include the closed tooth opening 205.
Further, the closed openings 205 can be omitted from the
bicycle sprocket 10 if needed and/or desired.

As seen in FIG. 4, a magnified cross-sectional view of the
bicycle sprocket 10 taken along line V-V of FIG. 3 is
provided, illustrating the spike pin 404 in detail. The bicycle
sprocket 10 comprises bicycle sprocket teeth 20, a sprocket
body 16, and a sprocket main body 14, which includes a base
portion 28 to which the sprocket body 16 is attached, and a
cover portion 30 attached to the base portion 28 to at least
partially cover the base portion 28. The second sprocket 38
comprises a second sprocket main body 34 and second
sprocket teeth 36. The second sprocket 38 is provided in
proximity to the bicycle sprocket 10 so that a second shifting
facilitation area facilitates a second shifting operation of a
chain from the second sprocket 38 toward the bicycle
sprocket 10. The spike pin 405 at least partially protrudes
from the axial surface 12a of the bicycle sprocket 10. The
spike pin 405 includes a guiding part 41 and an axial side
surface 47. The axial surface 124 is disposed closer to the
second sprocket 38 than the opposite surface 126. The
guiding part 41 is provided with a radially outward face and
is configured to contact outer link plates of the bicycle chain
when the spike pin 405 guides the bicycle chain to engage
with the bicycle sprocket 10.

As illustrated in FIG. 4, the spike pin 4056 protrudes from
a tooth surface 16a of the sprocket body 16 by a first
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maximum length L1 in the axial direction D3 parallel to the
rotational center axis A. The tooth surface 16a faces in the
axial direction D3 and is contactable with the bicycle chain
in a state where the bicycle chain engages with the bicycle
sprocket 10. The first maximum length L1 is defined as the
distance between the tooth surface 16a and the axial side
surface 47 of the spike pin 405 in the axial direction D3.

As seen in FIG. 5, a perspective view of a part of the
bicycle sprocket 10 shown in FIG. 1 is provided, facing the
bicycle sprocket teeth 20 and the sprocket body 16 of the
bicycle sprocket 10. Here, the primary recess 4256 and the
secondary recess 445 are illustrated in detail. The primary
recess 425 is provided on the sprocket main body 14 of the
bicycle sprocket 10, configured to reduce interference
between the bicycle sprocket 10 and the bicycle chain
moving in a rotational driving direction D1 in the first chain
phase state, when an outer link plate of the chain partially
disposed in the primary recess 425. The primary recess 425
includes a first side surface 43 and a second side surface 45
which are offset from the axial surface 12a of the bicycle
sprocket 10 in the axial direction D3 toward the sprocket
body 16. The first side surface 43 is offset from the second
side surface 45 in the axial direction D3 toward the sprocket
body 16.

As illustrated in FIG. 5, a secondary recess 44b is also
provided on the sprocket main body 14 of the bicycle
sprocket 10, configured to reduce interference between the
bicycle sprocket 10 and the chain when the guiding part 41
of the spike pin 405 guides the chain to engage with the
bicycle sprocket 10. The secondary recess 445 includes a
third side surface 48 which is offset from the axial surface
12a of the bicycle sprocket 10 in the axial direction D3
toward the sprocket body 16. In the illustrated embodiment,
the third side surface 48 of the secondary recess 445 is
defined on a surface of the sprocket body 16 in proximity to
the axial side surface 47 of the spike pin 4064.

As seen in FIG. 6, a cross-sectional view of a part of the
bicycle sprocket 10 taken along line VII-VII of FIG. 3 is
depicted. Here, illustrated in detail are the projection 464,
secondary recess 44b, and spike pin 405 in the first chain
phase state where an outer link plate 1a of the chain is
partially disposed on the first side surface 43 of the primary
recess 42b. The bicycle sprocket 10 comprises a sprocket
body 16, a sprocket main body 14 which includes a base
portion 28 to which the sprocket body 16 is attached, and a
cover portion 30 attached to the base portion 28 to at least
partially cover the base portion 28. The projection 465
protrudes from the tooth surface of the bicycle sprocket 10
by a second maximum length [.2 in the axial direction D3 so
that the guiding surface 49 guides the chain away from the
axial surface of the bicycle sprocket 10 in the axial direction
D3. In the illustrated embodiment, the first maximum length
L1, which is defined as the distance between the tooth
surface and the axial side surface 47 of the spike pin 406 in
the axial direction D3, is substantially equal to the second
maximum length [.2, which is defined as the distance
between the tooth surface and the guiding surface 49 of the
projection 4654 in the axial direction D3. The second maxi-
mum length 1.2 is shorter than the first maximum length [.1;
however, the second maximum length .2 can also be longer
than the first maximum length 1.

