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FIELD OF TI I INVENTION

This invention relates to rims, and particularly to composite rims used in wheels for

bicycles.

BΛCKG ROUND O TMR 3NVENTION

Composite rims arc known in the an. An example of such a rim is shown in U.S.

Patent No. 6,398,313, the disclosure of which is hereby incorporated herein by reference.

While the rim disclosed in U.S. Patent No. 6,398,313 is adecpate, it is of a two-piece design

which requires more time and labor in fabrication.

The present invention is directed to overcoming this and other disadvantages

inherent in prior-art systems.

SUMMARY O THK INVENTION

The scope of the present invention is defined solely by the appended claims, and is

not affected to any degree by the statements within this summary. Briefly stated, a

composite rim, comprising an open cavity and a closed cavity, a tire-accommodating surface

located within the closed cavity wherein the tire accommodating surface is curved and

provided with a first ridge and a second ridge, a spoke support wherein the spoke support

accepts a spoke; and the tire-accommodating surface, the outer surface surface, and the

spoke support enclose the closed cavity.

BRIEF DESCRIPTION OF TIlE DRAWINGS

Figure 1 depicts a cross-sectional view of a preferred embodiment o f a rim.

Figure 2 depicts a cross-sectional view of the rim of figure 1 with a plurality of plys of

unidirectional material.

Figure 3 depicts a cross-sectional view of the tire accommodating surface 15 of figures 1 and

7 in greater detail.

Iugure 4 depicts a cross-sectional view of the rim with a tire and an uninflatcd inner tube.

Figure 5 depicts a cross-sectional view of the rim with a tire and an inflated inner tube.

Figure 6 depicts a cross-sectional view of the rim.

Figure 7 depicts an alternative embodiment o f a rim with an aerodynamically shaped annulus

53.



Figure 8 depicts plys of unidirectional material being laid upon one another with the fibers in

each ply forming a crossing angle with respect to each other.

Figure 9 depicts the rim with spokes and a three-flange hub,

Figure 10 depicts a cross-sectional view of the rim with lips that each function as a

wickerbill.

Figure 1 1 depicts cross-sectional view of a lip that functions as a wickerbill.

Figure 12 depicts a cross-sectional view of a ply of unidirectional material being placed into a

mold at a 0 degree crossing angle with respect to the circumference 12.

Figure 13 depicts a cross-sectional view of a plurality of plys of unidirectional material within

the mold and an inflatable bladder within the plys of unidirectional material.

Figure 14 depicts a inner portion o f the mold assembled to the outer portion of the mold

with an inlet body and a bladder.

Figure 15 depicts a cross-sectional view of a spoke used with the rim of figure 1 or figure 11.

Figure 16 depicts the outer diameter portion o f the mold connected to the inner diameter

portion of the mold.

DETAILED DI- SCRIPTION O F THE PRESENTLY PRKFRRRRD FvMBODl MENTs

FIG. 1 depicts a cross-sectional view of a rim 10 constituting a preferred

embodiment o f the present invention. As is shown in FIG. 9, the rim 10 is part o f a bicycle

wheel 40 and hence includes spokes 41, a hub 42, an axis 1 1 , and a circumference 12 that

extends about the axis 11 to form a circle. The rim 10 is provided with a closed cavity

(though the cavity is provided with openings for the spokes) and an open cavity for a tire.

The axis 1 1 and the circumference 12 of the rim 10 extend in directions that are orthogonal

to one another. As shown in FIG. 8, the rim 10 is manufactured to include a composite

material 43 formed from a plurality o f plys of resin-impregnated fibers 44.

In the presently preferred embodiment, the fibers are carbon fibers; however, in an

alternative embodiment, the fibers are boron. In another alternative embodiment, the fibers

are glass fibers. In yet another alternative embodiment, (he fibers are an aramid. In still yet



another alternative embodiment, the fibers arc combinations of the foregoing fibers (boron

and carbon, carbon and glass, carbon and aramid fibers).

The fibers 45 within each ply 13 are oriented to extend generally parallel to each

other in the same direction (hereinafter referred to as "unidirectional material"). Each ply 13

of unidirectional material 46 is laid within a mold, one on top of another, so that the

unidirectional material 46 of each ply 13 is oriented with respect to each other to form

predetermined crossing angles 48.

Referring now to FIG. 2, the rim 10 is illustrated in a cross-sectional view with the

circumference 12 extending out of the page. Λs noted above, the circumference 12 extends

about the axis 11 and therefore is oriented to be orthogonal to the axis 11. Thus, to achieve

predetermined crossing angles 48, the fibers 45 of each ply 13 of unidirectional material 46

are oriented relative to the direction in which the circumference 12 extends.

