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1
COMPOSITE BICYCLE FRAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissie.

BACKGROUND

1. Field of the Invention

The present invention relates generally to bicycle frames,
and more particularly 1o bicycle frames of composite mate-
rials formed without lugs.

2. Description of the Prior Art

Traditionally, bicycle frames have been composed of
metal tubes, such as steel, welded into lugs at the tube joints.
Non-metal matenals for construction of various portions of
bicycle frames have also been utilized. A number of manu-
facturers offer bicycle frames whose tubes are made of
woven carbon fiber for example. The benefits of using such
a material in place of steel 1s its greater strength-to-weight
ratio than steel. The difficulty arises, however, with the
bonding of one tube of such material to another.

Most manufacturers have bonded carbon fiber tubing to
cast and machined aluminum alloy connections to form tube
joints. The problems associated with bonding carbon fiber to
aluminum stem from the fact that the two different materials
have extremely different structural properties. The draw-
backs of bonding two dissimilar materials such as carbon
fiber and aluminum for structural applications include:

1) The coefficients of thermal expansion of the two
materials are substantially different. This can result in stress
and/or strain being applied at the bonding surfaces which
can weaken the bond and lead to joint failure.

2) The modulus of elasticity of aluminum 1s substantially
lower than that of most composite materials, including
commonly used carbon fiber materials. This, means that
relatively large, bulky connectors, or lugs, are required to
provide the needed strength—at the cost of adding weight to
the frame. This also means that the stiffness of the frame is
discontinuous at the connections.

3) Aluminum readily corrodes when joined with carbon
fiber due to the substantial difference in the galvanic corro-
sion potentials of the two materials.

4) Hinally, the different fatigue characteristics of the two
materials 1increases the potential for failure to occur at the
connections.

Stmply stated, these bonded frames have failed to opti-
mize the structural benefits of the composite matenals.

Attempts have been made to create bicycle frames with
plastic tubes and injection molded connections. These con-
nections are not suitable for a lightweight racing bicycle
frame because there is no injection molded material which
matches the stiffness and strength of steel or composite tubes
required to withstand the rigorous abuse of racing condi-
tions.

Monoloque frames exist which approach the optimal
design for a composite bicycle frame. These frames are
cssentially one-piece molded structures. By “one-piece” it is
meant that the frame 1s molded as a single complete unit.
The primary drawbacks of this type of frame is the expense
and complexity of tooling (including making the molds and
related equipment, etc.), and the relative labor intensiveness
of manufacture. A different mold 1s required for each size of
frame. Pressure 1s required inside the tubes to expand the
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tubes such that they compress against the mold cavities. This
pressure 1s usually applied by way of expandable rubber
mandrels or bladders which involve additional expense and
complexity. Pressure can also be applied by co-curing the
composite with an internal foam core. The cure must be
performed at elevated temperatures which cause the foam to
expand and compress the composite material. The foam
remains inside the tube as a permanent part of the structure.
It is difficult, however, for the foam to apply sufficient
pressure, with the result that the cured composite tube may
contain voids (air pockets) which could result in premature
delamination (separation) of the plies of composite material.
For these reasons, bicycle frames manufactured by this
process arc generally more expensive and harder to produce
in vanied sizes and geometries than traditionally manufac-
tured frames.

Finally, a steel frames have been manufactured in “lug-
less” design, also referred to as fillet-brazed frames, for
some time. As well, gussets have been incorporated into
bicycle frame design in the past. However, in each case,
welding or soldering is the exclusive method used for
joining tubes or gussets, and that method is clearly not
employable when composite tubes are used.

SUMMARY OF THE INVENTION

The present invention provides a bicycle frame and
method of manufacturing the same which overcomes the
drawbacks enumerated above, as well as others, found 1n the
prior art. This i1s accomplished by providing a lugless frame
construction wherein individual frame tubes are joined
together by epoxy-impregnated carbon fiber fabric. Gussets
are integrally and simultaneously formed with the joining of
the tubes. In this way a strong, lightweight joint is provided
without the disadvantages associated with bonding carbon
fiber tubes to aluminum connections.