As seen in FIG. 7, a cross-sectional view of a part of the
bicycle sprocket 10 taken along line VIII-VIII of FIG. 3 is
provided, illustrating the projection 465 in detail. The
bicycle sprocket 10 comprises bicycle sprocket teeth 20 with
a tooth surface 16a, a sprocket body 16, a sprocket main
body 14 which includes a base portion 28 to which the
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sprocket body 16 is attached, and a cover portion 30 attached
to the base portion 28 to at least partially cover the base
portion 28. The second sprocket 38, comprising a second
sprocket main body 34 and second sprocket teeth 36, is
provided in proximity to the bicycle sprocket 10 so that a
second shifting facilitation area facilitates a second shifting
operation of a chain from the second sprocket 38 toward the
bicycle sprocket 10. The projection 464 is provided on the
axial surface 12a of the bicycle sprocket 10 to protrude in
the axial direction D3 by a second maximum length [.2 from
the axial surface 12a which is disposed closer to the second
sprocket 38 than the opposite surface 1256. The projection
464 includes a guiding surface 49 configured to guide the
bicycle chain away from the axial surface 124 of the bicycle
sprocket 10 in the axial direction D3 parallel to the rotational
center axis A.

As seen in FIG. 8, an inside elevational view of the second
shifting facilitation area 324 of the bicycle sprocket 10 in a
second chain phase is enlarged in detail, along with an
enlarged view of part of the second sprocket 38 which
includes the second sprocket main body 34 and second
sprocket teeth 36. The first sprocket has been removed from
this view for illustration purposes. As with FIG. 3, since the
first, second, and third shifting facilitation areas all have
substantially the same structure, the structure of the second
shifting facilitation area 326 will be described here in detail
to be representative of the structure of all the shifting
facilitation areas.

As shown in FIG. 8, the bicycle chain 1 can be offset, with
respect to the first chain phase state of the bicycle chain 1
illustrated in FIG. 3, by a chain pitch of the bicycle chain 1
in a second chain phase that is different from the first chain
phase. In this example, the second projection 465 of the
second shifting facilitation area 325 is depicted. The second
projection 465 is positioned so as to contact the chain 1 and
urge the chain 1 in an axial direction parallel to the rotational
center axis A to move the chain 1 away from the bicycle
sprocket 10 in the second chain phase of the chain 1,
illustrated in FIG. 8, on the second sprocket 38 during the
second shifting operation. In one example, the urging of the
chain 1 by the second projection 465 may prevent the chain
from contacting the second spike pin 405. The second
projection 465 is configured to prevent the chain 1 from
engaging the second spike pin 406 (by contacting the chain
1) during the first shifting operation while the first sprocket
22 (not shown) is mounted to the bicycle sprocket 10.
Likewise, in the first shifting facilitation area 32a, illustrated
in FIG. 1, the first projection 46a is positioned downstream
and/or radially inwardly from the first spike pin 40a with
respect to the rotational center axis A. The first projection
46a is positioned so as to contact the chain 1 and urge the
chain 1 in an axial direction parallel to the rotational center
axis A to move the chain 1 away from the bicycle sprocket
10 in the second chain phase of the chain 1, as depicted in
FIG. 8, on the first sprocket 22 during the first shifting
operation. In one example embodiment, the urging of the
chain 1 by the first projection 46a may prevent the chain
from contacting the first spike pin 40a. The first projection
46a is configured to prevent the chain 1 from engaging the
first spike pin 40a (by contacting the chain 1) during the
second shifting operation while the second sprocket 38 is
mounted to the bicycle sprocket 10. It will be appreciated
that the projection 465 at least partially overlaps with the
outer link plate 1a of the bicycle chain 1 in the second chain
phase state, whereas the projection 465 does not overlap
with the outer link plate 1a in the first chain phase state when
viewed from the axial direction D3. For example, the
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projection 465 at least partially overlaps with a longitudinal
middle portion of the outer link plate 1a of the bicycle chain
1 in the second chain phase state when viewed from the axial
direction D3.

