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ABSTRACT

Bicycle frame formed by a half-shell (1) made of a thermo-
plastic material. The half-shell (1) is fibre-reinforced at least
in regions, and includes a cover element (2), which is, at least
in regions, connected to the half-shell and preferably closes
the half shell.
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BICYCLE FRAME, BICYCLE AND METHOD
FOR PRODUCING A BICYCLE FRAME

[0001] The invention relates to a bicycle frame and a
method for manufacturing a bicycle frame.

[0002] It is known to manufacture bicycle frames from
metal or from duroplastic, fiber-reinforced material by way of
a wrapping process or from a multiplicity of individual tubu-
lar sections involving complex manual labor.

[0003] DE 38 04 342 02 discloses a bicycle frame and an
associated front-wheel fork, both made from high-pressure
die-cast light metals or high-pressure diets cast thermoplas-
tics.

[0004] DE 196 40 955 A1 discloses a method for manufac-
turing a hollow-body profile for bicycle frames, the hollow-
body profile being configured as a composite body con-
structed using a plurality of shell-shaped elements. Likewise,
DE 692 130 07 T discloses a manufacturing method for
bicycle frames made from a polymer material, U.S. Pat. No.
6,340,509 B1 describes a composite bicycle frame containing
reinforcement fibers.

[0005] Moreover, there have been some attempts in the past
to produce bicycle frames entirely from thermoplastic mate-
rial by way of a plastics injection-molding process. While
corresponding cycle times here undercut those of a duroplas-
tic bicycle frame by orders of magnitude, however, on
account of the modest maximum wall thicknesses (a few
centimeters or millimeters) which can be achieved in the
plastics injection-molding process, the mechanical properties
of such bicycle frames are insufficient.

[0006] The invention, therefore, has set itself the object of
providing a bicycle frame which, as compared with the prior
art, offers economical manufacturing and improved mechani-
cal properties.

[0007] According to the invention, this object is achieved
by abicycle frame formed by at least one half-shell consisting
of a thermoplastic material, which is fiber-reinforced at least
in regions, and by a cover element, which is, in regions,
connected to the half-shell and preferably closes said half-
shell. A half-shell can be manufactured in a simple and cost-
effective manner by way of a pressing process, a thermoform-
ing process (deep-drawing process under increased
temperature) or by integrated forming in an injection-mold-
ing die by employing a thermoplastic material at short cycle
times, as compared with duroplastic materials.

[0008] The cover element is preferably configured at least
substantially in a mirror-imaged manner to the half-shell.
Slight deviations in the mirror image emerge in particular
with respect to differences in the fastening of additional ele-
ments; components of the brake system, for example, may
possibly only have to be routed on one side of the bicycle
frame, i.e. either on the side of the cover element or on the side
of the half-shell, such that, in an exemplary manner, on
account of this the afore-described deviations in relation to a
mirror-imaged arrangement emerge.

[0009] The half-shell and the cover element are preferably
connected to one another by overlapping and/or mutually
closely fitting joining portions. The joining portions here are
preferably configured as planar faces in the peripheral regions
of the half-shell or of the cover element.

[0010] At least one heating element, which can be supplied
with electrical power, may be arranged in the region of the
joining portions, the heating element being formed preferably
by at least one metal conductor or by at least one carbon fiber.
In the case of a corresponding electrical power supply, the at
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least one heating element which can be supplied with electri-
cal power provides the energy required for producing the
connection, said energy being advantageously released only
locally in the region of the joining portions, such that the
adjoining region of the half-shell and/or of the cover element
is not exposed to any, or only to low, thermal load. The supply
ofelectrical power here may take place by directly applying a
voltage or indirectly by way of induction by means of an
alternating field. A further advantage is derived when a metal
conductor (such as, for example, a resistance wire) is
employed, since the latter can be further used as a signal
conductor and/or electrical conductor after the half-shell and
the cover element have been connected to one another. Fur-
thermore, employing a carbon fiber offers the advantage of
increasing the strength of the connection region of the joining
portions.

[0011] Theheating element may be arranged on the joining
portion, for example, by means of a form-fitting and/or a
force-fitting connection. The heating element is preferably
accommodated within the joining portion, for example, in
that the heating element is molded on or overmolded in a
plastics injection-molding process during manufacturing of
the corresponding joining portion. This ensures that the heat-
ing element is always in the correct position in relation to the
joining portions.

[0012] The half-shell and the cover element are preferably
connected to one another by means of an adhesive layer
and/or a welded connection and/or a screw connection and/or
ariveted connection and/or a clinch connection. In particular
the combination of an adhesive layer and of a punctiform
connection (e.g. spot-welded connection, screw connection,
riveted connection or clinch connection) enable, on the one
hand, immediate bonding between the cover element and the
half-shell on account of the punctiform connection and, on
the other hand, a laminar connection by way of an adhesive
layer, which is therefore significantly more tolerant in par-
ticular with respect to an oscillating load. On account of the
thermoplastic material from which the half-shell and prefer-
ably also the cover element are formed, a multiplicity of
welding processes may be advantageously employed in com-
parison to bicycle frames made from a duroplastic material. A
friction welding process or a laser welding process is particu-
larly suited to connecting the half-shell and the cover ele-
ment. Alternative welding processes may include induction
welding, infrared welding, resistance welding, vibration
welding or heat-element welding. An additional material,
preferably likewise a fiber-reinforced thermoplastic material,
may preferably be added in the case of all aforementioned
welding processes. A tape-shaped additional material, i.e. a
tape, consisting of a continuous-fiber-reinforced thermoplas-
tic material, is in particular suited as an additional material. A
corresponding tape-shaped additional material is, however,
also suited to an adhesive connection of the half-shell and the
cover element and may be arranged as reinforcement in the
region of the joining portions and/or be adhesively bonded
together with the joining portions.

