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APPARATUS, SYSTEM, AND METHOD FOR CYCLE IMPROVEMENTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Patent Application Number
13/048,860 (Atty. Docket No. 1006.2.1), filed on March 15, 2011, titled “APPARATUS,
SYSTEM, AND METHOD FOR CYCLE IMPROVEMENTS,” which is incorporated herein

by reference and made part of this Specification.

BACKGROUND

[0002] Several components of cycles have become standardized, and these standards
have extended from traditional bicycles to stationary exercise bicycles. Drive trains in
particular are very standards oriented. One standard commonly used in both exercise cycles
and traditional cycles is the connection of pedals to the crank. Pedals are almost universally
connected to the crank using a 9/16" diameter 20 TPI thread. The threads are also reversed
on the left side pedal to prevent the pedal from loosening under use. Another set of standards
is commonly used in the connection from the bottom bracket to the crank. Cranks are
connected to the bottom bracket using one of several known standards. Typically, the
crank/bottom bracket connection uses a cottered connection, a square taper, or a splined
connection. The existing interfaces are difficult and expensive to machine, and they also do
not evenly distribute the load be transferred. In the case of the bottom bracket/crank
connection, the loads are typically line loads concentrated at the edges of the cotter pin,
square taper, or splines. In the case of the pedal/crank connection, the threads often come
loose or are damaged during installation (e.g. due to cross-threading).

[0003] The standards previously in use for connecting the components of the drive train
have worked reasonably well historically, but recent changes have rendered their use
problematic. First, riders have become heavier and/or stronger. Riders are consequently
capable of applying more load to the components of the drive train, and this increased load
leads to an increased failure rate. Additionally, the advent and increased use of stationary
exercise cycles has introduced a new level of requirements for durability in drive train
components. Stationary exercise cycles are often used by very strong riders for several hours
cach day. The increases in loads and usage time on the existing components may exceed the
loads for which those components are designed.

[0004] In addition, reliable and accurate determination of the amount of load exerted on

these components has been a difficult question. Users of exercise cycles in particular desire
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an indication of the amount of load exerted while using the cycles. In the past, attempts to
measure loads have relied on mechanical indicators that measure the position of a brake, or
complicated, unwieldy electrical sensors. These sensors have proven difficult to calibrate and
unreliable.

[0005] Another problem frequently encountered on exercise cycles is frame flex. As
strong riders exert high load levels on exercise cycles, the frame of the cycle may flex.
Frame flex may lead to unpredictable or inconsistent performance of the cycle and may
ultimately lead to failure of the frame. Some exercise cycles in the past have approached this
problem by having a floor-level connection between the back support of the cycle and the
front support of the cycle. This floor-level connection has the disadvantage of occupying
additional floor space and reducing the aesthetic appeal of the cycles.

[0006] Yet another issue encountered in cycles is chain stretch. Over time, the forces
conducted by chains in cycles causes the chain to stretch. As the chain becomes longer, the
position of the chain relative to the sprockets may become out of synch. In addition, a loose
chain may jump off of one of the sprockets. This type of event puts the cycle out of
commission until it is repaired. In typical cycles, the position of one of the sprockets is
adjusted periodically to account for chain stretch.

[0007] A further issue encountered by users of cycles is the proper positioning and
alignment of the saddle. Taller riders typically wish the saddle to be at a relatively high
position. Some riders prefer different angles of the saddle relative to the remainder of the
cycle. In typical cycles, the height and angle of the saddle are adjustable, but adjustment is a
relatively cumbersome process. When the cycle in question belongs to a single person who
typically uses the cycle, that person is likely to invest the time necessary to adjust the height
and angle of the saddle to a desired position using existing methods. When the cycle in
question is an exercise cycle, multiple riders per day may use the cycle; it may be impractical

for each user to make height and angle adjustments to the saddle using traditional methods.

SUMMARY

[0008] Embodiments of a system are described. In one embodiment, the system is a
cycle. The cycle includes a frame, a crank rotatably connected to the frame, and a driven
wheel rotatably connected to the frame. The crank includes a crank arm and a crank spindle
rotatably connected to the frame and non-rotatably connected to the crank arm. The crank
spindle includes a crank mating surface to interface with the crank arm. The diameter of the

crank spindle continuously decreases along at least a portion of the crank mating surface in a
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lateral direction. The crank arm includes a crank bore to interface with the crank mating
surface. At least a portion of the crank bore has a diameter that continuously decreases in
lateral direction. At least a portion of the crank bore taper has a taper rate and diameter
corresponding to a taper rate and diameter of at least a portion of the crank spindle taper.
Other embodiments of the system are also described.

[0009] Embodiments of another system are also described. In one embodiment, the
system is cycle. The cycle includes a frame, a crank rotatably connected to the frame, a pedal
rotatably connected to the crank, and a driven wheel rotatably connected to the frame and in
operative communication with the rotatable crank. The pedal includes a pedal body and a
pedal spindle rotatably connected to the pedal body and non-rotatably connected to a crank
arm of the crank. The pedal spindle includes a pedal mating surface to interface with the
crank arm. The diameter of the pedal spindle continuously decreases along at least a portion
of the pedal mating surface in a medial direction to form a pedal spindle taper. The crank
arm includes a pedal bore to interface with the pedal mating surface. At least a portion of the
pedal bore has a diameter that continuously decreases in a medial direction to form a pedal
bore taper. At least a portion of the pedal bore taper has a taper rate and diameter
corresponding to a taper rate and diameter of at least a portion of the pedal spindle taper.
Other embodiments of the system are also described.

[0010] Embodiments of an apparatus are also described. In one embodiment, the
apparatus is a cycle. The cycle includes a frame with a down tube and a fork, a crank
rotatably connected to the frame, and a driven wheel rotatably connected to the fork and in
operative communication with the rotatable crank via a continuous, flexible member. The
cycle also includes a frame stiffener connected to the down tube and the fork and encircled by
the continuous flexible member.

[0011] In some embodiments, the cycle includes a pulley rotatably connected to the
frame stiffener. The pulley is in contact with the continuous flexible member on opposing
sides of the pulley. The pulley is spring biased relative to the frame stiffener.

[0012] In certain embodiments, the cycle includes a brake pad positioned tangentially
to the driven wheel, an adjustable actuator connected to the frame, and a sensor system to
react to tangential force applied to the brake pad by the driven wheel. The adjustable actuator
translates the brake pad to the driven wheel and applies a normal force between the driven
wheel and the brake pad. The sensor system includes a linkage connected to the brake pad at

a first end of the linkage and a force sensor connected to the down tube and the linkage at a
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second end of the linkage. Tangential force is reacted through the linkage to the sensor and
the sensor provides an electrical output proportional to the reaction load.

[0013] The cycle, in some embodiments, includes an RPM sensor operatively
connected to the driven wheel to detect a rotation speed of the driven wheel and a computer
in communication with the force sensor and the RPM sensor. The computer collects data
from the force sensor and RPM sensor to correlate the data to work performed by a user. In
some embodiments, the cycle further includes a generator operatively connected to the driven
wheel and in electrical communication with the computer, such that rotation of the driven
wheel generates power used to power the computer.

[0014] Other embodiments of the apparatus are also described.

[0015] Embodiments of a method are also described. In one embodiment, the method
is a method for assembling a cycle. The method includes providing a frame, a crank, a
driven wheel, and a pedal. The crank provided in the method includes a crank spindle with a
taper and a crank arm with a tapered crank bore. The pedal provided in the method includes
a pedal spindle with a taper and the crank arm includes a tapered pedal bore. The method
also includes aligning the crank bore with the crank spindle. In some embodiments, the
method includes pressing the crank arm on to the crank spindle such that the crank bore and
the crank spindle are in interference contact. The method may also include aligning the pedal
bore with the pedal spindle. In one embodiment, the method includes pressing the pedal onto
the crank arm such that the pedal bore and the pedal spindle are in interference contact.

Other embodiments of the method are also described.

[0016] Other aspects and advantages of embodiments of the present invention will
become apparent from the following detailed description, taken in conjunction with the
accompanying drawings, illustrated by way of example of the principles of embodiments of

the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0017] Figure 1A depicts a perspective view of one embodiment of a cycle.

[0018] Figure 1B depicts a perspective view of another embodiment of a cycle

[0019] Figure 2 depicts a perspective view of one embodiment of the crank of Figure
1A.

[0020] Figure 3A depicts a perspective view of one embodiment of the crank spindle of
Figure 2.
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[0021] Figure 3B depicts a cut-away front view of one embodiment of the crank spindle
of Figure 2

[0022] Figure 4A depicts a side view of one embodiment of the crank arm of Figure 2.
[0023] Figure 4B depicts a front cross-sectional view of one embodiment of the crank

arm of Figure 2.
[0024] Figure 4C depicts a portion of a front cross-sectional view of one embodiment

of the crank arm of Figure 2.

[0025] Figure 5 depicts a rear cross-sectional view of one embodiment of the crank of
Figure 2.

[0026] Figure 6 depicts a perspective view of another embodiment of the crank of
Figure 1A.

[0027] Figure 7A depicts a cut-away rear view of one embodiment of the pedal spindle
of Figure 6.

[0028] Figure 7B depicts a cut-away rear view of an assembled pedal/crank arm
connection.

[0029] Figure 8 depicts a perspective view of one embodiment of a cycle having a force

measurement system.

[0030] Figure 9 depicts a side view of one embodiment of the force measurement
system of Figure 8.

[0031] Figure 10 depicts a perspective view of one embodiment of the force

measurement sensor of Figure 8.

[0032] Figure 11 is a block diagram depicting one embodiment of the computer of
Figure 8.
[0033] Figure 12 depicts a perspective view of one embodiment of a cycle having a

power generation system.