As seen in FIG. 9, a cross-sectional view of a part of the
bicycle sprocket taken along line X-X of FIG. 8 is provided.
Here, illustrated in detail are the primary recess 425, the
projection 465, the secondary recess 445, and the spike pin
405 in the second chain phase, where the projection 465 at
least partially overlaps with a longitudinal middle portion of
the outer link plate 1a of the bicycle chain 1 moving in a
rotational driving direction D1, and the axial side surface 47
of the spike pin 405 at least partially overlaps with an inner
link of the bicycle chain 1 adjacent to the outer link plate 1a.
The bicycle sprocket 10 comprises a sprocket body 16, a
sprocket main body 14 which includes a base portion 28 to
which the sprocket body 16 is attached, and a cover portion
30 attached to the base portion 28 to at least partially cover
the base portion 28. The guiding surface 49 of the projection
4656 is configured to guide the bicycle chain 1 away from the
bicycle sprocket 10 in the axial direction D3 parallel to the
rotational center axis A (depicted in FIG. 1) in the second
chain phase state that is different from the first chain phase
state. The projection 465 is configured to guide the bicycle
chain 1 away from the axial surface of the bicycle sprocket
10 in the axial direction D3 when in the second chain phase
state. When the bicycle chain 1 is axially guided toward the
bicycle sprocket 10 using the front derailleur (not shown)
during the gear-shifting operation, the bicycle chain 1 is
moved away from the bicycle sprocket 10 in the axial
direction D3 by the projection 465 in the second chain phase
state. This reduces interference between the spike pin 405
and the bicycle chain 1 in the second chain phase state
during the gear-shifting operation. Accordingly, with the
bicycle sprocket 10, it is possible to reduce undesired impact
and/or noise during the gear-shifting operation.

Referring to FIG. 10, a bicycle sprocket 210 in accor-
dance with a second embodiment will be described below.
The bicycle sprocket 210 has the same configuration as the
bicycle sprocket 10 except for the structure of the projection
246. Thus, elements having substantially the same function
as those in the first embodiment will be numbered the same
here. Here, illustrated in detail are the primary recess 425,
the projection 246, the secondary recess 44b, and the spike
pin 406 in the second chain phase, where the guiding surface
49 of the projection 246 at least partially overlaps with a
longitudinal middle portion of the outer link plate 1a of the
bicycle chain 1 moving in a rotational driving direction D1,
the axial side surface 47 of the spike pin 405 at least partially
overlaps with an inner link of the bicycle chain 1, and the
first side surface 43 of the primary recess 424 is separated
from the outer link plate 1a of the bicycle chain 1. The spike
pin 405 protrudes from a tooth surface of the sprocket body
by a first maximum length L1 in the axial direction D3, and
the projection 246 protrudes from the tooth surface of the
bicycle sprocket 10 by a second maximum length [.2 in the
axial direction D3.

The bicycle sprocket 210 comprises a projection 246
provided to the bicycle sprocket 10. Unlike the projection
46b of the first embodiment, the projection 246 is attached
to the bicycle sprocket 10 as a separate member from the
sprocket main body 14, which includes a base portion 28 to
which the sprocket body 16 is attached, and a cover portion
30 attached to the base portion 28 to at least partially cover
the base portion 28. In the illustrated embodiment, the
projection 246 is attached to the sprocket body 16 as a
separate member from the sprocket main body 14. The
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projection 246 can be made of material different from the
materials of the bicycle sprocket 10. The projection 246 may
also be made of material that is the same as the materials of
the bicycle sprocket 10.

