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(54) BICYCLE WHEEL HUB WITH MOLDED SPOKE HOLES

(57) A hub for a bicycle wheel includes a hub shell
that defines one or more spoke holes. The hub shell in-
cludes a fiber reinforced material. The fiber reinforced
material has one or more reinforcement fibers bending
around the spoke holes to remain continuous around the
spoke holes. One or more flanges with the spoke holes

extend from the hub shell at an outer radial direction. A
clutch or freehub adapter is coupled to the hub shell.
Depending on the type of clutch mechanism used in the
freehub, different clutch apdapters can be incorporated
into the hub.
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Description

BACKGROUND

[0001] In the bicycle industry, there is always a need
to produce strong but lightweight components. Any
weight reductions of the bicycle lower the amount of en-
ergy expended by the bicyclist. Even small reductions in
weight can be all the difference between winning and
losing. Modern composite materials, such as carbon fiber
materials, have been widely used on a variety of compo-
nents of bicycles due to their high strength and low weight
properties. However, carbon fiber materials still have a
number of drawbacks that make them undesirable for
certain components in bicycles. For instance, carbon fib-
er is relatively weak under compressive loads and can
delaminate under repeated stress commonly experi-
enced in wheel hubs. Moreover, minor fractures can grow
and propagate so as to lead to catastrophic failure of
carbon fiber components. Typically, since the wheel hub
experiences significant mechanical stress, the wheel hub
for bicycle wheels is made of a light metal alloy, such as
an aluminum alloy, to avoid any catastrophic failures as-
sociated with carbon fiber materials. Nevertheless, wheel
hubs made of carbon fiber materials have been pro-
posed, such as in US Patent Number 7,484,812 to Meg-
giolan and US Patent Application Publication Number
US 2006/0145530 A1 to Damon, but these designs typ-
ically still have a number of significant drawbacks. For
instance, these designs require specialized structures for
attaching the spokes which in turn can make spoke re-
placement difficult as well as can impact ride quality.
Moreover, these designs also fail to account for the dra-
matic torques experienced between the wheel hub and
the freehub mechanism. As such, these wheel hub de-
signs can be prone to premature catastrophic failure and
are difficult to retrofit to existing cartridge designs.
[0002] Thus, there is a need for improvement in this
field.

SUMMARY

[0003] The wheel hub as described and illustrated
herein is made of fiber reinforced material. The wheel
hub has one or more flanges that extend from the hub
body. The flanges allow traditional spokes to be attached
to the wheel hub. Moreover, the flanges facilitate the abil-
ity to adjust the stiffness of the wheel so as to provide a
more comfortable or high performance ride. To allow the
use of a flange, the wheel hub incorporates a composite
material in which a tow of reinforcing fibers are woven
around the spoke holes in which the spokes are received.
By weaving the reinforcing fibers around the spoke holes,
rather than machining the spoke holes, the flange is able
to provide sufficient strength against the significant forces
applied by the spoke. In other words, by having the
strands intact by weaving them around the spoke holes,
the holes can better resist tearing. In contrast, machining

