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DESCRIPTION

Technical Field

[0001] The present invention relates to a method of manufacturing a wind turbine blade and
intermediate products of a wind turbine blade. The invention further relates to a wind turbine
blade and intermediate products of the wind turbine blade.

Background

[0002] Wind turbine blades are often manufactured according to one of two constructional
designs, namely a design where a thin aerodynamic shell is glued onto a spar beam, or a
design where spar caps, also called main laminates, are integrated into the aerodynamic shell.

[0003] In the first design, the spar beam constitutes the load bearing structure of the blade.
The spar beam as well as the aerodynamic shell or shell parts are manufactured separately.
The aerodynamic shell is often manufactured as two shell parts, typically as a pressure side
shell part and a suction side shell part. The two shell parts are glued or otherwise connected to
the spar beam and are further glued to each other along a leading edge and trailing edge of
the shell parts. This design has the advantage that the critical load carrying structure may be
manufactured separately and therefore easier to control. Further, this design allows for various
different manufacturing methods for producing the beam, such as moulding and filament
winding.

[0004] In the second design, the spar caps or main laminates are integrated into the shell and
are moulded together with the aerodynamic shell. The main laminates typically comprise a high
number of fibre layers compared to the remainder of the blade and may form a local thickening
of the wind turbine shell, at least with respect to the number of fibre layers. Thus, the main
laminate may form a fibre insertion in the blade. In this design, the main laminates constitute
the load carrying structure. The blade shells are typically designed with a first main laminate
integrated in the pressure side shell part and a second main laminate integrated in the suction
side shell part. The first main laminate and the second main laminate are typically connected
via one or more shear webs, which for instance may be C-shaped or I-shaped. For very long
blades, the blade shells further along at least a part of the longitudinal extent comprise an
additional first main laminate in the pressure side shell, and an additional second main
laminate in the suction side shell. These additional main laminates may also be connected via
one or more shear webs. This design has the advantage that it is easier to control the
aerodynamic shape of the blade via the moulding of the blade shell part.

[0005] Vacuum infusion or VARTM (vacuum assisted resin transfer moulding) is one method,
which is typically employed for manufacturing composite structures, such as wind turbine
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blades comprising a fibre reinforced matrix material.

[0006] During the process of filling the mould, a vacuum, said vacuum in this connection being
understood as an under-pressure or negative pressure, is generated via vacuum outlets in the
mould cavity, whereby liquid polymer is drawn into the mould cavity via the inlet channels in
order to fill said mould cavity. From the inlet channels the polymer disperses in all directions in
the mould cavity due to the negative pressure as a flow front moves towards the vacuum
channels. Thus, it is important to position the inlet channels and vacuum channels optimally in
order to obtain a complete filling of the mould cavity. Ensuring a complete distribution of the
polymer in the entire mould cavity is, however, often difficult, and accordingly this often results
in so-called dry spots, i.e. areas with fibre material not being sufficiently impregnated with
resin. Thus dry spots are areas where the fibre material is not impregnated, and where there
can be air pockets, which are difficult or impossible to remove by controlling the vacuum
pressure and a possible overpressure at the inlet side. In vacuum infusion techniques
employing a rigid mould part and a resilient mould part in the form of a vacuum bag, the dry
spots can be repaired after the process of filing the mould by puncturing the bag in the
respective location and by drawing out air for example by means of a syringe needle. Liquid
polymer can optionally be injected in the respective location, and this can for example be done
by means of a syringe needle as well. This is a time-consuming and tiresome process. In the
case of large mould parts, staff have to stand on the vacuum bag. This is not desirable,
especially not when the polymer has not hardened, as it can result in deformations in the
inserted fibre material and thus in a local weakening of the structure, which can cause for
instance buckling effects.