[0034] Figure 13 depicts a perspective view of one embodiment of a cycle having a
frame stiffener and a chain tensioner.

[0035] Figure 14 depicts a perspective view of one embodiment of the frame stiffener
of Figure 13.

[0036] Figure 15 depicts a side view of one embodiment of the tensioner of Figure 13.
[0037] Figure 16 depicts a perspective view of one embodiment of a saddle angle
adjustment system.

[0038] Figure 17 depicts a side view of one embodiment of a seat post quick release.
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[0039] Figure 18 depicts a flowchart diagram showing one embodiment of a method for
assembling cycle drivetrian components having one or more tapered connections.
[0040] Throughout the description, similar reference numbers may be used to identify

similar elements.
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DETAILED DESCRIPTION

[0041] In the following description, specific details of various embodiments are provided.
However, some embodiments may be practiced with less than all of these specific details. In
other instances, certain methods, procedures, components, structures, and/or functions are
described in no more detail than to enable the various embodiments of the invention, for the
sake of brevity and clarity.

[0042] While many embodiments are described herein, at least some of the described
embodiments provide a tapered connection for drivetrain components for a cycle, provide a
force and power measurement system for a cycle, provide a frame stiffener to reduce frame
flex and provide a mounting location for a chain tensioner, provide a tensioner for a drive
member, provide a saddle angle adjustment mechanism, or provide a saddle height
adjustment mechanism.

[0043] As used herein, the term “lateral” refers to a direction away from a central plane
dividing the cycle into left and right halves. As used herein, the term “medial” refers to a
direction toward a central plane dividing the cycle into left and right halves.

[0044] Figure 1A depicts a perspective view of one embodiment of a cycle 100A. The
cycle 100A includes a frame 102, a crank 104, and a driven wheel 106. In the illustrated
embodiment, the cycle 100A is a stationary exercise cycle.

[0045] The frame 102, in one embodiment, is a structure to support other components
of the cycle 100A. The frame 102 may include connecting structures for the other
components, including one or more hangers, droupouts, bores, and slots. In some
embodiments, the frame 102 includes one or more tubes. The tubes may be of any cross
sectional shape, including, but not limited to, circular, oval, D-shaped, or polygonal. In some
embodiments, the frame 102 includes components having irregularly shaped cross sections.
[0046] The frame may include any material strong and rigid enough to support the
components of the cycle 100A during use. For example, the frame may have materials
including, but not limited to, steel, aluminum, titanium, magnesium, or carbon fiber in a
polymer matrix. Furthermore, the frame may include any known alloys or combinations of
materials.

[0047] In one embodiment, the crank 104 is rotatably connected to the frame 102. The
crank 104 may be connected to the frame 102 using any bearing or bearings known in the art.
The crank 104 is described in greater detail below in relation to Figure 2.

[0048] In certain embodiments, the crank 104 is operatively connected to the driven

wheel 106. The crank 104 may be operatively connected to the driven wheel 106 using any
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operative connection known in the art. For example, the crank 104 may be operatively
connected to the driven wheel 106 using a chain, a belt, a cable, a shaft, a gear, or a gear
train.

[0049] The crank 104, in one embodiment, is operatively connected to the driven wheel
106 to cause the driven wheel 106 to rotate in response to rotation of the crank 104. In some
embodiments, the operative connection between the crank 104 and the driven wheel 106
causes the driven wheel 106 to rotate in the same direction as the crank 104. In an alternative
embodiment, the operative connection between the crank 104 and the driven wheel 106
causes the driven wheel 106 to rotate in the opposite direction to the crank 104.

[0050] The driven wheel 106 may be any type of wheel capable of rotation in response
to rotation of the crank 104. For example, the driven wheel 106 may be a flywheel. The
flywheel may be a metal wheel suspended by the frame 102.

[0051] Figure 1B depicts a perspective view of another embodiment of a cycle 100B.
The cycle 100B includes a frame 112, a crank 114, and a driven wheel 116. In the illustrated
embodiment, the cycle 100B is a mountain bicycle. In an alternative embodiment, the cycle
100B may be any type of cycle, including, but not limited to, a road bicycle, a hybrid
bicycle, or a BMX bicycle.

[0052] The frame 112, in one embodiment, is a structure to support other components
of the cycle 100B. The frame 112 may include connecting structures for the other
components, including one or more hangers, droupouts, bores, and slots. In some
embodiments, the frame 112 includes one or more tubes. The tubes may be of any cross
sectional shape, including, but not limited to, circular, oval, D-shaped, or polygonal. In some
embodiments, the frame 112 includes components having irregularly shaped cross sections.
[0053] The frame may include any material strong and rigid enough to support the
components of the cycle 100B during use. For example, the frame 112 may have materials
including, but not limited to, steel, aluminum, titanium, magnesium, or carbon fiber in a
polymer matrix. Furthermore, the frame 112 may include any known alloys or combinations
of materials.

[0054] In one embodiment, the crank 114 is rotatably connected to the frame 112. The
crank 114 may be connected to the frame 112 using any bearing or bearings known in the art.
In certain embodiments, the crank 114 is operatively connected to the driven wheel 116. The
crank 114 may be operatively connected to the driven wheel 116 using any operative
connection known in the art. For example, the crank 114 may be operatively connected to the

driven wheel 116 using a chain, a belt, a cable, a shaft, a gear, or a gear train.
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[0055] The crank 114, in one embodiment, is operatively connected to the driven wheel
116 to cause the driven wheel 106 to rotate in response to rotation of the crank 114. In some
embodiments, the operative connection between the crank 114 and the driven wheel 116
causes the driven wheel 116 to rotate in the same direction as the crank 114.

[0056] The driven wheel 116 may be any type of wheel capable of rotation in response
to rotation of the crank 114. For example, the driven wheel 116 may include a hub, one or
more spokes, a rim, and a tire. The driven wheel 116 may be fixed at the hub to the frame
112.

[0057] Figure 2 depicts a perspective view of one embodiment of the crank 104 of
Figure 1A. The crank 104 includes a crank spindle 202 and a crank arm 204. The crank 104
receives a force input from a user, translates the force input into rotation, and transmits the
force to other components of the cycle 100A.

[0058] The crank spindle 202, in one embodiment, is rotatable relative to the frame
102. The crank spindle 202 may be supported by one or more bearings (not shown) and
interface with the crank arm 204. The crank spindle 204, in one embodiment, positions the
crank arm 204 relative to the frame 102 and an opposing crank arm. The crank spindle 202
may transmit rotation to a chain ring 206.

[0059] The crank spindle 202 may include any material capable of withstanding the
forces transmitted by the crank spindle 202. For example, the crank spindle 202 may include
materials including, but not limited to, steel, aluminum, titanium, magnesium, and alloys or
other compositions. In one embodiment, the crank spindle 202 is forged JIS G4051 S15C
carbon steel.

[0060] In one embodiment, the crank arm 204 is connectable to the crank spindle 202.
The crank arm 204 may be non-rotatably connected to the crank spindle 202 such that
rotation of the crank arm 204 causes rotation of the crank spindle 202. The crank arm 204
transmits force applied to the crank arm 204 to the spindle 202 and/or the chain ring 206.
[0061] The crank arm 204 may include any material capable of withstanding the forces
transmitted by the crank arm 204. For example, the crank arm 204 may include materials
including, but not limited to, steel, aluminum, titanium, magnesium, and alloys or other
compositions. In one embodiment, the crank arm 204 is forged JIS G4051 S15C carbon
steel.

[0062] In some embodiments, the crank 104 includes a second crank arm 208. The
second crank arm 208 may be similar to the crank arm 204. In some embodiments, the

second crank arm 208 is removeably connectable to the crank spindle 202. The second crank
9



WO 2012/125738 PCT/US2012/029092

arm 208 may include similar structures to those described for the crank arm 204 and be
connectable to the crank spindle 202 in a manner similar to the manner described herein for
the crank arm 204. In an alternative embodiment, the second crank arm 208 is permanently
affixed to or formed integrally with the crank spindle 202.

[0063] The crank 104, in some embodiments, includes a dowel pin 210 to aid alignment
of the crank arm 204 relative to the crank spindle 202. The dowel pin 210 may align one or
more keyways (described below in relation to Figures 3A and 4B) to align the crank arm 204
during installation or attachment of the crank arm 204 to the crank spindle 202.

[0064] In one embodiment, the crank arm 204 is retained on the crank spindle 202 by a
fastener 212. The fastener 212 may be any type of fastener capable of maintaining the crank
arm 204 in position relative to the crank spindle 202. For example, the fastener 212 may be a
bolt that threads into a threaded bore (described below in relation to Figure 3A) in the crank
spindle 202. In this example the head of the bolt engages a surface on the crank arm 204. In
another example, the fastener 212 may be a snap ring.

[0065] Figure 3A depicts a perspective view of one embodiment of the crank spindle
202 of Figure 2. The crank spindle 202 includes a crank spindle body 302 and a crank
mating surface 304. The spindle 202 aligns the crank arm 204 and the second crank arm 208
relative to the frame 102 and each other, and transmits rotation from the crank arm 204 to the
chain ring 206.

[0066] The crank spindle body 302 includes one or more bearing surfaces that contact
bearings. The crank spindle body 302 extends laterally to one or more crank mating surfaces
304. In one embodiment, the crank spindle body 302 and the one or more crank mating
surfaces 304 are part of a unitary crank spindle 202.

