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PROFILES FOR BICYCLE COMPONENTS

INCORPORATION BY REFERENCE TO ANY RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. provisional patent

application number 62/679,558, entitled PROFILES FOR BICYCLE COMPONENTS and

filed June 1, 2018, the disclosure of w nch is hereby incorporated by reference herein in its

entirety for all purposes and forms a part of this specification.

TECHNICAL FIELD

[0002] The present technology relates to bicycles and, in particular, to profiles for

bicycle components including frames, handlebars and forks.

DESCRIPTION OF THE RELATED TECHNOLOGY

[0003] The structure of a bicycle can affect the performance. Typical structures

are suboptimal in one or more design parameters for bicycle structures. Therefore, improved

designs that allow for better performance are desirable.

SUMMARY

[0004] The systems, methods, and devices described herein have innovative

aspects, no single one of which is indispensable or solely responsible for their desirable

attributes. Without limiting the scope of the claims, some of the advantageous features will

now' be summarized.

[0005] A bicycle includes components having cross-sectional profiles. These

components include the frame members and other components of the bicycle. The profiles

are designed according to certain criteria to enhance bicycle performance. The profiles for

multiple components may each fall within a range for each of aspect ratio, circumference,

drag coefficient, first moment of inertia and/or second moment of inertia.

[ 6] In one aspect, a frame for a bicycle s described. The frame includes an

elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the



bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

(mm) has an aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the first cross-section, a circumference within +/-10% of U where U =

37.234 x AR + 29.67 mm, a drag coefficient within +/-15% of Cd where Cd = 1.0627 x AR

f ?, and an area moment of inertia about the X axis within +/-20% of xx where Ixx =

2472.8 x AR + 1541.6 mm4. In some embodiments, the first cross-section s scaled

proportionally to have a wall thickness of 1.25 mm.

[ 7] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

(mm) has an aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the first cross-section, a circumference within +/- 10% of U where U =

37.234 x AR + 29.67 mm, and a drag coefficient within +/~l 5% of Cd where Cd = 1.0627 x

AR 1 087.

[0008] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis a d laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

(mm) having an aspect ratio (AR) defined as a ratio of the maximum lateral width to a

maximum longitudinal length of the first cross-section, a drag coefficient within +7-15% of

Cd where Cd = 1.0627 x AR 1 87, and an area moment of inertia about the X axis within +/-

20% of Ixx where Ixx = 2472.8 x AR + 1541.6 mm4.

[0009] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis



perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

(mm) and a wall thickness of 1.25 m has an aspect ratio (AR) defined as a ratio of the

maximum lateral width to a maximum longitudinal length of the first cross-section, a

circumference within -1 % of U where U = 37.234 x AR 4- 29.67 mm, and an area moment

of inertia about the X axis within +/-20% of xx where xx = 2472.8 x AR4- 1541.6 mm4.

[0010] In some embodiments, the elongated first member comprises a down tube,

a fork, a seat stay, or a seat tube. In some embodiments, the bicycle further comprises a

saddle, a pedal crank, a set of handlebars, a front w eel and a rear w eei. In some

embodiments, the elongated first member extends along a first axis and has a perpendicular

cross-section having a maximum length and a maximum width, the perpendicular cross-

section taken along a plane that is perpendicular to the first axis, and wherein the maximum

length of the perpendicular cross-section is no more than three times the maximum width of

the perpendicular cross-section. In some embodiments, the first cross-section is scaled

proportionally to have a wall thickness of 1.25 mm.

[001 1] In another aspect, a frame for a bicycle is described. The frame includes a

plurality' of elongated frame members each having a respective cross-section taken along a

respective horizontal plane, each cross-section extending longitudinally along a respective X

axis and laterally along a respective Y axis perpendicular to the respective X axis, the

respective horizontal plane containing the respective X a d Y axes, where the bicycle s

configured to travel forward in a direction that is parallel to the respective X axes. Each of

the cross-sections being scaled proportionally to have a maximum lateral width of 20

millimeters (mm) has an aspect ratio (AR) defined as a ratio of the maximum lateral width to

a maximum longitudinal length of the respective cross-section, a circumference within 47-

0% of U where U = 37.234 x AR 4- 29.67 millimeters, a drag coefficient within 47-15% 0 f

Cd where Cd : = 1.0627 x AR 1 08 ', and/or an area moment of inertia about the X axis within

47-20% of Ixx where Ixx = 2472.8 x AR 4- 1541.6 mm4.

[0012] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member w th a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis



perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

member has a drag coefficient no greater than 0.7, where the drag coefficient is calculated

based on an air flow having a speed relative to the bicycle from about 5 miles per hour to

about 50 miles per hour and having a Reynolds number from about 5,000 to about 100,000.

[0013] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member w th a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially m accordance with Cartesian coordinate values of X and Y set

forth in one or more of Tables 6A-6G.

[0014] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially in accordance with Cartesian coordinate values of X and Y set

forth in Table 6A.

[0015] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns w th the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially accordance with Cartesian coordinate values of X and Y set

forth in Table 6B.

[0016] In another aspect, a frame for a bicycle s described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first



horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns w th the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially accordance with Cartesian coordinate values of X and Y set

forth in Table 6C.

[ 17] In another aspect, a frame for a bicycle s described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially in accordance with Cartesian coordinate values of X and Y set

forth in Table 6D.

[0018] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, w'here the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially in accordance with Cartesian coordinate values of X and Y set

forth n Table 6E

[0019] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member w th a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y ax s

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, w'here the

bicycle is configured to travel forward in a direction that aligns with the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially in accordance w th Cartesian coordinate values of X and Y set

forth in Table 6F.



[0020] In another aspect, a frame for a bicycle is described. The frame includes

an elongated first member with a first cross-section, the first cross-section taken along a first

horizontal plane and extending longitudinally along an X axis and laterally along a Y axis

perpendicular to the X axis, the first horizontal plane containing the X and Y axes, where the

bicycle is configured to travel forward in a direction that aligns w th the X axis. The first

cross-section being scaled proportionally to have a maximum lateral width of 20 millimeters

has a profile substantially accordance with Cartesian coordinate values of X and Y set

forth in Table 6G.

[ΘΘ21] In another aspect, a bicycle is described. The bicycle includes one or

more of the various aspects or embodiments of the frame described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above-mentioned aspects, as well as other features, aspects, and

advantages of the present technology will now be described in connection with various

embodiments, with reference to the accompanying drawings. The illustrated embodiments,

however, are merely examples and are not intended to be limiting. Like reference numbers

and designations in the various drawings indicate like elements.

[0023] FIG. 1A is a side view of an embodiment of a bicycle having a frame and

other components according to an embodiment of the present invention.

[0024] FIG. IB is a side view of the frame from FIG. 1A and showing geometric

planes through which cross-sectional cuts may be made as a design reference for frame

members of the frame.

[0025] FIGS. 1C-1F are cross-sectional views of the frame of FIG. IB as taken

along, respectively, the corresponding lines C-C, D-D, E-E, and F-F as indicated in FIG. IB.

[0026] FIG. 1G is a side view of the frame from FIG. A showing geometric

planes through which perpendicular cross-sectional cuts may be made as a design reference

for the frame members.

[0027] FIG. 1H s a side view of the bicycle of FIG. A w th some components

removed for clarity.

[0028] FIG. is a front view of the bicycle of FIG. H .

[0029] FIG. J is a top view of the bicycle of FIG. 1H.



[0030] FIGS. IK, 1L and 1M are front, side and top views of the frame from FIG.

1H.