With the bicycle sprocket 210, the projection 246 is
configured to guide the bicycle chain 1 away from the
bicycle sprocket 10 in the axial direction D3 parallel to the
rotational center axis A (depicted in FIG. 1) in the second
chain phase state. This reduces interference between the
spike pin 405 and the bicycle chain 1 in the second chain
phase state during the gear shifting. Accordingly, with the
bicycle sprocket 210, it is possible to reduce undesired
impact during the gear-shifting operation.

Referring to FIG. 11, a bicycle sprocket 310 in accordance
with a third embodiment will be described below, with the
projection 465 and the bicycle sprocket member 312 illus-
trated in detail. The bicycle sprocket 310 has the same
configuration as the bicycle sprocket 10 except for the
structure of the bicycle sprocket member 312. Thus, ele-
ments having substantially the same function as those in the
above embodiments will be numbered the same here.

As seen in FIG. 11, the bicycle sprocket 310 comprises a
bicycle sprocket member 312. The bicycle sprocket member
312 includes the sprocket body 316, the sprocket main body
14 which includes a base portion 28 to which the sprocket
body 316 is attached and a cover portion 30 attached to the
base portion 28 to at least partially cover the base portion 28.
The sprocket body 316 is attached to the sprocket main body
14 and includes first sprocket teeth arranged in the circum-
ferential direction of the bicycle sprocket 310. The sprocket
body 316 has a multi-layered structure with different mate-
rials.

The sprocket body 316 includes a first sprocket layer 350,
a second sprocket layer 352 and a third sprocket layer 354.
The first sprocket layer 350 is made of a first-layer material
comprising iron. The second sprocket layer 352 is made of
a second-layer material comprising aluminum. The third
sprocket layer 354 is made of a third-layer material com-
prising iron. The second sprocket layer 352 is provided
between the first sprocket layer 350 and the third sprocket
layer 354 in the axial direction D3. Possible examples of
materials of the first sprocket layer 350 and third sprocket
layer 354 include iron and stainless steel. Possible examples
of materials of the second sprocket layer 352 include alu-
minum, titanium, magnesium and beryllium.

In the illustrated embodiment, the first sprocket layer 350
and the third sprocket layer 354 are bonded to the second
sprocket layer 352 by diffusion bonding, for example. At
least one of the first sprocket layer 350 and the third sprocket
layer 354 can be bonded to the second sprocket layer 352
with adhesive. The second sprocket layer 352 is made of a
metallic material; however, the second sprocket layer 352
can be made of a second-layer material comprising a non-
metallic material. For example, the second-layer material
can comprise fiber reinforced plastic. In a case where the
second-layer material is fiber reinforced plastic, the first
sprocket layer 350 and third sprocket layer 354 may be
bonded to the second sprocket layer 352 by an integral
molding process. Thus, with the bicycle sprocket 310, it is
possible to save weight of the bicycle sprocket 310 in
addition to the reduction of undesired impact during the
gear-shifting operation.

Referring to FIG. 12, a bicycle sprocket 410 in accor-
dance with a fourth embodiment will be described below,
with the projection 465 and the bicycle sprocket member
412 illustrated in detail. The bicycle sprocket 410 has the
same configuration as the bicycle sprocket 10 except for the



US 10,155,566 B2

15

bicycle sprocket member 412. Thus, elements having sub-
stantially the same function as those in the above embodi-
ments will be numbered the same here.

As seen in FIG. 12, the bicycle sprocket 410 comprises a
bicycle sprocket member 412. The bicycle sprocket member
412 includes a sprocket body 416, a sprocket main body 414
which includes a base portion 28 to which the sprocket body
416 is attached and a cover portion 30 attached to the base
portion 28 to at least partially cover the base portion 28, so
that the sprocket body 416 is attached to the sprocket main
body 414.

