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(57) A method for manufacturing a fiber reinforced
structure is disclosed. First, a mandrel (10) of a first ma-
terial is provided, wherein the mandrel (10) comprises a
hollow interior (14) and an aperture (16) for allowing a
fluid to enter the interior. A layer (18) of a second material
is provided on the mandrel (10). The second material
comprises an uncured resin and fibers. The mandrel (10)
and the layer (18) are placed in a mold cavity (22) formed
by a mold (20). A pressurized fluid is introduced into the

interior of the mandrel (10) via the aperture (16) for gen-
erating a force acting to expand the mandrel (10) out-
ward. The mandrel (10) is heated so that it becomes de-
formable and expand outward to press the layer (18)
against the mold (20). The layer (18) is heated so that it
cures. The mandrel (10) is then heated to a temperature
above its melting point of the first material so that it melts,
after which it is removed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the manufac-
turing of fiber-reinforced structures. In particular, the
present invention relates to the manufacturing of three-
dimensional structures from a material comprising a resin
and carbon fibers.

BACKGROUND

[0002] Components or structures with high strength to
weight ratios have many applications, for example in air
and space industries, and in high performance automo-
tive industries. Such components can be manufactured
from alloys, such as titanium and magnesium alloys. The
alloys can be machined or cast with great precision and
the structures can be manufactured within tight dimen-
sional tolerances. Complex three dimensional shapes or
hollow shapes can also be produced, for example with
CNC machine tools or by cast molding.
[0003] Composite materials including fibers fixed by a
resin are commonly used in components requiring a high
strength to weight ratio. The strength to weight rations
may even surpass those of some high-performance al-
loys. However, due to the nature of these composite ma-
terials, it may be difficult to manufacture structures with
the tight dimensional tolerances and intricate details that
are possible for alloys. This is particularly the case if a
component is manufactured from pre-fabricated overlap-
ping sheets, such as a resin impregnated weave or cloth,
since the fibers reduces the flexibility of the sheets, mak-
ing them less pliable. For example, it may be difficult to
force a sheet to follow a sharp contour, such as a tight
inner corner of a mold cavity. Further, high performance
structures of complex three-dimensional shapes having
hollow portions are typically hard to manufacture, in par-
ticular from overlapping sheets.
[0004] It is therefore an object of the invention to pro-
vide a method of manufacturing fiber-reinforced struc-
tures that sets aside the abovementioned drawbacks and
to generally improve the manufacturing of fiber-rein-
forced structures. More specifically, it is an object of the
invention to provide fiber-reinforced structures with im-
proved strength to weight ratios. It is a further object to
provide a method of manufacturing fiber-reinforced
three-dimensional structures with tight dimensional tol-
erances. Further objects of the invention are to improve
the structural strength or strength to weight ratios of fiber-
reinforced structures, to allow a greater freedom in shap-
ing and forming fiber-reinforced structures.

SUMMARY

[0005] The above objects, and additional objects that
can be construed from the summary and description be-
low, are achieved by the four different aspects of the in-

vention that are described below. Possible modifications
of the aspects are described in this section and in the
detailed description.
[0006] The first aspect is a method for manufacturing
a structure reinforced by fibers. The method comprises:

(i) providing a mandrel of a first material, wherein the
mandrel comprises an outside surface, a hollow in-
terior, and an aperture for allowing a fluid to enter
the interior, the first material is rigid at room temper-
ature and has a melting temperature at which it melts,
and the first material becomes deformable when ap-
proaching the melting temperature, and
(ii) providing a layer of a second material on the out-
side surface of the mandrel without blocking the ap-
erture, wherein the second material comprises an
uncured thermo-setting resin and fibers configured
for reinforcing the structure, the second material has
a curing temperature below which it is pliable and
above which it cures. Additionally, the method com-
prises:
(iii) placing the mandrel and the layer in a mold cavity
formed by a mold, wherein the mold is configured to
allow a fluid to reach the aperture of the mandrel, and
(iv) introducing a pressurized fluid into the interior of
the mandrel via the aperture for generating a force
acting to expand the mandrel outward, heating the
mandrel to a temperature below the melting temper-
ature of the first material for making the mandrel de-
formable and allowing the mandrel to expand out-
ward and press the layer against the mold, and heat-
ing the layer to a temperature above the curing tem-
perature of the second material to cure and form the
structure. The method also comprises:
(v) heating the mandrel to a temperature above the
melting point of the first material for melting the man-
drel. The method may further comprise:
(vi) removing the melted mandrel from the structure.

[0007] The method as a whole allows for structures of
more complex shapes to be formed, in particular struc-
tures having hollow portions. For example, the mandrel,
or core, provided in step (i) may be of a complex shape,
and the mold may be configured to reflect the complex
shape, which will then show in the final structure. Further,
in step (ii), providing a layer of a second material on the
outside surface of the mandrel may be configured to de-
fine a complex portion of the structure. The configuration
of the mold in step (iii) to allow a fluid to reach the aperture
of the mandrel allows for the mandrel and the form to
cooperate in step (iv) and together form the shape of the
final structure. Since the mandrel is melted in step (v)
before removal in step (vi), the opening can be kept small
and have little influence of the overall shape of the struc-
ture. Thus, all the steps (i)-(vi) of the method contribute
synergistically to a greater freedom in shaping and form-
ing fiber-reinforced structures. This greater freedom al-
lows for a structure of a specific function to be optimized
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with respect to structural strength and strength to weight
ratio.
[0008] Other synergetic effects of the method are de-
scribed below. The step (iv), which is made possible by
steps (i)-(iii), causes the layer to begin curing when it is
pressed against the mold, which contribute to improve
the strength to weight ratio of the final structure, since
the second material is compacted. Further, the mandrel
provided in step (i) and the mold in step (iii) makes it
possible for the pressurized fluid to convey a high pres-
sure to the interior of the mandrel in step (iv), thus allowing
the mold to have more intricate details and sharp fea-
tures, such as tight inner corners. Thus, the mandrel and
mold allows for a greater freedom in the shaping and
forming of the structure. The step (iv) also forces the layer
against the mold while it begins to cure, which contributes
improve the dimensional tolerances of the final structure,
in particular if a high pressure of the pressurized fluid is
used.
[0009] The structure may be a hollow structure. In step
(ii), the layer may be provided to cover the entire or a
portion of th outside surface of the mandrel. In step (ii),
the layer may be provided to enclose or enfold the man-
drel or a portion of the mandrel. Further, in step (ii), pro-
viding a layer of a second material on the outside surface
of the mandrel may be configured to define a hollow
space in the structure or a portion of the structure.
[0010] Room temperature is here understood to en-
compass, but not limited to, the ambient temperature at
which the method as a whole is performed, or the ambient
temperature at which the step (ii) is performed. The room
temperature may be in the range 10-50°C, in the range
20-23°C, or approximately 21°C. Additionally or alterna-
tively, the second material may be pliable at room tem-
perature. Pliable is here understood to encompass flex-
ible. The first material becoming deformable is here un-
derstood to encompass the first material becoming elas-
tic, pliable, flexible, soft, and/or yielding.
[0011] The temperature at which the first material
changes from being pliable to liquid may be hard to define
or not correspond to an exact temperature. In these cas-
es, the melting temperature should be understood as an
approximate indication where this change occurs. For
example, the melting temperature may be the mean tem-
perature of a range of temperatures at which the change
occurs, or one of the endpoints of such a range.
[0012] Similarly, the curing temperature of the resin
may be hard to define, or not corresponding to an exact
temperature. Then, the curing temperature should be un-
derstood as encompassing an approximate indication of
the lowest temperature where an industrially applicable
or operationally efficient curing can take place or starts.
For example, the curing temperature may be the mean
temperature of a range of temperatures at which curing
occurs in an industrially applicable or operationally effi-
cient way, or the lower or upper endpoint of such a range.
The cured resin may have a glass-transition temperature
that is above the melting temperature of the first material.