[0031] FIG. 2 is a table showing embodiments of cross-sectional profiles that may

be used with various members of the frame from FIG. 1A .

[0032] FIG. 3 is a table showing data for various parameters for three example

embodiments of bicycle frame cross-sectional profiles that may be used with the bicycle of

FIG. 1A.

[0033] FIG. 4 is a table showing example calculations for various parameters

based on the equations in the table of FIG. 3 .

[0034] FIGS. 5A-5D are plots showing embodiments of relationships between

aspect ratio and, respectively, circumference, drag coefficient, area moment of inertia about

the longitudinal X axis, and area moment of inertia about the lateral Y axis, on which cross-

sectional profiles of the bicycle of FIG. 1A may be based.

[0035] FIGS. 6A-6G are tables showing example sets of Cartesian coordinate

data points along the circumference of example embodiments of cross-sections of that may

be used with the bicycle of FIG. A .

[0036] FIGS. 7A-7G are plots of the actual coordinates as provided in FIGS. 6A-

6G respectively.

[0037] FIGS. 8A-8G are plots of the normalized (dimensionless) coordinates as

provided in FIGS. 6A-6G respectively.

DETAILED DESCRIPTION

[0038] In the following detailed description, which includes any information filed

herewith as an appendix, exhibit, or attachment, etc., reference is made to the accompanying

drawings, which form a part of the present disclosure. The illustrative embodiments

described in the detailed description, drawings, and claims are not meant to be limiting.

Other embodiments may be utilized, and other changes may be made, without departing from

the spirit or scope of the subject matter presented here. It will be readily understood that the

aspects of the present disclosure, as generally described herein, and illustrated in the figures,

can be arranged, substituted, combined, and designed in a w de variety of different

configurations, all of which are explicitly contemplated and form part of this disclosure. For



example, a system or device may be implemented or a method may be practiced using one or

more of the various aspects set forth herein. In addition, such a system or device may be

implemented or such a method may he practiced using other structure, functionality, or

structure and functionality in addition to or other than one or more of the aspects set forth

herein. Alterations and further modifications of the inventive features illustrated herein, and

additional applications of the principles of the inventions as illustrated herein, which would

occur to one skilled in the relevant art and having possession of t n s disclosure, are to be

considered within the scope of the invention.

[ 39] Descriptions of unnecessary' parts or elements may be omitted for clarity

and conciseness, and like reference numerals refer to like elements throughout. In the

drawings, the size and thickness of layers and regions may be exaggerated for clarity and

convenience.

[0040] Features of the present disclosure will become more fully apparent from

the following description and appended claims, taken in conjunction with the accompanying

drawings. It will be understood these drawings depict only certain embodiments in

accordance with the disclosure and, therefore, are not to be considered limiting of its scope;

the disclosure will be described with additional specificity and detail through use of the

accompanying drawings. An apparatus, system or method according to some of the

described embodiments can have several aspects, no single one of which necessarily is solely

responsible for the desirable attributes of the apparatus, system or method. After considering

this discussion, and particularly after reading the section entitled “Detailed Description” one

will understand how illustrated features serve to explain certain principles of the present

disclosure.

[ 41] Any information filed herewith as an appendix, exhibit, attachment, etc.

forms a part of this written specification and is expressly incorporated herein as part of the

disclosure.

[0042] FIG. 1A is a side view of an embodiment of a bicycle 100. FIGS. 1H-

are various views the bicycle 100. Description of the bicycle wath reference to FIG. 1A may

apply equally to the bicycle 100 of FIGS. 1H-1J, and vice versa. The bicycle 100 may be a

road bicycle, triathlon bicycle, racing bicycle, or other bicycle. The bicycle 100 may be a

high-performance bicycle. The bicycle 100 may benefit from a structural design that



optimizes various performance parameters. As further described herein, these parameters

may relate to the structural mass or weight of the bicycle 100, mechanical characteristics of

the structure such as stiffness, volume, shape, size, etc., and/or aerodynamic characteristics

such as drag coefficient, lifting or anti-lifting coefficient, air flow disruption, etc. In some

embodiments, the bicycle 100 may be designed to provide for optimal combinations of

parameters, such as decreased weight, increased stiffness, and decreased drag.

[ 43] The bicycle 100 includes a saddle 105 connected to the top of a frame 110

by a saddle post 130. A rider may sit on the saddle 105 while riding the bicycle 100. The

saddle post 130 includes a lower support 134 extending upward from the top of the frame

0 and adjustably attached to an upper support 136 that attaches to the saddle 105. The

saddle post 130 may be a suspension saddle post configured to absorb or attenuate

compressive loads on the saddle due to the rider’s weight. The bicycle 00 may comprise the

saddle 105 coupled to the saddle post 130 that is coupled to an upper seat tube portion 132 of

the frame 0 . “Tube” as used herein is not meant to imply the cross-section is a circular or

similar shape and includes a variety of profiles with different shapes, including circular or

otherwise. The saddle 105 may be configured to move or slide up or down relative to the

bicycle frame 110 by the upper support 136 of the saddle post 130 that is configured to slide

relative to the lower support 134 of the saddle post 130. In this embodiment, the upper

support 36 may collapse within the lower support 134; however, other arrangements may be

utilized.

0044 The bicycle 00 may include a pedal crank 112 having two pedal arms

114 each connected to a pedal 116. The rear wheel 25 is rotatably coupled to the bicycle

frame 110 at rear axle 120 The pedal crank 1 2 is rotatably coupled to the frame 110. The

pedal crank 112 is configured to be rotated or driven by the two arms 114 extending

therefrom and having the pedals 6 coupled to distal ends thereof. The pedal crank 112 is

coupled to a chain 8 winch transfers rotary motion of the pedal crank 2 to the rear wheel

125. This configuration enables rotation of the pedal crank 112 in response to a user

pumping the pedals 6 to cause the rear wheel 125 to rotate about the rear axle 120. The

pedal crank 2 may connect to a lower portion of the frame 10. Adjustable gears may be

included to adjust the amount of torque supplied to the rear wheel 125 due to rotation of the

pedal crank 112. The rear wheel 125 and axle 120 are connected to a rearward portion of the



frame 110. The front of the frame 110 may include a fork assembly 40 having a distal end

connected to a front axle 148 about which a front wheel 46 rotates. The upper end of the

front of the frame 0 may be connected to the handlebars 13 as shown.

[0045] Various geometric references may be used for the sake of clarity in

description. An X-Y-Z axis system is indicated, where each axis is perpendicular to the other

two axes. The X-axis may align with a direction of forward travel of the bicycle 100. The Z

axis may extend perpendicularly upward relative to the X axis. The Y axis may be “into the

page” as oriented m FIG. A, such that the Y axis follows the “right hand rule” relative to the

X and Z axes. Various planes may be referred to with reference to the axes. For example,

the XY plane includes the X and Y axes, etc. “Horizontal” as used herein may refer to a

plane that is parallel to the XY plane. In some embodiments, the XY plane may be defined

with respect to the forward direction of travel of the bicycle 100, as described .

[0046] In some embodiments, the XY plane may be defined with respect to a

surface 50 over which the bicycle 00 is travelling. The surface 50 may be flat or generally

flat. The XY plane may be parallel to the surface 50. The XY plane may be parallel to a line

through two contact points between the two tires of the bicycle 100 and the surface 50.