[0007] In most cases the polymer or resin applied is polyester, vinyl ester or epoxy, but may
also be PUR or pDCPD, and the fibre reinforcement is most often based on glass fibres or
carbon fibres. Epoxies have advantages with respect to various properties, such as shrinkage
during curing (in turn potentially leading to less wrinkles in the laminate), electrical properties
and mechanical and fatigue strengths. Polyester and vinyl esters have the advantage that they
provide better bonding properties to gelcoats. Thereby, a gelcoat may be applied to the outer
surface of the shell during the manufacturing of the shell by applying a gelcoat to the mould
before fibre-reinforcement material is arranged in the mould. Thus, various post-moulding
operations, such as painting the blade, may be avoided. Further, polyesters and vinyl esters
are cheaper than epoxies. Consequently, the manufacturing process may be simplified and
costs may be lowered.

[0008] Often the composite structures comprise a core material covered with a fibre reinforced
material, such as one or more fibre reinforced polymer layers. The core material can be used
as a spacer between such layers to form a sandwich structure and is typically made of a rigid,
lightweight material in order to reduce the weight of the composite structure. In order to ensure
an efficient distribution of the liquid resin during the impregnation process, the core material
may be provided with a resin distribution network, for instance by providing channels or
grooves in the surface of the core material.



DK/EP 2934857 T3

[0009] As for instance blades for wind turbines have become bigger and bigger in the course
of time and may now be more than 60 meters long, the impregnation time in connection with
manufacturing such blades has increased, as more fibre material has to be impregnated with
polymer. Furthermore the infusion process has become more complicated, as the
impregnation of large shell members, such as blades, requires control of the flow fronts to
avoid dry spots, said control may e.g. include a time-related control of inlet channels and
vacuum channels. This increases the time required for drawing in or injecting polymer. As a
result the polymer has to stay liquid for a longer time, normally also resulting in an increase in
the curing time.

[0010] Resin transfer moulding (RTM) is a manufacturing method, which is similar to VARTM.
In RTM the liquid resin is not drawn into the mould cavity due to a vacuum generated in the
mould cavity. Instead the liquid resin is forced into the mould cavity via an overpressure at the
inlet side.

[0011] Prepreg moulding is a method in which reinforcement fibres are pre-impregnated with a
pre-catalysed resin. The resin is typically solid or near-solid at room temperature. The
prepregs are arranged by hand or machine onto a mould surface, vacuum bagged and then
heated to a temperature, where the resin is allowed to reflow and eventually cured. This
method has the main advantage that the resin content in the fibre material is accurately set
beforehand. The prepregs are easy and clean to work with and make automation and labour
saving feasible. The disadvantage with prepregs is that the material cost is higher than for non-
impregnated fibres. Further, the core material need to be made of a material, which is able to
withstand the process temperatures needed for bringing the resin to reflow. Prepreg moulding
may be used both in connection with a RTM and a VARTM process.

[0012] Further, it is possible to manufacture hollow mouldings in one piece by use of outer
mould parts and a mould core. Such a method is for instance described in EP 1 310 351 and
may readily be combined with RTM, VARTM and prepreg moulding.

[0013] WO 2011/035541 A1 discloses a wind turbine blade of hybrid material composition,
wherein the blade comprises a structural box mainly made of epoxy based prepreg and a shell
manufactured by resin infusing technique using polyester or vinylester. The box and the shell
are bonded using an adhesive.

[0014] WO 2004/078443 A1 discloses a pre-form and a method of preparing a preforms. The
pre-form are formed by at least three layers of oriented fibres. In one embodiment, the fibre
layers may be displaced to form a tapered side to improve drapability of the pre-form.

Disclosure of the Invention

[0015] It is an object of the invention to obtain partly a new blade design and intermediary
products of this design as well as a new method for manufacturing such wind turbine blades



DK/EP 2934857 T3

and intermediary products, and which overcomes or ameliorates at least one of the
disadvantages of the prior art or which provides a useful alternative.