[0067] The crank mating surface 304, in one embodiment, is a surface that mates with a
corresponding surface on the crank arm 204. The portion of the crank spindle 202 along
which the crank mating surface 304 runs has a substantially round cross section along at least
a portion of the lateral length of the crank mating surface 304. In one embodiment, the
spindle 202 has a substantially circular cross section along the entire lateral length of the
crank mating surface 304. In certain embodiments, the crank mating surface 304 includes a
taper such that the diameter of the crank spindle 202 decreases in a lateral direction along at
least a portion of the crank mating surface 304. In one embodiment, the diameter of the
crank spindle 202 decreases in a lateral direction along the entire lateral length of the crank

mating surface 304.
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[0068] In some embodiments, the crank mating surface 304 is free from splines and is
entirely non-planar. In one embodiment, the crank mating surface 304 is essentially smooth.
The crank mating surface 304 may include a crank spindle keyway 306 to aid in alignment of
the crank arm 204 relative to the crank spindle 202. In some embodiments, the crank spindle
keyway 306 is configured to receive a dowel pin 210.

[0069] The crank spindle 202, in some embodiments, includes a threaded crank spindle
bore 308 at a lateral end of the crank spindle 202. The crank spindle bore 308 may share a
common axis with the crank spindle 202. The crank spindle bore 308 receives a fastener 212
for retaining the crank arm 204 on the crank spindle 202.

[0070] Figure 3B depicts a cut-away front view of one embodiment of the crank spindle
202 of Figure 2. The crank spindle 202 includes a crank mating surface 304. The crank
mating surface 304, in one embodiment, includes a crank spindle taper 310.

[0071] In some embodiments, the crank spindle taper 310 includes a major diameter
312, a minor diameter 314, and a taper length 316. The major diameter 312 is the diameter of
the crank spindle 202 at the medial border of the crank spindle taper 310. The minor
diameter 312 is the diameter of the crank spindle 202 at the lateral end of the crank spindle
taper 310. The taper length 316 is the lateral length of the crank spindle taper 310. In one
embodiment, the major diameter is approximately 22.0 mm. In some embodiments, the
major diameter is at least 22.0 mm.

[0072] In some embodiments, the crank spindle taper 310 includes a continuous
decrease of the diameter of the crank spindle 202 between the major diameter 312 and the
minor diameter 314. The rate of decrease, or “taper rate” of the crank spindle 202 diameter
between the major diameter 312 and the minor diameter 314 may be constant.

[0073] The taper rate along the crank spindle taper 310 may be measured as units of
diameter decrease per unit of taper length. In the case where the taper rate is constant, the
taper rate may be expressed as the major diameter 312 minus the minor diameter 314 divided
by the taper length 316. Taper rate may also be expressed by “taper,” which is a normalized
ratio of units of taper length per unit of diameter change.

[0074] The taper rate may conform to one or more standards for machine tapers.
Machine taper standards define shapes of tapered surface that have been found to provide
torque transfer between a tapered shank and a collet having a matching taper. Machine tapers
provide torque transfer via friction across the mating surface between the tapered shank and

the correspondingly tapered collet. This type of torque transfer does not suffer from the line
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loads and force concentrations associated with traditional square taper and splined crank
connections. Machine tapers have traditionally been used to secure bits in machine tools.
[0075] Examples of machine taper standards include, but are not limited to, Morse
tapers, Brown & Sharpe tapers, Jacobs tapers, Jarno tapers, R8 Tapers, and NMTB tapers.
Tables 1-5 below illustrate several standard machine tapers with corresponding taper rates.
In embodiments of the crank spindle 202, the crank spindle taper 310 may be any of the
standard machine taper rates described below, or be within a range defined by the machine
taper rates below. Table 1 describes standard Morse taper rates, Table 2 describes Brown &

Sharpe taper rates, and Table 3 describes Jacobs taper rates.

Morse Taper Major Taper Angle Taper Taper Rate

Taper Diameter Length
number (mm) (mm)

0| 19.212:2 9.045 | 1-29' 27" 46 0.052051

11 20.047:1 12.065 | 1-25'43" 48.5 0.049883

2 | 20.020:1 17.78 | 1-25'50" 59 0.04995

3(19.922:1 23.825 | 1-26' 16" 74 0.050196

4 | 19.254:1 31.267 | 1-29' 15" 93.5 0.051937

51 19.002:1 44.399 | 1-30' 26" 120.5 0.052626

6 | 19.180:1 63.348 | 1- 29' 36" 170 0.052138

7 119.231:1 83.058 | 1—-29' 22" 250.85 0.051999

Table 1

[0076] As shown in Table 1, Morse taper rates range from 0.049883 to 0.052626. In
some embodiments, the taper rate of the crank spindle taper 310 may be any of the listed
Morse taper rates, or any taper rate between 0.0490 and 0.0530. The major diameter 312 of
the crank spindle taper 310, in some embodiments, may be any of the listed Morse taper
major diameters, or any length between 9 mm and 84 mm. The taper length 316 of the crank
spindle taper 310, in certain embodiments, may be any of the listed Morse taper lengths, or

any length between 45 mm and 255 mm.
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Brown & Major Minor Taper Taper Rate
Sharpe Diameter Diameter Length
Size (in) (in) (in)
1 0.2392 0.2 0.94 0.041833
2 0.2997 0.25 1.19 0.041833
3 0.3753 0.3125 1.5 0.041833
4 0.4207 0.35 1.69 0.041867
5 0.5388 0.45 2.13 0.0418
6 0.5996 0.5 2.38 0.041942
7 0.7201 0.6 2.88 0.04175
8 0.8987 0.75 3.56 0.04175
9 1.0775 0.9001 4.25 0.041742
10 1.2597 1.0447 5 0.043008
11 1.4978 1.25 5.94 0.04175
12 1.7968 1.5001 7.13 0.041642
13 2.0731 1.7501 7.75 0.041683
14 2.3438 2 8.25 0.041667
15 2.6146 2.25 8.75 0.041667
16 2.8854 2.5 9.25 0.041667
17 3.1563 2.75 9.75 0.041667
18 3.4271 3 10.25 0.041667
Table 2
[0077] As shown in Table 2, Brown & Sharpe taper rates range from 0.041642 to

0.043008. In some embodiments, the taper rate of the crank spindle taper 310 may be any of
the listed Brown & Sharpe taper rates, or any taper rate between 0.0410 and 0.0435. The
major diameter 312 of the crank spindle taper 310, in some embodiments, may be any of the
listed Brown & Sharpe taper major diameters, or any diameter between 0.23 inches and 3.5
inches. The taper length 316 of the crank spindle taper 310, in certain embodiments, may be
any of the listed Brown & Sharpe taper lengths, or any length between 0.94 inches and 10.25

inches.
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Jacobs Minor Major Taper Taper
Taper | Diameter | Diameter | Length Rate
number (mm) (mm) (mm)
0 5.8 6.35 11.11 | 0.049505
1 8.47 9.75 16.67 | 0.076785
2 12.39 14.2 22.23 | 0.081422
2 Short 12.39 13.94 19.05 | 0.081365
2% 15.88 17.2 26.8 | 0.049254
3 18.95 20.6 30.96 | 0.053295
4 26.34 28.55 42.07 | 0.052531
5 33.43 35.89 47.63 | 0.051648
6 15.85 17.17 25.4 | 0.051969
33 14.23 15.85 254 | 0.06378
Table 3

[0078] As shown in Table 3, Jacobs taper rates range from 0.049254 to 0.081422. In
some embodiments, the taper rate of the crank spindle taper 310 may be any of the listed
Jacobs taper rates, or any taper rate between 0.0490 and 0.0820. The major diameter 312 of
the crank spindle taper 310, in some embodiments, may be any of the listed Jacobs taper
major diameters, or any diameter between 6.3 mm and 36 mm. The taper length 316 of the
crank spindle taper 310, in certain embodiments, may be any of the listed Jacobs taper
lengths, or any length between 11 mm and 50 mm.

[0079] Several other standard machine tapers are defined, and the crank spindle taper
310 may have a taper rate that corresponds to any of the standard machine tapers in some
embodiments. For example, the crank spindle taper may have a taper rate that corresponds to
a Jarno taper, which all have a taper rate of approximately 0.05 units of diameter decrease per
lateral unit of length.

[0080] Figures 4A — 4C depict a side view of one embodiment of the crank arm 204 of
Figure 2, a front cross-sectional view of one embodiment of the crank arm 204 of Figure 2,
and a portion of a front cross-sectional view of one embodiment of the crank arm of Figure 2,
respectively. The crank arm 204 includes a crank bore 402 and a pedal bore 404. The crank
bore 402 is sized and tapered to correspond to the crank spindle taper 310. In one
embodiment, the crank bore 402 has a major diameter 406 of approximately 22.0 mm. In
certain embodiments, the taper of the crank bore 402 corresponds to a standard machine taper
as described above.

[0081] The pedal bore 404 is sized and tapered to correspond to a pedal spindle taper,

described below in relation to Figure 7A. In one embodiment, the pedal bore 404 has a major
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diameter 408 of approximately 16.8 mm. In certain embodiments, the taper of the pedal bore
404 corresponds to a standard machine taper as described above.

[0082] In some embodiments, the crank bore 402 includes a crank bore keyway 410.
The crank bore keyway 410 may be sized to receive a dowel pin in conjunction with a
corresponding crank spindle keyway 306. The crank bore keyway 410 may be aligned with
the crank spindle keyway 306 to align the crank arm 204 relative to the crank spindle 202.
[0083] The crank arm 204, in one embodiment, includes an internal thread 412. The
internal thread 412 may be disposed along a common axis with the crank bore 402. In some
embodiments, the crank arm includes an internal thread 414 disposed along a common axis
with the pedal bore 404. The internal threads 412, 414 are engageable by a crank puller to
aid in removal of the crank arm 204 from the crank spindle 202 or a pedal. In one
embodiment, the internal thread 412, 414 is an M22 internal thread.