[0047] Unless otherwise noted either expressly or by context, “proximal” refers to

a direction generally toward or closer to a rider of the bicycle 00, and “distal” refers to a

direction generally away or farther from the rider. “Upper,” “upward” and the like, and

“lower,” “downward” and the like, may have the same meaning as “proximal” and “distal,

respectively, assuming the bicycle 00 is in an upright orientation, such as shown in FIG. 1A,

and may refer to directions in the +Z and -Z directions, respectively, as indicated by the Z

axis. “Forward,” “front” and the like may refer to a direction in the +X direction as indicated

by the X-axis in FIG. 1A . “Rearward,” “back” and the like may refer to a direction in the +Y

direction (into the page) as indicated by the Y-axis in FIG. 1A

[0048] The frame 0 shown is an example supporting structure for the bicycle

100. The frame 110 may have a variety of configurations, shapes, sizes, etc. which may all

benefit from the designs and features disclosed herein. The frame 0 includes various

structural members connected together. Forces from the rider may be transmitted through the

frame 110 to the wheels 125, 146. The bicycle 00 includes various components, which

includes the frame 110, handlebars 113, and other components. It is understood that one or



more features described herein with respect to a “frame” may be applied to other components

of the bicycle, such as the handlebars 113, stem 110C, and other components.

49] As shown, the frame 1 0 includes a down tube 110A. The down tube

0A extends from a lower, rearward first end at or near the pedal crank 2 to a forward,

upper second end at or near the handlebars 113. The down tube 110A defines an angle with

respect to a portion of the X axis extending forward of the bicycle 100, which angle may be

from about twenty degrees to about seventy degrees or other angles.

[0050] The forward end of the down tube A connects to a head tube HOB.

The head tube 110B may be angled with respect to a portion of the Z axis that extends below

the bicycle 100, which angle may be from about negative thirty to about positive thirty'

degrees, or other angles. A stem 0C extends upwardly from the head tube HOB and bends

to extend forwardly to connect to the handlebars 113 at a distal end of the ste HOC. First

and second forks HOD extend downwardly from the head tube HOB on both lateral sides of

the bicycle 100 and connect with the axle 148. “Lateral” refers to a direction parallel or

generally parallel to the Y axis.

[0051] A top tube 10E extends from a forward, upper first end to a rearward,

lower second end and is located at or near the top of the frame 110. In some embodiments,

the top tube 0E may extend from a forward, lower first end to a rearward, upper second

end, or the top tube 110E may be horizontal, i.e. parallel or generally parallel to the X axis.

The top tube 0E may connect at the forward end to the head tube 0B and extend

rearward] y therefrom. The top tube HOE may be angled with respect to a portion of the X

axis that extends forward of the bicycle 100, which angle may be from about negative thirty

to about positive thirty degrees, or other angles.

[0052] A seat tube OF connects to the top tube 0E. An upward first end of

the seat tube 0F connects to the rearward end of the top tube 110E and extends downward

therefrom. The seat tube OF may extend downward from the upper first end to a lower

second end. The low¾r second end of the seat tube 1 0F may be located forward of the upper

first end, as shown. In some embodiments, the lower second end of the seat tube OF may¬

be located rearward of the upper first end. The lower second end of the seat tube OF

connects to the lower end of the down tube OA . The upper end of the seat tube 11OF

connects to or includes the upper seat tube portion 132 that connects to the saddle post 130.



The upper seat tube portion 132 may be parallel or generally parallel to the seat tube OF

that extends below the top tube 110E. in some embodiments, the upper seat tube portion 132

may be angled with respect to the seat tube 11OF that extends below the top tube 110E.

[0053] First and second seat stays HOG extend from a respective upper, forward

first end to a respective lower, rearward second end that is located at or near the rear axle

120. The first and second seat stays HOG maybe mirror images of each other. The first end

of the seat stays HOG may connect to the seat tube 110F and/or the top tube 110E. The seat

stays HOG may be angled with respect to a portion of the X axis that extends forward of the

bicycle 100, which angle may be from about ten degrees to about eighty degrees, or other

angles. The rearward second end of the first and second seat stays HOG connect to an upper,

rearward first end of a respective first and second chain stay 1 1OH. The chain stays 1 1OH

may be mirror images of each other. The chain stays 1OH extend from the upper, rearward

first end to a lower, forward second end that is located at or near the pedal crank 112. The

chain stays OH each form an angle with respect to a portion of the X axis that extends

forward of the bicycle 100, w'hich angle may be from about negative thirty to about thirty'

degrees, or other angles. In some embodiments, the rearward end of the chain stays 1 1OH

may be located vertically even with or lower than the forward end of the chain stays OH.

[0054] The various components or members of the frame 0 may' be designed

for enhanced performance of the bicycle 100. The bicycle 00 may be used in races where

speed and time are important. The frame 10 may be designed to provide for enhanced

aerodynamic characteristics while providing sufficient stiffness and low weight for these and

other applications. Such considerations may be used to design the cross-sectional profiles of

the down tube 0A, the head tube 0B, the stem 1 0C, the forks 110D, the top tube 0E,

the seat tube 1 1OF, the seat stays 110G and/or the chain stays OFF These members of the

frame 110 may be extended members, as described. The cross-sectional profiles may be

taken in a plane that is parallel to the X-Y plane.

[0055] FIG. B is a side view of the frame 10 from the bicycle 100. FIGS. 1K-

M are various views of the frame 0. Description of the frame with respect to F G. IB

may apply equally to the frame 110 of FIGS. 1K-1M, and vice versa. In FIG. IB, various

local planes are indicated showing where a cross-section of the various members of the frame

110 may be taken. These cross-sections may be designed or configured, as further described



herein, to achieve enhanced performance targets with the bicycle 100. The plane C-C

extends through the seat stays 110G. The plane D-D extends through the seat tube 132. The

plane E-E extends through the down tube 110A. The plane F-F extends through the forks

110D. A geometric X-Y-Z axis system is indicated for reference, where the Y axis extends

“into the page” as oriented per the right hand rule. The directions of the axes align with the

corresponding axes indicated in FIG. 1A. As shown in FIG. IB, the planes C-C, D-D, E-E,

and F-F are parallel to the X-Y plane.

[0056] FIGS. 1C-1F are cross-sectional views of the frame 110 as taken along,

respectively, the corresponding lines C-C, D-D, E-E, and F-F as indicated in FIG. IB. The

geometric X-Y-Z axis system is indicated for reference, where the Z axis extends “into the

page” as oriented per the right hand rule. The directions of the axes align with the

corresponding axes indicated in FIGS. 1A and B FIG. 1C depicts the cross-sections of the

seat stays HOG. FIG ID depicts the cross-section of the seat tube portion 32. FIG. IE

depicts the cross-section of the down tube 0A FIG. F depicts the cross-sections of the

forks HOD.

[0057] The various cross-section profiles may be configured based on various

design criteria, as further described herein. In some embodiments, at least a portion of the

seat stays 110G may have a cross-section as defined by cross-section 260 as shown and

described in FIG 2 . In some embodiments, at least a portion of the seat tube portion 32

may have a cross-section as defined by cross-section 230 as shown and described in FIG. 2 .

In some embodiments, at least a portion of the down tube 110A may have a cross-section as

defined by cross-section 220 as shown and described m FIG. 2 . In some embodiments, at

least a portion of the forks HOD may have a cross-section as defined by any of the cross-

sections 240, 250 or 260 as shown and described in FIG 2 .

[0058] In some embodiments, the members of the frame 110 may have non-

uniform cross-sections along the length of the members. For example, the forks 1 0D may

have a first cross-section at a first location along the length thereof that is the same or similar

to the cross-section 240, a second cross-section at a second location along the length thereof

that s the same or similar to the cross-section 250, and a third cross-section at a third

location along the length thereof that is the same or similar to the cross-section 260. This is



merely one example and other combinations of two or more different cross-sections may be

used along the length of this or other of the members of the frame 110.