In the curing of the resin, gelation or an initial curing may
be achieved below the melting temperature of the first
material, while vitrification or full cure may be achieved
above the melting temperature of the first material. In the
step (iv), the layer may be heated to a temperature below
the melting temperature of the first material.
[0013] The step (iv) may further comprise: supplying
heat to the interior of the mandrel for heating the mandrel
to the temperature below the melting temperature of the
first material and for heating the layer to the temperature
above the curing temperature of the second material. The
curing temperature of the second material may be lower
than the melting temperature of the first material. This is
advantageous if the heat is supplied to the interior of the
mandrel, since the heat has to pass through the mandrel
before it reaches the layer, which means that the former
typically reaches a higher temperature in a given time.
Thus, if the curing temperature of the second material
were to be higher than the melting temperature of the
first material, the mandrel would melt before the curing
of the layer has started.
[0014] The step (iv) may further comprise: supplying
heat to the mold for heating the mandrel inside the mold
to the temperature below the melting temperature of the
first material and for heating the layer inside the mold to
the temperature above the curing temperature of the sec-
ond material. The curing temperature of the second ma-
terial may be higher than the melting temperature of the
first material. This is advantageous if the heat is supplied
to the mold, since the heat has to pass through the layer
before it reaches the mandrel, which means that the
former typically reaches a higher temperature in a given
time. Thus, if the curing temperature of the second ma-
terial were to be lower than the melting temperature of
the first material, there is a risk that the mandrel will not
become deformable and press the layer against the mold
before the layer starts to cure.
[0015] The aperture may be the only access to the in-
terior of the mandrel from outside the mold. This means
that in the volume of the pressurized fluid that enter into
the interior of the mandrel via the aperture in step (iv) will
be limited by the volume of interior of the mandrel, and
possibly also by the volume of the mold cavity if the man-
drel does not completely cover the inside of the mold.
There may also be other aperture through which the pres-
surized fluid can enter into the interior of the mandrel,
which will further limit the volume passing through the
first aperture. The mandrel may comprise an additional
aperture for allowing a fluid to leave the interior of the
mandrel. In this configuration, the volume of the pressu-
rized fluid that enter into the interior of the mandrel via
the aperture in step (iv) will be limited by flow that is gen-
erated though the aperture and the additional aperture.
[0016] The mold may have an opening to allow access
to the mold cavity from outside the mold. The opening
may be configured to allow access to the aperture from
outside the mold, or the aperture may be configured to
be accessible from outside the mold via the opening. In
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step (vi), removing the melted mandrel from the structure
may comprise: removing the melted mandrel via the
opening or cause the melted material to flow out from the
mold cavity via the opening. This means that the same
opening may be used for increasing the pressure in the
interior of the mandrel and for removing the melted man-
drel from inside the mold cavity, which allows for a struc-
ture with a single hole and a greater freedom in forming
the structure.
[0017] A second aspect of the invention is a mandrel
for being placed in mold cavity of a mold having an open-
ing to allow access to the mold cavity from outside the
mold. The mandrel comprises a hollow interior and an
aperture for allowing a fluid to enter the interior, wherein
the mandrel is configured to allow the aperture to be ac-
cessed via the opening when the mandrel is placed in
the mold cavity. Further, the mandrel is of a first material
that is rigid at room temperature and has a melting tem-
perature at which it melts, and the first material becomes
deformable when approaching the melting temperature.
The mandrel of the second aspect allows for the method
of first aspect to be performed.
[0018] A third aspect of the invention is a molding sys-
tem comprising:

a mold having a mold cavity and an opening to allow
access to the mold cavity from outside the mold, and
a mandrel comprising a hollow interior and an aper-
ture for allowing a fluid to enter the interior. The man-
drel is configured to allow the aperture to be ac-
cessed via the opening when the mandrel is placed
in the mold cavity. The mandrel is of a first material
that is rigid at room temperature and has a melting
temperature at which it melts, and the first material
becomes deformable when approaching the melting
temperature. The mandrel may be configured to form
a space between it and the mold for housing a layer
provided on at least a portion of the mandrel. The
molding system of the third aspect allows for the
method of first aspect to be performed.

[0019] The mandrel according second aspect and the
molding system according to the third aspect may be
configured to be used in the method according the first
aspect, with or without any of the modifications of the
method described throughout these specifications.
[0020] A fourth aspect of the present invention is a
structure manufactured by the method according to the
first aspect.

DETAILED DESCRIPTION

[0021] Further possible modifications of the aspects of
the invention are described below. The modifications in-
volve additional or alternative features or functions that
may be applied to the aspects of the invention.
[0022] In the first and fourth aspects, the first material
may be a thermoplastic. The thermoplastic may be com-