[0084] Figure 5 depicts a rear cross-sectional view of one embodiment of the crank 114
of Figure 2. The crank 114 includes a crank spindle 202, a crank arm 204, and a second
crank arm 208. The crank arm 204 is assembled to the crank spindle 202 such that the
tapered crank mating surface 304 of the crank spindle 202 is in interference with the tapered
crank bore 402. The tapered connection between the crank spindle 202 and the crank arm
204 transmits torque from the crank arm 204 to the crank spindle 202. This transmission of
torque is accomplished with much lower line loads or force concentrations in the crank bore
402 or the spindle 202 than in traditional crank arm/spindle connections.

[0085] In some embodiments, the crank arm 204 is aligned relative to the spindle 202
by a dowel pin 210 in keyways 306, 410. The dowel pin 210 primarily aligns the crank arm
204 during assembly to the spindle 202, and does not significantly contribute to torque
transmission. The closely machined matching taper between the crank mating surface 304
and the crank bore 402 provides the majority of the torque transmission.

[0086] The crank arm 204, in some embodiments, is retained in position relative to the
crank spindle 202 by a fastener 212. In the illustrated embodiment, the fastener 212 is a bolt
that threads into the crank spindle 202, while the head of the bolt engages the crank arm 204.
The fastener 212 maintains an interference fit between the tapered crank mating surface 304
and the crank bore 402 to ensure efficient torque transmission.

[0087] Figure 6 depicts a perspective view of another embodiment of the crank 104 of
Figure 1A. The crank 104 includes a crank arm 204 and a pedal 602. The crank 104 receives
a force input from a user at the pedal 602, translates the force input into rotation, and

transmits the force to other components of the cycle 100A.
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[0088] The pedal 602, in one embodiment, includes a pedal body 604 and a pedal
spindle 606. The pedal body 604, in one embodiment, includes one or more platforms for
engagement by a foot of a user. The pedal body 604 is rotatably connected to the pedal
spindle 606 such that the pedal body 604 is rotatable around the pedal spindle 606.

[0089] In some embodiments, the pedal spindle 606 includes a pedal mating surface
608 at or near a medial end of the pedal spindle 606. The pedal mating surface 608 is non-
rotatably connectable to the crank arm 204 at the pedal bore 404.

[0090] In certain embodiments, the pedal mating surface 608 is retained in position
relative to the pedal bore 404 by a fastener 610. The fastener 610 may be any type of fastener
capable of retaining the pedal 602 to resist lateral movement of the pedal 602. For example,
the fastener 610 may be a bolt that engages a threaded bore in the medial end of the pedal
spindle 606. In another example, the fastener 610 may be a snap ring that engages the medial
end of the pedal spindle 606.

[0091] Figure 7A depicts a cut-away rear view of one embodiment of the pedal spindle
606 of Figure 6. The pedal spindle 606 includes a pedal mating surface 608. The pedal
mating surface 608, in one embodiment, includes a pedal spindle taper 702.

[0092] In some embodiments, the pedal spindle taper 702 includes a major diameter
704, a minor diameter 706, and a taper length 708. The major diameter 704 is the diameter of
the pedal spindle 606 at the lateral border of the pedal spindle taper 702. The minor diameter
706 is the diameter of the pedal spindle 606 at the medial end of the pedal spindle taper 702.
The taper length 708 is the medial length of the pedal spindle taper 702. In one embodiment,
the major diameter 704 of the pedal spindle taper 702 is approximately 16.8 mm. In some
embodiments, the major diameter 704 of the pedal spindle taper 702 is at least 16.8 mm.
[0093] In some embodiments, the pedal spindle taper 702 includes a continuous
decrease of the diameter of the pedal spindle 606 between the major diameter 704 and the
minor diameter 706. The rate of decrease, or “taper rate,” of the pedal spindle 606 diameter
between the major diameter 704 and the minor diameter 706 may be constant.

[0094] The taper rate along the pedal spindle taper 702 may be measured as units of
diameter decrease per unit of taper length. In the case where the taper rate is constant, the
taper rate may be expressed as the major diameter 704 minus the minor diameter 706 divided
by the taper length 708. Taper rate may also be expressed by “taper,” which is a normalized
ratio of units of taper length per unit of diameter change.

[0095] The parameters of the pedal spindle taper 702 may be defined by one or more

machine taper standards, as described above, including, but not limited to, a Morse taper, a
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Brown & Sharpe taper, a Jacobs taper, a Jarno taper, or an NMTB taper. In certain
embodiments, the taper rate of the pedal spindle taper 702 may fall within any of the ranges
described above in relation to the crank spindle taper 310.

[0096] Similar to the crank spindle taper 310, described above, the pedal spindle taper
702 may have an essentially round cross section viewed from the medial side and may have a
constant taper rate. The pedal spindle taper 702 may cover a portion of the pedal mating
surface 608, all of the pedal mating surface 608, or more than the entire pedal mating surface
608. The pedal mating surface 608, in one embodiment, is essentially smooth. In one
embodiment, the pedal mating surface 608 is threadless.

[0097] Figure 7B depicts a cut away rear view of an assembled pedal 602 to crank arm
204connection. The pedal mating surface 608 is placed in an interference relationship with
the pedal bore 404. The pedal bore 404 has a taper rate, a major diameter 408 and a length
that corresponds to a taper rate, a diameter, and a length of the pedal mating surface 608.
[0098] The pedal spindle 606 may be pressed into the pedal bore 404. The interaction
between the pedal mating surface 608 and the pedal bore 404 may be such that friction
prevents rotation of the pedal mating surface 608 relative to the pedal bore 404 during use. In
some embodiments, the pedal mating surface 608 is held in place by a fastener 610. The
fastener 610 may be a bolt threaded into a bore in the medial end of the pedal spindle 606. In
another embodiment, the fastener 610 may be a snap ring that engages the medial end of the
pedal spindle 606.

[0099] The pedal 602, in some embodiments, includes a pedal body 604 rotatably
connected to the pedal spindle 606. In some embodiments, the pedal body 604 and the pedal
spindle 606 are not side specific, meaning that the pedal 602 may be used on either side of
the cycle 100A. In other words, in some embodiments, a single pedal 602 design is usable
without modification on the left side of the cycle 100A or the right side of the cycle 100A.
[00100] In some embodiments, the pedal spindle 606 may be selectively assembled with
the pedal body 604 to select a left pedal assembly or a right pedal assembly. A left pedal
assembly is installable on the left side of the crank 106, and a right pedal assembly is
installable on the right side of the crank. The pedal spindle 606 inserted into the pedal body
604 in a first orientation to form a left pedal assembly, and may be inserted into the pedal
body 604 in a second orientation to for a right pedal assembly. In other words, a pedal body
604 and a pedal spindle 606 may be assembled to form a left pedal assembly or a right pedal

assembly using the same parts assembled in different positions and/or orientations.
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[00101] The pedal 602 may also include one or more other components that may be
selectably assembled to the pedal body 604 to selectively form a left pedal assembly or a
right pedal assembly. For example, the pedal 602 may include a threaded dust cap (not
shown) for assembly at a lateral side of the pedal 602 and a threaded grease seal (not shown)
for assembly at a medial side of the pedal 602. In this case, the medial and lateral sides of the
pedal 602 differ only in whether the pedal 602 is assembled to be a right pedal assembly or a
left pedal assembly.

[00102] Figure 8 depicts a perspective view of one embodiment of a cycle 800 having a
force measurement system 810. The cycle includes a frame 802, a driven wheel 804, an
adjustable brake actuator 806, a brake pad 808, and a force measurement system 810.
[00103] The frame 802, in one embodiment, supports other components of the cycle 800
and is similar to other frames (102, 112) described above. The driven wheel 804 is
suspended by the frame 802 via a rotatable connection with the frame 802. The adjustable
brake actuator 806 is connected to the frame 802 and acts on the brake pad 808. The brake
pad 808 is positioned tangentially to the driven wheel 804.

[00104] The adjustable brake actuator 806 acts on the brake pad 808 by translating the
brake pad 808 to the tangential surface of the driven wheel 804. The adjustable brake
actuator 806 may apply a force to the brake pad 808 that creates a normal force between the
brake pad 808 and the driven wheel 804.

[00105] The force measurement system 810, in one embodiment, includes the brake pad
808, a linkage 812, and a force sensor 814. The force measurement system 810 reacts to a
tangential force applied to the brake pad 808 by the driven wheel 804. The linkage 812 is
connected to the brake pad 808 at a first end of the linkage 812. The linkage 812 is
connected to the force sensor 814 at a second end of the linkage 812. The linkage 812
transmits at least some of the tangential force applied to the brake pad 808 to the force sensor
814.

[00106] In some embodiments, the linkage 812 positions the brake pad 808 relative to
the driven wheel 804. In one embodiment, the linkage 812 is the sole connection of the brake
pad 808 to the other components of the cycle 800 when the adjustable brake actuator 806 is
fully released. The linkage 812 may include any material capable of transmitting tangential
force and supporting the brake pad 808. For example, the linkage 812 may include steel,

aluminum, titanium, carbon fiber in a polymer matrix, an alloy, or a composite material.
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[00107] The force sensor 814, in some embodiments, is connected to the linkage 812 and
to the frame 802. In one embodiment, the force sensor 814 is connected to a down tube 816
of the frame 802.

[00108] The force sensor 814 receives the force transmitted by the linkage 812 and
converts the force to an electrical signal proportional to the force. The force sensor 814 is
described in greater detail below in relation to Figure 10.

[00109] In some embodiments, the cycle 800 includes a power measurement system 818.
The power measurement system 818 includes the force measurement system 810, an RPM
sensor 822, and a computer 824. The power measurement system 818 computes the power
being generated by a user based on the force detected by the force measurement system 810
and the rotation rate of the driven wheel 804 detected by the RPM sensor 822.