[0059] The various aspects of the cross-sections may apply to cross-sections

taken along a “horizontal” plane as described herein, and/or along other planes.

[0060] FIG. G s a side view of the frame 110 and shows geometric planes

through which perpendicular cross-sectional cuts may be made as a design reference for the

frame 0 members. The planes are perpendicular to local longitudinal axes of the

individual frame 0 members. As shown, the upper seat tube portion 132 may extend

longitudinally along an axis 133 and a plane 119 may extend perpendicularly to the axis 133.

One of the seat stays HOG may extend longitudinally along an axis 111 and a plane 121 may

extend perpendicularly to the axis . The other seat stay HOG, not visible in the figure,

but which may be a mirror image of the other seat stay HOG about the XZ plane and have a

similar axis and plane. The down tube 110A may extend longitudinally along an axis 5

and a plane 123 may extend perpendicularly to the axis 115. The fork HOD may extend

longitudinally along an axis 117 and a plane 127 may extend perpendicularly to the axis 7.

The other fork 11 D not visible in the figure, but which may be a mirror image of the other

fork 0D about the XZ plane and may have a similar axis and plane.

[0061] The resulting cross-sections as taken along the planes indicated in FIG. G

may have various design parameters or ranges of design parameters. Each of the cross-

sections may have a maximum length (e.g. along a major axis) that is no more than three

times a maximum width (e.g. along a minor axis that s shorter than the major axis) of the

cross-section

[0062] FIG. is a side view of the bicycle 00 with some components removed

for clarity . FIG. 11 is a front view of the bicycle 100 of FIG. F FIG. 1 . s a top view' of the

bicycle 100 of FIG. IFF The bicycle 100 shown in FIGS. 1H-1J may have the same features

and/or functionalities as the bicycle 00 shown and described w th respect to FIG. A, and

vice versa.

[0063] The bicycle 00 in FIG. 1H is shown without a seat for clarity. The lower

support 134 may extend upward from the frame 110 and be moveable into and out of the top

portion of the seat tube 1 OF. The lower support 134 may have the various cross-sectional



profiles described herein. The stem HOC may be configured as shown and extend upward

from the head tube HOB.

[0064] FIGS. , 1L and 1M are front, side and top views of the frame 110 from

FIG. 1H. The frame 110 shown FIGS. 1K-1M may have the same features and/or

functionalities as the frame 1 0 shown and described with respect to FIG. 1A-1G, and vice

versa. Thus the frame 110 of FIGS. 1K-1M may have the horizontal planes as described for

making cross-sectional cuts of the frame to describe the cross-sectional profiles, etc.

[0065] FIG. 2 s a table showing embodiments of cross-sectional profiles that may

be used with various members of a frame for a bicycle, such as the members of the frame 110

shown in FIGS. 1A-1F. The cross-sections may be taken along the planes as indicated in

FIG. IB. The particular cross-sectional design may be selected based on the particular

member of the frame 110 . Flowever, it is understood that one or more of the cross sections

may be used for this or other of the members of the frame 0 depending on required design

criteria. The cross-sections may be defined according to one or more equations related to

various parameters of the cross-sections, as further described. Further, the cross-sections

shown are merely examples and others may be used.

[0066] As shown in FIG. 2, there are example cross-sections 210, 220, 230, 240,

250, 260 and 270. The cross-sections have a leading edge LE, sides S, and trailing edge TE.

The leading edge LE may be a region of the cross section that faces an incoming free stream

flow, for example wind or moving atmosphere which may be due to forward movement of

the bicycle 100 The trailing edge TE may be located opposite the leading edge LE along the

longitudinal X axis, which may align with the X-axis shown in FIG. 1 when the member

containing the particular cross-section is assembled with the frame 110. The sides S may be

on lateral sides along the lateral Y-axis, which may align with the Y-axis shown in FIG. A

when the member containing the particular cross-section is assembled with the frame 0.

Each side S may extend from the leading edge LE to the trailing edge TE on either side of the

cross-section.

[0067] The cross-sections are symmetric about the longitudinal X-axis. The sides

S may therefore be mirror opposites about the X-axis. The leading and trailing edges LE, TE

may be evenly split by the X-axis. In some embodiments, the cross-sections may be

approximately symmetric about the X-axis. In some embodiments, the cross-sections may be



not be symmetric about the X-axis. For instance, at least a forward portion of the cross-

section may be symmetric about the X axis while another rearward portion may not be

symmetric n some embodiments, the first 50%, 60%, 70%, 80% 90%, 95%, 98%, or 99%

of the length of the cross-section beginning from the leading edge may be symmetric. In

some embodiments, the last 50%, 40%, 30%, 20% 10%, 5%, 2%, or 1% of the length of the

cross-section beginning from the leading edge may not be symmetric. An example of a non-

symmetric cross-section s shown FIG. IF for particular embodiments of the forks HOD.

[0068] A particular cross-section may be used for the entirety of the longitudinal

length of the particular frame 110 member for which the cross-section is used. In some

embodiments, the cross-section may be used for most of the length of the frame 110 member.

In some embodiments, the cross-section may be used for 10% or more, 20% or more, 30% or

more, 40% or more, 50% or more, 60% or more, 70% or more, 75% or more, 80% or more,

85% or more, 90% or more, 95% or more, 96% or more, 97% or more, 98% or more, or 99%

or more of the length of the frame 0 member.

[0069] In FIG. 2, various parameters with example values are given for each

cross-section. These parameters include the aspect ratio (AR), the circumference (U), the

drag coefficient (Cd), the area moment of inertia about the X-axis (Ixx), the area moment of

inertia about the Y-axis (Ivy), and the polar moment of inertia. The aspect ratio may be

calculated as the ratio of the maximum lateral width of the cross-section to the maximum

longitudinal length of the cross-section. The circumference may be the length of the

perimeter of the cross-section, which may be the arclength of the leading edge LE plus the

arclength of the trailing edge TE plus twice the sum of the side S .

[0070] The drag coefficient Cd may be calculated based on a free stream flow of

fluid flowing in a direction parallel to the X-axis and in the -X direction as oriented in the

figure. Thus the “forward” portion of the bicycle 100 may be to the left as oriented in FIG. 2

such that a forward moving bicycle 100 would experience a relative flow of air in the -X

direction. The drag coefficient Cd may be calculated assuming undisturbed or substantially

undisturbed flow of air such direction.

[0071] The moments of inertia Ixx, lyy are “area moments of inertia,” sometimes

referred to as 2nd moments of area, moments of inertia of plane area, or second area moment.

The moments of inertia Ixx, lyy are geometrical properties of the area of the cross-section



which reflects how the cross-section’s area is distributed with regard to the X-axis and Y-

axis, respectively.

0072 In table 200, the cross-sections 210 to 270 are listed in order from top to

bottom row with increasing aspect ratio, circumference, and area moments of inertia, and

decreasing drag coefficient. Thus, for example, the cross-section 210 has a lower aspect

ratio, circumference, and area moments of inertia, and higher drag coefficient than the cross-

section 220, etc.

[0073] The various members of the frame 0 may use the cross-sections based

on whether structural or aerodynamic requirements are more important. For example, the

seat tube HOF experiences high drag forces, so aerodynamic considerations may be more

important and lead to selection of a cross-section having a lower drag coefficient.

[0074] In some embodiments, the curvature of the cross-sections behind a

truncation point may be varied. This may be the portion of the cross-section rearward of the

sides S, for example the trailing edge TE. This region may be curved as shown, or it may be

straight, segmented, rounded, radiused, other shapes, or combinations thereof. This region

may be selected based on fitting into one or more equations for selecting the parameters AR,

Ixx, lyy, Cd and/or U, as further described.