[0016] According to a first aspect, the invention provides a wind turbine blade comprising a
load carrying structure including at least a first spar cap, and an aerodynamic shell having an
outer surface forming at least part of an exterior surface of the wind turbine blade and an inner
surface, wherein the load carrying structure is connected to the aerodynamic shell, and
wherein the aerodynamic shell comprises a first recess at the inner surface of the blade shell,
and the first spar cap is arranged in and connected to the first recess of the aerodynamic shell.
The aerodynamic shell comprises a first thickened part at a first side of the first recess and a
second thickened part at a second side of the first recess. The first recess is tapered towards
the first side of the recess and tapered towards the second side of the recess. The first spar
cap is tapered towards a first side of the spar cap, and is tapered towards a second side of the
spar cap. The first side of the spar cap substantially abuts or adjoins the first side of the
recess, and the second side of the spar cap substantially abuts or adjoins the second side of
the recess.

[0017] Thus, it is seen that the first thickened part may be tapered towards (the first side of)
the recess, and the second thickened part may be tapered towards (the second side of) the
recess, and that the sides of the spar cap are tapered correspondingly, such that the spar cap
when arranged in the recess abuts the sides of the recess. Thereby, a gradual transition
between the spar cap and the shell structure at the recess may be obtained with low transition
in stiffness thereby lowering stress concentrations in the final wind turbine blade.

[0018] The tapering angle of the sides of the recess may for instance be between 10 and 80
degrees. Similarly, the tapering angle of the side of the spar cap may be between 10 and 80
degrees.

[0019] By manufacturing the aerodynamic shell and the spar cap separately and later
attaching the spar cap to the recess of the aerodynamic shell, it is ensured that the load
carrying structure may very accurately be positioned in the finished blade and that a gradual
stiffness transition is achieved between the tapered parts of the spar cap and aerodynamic
shell.

[0020] It is clear that the wind turbine blade is formed as an elongated structure having a
longitudinal direction. Both the aerodynamic shell and the load carrying structure are therefore
also formed as elongated structures connected to each other along a connection surface
extending in the longitudinal direction of the blade. Thus, it is also clear that the recess extends
in the longitudinal direction of the blade and the aerodynamic shell.

[0021] The design with a recess provided in the blade shell and the spar cap attached to the
recess allows for a manufacturing process, where the spar cap and the aerodynamic shell may
be manufactured separately, and where the spar cap may very accurately be attached to the
blade shell at the correct position.
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[0022] According to an advantageous embodiment, the load carrying structure further
comprises a second spar cap, and the aerodynamic shell further comprises a second recess at
the inner surface of the blade shell, and wherein the second spar cap is arranged in and
connected to the second recess of the aerodynamic shell.

[0023] The first recess may be formed in a pressure side shell part of the aerodynamic shell,
and the second recess may be formed in a suction side shell part of the aerodynamic shell.
Thus, it is clear the first spar cap forms a load carrying structure part attached to the pressure
side of the blade, and the second spar cap forms a load carrying structure part attached to the
suction side of the blade.

[0024] The first thickened part and/or the second thickened part may be formed as a sandwich
structure comprising a number of outer skin layers, a number of inner skin layers, and an
intermediate sandwich core material.

[0025] Thus, the recess may be formed by having a non-thickened part (or recess shell part)
between the first thickened part and the second thickened part. The recess shell part may
simply comprise a number of fibre layers, e.g. corresponding to the inner and outer skin of the
juxtaposed thickened parts.

[0026] The intermediate sandwich core material may be balsawood. The intermediate core
material may also be foamed polymer.

[0027] All the embodiments described in relation to the first spar cap and the first recess may
of course also apply to the second recess and the second spar cap.

[0028] The spar cap may for instance be formed according to any of the embodiments
described in relation to the third aspect, i.e. with a sandwich core wedge at the sides.

[0029] According to an advantageous embodiment, the sandwich core material of the spar
cap(s) is a foamed polymer, and the sandwich core material of the aerodynamic shell is
balsawood. This provides for an embodiment, where the blade shell may be manufactured with
the less expensive balsawood. However, balsawood may be electrically conductive. By
providing a foamed polymer material at the sides of the spar cap, it is possible to electrically
insulate the main laminate from the balsawood, which for lightning protection purposes may be
advantageous, in particular if the spar cap comprises carbon fibres.