[00110] In one embodiment, the cycle 800 includes a display 826 to display the force
and/or the power being applied to the driven wheel 804. The display 826 may be any type of
display known in the art. For example, the display may be an LED screen or an LCD screen.
In one embodiment, the display 826 is connected to the cycle 800. In another embodiment,
the display 826 is removable from the cycle 800. For example, the display may use a user’s
personal electronic device, such as a cellular phone or a digital media player, to display force
and/or power.

[00111] Figure 9 depicts a side view of one embodiment of the force measurement
system 810 of Figure 8. The force measurement system 810 includes the brake pad 808, the
linkage 812, and the force sensor 814. In one embodiment, the adjustable brake actuator 806
interacts with the brake pad 808 via a linear bearing 902. The linear bearing 902 allows the
brake pad 808 to move fore and aft under load from the adjustable brake actuator 806. This
relative freedom of fore and aft movement allows tangential force imparted by the driven
wheel 804 to be transmitted by the linkage 812 to the force sensor 814.

[00112] In one embodiment, the linear bearing includes a ball bearing 904 and a linear
race 906. The ball bearing 904 may be disposed at an end of the adjustable brake actuator
806 that contacts the brake pad 808. The linear race 906 may be disposed on an upper
surface of the brake pad 808 or on a bracket to which the brake pad 808 is mounted. The ball
bearing 904 may roll or slide along the linear race 906.

[00113] Figure 10 depicts a perspective view of one embodiment of the force sensor 814
of Figure 8. The force sensor 814 includes a mounting bracket 1002, a carriage 1004, and a
force transducer 1006. The force sensor 814 converts a force input at the carriage 1004 into

an electrical signal proportional to the force input.
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[00114] The mounting bracket 1002, in one embodiment, is mountable to the down tube
816 of the frame 802. The mounting bracket 1002 provides a secure platform for mounting
the other components of the force sensor 814. In one embodiment, the mounting bracket
1002 is secured to the frame 802 using bolts or screws. In another embodiment, the mounting
bracket 1002 is welded to the frame 802.

[00115] The carriage 1004 is slideably connected to the mounting bracket 1002 and
fixedly connected to the linkage 812. The carriage 1004 may slide fore and aft relative to the
mounting bracket 1002. The linkage 812 may be secured to the carriage 1004 via a fastener,
welded to the carriage 1004, secured to the carriage 1004 via an adhesive, or formed
integrally with the carriage 1004.

[00116] The force transducer 1006, in one embodiment, is a transducer that converts a
force into an electrical signal. The force transducer 1006 may use any type of known force
transducer, including, but not limited to, a strain-gauge force transducer, a piezo force
transducer, a hydraulic or hydrostatic force transducer, a resistive force transducer, a
capacitive force transducer, or a load cell.

[00117] In some embodiments, the force transducer 1006 is placed between a component
of the mounting bracket 1002 and a component of the carriage 1004. As force is applied to
the carriage 1004, the carriage applies force to the force transducer 1006 and the mounting
bracket 1002 provides a reactive force to the force transducer 1006.

[00118] Figure 11 is a block diagram depicting one embodiment of the computer 824 of
Figure 8. The computer 824, in one embodiment, includes a processor 1102, a memory
device 1104, an input/output manager 1106, a power calculator 1108, a calibration manager
1110, a user input manager 1112, a display driver 1114, a history manager 1116, and a force
smoothing manager 1118. The computer 824 computes power generated by a user of the
cycle 800.

[00119] The processor 1102, in one embodiment, is a hardware component that executes
instructions of a computer program. The processor 1102 may be any known or future
processor capable of executing the functions of the computer 824. For example, the
processor may be a microprocessor, a central processing unit (CPU) a very-large-scale
integration (VLSI) integrated circuit (IC), or a digital signal processor (DSP). The processor
1102 may be programmed to perform the functions of the computer 824.

[00120] In some embodiments, the memory device 1104 stores information for use by
the computer 824. The memory device 1104 may be any type of known or future computer

memory. For example, the memory device 1104 may be or include a volatile memory, a non-
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volatile memory, random access memory (RAM), flash memory, or a read-only memory
(ROM). The information stored by the memory device 1104 may include sensor data,
program data, calculated data, user input data, or any other data used by the computer 824.
[00121] The input/output manager 1106, in one embodiment, manages inputs of data to
and outputs of data from the computer 824. The input/output manager 1106 may include
hardware, software, or a combination of hardware and software. Inputs managed by the
input/output manager 1106 may include force sensor inputs, RPM sensor inputs, user inputs,
or other inputs. Outputs managed by the input/output manager 1106 may include raw outputs
and calculated outputs.

[00122] The power calculator 1108, in one embodiment, calculates power using one or
more inputs to the computer 824. The power calculator 1108 may use any method or formula
for calculating power. For example, the power calculator 1108 may calculate power by
inferring a tangential force at the brake pad 808 using the input force signal, multiplying that
inferred force by a constant related to the diameter of the driven wheel 804 to infer torque,
and multiplying inferred torque by an inferred angular velocity of the driven wheel inferred
from the RPM signal provided by the RPM sensor 822. In another embodiment, the power
calculator 1108 uses calibration factors derived by the calibration manager 1110 to determine
power. In yet another embodiment, the power calculator 1108 uses a lookup table to infer
power based on the force signal and the RPM signal. The power calculator 1108 may
calculate power using any measure of power, and may calculate power in multiple measures
of power. For example, the power calculator 1108 may calculate power in terms of watts and
calories per hour.

[00123] In some embodiments, the calibration manager 1110 allows a user or a
technician to calibrate the inputs and/or outputs of the computer 824. For example, the
calibration manager 1110 may enter a calibration mode where a user is instructed to input his
or her weight, place a crank arm of the cycle 800 in a horizontal position, engage the
adjustable brake actuator 806 such that the driven wheel 804 will not turn, and place all of his
or her weight on the pedal of the cycle 800. The calibration manager 1110 may use this
information to infer a torque produced at the crank arm and correlate that torque to the input
from the force sensor. The computer 824 may use this calibration information to calibrate the
outputs of the computer 824.

[00124] The user input manager 1112, in one embodiment, manages inputs from a user.

For example, the user input manager 1112 may receive inputs including physical
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characteristics of the user and desired outputs of the computer 824. The user input manager
112 may receive inputs from a user input device, such as a keypad or a keyboard.

[00125] The display driver 1114, in some embodiments, controls output of the computer
to a display 826. The display driver 1114 may manage output to one or more LCD, LED, or
other displays. For example, the display driver 1114 may control one or more multi-segment
LED displays. In another example, the display driver 1114 may control an output to an LCD
screen.

[00126] In one embodiment, the history manager 1116 manages data received or inferred
by the computer 824 over time. The history manager 1116 may make historical data
available to the computer 824 for additional calculations. For example, the history manager
1116 may manage storage of data during a workout to compute average power and total
power at the end of the workout.

[00127] The force smoothing manager 1118, in one embodiment, smoothes the output
from the force transducer 1006 to reduce ringing or hysteresis effects. Many force
transducers are subject to ringing and/or hysteresis during load changes. Since pedaling a
bicycle necessarily results in regular abrupt load changes on the driven wheel, ringing and
hysteresis effects may be exhibited by the output of the force transducer 1006. The force
smoothing manager 1118 may use mathematical and/or historical data to smooth the output
of the force transducer 1006 and attempt to dampen inaccurate force readings resulting from
ringing and/or hysteresis.

[00128] The computer 824 may be electrically powered by a power source. In some
embodiments, the computer 824 is powered by current provided by an electrical outlet into
which a power cord of the cycle 800 is plugged. In another embodiment, the computer 824 is
battery powered. In some embodiments, the computer 824 is powered using power generated
by a generator operating on the cycle 824. One example of a generator is described below in
relation to Figure 12.

[00129] Figure 12 depicts a perspective view of one embodiment of a cycle 1200 having
a power generation system 1202. The power generation system 1202, in one embodiment,
includes a generator 1204 mounted at an axle of a driven wheel 1206. Rotation of the driven
wheel 1206 turns a rotor of the generator 1204 to produce electrical energy. The electrical
energy produced by the generator 1204 may be used to power other components of the cycle

1200, such as a display 826 and a computer 824.
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[00130] The generator 1204 may be any type of device capable of converting mechanical
energy into electrical energy. For example, the generator 1204 may be an alternator, a
dynamo, a singly-fed generator, a doubly-fed generator, or an induction generator.

[00131] In some embodiments, the generator 1204 includes a sensor that detects the
rotation of the driven wheel 1206. The sensor may output a signal that indicates the rotation
of the driven wheel 1206. For example, the generator 1204 may output a signal pulse where
cach pulse indicates one rotation of the driven wheel 1206. In another embodiment,
characteristics of the electrical energy produced by the generator 1204 indicate the rotational
speed of the driven wheel 1206. In either case, a computer 824 may infer a rotational speed
from the output of the generator 1204.

[00132] Figure 13 depicts a perspective view of one embodiment of a cycle 1300 having
a frame stiffener 1302 and a chain tensioner 1304. The cycle, in one embodiment, has a
frame 1306, a crank 1308, and a driven wheel 1310. The frame 1306 supports the other
components of the cycle 1300 and is similar to other frames (102, 112, 802) described above.
The driven wheel 1310 is rotatably connected to the frame 1306. The crank 1308 is rotatably
connected to the frame 1306 and operatively connected to the driven wheel 1310 such that
rotation of the crank 1308 causes rotation of the driven wheel 1310.