[0075] In some embodiments, one, two, three, four or five of the parameters AR,

Ixx, lyy, Cd and/or U may be related to one, two, three, four or five of the other parameters

AR, Ixx, lyy, Cd and/or U for design of the bicycle 100. In some embodiments, selection of

an aspect ratio AR or range of aspect ratios AR may be used to define one or more of the

other parameters Ixx, lyy, Cd and/or U .

[0076] FIG. 3 is a table showing data for three example embodiments of bicycle

frame cross-sectional profiles that may be used with the bicycle frame 10, w th

corresponding equations, values and/or ranges of values for various parameters for each

embodiment. The relations may relate aspect ratio with circumference, drag coefficient, area

moment of inertia about the longitudinal X-axis, and/or area moment of inertia about the

lateral Y-axis. Each embodiment is shown a single column and may have an aspect ratio

(AR) within the range indicated, and the parameters U, Cd, Ixx and yy may be calculated

using the equations shown in the corresponding rows for the given column.



[0077] As shown, similar base equations may be used for calculating U, Cd, ixx

and Ivy but with bounded ranges. For example, U may be calculated using the same base

equation where the first, second and third embodiment is +/-3%, +1-5% and +7-10%

respectively within the value calculating using the given equation. Other percentages may be

used for this and the other parameters. For one or more or all parameters, the equations

shown may be used and bounded within a range using +/-!%, +1-2%, +7-3%, +7-4%, +1-5%,

+1-6%, +1-1%, +7-8%, +7-9%, +7-10%, +7-1 1%, +7-12%, +7-13%, +7-14%, +7-15%, +7-

16%, +7-17%, +7-18%, +7-19%, +7-20%, +7-25%, +7-30%, +7-35% or +7-40% of the value

resulting from the equation. Some, none, or all of the equations may be applied for a given

embodiment within a given column.

[9978] The values for drag coefficient and circumference resulting from the

equations are representative of a frame member cross-section that is scaled to 20 millimeters

(mm) maximum lateral width and, for the area moments of inertia, assuming a wall thickness

of 1.25 mm. The criteria may be scaled proportionally as needed to apply to other sizes and

shapes of cross-sections. For example, for a bicycle component such as a frame member

with a horizontal cross-section having a maximum lateral width of 25 m, the values for

circumference and drag may be scaled by 25/20, or 1.25. As further example, for a bicycle

component such as a frame member with a horizontal cross-section having a wall thickness

of 1.5 n, a scaling factor of 1.5/1 .25, or 1.2, may be used.

[ 79] The parameter Cd may be used for fluid flows having a Reynolds number

from about 5000-100,000. The parameter Cd may be calculated using these Reynolds

numbers for a flow field having a speed relative to the bicycle from about 5 miles per hour to

about 50 miles per hour.

[ 80] FIG. 4 is a table showing example calculations for various parameters

based on the equations in the table of FIG. 3 for the cross-sections of FIG. 2 . Each column

represents a selected set of design parameters for the given cross-section 210, 220, 230, 240,

250, 260 and 270. The example calculations indicate proximity of the chosen design

parameters to the predicted value based on the equation for that parameter, which equations

are shown in FIG. 3 . For example, for the column for the cross-section 2 0 w th aspect ratio

1.55, etc., the approximations for U, Cd, xx and yy are given respectively as “% Resid U,”

% Resid Cd,” “% Resid XX,” and “% Resid YY.” For instance, using the equation for U



from FIG. 3, namely = 37.234 x AR + 29.67, the cross-section 210, scaled to have a width

of 20 mm, results in a value for U that is 0.98 or 98% of the selected value 89.00 mm.

Similar comparisons are shown that same column for Cd, xx and lyy for the cross-section

210. Similar comparisons are shown in the other columns for the other cross-sections 220,

230, 240, 250, 260 and 270.

[0081] FIGS. 5A-5D are plots showing embodiments of relationships between

aspect ratio and, respectively, circumference, drag coefficient, area moment of inertia about

the longitudinal X axis, and area moment of inertia about the lateral Y axis, on which cross-

sectional profiles of the bicycle of FIG. 1A may be based. Data points are indicated on each

of the plots. The data points 210, 220, 230, 240, 250, 260, 270, 280 correspond to the cross-

sections 210, 220, 230, 240, 250, 260, 270, 280 of FIG. 2 . The relationship between aspect

ratio and the various parameters can be implemented into the design of these and other cross-

sections. For example, a cross-section with values for circumference, drag, and/or moments

of inertia that is/are in between the values for the cross-section 210 and the cross-section 220

may be used by identifying a portion of the line in between the data points 210 and 220.

Similar cross-sectional profiles between other data points, or beyond the end data points 210

and 270, may be identified in such manner. Thus a “family” or “library” of designs may be

identified using the equations and/or plots described herein. In some embodiments, one,

some or all of the relationships shown in FIGS. 5A-5D may be used for a single frame 110 of

the bicycle 100. One or more of the components of the bicycle 00 may be designed using

the described techniques. In some embodiments, all or most of the components of the

bicycle 00 may be designed in such manner. For instance, a single family or library may be

used to design a complete frame 110 and/or other components of the bicycle 100. A different

family or library may be used in such manner to design other embodiments of the bicycle

100

[0082] FIGS. 6A-6G are tables showing example Cartesian X and Y coordinates

along the circumference of cross-sections that may be used with the bicycles described

herein, such as the bicycle 100. The sets of coordinates for Tables 6A-6G may correspond

respectively to the cross-sections 210, 220, 230, 240, 250, 260, 270 listed in the table 200 of

FIG 2 . The first column identifies which data point “N” is given for that row . Each table

has N = 10 sets of coordinates. Fewer or greater than N = 0 data points may be used. The



total of = 0 data points is provided merely for description and N may include ten, twenty,

thirty, forty, fifty, sixty, seventy, eighty, ninety, one hundred or more data points.

[0083] The second and third columns provide X and Y coordinates respectively

for the actual size of the cross-section in millimeters. The fourth and fifth columns provide

dimensionless X and Y coordinates respectively that are normalized and may be used to

define other sizes of cross-sections besides that described in columns two and three. For

example, each coordinate in columns four and five may be multiplied by the same factor or

number to arrive at an actual set of coordinates millimeters (or other units). The last

column on the far right provides a “mirror” dimensionless coordinate for Y for points on the

other side of the cross-section, or mirror coordinates about the longitudinal X axis (as shown,

e.g., in FIG. 2 for cross-section 210).

[0084] The coordinates for actual (columns two and three) and for normalized

(columns four and five) provide coordinates along one half of the cross-section. The origin

(0,0) is at the forward-most leading edge of the cross-section, and the coordinates align with

the “top” half of the cross-sections as oriented for example in FIG. 2, with the “mirror”

coordinates providing the Y coordinate for the “bottom half.”

[0085] The coordinates may define an outer surface of a cross-section of the

bicycle 100 component such as the frame 110 members or other components. The cross-

section may be taken along a “horizontal” plane as described herein. A line of best fit may

be determined using these data points to define other portions of the profile. Other data

points may be determined using such line of best fit. The origin for the Cartesian coordinate

system (0,0) may be located at the forward-most point of the leading edge of the cross-

section

[0086] One or more coordinates at or near the trailing edge TE may not be used in

some embodiments. The shape of the trailing edge TE may be changed from the particular

configurations shown and described herein and still fall within the scope of the disclosure,

and thus still provide the enhanced performance characteristics, etc. For example,

coordinates marked with an asterisk (*) may be optional in some embodiments. In some

embodiments, coordinate N = 10 may not be used. In some embodiments, more than N=10

may not be used. For example, N=5, N=6, N=7, N=8, =9 and/or N=10 may not be used, as

just one example.