posed of or comprise polyethylene. The resin may com-
prise an epoxy resin. This combination of materials typ-
ically has the advantage that the first material does not
stick to the second material after the mandrel has melted,
and the first material can easily be removed from the
structure, e.g. by tilting the structure or mold for allowing
the melted first material to flow away. Further, this choice
of materials will typically cause the walls of the final struc-
ture that have been in contact with the mandrel to be
smooth and glossy. The second material may be a pre-
impregnated carbon fiber weave or cloth, for example
the HexPly® prepregs manufactured by Hexcel Corpo-
ration, such as HexPly® M26T and HexPly®M76.
[0023] Additionally and alternatively, the polyethylene
may be a high-density polyethylene. The first material
may comprise polypropylene. The resin may comprise
melamine, phenol formaldehyde, polyester, polyimide,
and/or vinyl ester. The fibers may comprise carbon fibers.
Alternatively or additionally, the fibers may comprise ar-
amid fibers, glass fibers, and/or vegetable fibers. The
vegetable fibers may comprise hemp fibers.
[0024] The first material may be chosen from a range
of materials having a melting temperature, or melting
point, within 85-145°C. The second material may be cho-
sen from a range of materials having a curing tempera-
ture within 110-135°C.
[0025] In step (iv), the pressurized fluid may increase
the pressure in the interior of the mandrel to a pressure
of more than 5 bar, preferably more than 7 bar. The heat-
ing of the mandrel in step (iv) may comprise: heating the
mandrel to a temperature in the range 110-140°C, pref-
erably 120°C. The heating of the layer in step (iv) may
comprise: heating the layer to a temperature in the range
110-140°C, preferably 120°C. The heating of the layer
in step (iv) may comprise: heating the layer and the man-
drel to the same temperature. The heating of the mandrel
in step (v) may comprise: heating the mandrel to a tem-
perature in the range 140-200°C, preferably 170°C or
above 170°C. The above listed pressures and tempera-
tures are suitable when the first material comprises pol-
yethylene and if the resin is an epoxy resin.
[0026] In the curing in step (iv), the temperature may
be between the curing temperature of the second mate-
rial and the melting temperature of the first material. This
ensures that the mandrel will not melt before the second
material starts to cure, which means that the mandrel
can press the layer against the mold during this stage of
the curing or an initial curing. The heating of the layer in
step (iv) may be performed for a sufficiently long period
for the resin to reach gelation. Alternatively, the heating
of the layer in step (iv) may be performed for a sufficiently
long period for the resin to reach vitrification or a full cur-
ing.
[0027] In step (iii), the mold may be configured to leave
the aperture open to the surroundings of the mold. The
step (iv) may further comprise: placing the mold in an
autoclave and generating a pressurized and heated at-
mosphere inside the autoclave for providing the pressu-
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rized fluid and for heating the mandrel and the layer. This
has the effect that the pressurized fluid enters the interior
of the mandrel through the aperture. Further, the heated
atmosphere will heat the mandrel and the layer by con-
duction through the mold. Additionally or alternatively,
heating of the mandrel and the layer may also be
achieved through convection via the aperture, since the
pressurized fluid is heated. This is particularly the case
if the heating of the atmosphere is done before the pres-
sure of the atmosphere is increased, or if a flow of the
pressurized fluid is generated in the interior of the man-
drel via the aperture.
[0028] The step (iv) in the first and fourth aspects may
further comprise: connecting the aperture of the mandrel
to a pressure source via a pressure conduit, wherein the
pressure source provides the pressurized fluid and the
pressure conduit conveys the pressurized fluid to the ap-
erture. This has the advantage that structure is not limited
in size by a pressure chamber, an autoclave, or the like,
which allows for a greater freedom in designing the struc-
tures. The step (iv) may further comprise: placing the
mold in an oven that generates heat for heating the man-
drel and the layer.
[0029] The mandrel may comprise an additional aper-
ture for allowing a fluid to leave the interior to allow the
pressurized fluid to flow through at least a portion of the
interior of the mandrel. The mold may have an additional
opening to allow access to the mold cavity from outside
the mold. The additional opening may be configured to
allow access to the additional aperture from outside the
mold, or the additional aperture may be configured to be
accessible from outside the mold via the additional open-
ing.
[0030] The step (iv) may further comprise: heating the
pressurized fluid and generating a flow of the pressurized
fluid, wherein the flow enters the interior of the mandrel
via the aperture and exits the interior of the mandrel via
the additional aperture for heating the mandrel and the
layer. The heating may heat the mandrel to the temper-
ature below the melting temperature of the first material
and the layer to the temperature above the curing tem-
perature of the second material.
[0031] The flow of the pressurized fluid may be restrict-
ed at or after the additional aperture to allow a pressure
to build and generate the force acting to expand the man-
drel outward. With the modifications described here,
there is no need for a pressure chamber, an oven, or an
autoclave. This means that the dimensions of the struc-
ture are not limited and structures of greater size can be
manufactured. In an alternative wording to the above,
the step (iv) may further comprise: heating the pressu-
rized fluid and generating a flow of the heated pressurized
fluid through the aperture.
[0032] The step (v) may follow immediately after step
(iv), which contributes to improve the efficiency of the
manufacturing process. The step (v) may be performed
in an autoclave or an oven. If the step (iv) involves an
autoclave or an oven, the step (v) may be performed in

the same autoclave or oven. In step (v), a flow of the
pressurized fluid may heat the mandrel to a temperature
above the melting point of the first material for melting
the mandrel.
[0033] The curing in step (iv) may be a first curing, and
the method may further comprise the step of:

(vii) subjecting the layer or structure to a second cur-
ing at a temperature that is greater than the temper-
ature of the first curing.

[0034] Gelation or an initial curing of the resin may be
achieved in the first curing. Vitrification or a full curing of
the resin may be achieved in the second curing. The sec-
ond curing in step (vii) allows for the forming of the struc-
ture in step (iv) to be performed at a lower temperature,
but with the overall curing efficiency of the higher tem-
perature in the second curing.
[0035] The step (vii) may be performed between steps
(iv) and (v), simultaneous to step (v), or after step (vi). In
the second curing, the temperature may be above the
melting point of the first material. This allows for the melt-
ing the mandrel in steps (v) and the second curing in step
(vii) to be performed simultaneously, which reduces the
number of process steps and improves the efficiency of
the method.
[0036] The step (v) may comprise: continuing the heat-
ing of the mandrel in step (iv) to achieve the melting the
mandrel. The step (vii) may comprise: continuously heat-
ing the layer in step (iv) to achieve the second curing.
[0037] The step (vii) may be performed in an autoclave
or an oven. If the step (iv) involves an autoclave or an
oven, the step (vii) may be performed in the same auto-
clave or oven. This allows for a continuous operation and
improves the efficiency of the method. The subjecting of
the second material to a second curing in step (vii) may
comprise: heating the layer or structure to a temperature
in the range 140-200°C, preferably 170°C or above
170°C. These temperatures are suitable when the first
material comprises polyethylene and if the resin is an
epoxy resin.
[0038] In the different steps of the method, each tem-
perature that is achieved by heating may be varied or
monotonically increased within an interval of tempera-
tures. For example in step (iv), heating the mandrel to a
temperature below the melting temperature of the first
material may comprise the mandrel from room temper-
ature to 120°C, and heating the layer to a temperature
above the curing temperature may comprise the mandrel
from room temperature to 120°C. In step (v), heating the
mandrel to a temperature above the melting point of the
first material may comprise heating the mandrel from
120°C to 170°C, and in step (vii) subjecting the layer or
structure to a second curing may comprise heating the
layer or structure from 120°C to 170°C.
[0039] In step (iv), an elevated pressure may be pro-
vided in the mold cavity or space left by the mandrel for
pressing the layer or structure against the mold. Similarly,
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in step (vii), an elevated pressure may be provided in the
mold cavity or space left by the mandrel for pressing the
layer or structure against the mold. The elevated pres-
sure may be of more than 5 bar, preferably more than 7
bar. This ensures that the shape of the structure formed
in step (iv) is maintained to and in the second curing of
step (vii).
[0040] The method may further comprise the step of:

(viii) removing the layer or structure from the mold.