[00133] In some embodiments, the frame 1306 further comprises a down tube 1312 and
a fork 1314. The down tube 1312 runs between the fork 1314 and the crank 1308. The fork
1314 includes a connection for the driven wheel 1310. In some embodiments, heavy use of
the cycle 1300 places significant stress on the connection between the down tube 1312 and
the fork 1314. This stress can lead to undesirable frame flex, which can have a negative
impact on performance characteristics of the cycle 1300 and can lead to failure of the
connection between the down tube 1312 and the fork 1214.

[00134] In some embodiments, the cycle 1300 includes the frame stiffener 1302 to
reduce frame flex at the down tube 1312 to fork 1314 connection. The frame stiffener 1302
is described in greater detail in relation to Figure 14 below.

[00135] The crank 1308 is operatively connected to the driven wheel 1310 by a flexible
member 1316. The flexible member 1316 may be any type of member capable of
transmitting rotational energy from the crank 1308 to the driven wheel 1310. For example,
the flexible member 1316 may be a chain, a belt, a cable, or another flexible power
transmission device. In another embodiment, the crank 1308 is operatively connected to the
driven wheel 1310 by a non-flexible member, such as a shaft, a gear, a gear train, or any other

power transmission device. In some embodiments, the flexible member 1316 encircles the
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frame stiffener 1302. In other words, the frame stiffener 1302 passes through a plane defined
by the flexible member 1316.

[00136] In some embodiments, the flexible member 1316 is susceptible to wear that
changes the length of the flexible member 1316. As the flexible member 1316 changes
length, its performance is impeded. For example, a chain will stretch over time as the cycle
1300 is used. As the chain stretches, it becomes susceptible to disengagement from one or
more sprockets and other undesirable effects.

[00137] To prevent undesirable effects of changing length of the flexible member 1316,
the cycle 1300, in some embodiments, includes the tensioner 1304. The tensioner is
described in greater detail in relation to Figure 15 below.

[00138] Figure 14 depicts a perspective view of one embodiment of the frame stiffener
1302 of Figure 13. The frame stiffener 1302, in one embodiment, is connected at a first end
1402 to the down tube 1312 near a crank hanger 1406. The frame stiffener 1302 is connected
at a second end 1404 to the fork 1314 near a driven wheel dropout 1408. The frame stiffener
1302 carries much of the force that would otherwise be transmitted through the connection
between the down tube 1312 and the fork 1314.

[00139] In one embodiment, the frame stiffener 1302 includes a removable connection at
the first end 1402 and/or the second end 1404, such as with a bolt or bolts. In another
embodiment, the frame stiffener 1302 includes a permanent connection at the first end 1402
and/or the second end 1404, such as with welding or integral forming with the elements of
the frame 1306. In one embodiment, the frame stiffener 1302 is removeably connected to the
down tube 1312 at the first end 1402 and the fork 1314 second end 1404 using bolts. In an
alternate embodiment, the frame stiffener 1302 is welded to the down tube 1312 at the first
end 1402 and the fork 1314 second end 1404.

[00140] In some embodiments, the frame stiffener 1302 includes a transit slot 1410 for
use with a tensioner 1304. The tensioner 1304 is described in greater detail in relation to
Figure 15 below.

[00141] Figure 15 depicts a side view of one embodiment of the tensioner 1304 of
Figure 13. The chain tensioner 1304 includes a pulley 1502 and a biasing member 1504.

The tensioner 1304 maintains an appropriate tension in the flexible member 1316 as the
flexible member 1316 changes length due to wear.

[00142] The pulley 1502 may be a circular structure with a tangential surface 1506 for
supporting the flexible member 1316. In some embodiments, the pulley includes one or more

retaining flanges 1508 to retain the flexible member 1316 on the tangential surface 1506.
24



WO 2012/125738 PCT/US2012/029092

The tangential surface 1506 may be smooth, may include gear teeth, or may have another
shape.

[00143] The pulley 1502, in one embodiment, is rotatably connected to the frame
stiffener 1302. The pulley 1502 may be rotatable as the flexible member 1316 transits across
the tangential surface 1506. In some embodiments, the flexible member 1316 contacts the
pulley 1502 at two substantially opposing sides of the pulley 1502.

[00144] In some embodiments, the pulley 1502 is slideably connected to the frame
stiffener 1302 via the transit slot 1410. The pulley 1502 may be moveable in a linear
direction along the transit slot 1410. The pulley 1502, in one embodiment, is moveable fore
and aft in the transit slot 1410. In some embodiments, the tensioner 1304 includes the biasing
member 1504 to apply force to the pulley 1502 along the transit slot 1410. The biasing
member 1504 may be any type of structure capable of applying force to the pulley 1502. For
example, in one embodiment, the biasing member is a spring.

[00145] In an alternative embodiment, the pulley 1502 is positionable relative to the
transit slot 1410 via a turnbuckle (not shown). The turnbuckle may be rotated to adjust the
position of the pulley 1502 relative to the transit slot 1410.

[00146] The force applied by the biasing member 1504 to the pulley 1502 may be
transmitted by the pulley 1502 to the flexible member 1316. As the flexible member 1316
changes length, the biasing member 1504 may change the position of the pulley 1502 relative
to the transit slot 1410 to maintain a desirable tension in the flexible member 1316.

[00147] The pulley 1502, in certain embodiments, is both rotatably and slideably
connected to the frame stiffener 1302. The pulley 1502 may rotate in response to movement
of the flexible member 1316 and move along the transit slot in response to a change in the
length of the flexible member 1316.

[00148] Figure 16 depicts a perspective view of one embodiment of a saddle angle
adjustment system 1600. The saddle angle adjustment system 1600 includes an upper seat
post 1602, a pivot 1604, a sector gear 1606, a worm gear 1608, an actuator 1610, and an
angle indicator 1612. The saddle angle adjustment system 1600 adjusts the angle of a saddle
1614.

[00149] In one embodiment, the upper seat post 1602 is a post that connects to the saddle
1614. The upper seat post 1602 may be any shape or configuration or consist of any material
strong and rigid enough to support the saddle 1614. For example, the upper seat post 1602

may be a steel tube.

25



WO 2012/125738 PCT/US2012/029092

[00150] The upper seat post 1602, in some embodiments, is connected to a pivot 1604.
The pivot 1604 may allow the upper seat post 1602 to pivot relative to other components of a
cycle. The pivot 1604 may pivot around an axis running in a medial — lateral direction. The
pivot 1604 may be any type of pivot capable of rotating and of supporting the saddle 1614
while in use. For example, the pivot 1604 may be a steel axle or spindle.
[00151] The sector gear 1606, in one embodiment is connected to the upper seat post
1602. The sector gear 1606 runs in a fore — aft direction and rotates with the upper seat post
1602 around the pivot 1604. Rotation of the sector gear 1606 in one direction causes the
saddle 1614 to rotate in a “nose down” direction, while rotation of the sector gear 1606 in the
other direction causes the saddle 1614 to rotate in a “nose up” direction.
[00152] The worm gear 1608, in one embodiment, interfaces with the sector gear 1606
such that rotation of the worm gear 1608 around an axis perpendicular to axis of the pivot
1604 causes the sector gear 1606 to rotate around the pivot 1604. The interface between the
worm gear 1608 and the sector gear 1606 may have frictional components such that force
exerted by the worm gear 1608 on the sector gear 1606 will move the sector gear 1606, but
force exerted by the sector gear 1606 on the worm gear 1608 will not move the worm gear
1608. Such configurations where the sector gear 1606 cannot drive the worm gear 1608 are
called “self-locking.”
[00153] The actuator 1610, in one embodiment, provides a graspable lever for turning
the worm gear 1608. The actuator 1610 may be connected to the worm gear 1608 along a
common shaft, such that turning the actuator 1610 turns the worm gear 1608, which, in turn,
turns the sector gear 1606. The actuator 1610 may be positioned behind the saddle 1614 at a
distance that allows access to the actuator 1610 at any position or angle of the saddle 1614.
[00154] In some embodiments, the angle indicator 1612 is connected to the pivot 1604
and rotates around a common axis with the pivot 1604. The angle indicator 1612 may
include one or more markings on the angle indicator 1612 and one or more markings on an
adjacent structure that does not rotate with the pivot 1604. Comparing a marking on the
angle indicator 1612 to a marking on the adjacent structure allows a user to determine the
angle of the saddle 1614.
[00155] The saddle angle adjustment system 1600 in some embodiments, mounts to a
cycle. In one embodiment, the saddle angle adjustment system 1600 mounts atop a saddle
fore — aft adjustment system 1616.
[00156] Figure 17 depicts a side view of one embodiment of a seat post quick release
1702. The seat post quick release 1702 includes a seat post 1704, a seat tube 1706, and a
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quick release 1708. Actuation of the quick release 1708 allows a user to release the seat post
1704 relative to the seat tube 1706 to adjust the height of a saddle.

[00157] The seat post 1704, in one embodiment, slides within a seat tube 1706 of a
cycle. The seat post 1704 has a cross section that matches a cross section of an interior of the
seat tube 1706 such that the seat post 1704 slides within the seat tube 1706. The seat post
1704 is adjustable in a roughly “up” or a roughly “down” direction relative to the seat tube
1706 to adjust a height of a saddle by sliding within the seat tube 1706.

[00158] In some embodiments, the seat post 1704 is releaseably secured relative to the
seat tube 1706 by the quick release 1708. The quick release 1708, when actuated, allows the
seat post 1704 to slide relative to the seat tube 1706 to adjust saddle height. When not
actuated, the quick release 1708 secures the seat post 1704 at a position relative to the seat
tube 1706. The quick release 1708 is connected to the seat tube 1706.

[00159] The quick release 1708, in some embodiments, includes a lever 1710, a biasing
member 1712, and a pin 1714. The lever 1710, in one embodiment, is accessible by a user
and may be manipulated to actuate the quick release 1708. The lever 1710 may rotate around
a pivot and move other components of the quick release 1708.