[0013] The half-shell and/or the cover element may have at
least one U-shaped cross section having, adjacent thereto,
joining portions. Here, a V-shaped cross section is considered
to be a sharply tapered U-shaped cross section. Such cross-
sectional geometries can be produced in a particularly simple
and cost-effective manner by means of forming processes
and/or primary shaping processes known to a person skilled
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in the art and, moreover, have a homogenous tension profile in
the bicycle frame according to the invention.

[0014] The half-shell and/or the cover element preferably
have/has at least two U-shaped, cross sections which are
coupled to one another via at least one joining portion which
is preferably arranged between the U-shaped cross sections.
The joining portion between the at least two U-shaped cross
sections, on the one hand, potentially increases the available
joining area and, on the other hand, increases the stiffness of
the bicycle frame according to the invention. Connection of
the joining portion between the at least two U-shaped cross
sections takes place in an analogous manner to the afore-
described possibilities by means of an adhesive layer and/or a
welded connection and/or a screw connection and/or a riveted
connection and/or a clinch connection.

[0015] Inorder to further lower the production costs for the
bicycle frame according to the invention, it may be advanta-
geously provided that the half-shell and/or the cover element
have/has at least one function-integrating element which is
formed thereon, in particular in a plastics injection-molding
process. The function-integrating element may be configured
as a stiffening rib or as a, preferably metallic, insert or as a
retaining element or as a protection element or as a current-
conducting element or as a spray-guard element or as a stor-
age-space element or as a lighting-accommodating element
or as a connecting element or as a media duct or as an impact-
protection element or as a screw-element receptacle (screw
dome). In a particularly advantageous manner, the further
components required for the completion of a bicycle, such as,
for example, wheel drop-outs or bottom brackets or steering-
tube receptacles, can be integrated already during manufac-
ture of the bicycle frame, such that additional joining and/or
assembly operations can be dispensed with here. On account
of the thermoplastic material of the half-shell and/or of the
cover element, the function-integrating element, if appli-
cable, can be formed thereon by means of a plastics injection-
molding process. An impact-protection element, in particular,
can be molded on in a plastics injection-molding process
using a plastic material (using an adhesion promoter, if appli-
cable) which is softer in relation to the thermoplastic material
of the cover element and/or to the thermoplastic material of
the half-shell. The impact-protection element advantageously
protects the surface structure and the integrity of the bicycle
frame.

[0016] The half-shell and the cover element jointly prefer-
ably enclose a cavity. At least one electric conductor and/or at
least one control line and/or at least one media line and/or at
least one motion transmission organ and/or at least one
energy store is/are preferably arranged within the cavity. On
account of the construction according to the invention of the
bicycle frame having at least one half-shell, the cavity which
is jointly enclosed by the half-shell and the cover element can
be utilized for routing and protecting the aforementioned
elements. The aforementioned elements are advantageously
protected in particular against the effects of weather and
contamination.

[0017] At least one of the aforementioned joining portions
may, at least in portions, be covered by a concealing element
which is formed thereon, in particular in a plastics injection-
molding process. The concealing element here serves a
double purpose in that it, on the one hand, insulates or protects
the joining portions—and thus a part of or the entire joining
zone—against the effects of weather and, on the other hand,
covers and thus conceals the esthetically potentially negative
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impact of said joining portions. On account of the employ-
ment of a thermoplastic material for the half-shell and pref-
erably also the cover element, the concealing element can be
formed thereon particularly by means of a plastics injection-
molding process. The concealing element may also serve for
connecting the joining portions. The joining portions then
preferably have mutually congruent moldings in the material
(e.g. holes or projecting regions) which, for the formation of
undercuts, are hot-run injection-molded, purge-molded or
overmolded by the plastic material which forms the conceal-
ing element.

[0018] The half-shell and/or the cover element may in each
case have zones with a fiber reinforcement which is devel-
oped to a varying degree, such that the resilience of the zones
is adapted to the stress which is to be expected there. In zones
where stress is expected to be high, such as e.g. in the region
of the bottom bracket, of the steering tube or of the upper or
lower tube of a bicycle frame, a denser and/or more resilient
fiber reinforcement of the thermoplastic material and/or a
fiber reinforcement having a higher fiber volume content in
the thermoplastic material may be provided.

[0019] The half-shell and/or the cover element are/is pref-
erably formed from a fiber-reinforced thermoplastic organo-
metallic sheet by a forming process. The fiber-reinforced
thermoplastic material of the half-shell and/or of the cover
element may be formed from a fiber-reinforced thermoplastic
organometallic sheet by a forming process. An organometal-
lic sheet is a plate-shaped or tape-shaped thermoplastic semi-
finished product (prepreg) containing reinforcement fibers,
which, in an analogous manner to a sheet metal, can be
subjected to subsequent forming steps. In the aforementioned
cases in which one of the aforementioned joining portions is
atleast in portions concealed by a concealing element formed
thereon in a plastics injection-molding process or in which
the half-shell and/or the cover element have/has at least one
function-integrating element which has been formed thereon
in an injection-molding process, the forming process may
advantageously take place within the injection-molding die
required therefor. Alternatively, the forming process takes
place prior to the introduction of the organometallic sheet,
which has at that point already been formed, into the afore-
mentioned injection-molding die.