Unlike the bicycle sprocket 10 of the first embodiment,
roughening process is applied to an attachment surface of at
least one of the first main body 414 and the sprocket body
416. Possible examples of the roughening process include
machine processes such as shot blasting, chemical processes
such as etching, and other processes such as laser machin-
ing. More specifically, the sprocket body 416 includes a
sprocket body attachment surface 416a. The sprocket main
body 414 includes a sprocket main body attachment surface
414a configured to be attached to the sprocket body attach-
ment surface 4164 of the sprocket body 416. At least one of
the sprocket body attachment surface 4164 and the sprocket
main body attachment surface 414a is at least partially
rougher than a surface of the bicycle sprocket member 412
other than the sprocket body attachment surface 416a and
the sprocket main body attachment surface 414a. In the
illustrated embodiment, the roughening process is applied to
each of the sprocket body attachment surface 4164 and the
sprocket main body attachment surface 414a.

Areas of the sprocket body attachment surface 4164 and
the sprocket main body attachment surface 414a are not
limited to the illustrated embodiment in FIG. 12. For
example, the lengths and inclinations of the attachment
surfaces may vary depending on the dimensions of the
sprocket body and sprocket main body and the desired
strength of attachment. In accordance with the fourth
embodiment, it is possible to increase the strength of attach-
ment between the sprocket main body 414 and the sprocket
body 416 in addition to the reduction of undesired impact
during the gear-shifting operation.

Referring to FIGS. 13A-C, described is another embodi-
ment of the present invention, featuring a rear sprocket
assembly. The rear sprocket assembly of the fifth embodi-
ment of the present invention has been disassembled to show
a rear bicycle sprocket 512, a first rear sprocket 522 and a
second rear sprocket 538 in separate Figures. Turning to
FIG. 13 A, a depiction of a rear bicycle sprocket 512 with 13
teeth 520 is shown in accordance with the fifth embodiment.
Unlike the conventional art, the rear bicycle sprocket 512
comprises two shifting facilitation areas: a first shifting
facilitation area 532a which facilitates a first shifting opera-
tion that includes shifting a chain from the first rear sprocket
522 to the rear bicycle sprocket 512 and a second shifting
facilitation area 5326 which facilitates a second shifting
operation that includes shifting a chain from the second rear
sprocket 538 to the rear bicycle sprocket 512. Turning to
FIG. 13B, depicted is a first rear sprocket 522 with twelve
teeth 526, smaller than the bicycle sprocket 512, having one
shifting facilitation area 532c¢ which facilitates a shifting
operation that includes shifting the chain from the second
rear sprocket 538 to the first rear sprocket 522. Turning to
FIG. 13C, depicted is a second rear sprocket 538 with eleven
teeth 536 that is smaller than the bicycle sprocket 512 and
the first rear sprocket 522. The second rear sprocket 538
comprises two shifting facilitation areas, a first auxiliary
shifting facilitation area 5324 which facilitates a shifting
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operation that includes shifting the chain from the second
rear sprocket 538 to the first rear sprocket 522, and a second
auxiliary shifting facilitation area 532¢ which facilitates a
shifting operation that includes shifting the chain from the
second rear sprocket 538 to the bicycle sprocket 512.

It will be appreciated that, unlike the conventional art, in
the bicycle sprocket 512 and second sprocket 538 of the
claimed rear sprocket assembly, two shifting facilitation
areas are provided. Accordingly, it is possible to replace one
of the first rear sprocket 522 and the second rear sprocket
538 with the other of the first rear sprocket 522 and the
second rear sprocket 538 from a multiple rear sprocket
assembly according to need. The number of teeth for each
sprocket is not limited as long as the first rear sprocket 522
is smaller than the bicycle sprocket 512, and the second rear
sprocket 538 is smaller than the bicycle sprocket 512 and the
first rear sprocket 522.

In the above embodiments, the term “attached” or “attach-
ing”, as used herein, encompasses configurations in which
an element directly attached to another element by affixing
the element is directly to the other element; configurations in
which the element is indirectly attached to the other element
via the intermediate member(s); and configurations in which
one element is integral with another element, i.e. one ele-
ment is essentially part of the other element. This concept
also applies to words of similar meaning, for example,
“joined”, “connected”, “coupled”, “mounted”, “fixed” and
their derivatives except for the terms “bonded” and “bond-
ing.”