[0087] In some embodiments, estimates for the shown data points may be used

and still fall within the scope of the disclosure. For example, FIG. 6A lists the N: =2 actual

data point as (3.54, 7.63). In some embodiments, the actual data point used for N=2 may be

(3.5, 7.6), or other approximations of the coordinate shown in the table. Similarly, for the

dimensionless coordinates, approximations may be used. For example, FIG. 6A, the N=2

dimensionless data point is shown as (0.11 1007, 0.763764). In some embodiments, the

mirror data point used for N=2 may be (0.11100, 0.76376), (0.11 10, 0.7637), (0.1 11, 0.763),

(0.1 , 0.76), (0.1, 0.7), or other approximations of the coordinate shown in the table.

[ 88] FIGS. 7A-7G are plots of the actual coordinates (X,Y) as provided in

FIGS. 6A-6G respectively. The lines shown for the contours are approximations. The

contours in FIGS. 7A-7G may be the same or similar as the cross-sectional contours shown

in FIG. 2 for cross-sections 210, 220, 230, 240, 250, 260, 270, respectively.

[0089] FIGS. 8A-8G are plots of the normalized (dimensionless) coordinates as

provided in FIGS. 6A-6G respectively. The “mirror” data points are also indicated by the

open circle data points below the X axis.

[0090] Some embodiments include a method of manufacturing a bicycle. For

example, the bicycle can be similar or identical to bicycle 100 (FIG. I). Further, the method

of manufacturing the bicycle can comprise an activity of manufacturing a frame. For

example, the frame can be similar or identical to frame 0 (FIG. 1).

[0091] Further, the activity of manufacturing the frame can comprise one or more

of (i) an activity of manufacturing a down tube, (ii) an activity of manufacturing a head tube,

( ii) an activity of manufacturing a stem, (iv) an activity of manufacturing forks, (v) an

activity of manufacturing a top tube, (vi) an activity of manufacturing a seat tube, (vii) an

activity of manufacturing seat stays, and/or (viii) an activity of manufacturing chain stays.

For example, the frame can comprise the down tube, the head tube, the stem, the forks, the

top tube, the seat tube, the seat stays, and/or the chain stays. In these embodiments, the down

tube can be similar or identical to the down tube 0A (FIG. 1); the head tube can be similar

or identical to the head tube HOB (FIG. 1); the stem can be similar or identical to the stem

HOC (FIG. 1); the forks can be similar or identical to the forks HOD (FIG. 1); the top tube

can be similar or identical to the top tube 0Ε (FIG. ) ; the seat tube can be similar or

identical to the seat tube 110F; the seat stays can be similar or identical to the seat stays 110G



(FIG. 1); and/or the chain stays can be similar or identical to the chain stays 11OH (FIG. 1).

In these or other embodiments, two or more of the activities can be performed

simultaneously.

[0092] In some embodiments, the activity of manufacturing the frame (and/or one

or more of the activities included therein) can be performed using one or more material

manufacturing processes (e.g., casting, imaging and coating (e.g., printing), molding,

forming, machining, joining, etc.). The material manufacturing process(es) implemented can

depend, at least in part, on the material(s) used for the frame (and the components of the

frame). Exemplary material(s) may include one or more metals (e.g., steel, aluminum, etc.),

one or more composite materials (e.g., metal alloy, carbon fiber reinforced polymer, etc.),

etc.

[0093] Various modifications to the implementations described in this disclosure

may be readily apparent to those skilled in the art, and the generic principles defined herein

may be applied to other implementations without departing from the spirit or scope of this

disclosure. Thus, the claims are not intended to be limited to the implementations shown

herein, but are to be accorded the widest scope consistent with this disclosure, the principles

and the novel features disclosed herein. Additionally, as further discussed above, a person

having ordinary skill in the art will readily appreciate, the terms “upper” and “lower” are

sometimes used for ease of describing the figures, and indicate relative positions

corresponding to the orientation of the figure on a properly oriented page, and may not reflect

the proper orientation of the device as implemented.

[0094] Certain features that are described in this specification in the context of

separate implementations also can be implemented in combination in a single

implementation. Conversely, various features that are described in the context of a single

implementation also can be implemented in multiple implementations separately or one or

more suitable sub combinations. Moreover, although features may be described above as

acting in certain combinations and even initially claimed as such, one or more features from a

claimed combination can in some cases be excised from the combination, and the claimed

combination may be directed to a sub combination or variation of a sub combination.

[ 95] In describing the present technology, the following terminology may have

been used: The singular forms “a,” “an,” and “the” include plural referents unless the context



clearly dictates otherwise. Thus, for example, reference to an item includes reference to one

or more items. The term “ones” refers to one, two, or more, and generally applies to the

selection of some or all of a quantity. The term “plurality” refers to two or more of an item.

The term “about” means quantities, dimensions, sizes, formulations, parameters, shapes and

other characteristics need not be exact, but may be approximated and/or larger or smaller, as

desired, reflecting acceptable tolerances, conversion factors, rounding off, measurement error

and the like and other factors known to those of skill in the art. The term “substantially”

means that the recited characteristic, parameter, or value need not be achieved exactly, but

that deviations or variations, including for example, tolerances, measurement error,

measurement accuracy limitations and other factors known to those of skill the art, may

occur in amounts that do not preclude the effect the characteristic was intended to provide.

For brevity', as used herein, units of measurement may sometimes be abbreviated. For

example, units of measurement of the International System of Units may be abbreviated

using abbreviations conventionally used connection with units of measurement of the

International System of Units.

96 Numerical data may be expressed or presented herein in a range format. It

is to be understood that such a range format is used merely for convenience and brevity and

thus should be interpreted flexibly to include not only the numerical values explicitly recited

as the limits of the range, but also interpreted to include a l of the individual numerical values

or sub-ranges encompassed within that range as if each numerical value and sub-range is

explicitly recited. As an illustration, a numerical range of “about 1 to 5” should be

interpreted to include not only the explicitly recited values of about to about 5, but also

include individual values and sub-ranges within the indicated range. Thus, included in this

numerical range are individual values such as 2, 3, and 4 and sub-ranges such as 1-3, 2-4 and

3-5, etc. This same principle applies to ranges reciting only one numerical value (e.g.,

“greater than about 1”) and should apply regardless of the breadth of the range or the

characteristics being described.

[0097] A plurality of items may be presented in a common list for convenience.

However, these lists should be construed as though each member of the list is individually

identified as a separate and unique member. Thus, no individual member of such list should

be construed as a de facto equivalent of another member of the same list solely based on their



presentation in a common group without indications to the contrary. Furthermore, where the

terms “and” and “or” are used in conjunction with a list of items, they are to be interpreted

broadly, m that one or more of the listed items may be used alone or in combination with

other listed items. The term “alternatively” refers to selection of one of two or more

alternatives, and is not intended to limit the selection to only those listed alternatives or to

only one of the listed alternatives at a time, unless the context clearly indicates otherwise.

ΘΘ98 It should be noted that various changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art. Such

changes and modifications may be made without departing from the spirit and scope of the

invention and without diminishing its attendant advantages. For instance, various

components may be repositioned as desired. It is therefore intended that such changes and

modifications be included within the scope of the invention. Moreover, not all of the

features, aspects, and advantages are necessarily required to practice the present invention.

Accordingly, the scope of the present invention is intended to be defined only by the claims

that follow.