[00160] In some embodiments, the lever 1710 is connected to the pin 1714. The pin
1714 extends through the seat tube 1706 and engages the seat post 1704. When actuated, the
lever 1710 draws the pin 1714 out of engagement with the seat post 1704. When engaged
with the seat post 1704, the pin 1714 restricts movement of the seat post 1704 relative to the
seat tube 1706. When the pin 1714 is not engaged with the seat post 1704, the seat post 1704
is free to slide relative to the seat tube 1706.

[00161] The biasing member 1712, in some embodiments, engages the pin 1714. The
biasing member 1712 may apply a force to the pin 1714 to cause the pin 1714 to engage the
seat post 1704 in response to the lever 1710 not being actuated. The biasing member 1712
may be any type of structure or device capable of applying force to the pin 1714. For
example, the biasing member 1712 may be a spring. In certain embodiments, the biasing
member 1712 acts as a secondary safety mechanism to hold the seat post 1704 at a given
height when the lever 1710 is not locked down.

[00162] In certain embodiments, the seat post 1704 includes one or more detents1716
engageable by the pin 1714. The detents 1716 may be depressions or holes in the seat post
1704 positioned such that the pin 1714 may engage the detents 1716 at various seat post
heights. The detents 1716 may be spaced regularly or irregularly along the seat post 1704.

For example, the detents 1716 may be placed one inch apart along the seat post 1704.
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[00163] Figure 18 depicts a flowchart diagram showing one embodiment of a method
1800 for assembling cycle drivetrian components having one or more tapered connections.
The method 1800 is in certain embodiments a method of use of the system and apparatus of
Figures 1A — 7B, and will be discussed with reference to those figures. Nevertheless, the
method 1800 may also be conducted independently thereof and is not intended to be limited
specifically to the specific embodiments discussed above with respect to those figures.
[00164] As shown in Figure 18, a frame 102, a crank 104, a driven wheel 106, and a
pedal 602 are provided 1802. In certain embodiments, the crank 104 includes a crank spindle
202 with a taper and a crank arm 204 with a tapered crank bore 402. The pedal 602, in some
embodiments, includes a pedal spindle 606 with a taper and the crank arm 204 has a tapered
pedal bore 404.

[00165] The crank bore 402 is aligned 1804 with the crank spindle 202. Alignment 1804
may be accomplished manually or with the use of one or more jigs to hold the crank arm 204
and the crank spindle 202 in a proper position. In some embodiments, the crank bore 402 is
aligned 1804 with the crank spindle 202 using a keyway on the crank bore 402 and a keyway
on the crank spindle 202.

[00166] In certain embodiments, the crank arm 204 is pressed 1806 onto the crank
spindle 202 such that the crank bore 402 and the crank spindle 202 are in interference
contact. The crank arm 204 may be pressed 1806 onto the crank spindle 202 using a
mechanical press. The mechanical press may be any type of press capable of applying
sufficient pressure to achieve the required interference fit. For example, the mechanical press
may be a hydraulic press, a servo press, or an arbor press.

[00167] In an alternative embodiment, the crank arm 204 is connected to the crank
spindle 202 using a fastener 212. Tightening the fastener 212, in one embodiment, draws the
crank arm 204 into interference contact with the crank spindle 202.

[00168] A retaining fastener 212 is secured 1808 to the crank arm 204 and the crank
spindle 202. The retaining fastener 212 may be a bolt, a lock ring, or another type of fastener
212 capable of engaging and retaining the crank arm 204 and the crank spindle 202.

[00169] The pedal bore 404 is aligned 1810 with the pedal spindle 606. Alignment 1810
may be accomplished manually or with the use of one or more jigs to hold the crank arm 204
and the pedal spindle 606 in a proper position.

[00170] In certain embodiments, the crank arm 204 is pressed 1812 onto the pedal
spindle 606 such that the pedal bore 404 and the pedal spindle 606 are in interference contact.

The crank arm 204 may be pressed 1812 onto the pedal spindle 606 using a mechanical press.
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The mechanical press may be any type of press capable of applying sufficient pressure to
achieve the required interference fit. For example, the mechanical press may be a hydraulic
press, a servo press, or an arbor press.

[00171] In an alternative embodiment, the crank arm 204 is connected to the pedal
spindle 606 using a fastener 610. Tightening the fastener 610, in one embodiment, draws the
crank arm 204 into interference contact with the pedal spindle 606.

[00172] A retaining fastener 610 is secured 1814 to the crank arm 204 and the pedal
spindle 606. The retaining fastener 610 may be a bolt, a lock ring, or another type of fastener
610 capable of engaging and retaining the crank arm 204 and the pedal spindle 606.

[00173] Although the operations of the method(s) herein are shown and described in a
particular order, the order of the operations of each method may be altered so that certain
operations may be performed in an inverse order or so that certain operations may be
performed, at least in part, concurrently with other operations. In another embodiment,
instructions or sub-operations of distinct operations may be implemented in an intermittent
and/or alternating manner.

[00174] It should also be noted that at least some of the operations for the methods
described herein may be implemented using software instructions stored on a computer
useable storage medium for execution by a computer. Embodiments of the invention can
take the form of an entirely hardware embodiment, an entirely software embodiment, or an
embodiment containing both hardware and software elements. In one embodiment, the
invention is implemented in software, which includes but is not limited to firmware, resident
software, microcode, etc.

[00175] Furthermore, embodiments of the invention can take the form of a computer
program product accessible from a computer-usable or computer-readable storage medium
providing program code for use by or in connection with a computer or any instruction
execution system. For the purposes of this description, a computer-usable or computer
readable storage medium can be any apparatus that can store the program for use by or in
connection with the instruction execution system, apparatus, or device.

[00176] The computer-useable or computer-readable storage medium can be an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system (or apparatus or
device), or a propagation medium. Examples of a computer-readable storage medium include
a semiconductor or solid state memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), a read-only memory (ROM), a rigid magnetic disk, and an

optical disk. Current examples of optical disks include a compact disk with read only
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memory (CD-ROM), a compact disk with read/write (CD-R/W), and a digital video disk
(DVD).

[00177] An embodiment of a data processing system suitable for storing and/or executing
program code includes at least one processor coupled directly or indirectly to memory
elements through a system bus such as a data, address, and/or control bus. The memory
elements can include local memory employed during actual execution of the program code,
bulk storage, and cache memories which provide temporary storage of at least some program
code in order to reduce the number of times code must be retrieved from bulk storage during
execution.

[00178] Input/output or I/O devices (including but not limited to keyboards, displays,
pointing devices, etc.) can be coupled to the system either directly or through intervening 1/0
controllers. Additionally, network adapters also may be coupled to the system to enable the
data processing system to become coupled to other data processing systems or remote
printers or storage devices through intervening private or public networks. Modems, cable
modems, and Ethernet cards are just a few of the currently available types of network
adapters.

[00179] Although specific embodiments of the invention have been described and
illustrated, the invention is not to be limited to the specific forms or arrangements of parts so
described and illustrated. The scope of the invention is to be defined by the claims appended

hereto and their equivalents.
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CLAIMS

What is claimed is:

1.

2.

A cycle comprising:
a frame;
a crank rotatably connected to the frame; and
a driven wheel rotatably connected to the frame and in operative
communication with the rotatable crank;
wherein the crank comprises:
a crank arm,;
a crank spindle rotatably connected to the frame and non-rotatably
connected to the crank arm;
wherein the crank spindle comprises a crank mating surface to
interface with the crank arm, and wherein the diameter of the crank spindle
continuously decreases along at least a portion of the crank mating surface in a lateral
direction to form a crank spindle taper;
wherein the crank spindle has a substantially round cross-sectional
shape throughout the crank mating surface; and
wherein the crank arm comprises a crank bore to interface with the
crank mating surface, and wherein at least a portion of the crank bore has a diameter
that continuously decreases in lateral direction to form a crank bore taper, and
wherein at least a portion of the crank bore taper has a taper rate and diameter
corresponding to a taper rate and diameter of at least a portion of the crank spindle

taper.

The cycle of claim 1, wherein the crank spindle taper decreases at a constant rate

between 0.0490 units of diameter per lateral unit and 0.0530 units of diameter per lateral unit.

3.

The cycle of claim 1, wherein the crank spindle taper decreases at a constant rate

between 0.0410 units of diameter per lateral unit and 0.0435 units of diameter per lateral unit.
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4. The cycle of claim 1, wherein the crank spindle taper decreases at a constant rate

between 0.0490 units of diameter per lateral unit and 0.0820 units of diameter per lateral unit.

5. The cycle of claim 1, wherein the crank spindle taper decreases at a constant rate of

approximately 0.05 units of diameter per lateral unit.

6. The cycle of claim 1, wherein the diameter of the crank spindle continuously

decreases along substantially the entire crank mating surface.

7. The cycle of claim 1, further comprising a fastener to secure the crank arm to the
crank spindle.
8. The cycle of claim 7, wherein the fastener comprises a bolt attachable at a threaded

bore disposed at a lateral end of the crank spindle.

9. The cycle of claim 1, wherein the cycle is of a type selected from the group consisting

of a road bicycle, a mountain bicycle, a hybrid bicycle, and a BMX bicycle.

10.  The cycle of claim 1, wherein the cycle is a stationary exercise cycle.

11.  The cycle of claim 1, wherein the crank comprises a first keyway in the crank spindle
and a second keyway in the crank arm, the first keyway and the second keyway positioned to

orient the crank arm in a particular orientation relative to the crank spindle.

12.  The cycle of claim 1, wherein the diameter of the crank spindle at a medial border of

the crank mating surface is at least 22.0mm.