The term “comprising” and its derivatives, as used herein,
are intended to be open ended terms that specify the pres-
ence of the stated features, elements, components, groups,
integers, and/or steps, but do not exclude the presence of
other unstated features, elements, components, groups, inte-
gers and/or steps. This concept also applies to words of
similar meaning, for example, the terms “have”, “include”
and their derivatives.

The terms “member”, “section”, “portion”, “part” or
“element” when used in the singular can have the dual
meaning of a single part or a plurality of parts.

The ordinal numbers such as the terms “first” or “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.”

The term “bicycle” and its derivatives, as used herein, are
intended to be open ended terms that specify any vehicle or
machine with a wheel that is propelled by the action of a
cyclist’s feet upon pedals, and encompasses outdoor

bicycles, stationary bicycles, exercise cycles, indoor
bicycles, and the like.
Finally, terms of degree such as “substantially”, “about”

and “approximately” as used herein mean a reasonable
amount of deviation of the modified term such that the end
result is not significantly changed (e.g., manufacturing tol-
erances).

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

The invention claimed is:

1. A bicycle sprocket having a rotational center axis, the
bicycle sprocket being a large-diameter sprocket compris-
ing:
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a first shifting facilitation area provided on a surface of the
large-diameter sprocket and configured to facilitate a
first shifting operation shifting a chain from an inter-
mediate-diameter sprocket having a first tooth number
to the large-diameter sprocket; and

a second shifting facilitation area provided on the surface
of the large-diameter sprocket and configured to facili-
tate a second shifting operation shifting the chain from
a small-diameter sprocket having a second tooth num-
ber to the large-diameter sprocket, wherein

the first tooth number is larger than the second tooth
number;

the large-diameter sprocket has a third tooth number that
is larger than both the first tooth number and the second
tooth number,

the intermediate-diameter sprocket and the small-diam-
eter sprocket are interchangeably mountable to co-
rotate with the large-diameter sprocket; and

the first shifting facilitation area and the second shifting
facilitation area are provided at the same location on
the large-diameter sprocket as common shifting facili-
tation areas to facilitate both the first shifting operation
and the second shifting operation.

2. The bicycle sprocket of claim 1, wherein

the intermediate-diameter sprocket is a smaller sprocket
than the large-diameter sprocket; and

the small-diameter sprocket is a smaller sprocket than the
large-diameter sprocket.

3. The bicycle sprocket of claim 1, wherein

the first shifting facilitation area includes a first spike pin
provided on the large-diameter sprocket; and

the second shifting facilitation area includes a second
spike pin provided on the large-diameter sprocket.

4. The bicycle sprocket of claim 3, wherein,

the first shifting facilitation area includes a first projection
provided on the large-diameter sprocket; and

the second shifting facilitation area includes a second
projection provided on the large-diameter sprocket.

5. The bicycle sprocket of claim 4, wherein

the first projection is positioned so as to avoid contact of
the first projection with the chain in a first chain phase
of the chain on the intermediate-diameter sprocket
during the first shifting operation.

6. The bicycle sprocket of claim 5, wherein

the first projection is positioned so as to contact a chain
and urge the chain in an axial direction parallel to the
rotational center axis to move the chain away from the
large-diameter sprocket in a second chain phase of the
chain on the intermediate-diameter sprocket during the
first shifting operation; and the second chain phase is
different from the first chain phase.

7. The bicycle sprocket of claim 6, wherein

the urging of the chain by the first projection prevents the
chain from contacting the first spike pin.

8. The bicycle sprocket of claim 5, wherein

the second projection is positioned so as to avoid contact
of'the second projection with the chain in the first chain
phase of the chain on the small-diameter sprocket
during the second shifting operation.

9. The bicycle sprocket of claim 8, wherein

the second projection is positioned so as to contact the
chain and urge the chain in an axial direction parallel to
the rotational center axis to move the chain away from
the large-diameter sprocket in a second chain phase of
the chain on the small-diameter sprocket during the
second shifting operation; and

10

20

25

30

35

40

45

18

the second chain phase is different from the first chain
phase.

10. The bicycle sprocket of claim 9, wherein

the urging of the chain by the second projection prevents
the chain from contacting the second spike pin.