[0041] The step (viii) may be performed subsequent to
step (iv), between steps (iv) and (v), or between steps
(v) and (vi). Additionally or alternatively, the mandrel
and/or the layer or structure may be allowed to cool be-
tween steps (iv) and (v). The mandrel may be allowed to
cool so that it becomes rigid, thus providing structural
support to the layer, which allows for the mandrel and
the layer to be removed from the mold, even if the layer
has reached full cure in step (iv). As explained above,
the method may comprise the step of: (vii) subjecting the
layer or structure to a second curing. The removal before
step (vi) thus allows for the second curing to take place
at another place or time than the first curing. For example,
the first curing may be performed in an autoclave and
the second curing may be performed in an oven.
[0042] Removing the layer or structure in step (viii) may
be between steps (vi) and (vii), or subsequent to step
(vii). This is possible if the layer has reached a sufficient
structural strength in the first curing for supporting itself.
[0043] The temperature above the curing temperature
in step (iv) may be maintained for a sufficiently long time
to reach a full curing or vitrification of the second material.
This has the advantage that no additional step for full
curing is necessary in the manufacturing of the structure,
which has the advantage of a more efficient process.
[0044] In step (ii), providing a layer of a second material
on the outside surface of the mandrel may comprise: ap-
plying one or more sheets of the second material on the
mandrel. This has the advantage that the layer may have
a structural integrity before being applied to the mandrel
that may contribute to the structural integrity and strength
of the final structure. Each of sheets may define a fiber
orientation, and the sheets may be applied to define mul-
tiple fiber orientations between different layers, which
contributes to increasing the strength of the final struc-
ture, or between portions of the final structure, which al-
lows for a great freedom in designing the structure. The
sheets may be prefabricated.
[0045] The fibers in the one or more sheets may form
a weave or cloth fabric and the resin may impregnate the
weave or cloth fabric. This contributes to improving the
strength of the final structure. The one or more sheets
may be applied in overlapping layers. This also contrib-
utes to improve the strength of the final structure. The
one or more sheets may have an adhesive side for al-
lowing the one or more sheets to adhere to the mandrel
and/or to each other. This has the effect that the sheets

can easily be applied to the mandrel and in overlapping
layers, which contributes to improving the efficiency of
the manufacturing method. The method of the first aspect
is particularly suitable for sheets formed of a weave or
cloth fabric impregnated with a resin, since these are
relatively stiff, and the pressurized fluid in step (iv) may
be provided at a high pressure to force the relatively stiff
sheets to follow the walls of the mold cavity.
[0046] The method may comprise prior to and/or si-
multaneous to step (iv):

(ix) evacuating air inside the mold cavity between
the mandrel and the mold.

[0047] The step (ix) has the effect that the in step (iv),
the mandrel can expand outward and press layer against
the mold without trapping air between the mandrel and
the layer or between the layer and the mold. Trapped air
could prevent the structure from reaching the desired
shape, which is thus avoided and the manufacturing is
improved.
[0048] The structure may form part of a greater struc-
ture. The method may further be configured to form an
additional structure reinforced by fibers and joined to the
structure. The mold may comprise an additional outside
surface and a gap for allowing access to the mold cavity
from outside the mold, and the step (iii) may further com-
prise: providing an additional layer of the second material
on the additional outside surface of the mold and joining
the additional layer to the layer provided on the outside
surface of the mandrel via the gap. The step (iv) may
further comprise: generating a pressure forcing the ad-
ditional layer against the additional outside surface and
heating the additional layer to a temperature above the
curing temperature of the second material to form the
additional structure.
[0049] The gap may further be configured for allowing
access to the aperture from outside the mold. Thus the
opening described above and the gap may be the same.
This means that the aperture can be reached through
the additional structure, which in turn means that the
structure as such can be manufactured without any open-
ings, which may contribute to an improved strength. The
structure may constitute the hub and spokes of a wheel
and the additional structure may constitute the rim of the
wheel.
[0050] In all the aspects of the invention, the mandrel
may be shaped to conform with or follow the shape of
the mold cavity. This allows for a tight fit between the
mandrel, the layer, and the mold and allows for a structure
with thin and/or uniformly thick walls. Additionally or al-
ternatively, the aperture may be the only opening to the
interior of the mandrel from the outside of the mandrel.
This has the effect that an increased pressure can be
maintained in the interior of the mandrel, even if the sur-
roundings of the mandrel or the mold are at a lower pres-
sure. For example, the pressurized fluid may be gener-
ated by a compressor and conveyed to the aperture by
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a pipe, where the outside of the tube and the mandrel is
at atmospheric pressure.
[0051] In all aspects, the mandrel may comprise a pro-
truding portion on which the aperture is located. This
means that the protruding portion is of the same material
as the rest of the mandrel. The protruding portion may
be configured to position the aperture on the outside of
the mold, or the protruding portion may be configured to
extend through the opening of the mold for positioning
the aperture on the outside of the mold, when the mandrel
is placed in the mold cavity. This makes the aperture
easier to reach when coupling the aperture to a pressure
source, which contributes to an easier handling. The pro-
truding portion may be configured to provide a sealing
between protruding portion and the mold for preventing
fluid to escape or enter the mold cavity via the opening.
This prevents air from leaking in between the layer and
the mold, which means that the pressure can be in-
creased in the interior of the mandrel by simply increasing
the pressure at the aperture, e.g. by placing the form with
the mandrel inside the mold cavity in a pressure chamber
or autoclave. The mandrel may be manufactured through
blow molding, rotational molding, or 3D-printing.

BRIEF DESCRIPTION OF DRAWINGS

[0052]

Figs. 1-10 illustrate an embodiment of a method for
manufacturing a fiber-reinforced structure.
Figs. 11-20 illustrate another embodiment of a meth-
od for manufacturing a fiber-reinforced structure.
Figs. 21-30 illustrate yet another embodiment of a
method for manufacturing a fiber-reinforced struc-
ture.
Fig. 31 is a front view of an embodiment of a mandrel
in another embodiment for manufacturing a fiber-re-
inforced wheel.
Fig. 32 is a cross-sectional front view of the mandrel
in Fig. 31.
Fig. 33 is a cross-sectional side view of the mandrel
in Fig. 31.
Figs. 34-43 illustrate the steps of the embodiment of
a method for manufacturing a fiber-reinforced wheel.
Fig. 44 illustrates a stage in another embodiment of
a method for manufacturing a fiber-reinforced wheel.

DETAILED DESCRIPTION OF DRAWINGS

[0053] The following detailed description of example
embodiments refers to the accompanying drawings. The
same reference numbers re used in different drawings
to identify the same or similar elements. Also, the detailed
description is provided for the purpose of illustration and
explanation of the different aspects of the invention. Any
of the modifications or functions described above for the
different aspects of the invention may be applied to em-
bodiments below, either by replacement of described fea-