the spoke hole openings tends to weaken the overall
structure.
[0004] The wheel hub is designed to be used in con-
junction with a variety of clutch or ratcheting mecha-
nisms. In one example, the wheel hub body is completely
made from the fiber reinforced material. One concern
with making the wheel hub body completely from fiber
reinforced materials is related to the long-term strength
of the ratchet teeth that are engaged by pawls on the
freehub. Over time, the teeth can chip, wear, or even
break. To address this, the fiber reinforced material is
oriented or woven in a particular pattern and directed
within the teeth to provide additional strength.
[0005] In other examples, a composite approach is
used in which a portion of the wheel hub body is made
of fiber reinforced materials and other portions are made
of metal or other materials. For instance, the races
against which the bearings ride can be made of metal,
while other components are made of composite materi-
als. In still yet another example, an insert or clutch adapt-
er adapts the wheel hub for use with a clutch. The clutch
adapter can be changed to allow the wheel hub to be
used with various differing clutch designs.
[0006] The wheel hub design as described and illus-
trated herein concerns a number of unique and inventive
aspects. Some, but by no means all, of these unique
aspects are summarized below.
[0007] According to a first aspect of the invention there
is provided an apparatus including a hub for a bicycle
wheel. The hub includes a hub shell that defines one or
more spoke holes. The hub shell includes a fiber rein-
forced material. The fiber reinforced material has one or
more reinforcement fibers bending around the spoke
holes to remain continuous around the spoke holes.
[0008] In embodiments, the hub is configured to rotate
about a rotational axis. The hub has one or more spoke
flanges extending from the hub shell at a direction trans-
verse to the rotational axis. The fiber reinforced material
extends to form at least part of the spoke flanges. The
spoke holes are defined in the spoke flanges.
[0009] According to a second aspect of the invention
there is provided an apparatus including a hub for a bi-
cycle wheel. The hub includes a hub shell composed of
a fiber reinforced material. One or more flanges extend
from the hub shell at an outer radial direction. The spoke
flanges have one or more spoke holes. The fiber rein-
forced material extends from the hub shell to the flanges.
[0010] In embodiments of the first and second aspects
of the invention the spoke holes extend completely
through to opposing sides of the flange.
[0011] In embodiments of the first and second aspects
of the invention the spoke holes include countersink sec-
tions.
[0012] In embodiments of the first and second aspects
of the invention the hub shell includes one or more tows
of the fiber reinforced material bent around the spoke
holes.
[0013] The tows may be woven between the spoke
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holes.
[0014] The tows may form a basket weave type pattern
around the spoke holes.
[0015] The tows may be covered by an outer covering
ply made of the fiber reinforced material.
[0016] The tows may include rolled tows or other local
reinforcements.
[0017] In embodiments of the first and second aspects
of the invention the hub includes a clutch engagement
structure configured to engage a clutch.
[0018] The clutch engagement structure may be inte-
gral to the hub shell.
[0019] The hub may include a clutch adapter coupled
to the hub shell and the clutch adapter has the clutch
engagement structure.
[0020] In a third aspect of the invention there is provid-
ed an apparatus including a hub for a bicycle wheel. The
hub includes a hub shell formed from a fiber reinforced
material. The hub shell defines an adapter engagement
opening. The clutch adapter is received in the adapter
engagement opening. The clutch adapter includes a
clutch engagement structure configured to engage a
clutch of a freehub.
[0021] In embodiments of the aforementioned aspects
of the invention the clutch engagement structure includes
one or more splines configured to engage a clutch plate.
[0022] The hub may include an anti-rotation structure
that inhibits rotation of the clutch adapter relative to the
hub shell.
[0023] The anti-rotation structure may include one or
more teeth on the clutch adapter biting into one or more
teeth on the hub shell.
[0024] The teeth of the hub shell may be made by one
or more plies of the fiber reinforced material folded in the
shape of the teeth of the hub shell.
[0025] In embodiments of the aforementioned aspects
of the invention the clutch adapter is made of a metal.
[0026] In embodiments of the aforementioned aspects
of the invention the fiber reinforced material is a carbon
fiber material.
[0027] In embodiments of the aforementioned aspects
of the invention the apparatus may further include a free-
hub coupled to the hub.
[0028] In embodiments of the aforementioned aspects
of the invention the apparatus may further include the
bicycle wheel. The bicycle wheel includes the wheel hub,
a bicycle rim surrounding the wheel hub, and one or more
spokes coupled to the spoke holes of the bicycle wheel
hub. The spokes connect the wheel hub to the bicycle rim.
[0029] In embodiments, the apparatus may further in-
clude a bicycle attached to the bicycle wheel.
[0030] According to a further aspect of the invention
there is provided a method of manufacturing an appara-
tus according to the present invention.
[0031] According to a further aspect of the invention
there is provided a method, including forming one or more
spoke holes by bending one or more reinforcement fibers
of a fiber reinforced material around one or more spoke

pins where the reinforcement fibers remain continuous
around the spoke holes. The fiber reinforced material is
molded into the shape of a hub shell with the spoke holes.
[0032] In embodiments of the methods of the present
invention the forming the spoke holes includes weaving
one or more tows of the fiber reinforced material around
the spoke pins. The tows are covered with an outer cov-
ering made of one or more plies of the fiber reinforced
material.
[0033] In embodiments of the methods of the present
invention the method further includes forming one or
more flanges of the hub shell with the fiber reinforced
material.
[0034] In embodiments of the methods of the present
invention the method further includes applying the fiber
reinforced material around a clutch adapter before the
molding.
[0035] In such an embodiment, the method may further
include creating an anti-rotation structure to inhibit rota-
tion of the clutch adapter relative to the hub shell by fold-
ing plies of the fiber reinforced material to engage teeth
of the clutch adapter.
[0036] In embodiments of the methods of the present
invention the method further includes positioning one or
more plies of the fiber reinforced material to form a clutch
engagement structure that is integrally formed in the hub
shell.
[0037] In embodiments of the methods of the present
invention the molding includes curing the fiber reinforced
material by applying heat and pressure to a mold.
[0038] In embodiments of the apparatus or method of
the invention, the reinforcement fibers immediately ad-
jacent to the spoke holes curve around the periphery of
the spoke holes to remain continuous.
[0039] In embodiments of the apparatus or method of
the invention the bicycle wheel hub is a freewheel type
hub.
[0040] In embodiments of the apparatus or method of
the invention the bicycle wheel hub is a cartridge type
hub.
[0041] Further forms, objects, features, aspects, ben-
efits, advantages, and embodiments of the present in-
vention will become apparent from a detailed description
and drawings provided herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

FIG. 1 is a side view of a bicycle.
FIG. 2 is a side view of a drive assembly incorporated
in the FIG. 1 bicycle.
FIG. 3 is a side view of the FIG. 2 drive assembly
with the cassette removed.
FIG. 4 is a perspective view of a wheel hub that forms
part of the FIG. 2 drive assembly.
FIG. 5 is a front view of the FIG. 4 wheel hub.
FIG. 6 is a perspective view of a hub shell that forms
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the FIG. 4 wheel hub.
FIG. 7 is a back view of the FIG. 6 hub shell.
FIG. 8 is a cross-sectional view of the FIG. 6 hub
shell as taken along line 8-8 in FIG. 7.
FIG. 9 is a front view of a wheel hub including an
integral clutch engagement structure.
FIG. 10 is a perspective view of a mold assembly
used to form the FIGS. 4 and 9 wheel hubs.
FIG. 11 is a perspective view showing the weaving
pattern of a tow fiber reinforced material used to form
the spoke holes in the hub shell.
FIG. 12 is an enlarged cross-sectional view showing
the layering structure of the plies of fiber reinforced
material used to form the interface between a clutch
adapter and the hub shell.
FIG. 13 is a side view of the FIG. 10 mold assembly
as the hub shell is being removed.
FIG. 14 is a side view of the hub shell being further
removed from the FIG. 10 mold assembly.
FIG. 15 is a cross-sectional view of the hub shell and
mold assembly as taken along line 15-15 in FIG. 14.
FIG. 16 is a perspective view of the hub shell being
disengaged from spoke pins in the FIG. 10 mold as-
sembly.