WHAT IS CLAIMED IS:

1. A frame for a bicycle, the frame comprising:

an elongated first member with a first cross-section, the first cross-section

taken along a first horizontal plane and extending longitudinally along an X axis and

laterally along a Y axis perpendicular to the X axis, the first horizontal plane

containing the X and Y axes, wherein the bicycle is configured to travel forward in a

direction that aligns w th the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) and having

an aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the first cross-section, a circumference within +7-10% of U

where U = 37.234 x AR + 29.67 mm, a drag coefficient within +7-15% of Cd where

Cd = 1.0627 x AR 1 08 ' , and an area moment of inertia about the X axis within +7-20%

of Ixx where Ixx = 2472.8 x AR + 1541.6 mm4.

2 . The frame of Claim 1, wherein the aspect ratio is between 1.1 and 5 .

3 . The frame of any of Claims 1-2, wherein the aspect ratio is between 1.5 and 4.6.

4 . The frame of any of Claims 1-3, wherein the circumference is within +7-5% of U .

5 . The frame of any of Claims 1-4, wherein the circumference is within +7-3% of U .

6 . The frame of any of Claims -5, wherein the drag coefficient is within +7-10% of

Cd.

7 . The frame of any of Claims 1-6 wherein the drag coefficient is within +7-6% of

Cd.

8 . The frame of any of Claims 1-7 wherein the drag coefficient is within +7-3% of

Cd.

9 . The frame of any of Claims 1-8, wherein the area moment of inertia about the X

axis is within +7-15% of xx.

10. The frame of any of Claims 1-9, wherein the area moment of inertia about the X

axis is within +7-7% of Ixx.

1. The frame of any of Claims 1-10, wherein the area moment of inertia about the X

axis is within +7-5% of Ixx.

12. The frame of any of Claims 1-11, wherein an area moment of inertia about the Y

axis is within +7-20% of lyy, where Iyy = (3501.1 x AR + 2.552) mm4.



13 . A frame for a bicycle, the frame comprising:

an elongated first member with a first cross-section, the first cross-section

taken along a first horizontal plane and extending longitudinally along an X axis and

laterally along a Y axis perpendicular to the X axis, the first horizontal plane

containing the X and Y axes, wherein the bicycle is configured to travel forward in a

direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) having an

aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the first cross-section, a circumference within +/-10% of U

where U = 37.234 x AR + 29.67 mm, and a drag coefficient within +/-1 5% of Cd

where Cd = 1.0627 x AR 1·087.

14. The frame of Claim 13, wherein the aspect ratio is between 1.1 and 5 .

15. The frame of any of Claims 13-14, wherein the aspect ratio is between 1.5 and

4.6

16. The frame of any of Claims 13-15, wherein the circumference is within +1-1% of

U .

17. The frame of any of Claims 13-16, wherein the circumference is within +1-5% of

U .

18. The frame of any of Claims 3- 7, wherein the circumference is within +/-3% of

U .

19. The frame of any of Claims 13-18, wherein the drag coefficient is within +/-l0%

of Cd.

20. The frame of any of Claims 3-19, wfierein the drag coefficient is within +/-6%

of Cd.

21. The frame of any of Claims 13-20, wfierein the drag coefficient is within +1-3%

of Cd.

22. The frame of any of Claims 13-21, wfierein an area moment of inertia about the Y

axis is within +/-20% oflyy, where Ivy = (3501.1 x AR + 2.552) mm4.

23. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along



an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) having an

aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the first cross-section, a drag coefficient within +/-15% of Cd

where Cd = 1.0627 x AR 4 0 ' , and an area moment of inertia about the X axis within

+/-20% of xx where xx = 2472.8 x AR + 1541.6 mm4.

24. The frame of Claim 23, wherein the aspect ratio s between 1.1 and 5 .

25. The frame of any of Claims 23-24, wherein the aspect ratio is between 1.5 and

4.6

26. The frame of any of Claims 23-25, wherein the drag coefficient is within +/- 10%

of Cd.

27. The frame of any of Claims 23-26, wherein the drag coefficient is within +/-6%

of Cd.

28. The frame of any of Claims 23-27, wherein the drag coefficient is within +/-3%

of Cd.

29. The frame of any of Claims 23-28, wherein the area moment of inertia about the

X axis is within +/-l 5% of Ixx.

30. The frame of any of Claims 23-29, wherein the area moment of inertia about the

X axis is within +/-7% of Ixx

3 1. The frame of any of Claims 23-30, wherein the area moment of inertia about the

X axis is within +/-5% of Ixx.

32. The frame of any of Claims 1-31, wherein the drag coefficient is calculated based

on an air flow having a speed relative to the frame from about 5 miles per hour to about 50

miles per hour and having a Reynolds number from about 5,000 to about 100,000.

33. A frame for a bicycle, the frame comprising:

an elongated first member with a first cross-section, the first cross-section

taken along a first horizontal plane and extending longitudinally along an X axis and

laterally along a Y axis perpendicular to the X axis, the first horizontal plane

containing the X and Y axes, wherein the bicycleframe is configured to travel forward



in a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) and a wall

thickness of 1.25 mm has an aspect ratio (AR) defined as a ratio of the maximum

lateral width to a maximum longitudinal length of the first cross-section, a

circumference within +/-10% of U where U = 37.234 x AR + 29.67 mm, and an area

moment of inertia about the X axis within +/-20% of Ixx where xx = 2472.8 x AR +

1541.6 mm4.

34. The frame of Claim 33, wherein the aspect ratio is between 1.1 and 5 .

35. The frame of any of Claims 33-34, wherein the aspect ratio is between 1.5 and

4.6

36. The frame of any of Claims 33-35, wherein the circumference is within +/-7% of

U .

37. The frame of any of Claims 33-36, wherein the circumference is within +1-5% of

U .

38. The frame of any of Claims 33-37, wherein the circumference is within +/-3% of

U .

39. The frame of any of Claims 33-38, wherein the area moment of inertia about the

X axis is within +/- 15% of Ixx.

40. The frame of any of Claims 33-39, wherein the area moment of inertia about the

X axis is within +/-7% of Ixx.

41. The frame of any of Claims 33-40, wherein the area moment of inertia about the

X axis is within +/-5% of Ixx.

42. The frame of any of Claims 1-41, wherein the elongated first member extends

along a first axis and has a perpendicular cross-section having a maximum length and a

maximum width, the perpendicular cross-section taken along a plane that is perpendicular to

the first axis, and wherein the maximum length of the perpendicular cross-section is no more

than three times the maximum width of the perpendicular cross-section.

43. The frame of a of Claims 1-41, wherein the elongated first member comprises

a down tube, a fork, a seat stay, or a seat tube.

44. The frame of any of Claims 1-41, further comprising a saddle, a pedal crank, a set

of handlebars, a front wheel and a rear wheel.