[0030] According to another advantageous embodiment, the first spar cap comprises a first lip
or wing arranged along a first side of the first spar cap, and a second lip or wing arranged
along a second side of the first spar cap. The first lip (or wing) and the second lip (or wing) are
formed as protrusions extending from and along the first side and second side of the first spar
cap. The first lip and the second lip may be formed as fibre-reinforced structures.
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[0031] In one embodiment, the first fibre lip is attached to an inner surface of the first
thickened part of the aerodynamic shell, and wherein the second fibre lip is attached to an
inner surface of the second thickened part of the aerodynamic shell.

[0032] According to the invention, a cavity is formed between an inner surface, the recess and
the first surface of the spar cap. The cavity may be formed by the tapering sides of the spar
cap and recess and/or it may be formed by the first fibre lip and second fibre lip.

[0033] Further the lips or protruding elements may act as a glue barrier so that only the
needed glue may be injected into the cavity or that excess glue may be removed by injecting
glue from one longitudinal end of the cavity and collecting said excess glue at a second end of
the cavity.

[0034] The spar cap may be connected to the recess of the shell via an adhesive filling the
cavity. In practice the adhesive may be applied before the spar cap is arranged in the recess or
it may be injected into a cavity formed between the spar cap and the recess. The first aspect of
the invention also provides a method of manufacturing a wind turbine blade, wherein the
method comprises the steps of: a) manufacturing an aerodynamic shell having with a first
recess, the aerodynamic shell being manufactured so that it comprises a first thickened part at
a first side of the first recess and a second thickened part at a second side of the first recess,
and so that the first recess is tapered towards the first side of the recess and tapered towards
the second side of the recess, b) manufacturing a load carrying structure including at least a
first spar cap, the first spar cap being manufactured so that it is tapered towards a first side of
the spar cap and further is tapered towards a second side of the spar cap, ¢) arranging the first
spar cap in the first recess of the aerodynamic shell so that the first side of the spar cap
substantially abuts or adjoins the first side of the recess, and the second side of the spar cap
substantially abuts or adjoins the second side of the recess, and d) connecting the first spar
cap to the aerodynamic shell. Advantageously, in step d), the first spar cap is glued to the
aerodynamic shell.

[0035] According to a second aspect, which may be used in connection with the first aspect,
the invention provides a wind turbine blade comprising: a load carrying structure including at
least a first spar cap, and wherein the first spar cap is pre-manufactured as a fibre-reinforced
object comprising a first fibre reinforcement material and a first matrix material, and an
aerodynamic shell made in a fibre-reinforced material comprising a second fibre reinforcement
material and a second matrix material, wherein the load carrying structure is connected to the
aerodynamic shell, and wherein the second matrix material is a polyester or vinylester, and the
first matrix material is a polymer material other than polyester or vinylester. The aerodynamic
shell is a thin shell that defines the exterior contour of the wind turbine blade and accordingly
the aerodynamic shape of the blade.

[0036] The second matrix material may advantageous be an epoxy-based resin. In one
embodiment, the second matrix material (e.g. the epoxy-based resin) is a heat curing resin as
opposed to one curing through a catalytic chemical reaction, e.g. producing exothermic heat.
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The heat curing resin may advantageously be a thermosetting resin, but may in principle also
be a thermoplastic.

[0037] Thus, according to a highly advantageous embodiment, the shell is manufactured via a
resin that cures through a catalytic chemical reaction, e.g. an exothermic chemical reaction.
The spar cap on the other hand is manufactured and cured via a heat activated resin, such as
an epoxy. Thereby, the aerodynamic shell may be manufactured via relative cheap materials
and moulds, whereas the spar cap may be manufactured in heated moulds and matrix
materials that have advantages with respect to inter alia shrinkage (in turn leading to less
wrinkles in the laminate), electrical properties and mechanical and fatigues strengths. Further,
the manufacture of the shell and the manufacture of the critical load carrying structure are
separated from each other meaning that it is easier to have control over the manufacture of
the individual structures. Thus, a cost optimised manufacturing approach is set up for
manufacturing the blade shell, while ensuring optimised mechanical properties for the most
critical part of the load carrying structure of the blade, namely the spar cap. Further, the spar
cap may be manufactured via a much narrower mould. Thus, if necessary, subsequent repairs
may more easily be carried out without having to walk around on the fibre-reinforcement
material.