tures, or by addition.
[0054] An embodiment of a method for manufacturing
a fiber-reinforced structure is illustrated in Figs. 1-10. In
a first step, a mandrel 10 is provided. A perspective view
of the mandrel is shown in Fig. 1 a and a cross-sectional
view taken at the middle of the mandrel 10 in the direc-
tions of its longitudinal extension is shown in Fig. 1b. The
mandrel has an outside surface 12, a hollow interior 14,
and an aperture 16. The aperture 16 allows for a fluid to
enter the interior 14 of the mandrel 10. The mandrel 10
is made of a first material that is rigid at room temperature
and has a melting temperature at which it melts, and the
first material becomes deformable when approaching the
melting temperature.
[0055] In a second step, a layer 18 of a second material
is provided on the mandrel 10 on the outside surface 12
of the mandrel 10, as is shown in the perspective view
of Fig. 2a and the cross-sectional view of Fig. 2b. The
cross-sectional view in Fig.2b corresponds to the cut in
Fig. 1 b. The layer 18 is provided without blocking the
aperture 16. The second material comprises an uncured
thermo-setting resin and fibers configured for reinforcing
the final structure. The second material has a curing tem-
perature below which it is pliable and above which it
cures. Additionally, the curing temperature of the second
material is lower than the melting temperature of the first
material.
[0056] In a third step, which is illustrated in Figs. 3 and
4, the mandrel 10 and the layer 18 are placed in a mold
cavity 22 formed by a mold 20. As is shown in Fig. 4, the
mold 20 has opening 32 that allows access to the aper-
ture 16 from outside the mold 20.
[0057] In a fourth step, which is illustrated in Figs. 5
and 6, the mandrel 10 heated to a temperature below the
melting temperature of the first material, i.e. the material
it is made of, so that it becomes deformable. The cross-
sections in Figs.5b and 6b correspond to the cross-sec-
tion in Fig. 1 b. The heating is illustrated in Figs. 5a and
b. A pressurized fluid is provided at the aperture 16 for
increasing the pressure in the interior 14 of the mandrel
10 and a force acting to expand the mandrel 10 outward
is thus generated, and the mandrel 10 expand outward
and presses layer 18 against the mold 20, which is illus-
trated in Figs. 6a and b. The layer 18 is heated to a tem-
perature above the curing temperature of the second ma-
terial, i.e. the material it is made of, so that the layer 18
hardens as it is pressed against the from.
[0058] In a fifth step, the mandrel 10 is heated to a
temperature above the melting point of the first material
so that the mandrel 10 melts, which is illustrated in Figs.
7a and b. The cross-section in Fig. 7b corresponds to
the cross-section in Fig. 1 b. In a sixth step, the melted
mandrel 10 is removed from the structure 24, which is
also illustrated in Figs. 7a and b. The mold 20 and the
structure 24 are formed and oriented so that the melted
mandrel 10 flows out through the opening 32 of the mold
20 on its own accord.
[0059] The curing in the fourth step, which is described
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in connection with Figs. 6a and b, is a first or initial curing.
In a seventh step, which is illustrated in Figs. 8a and b.
the layer 18 or structure 24 is subjected to a second curing
at a temperature that is greater than the temperature of
the first curing. The cross-section in Fig. 8b corresponds
to the cross-section in Fig. 1b. Vitrification or complete
curing is achieved in the second curing. In an alternative
embodiment, the first curing is sufficient for reaching vit-
rification or full curing, and the second curing is not per-
formed. In the second curing, the temperature is above
the melting point of the first material of the mandrel 10.
This allows for the mandrel 10 to melt while heating for
reaching the temperature of the second curing. It has
been described above that the melted mandrel 10 flows
out from the mold 20 on its own accord, which means
that the fifth and sixth steps are continuously performed
when going from the fourth step to the seventh step. In
alternative embodiments, the second curing is performed
between the fourth and the fifth step, simultaneous to the
fifth step, or after the sixth step.
[0060] In the fourth step, the mold 20 with the mandrel
10 and layer 18 inside it are placed in an autoclave 26,
which is schematically illustrated in Fig. 10. The auto-
clave 26 has a pressure source 28 in the form of an air
compressor that can generate a pressurized atmosphere
inside the pressure chamber 32 of the closed autoclave
26. The autoclave further has a heating element 30 that
can heat the pressurized atmosphere. The fourth step is
performed in the autoclave 26, where the heated atmos-
phere heats the mandrel 10 and the layer 18, both by
convection through aperture 16 and conduction through
the mold 20. In the third step described in relation to Figs.
3 and 4, the aperture 16 of the mandrel 10 is left open to
the surroundings of the mold 20. Thus, the pressurized
atmosphere enters the interior 14 of the mandrel 10 via
the aperture 16 and forced the mandrel 10 to expand
outward.
[0061] The fifth to the seventh steps are also performed
in the autoclave 26, where the heating element 30 in-
creases the temperature of the atmosphere inside the
autoclave 26, thus causing the heating. A pressurized
atmosphere is maintained in the autoclave throughout
the fourth to seventh steps, which means that an elevated
pressure presses the layer 18 against the mold 20 until
the vitrification or final curing is complete.
[0062] The mandrel 10 is made of polyethylene, i.e.
the first material is a thermoplastic. The polyethylene has
a melting temperature about 120-130°C, above which it
starts to melt. The layer is composed of carbon fibers
fused with an epoxy resin, i.e. the second material has
these components. The epoxy resin effectively has a cur-
ing temperature of 110°C, above which it cures. After the
mold 20 has been placed in the autoclave, with the man-
drel 10 and the layer 18 inside it, the heating element 30
uninterruptedly heats the atmosphere inside the auto-
clave 26 from room temperature to about 170°C. The
limited heat transport of the atmosphere inside the auto-
clave 26, and the thermal inertia of the mandrel 10, the