DESCRIPTION OF THE SELECTED EMBODIMENTS

[0043] For the purpose of promoting an understanding
of the principles of the invention, reference will now be
made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It
will nevertheless be understood that no limitation of the
scope of the invention is thereby intended. Any altera-
tions and further modifications in the described embod-
iments, and any further applications of the principles of
the invention as described herein are contemplated as
would normally occur to one skilled in the art to which
the invention relates. One embodiment of the invention
is shown in great detail, although it will be apparent to
those skilled in the relevant art that some features that
are not relevant to the present invention may not be
shown for the sake of clarity.
[0044] The reference numerals in the following de-
scription have been organized to aid the reader in quickly
identifying the drawings where various components are
first shown. In particular, the drawing in which an element
first appears is typically indicated by the left-most digit(s)
in the corresponding reference number. For example, an
element identified by a "100" series reference numeral
will likely first appear in FIG. 1, an element identified by
a "200" series reference numeral will likely first appear
in FIG. 2, and so on.
[0045] FIG. 1 shows a side view of a bicycle 100 with
bicycle wheels 102 that are attached to a bicycle frame
104. Each wheel 102 includes a wheel hub 106, one or
more spokes 108, a rim 110, and a tire 112 that is secured
to the outer radial periphery of the rim 110. It should be
recognized that the hubs 106 via axles are rotatably cou-

pled to the bicycle frame 104, such as through the fork
and rear dropouts. The spokes 108 extend radially out-
ward from the hub 106 in order to connect the rim 110 to
the hub 106. Typically, the spokes 108 are under tension
when secured between the hub 106 and the rim 110. As
will be explained below, all or part of the hub 106 is made
from fiber reinforced materials. A rider via pedals 114
and a crank assembly 116 drive a chain 118 that in turn
propel the bicycle 100.
[0046] FIG. 2 shows a side view of a drive assembly
200 that includes an example of one of the hubs 106
shown in FIG. 1. Among other things, the hub 106 in-
cludes a hub shell 202 and one or more spoke or hub
flanges 204. As can be seen, the flanges 204 include one
or more spoke holes 206 in which the spokes 108 are
secured. In the illustrated example, the hub shell 202 and
flanges 204 are made of fiber reinforced material, such
as carbon fiber material. One of the many unique features
of this hub 106 is its ability to incorporate the flange 204
even when fiber reinforced material is used. As will be
explained below, a unique weaving pattern is used to
form the spoke holes 206 to provide added strength so
as to resist the pulling or tensile force applied by the
spokes 108. Having the flange 204 on the hub 106 gives
greater flexibility in adjusting the ride feel for the rider.
The ride feel can be adjusted depending on the size,
shape, and construction of the flange 204 on the hub
106. Generally speaking, as the flange 204 becomes
larger, the wheel 102 becomes stiffer. For example,
mountain bikers often prefer medium-sized flanges 204
for the hub 106 so as to have a nice balance of stiffness
and comfort. On the other hand, road bike sprinters typ-
ically prefer large sized flanges 204 because the larger
flange provides a stiffer or more rigid feel when the rider
stands to sprint to the finish line. As can be seen, the
flanges 204 extend generally transverse to the shell body
203. In other words, the flanges 204 extend radially out-
ward from the shell body 203. In the illustrated example,
the flanges 204 are angled slightly inward so as to prop-
erly direct the spokes 108 towards the rim 110.
[0047] The drive assembly 200 further includes a cas-
sette 208, a freehub 210, and an axle 212. The cassette
208 includes one or more cogs or gears 214 slidably dis-
posed around the freehub 210. As should be recognized,
the cogs 214 of the cassette 208 are selectively engaged
to the chain 118 in order to rotate the wheel 102. The
hub 106 along with the rest of the wheel 102 is designed
to rotate about the axle 212. FIG. 3 shows the freehub
210 with the cassette 208 removed. As shown in FIG. 3,
the freehub 210 engages a freehub engaging end 302
of the hub 106.
[0048] FIGS. 4 and 5 respectively show perspective
and front views of the hub 106. As illustrated, the hub
106 further includes a clutch or freehub adapter 402 that
is received in an adapter engagement opening 404 at
the freehub engaging end 302 of the hub 106. The clutch
adapter 402 is designed so that the hub 106 can be used
for differing clutch designs found on different freehubs
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without requiring significant modifications to the hub 106.
Depending on the type of clutch mechanism used in the
freehub 210, different clutch adapters 402 can be incor-
porated into the hub 106. The clutch adapter 402 includes
a clutch engagement structure 406. In the illustrated ex-
ample, the clutch engagement structure 406 includes a
series of splines 408 that are configured to engage cor-
responding splines on a clutch plate, such as commonly
found on freehubs manufactured by DT Swiss. The
splines 408 are created by grooves 410 machined or oth-
erwise formed in the interior of the adapter 402. As can
be seen, the clutch adapter 402 has a generally cylindri-
cal shape and defines an axle cavity 412 through which
the axle 212 of the wheel 102 extends. Around the axle
cavity 412, the clutch adapter 402 includes a spring re-
ceiving section 414 in which a spring for biasing the clutch
plates is received. A retention flange 416 is disposed
opposite the splines 408 and is configured to retain the
spring used to bias the clutch plates.
[0049] In one example, the hub shell 202 and the clutch
adapter 402 are made of different materials. As should
be appreciated, the hub 106 experiences significant
stresses during use. By being able to be made of material
different from the rest of the hub 106, the adapter 402
can be made of material more suitable for engaging the
clutch mechanism of the freehub 210. This allows the
hub 106 to be both lightweight and have a long opera-
tional life. The clutch adapter 402 can be made of mate-
rials able to be manufactured with tighter tolerances than
the rest of the hub shell 202. In addition, the clutch adapt-
er 402 can have better frictional, wear, thermal, strength,
and/or other properties as compared to the material com-
posing the hub shell 202. For instance, the hub shell 202
in the illustrated example is made of a fiber reinforced
material and the clutch adapter 402 is made of a metal.
In one particular example, the hub shell 202 is made from
carbon fiber material and the clutch adapter 402 is made
of aluminum. This construction makes the hub 106 both
lightweight and durable.
[0050] When the rider is actively pedaling the pedals
114 of the bicycle 100, the clutch adapter 402 experienc-
es significant torque and strain. To ensure that the torque
is properly applied to the wheel hub 106 without any slip-
page, the clutch adapter 402 incorporates an anti-rotation
structure 502. Looking at FIG. 5, the wheel hub 106 fur-
ther includes an anti-rotation structure 502 that inhibits
rotation of the clutch adapter 402 relative to the hub shell
202. It was discovered that without this anti-rotation struc-
ture 502, the clutch adapter 402 would tend to slip or strip
over time such that the torque would not be transmitted
to the hub shell 202. In the illustrated example, the anti-
rotation structure 502 includes one or more teeth 504
extending from the outer periphery of the clutch adapter
402 so as to bite into the hub shell 202. The hub shell
202 likewise has corresponding teeth 506 that are de-
signed to engage with teeth 504 of the clutch adapter
402. Since the wheel 102 is designed to spin freely in
one rotational direction, the teeth 504 of the clutch adapt-