[0020] The half-shell and/or the cover element may be
manufactured in a plastics injection-molding process, merely
one or more part region/s of the half-shell and/or of the cover
element being formed by at least one fiber-reinforced ther-
moplastic organometallic sheet which is molded, back-
molded and/or overmolded thereon. In this context, one also
refers to a hybrid construction of the half-shell and/or of the
cover element, having injection-molded regions and having
regions which are formed by at least one fiber-reinforced
thermoplastic organometallic sheet which is preferably
manufactured by means of a forming process. The forming
process advantageously takes place within the actual injec-
tion-molding die. Alternatively, the forming process takes
place prior to the introduction of the organometallic sheet,
which has at that point already been formed, into the afore-
mentioned injection-molding die. The injection-molded
regions may have a short-fiber and/or long-fiber reinforce-
ment. The organometallic sheet or sheets preferably forms/
form the zones with a fiber reinforcement which is developed
to a varying degree, such that the resilience of the zones is
adapted to the stress which is to be expected there. The orga-
nometallic sheet or sheets is/are preferably arranged in the
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region of the bottom bracket, of the steering tube or of the
upper or lower tube of a bicycle frame. The organometallic
sheet may have a denser and/or more resilient fiber reinforce-
ment of the thermoplastic material and/or a fiber reinforce-
ment having a higher fiber volume content in the thermoplas-
tic material of the organometallic sheet as compared with the
injection-molded regions.

[0021] The fiber reinforcement of the thermoplastic mate-
rial or of the thermoplastic organic sheet or of the additional
material may, in regions or entirely, consist of short and/or
long fibers and/or continuous fibers. The continuous fibers
may be oriented unidirectionally or configured as a woven
fabric. The fiber reinforcement of the thermoplastic material
and/or of the thermoplastic organometallic sheet and/or of the
additional material may be formed by glass fibers, carbon
fibers, aramid fibers, basalt fibers, mineral fibers, fibers from
renewable raw materials, metal fibers and/or by polymer
fibers. The organometallic sheet may have a multilayered
construction consisting of at least two layers. Here, a layer
having a glass-fiber reinforcement preferably alternates with
a layer having a carbon-fiber reinforcement. Furthermore
preferably, the layer having a carbon-fiber reinforcement
forms the outer surface (visible face) of the bicycle frame.
[0022] The thermoplastic material and/or the thermoplastic
matrix (the thermoplastic material) of the organometallic
sheet and/or the thermoplastic material of the additional
material may comprise polyamide (PA), in particular polya-
mide 6 or polyamide 6.6, polypropylene (PP), polyethylene
(PE), POM (polyoxymethylene), polyphenylene sulphide
(PPS), polyether ether ketone (PEEK), polyetherimide (PEI),
polyethylene terephthalate (PET), polyphthalamide (PPA),
comparable engineering or high-temperature plastic materi-
als or combinations of the aforementioned plastic materials.
[0023] A method according to the invention for manufac-
turing a bicycle frame according to the invention comprises
the following steps;

[0024] providing at least one half-shell consisting of a
thermoplastic material, which is fiber-reinforced at least
in regions,

[0025] providing a cover element,

[0026] connecting, in regions, the half-shell and the
cover element, preferably to form a closed hollow body.

[0027] The provision of the half-shell and/or of the cover
element may take place preferably by way of at least one
forming step of a fiber-reinforced thermoplastic organome-
tallic sheet.

[0028] The aforementioned method enables a cost-effec-
tive and economical manufacturing of bicycle frames accord-
ing to the invention as described in claims 1 to 18.

[0029] A bicycle frame according to the invention can be
part of a bicycle, an electric bicycle (referred to as an e-bike),
a pedelec, a motor-assisted bicycle or a motorcycle.

[0030] The invention is described in the following with
reference to drawings merely illustrating exemplary embodi-
ments. In the drawings, and in a schematic manner:

[0031] FIG.1shows aspatial illustration of part ofa bicycle
frame according to the invention in section,

[0032] FIGS. 2 and 3 show cross-sectional illustrations of
the bicycle frame according to the invention in the connected
state,

[0033] FIG.4 shows abicycle frame according to the inven-
tion having two cross-sectional geometries which are config-
ured in a U-shape and connected via an additional joining
portion,
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[0034] FIGS. 5 to 7 show further embodiments with half
shells having U-shaped cross sections,

[0035] FIG. 8 shows a further embodiment of a bicycle
frame according to the invention having function-integrating
elements formed thereon, prior to being connected to a half-
shell and a cover element,

[0036] FIG. 9 shows the bicycle frame illustrated in FIG. 8
in the connected state and having concealing elements
formed thereon,

[0037] FIG. 10 shows a three-dimensional illustration of
the inner region of the half-shell of a bicycle frame according
to the invention,

[0038] FIG. 11 shows a schematic illustration of a plan
view of a bicycle frame according to the invention prior to the
half-shell and the cover element being connected,