[0038] According to an advantageous embodiment, the first matrix material is an epoxy based
resin. According to another advantageous embodiment, the first fibre reinforcement material
comprises carbon fibres. Thereby, the load carrying structure can be made relatively stiff
compared to the weight and amount of fibre-reinforcement material used for the load carrying
structure. Thus, the blade can be made lighter and/or less elastic, thereby lowering moments
transferred to the hub and the rest of the wind turbine as well as lowering the risk of the blades
deflecting to a degree, where they may collide with the tower of the wind turbine during rotation
of the rotor. Further, carbon fibres are compatible with epoxy resins, thus providing a good
mechanical bonding in the matrix material. Overall, the use of carbon fibres makes it feasible to
manufacture longer or lighter blades as compared to for instance glass fibre reinforced blades
without prebending the blades so as to curve away from the tower in their unstressed state.

[0039] It is clear that the wind turbine blade is formed as an elongated structure having a
longitudinal direction. Both the aerodynamic shell and the load carrying structure are therefore
also formed as elongated structures connected to each other along a connection surface
extending in the longitudinal direction of the blade.

[0040] The aerodynamic shell may advantageously be formed as a thin or relatively thin shell.

[0041] The first fibre-reinforcement material may substantially be composed of carbon fibres.
However, the spar cap may also comprise hybrid mats comprising both carbon fibres and glass
fibres. According to an advantageous embodiment, the reinforcement fibres of the spar cap
comprise at least 25%, or at least 30%, or at least 35%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at least 80%, or at least 90% carbon fibres. The reinforcement
fibres may even be fully constituted by carbon fibres. In an advantageous embodiment, hybrid
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mats comprising both glass fibres and carbon fibres are used, wherein approximately 35% by
volume of the total amount of fibres are carbon fibres.

[0042] According to one embodiment, the second fibre reinforcement material is glass fibres.
Glass fibres are compatible with polyester based resins, thus providing a good mechanical
bonding in the matrix material. Accordingly, the aerodynamic shell may be made from relatively
inexpensive materials compared to for instance carbon fibres and epoxy based resins.

[0043] According to a highly advantageous embodiment, an outer surface of the aerodynamic
shell is coated with a gelcoat. Gelcoats may readily be applied to polyester or vinylester based
composites, since the polyester and vinylester may chemically bond with the styrene of the
gelcoat. Thereby, the aerodynamic shell comprising a polyester or vinylester based resin as
matrix material has the advantage that the gelcoat may be applied to the outer surface of the
shell during the manufacturing of the shell, e.g. by applying the gelcoat to the mould surface
before laying up the fibre-reinforcement material. Thereby, various post-moulding operations,
such as painting the blade, may be avoided, whereby the manufacturing process may be
simplified and costs may be lowered.

[0044] Thus, it is seen that the combination of carbon fibre reinforced spar caps connected to
an advantageously thin aerodynamic shell made in glass fibre reinforced polyester and
covered by a gel coat provides the possibility of manufacturing relatively stiff and longer
blades, where the post-moulding operations are simplified.

[0045] According to one embodiment, the first spar cap is adhered to the aerodynamic shell,
advantageously by an epoxy based adhesive.

[0046] According to another embodiment, the load carrying structure further comprises a
second spar cap. In one advantageous embodiment, the first spar cap and the second spar
cap are connected via at least a first shear web, advantageously also a second shear web.
The first shear web and/or the second shear web may advantageously be a C-shaped web or
an I-shaped web. Thus, it is clear that the spar caps and webs may be manufactured
separately and then later connected to each other, e.g. by gluing the parts to each other, in
order to form the load carrying structure. The aerodynamic shell may then later be connected
to the load carrying structure.