In the method of the present invention, the structural
members forming the frame are carbon fiber tubes having
their fibers oriented in the appropriate direction for each
frame tube. The tubes are cut to the appropniate lengths, and
mitered to form proper mating between them. Static pressure
molds are then positioned for the selected size and geometry
of the frame. Epoxy impregnated continuous carbon fiber
fabric is than laid into the molds, and the frame tubes laid
above the fabric. Additional fabric is than laid above the
frame tubes. Preferably this fabric is continuous with the
fabric laid below the tubes. The fabric and tube “sandwich”
1s then compressed in the static pressure molds, at the joints,
to form hardened all-carbon fiber joints.

Gaps are provided between the mold sections to allow
carbon fiber fabric {0 extend out from the joint during
formation. This i1s generally referred 10 as “flash” and is
trimmed off in most applications. However, the flash formed
in the method of the present invention is trimmed appropri-
ately to form gussets. These gussets are, therefore, integral
with the joint, and formed simultaneously therewith. In this
way, a lugless joint is formed, having continuous fibers and
gussets for strength, and carbon-to-carbon lamination for
optimal joint characteristics, which i1s of minimal weight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a bicycle frame built according to the
present invention,;

FIG. 2 shows in a perspective view an assembled head
tube mold used in the method of the present invention,;
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FIGS. 3A, 3B, 3C, and 3D show various steps in the
process of forming head tube connections according to the
present invention;

FIG. 4 shows in cross-sectional view a head tube con-
nection according to the present mnvention,

FIGS. SA, 5B, and 5C show various steps and the result
of the process of forming a bottom bracket connection
according to the present tnvention; and

FIGS. 6A, 6B, and 6C show the steps and result of the
process of forming the seat tube connection according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a bicycle frame 10 built according to the
present invention. The frame consists of a head tube 12, a
seat tube 14, a top tube 16, a bottom bracket shell 18, down
tube 20, two chain stays 22a, 22b, two rear drop-outs 244,
24b, and two seat stays 26a, 26b. The frame consists further
of continuous fiber composite fabric material as discussed
further below. Each of the components except the rear
drop-outs 24a, 24b will generally be referred to as “tubes™
although, as stated below, the components may be of other
shapes than tubular.

As shown in FIG. 1, the head tube 12 is connected to the
top tube 16 and down tube 20, the seat tube 14 is connected
to the top tube 16 and bottom bracket shell 18, the down tube
20 connected also to the bottom bracket shell 18, each of the
chain stays 22a, 22b connected to the bottom bracket shell
18 and one of the rear drop-outs 24a, 24b, and each of the
seat stays connected to the seat tube 14 and one of the rear
drop-outs 24a, 24b. This is essentially the arrangement of a
of a traditional bicycle frame. It will be appreciated that
fewer or greater numbers of tubes and different tube con-
nections are possible, where appropriate, and such alternate
arrangements are not excluded by any aspect of the present
invention.

Optionally, a brake bridge 28 may connect the seat stays
284, 28b between the points where the seat stays 28a, 28b
connect to the seat tube 14 and where they connect to the
rear drop-outs 24a, 24b. Similarly, an optional chain stay
bridge 30 may connect the stays 22a, 22b between the points
where the chain stays 22a, 22b connect to the bottom bracket
shell 18 and where they connect to the rear drop-outs 24a,

24b.

Generally, each of the tubes of frame 10 will be a
longitudinal member having an annular cross-sectional
shape. In appropriate circumstances, however, the tubes may
be solid and/or of oval tear-drop or other selected cross-
sectional shape, with the exception that certain of the
components, such as head tube 12 and bottom bracket shell
18, must always have cylindrical void extending their inter-
nal length to receive rotating members.

Each of the tubes will generally be manufactured of a
carbon-fiber composite material impregnated with a ther-
mosetiing epoxy, resin or other hardening agent. Other fiber
materials may be used such as fiberglass, Kevlar aramid,
boron, or a polyethylene fiber (such as Spectra'™) etc. These
other fiber materials may also be used in the material used
to form the joints. In addition, the various matenals may be
used in combination with one another. The fibers 1n the
tubes, and the material used to form the joints, may be
uni-directional tape, woven fabric, braided, or any other
process known in the art to align continuous fibers for
structural purposes. Further, non-composite materials such
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as aluminum alloy, titanium, steel, etc. may be used for any
of the tubes. In certain applications, the tubes need not be all
of a uniform material-they may be selected according to
strength, weight and other considerations, as discussed fur-
ther below.