layer 18, and the mold 20, cause the temperature of these
components to rise slower than the temperature of the
atmosphere. Thus, the curing of the layer 18 in the fourth
step is smoothly followed by the melting of the mandrel
10 in the fifth step, and the removal of the melted mandrel
10 in the sixth step. The temperature is maintained at
170°C for a sufficiently long time for the layer 18 or the
structure 24 to achieve vitrification or full cure of the resin
in the seventh step.
[0063] After the mold 20 has been placed in the auto-
clave, as described above, the pressure source 28 in-
creases the pressure of the atmosphere to an elevated
pressure in the range 7-8 bar. The pressure is maintained
until the seventh step is complete. When the temperature
of the mandrel approaches the melting temperature of
polyethylene, the mandrel 10 becomes soft and pliable.
When this happens, the elevated pressure inside the
autoclave 26 forces the mandrel 10 to press the layer 18
against the mold and form the structure 24, thus enabling
the fourth step of the method.
[0064] In the second step above described in relation
to Figs. 2a and b, the layer 18 is provided on the mandrel
10 by applying one or more sheets (not shown) of the
second material on the mandrel 10. Each sheet is a pre-
fabricated weave of carbon fibers impregnated with the
resin. Thus, the weave of the sheets define specific ori-
entations of the fibers. The sheets have an adhesive side
that is oriented towards the mandrel 10 and the sheets
are applied in several overlapping layers. The sheets are
applied so that the resulting layer 18 completely enfolds
and cover the outside surface 12 of the mandrel 10 or a
portion of the mandrel 10. Thus, a hollow space is formed
resulting in a hollow final structure 24.
[0065] After the seventh step, the layer 18 or structure
24 is removed from the mold in an eighth step, which is
illustrated in Figs. 9a and b showing the final structure
24 manufactured by the above method. The cross-sec-
tion in Fig. 9b corresponds to the cross-section in Fig. 1
b. For example, the structure 24 may be used as a pipe
section having a high strength to weight ratio.
[0066] As described above, the embodiment involves
a mandrel 10 configured to be placed in the mold cavity
22 of the mold 20. The mold has an opening 32 to allow
access to the mold cavity 22 from outside the mold 20.
The mandrel 10 has a hollow interior 14 and an aperture
16, and the mandrel 10 is configured to allow the aperture
16 to be accessed via the opening when it is placed in
the mold cavity 22. Further, the mandrel 10 is manufac-
tured of a material that is rigid at room temperature and
becomes soft and pliable when the temperature ap-
proaches its melting temperature. The mandrel of the
second aspect allows for the method of first aspect to be
performed.
[0067] A molding system is also described above in
relation to Figs. 1-10. The molding system consists of a
mold 20 and a mandrel 10. The mold 20 has a mold cavity
22 and an opening 32 to allow access to the mold cavity
22 from outside the mold 20. The mandrel 10 has a hollow
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interior 14 and an aperture 16 that allows a fluid to enter
the interior 14. The aperture 16 is located on the mandrel
10 so that it can be accessed via the opening 32 when
the mandrel 10 is placed in the mold cavity 22. The man-
drel 10 is smaller than the mold cavity 22, thus forming
a space between mandrel 10 and the mold 20 for housing
the layer 18.
[0068] In the above embodiment, the mandrel 10 is
shaped to conform with and follow the shape of the mold
cavity 22. This is achieved by having a mandrel with a
square cross-section, as is illustrated in Fig. 1b, and a
mold composed of four rectangular wall sections 34 that
are assembled at right angles and locked together by
screws 36 and holes 37 in the wall sections 34, thus form-
ing the mold 20 with a mold cavity having a square cross-
section, as is shown in Fig. 5b. There is a tight fit between
the mandrel 10, the layer 18, and the mold 20, which
results in a final structure 24 with thin walls. Additionally,
the aperture 16 is the only opening to the interior 14 of
the mandrel 10 from the outside of the mandrel 10.
[0069] A second embodiment of a method for manu-
facturing a fiber-reinforced structure is illustrated in Figs.
11-20. This embodiment has many features in common
with the first embodiment described in relation to Figs.
1-10. Only the differences are described here and fea-
tures having the same function share the same number
indexing. The number indexes of some of the features
have been given a prime to distinguish them functionally.
The steps illustrated in Figs. 11-19 resemble to the steps
in Figs. 1-9, with the step in Fig. 11 corresponding to the
step in Fig. 1, the step in Fig. 12 corresponding to the
step in Fig. 2, etc.
[0070] In the first step illustrated in Figs. 11 a and b,
the mandrel 10 is provided at one end with a protruding
portion 38 on which the aperture 16 is located. The other
end of the mandrel 10 is closed so that the aperture 16
is the only access to the interior 14 of the mandrel 10.
The protruding portion 38 is of the same material as the
rest of the mandrel 10. In the second step, the layer 18
is applied to the outside surface 12 of the mandrel 10 in
the same manner as in the first embodiment. However,
the end at the protruding portion 38 is not covered by the
layer 18, which means that only a portion of the outside
surface 12 is now covered by the layer 18.
[0071] In the third step illustrated in Figs. 13 and 14,
the mandrel 10 and the layer 18 are placed in a mold
cavity 22 formed by a mold 20. The mold 20 has an open-
ing 32 with a circular cross-section through which the
protruding portion 38 extends and positions the aperture
16 on the outside of the mold 20. The protruding portion
38 engages the inside of the opening 32 and provides a
sealing between protruding 38 portion.
[0072] In the fourth step, which is illustrated in Figs. 15
and 16, the aperture 14 is connected to via a pressure
conduit 40 to a pressure source 28’ in the form of an air
compressor, as is schematically shown in Fig. 20. The
pressure source 28’ provides the pressurized fluid and
the pressure conduit 40 conveys the pressurized fluid to

the aperture 16. The mold 20, with the mandrel 10 and
the layer 18 inside it, is placed in an oven 42 having a
heating element 30’ that heats the atmosphere inside the
oven 42. The heated atmosphere heats the mold 20,
which in turn heats the layer 18 and the mandrel 10.
[0073] In the fifth step, the mandrel 10 is heated so that
the mandrel 10, including its protruding portion 38, melts,
which is illustrated in Figs. 17a and b. The fifth step is
immediately followed by the seventh step illustrated in
Figs. 18 a and b, which means that the layer 18 or struc-
ture 24 is subjected to the second curing with the melted
mandrel 10 inside it. The sixth step, in which the melted
mandrel 10 is removed from the structure 24, and the
eighth step, in which the layer 18 or structure 24 is re-
moved from the mold, are performed at the same time.
The mold 20 is tilted so that the melted mandrel 10 can
flow out through the opening 32, after which the mold 20
is opened to reveal the final structure 24 illustrated in
Figs. 19a and b. The sixth and eighth steps are not ex-
plicitly shown in the Figures.
[0074] A third embodiment of a method for manufac-
turing a fiber-reinforced structure is illustrated in Figs.
21-30. This embodiment also shares many features with
the first embodiment described in relation to Figs. 1-10.
Only the differences are described here and features
having the same function share the same number index-
ing. The number indexing of some of the features have
been given a prime to distinguish them from the first em-
bodiment. The steps illustrated in Figs. 21-29 resemble
to the steps in Figs. 1-9, with the step in Fig. 11 corre-
sponding to the step in Fig. 1, the step in Fig. 12 corre-
sponding to the step in Fig. 2, etc.
[0075] In the first step illustrated in Figs. 21 and b, the
mandrel 10 is provided an additional aperture 46, which
is identical in shape and size as the aperture 16, which
means that the mandrel 10 effectively is a tube with a
square cross-section. Thus, a fluid can flow into the in-
terior 14 of the mandrel 10 through the aperture 16 and
out through the additional aperture 46. In the second step,
the layer 18 is applied to the outside surface 12 of the
mandrel 10 in the same manner as in the first embodi-
ment, with the difference that the additional aperture 46
is not covered by the layer 18.
[0076] In the third step illustrated in Figs. 23 and 24,
the mandrel 10 and the layer 18 are placed in a mold
cavity 22 formed by a mold 20. The mold 20 has an open-
ing 32 and an additional opening 52 allowing access to
the mold cavity 22 from outside the mold and allowing a
flow of a fluid to enter the interior 14 of the mandrel 10
via the opening 32 and exit the interior of the mandrel 10
via the additional opening 52.
[0077] In the fourth step, which is illustrated in Figs. 25
and 26, the opening 32 is connected to via a pressure
conduit 40 to a pressure source 28’ in the form of an air
compressor, as is schematically shown in Fig. 30. The
pressure source 28’ provides the pressurized fluid and
the pressure conduit 40 conveys the pressurized fluid to
the opening 32 and thereby also the aperture 16. The
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pressure conduit 40 passes through a heater 50 heating
the pressurized fluid. The heated pressurized fluid enters
the interior 14 of the mandrel 10 via the opening 32 and
exits the interior 14 via the additional opening. The heated
pressurized fluid heats the mandrel 10, which in turn
heats the layer 18. The additional opening 52 is smaller
than the opening 32 so that the flow of the pressurized
fluid is restricted at the additional aperture 46, which
causes a pressure to build up and generate the force
acting to expand the mandrel 10 outward.
[0078] In the fifth step, the heater 50 provides more
heat to the flow of pressurized fluid, which causes the
melting of the mandrel 10, which is illustrated in Figs. 17a
and b. The fifth step is immediately followed by the sev-
enth step illustrated in Figs 28a and b, in which the pres-
surized fluid continues to heat the layer 18 or structure
24, thus subjecting the layer 18 or structure 24 to the
second curing. The sixth step, in which the melted man-
drel 10 is removed from the structure 24, and the eighth
step, in which the layer 18 or structure 24 is removed
from the mold, are performed at the same time. The mold
20 is tilted so that the melted mandrel 10 can flow out
through the opening 32, after which the mold 20 is opened
to reveal the final structure 24 illustrated in Figs. 29a and
b. The sixth and eighth steps are not explicitly shown in
the Figures.
[0079] A fourth embodiment of a method for manufac-
turing a fiber-reinforced structure is illustrated in Figs.
31-42, where the structure 24 is a wheel for a land vehicle.
This embodiment has many features in common with the
first embodiment described in relation to Figs. 1-10. Only
the differences with respect to the first embodiment are
described here and features having the same function
share the same number indexing. The number indexing
of some of the features have been given a prime to dis-
tinguish them from the first embodiment.
[0080] In the first step illustrated in Figs. 31 to 34, the
mandrel 10 is provided. Fig. 31 is a front view, Fig. 32 a
cross-sectional front view, and Fig. 33 a cross-sectional
side view taken along the vertical symmetry line in Fig.
31. The mandrel has a hollow annular center 54 and five
hollow protrusions 56 extending symmetrically outwards
from the annular center 54. The annular center 54 and
the protrusions are joined so that they form a single hol-
low interior 14 of the mandrel 10. The annular center 54
is to form a hollow space inside a wheel hub, and each
of the protrusions 56 is to form a hollow space inside a
spoke joined to the hub. The rotational axis 58 of the
wheel to be manufactured is indicated by a point and a
dashed line.
[0081] The protruding portion 38 on which the aperture
16 is located is joined to the annular center. The protrud-
ing portion 38 is of the same material as the rest of the
mandrel 10. Fig. 34 is a replication of the Fig. 33, but
rotated to conform to the figures illustrating the subse-
quent steps. The Figs. 35 to 42 are all cross-sections
corresponding to the cross-section of Fig. 33.
[0082] In the second step, which is illustrated in Fig.