[0047] According to yet another embodiment, the aerodynamic shell is made of at least a first
shell part, e.g. a suction side shell part, and a second shell part, e.g. a pressure side shell part.
The first shell part and the second shell part may for instance be connected to each other
along bond lines along a leading edge and a trailing edge of the wind turbine blade.

[0048] It is possible to manufacture the first spar caps separately and connecting or adhering
them to the shell parts. Thus, the first spar cap may be connected to the first shell part, and the
second spar cap may be connected to the second shell part. Afterwards, the shell parts
comprising the spar caps may be adhered to each other with the shear webs arranged
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between the spar caps.

[0049] In an alternative embodiment, the load carrying structure is a spar or a beam. This
provides an alternative embodiment, where the load carrying structure may be formed as a
single integral structure, e.g. a box-shaped or circular cylindrical spar, and the thin
aerodynamic shell is adhered to the load carrying structure afterwards.

[0050] The second aspect of the invention also provides a method of manufacturing a wind
turbine blade, wherein the method comprises the steps of: a) manufacturing a load carrying
structure including at least a first spar cap as a fibre-reinforced object comprising a first fibre
reinforcement material and a first matrix material, b) manufacturing an aerodynamic shell as a
fibre-reinforcement material comprising a second fibre reinforcement material and a second
matrix material, and c¢) connecting the load carrying structure to the aerodynamic shell,
wherein the second matrix material is a polyester or vinylester, and the first matrix material is a
polymer material other than polyester or vinylester.

[0051] According to an advantageous embodiment of the method, step a) includes the step of
supplying and curing the first resin in order to form the load carrying structure. In another
advantageous embodiment, step b) includes the step of supplying and curing the polyester or
vinylester in order to form the aerodynamic shell. In yet another advantageous embodiment,
step ¢) comprises the step of adhering the load carrying structure to the aerodynamic shell,
e.g. via an epoxy-based adhesive.

[0052] The first spar cap and/or the aerodynamic shell may advantageously be manufactured
via a vacuum assisted resin transfer moulding (VARTM) process. The aerodynamic shell may
be manufactured in a first mould part. The first spar cap may be manufactured in a second
mould part. If the aerodynamic shell is manufactured as separate shell parts, such as a
pressure side shell part and a suction side shell part that are later adhered to each other along
the leading edge and trailing edge of the blade, the separate shell parts may of course be
manufactured in separate first mould parts.

[0053] Further, it is clear that the various composite structures in a VARTM method may use a
mould structure comprising a rigid mould part and a vacuum bag sealed to the rigid mould part
in order to form a mould cavity there between. The fibre-reinforcement material is arranged in
the mould cavity, and the matrix material, i.e. the resin, is supplied to the mould cavity.

[0054] The resin may either be provided in combination with the fibre-reinforcement material
as prepregs. Alternatively, the fibre-reinforcement material may be arranged in dry form and
the resin be supplied to afterwards. It is also possible to use a combination of prepregs and
additional resin supplied to the fibre-reinforcement material to improve wetting.

[0055] In one embodiment, step a) further comprises the step of manufacturing a second spar
cap as well as one or more shear webs and connecting said one or more shear webs between
the first spar cap and the second spar cap. In another embodiment, step b) includes the step
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of providing a gel coat to an outer surface of the aerodynamic shell.

[0056] Typically, the gel coat will be applied to the forming surface of the mould prior to the
fibre-reinforcement material being laid up in the mould.

[0057] According to a third aspect, the invention also provides a pre-manufactured spar cap
for connecting to an aerodynamic shell, the spar cap comprising an elongated structure
oriented along a longitudinal axis and having a first surface for connecting to an aerodynamic
shell, a second surface facing opposite the first surface, a first side, and a second side
opposite the first side, wherein the spar cap comprises a main laminate comprising a number
of fibre-reinforcement layers between the first surface and the second surface and embedded
in a polymer matrix, and wherein the spar cap further comprises a first sandwich core material
at the first side of the spar cap and contiguous to the main laminate, the first sandwich core
material being tapered in a direction towards the main laminate so as to provide a gradual
transition between the first core material and the main laminate.