Assembly of frame 10 follows the following general
steps. The preparation of the tubes begins by cutting them
from stock to a length which is slightly longer than their final
tength. The ends of the tubes are mitered 1n such a way that
the end of one tube is in relatively complete engagement
with the outer surface of the tube to which it is to be joined.
In addition, the tubes are mitered sufhiciently to ensure that
cach tube is the exact length required. Finally, the ends of the
tubes are cleaned and sanded in preparation for joining.

The apparatus for forming tube joints of a completed
bicycle frame include three sets of static pressure molds. The
three molds required are: (1) the head tube mold (for joining
the top tube, down tube and head tube); (2) the seat tube
mold (for joining the top tube, seat tube and two seal stays),;
and (3) the bottom bracket mold (for joining the bottom
bracket shell, down tube, seat tube and two chain stays). The
molds consist of a number of sections. The molds open such
that the sections separate to reveal the cavities therein. The
sections may be provided with alignment pins to assure
proper alignment of the mold sections. The sections may be:
clamped together, or bolted or otherwise secured together.
The top tube mold consists of two such sections, the seat
tube mold of three sections, and the bottom bracket mold
consists of four sections. FIG. 2 shows an example of an

assembled head tube mold 100, in perspective, consisting of
a bottom half 100a and a top half 100b.

Also required for formation of a complete frame are a
table (not shown) on which the molds are aligned and
secured, and a jig (not shown) attach the rear drop-outs to the
approprate tubes. The molds may be of any suitable mate-
rial, although those made of metal are preferred since only
traditional machining techmiques such as milling and pol-
ishing are required. The molds may be either fixedly or
removably secured to the table, although removably secured
molds are preferred to allow the table to be used for a variety
of frame sizes and geometries.

FIGS. 3A through 3D show a number of steps in the
process of forming a bicycle frame according to the present
invention. FIG. 3A shows the bottom half 100a of head tube
mold 100. As stated, mold 100 will have a number of
cavities 102 and 103 for receiving tube sections. In their
simplest form, the mold cavities 102 are conic sections.
Mold cavity 103 is a cylinder. The largest diameter of the
mold cavities 102 is at the end thereof where one tube joins
to another tube.

The cavities of the mold 100 may first be treated with a
mold release material of appropniaie type known in the art.
As shown in FI1G. 3B, piles of continuous carbon-fiber fabric
104 are cut to shape such that when laid in the mold a
predetermined amouni of overhang extends beyond the
cavities. The plies are laid up to a predetlermined thickness
over bottom half 100a of mold 100. The orientation of the
fibers may be arranged such as 1o control the characieristics
of the resulting joint, as described further below. The plics
arc impregnated with an uncured (“wet”) epoxy, either
before or after laying up the matenal in the mold. Alterna-
tively, “prepreg” (material pre-impregnated with resin) may
be used.

The tubes (such as head tube 12, top tube 16 and down
tube 20) are then placed over their appropriate cavities such
that the mitered ends and appropnate tube sections are laid
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upon the fiber fabric 104. This is shown in FIG. 3C. A
portion of the uncured fiber fabric 104 is then laid over the
tubes such that the tube joints are in essence pinched
between the over lapping fiber fabric, thereby establishing
laminated contact between the fiber fabric and the tubes.

This is shown in FIG. 3D.

Finally, the upper half 100b of mold 100 is placed over the
tube and fabric sandwich. The mold sections are then
clamped together. All pressure is applied through securing of
the molds, hence the term “static pressure molds”. No other
pressure source such as rubber bladder or mandrels are
required. Heat can be applied to the molds to help the epoxy
cure at a faster rate. The result is fabric material pressure-
laminated to the tubes to form a complete and structural
integral joint. FIG. 4 shows a cross section of the head tube
12 and its connection to the top tube 16 and the down tube

20.