35, the layer 18 is applied to the outside surface 12 of
the mandrel 10 in the same manner as in the first em-
bodiment. Apart from the protruding portion 38, the com-
plete mandrel 10 is covered.
[0083] In the third step illustrated in Fig. 36, the mandrel
10 and the layer 18 are placed in the mold cavity 22
formed by a mold 20. The illustration of the mold 20 has
been on the left side to fit in the drawing. The mold 20 is
constituted by a first part 60 and a second part 62 held
together by a bolt 64. The mandrel 10 is shaped to con-
form with and follow the shape of the mold cavity 22 so
that it leaves space for the layer 18 inside the mold cavity
22. The mold has five gaps 66, each gap 66 being posi-
tioned at the tip 68 of a protrusion 56 of the mandrel 10
and allows access to the mandrel 10 from outside the
mold 20.
[0084] The mold 20 has additional outside surface 70
and an additional layer 78 of the second material is ap-
plied to the additional outside surface 70 of the mold and
joined to the layer 18 provided on the outside surface 12
of the mandrel 10 via all the gaps 66. The additional layer
78 is applied in sheets in the same manner as the layer
18, which is described in relation to Figs. 2a and b above.
The additional layer 78 is to form the cylindrical sleeve
and the free edges of a rim of the final wheel.
[0085] The mold 20 has an opening 32 with a circular
cross-section through which the protruding portion 38 ex-
tends and positions the aperture 16 on the outside of the
mold 20. The protruding portion 38 engages the inside
of the opening 32 provide a sealing between protruding
portion 38 and the mold 20.
[0086] The fourth step is illustrated in Figs. 37 to 39.
The whole mold 20 is dressed in a fleece 72 and put in
an airtight bag 74, which is illustrated in Fig. 37. The bag
has an air-tight lead-through 76 for the protruding portion
38 and an outlet 80 through which air inside the bag can
be evacuated. The mold 10 and the bag 74 are placed
in an autoclave 26, as is schematically illustrated in Fig.
43. A pump 44 coupled to the outlet 80 of the bag 74 and
the bag is evacuated. The fleece 72 prevents a sealing
between the bag 74 and the mold 20, thus allowing the
whole inside of the bag to be evacuated, which is illus-
trated in Fig. 38. Air will then leak out between the first
part 60 and the second part 62 of the mold 20. This con-
stitutes the ninth step, in which air inside the mold cavity
between the mandrel 10 and the mold 20 and between
the additional layer 78 and the additional outside surface
70 is evacuated.
[0087] As in the first embodiment, the autoclave 26 has
a pressure source 28 in the form of an air compressor
that can generate a pressurized atmosphere inside the
pressure chamber 32 of the closed autoclave 26. The
autoclave further has a heating element 30 that can heat
the pressurized atmosphere. The fourth step is per-
formed in the autoclave 26, where the heated atmos-
phere heats the whole contents inside the bag 74, which
includes the mandrel 10 and the layer 18. The pressu-
rized atmosphere enters the interior 14 of the mandrel
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10 via the aperture 16 and forces the mandrel 10 to ex-
pand outward and press the layer against the mold 20,
after which the layer 18 cures in this position, as is illus-
trated in Fig. 39. Simultaneously, the heated pressurized
atmosphere also forces the additional layer 78 against
the additional outside surface 70 and heats the additional
layer 78 to a temperature above the curing temperature
of the second material, which is also illustrated in Fig. 39.
[0088] The fourth step is concluded by removing the
mold from the bag 74. This is followed by the fifth step in
which the mandrel 10 is heated to a temperature above
the melting point of the first material so that the mandrel
10 melts. This is followed by the sixth step, in which the
melted mandrel 10 flows out through the opening 32 of
the mold 20 on its own accord. The fifth and sixth steps
are illustrated in Fig. 40. The additional curing of the sev-
enth step is illustrated in Fig. 41. The fourth embodiment
differs from the first embodiment in that autoclave 26 is
briefly opened for allowing the removal of the bag 74 at
the end of the fourth step described above. The heating
and pressurization is interrupted before opening the auto-
clave, and resumed after closing the autoclave 26.
[0089] In the seventh step, which is illustrated in Fig.
41, the layer 18 and the additional layer 78 are subjected
to a second curing similar to the second curing in the first
embodiment. The seventh step is followed by an eighth
step in which the layer 18 or structure 24 is removed from
the mold 20. This is illustrated in Fig. 42, showing a cross-
sectional side view of a fiber-reinforced wheel 82 having
a rim 84 composed of a cylindrical sleeve 86 and two
annular free edges 88, and a hollow hub 90 joined to the
inside of the rim 84 by five hollow spokes 92.
[0090] In an alternative embodiment to the fourth em-
bodiment, the protruding portion 38 is located on the man-
drel 10 at the tip 68 of one of the protrusions 58 so that
it extends through one of the gaps 66. Thus, the gap 66
has the function of the opening, but with the difference
that there is no sealing between the protruding portion
and the opening. This alternative embodiment is illustrat-
ed in Fig. 44, showing the status at the conclusion of the
fourth step. The mold 20 remains in the bag 74 until after
the additional curing in the seventh step and the contents
of the bag 74 is heated continuously in the heated pres-
surized atmosphere inside the autoclave from the fourth
step to the conclusion of the seventh step. The sixth step
is not performed before the seventh step. This means
that the melted mandrel 10 remains inside the mold 20
during the additional curing, as in the second embodi-
ment.
[0091] The protruding portion 38 leaves an access hole
94 in the final rim through which the hollow inside of the
spoke can be reached. After the mold has been removed
from the bag 74, corresponding holes are drilled in each
of the other spokes. This is followed by the sixth step, in
which the wheel is rotated around the rotational axis 58
so that the melted mandrel 10 is forced out through the
holes and is thereby removed from the structure. This is
followed by the eighth step, in which the final structure