[0058] This pre-manufactured spar cap provides for an improved stiffness transition and stress
transition, when it is attached to an aerodynamic shell. This in particular relates to attachment
to aerodynamic shells having a sandwich construction with a sandwich core material, e.g.
adjoining the pre-manufactured spar cap in the final wind turbine blade.

[0059] The first sandwich core material may be sandwiched between an inner and outer skin.
The terms "inner" and "outer" are to be understood in relation to the finished wind turbine
blade. Thus, the inner skin is the side facing towards the interior of the blade when attached to
the aerodynamic shell, whereas the outer skin is the side facing towards the aerodynamic
shell.

According to an advantageous embodiment, the pre-manufactured spar cap may further
comprise a second sandwich core material at the second side of the spar cap and adjoining
the main laminate, the second sandwich core material being tapered in a direction towards the
main laminate so as to provide a gradual transition between the second core material and the
main laminate. Accordingly, it is seen that the spar cap may be manufactured with a centrally
arranged main laminate and sandwich core material at both sides of the spar cap.

[0060] By main laminate is meant a fibre insertion comprising preferably a plurality of fibre-
reinforcement layers that form a load carrying structure of the finished wind turbine blade.

[0061] The first core material may additionally be tapered towards the first side of the spar
cap. The second core material may also be tapered towards the second side of the spar cap.
Thus, it is seen that core material may cross-sectionally be shaped as a wedge or a double-
wedge.

[0062] The main laminate may also be tapered towards the first side/and or the second side.
This may for instance be achieved by letting side edges of the fibre-reinforcement layers be
mutually displaced and/or letting the width of the various layers vary through the thickness of
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the main laminate. This provides a particular advantageous embodiment, where a gradual
stiffness transition is achieved between the sandwich core material and the main laminate. In
addition, sides of the individual layers may be tapered or chamfered.

[0063] The sandwich core material may for instance be balsawood or a foamed polymer.

[0064] The transition between the main laminate and the first sandwich core material and/or
second sandwich core material may be angled at a tapering angle of 10 to 80 degrees. The
term pre-manufactured means that the spar cap is manufactured separately before being
connected, e.g. by adhesion, to the aerodynamic shell. The pre-manufactured spar cap is pre-
cured. According to a fourth aspect, the invention provides a method for manufacturing the
aforementioned aerodynamic shell with a recess. Accordingly, the invention provides a method
of manufacturing an aerodynamic shell part for a wind turbine, the aerodynamic shell part
comprising a recess for arrangement and connection of a spar cap within said recess, said
method comprising the steps of: a) providing a first mould part having a first forming surface
that defines a part of an exterior of the aerodynamic shell part, b) laying up fibre-reinforcement
material and optionally also sandwich core material in the first mould on the first forming
surface, ¢) arranging one or more inserts having an exterior shape corresponding to at least
sides of the recess of the aerodynamic shell part, d) supplying resin to said fibre-reinforcement
material and optional sandwich core material, €) curing or preconsolidating the resin, and f)
removing the one or more inserts. The resin may in step d) be supplied to the fibre materials
via prepregs, i.e. simultaneous with layup of the fibre-reinforcement material, or be supplied
afterwards. It is also possible to use a combination of prepregs and additional resin supplied to
the fibre material. The resin is preferably cured before the one or more inserts are removed
leaving an impression or recess in the aerodynamic shell part.

[0065] This manufacturing method provides a simple way of forming the aerodynamic shell
with a recess at the correct position and for connecting the spar cap at the correct position to
the blade shell. Further, the insert ensures that fibre material and sandwich core material does
not slide down from the sides of the mould and cause wrinkles in the lay-up.

[0066] The one or more inserts may for instance be shaped as a dummy that corresponds to
at least an exterior shape of the spar cap, which is to be inserted and connected to the recess.
This provides for a simple way of ensuring that the shape of the recess substantially
corresponds to the shape of the spar cap.