Λs Figure 1 illustrates, the rim 10 is provided with upstanding walls 49 and a support

upon which a tire 55 is placed (hereinafter referred to as the "tire support"). The tire

support 50 is bounded by multiple surfaces. The upstanding walls 49 extend radially from

the tire support 50 to form an open cavity. The rim 10 is provided with another support

which secures the spokes 4 1 (hereinafter referred to as the "spoke support 52"). In the

embodiment shown in FIG. I 1 the spoke support 52 is curved; however, in an alternative

embodiment, the spoke support 52 is shaped to function as an air foil and hence tapers to a

sharply angled annulus 83 that measures less than 20 degrees, as is depicted in MG. 7 ,

Braking surfaces 54 are located where the upstanding walls 49 extend radially from

the tire support 50, The tire support 50 is also provided with a surface that faces the tire 55

when the tire 55 is fitted within the open cavity 5 1 (referred to as the "tire-accommodating

surface 15"). Opposite the tire-accommodating surface 15, the underside of the tire support



50 is provided with curved surfaces 53, 57 that extend away from the lire-contacting surface

56 towards the spoke support. The curved surfaces 53, 57 blend into two rim walls 85, 86

that extend to the spoke support. As shown in Figure 1, a closed cavity 60 is bounded by

the spoke support, the tire support 50, and the two rim walls 85, 86.

Λs Figure 2 illustrates, the rim 10 is provided with an outer surface. This outer

surface 6 1 begins at one of the upstanding walls, extends around the spoke support, and

then extends radially from the spoke support 52 towards the other upstanding wall. In the

presently preferred embodiment, the outer surface is generally smooth; however, in an

alternative embodiment, the outer surface is provided with a plurality of dimples (such as

those found on a golf bail) which take advantage of Bernoulli's principle to reduce air drag.

In such an alternative embodiment, the dimples arc locaicd on the outer surface that extends

radially from the spoke support to the braking surface.

The rim 10 also includes a tire accommodating surface 15, which is shown in greater

detail in 1''IG. 3 . In the preferred embodiment, is provided with a plurality of curved

surfaces (referred to hereinafter as "central" and "peripheral" surfaces). At least one of the

foregoing surfaces is in the shape of an arc measuring approximately 10 degrees. Λs FlG, 3

illustrates, the tire accommodating surface 15 includes a central surface 16 that directly

extends along the circumference 12 of the rim 10, as well as peripheral surfaces 17, 18, each

o f which is located on either side of the central surface 15. In alternative embodiments, the

arc measures between 5 and 35 degrees. In yet another alternative embodiment, the central

surface 16 is curved while the peripheral surfaces 17, 18 arc frustoconically shaped.

Extending from the peripheral surfaces 17, 18 are transition surfaces 19, 20 that are curved

and that terminate at a pair of ridges 2 1 , 22.



Each o f the ridges 21, 22 is shaped to scat a bead found o n a tire and provided, at

least in part, with radially-extending surface 23 and an axially-cxicnding surface 25. Λs

HG. 3 illustrates, radially extending surface 23 begins at a transition surface 20 and extends

radially to an axially extending surface 25. The axially extending surface 25 then extends

axially to a side wall 27. Because the ridges 21, 22 and hence the radially and axially extending

surfaces 23, 25 are provided in pairs to match structures provided on the dre 55 (as will be

explained in greater detail hereinafter), each of die ridges 21, 22 and radially and axially

extending surfaces 23, 25 shall be distinguished from one another by being referred to as a

"first" ridge 2 1 and a "second" ridge 22, a "first" radially extending surface 23, and a

"second" radially extending surface 24, a "first" axially extending surface 25, and a "second"

axially extending surface 26.

Referring now to HG. 4, a tire 55 with an inner tube 58 are shown on a rim 10. Λs

illustrated, the beads 62, 63 o f the tire 55 arc located on the tire accommodating surface 15.

Λs the inner tube 58 is inflated with air, the tire 55 expands thereby pushing the beads 62, 63

both axially and radially. Inflation o f the inner tube 58 thus pulls the beads 62, 63 o f the tire

55 up over the radially extending surfaces 23, 24 o f the ridges 21, 22 and pushes the beads

62, 63 across the axially extending surfaces 25, 26 where the beads 62, 63 are pressed against

the sidewalls 27, 28 of the rim 10, as is depicted in FIG. 5. Thus, the beads 62, 63 and hence

the tire 55 are held in place within the rim 10.

Advantageously, the rim 10 is contoured so that, in cross-section, the rim 10 is

provided with an ait: foil shape. In the presently preferred embodiment, the rim 10 is

provided with a radial dimension 59 that extends from the spoke support 52 to the tire

support 50 and an axial dimension 64 that extends across the widest part o f the rim 10 when

the rim 10 is viewed cross-sectionally. The axial and radial dimensions 64, 59 of the rim 10



are dimensioned according to one another. According to one aspect, the axial dimension 64

of the rim 10 measures 33% of the length of the radial dimension 59 of the rim 10.