13.  The cycle of claim 1, further comprising a pedal comprising:

a pedal body; and

a pedal spindle rotatably connected to the pedal body and non-rotatably connected to
the crank arm;

wherein the pedal spindle comprises a pedal mating surface to interface with the crank
arm, and wherein the diameter of the pedal spindle continuously decreases along at least a

portion of the pedal mating surface in a medial direction to form a pedal spindle taper; and
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wherein the crank arm comprises a pedal bore to interface with the pedal mating
surface, and wherein at least a portion of the pedal bore has a diameter that continuously
decreases in a medial direction to form a pedal bore taper, and wherein at least a portion of
the pedal bore taper has a taper rate and diameter corresponding to a taper rate and diameter

of at least a portion of the pedal spindle taper.

14. A cycle comprising:
a frame;
a crank rotatably connected to the frame;
a pedal rotatably connected to the crank; and
a driven wheel rotatably connected to the frame and in operative communication with
the rotatable crank;
wherein the pedal comprises:
a pedal body; and
a pedal spindle rotatably connected to the pedal body and non-rotatably
connected to a crank arm of the crank;
wherein the pedal spindle comprises a pedal mating surface to interface with
the crank arm, and wherein the diameter of the pedal spindle continuously decreases
along at least a portion of the pedal mating surface in a medial direction to form a
pedal spindle taper; and
wherein the crank arm comprises a pedal bore to interface with the pedal
mating surface, and wherein at least a portion of the pedal bore has a diameter that
continuously decreases in a medial direction to form a pedal bore taper, and wherein
at least a portion of the pedal bore taper has a taper rate and diameter corresponding to

a taper rate and diameter of at least a portion of the pedal spindle taper.

15.  The cycle of claim 14, wherein the pedal spindle taper decreases at a constant rate
between 0.0490 units of diameter per medial unit and 0.0530 units of diameter per medial

unit.

16.  The cycle of claim 14, wherein the pedal spindle taper decreases at a constant rate
between 0.0410 units of diameter per medial unit and 0.0435 units of diameter per medial

unit.
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17.  The cycle of claim 14, wherein the pedal spindle taper decreases at a constant rate
between 0.0490 units of diameter per medial unit and 0.0820 units of diameter per medial

unit.

18.  The cycle of claim 14, wherein the pedal spindle taper decreases at a constant rate of

approximately 0.05 units of diameter per medial unit.

19.  The cycle of claim 14, wherein the diameter of the pedal spindle continuously

decreases along substantially the entire pedal mating surface

20.  The cycle of claim 14, further comprising a fastener to secure the pedal to the crank

arm.

21.  The cycle of claim 20, wherein the fastener comprises a bolt attachable at a threaded

bore disposed at a medial end of the pedal spindle.

22.  The cycle of claim 14, wherein the pedal is attachable to a crank arm on either side of
the bike.
23.  The cycle of claim 14, wherein the pedal mating surface is threadless.

24.  The cycle of claim 14, wherein the cycle is of a type selected from the group

consisting of a road bicycle, a mountain bicycle, a hybrid bicycle, and a BMX bicycle.

25.  The cycle of claim 14, wherein the cycle is a stationary exercise cycle.

26.  The cycle of claim 14, wherein the diameter of the pedal spindle at a lateral border of

the pedal spindle mating surface is at least 16.8mm.
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27.  The cycle of claim 14, wherein the crank further comprises a crank spindle rotatably
connected to the frame and non-rotatably connected to the crank arm;

wherein the crank spindle comprises a crank mating surface to interface with the
crank arm, and wherein the diameter of the crank spindle continuously decreases along at
least a portion of the crank mating surface in a lateral direction to form a crank spindle taper;
and

wherein the crank arm comprises a crank bore to interface with the crank mating
surface, and wherein at least a portion of the crank bore has a diameter that continuously
decreases in lateral direction to form a crank bore taper, and wherein at least a portion of the
crank bore taper has a taper rate and diameter corresponding to a taper rate and diameter of at

least a portion of the crank spindle taper

28. A method of assembling a cycle comprising:

providing a frame, a crank, a driven wheel, and a pedal;

wherein the crank comprises a crank spindle with a taper and a crank arm with a
tapered crank bore; and

wherein the pedal comprises a pedal spindle with a taper and the crank arm comprises
a tapered pedal bore;

aligning the crank bore with the crank spindle;

pressing the crank arm on to the crank spindle such that the crank bore and the crank
spindle are in interference contact;

aligning the pedal bore with the pedal spindle; and

pressing the pedal onto the crank arm such that the pedal bore and the pedal spindle

are in interference contact.

29. A stationary exercise cycle comprising:

a frame comprising a down tube and a fork;

a crank rotatably connected to the frame;

a driven wheel rotatably connected to the fork and in operative communication with
the rotatable crank via a continuous, flexible member; and

a frame stiffener connected to the down tube and the fork and encircled by the

continuous flexible member.
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30.  The stationary exercise cycle of claim 29, further comprising a pulley rotatably
connected to the frame stiffener, the pulley in contact with the continuous flexible member on
opposing sides of the pulley, wherein the pulley is spring biased relative to the frame

stiffener.

31.  The stationary exercise cycle of claim 29, further comprising:

a brake pad positioned tangentially to the driven wheel;

an adjustable actuator connected to the frame, the adjustable actuator to translate the
brake pad to the driven wheel and apply a normal force between the driven wheel and the
brake pad; and

a sensor system to react to tangential force applied to the brake pad by the driven
wheel, the sensor system comprising:

a linkage connected to the brake pad at a first end of the linkage;

a force sensor connected to the down tube and the linkage at a second end of
the linkage;

wherein the tangential force is reacted through the linkage to the sensor and
the sensor provides an electrical output proportional to the reaction load;

an RPM sensor operatively connected to the driven wheel to detect a rotation
speed of the driven wheel;

a computer in communication with the force sensor and the RPM sensor, the
computer to collect data from the force sensor and RPM sensor and correlate the data
to work performed by a user; and

a generator operatively connected to the driven wheel and in electrical
communication with the computer, such that rotation of the driven wheel generates

power used to power the computer.

36



WO 2012/125738 PCT/US2012/029092
1/19

100A

112




PCT/US2012/029092

WO 2012/125738

2/19

1 041‘

FIG. 2



WO 2012/125738 PCT/US2012/029092
3/19

314 ]




WO 2012/125738 PCT/US2012/029092
4/19

FIG. 4A FIG. 4B



PCT/US2012/029092

WO 2012/125738

5/19

41




WO 2012/125738 PCT/US2012/029092
6/19

1141‘

FIG. 5



PCT/US2012/029092

WO 2012/125738

7/19

FIG. 6



WO 2012/125738 PCT/US2012/029092
8/19

706 704

610

404

FIG. 7B



2
CT/US2012/02909
P

WO 2012/125738

9/19

-

_

.
A“ §

0
.

Z

G
L

FIG. 8



WO 2012/125738 PCT/US2012/029092

10/19
/‘ 806
816
02
904
906
z
808
812

804
814

FIG. 9



PCT/US2012/029092

WO 2012/125738
11/19

814

RN
A\
T T
Nt
T
T N HN
X
N 1004

.

i

///

N

.
N

N

1006

FIG. 10



WO 2012/125738 PCT/US2012/029092
12/19
Computer
824
Processor Memory Device Input/Output
1102 1104 Manager
1106
Power Calculator C'\igzgatlgrn User Input
1108 111% Manager 1112

Display Driver
1114

History Manager
1116

Force Smoothing
Manager
1118

FIG. 11




PCT/US2012/029092

WO 2012/125738

13/19

1200L

]
.

7 2
y \\\\\\\\\\\\\\\\

v _ N

FIG. 12



WO 2012/125738 PCT/US2012/029092
14/19

FIG. 13



PCT/US2012/029092

WO 2012/125738

15/19

FIG. 14



PCT/US2012/029092

16/19

1504

WO 2012/125738

.

.

1316

o

FIG. 15




WO 2012/125738 PCT/US2012/029092
17/19

160

161

FIG. 16



WO 2012/125738 PCT/US2012/029092
18/19

1702

1708




WO 2012/125738

1802

19/19

(\J

Provide a frame, a crank, a
driven wheel, and a pedal

1804

(\J

Align a crank bore with a crank
spindle

1806

(\J

Press a crank arm onto the
crank spindle

1808

(\J

Secure a retaining fastener to
the crank arm and the crank
spindle

-
oo
-

Align a pedal bore with a pedal
spindle

1812

(\J

Press the crank arm onto the
pedal spindle

1814

r\J

Secure a retaining fastener to
the crank arm and the pedal
spindle

FIG. 18

PCT/US2012/029092



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/028092

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B62M 3/00 (2012.01)
USPC - 74/594.1

According to Intemnational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - B62M 3/00 (2012.01)

Minimum documentation searched (classification system followed by classification symbols)

USPC - 29/525.11; 74/594.1,594.2; 280/210; 474/152,160; 482/52,70

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

MicroPatent, Google Patents

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,450,922 B1 (HENDERSON et al) 17 September 2002 (17.09.2002) entire document 29,31

v 10,2530

Y US 6,923,745 B2 (STEARNS) 02 August 2005 (02.08.2005) entire document 30

Y US 2009/0151509 A1 (FRENCH) 18 June 2009 (18.06.2009) entire document 1-13,27,28

Y US 2006/0128512 A1 (TETSUKA et al) 15 June 2006 (15.06.20086) entire document 1-28

Y US 7,225,703 B2 (WINEFORDNER et al) 05 June 2007 (05.06.2007) entire document 13-28

I:] Further documents are listed in the continuation of Box C.

L]

*

“A”

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

“g»

S

“O”

“P”  document published prior to the international filing date but later than

the priority date claimed

“T"  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying tﬁe invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

01 June 2012

Date of mailing of the international search report

14 JUN 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report