[0039] FIGS.12a-c show a further embodiment ofa bicycle
frame according to the invention having a heating element
which is arranged in the region of the joining sections,
[0040] FIG. 13 shows a cross-sectional illustration of a
further bicycle frame according to the invention, having heat-
ing elements which are arranged in the region of the joining
portions,

[0041] FIG. 14 shows a plan view of the inner region of a
half-shell of a bicycle frame according to the invention, hav-
ing a fiber-reinforced thermoplastic organometallic sheet
molded, backmolded and/or overmolded thereon,

[0042] FIG. 15 shows a cross-sectional illustration of a
further bicycle frame according to the invention, having heat-
ing elements which are arranged in the region of the joining
portions,

[0043] FIG. 16 shows a three-dimensional partial view of'a
further bicycle frame according to the invention, having heat-
ing elements which are arranged in the region of the joining
portions.

[0044] In, the figures, elements which are the same or have
the same function are provided with the same reference signs.
[0045] FIG.1 shows part ofabicycle frame according to the
invention prior to connecting, in regions, the half-shell 1
consisting of a fiber-reinforced thermoplastic material to a
cover element 2 consisting of a fiber-reinforced thermoplastic
material, the cover element 2 closing the half-shell 1 in the
connected state. The half-shell 1 and the cover element are
formed using a carbon-fiber-reinforced polyamide 6.6. The
half-shell 1 has a U-shaped cross section 5 having, adjacent
thereto, joining portions 3a. The cover element 2 likewise has
a U-shaped cross section 6 having, adjacent thereto, joining
portions 3b. In the connected state, the half-shell 1 and the
cover element 2 are connected to one another by overlapping
and by mutually closely fitting joining portions 3a and 354.
The half-shell 1 has a function-integrating element, formed
thereon in an injection-molding process, in the form of stiff-
ening ribs. The half-shell 1 and the cover element 2 are
formed from a fiber-reinforced thermoplastic organometallic
sheet by a forming process.

[0046] FIGS. 2 and 3 show further embodiments of the
bicycle frame according to the invention, a cross-sectional
illustration being shown here in each case. In FIGS. 2 and 3,
the half-shell 1 is configured to be U-shaped or has a
U-shaped cross section 5, having, adjacent thereto, joining
portions 3a. The cover element 2 likewise has in each case a
U-shaped cross section 6 which has, adjacent thereto, joining
portions 3b. The half-shell 1 and the cover element 2 which is,
in regions, connected to and closes the half-shell 1, are con-
nected to one another via the overlapping and mutually



US 2014/0191492 Al

closely fitting joining portions 3a, 3b. In FIG. 3, the joining
portions 3/ of the cover element 2 are configured such that, in
the connected state of the half-shell 1 and the cover element 2,
a bicycle frame having largely planar outer faces results. The
fiber reinforcement of the thermoplastic material of the half-
shell 1 comprises, in regions or entirely, continuous fibers.
The reinforcement is formed by glass fibers, the thermoplas-
tic material comprising PEEK.

[0047] FIG. 4 shows a further embodiment of a bicycle
frame according to the invention in a cross section, wherein
the half-shell 1 and the cover element 2 have in each case two
U-shaped cross sections 5 and 6 which are coupled to one
another via a joining portion 4a or 4. These joining portions
4a and 45 which are additionally configured to the overlap-
ping and mutually closely fitting joining portions 3a and 36
enlarge the joining face via which the half-shell 1 and the
cover element 2 are, in regions, connected to one another.
[0048] FIGS. 5 and 6 show further embodiments of a
bicycle frame according to the invention in a cross section.
The embodiments have in each case a half-shell 1 having at
least two U-shaped cross sections 5 which are coupled to one
another via a joining portion 4a. In FIG. 5, the cover element
is configured to be substantially two-dimensional. The cover
element 2 in FIG. 6 has only one U-shaped cross section 6
which, via the joining portions 35 adjacent thereto, is con-
nected to the joining portions 3a of the half-shell 1. In the
central region, the joining portion 4a of the half-shell 1 bears
in a two-dimensional manner on the central region of the
cover element 2 and is likewise connected to the latter here.
[0049] FIG. 7 substantially corresponds to the exemplary
embodiment of FIG. 4, the overlapping joining portions 3a
and 3b of the half-shell 1 or of the cover element 2 here
forming a step in the material thickness of the half-shell 1 on
the corresponding outer faces of the bicycle frame. The half-
shell 1 and the cover element 2 enclose a cavity, an electrical
conductor or a control line or a media line or a motion trans-
mission organ (e.g. a Bowden cable) or an energy store being
arranged within the cavity (reference sign 8—symbolically
indicated by a dashed line).

[0050] FIGS. 8 and 9 show in a cross section a further
embodiment of a bicycle frame according to the invention,
prior to and after the half-shell 1 and the cover element 2
having been connected. In the connected state (cf. FIG. 9), the
joining portions 3a and 35 of the half-shell 1 and of the cover
element 2 are concealed by a concealing element 9 which is
formed thereon. The concealing element 9 consists of a plas-
tic material which is of the same type or is at least compatible
with the thermoplastic material of the half-shell 1 and is
molded thereon by means of an injection-molding process.
On account of this, an improved protection of the joining zone
formed by the joining portions 3a and 35 against environmen-
tal influences is achieved, on the one hand, and an improved
esthetic impact of the bicycle frame according to the inven-
tion, on the other. In the region of the joining portions 4a and
4b of the half-shell 1 and of the cover element 2, function-
integrating elements 7 in the form of a media duct 7e (e.g. for
hydraulic fluid), electric conductors 7f and a retaining ele-
ment 7g are formed thereon.