er 402 have a saw tooth shape that bite into the teeth
506 of the hub shell 202.
[0051] FIG. 6 shows a perspective view of the hub shell
202 without the adapter 402, and FIG. 7 shows an end
view of the hub shell 202. FIG. 8 shows a cross-sectional
view of the hub shell 202 as taken along line 8-8 in FIG.
7. As can be seen in FIGS. 6 and 8, the hub shell 202
includes a second set of adapter engagement teeth 602
that are designed to prevent slippage of the adapter 402
relative to the hub shell 202. The adapter engagement
teeth 602 act as a backup in case the teeth 506 in the
hub shell 202 fail. The adapter engagement teeth 602
are separated from the first set of teeth 506 by a divider
wall 604. In other variations, the hub shell 202 can include
just a single set of teeth 506 or more than two sets of teeth.
[0052] Looking at FIGS. 7 and 8, the spoke holes 206
in the flange 204 each include a counter sink section 702.
The counter sink sections 702 provide greater flexibility
for positioning the spokes 108. In addition, the counter
sink sections 702 help to eliminate unnecessary wear
around the spoke holes 206. As will be explained in great-
er detail below, the counter sink sections 702 of the spoke
holes 206 are molded into the flange 204 so as to provide
greater strength and durability to the flange 204. Drilling
or otherwise machining the spoke holes 206 and the
countersinks 702 would cause breaks in the fiber rein-
forced material which in turn weakens the material
around the spoke holes 206. Due to the high tensile
strength applied by the spokes 108, any breakage in the
fiber reinforced material can cause premature cata-
strophic failure of the flange 204 around the spoke holes
206. Molding the counter sink sections 702 and the spoke
holes 206 reduces or even eliminates this source for cat-
astrophic failure.
[0053] Turning to FIG. 8, the technique for manufac-
turing the hub 106, which will be described below, also
allows the formation of bearing races 802 without the
need of extra machining steps which could in turn weaken
the hub 106. As can be seen, the bearing races 802 have
a generally flat cylindrical shape configured to receive
bearings. In one example, the bearing races 802 are con-
figured to receive cartridge type bearings, but it should
be recognized that the bearing races 802 can be config-
ured to receive other types of bearings, such as cup and
cone bearings, etc.
[0054] FIG. 9 shows a front view of a wheel hub 902
according to another example. The hub 902 shown in
FIG. 9 shares almost all of the features of the previously
described wheel hub 106, such as the flange 204 and
spoke holes 206. For a complete description of these
common features, please refer to the previous descrip-
tion of the hub 106. As can be seen, however, instead of
having a separate adapter 402, the splines 408 are inte-
grally formed within the hub 902. In other words, the hub
902 in FIG. 9 does not include a distinct clutch adapter
402 such as in the example described above, but instead,
the functions of the hub shell and the adapter are incor-
porated into a unitary structure. It was unexpectedly dis-
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covered that the entire hub 902 could be manufactured
with fiber reinforced material and still have the requisite
durability to withstand the high torque loads applied by
the clutch of the freehub 210. It was at least initially
thought that the fiber reinforced material in the wheel hub
902 would not be able to withstand the constant com-
pressive loads applied by the clutch in the freehub 210
when the bike 100 is peddled during long-term use. In
the example illustrated in FIG. 9, the hub 902 is com-
pletely made of fiber reinforced material, and in one par-
ticular example, the hub 902 is made completely of car-
bon fiber material. To provide greater strength, the
splines 408 and grooves 410 are molded into the hub
902. By manufacturing the splines 408 through a molding
process, rather than by machining, the fiber reinforced
material can remain intact so as to provide greater
strength when under load.
[0055] One technique for manufacturing the wheel
hubs 106, 902 will now be described with reference to
FIGS. 10-16. This technique allows the hub 106, 902 to
be made of fiber reinforced material with flanges 204 hav-
ing spoke holes 206 that are durable enough to withstand
the constant forces applied to the wheel 102 over long-
term use. For the sake of clarity, the technique will be
specifically described with reference to manufacturing
the wheel hub 106 that is illustrated in FIG. 4, but it should
be recognized that this technique can be used to manu-
facture other types of wheel hubs, such as the hub 902
illustrated in FIG. 9 as well as other designs. The tech-
nique will be also described with respect to manufactur-
ing the hub 106 with carbon fiber material, but it should
be recognized that the hub 106 can be manufactured
using other types of fiber reinforced materials. To man-
ufacture the hub shell, one or more plies of fiber rein-
forced material are arranged in one or more molds. The
fiber reinforced material can be dry fiber material or fiber
material that already contains a measured amount of res-
in called "prepreg". Dry fibers are "wetted" with resin ei-
ther by hand or the resin is injected into a closed mold.
The part is then cured, leaving the matrix and fibers in
the shape created by the mold which in this case is in
the shape of the hub shell. Heat and/or pressure can be
used to cure the resin and improve the quality of the final
part.
[0056] FIG. 10 shows a perspective view of a mold
assembly 1000 that is used to manufacture the hub 106.
The mold assembly 1000 includes a first mold 1002 and
a second mold 1004. The first mold 1002 includes a
flange cavity 1006, and the second mold 1004 includes
a flange cavity 1008 that coincides with the flange cavity
1006 in the first mold 1002. Together the flange cavities
1006 and 1008 define the shape of the flange 204 of the
hub 106. Inside the flange cavity 1006, the first mold 1002
has one or more spoke hole pins 1010 that are used to
define the spoke holes 206 in the hub 106. The second
mold 1004 has spoke receiving openings 1012 that are
oriented to receive the spoke pins 1010 from the first
mold 1002. Around each pin 1010 and opening 1012 of