24 or wheel 82 is removed from the mold 20.

ITEMLIST

[0092]

10 mandrel
12 outside surface
14 hollow interior
16 aperture
18 layer
20 mold
22 mold cavity
24 structure
26 autoclave
28 pressure source
30 heating element
32 opening of mold
34 rectangular wall sections
36 screws
37 holes
38 protruding portion
40 pressure conduit
42 oven
44 pump
50 heater
52 additional opening of mold
54 annular center
56 protrusion
58 rotational axis
60 first part
62 second part
64 bolt
66 gap
68 tip of protrusion
70 additional outside surface
72 fleece
74 bag
76 lead-throughs
78 additional layer
80 outlet
82 wheel
84 rim
86 cylindrical sleeve
88 free edges
90 hub
92 spokes
94 access hole

Claims

1. A method for manufacturing a structure reinforced
by fibers, the method comprises:

(i) providing a mandrel of a first material, wherein
the mandrel comprises an outside surface, a hol-
low interior, and an aperture for allowing a fluid
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to enter the interior, the first material is rigid at
room temperature and has a melting tempera-
ture at which it melts, and the first material be-
comes deformable when approaching the melt-
ing temperature,
(ii) providing a layer of a second material on the
outside surface of the mandrel without blocking
the aperture, wherein the second material com-
prises an uncured thermo-setting resin and fib-
ers configured for reinforcing the structure, the
second material has a curing temperature below
which it is pliable and above which it cures,
(iii) placing the mandrel and the layer in a mold
cavity formed by a mold, wherein the mold is
configured to allow a fluid to reach the aperture
of the mandrel,
(iv) introducing a pressurized fluid into the inte-
rior of the mandrel via the aperture for generat-
ing a force acting to expand the mandrel out-
ward, heating the mandrel to a temperature be-
low the melting temperature of the first material
for making the mandrel deformable and allowing
the mandrel to expand outward and press the
layer against the mold, and heating the layer to
a temperature above the curing temperature of
the second material to cure and form the struc-
ture,
(v) heating the mandrel to a temperature above
the melting point of the first material for melting
the mandrel, and
(vi) removing the melted mandrel from the struc-
ture.

2. The method according to claim 1, wherein the struc-
ture is a hollow structure, and in step (ii) the layer is
provided to enclose or enfold the mandrel or a portion
of the mandrel.

3. The method according to any of the claims 1 or 2,
wherein the first material is a thermoplastic, the resin
comprises an epoxy resin, and/or the fibers comprise
carbon fibers.

4. The method according to any of the claims 1-3,
wherein in step (iii), the mold is configured to leave
the aperture open to the surroundings of the mold,
and the step (iv) further comprises: placing the mold
in an autoclave and generating a pressurized and
heated atmosphere inside the autoclave for provid-
ing the pressurized fluid and for heating the mandrel
and the layer.

5. The method according to any of the claims 1-4,
wherein the step (iv) further comprises: connecting
the aperture of the mandrel to a pressure source via
a pressure conduit, wherein the pressure source pro-
vides the pressurized fluid and the pressure conduit
conveys the pressurized fluid to the aperture, and

the step (iv) further comprises: placing the mold in
an oven generating heat for heating the mandrel and
the layer.

6. The method according to any of the claims 1-5,
wherein the curing in step (iv) is a first curing, and
the method further comprises the step of: (vii) sub-
jecting the layer or structure to a second curing at a
temperature that is greater than the temperature of
the first curing.

7. The method according to claim 6, wherein the sub-
jecting of the second material to a second curing in
step (vii) comprises: heating the layer or structure to
a temperature in the range 170-200°C.

8. The method according to any of the claims 1-7,
wherein in step (ii), providing layer of a second ma-
terial on the outside surface of the mandrel compris-
es: applying one or more sheets of the second ma-
terial on the mandrel.

9. The method according to any of the claims 1-8,
wherein the method comprises prior to and/or simul-
taneous to step (iv):

(ix) evacuating air inside the mold cavity be-
tween the mandrel and the mold.

10. The method according to any of the claims 1-9,
wherein he method is further configured to form an
additional structure reinforced by fibers and joined
to the structure, and wherein the mold comprises an
additional outside surface and a gap for allowing ac-
cess to the mold cavity outside the mold, and the
step (iii) further comprises: providing an additional
layer of the second material on the additional outside
surface of the mold and joining the additional layer
to the layer provided on the outside surface of the
mandrel via the gap.

11. A mandrel for being placed in mold cavity of a mold
having an opening to allow access to the mold cavity
from outside the mold, wherein the mandrel compris-
es a hollow interior and an aperture for allowing a
fluid to enter the interior, wherein the mandrel is con-
figured to allow the aperture to be accessed via the
opening when the mandrel is placed in the mold cav-
ity, and wherein the mandrel is of a first material that
is rigid at room temperature and has a melting tem-
perature at which it melts, and the first material be-
comes deformable when approaching the melting
temperature.

12. The mandrel according to claim 11, wherein the man-
drel comprises a protruding portion on which the ap-
erture is located, and the protruding portion is con-
figured to extend through the opening of the mold
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for positioning the aperture on the outside of the mold
when the mandrel is placed in the mold cavity.

13. A molding system comprising:

a mold having a mold cavity and an opening to
allow access to the mold cavity from outside the
mold, and
a mandrel comprising a hollow interior and an
aperture for allowing a fluid to enter the interior,
wherein the mandrel is configured to allow the
aperture to be accessed via the opening when
the mandrel is placed in the mold cavity, and
wherein the mandrel is of a material that is rigid
at room temperature and has a melting temper-
ature at which it melts, and the first material be-
comes deformable when approaching the melt-
ing temperature.

14. The molding system according to claim 13, wherein
the mandrel comprises a protruding portion on which
the aperture is located, and the protruding portion is
configured to extend through the opening of the mold
for positioning the aperture on the outside of the mold
when the mandrel is placed in the mold cavity.

15. A structure manufactured by the method according
to any of the claims 1-9.
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