According to another aspect, the axial dimension 64 is greater than 33%. As shown in FIG.

6, the axial dimension 64 measures between 40% and 44% of the radial dimension 59 of the

rim 10.

In the embodiment shown in FICJ. 10 and in FIG. 11, the rim 10 is provided with a

pair of lips 65, 66 (referred to herein as a "first lip 65" and a "second lip 66" to distinguish

one from the other). The lips 65, 66 are located on either side of the spoke support 52 and

arc shaped to create air turbulence that enables separated air to re-attach and minimize drag

from air pressure. The lips 65, 66 ate also shaped to reduce the air turbulence and pressure

drag generated on the low-pressure side of the rim 10 when cross winds are encountered

(which reduces the steering force required to keep the bicycle wheel 40 in line with the

bicycle in a crosswind).

In manufacturing the rim 10, a circular mold 47 is used. The mold 47 is provided

with a plurality of pieces, including an inner diameter portion and an outer diameter portion.

The inner diameter portion o f the mold 47 is provided with an inner molding cavity that is

shaped in part according to the outer surface 6 1 of the rim 10 while the outer diameter

portion is shaped in part according to the rim's open cavity 5 1 (as will be described

hereinafter).

While much of the outer surface 61 is formed within the inner diameter portion of

the mold, the outer diameter portion forms at least a portion of the upstanding walls 49 and

the open cavity. The outer diameter portion o f the mold 47 is connected to the inner

diameter portion so that the outer diameter portion extends around the inner diameter



portion. In addition to the mold, various hand tools are used to press composite material 43

into the inner molding cavity during wheel manufacture.

The fabrication of the rim 10 involves the successive layering of multiple plys of

unidirectional material As FIG. 12 illustrates, n initial ply 13 of unidirectional material 46 is

laid within the inner diameter portion 32 of the mold 47 with the fibers 45 extending in the

same direction as the circumference 12 of the rim 10 (though a layer of woven fibrous

material can be laid into the mold before the initial layer of unidirectional material so as to

provide the rim 10 with pleasing cosmetic appearance). In such an orientation, the fibers

45 of the unidirectional material 46 are kid into the mold 47 at a 0° angle. Subsequent plys

of unidirectional material 46 are laid upon the initial ply 13 at an angle relative to the

circumference 12 of the rim 10. Thus, subsequent plys are laid upon the initial ply 13 at 0°,

0°, +45°, +45°, +45°, -45°, -45°, -45°, +90°, +90°, +90°, -90°, -90°, and -90° angles relative

to the circumference 12. In an alternative embodiment, subsequent plys are laid upon the

initial ply 13 at 0°, 0°, +33°, +33°, +33°, -33°, -33°, -33°, +45°, +45°, +45°, -45°, -45°, -45°,

+90°, +90°, +90°, -90°, -90°, and -90° angles relative to the circumference 12 of the rim 10.

Λ deviation of 10% from the precise angles recited herein is within the scope of the present-

invention,

The presently preferred embodiment is fabricated through bladder molding so that

upon completion, the rim 10 is cured into one continuous rim without awkward seams or

joints. However, other molding techniques may be employed. According to one aspect of

the present invention, the rim 10 is fabricated through injection molding. According to

another aspect of the present invention, the rim 10 is fabricated through transfer molding.

According to yet another aspect of the present invention, the rim 10 is fabricated through

compression molding, According to still another aspect o f the present invention, the rim 10



is fabricated through vacuum bag molding. Other molding techniques may be employed

without departing from the scope or spirit of the present invention.

After the plies of carbon fiber material have been pressed into the mold 47, an

inflatable bladder is placed within the inner molding cavity so that the carbon fiber material

is between the bladder and the inner surface of the mold, as Figure 13 illustrates.

Λs shown in FIG. 14, the mold 47 includes an inlet body 33 in addition to fhe inner

diameter portion and the outer diameter portion. The composite material 43 is placed

within the inner diameter portion 32 of the mold. Λ bladder 34 is employed so that the

composite material 43 is between the bladder 34 and the inner diameter portion 32.

The bladder 34 is a tube composed of an elastomer material and is of sufficient

length so that it is longer than the circumference of the rim 10. The bladder 34 is placed

inside the composite material 43 so that the ends are outside mold 47 while the remaining

portion of the bladder 34 is in contact with the composite material. The outer ring 3 1 is

placed over the composite material, the bladder 34, and the inner ring 32. The mold 47 is

then placed in an oven and the bladder 34 is inflated via the inlet 33.