The excess composite material squeezed between the
mold sections would normally be considered “flash.” The
present invention utilizes this “flash™ by trimming it into
reinforcing integral gussets. The flash is trimmed and shaped
to form gussets 106, 108, and 110 which are integrally
formed with the associated structural joints. FIG. SA thews
a set of bottom bracket mold sections 112, 114, 116 and 118.
Again, mold release is preferably applied to ease separation
of the sections once the joint is formed, Carbon fiber fabric
impregnated with uncured epoxy 119 is laid onto the appro-
priate surface of the room sections. The bottom bracket shell
18 is fixed in the appropriate position. Next the mitered ends
of the down tube 20, seat tube 14, and chain stays 22a and
22b are positioned against the bottom bracket shell 18. The
mold parts are moved into position and secured together as
shown in FIG. 5B. Once the epoxy has cured, the mold
sections are removed and the gussets 9 which extend in a
direction [transverse] plane 1o the direction which the plane
of the frame (established by, for example, the iongitudinal
axes of tubes 12, 14, 16 and 20) extends, are trimmed. The
resulting joint 18 shown 1n FIG. 5C.

FIG. 6A shows the mitered ends of the top tube 16, and
of the seat stays 26a and 26b positioned against the top (seat)
end region of seat tube 14. Carbon fiber fabric impregnated
with uncured epoxy 123 is laid on the appropriate surfaces
of the seat tube mold sections 120a, 120b, 120c. FIG. 6B
shows the mold sections 120a, 120b, 120¢ in their secured
position. FIG. 6C shows the resulting connection, after the
removal of the mold sections and the trimming of the gussets

11.

A feature of the present invention is the ability to aiter the
stiffness of the frame, allowing it to be tailored for the
different riding charactenstics necessary for various types of
riding such as racing and touring. This is done by altering the
“lay-up” (e.g., the orientation of the carbon fiber in the tubes
and/or joints) prior to or during the frame building process.
This tailoring has no affect on the tooling, mitering or
molding processes described above.

In addition, it is possible to slightly alter the ride char-
acleristics (e.g., stiflness) of the frame after it has been
produced, by varying the amount of irimming, performed on
the gussets. It 1s also possible to “fine-tune” the ride char-
acteristics of an assembiled bicycle in the same manner.

Ride and structural charactenstics may further be con-
trolled by the introduction of non-fiber tubes, such as
titanium, into the frame. The non-fiber tubes may be com-
pletc frame tubes or may be sectional inserts, selectively
altering the ride and strength characteristics as appropriate.
Typically, the non-fiber tubes will be used in locations
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subject to high stress concentrations of local pressure points.
One such location is inside the head tube, which is typically
heavily loaded by the headset bearing cups. Another pos-
sible location is inside the bottom bracket shell which is
typically heavily loaded by the bottom bracket bearing cups

or sealed bearings.

A further feature of the present invention is the ability to
build several different sizes of frames from a single set of
molds. This is done by simply changing the lengths of the
tubes and repositioning the molds on the tables. It is antici-
pated that holes will exist in the table, allowing the molds to
be quickly and simply bolted down in pre-determined posi-
tions which ensure proper alignment. One mold table and a
few sets of molds can be used to produce a wide variety of
frame sizes.

To those skilled in the art to which this invention relates,
may changes in construction and application and widely
differing embodiments and combinations of the present
invention will suggest themselves without departing from its
spirit and scope. The disclosures and descriptions herein are
merely illustrative and are not to be considered limiting in

any sense.
What 15 claimed 1s:
1. A bicycle frame, compnsing:

a head tube:
a seat tube:

a top tube extending between said head tube and said seat
tube;

a bottom bracket shell disposed at a first longitudinal end
of said seat tube;

a down tube extending between said head tube and said
bottom bracket shell,;

two chain stays extending from said bottom bracket shell
in a direction away from said down tube;

two rear drop-outs, each said drop-out disposed 1n joining
relationship to one of said chain stays at a first longi-
tudinal end thereof farthest from said bottom bracket
shell;

two seat stays, each said seat stay extending from a
second longitudinal end region of said seat tube oppo-
site said first longitudinal end to one of said rear
drop-outs; and

continuous fiber composite material with hardemng
agents impregnated therein, substantially surrounding,
and in laminated contact with, the junclion between:
(a) said head tube and said top tube,
(b) said head tube and said down tube,
(c) said seat tube and said top tube,
(d) each said chain stay and each said rear drop-out,
(e) each said seat stay and said seat tube, and
(£) each said seat stay and each said rear drop-oul,

thereby forming a structural joint connecting said tubes at
each said junction, a structural joint connecting said
seat stays and said rear drop-outs, and a structural joint
connecting said chain stays and said rear drop-outs, and

integrated structural joints and gussets of continuous fiber

composite material with hardening agents impregnated

therein wrapped in laminated contact with, and con-

necting:

(a) said seat tube and said bottom bracket shell,

(b) said down tube and said bottom bracket shell, and

(c) each said chain stay and said bottom bracket shell,
such that at least one of said gussets extends 1n a
plane whose direction is transverse to the direction of
a plane in which the longitudinal axes of at least the
head tube, seat tube, top tube, and down tube lic.
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2. A bicycle frame, comprising:
a continuous fiber composite material head tube;
a continuous fiber composite material seat tube;

a continuous fiber composite material top tube extending
between said continuous fiber composite material head
tube and said continuous fiber composite material seat
tube;

a bottom bracket shell disposed at a first longitudinal end
of said continuous fiber composite material seat tube;

a continuous fiber composite material down tube extend-
ing between said continuous fiber composite maierial
head tube and said bottom bracket shell;

two continuous fiber composite material chain stays
extending from said bottom bracket shell in a direction
away from said continuous hiber composiie material
down tube;

two rear drop-outs, each sad drop-out disposed in joining
relationship to one of sad continuous fiber composite
matenal chain stays at a first longitudinal end thereof
farthest from said bottom bracket shell;

two continuous fiber composite material secat stays, each
said seat stay extending from a second longitudinal end
region of said continuous fiber composite material seat
tube opposite said first longitudinal end to one of said
rear drop-outs; and

continuous fiber composite matenal with hardening
agents impregnated therein, substantially surrounding,
and in laminated contact with, the junction between:

(a) said continuous fiber composite material head tube
and said continuous fiber composite material top
tube,

(b) said continuous fiber composite material head tube
and said continuous fiber composite material down
tube,

(c) said continuous fiber composite material seat tube
and said continuous fiber composite material top
tube,

(d) each said continuous fiber composite material chain
stay and one rear drop-out,

(e) each said continuous fiber composite material seat
stay and said continuous fiber composite matenal
seat tube, and

() each said conttnuous fiber composite material seat
stay and one rear drop-out,

thereby forming a structural joint connecting said tubes at
cach said junction, a structural joint connecting said
seat stays and said rear drop-outs, and a structural joint
connecting said chain stays and satd rear drop-outs, and

integrated structural joints and gussets of continuous fiber

composite material with hardening agents impregnated

therein wrapped in laminated contact with, and con-

necting:

(a) said continuous fiber composite material seat tube
and said bottom bracket shell,

(b) said continuous fiber composite material down tube
and said bottom bracket shell, and

(c) each said continuous fiber composite material chain

stay and said bottom bracket shell,

such that al least one of said gussels extends in a plane
whose direction 1s transverse to the direction of a plane
in which the longitudinal axes of at least the head tube,
scat tube, top tube, and down tube lie.

3. A bicycle frame, comprising:

a continuous fiber compostie material head tube;
a continuous fiber compositic matenial seat tube;

3

10

15

20

25

30

35

45

50

55

60

65

8

a continuous fiber composite matenial top tube extending
between said continuous fiber composite material head
tube and said continuous fiber composite material seat
tube;

a bottom bracket shell disposed at a first longitudinal end
of said continuous fiber composite maierial seat tube;

a continuous fiber composite material down tube extend-
ing between said continuous fiber composite material
head tube and said bottom bracket shell:

two continuous fiber composite material chain stays
extending from said bottom bracket shell in a direction
away from said continuous fiber composite material
down tube;

two rear drop-outs, each sad drop-out disposed in joining
relationship to one of said continuous fiber composite
material chain stays at a first longitudinal end thereof
farthest from said bottom bracket shell;

two continuous fiber composite material seat stays, each
said seat stay extending from a second longitudinal end
region of said continuous fiber composite material seat
tube opposite said first longitudinal end to one of said
rear drop-outs; and

integrated structural joints and gussets of continuous fiber
composite material with hardening agents impregnated
therein, wrapped in laminated contact with and con-
necting:

(a) said continuous fiber composite material head tube
and said continuous fiber composite material top
tube,

(b) said continuous fiber composite material head tube
and said continuous fiber composite material down
tube,

(c) said continuous fiber composite material seat tube
and said continuous fiber composite material top
tube,

(d) each said continuous fiber composite material seat
stay and said continuous fiber composite material

seat tube; and

integrated structural joints and gussets of continuous fiber

composite material hardening agents impregnated

therein wrapped in laminated contact with, and con-

necting:

(a) said continuous fiber composite material seat tube
and said bottom bracket shell,

(b) said continuous fiber composite material down tube
and said bottom bracket shell, and

(c) each said continuous fiber composite material chain
stay and said bottom bracket shell,

such that at least one of said gussets extends in a plane
whose direction is transverse to the direction of a plane
in which the longitudinal axes of at least the head tube,
secat tube, top tube, and down tube lie; and

a structural joint of continuous fiber composite material
with hardening agents impregnated therein, wrapped in
laminated contact with, and connecting:

(a) each said continuous fiber composite material chain
stay and one rear drop-out, and

(b) each said continuous fiber composite malterial scal
stay and one rear drop-out,

4. The bicycle frame according to claim 3, further com-
prising a metal tube core located inside said continuous fiber
composite material head tube, thereby proving additional
structural integrity of said head tube.,

5. The bicycie frame according to claim 4, wherein said
metal 1s titanium,

6. The bicycle frame according to claim 3, wherein said
rear drop-outs arc metal.
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7. The bicycle frame according to claim 6, wherein said tubes and said bottom bracket shell to form at least one
metal is titanium. integrated structural joint, gusset, and chain stay
8. A bicycle frame of the type including a plurality of tubes bridge at least in part between said tubes and said
of the type which are joined to a botiom bracket shell, the bottom bracke! shell, said at least one integrated struc-
tubes having longitudinal axes, and the frame extending in 5 tural joint, gusset, and chain stay bridge extending in
a plane defined by the longitudinal axes of the tubes, a plane transverse to the plane of the frame.
cComprising. 12. The bicycle frame of claim 11, wherein said bottom
continuous fiber composite material with hardening bracket shell is comprised at least in part of continuous fiber
agents impregnated therein, substantially surrounding, composite material, and further comprising a metal tube
and in laminated contact with, a junction between said % ... located inside said bottom bracket shell
tubes and said bottom bracket shell to form at least one 13. A structural joint for a bicycle frame of the type
integrated structural joint and gusset between said securing together a plurality of tube sections, the tube

tubes and said botiom bracket shell, said at least one
gusset extending in a plane transverse to the plane of

the frame. 15
9. The bicycle frame of claim 8, wherein said bottom
bracket shell is comprised at least in part of continuous fiber

sections having longitudinal axes, and the frame extending
in a plane defined by the longitudinal axes of the tube
sections, comprising:

continuous fiber composite material with hardening

composite material, and further comprising a metal tube agents impregnated therein, substantially surrounding,
core located inside said bottom bracket shell. and in laminated contact with, a junction between said
10. The bicycle frame of claim 8, wherein said inte gmted 20 tube sections to form at least one integrated structural
structural joint and gusset further comprises an integrated joint and gusset between said tube sections, said al
chain stay bridge. least one gusset extending principally in a plane trans-
11. A bicycle frame of the type including a plurality of verse to the plane of the frame.
tubes of the type which are joined to a botiom bracket shell, 14. The structural joint of claim 13, wherein at least one
the tubes having longitudinal axes, and the frame extending 2 of said tube sections is formed principally of continuous
in a p?ane defined by the longitudinal axes of the tubes, fiber composite material having hardening agents impreg-
comprising: nated therein, and further comprising a metal tube core
continuous fiber composite material with hardening located inside said at least one tube section.

agents impregnated therein, substantially surrounding,
and in laminated contact with, a junction between said * ok ok k%
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