45. A frame for a bicycle, the frame comprising:

a plurality of elongated frame members each having a respective cross-section

taken along a respective horizontal plane, each cross-section extending longitudinally

along a respective axis and laterally along a respective Y axis perpendicular to the

respective X axis, the respective horizontal plane containing the respective X and Y

axes, wherein the bicycle is configured to travel forward in a direction that is parallel

to the respective X axes, each of the cross-sections being scaled proportionally to

have a maximum lateral width of 20 millimeters (mm) having an aspect ratio (AR)

defined as a ratio of the maximum lateral width to a maximum longitudinal length of

the respective cross-section, a circumference within +/-10% of U where U = 37.234 x

AR + 29.67 mm, a drag coefficient within +/- 15% of Cd where Cd = 1.0627 x AR

, and an area moment of inertia about the X axis within +/-20% of xx where xx

= 2472 8 x AR + 1541.6 mm4

46. A frame for a bicycle, the frame comprising:

a plurality of elongated frame members each having a respective cross-section

taken along a respective horizontal plane, each cross-section extending longitudinally

along a respective X axis and laterally along a respective Y axis perpendicular to the

respective X axis, the respective horizontal plane containing the respective X and Y

axes, wherein the bicycle is configured to travel forward in a direction that s parallel

to the respective X axes, each of the cross-sections being scaled proportionally to

have a maximum lateral width of 20 millimeters ( ) having an aspect ratio (AR)

defined as a ratio of the maximum lateral width to a maximum longitudinal length of

the respective cross-section, a circumference within +/-10% of U where U = 37.234 x

AR + 29.67 mm, and a drag coefficient within +7-15% of Cd where Cd = 1.0627 x

AR 1 087.

47. A frame for a bicycle, the frame comprising:

a frame having a plurality of elongated frame members each having a

respective cross-section taken along a respective horizontal plane, each cross-section

extending longitudinally along a respective X axis and laterally along a respective Y

axis perpendicular to the respective X axis, the respective horizontal plane containing

the respective X and Y axes, wherein the bicycle is configured to travel forward in a



direction that is parallel to the respective X axes, each of the cross-sections being

scaled proportionally to have a maximum lateral width of 20 millimeters (mm) having

an aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the respective cross-section, a drag coefficient within +/-1 5%

of Cd where Cd =(1.0627 x AR ?, and an area moment of inertia about the X axis

within +/-20% of xx where xx = 2472.8 x AR + 1541.6 mm4.

48. The frame of any of Claims 45-47, wherein the drag coefficient is calculated

based on an air flow having a speed relative to the frame from about 5 miles per hour to

about 50 miles per hour and having a Reynolds number from about 5,000 to about 100,000.

49. A frame for a bicycle, the frame comprising:

a frame having a plurality of elongated frame members each having a

respective cross-section taken along a respective horizontal plane, each cross-section

extending longitudinally along a respective X axis and laterally along a respective Y

axis perpendicular to the respective X axis, the respective horizontal plane containing

the respective X and Y axes, wherein the bicycle is configured to travel forward in a

direction that is parallel to the respective X axes, each of the cross-sections being

scaled proportionally to have a maximum lateral width of 20 millimeters (mm) having

an aspect ratio (AR) defined as a ratio of the maximum lateral width to a maximum

longitudinal length of the respective cross-section, a circumference within +/-10% of

U where U = 37.234 x AR + 29.67 mm, and an area moment of inertia about the X

axis within +/-20% of Ixx where Ixx = 2472,8 x AR + 1541.6 mm4.

50. The frame of any of Claims 45-49, wherein the aspect ratio is between 1. 1 and 5 .

51. The frame of any of Claims 45-50, wherein the aspect ratio s between 1.5 and

4.6.

52. The frame of any of Claims 45-51, wherein the circumference is within +1-5% of

U .

53. The frame of any of Claims 45-52, wherein the circumference is within +/-3% of

U .

54. The frame of any of Claims 45-53, wherein the drag coefficient is within +/-10%

of Cd.



55. The frame of any of Claims 45-54, wherein the drag coefficient is within +1-6%

of Cd.

56. The frame of any of Claims 45-55, wherein the drag coefficient is within 4 -3%

of Cd.

57. The frame of any of Claims 45-56, wherein the area moment of inertia about the

X axis is within +/-15% of xx.

58. The frame of any of Claims 45-57, wherein the area moment of inertia about the

X axis is within +/-7% of Ixx.

59. The frame of any of Claims 45-58, wherein the area moment of inertia about the

X axis is within +/-5% of Ixx.

60. The frame of any of Claims 45-59, wherein an area moment of inertia about the Y

axis is within +/-20% of Ivy, where lyy = (3501. x AR + 2.552) mm4.

61. The frame of any of Claims 45-60, wherein the plurality of elongated frame

members comprises one or more of the following: a down tube, a fork, a seat stay, or a seat

tube.

62. The frame of any of Claims 45-61, wherein the plurality' of elongated frame

members comprises a down tube, a fork, a seat stay, and a seat tube.

63. A frame for a bicycle, the frame comprising:

an elongated first member with a first cross-section, the first cross-section

taken along a first horizontal plane and extending longitudinally along an X axis and

laterally along a Y axis perpendicular to the X axis, the first horizontal plane

containing the X and Y axes, wherein the bicycle is configured to travel forward in a

direction that aligns with the X axis, the first member having a drag coefficient no

greater than 0.7, wherein the drag coefficient is calculated based on an air flow

having a speed relative to the frame from about 5 miles per hour to about 50 miles per

hour and having a Reynolds number from about 5,000 to about 100,000.

64. The frame of Claim 63, wherein the drag coefficient is no greater than 0.5.

65. The frame of any of Claims 63-64, wherein the drag coefficient is no greater than

0.35.

66. The frame of any of Claims 63-65, wherein the drag coefficient is no greater than

0.25.



67. The frame of any of Claims 63-66, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) and having an aspect

ratio (AR) defined as a ratio of the maximum lateral width to a maximum longitudinal length

of the first cross-section, and a circumference within +/-l0% of U where U = 37.234 x AR +

29.67 mm.

68. The frame of any of Claims 63-67, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters (mm) and having an aspect

ratio AR defined as a ratio of the maximum lateral width to a maximum longitudinal length

of the first cross-section, and an area moment of inertia about the X axis within +/-20% of

xx where xx = 2472.8 x AR + 1541.6 mm4.

69. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward m a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially in accordance with Cartesian coordinate values of X and Y set forth in

Table 6A .

70. frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane a d extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward in a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially in accordance with Cartesian coordinate values of X and Y set forth in

Table 6B.

71. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along



an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially in accordance with Cartesian coordinate values of X and Y set forth in

Table 6C.

72. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward in a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially in accordance with Cartesian coordinate values of X and Y set forth in

Table 6D.

73. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward in a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially in accordance with Cartesian coordinate values of X and Y set forth in

Table 6E.

74. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and Y axes, wherein the bicycle is configured to travel

forward a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile



substantially in accordance with Cartesian coordinate values of X and Y set forth

Table 6F.

75. A frame for a bicycle, the frame comprising:

a frame having an elongated first member with a first cross-section, the first

cross-section taken along a first horizontal plane and extending longitudinally along

an X axis and laterally along a Y axis perpendicular to the X axis, the first horizontal

plane containing the X and axes, wherein the bicycle is configured to travel

forward in a direction that aligns with the X axis, the first cross-section being scaled

proportionally to have a maximum lateral width of 20 millimeters having a profile

substantially n accordance with Cartesian coordinate values of X and Y set forth in

Table 6G.

76. The frame of any of Claims 69-75, the profile substantially in accordance with

Cartesian coordinate values of X and Y set forth in Tables 6A-6G respectively for data points

N=1 through N=9.

77. The frame of any of Claims 69-75, the profile substantially in accordance with

Cartesian coordinate values of X and Y set forth Tables 6A-6G respectively for data points

N=1 through N=8.

78. The frame of any of Claims 69-75, the profile substantially in accordance with

Cartesian coordinate values of X and Y set forth in Tables 6A-6G respectively for data points

N=1 through N=7.

79. The frame of any of Claims 1-78, the first cross-section being scaled

proportionally to have a wall thickness of 1.25 mm.

80. A bicycle comprising the frame of any of Claims 1-79
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