[0051] FIG. 10 shows an interior view of a half-shell 1 of a
bicycle frame according to the invention. The half-shell 1 has
function-integrating elements which are formed thereon in an
injection-molding process and which are in the form of metal-
lic inserts 7a, a storage-space element 75 for accommodating
e.g. an electrical energy store, stiffening ribs 7¢ and connect-
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ing elements 7d to an element which accommodates the seat
(notillustrated in more detail here). The half-shell 1 has zones
with a fiber reinforcement which is developed to a varying
degree, such that the resilience of the zones is adapted to the
stress which is to be expected there. In the zones where stress
is expected to be high, such as e.g. in the region of the bottom
bracket, of the steering tube or of the upper or lower tube of
the bicycle frame, a denser and/or more resilient fiber rein-
forcement of the thermoplastic material is provided.

[0052] FIG. 11 now shows in a schematic manner in a plan
view from above (in relation to the completed bicycle frame)
how a half-shell 1 corresponding to FIG. 10 is connected to a
provided cover element 2 which is configured substantially in
a mirror-imaged manner to the half-shell 1. The connection
here takes place in regions between the half-shell 1 and the
cover element 2 which both form a closed hollow body in the
process. On account of the connection in regions, an open
cover element 2 or an open half-shell 1, between which a rear
wheel can correspondingly be accommodated, is present in
the region of the rear wheel drop out (that is at the end which
is opposite from the steering tube receptacle). It is conceiv-
able to likewise seal off these regions against the effects of
weather by way of further additional cover elements.

[0053] FIG. 12 shows, by way of individual steps and in a
schematic manner, the connection of a half-shell 1 consisting
of a fiber-reinforced thermoplastic material to a cover ele-
ment 2, which closes the former, by two mutually closely
fitting (but not necessarily contacting) joining portions 3a and
3b. The cover element 2 is configured at least substantially in
a mirror-imaged manner to the half-shell 1. The half-shell 1
and the cover element 2 have in each case a U-shaped cross
section 5, 6 (here illustrated only in part) with, adjacent
thereto, the joining portions 3a and 35. The two joining por-
tions 3a and 35 are formed by a reduction in the wall thickness
of the peripheral regions of the half-shell 1 and the cover
element 2. The free space 13 which is created serves for
accommodating a heating element 11 which is arranged in the
region of the joining portions 3a, 35 and which can be sup-
plied with power. The heating element 11 here is formed by a
continuous-fiber-reinforced tape having a thermoplastic
matrix, the fiber reinforcement of said tape comprising a
multiplicity of carbon fibers 115 (cf. FIG. 12a). Subse-
quently, the heating element 11 which is arranged in the
region of the joining portions 3a, 36 is supplied with power,
i.e. an electric current passes through it (cf. FIG. 125). The
heating element which is heated in the process heats up both
the thermoplastic matrix of the continuous-fiber-reinforced
tape and the fiber-reinforced thermoplastic material of the
two joining portions 3a, 3b to their melting temperature or
beyond. The connection zone created is subsequently or
simultaneously pressed using a force F (cf. FIG. 12¢), such
that the free space 13 is substantially completely occupied.
After this welded connection zone has cooled, the continu-
ous-fiber reinforcement of the tape/heating element 11
ensures an increased strength of the bond between the half-
shell 1 and the cover element 2.

[0054] Alternatively, the connection of the half-shell 1 and
the cover element 2, which is shown in FIG. 12¢, may be
achieved by a joining method which is different from a weld-
ing-only method. A cohesive adhesive connection, in particu-
lar, between the joining portions 3a, 35 may also be imple-
mented using an adhesively fixed continuous-fiber-reinforced
and/or fiber-interwoven tape, or organometallic sheet, the
fiber reinforcement of which may not necessarily be formed
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by carbon fibers or metal fibers, but also by electrically non-
conducting fibers, such as e.g. glass fibers, aramid fibers,
basalt fibers, mineral fibers, fibers from renewable raw mate-
rials and/or polymer fibers.

[0055] FIG. 13 shows an alternative connection of a half-
shell 1 consisting of a fiber-reinforced thermoplastic material
with a cover element 2, which closes the former, by overlap-
ping joining portions 3a, 36 and 4a, 4b. The cover element 2
is configured at least substantially in a mirror-imaged manner
to the half-shell 1. The half-shell 1 and the cover element 2
have in each case a U-shaped cross section 5, 6 with, adjacent
thereto, joining portions 3a, 3b and 4a, 45. Heating elements
11 which can be supplied with electrical power are arranged
in the region of the joining portions 3a, 36 and 4a, 45, the
heating elements 11 being formed by metal conductors 11a.
The heating element 11 in the form of a wire-shaped metal
conductor 11a, which is arranged between the two joining
portions 3a and 35, is accommodated in a form-fitting and
force-fitting manner in a material deformation of the half-
shell 1 or of the joining portion 3a of the half-shell 1. The
wire-shaped metal conductor 11a here is attached to the mate-
rial deformation prior to the positioning of the joining por-
tions 3a, 35 in relation to one another. The heating element 11
in the form of a tape-shaped metal conductor 11a, which is
arranged between the two joining portions 4a and 4b, is
accommodated within the joining portion 45 of the cover
element 2. The joining portion 45 here is manufactured by
way of a plastics injection-molding process, the tape-shaped
heating conductor 11a being inserted into the corresponding
injection-molding die during manufacturing of the joining
portion 45 and being overmolded by the plastic material of the
joining portion 4b. By applying an electric current to the two
heating elements 11, the thermoplastic material of the half-
shell 1 and the cover element 2 in the region of the joining
portions 3a, 3b and 4a, 45 is heated beyond the melting
temperature, and a welded connection of the half-shell 1 and
the cover element 2 is implemented.