the molds 1002, 1004 have counter sink protrusions 1014
that form the shape of the counter sink section 702 of the
spoke holes 206. The spoke pins 1010 and countersink
protrusions 1014 allow the spoke holes 206 and coun-
tersink sections 702 to be formed without requiring the
cutting or drilling of the carbon fiber material used to form
the hub 106. By not cutting the carbon fiber strands, the
strength of the spoke holes 206 is enhanced which can
be helpful in resisting the significant loads applied by the
spokes 108. The first mold 1002 further includes one or
more guide pin openings 1016 configured to receive cor-
responding guide pins 1018 on the second mold 1004 in
order to properly align the molds 1002, 1004 together.
[0057] FIG. 11 shows a perspective view of an assem-
bly 1100 that includes the first mold 1002 and fiber rein-
forced material 1102 for forming the flange 204 of the
hub 106. As illustrated, the fiber reinforced material 1102
includes an outer covering ply 1104 and tow 1106 that
is wrapped around the spoke pins 1010 of the first mold
1002. For this particular example, the outer covering ply
1104 includes a carbon fiber fabric. The spoke pins 1010
are inserted between the filaments of the carbon fiber
fabric such that the filaments generally remain intact. The
carbon fiber ply 1104 includes one or more tabs 1108
that extend in a radially outward direction between the
pins 1010. At a location inside the pins 1010, the outer
covering ply 1104 has a radial inner opening 1110 that
in part forms the axle cavity 412 of the hub 106. During
manufacturing, the tabs 1108 are folded over the tow
1106 between the pins 1010 and towards the opening
1110 so as to cover the tow 1106. As a result, the pins
1010 of the first mold 1002 extend between the individual
tabs 1108. In the illustrated example, the tow 1106 is in
the form of a carbon fiber rolled tow, but in other exam-
ples, other types of tow can be used. As can be seen,
the tow 1106 is woven between pins 1010 in a basket
weave type pattern such that alternating layers of the tow
1106 contact opposite sides of the pins 1010. By weaving
the tow 1106 around the pins 1010 such that the tow
1106 remain continuous, the strength of the flange 204
around the spoke holes 206 is dramatically enhanced. It
should be recognized that in other examples, the tow
1106 can be woven in other patterns than is shown.
[0058] Other plies and/or layers of fiber reinforced ma-
terial, such as carbon fiber materials, can be layered so
as to form the rest of the shell 202 and/or the hub 106.
In one example, the adapter 402 is molded into place as
the hub shell 202 is produced by layering the fiber rein-
forced material. In other examples, the adapter 402 can
be inserted, adhered to, and/or otherwise attached to the
hub shell 202 after the hub shell 202 is molded. FIG. 12
shows an enlarged cross-sectional view of the interface
between the hub shell 202 and the adapter 404. As men-
tioned before, the hub shell 202 is formed by a layered
series of plies 1202 that form the overall shape of the
hub shell 202. As can be seen, the individual ply layers
1202 generally conform to the shape of the teeth 506 of
the hub shell 202 so as to coincide to the shape of the
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teeth 504 on the adapter 404. In particular, the ply layer
1202 has a saw tooth shape so as to provide added
strength at the teeth 506 of the hub shell 202.
[0059] During molding of the hub 106, the first mold
1002 and the second mold 1004 are clamped together.
Heat and pressure are applied to the closed mold as-
sembly 1000 in order to cure the hub shell. After the prop-
er curing time has occurred, the hub shell 202 is removed
from the mold assembly as is depicted in FIGS. 13, 14,
15, and 16. FIG. 15 shows a cross-sectional view of the
hub shell 202 still attached to the first mold 1002 as taken
along line 15-15 in FIG. 14. FIG. 16 illustrates a perspec-
tive view of the hub shell 202 being released from the
first mold 1002. Again, as shown, the spoke pins 1010
aid in the molding of the spoke holes 206 without dam-
aging or otherwise cutting the fibers in the fiber reinforced
material. Consequently, the flange 204 can be formed
so as to extend generally transverse to the rest of the
hub shell 202 while still providing adequate strength
around the spoke holes 206 so as to prevent the spokes
108 from pulling out of the spoke holes 206. Having this
ability to produce such flanges 204 allows the wheel man-
ufacturer to provide different ride properties for the wheel
102, depending on the rider’s tastes as well as desired
riding characteristics. The size and shape of the flanges
204 can be varied depending on the needs of the rider.
Flange spacing can affect the lateral stiffness of the
wheel, with wider being stiffer. Flange diameter can also
impact the torsional stiffness of the wheel and the number
of spoke holes that the hub can accept, with larger diam-
eters being typically stiffer and accepting more holes
Asymmetrical flange diameters can at least partially mit-
igate the adverse effects of asymmetrical spacing nec-
essary on rear wheels with many sprockets.