11. The bicycle sprocket of claim 1, wherein

the first shifting operation includes shifting a chain from
the intermediate-diameter sprocket to the large-diam-
eter sprocket, and

the second shifting operation includes shifting the chain
from the small-diameter sprocket to the large-diameter
sprocket.

12. The bicycle sprocket of claim 1, wherein

the first shifting facilitation area and the second shifting
facilitation area are provided so as to be circumferen-
tially spaced apart from each other on the large-diam-
eter sprocket with respect to the rotational center axis.

13. The bicycle sprocket of claim 1, wherein

the first shifting facilitation area is one of a plurality of
first shifting facilitation areas provided on the large-
diameter sprocket, and

the plurality of the first shifting facilitation areas are
disposed so as to be circumferentially spaced apart
from each other with respect to the rotational center
axis.

14. The bicycle sprocket of claim 13, wherein

the second shifting facilitation area is one of a plurality of
second shifting facilitation areas provided on the large-
diameter sprocket, and

the plurality of second shifting facilitation areas are
disposed so as to be circumferentially spaced apart
from each other with respect to the rotational center
axis.

15. The bicycle sprocket of claim 14, wherein

at least one of the first shifting facilitation areas and at
least one of the second shifting facilitation areas are
provided at the same location on the large-diameter
sprocket.

16. The bicycle sprocket of claim 3, wherein

the first shifting facilitation area includes a first recess
provided on the large-diameter sprocket; and

the second shifting facilitation area includes a second
recess provided on the large-diameter sprocket.

17. The bicycle sprocket of claim 16, wherein

the first recess provided is positioned downstream from
the first spike pin with respect to a rotational driving
direction of the large-diameter sprocket; and

the second recess provided is positioned downstream
from the second spike pin with respect to the rotational
driving direction.

18. The bicycle sprocket of claim 16, wherein

the first recess is positioned radially inwardly from the
first spike pin with respect to the rotational center axis;
and

55 the second recess is positioned radially inwardly from the
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second spike pin with respect to the rotational center axis.

19. The bicycle sprocket of claim 1, wherein

the large-diameter sprocket further includes a sprocket
body including an annular portion having sprocket
teeth formed around an outer perimeter thereof, the
annular portion including a smaller sprocket facing side
on which the first shifting facilitation area and the
second shifting facilitation area are provided.

20. The bicycle sprocket of claim 4, wherein

the first projection is positioned downstream from the first
spike pin with respect to a rotational driving direction
of the large-diameter sprocket; and
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the second projection is positioned downstream from the
second spike pin with respect to the rotational driving
direction.

21. The bicycle sprocket of claim 4, wherein

the first projection is positioned radially inwardly from
the first spike pin with respect to the rotational center
axis; and

the second projection is positioned radially inwardly from
the second spike pin with respect to the rotational
center axis.

22. The bicycle sprocket of claim 4, wherein

the first shifting facilitation area includes a first recess
provided on the large-diameter sprocket;

the second shifting facilitation area includes a second
recess provided on the large-diameter sprocket;

the first projection is positioned between the first spike pin
and the first recess in a radial direction with respect to
the rotational center axis; and

the second projection is positioned between the second
spike pin and the second recess in a radial direction
with respect to the rotational center axis.
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23. The bicycle sprocket of claim 22, wherein

the first projection is positioned between the first spike pin
and the first recess in a circumferential direction with
respect to the rotational center axis; and

the second projection is positioned between the second
spike pin and the second recess in a circumferential
direction with respect to the rotational center axis.

24. The bicycle sprocket of claim 4, wherein

the first projection is configured to prevent a chain from
engaging the first spike pin during the second shifting
operation while the small-diameter sprocket is mounted
to the large-diameter sprocket.

25. The bicycle sprocket of claim 24, wherein

the second projection is configured to prevent a chain
from engaging the second spike pin during the first
shifting operation while the intermediate-diameter
sprocket is mounted to the large-diameter sprocket.

26. The bicycle sprocket of claim 1, wherein

the large-diameter sprocket is a bicycle front sprocket.

27. The bicycle sprocket of claim 1, wherein

the large-diameter sprocket is a bicycle rear sprocket.
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