[0056] The metal conductors 11a which have been inserted
as a heating element 11 may subsequently be utilized for
conducting signals (e.g. controlling an energy store) or for
conducting power to electrical consumers (e.g. to the lighting
of a bicycle or to an electric motor of an electrically operable
bicycle).

[0057] FIG. 14 shows an interior view of a half-shell 1 of a
further bicycle frame according to the invention. The half-
shell 1 has function-integrating elements which are formed
thereon in a plastics injection-molding process in the form of
metallic inserts 7a and of stiffening ribs 7¢. The stiffening ribs
11c¢ preferably have a height-to-width ratio of less than 10.
The half-shell 1 has zones with a fiber reinforcement which is
developed to a varying degree, such that the resilience of the
zones is adapted to the stress which is to be expected there.
The half-shell 1 is likewise manufactured in a plastics injec-
tion-molding process, merely a part-region of the half-shell 1
being formed by one or more fiber-reinforced thermoplastic
organometallic sheets 10 which are molded, backmolded or
overmolded thereon. The part-regions form the aforemen-
tioned zones with a fiber reinforcement which is developed to
a varying degree in comparison with the injection-molded
regions 12 (which preferably have a short-fiber or long-fiber
reinforcement). In this context, one also refers to a hybrid
construction of the half-shell 1 consisting of injection-
molded regions 12 and regions which are formed by at least
one fiber-reinforced thermoplastic organometallic sheet 10

Jul. 10,2014

manufactured by means of a forming process. The organo-
metallic sheet or sheets 10 is/are arranged in regions suited to
high mechanical loads, such as e.g. in the region of the bottom
bracket, of the steering tube or of the top or bottom tube of a
bicycle frame. The forming process of the organometallic
sheet or sheets 10 here may take place prior to or during the
plastics injection-molding process (i.e. within the injection-
molding die required therefor). The connection of the injec-
tion-molded regions 12 with the organometallic sheet or
sheets 10 takes place during the injection-molding process,
preferably by way of partial initial melting and welding of the
thermoplastic organometallic sheet to or through the injected
plastic material forming the injection-molded regions 12. The
organometallic sheet 10 may have a multilayered construc-
tion consisting of at least two layers. Preferably, here a layer
having a glass-fiber reinforcement alternates with a layer
having a carbon-fiber reinforcement. Furthermore preferably,
the layer having a carbon-fiber reinforcement forms the outer
surface (visible face) of the bicycle frame. A cover element 2
(not illustrated in more detail here) which, together with the
half-shell 1, forms a bicycle frame according to the invention
is configured at least substantially in a mirror-imaged manner
to the half-shell 1.