Glossary of Definitions and Alternatives

[0060] The language used in the claims and specifica-
tion is to only have its plain and ordinary meaning, except
as explicitly defined below. The words in these definitions
are to only have their plain and ordinary meaning. Such
plain and ordinary meaning is inclusive of all consistent
dictionary definitions from the most recently published
Webster’s and Random House dictionaries. As used in
the specification and claims, the following definitions ap-
ply to the following terms or common variations thereof
(e.g., singular/plural forms, past/present tenses, etc.):

"Bearing" refers generally to a machine element
that constrains relative motion and reduces friction
between moving parts to only the desired motion,
such as a rotational movement. The bearing for ex-
ample can be in the form of loose ball bearings found
in a cup and cone style hub. The bearing can also
be in the form of a cartridge bearing where ball bear-
ings are contained in a cartridge that is shaped like
a hollow cylinder where the inner surface rotates with
respect to the outer surface by the use of ball or other

types of bearings.
"Bicycle" is used in the broader or more generic
sense to generally refer to a human powered land
vehicle that includes one or more wheels. The term
"bicycle" can refer to a vehicle having two wheels,
but it also refers to vehicles having one wheel (i.e.,
a unicycle), three wheels (i.e., a tricycle), or even
more wheels.
"Carbon Fiber Material" refers generally to a type
of fiber reinforced material that includes, but is not
limited to, a material of thin, strong crystalline fila-
ments of carbon, used as a strengthening material,
such as in resins and ceramics. For example, carbon
fiber materials include strong lightweight synthetic
fibers made especially by carbonizing a fiber at high
temperatures.
"Composite Material" refers generally to any ma-
terial including a fiber reinforcement and an encap-
sulating matrix. A fiber (a fiber or fiber tow typically
includes a bundle of filaments) is generally consid-
ered to be continuous if the fiber extends from one
edge of a ply of material to another edge, most often
the opposing edge. While all fibers in a composite
material need not be continuous, a substantial ma-
jority of the fibers will be continuous in some exam-
ples.
"Couple" or "coupled" refers generally to an indi-
rect and/or direct connection between the identified
elements, components, and/or objects. Often the
manner of the coupling will be related specifically to
the manner in which the two coupled elements inter-
act.
"Freehub" refers to a component used in conjunc-
tion with a bicycle hub that incorporates a ratcheting
mechanism. Typically, the freehub is the ratcheting
mechanism attached to the rear hub of most modern
derailleur bike hubs. The freehub can use a splined
cylinder to hold the cassette cogs. In one example,
a set of sprockets (called a "cassette") are mounted
onto a splined shaft of the freehub to engage the
chain. Inside the freehub mechanism there are bear-
ings and a clutch system, usually ratcheting teeth
and a pawl. The clutch mechanism is a part of the
hub, in contrast to a freewheel, an older technology,
which contains both the sprockets and a ratcheting
mechanism in a single unit separate from the hub.
The freehub can include a number of different clutch
mechanisms, such as a pawl-ratchet design or a disc
type design, to name just a few examples. The cas-
sette cogs usually have no moving parts, and all the
moving parts usually (but not always) are located
inside the freehub body.
"Fiber Reinforced Material" refers generally to any
material including fibers of high strength and modu-
lus embedded in or bonded to a matrix with distinct
interfaces (boundary) between them.
"Hub" refers generally to the central part of a wheel
about which the wheel rotates. The hub performs a
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number of functions, including, but not limited to,
housing the bearings used to spin about an axle and
providing an anchor point for the spokes that hold
the rim in position. The hub can have a one-piece
construction with a press-in cartridge or can have
free bearings. The hub can include freehub and free-
wheel type designs.
"Hub Shell" refers generally to the part of the hub
to which the spokes (or disc structure) is attached.
In one example, the hub shell of a spoked wheel
generally has two flanges extending radially outward
from the axle. The flanges are usually (but not al-
ways) canted inwards in the direction of the rim to
reduce stress on the spoke elbows. Each flange can
have holes, slots, and/or other structures to which
spokes are affixed. In other examples, the hub shell
has an additional flange in the center of the hub. In
further examples, the hub shells do not have a no-
ticeable flange, and the spokes are sometimes at-
tached to the edge of the hub but not through visible
holes. In still yet other designs, the hub has a thread-
ed hub shell that the spokes thread into. The hub
shell can have a unitary structure or can be made
from multiple components.
"Laminate" refers to a plurality of plies that have
been stacked (or laid) one on top of another. As used
herein, the term refers to both the plurality of plies
before curing and/or consolidation, as well as after
consolidation as is apparent from the term’s use in
context. The orientations of the fibers of each par-
ticular layer may vary relative to the orientations of
the fibers in other layers to create a consolidated
laminate having desired strength and stiffness char-