The inlet 33 is provided with a first plate 35 and a second plate 36. Moles for a

plurality of fasteners arc defined within the plates 35, 36 so that the first plate 35 and the

second plate 36 are fastened together compressing the bladder 34 which is disposed

thereinbetween. The inlet body 33 is fixed to the mold 47 via a fastener. The bladder 34 is

connected to a pressured line so that a gas or a liquid is pumped into the bladder 34 while

the mold 47 is being heated and the composite material 43 is being cured. Thus, the

composite material 43 is compressed by the expanding bladder within the mold.



After the composite material 43 is cured, lhc mold 47 is removed from the oven, and

the rim 10 is removed from the mold. The bladder 34 is removed from the rim 10 via an

opening in the composite material.

As shown in HG. 9, the πm 10 forms a wheel 40 when the run 10 is provided wilh a

spoke 4 1 and a hub 42. MG. 15 depicts a cross-sectional view of the spoke 4 1 . Λs shown

therein, the spoke provided with an ovoid shape that includes a spoke cross sectional

thickness 8 1 and a spoke cross-sectional length 82. In the preferred embodiment, the spoke

cross-sectionai thickness 8 1 and the spoke cross-sectional length 82 are dimensioned

according to one another. Advantageously, the spoke cross sectional thickness 8 1 measures

29% of the spoke cross-scciional length 82. Deviations of 10% are within the scope of the

present invention.

The hub 42 is provided with a hub shell 84 provided with three flanges, a center

flange 72, and two peripheral flanges 73, 74, as is depicted in 1'IG . 9 . The flanges 72, 73, 74

arc shaped to connect to a plurality of spokes 41. The center flange 72 is positioned so that

the spokes 4 1 extend radially along the center 75 of the rim 10 when viewed in cross-section

(as illustrated in MG. 6).

While this invention has been particularly shown and described with references to

prefeircd embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims.



WHAT IS Cl IMED IS:

1. Λ dm, comprising:

a) a plurality of plys of unidirectional material with at least two plys forming a crossing

angle with respect to one another;

b) a closed cavity bounded by a tire support, a first rim side wall, a second rim side wall,

and a spoke support;

c) an open cavity located on an opposing side of the tire support and provided with a

tire-accommodating surface that includes a first ridge, a second ridge; and

d) each of the ridges is shaped to seat a bead of a tire and are located axially within two

upstanding walls.

2 . A rim according to claim 1, wherein the rim is formed to include a plurality o f spokes,

each of which is provided with an ovoid cross-sectional shape.

3 . A rim according to claim 1, wherein the rim is formed of one piece.

4 . A rim according to claim 1, wherein the rim is provided with a plurality o f ϊips located on

the outer surface of the rim before the outer surface extends around the spoke support.

5 . A rim according to claim 1, wherein the rim is provided with a sharply angled annulus

that measures less than 15 degrees.

6. A rim according to claim 1 further comprising a hub that includes a first flange, a

second flange, and a third flange wherein each of the flanges is configured to attach

spokes thereto and at least one of the flanges is located within a plane that extends

through the center of the rim.

7 . Λ wheel comprising:

a) a rim that includes a plurality o f plys of unidirectional material with at least two plys

forming a crossing angle with respect to one another;

b) a plurality of spokes;

c) a hub provided with a hub shell that includes a first flange, a second flange, and a

third flange, wherein at least one o f the flanges is located so that the spoke extends

through the center o f the rim.

8 . A rim according to claim 7, wherein the rim is formed to include a plurality o f spokes,

each of which is provided with an ovoid cross-sectional shape.

9. A rim according to claim 7, wherein the rim is formed of one piece.



10. Λ rim according to claim 7, wherein the rim is provided with a plurality of lips located on

the outer surface o f the rim before the outer surface extends around the spoke support.

11. A rim according to claim 7, wherein the rim is provided with a sharply angled annulus

that measures less than 15 degrees.

12. A rim, comprising:

a) a plurality o f plys of unidirectional material with at least two piys forming a crossing

angle with respect to one another;

b) a closed cavity bounded by a tire support, a first rim side wall, a second rim side wall,

and a spoke support;

c) an open cavity located on an opposing side of the tire support and provided with a

tire-accommodating surface that includes a first ridge, a second ridge;

d) each o f the ridges is shaped to seat a bead of a tire and are located axially within two

upstanding walls;

c) a plurality of spokes; and

f) a hub provided with a hub shell that includes a first flange, a second flange, and a

third flange, wherein at least one o f the flanges is located so that the spoke extends

through the center o f the rim..

13. A rim according to claim 12, wherein the rim is formed to include a plurality of spokes,

each of which is provided with an ovoid cross-sectional shape.

14. A rim according to claim 12, wherein the rim is formed of one piece.

15. Λ rim according to claim 12, wherein ihc rim is provided with a plurality of ϊips located

on the outer surface o f the rim before the outer surface extends around the spoke

support.

16. A rim according to claim 12, wherein the rim is provided with a sharply angled annulus

that measures less than 15 degrees.
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