[0058] FIG. 15 shows a cross-sectional illustration of a
bicycle frame according to the invention. The bicycle frame is
formed by a half-shell 1 consisting of a thermoplastic mate-
rial, which is fiber-reinforced at least in regions, and by a
cover element 2, which is, at least in regions, connected to the
half-shell 1 and preferably closes said half-shell 1. The cover
element 2 is configured at least substantially in a mirror-
imaged manner to the half-shell 1. The half-shell 1 and the
cover element 2 may be connected to one another by overlap-
ping and/or mutually closely fitting joining portions 3a, 35,
3a, 4b, the half-shell 1 and the cover element 2 not yet being
fully pushed into one another (as indicated by the double
arrow) in the cross section illustrated here. The half-shell 1
and the cover element 2 may be connected by means of an
adhesive layer and/or a welded connection and/or a screw
connection and/or a riveted connection and/or a clinch con-
nection. The half-shell 1 and the cover element 2 have a
U-shaped cross section 5, 6 having, adjacent thereto, the
joining portions 3a, 35, 4a, 4b. At least one heating element
11 which can be supplied with electrical power is in each case
arranged in the region of the joining portions 3a, 35, 4a, 45,
the heating element 11 being preferably formed by at least
one carbon fiber 115. Alternatively, the heating element 11
which can be supplied with electrical power may also be
formed by at least one metal conductor 11a, or also by a
combination of at least one metal conductor 11a and at least
one carbon fiber 115. The heating elements 11, 11a are
accommodated within the joining portions 3a,3b,4a,4b. The
half-shell 1 and the cover element 2 have at least one function-
integrating element 7 which is formed thereon, in particular
formed thereon in a plastics injection-molding process. The
half-shell 1 and the cover element 2 have function-integrating
elements 7 which are formed thereon in a plastics injection-
molding process in the form of metallic inserts 7a (in this case
a bearing), of stiffening ribs 7¢ and of screw domes 7/ for
accommodating screw elements (not illustrated in more detail
here). In a complementary manner, the function-integrating
element may be configured as a storage-space element for
accommodating e.g. an electrical energy store, as a retaining
element, as a protection element, as a spray-guard element, as
a lighting-accommodating element, as a connection element,
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as a media duct or as an impact-protection element. The
half-shell 1 and the cover element 2, in the connected state,
enclose a cavity, at least one electric conductor and/or at least
one control line and/or at least one media line and/or at least
one motion transmission organ and/or at least one energy
store being able to be accommodated within the cavity. At
least one joining portion 3a, 36, 4a, 4b may be concealed, at
least in regions, by a concealing element (not illustrated in
more detail here) formed thereon, in particular formed
thereon in a plastics injection-molding process. The half-shell
1 and the cover element 2 have in each case zones with a fiber
reinforcement which is developed to a varying degree, such
that the resilience of the zones is adapted to the stress which
is to be expected there. The half-shell 1 and the cover element
2 are manufactured in a plastics injection-molding process,
merely one or more part-region/s of the half-shell 1 and/or of
the cover element 2 being formed by at least one fiber-rein-
forced thermoplastic organometallic sheet 10 which is
molded, backmolded and/or overmolded thereon. In particu-
lar the joining portions 3a, 3b, 4a, 4b are manufactured in a
plastics injection-molding process in order to ensure a high
accuracy of mutual fit between the joining portions 3a, 35, 4a,
4c. The part-regions form the aforementioned zones having a
fiber reinforcement which is developed to a varying degree in
comparison with the injection-molded regions 12 (which
preferably have a short-fiber or long-fiber reinforcement). In
this context, one also refers to a hybrid construction of the
half-shell 1 and of the cover element 2 consisting of injection-
molded regions 12 and regions which are formed by at least
one fiber-reinforced thermoplastic organometallic sheet 10
which is manufactured by means of a forming process. The
organometallic sheet or sheets 10 are arranged in regions
suited to high mechanical loads, such as e.g. in the region of
the bottom bracket, of the steering tube or of the upper or
lower tube of a bicycle frame. The forming process of the
organometallic sheet or sheets 10 here may take place prior to
or during the plastics injection-molding process (i.e. within
the injection-molding die required therefor). The connection
of the injection-molded regions 12 with the organometallic
sheet or sheets 10 takes place during the injection-molding
process, preferably by way of partial initial melting and weld-
ing of the thermoplastic organometallic sheet to or through
the injected plastic material forming the injection-molded
regions 12. The fiber reinforcement of the thermoplastic
material of the organometallic sheet or sheets 10 comprises,
in regions or entirely, continuous fibers. The fiber reinforce-
ment of the thermoplastic material of the organometallic
sheet 10, of the injection-molded regions 12 and/or of the
function-integrating elements 7 may be formed by glass
fibers, carbon fibers, aramid fibers, basalt fibers, mineral
fibers, fibers from renewable raw materials, metal fibers and/
or by polymer fibers. The thermoplastic material of the orga-
nometallic sheet 10, of the injection-molded regions 12 and/
or of the function-integrating elements 7 may comprise
polyamide (PA), in particular polyamide 6 or polyamide 6.6,
polypropylene (PP), polyethylene (PE), POM (polyoxymeth-
ylene), polyphenylene sulphide (PPS), polyether ether ketone
(PEEK), polyetherimide (PEI), polyethylene terephthalate
(PET), polyphthalamide (PPA), or combinations of the afore-
mentioned plastics. The organometallic sheet 10 may have a
multilayered construction consisting of at least two layers.
Preferably, here a layer having a glass-fiber reinforcement
alternates with a layer having a carbon-fiber reinforcement.
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Furthermore preferably, the layer having a carbon-fiber rein-
forcement forms the outer surface (visible face) of the bicycle
frame.

[0059] FIG. 16 shows a three-dimensional partial illustra-
tion of the bicycle frame according to the invention of FIG.
14, the heating elements 11 which are accommodated within
the joining portions 3a, 3b, 4a, 4b here being formed by metal
conductors 11a. By applying an electric current to the two
heating elements 11, the thermoplastic material of the half-
shell 1 and the cover element 2 in the region of the joining
portions 3a, 3b and 4a, 45 is heated beyond the melting
temperature, and a welded connection of the half-shell 1 and
the cover element 2 is implemented. The metal conductors
11a which have been inserted as a heating element 11 may
subsequently be utilized for conducting signals (e.g. control-
ling an energy store) or for conducting power to electrical
consumers (e.g. to the lighting of a bicycle or to an electric
motor of an electrically operable bicycle).

[0060] A method for manufacturing a bicycle frame
according to FIGS. 15 and 16 comprises the following steps:
providing at least one half-shell 1 according to the invention,
consisting of a thermoplastic material which is fiber-rein-
forced at least in regions; providing a cover element 2; con-
necting, in regions, the half-shell 1 and the cover element 2 to
form a closed hollow body. The provision of the half-shell 1
and of the cover element 2 takes place by way of at least one
forming step of a fiber-reinforced thermoplastic organome-
tallic sheet 10, wherein the half-shell 1 and the cover element
2 are in each case manufactured in a plastics injection-mold-
ing process and wherein merely one or more part-region/s of
the half-shell 1 and of the cover element 2 is/are formed by the
at least one fiber-reinforced thermoplastic organometallic
sheet 10 molded, backmolded and/or overmolded thereon.
The forming step may take place in a separate forming tool or
directly within the injection-molding die required for the
plastics injection-molding process.