acteristics in various directions. By utilizing and tai-
loring plies with differently orientated fibers, a com-
posite material’s designer or engineer can tailor the
mechanical properties of an advanced composite
laminate to withstand the forces that the laminate is
likely to encounter during use.
"Ply" refers generally to a single layer of high
strength continuous fibers aligned in a common ori-
entation, or in the case of a fabric in two and possibly
three, four, or more orientations. One of the most
common plies utilized in composite materials is
where substantially all the fibers in the ply are aligned
in a single direction. A "ply" may also be referred to
as a layer. A ply can include a prepreg or a single
sheet of dry fabric or dry sheet of unidirectional fibers
often held together with a small number of bias
threads or fibers. In other examples, the fibers in the
ply can be woven into cloth. For instance, the fibers
can be woven into any number of patterns, including,
but not limited to, twill, satin, plain, unidirectional,
bidirectional, triaxial, and quadaxial patterns, to
name just a few.
"Prepreg" is short for Pre-impregnated cloth and
refers generally to a ply of composite material includ-
ing one or more types of reinforcing fiber at least

partially impregnated and/or encapsulated with a
resin. When the resin is a thermoset, the resin is not
fully cured and typically requires the application of
heat to complete cure. When the resin is a thermo-
plastic, the resin is typically a solid that melts and
flows under the application of heat and pressure to
further encapsulate the fibers as well as join adjacent
plies of material together. For example, the pre-preg
can include carbon fiber, fiber glass, Kevlar, etc. that
is pre wetted with an epoxy. Examples of pre-preg
can include wet pre-preg cloth or dry pre-preg cloth.
"Tow" refers to a bundle of continuous strands or
filaments, such as man-made fibers (e.g., carbon fib-
ers). Strands are then bundled together to create a
tow. A "rolled tow" refers to a specific type of bundled
fibers in which the fibers are twisted (or rolled) within
the bundle. In other examples, the fibers in the tow
are untwisted.

[0061] It should be noted that the singular forms "a",
"an", "the", and the like as used in the description and/or
the claims include the plural forms unless expressly dis-
cussed otherwise. For example, if the specification
and/or claims refer to "a device" or "the device", it includes
one or more of such devices.
[0062] It should be noted that directional terms, such
as "up", "down", "top" "bottom", "fore", "aft", "lateral", "lon-
gitudinal", "radial", "circumferential", etc., are used herein
solely for the convenience of the reader in order to aid in
the reader’s understanding of the illustrated embodi-
ments, and it is not the intent that the use of these direc-
tional terms in any manner limit the described, illustrated,
and/or claimed features to a specific direction and/or ori-
entation.
[0063] As noted before, one of the many unique fea-
tures of this hub design is its ability to incorporate the
flange even when fiber reinforced material is used. A
unique weaving pattern is used to form the spoke holes
to provide added strength so as to resist the pulling or
tensile force applied by the spokes. It should, however,
be recognized that this unique weaving pattern can be
incorporated into other hub designs that do not neces-
sarily incorporate flanges. In the illustrated examples, the
flanges are angled slightly inward so as to properly direct
the spokes towards the rim. However, in other examples,
the flanges can extend perpendicular to the body of the
hub shell and/or at different angles than is shown. Fur-
thermore, while the hub is described as being used in
conjunction with a freehub design, it is contemplated that
one or more of the illustrated features can be incorporat-
ed into freewheel type designs. For instance, certain fea-
tures of the flange construction can be incorporated into
a freewheel type hub.
[0064] The clutch engagement structure shown in the
drawings includes a series of splines that are configured
to engage corresponding splines on a clutch plate, such
as commonly found on freehubs manufactured by DT
Swiss. The clutch engagement structure can be config-
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ured differently for other types of clutch mechanisms,
however. For instance, the clutch engagement structure
can include a series of internal pawls for engaging on a
traditional ratchet and pawl freehub type clutch mecha-
nism. Moreover, it is envisioned that anti-rotation struc-
tures that inhibits rotation of the clutch adapter relative
to the hub shell can have a different shape than is shown
in the drawings. In one example, the hub shell and the
clutch adapter are described as being made from differ-
ent materials, but in other examples, the hub shell and
clutch adapter can be made of the same materials, such
as a fiber reinforced material, like carbon fiber.
[0065] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only the
preferred embodiment has been shown and described
and that all changes, equivalents, and modifications that
come within the spirit of the inventions defined by follow-
ing claims are desired to be protected. All publications,
patents, and patent applications cited in this specification
are herein incorporated by reference as if each individual
publication, patent, or patent application were specifically
and individually indicated to be incorporated by reference
and set forth in its entirety herein.

Claims

1. An apparatus, comprising:

a hub for a bicycle wheel, the hub including
a hub shell defining one or more spoke holes,
and
the hub shell including a fiber reinforced mate-
rial, the fiber reinforced material having one or
more reinforcement fibers bending around the
spoke holes to remain continuous around the
spoke holes.

2. The apparatus of any preceding claim, wherein:

the hub is configured to rotate about a rotational
axis;
the hub has one or more spoke flanges extend-
ing from the hub shell at a direction transverse
to the rotational axis;
the fiber reinforced material extends to form at
least part of the spoke flanges; and
the spoke holes are defined in the spoke flanges.

3. An apparatus, comprising:

a hub for a bicycle wheel, the hub including
a hub shell composed of a fiber reinforced ma-
terial,
one or more flanges extending from the hub shell
at an outer radial direction, the flanges have one

or more spoke holes,
wherein the fiber reinforced material extends
from the hub shell to the flanges.

4. The apparatus of any preceding claim wherein:

(i) the spoke holes extend completely through
to opposing sides of the flange; and/or
(ii) the spoke holes include countersink sections;
and/or
(iii) the hub shell includes one or more tows of
the fiber reinforced material bent around the
spoke holes, optionally wherein:

the tows are woven between the spoke
holes; and/or
the tows form a basket weave type pattern
around the spoke holes; and/or
the tows are covered by an outer covering
ply made of the fiber reinforced material;
and/or
the tows include rolled tows.

5. The apparatus of any preceding claim, wherein the
hub includes a clutch engagement structure config-
ured to engage a clutch.

6. The apparatus of claim 5, wherein the clutch engage-
ment structure is integral to the hub shell.

7. The apparatus of claim 5, wherein:

the hub includes a clutch adapter coupled to the
hub shell; and
the clutch adapter has the clutch engagement
structure.

8. An apparatus, comprising:

a hub for a bicycle wheel, the hub including
a hub shell formed from a fiber reinforced ma-
terial, wherein the hub shell defines an adapter
engagement opening, and
a clutch adapter received in the adapter engage-
ment opening, the clutch adapter including a
clutch engagement structure configured to en-
gage a clutch of a freehub.

9. The apparatus of any one of claims 5-8, wherein the
clutch engagement structure includes one or more
splines configured to engage a clutch plate.

10. The apparatus of any one of claims 7-9, wherein the
hub includes an anti-rotation structure that inhibits
rotation of the clutch adapter relative to the hub shell,
optionally wherein the anti-rotation structure in-
cludes one or more teeth on the clutch adapter biting
into one or more teeth on the hub shell, optionally
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wherein the teeth of the hub shell are made by one
or more plies of the fiber reinforced material folded
in the shape of the teeth of the hub shell.

11. The apparatus of any one of claims 7-10, wherein
the clutch adapter is made of a metal.

12. The apparatus of any preceding claim, wherein:

(i) the fiber reinforced material is a carbon fiber
material; or
(ii) the apparatus further comprises a freehub
coupled to the hub; or
(iii) the apparatus further comprises
the bicycle wheel including
the hub,
a bicycle rim surrounding the wheel hub, and
one or more spokes coupled to the spoke holes
of the hub, the spokes connecting the hub to the
bicycle rim, optionally further comprising a bicy-
cle attached to the bicycle wheel.

13. A method of manufacturing an apparatus of any pre-
ceding claim.

14. A method, comprising:

forming one or more spoke holes by bending
one or more reinforcement fibers of a fiber rein-
forced material around one or more spoke pins
where the reinforcement fibers remain continu-
ous around the spoke holes; and
molding the fiber reinforced material into the
shape of a hub shell with the spoke holes.

15. The method of any one of claims 13 or 14, wherein

(i) said forming the spoke holes includes:

weaving one or more tows of the fiber rein-
forced material around the spoke pins; and
covering the tows with an outer covering
made of one or more plies of the fiber rein-
forced material; and/or

(ii) the method further comprises:

forming one or more flanges of the hub shell
with the fiber reinforced material; and/or

(iii) the method further comprises:

applying the fiber reinforced material
around a clutch adapter before said mold-
ing, optionally further comprising:

creating an anti-rotation structure to in-
hibit rotation of the clutch adapter rela-

tive to the hub shell by folding plies of
the fiber reinforced material to engage
teeth of the clutch adapter; and/or

(iv) the method further comprises:

positioning one or more plies of the fiber re-
inforced material to form a clutch engage-
ment structure that is integrally formed in
the hub shell; and/or

(v) said molding includes curing the fiber rein-
forced material by applying heat and pressure
to a mold.
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