1. Bicycle frame formed by at least one half-shell (1) com-
prising a thermoplastic material, which is fibre-reinforced at
least in regions, and by a cover element (2), which is, at least
in regions, connected to the half-shell (1) and preferably
closes said half-shell (1).

2. Bicycle frame according to claim 1, wherein the cover
element (2) is configured at least substantially in a mirror-
imaged manner to the half-shell (1).

3. Bicycle frame according to claim 1, wherein the half-
shell (1) and the cover element (2) are connected to one
another by overlapping and/or mutually closely fitting joining
portions (3a, 3b, 4a, 4b).

4. Bicycle frame according to claim 1, wherein the half-
shell (1) and the cover element (2) are connected by means of
an adhesive layer and/or a welded connection and/or a screw
connection and/or a riveted connection and/or a clinch con-
nection.

5. Bicycle frame according to claim 1, wherein the half-
shell (1) and/or the cover element (2) have/has at least one
U-shaped cross section (5, 6) having, adjacent thereto, joining
portions (3a, 3b, 4a, 4b).

6. Bicycle frame according to claim 5, wherein the half-
shell (1) and/or the cover element (2) have/has at least two
U-shaped cross sections (5, 6) which are coupled to one
another via at least one joining portion (4a, 45).

7. Bicycle frame according to claim 3, wherein at least one
heating element (11), which can be supplied with electrical
power, is arranged in the region of the joining portions (3a,
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3b, 4a, 4b), the heating element (11) being formed preferably
by atleast one metal conductor (11a) or by at least one carbon
fibre (115).

8. Bicycle frame according to claim 7, wherein the heating
element (11, 11a, 115) is accommodated within at least one of
the joining portions (3a, 3b, 4a, 4b).

9. Bicycle frame according to claim 1, wherein the half-
shell (1) and/or the cover element (2) have/has at least one
function-integrating element (7) which is formed thereon, in
particular in a plastics injection-moulding process.

10. Bicycle frame according to claim 9, wherein the func-
tion-integrating element (7) is configured as a stiffening rib,
insert, retaining element, protection element, current-con-
ducting element, spray-guard element, storage-space ele-
ment, illumination-accommodating element, connection ele-
ment, media duct, or as an impact-protection element.

11. Bicycle frame according to claim 1, wherein the half-
shell (1) and the cover element (2) enclose a cavity, at least
one electric conductor and/or at least one control line and/or
atleast one media line and/or at least one motion transmission
organ and/or one energy store being arranged within the cav-
ity.

12. Bicycle frame according to claim 3, wherein at least
one joining portion (3a, 3b, 4a, 4b) is, at least in regions,
covered by a concealing element (9) which is formed thereon,
in particular in a plastics injection-moulding process.

13. Bicycle frame according to claim 1, wherein the half-
shell (1) and/or the cover element (2) have in each case zones
with a fibre reinforcement which is developed to a varying
degree, such that the resilience of the zones is adapted to the
stress which is to be expected there.

14. Bicycle frame according to claim 1, wherein the fibre-
reinforced thermoplastic material of the half-shell (1) and/or
of'the cover element (2) are/is formed from a fibre-reinforced
thermoplastic organic sheet (10) by a forming process.
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15. Bicycle frame according to claim 1, wherein the half-
shell (1) and/or the cover element (2) are/is manufactured in
a plastics injection-moulding process, merely one or more
part-region/s of the half-shell (1) and/or of the cover element
(2) being formed by at least one fibre-reinforced thermoplas-
tic organic sheet (10) which is moulded, backmoulded and/or
overmoulded thereon.

16. Bicycle frame according to claim 1, wherein the fibre
reinforcement of the thermoplastic material and/or of the
fibre-reinforced thermoplastic organic sheet (10), in regions
or entirely, comprises continuous fibres.

17. Bicycle frame according to claim 1, wherein the fibre
reinforcement of the thermoplastic material and/or the fibre
reinforcement of the thermoplastic organic sheet (10) is
formed by glass fibres, carbon fibres, aramid fibres, basalt
fibres, mineral fibres, fibres from renewable raw materials,
metal fibres and/or by polymer fibres.

18. Bicycle frame according to claim 1, wherein the ther-
moplastic material and/or the thermoplastic matrix of the
organic sheet (10) comprise/s polyamide (PA), in particular
polyamide 6 or polyamide 6.6, polypropylene (PP), polyeth-
ylene (PE), POM (polyoxymethylene), polyphenylene sul-
phide (PPS), polyether ether ketone (PEEK), polyetherimide
(PEI), polyethylene terephthalate (PET), polyphthalamide
(PPA), or combinations of the aforementioned plastics.

19. Bicycle having a bicycle frame according to claim 1.

20. Method for manufacturing a bicycle frame, comprising
the following steps:

providing at least one half-shell (1) consisting of a thermo-

plastic material, which is fibre-reinforced at least in
regions,

providing a cover element (2), and

connecting, in regions, the half-shell (1) and the cover

element (2), preferably to form a closed hollow body.

21. (canceled)