[0067] Accordingly, the one or more inserts has an exterior shape that corresponds at least to
an outer surface of the spar cap.

[0068] The insert of dummy may be formed as a single element that corresponds to the entire
recess. Alternatively, it may be composed of a number of separate inserts that each form a
separate longitudinal section of the recess. Accordingly, the one or more inserts may comprise
a first insert that forms at least a part of a first side of the recess, and a second insert that
forms at least a part of a second side of the recess. Similar to the dummy, the first insert and
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the second insert may form the entire first side and the second side of the recess, respectively.
Alternatively, they may be formed by a number of first side inserts and second side inserts,
each forming a longitudinal section of the first side and the second side of the recess,
respectively. The individual inserts may also be separated in the longitudinal section with a
mutual spacing, thus only being arranged along parts of the recess. In such an embodiment,
the individual parts still serve to ensure that the position of the recess is formed very accurately
and to ensure that fibre material and sandwich core parts do not slide down from sides of the
moulding surface.

[0069] Advantageously, a releasing material, such as a waxy substance, is applied to said one
or more insert in order to prevent said one or more inserts to adhere to material of the
aerodynamic shell.

[0070] As previously mentioned, the method may comprise the use of vacuum infusion, such
as Vacuum Assisted Resin Transfer Moulding (VARTM.)

[0071] In one embodiment, a vacuum bag is applied over the fibre-reinforcement material and
the optional sandwich core material as well as one or more inserts and sealed to the first
mould part.

[0072] A mould cavity is thus formed between the first, advantageously rigid, mould part and
the first vacuum bag. The fibre-reinforcement material, the optional sandwich core material,
and the one or more inserts are thus arranged in the mould cavity. The mould cavity is
attached to a vacuum source that first evacuates the mould cavity. Thereby the material
arranged in the mould cavity is compressed due to the forces applied from the vacuum bag.
This also ensures that the one or more inserts are pressed against the fibre-reinforcement
material, thereby providing an impression according to the intended recess.

[0073] In another embodiment, a first vacuum bag is applied over the fibre-reinforcement
material and the optional sandwich core material, and wherein the one or more inserts are
arranged on top of the first vacuum bag, and wherein a second vacuum bag is arranged on top
of the one or more inserts.

[0074] The first and second vacuum bags are sealed in order to form a first mould cavity and a
second mould cavity. The two mould cavities are first evacuated. Then the resin is brought to
flow and/or injected into the first mould cavity, thereby wetting the fibre material. Afterwards the
resin is pre-consolidated or cured, and the inserts may be removed together with the vacuum
bags. This embodiment has the advantage of easy removal of the inserts without having to
apply a releasing material or coating to the one or more inserts.

[0075] It is clear that the intermediate product of the spar cap provided with lips or wings is
new and inventive in itself. Thus, according to a fifth aspect, the invention provides a pre-
manufactured spar cap for connecting to an aerodynamic shell, the spar cap comprising an
elongated structure oriented along a longitudinal axis and having a first surface for connecting
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to an aerodynamic shell, a second surface facing opposite the first surface, a first side, an a
second side opposite the first side, wherein the first spar cap comprises a first lip arranged
along the first side of the first spar cap, and a second lip arranged along the second side of the
first spar cap.

[0076] The first lip and the second lip are formed as protrusions extending from and along the
first side and second side of the first spar cap. The first lip and the second lip may be formed
as fibre-reinforced structures.

[0077] It is clear that the aforementioned aspects of the invention may be combined in any way
and are linked by the common aspect of separating the manufacture of the aerodynamic shell
and the load carrying structure. It is also clear that the third, fourth and fifth embodiments
further are linked by a common inventive concept of forming a blade by providing a recess in
the aerodynamic shell for insertion and attachment of a spar cap as well as intermediary
products particularly suited for such a design.

[0078] It is clear that the invention is particularly suited for large structures. Accordingly, the
invention preferably relates to wind turbine blades as well as intermediary structures having a
total length of at least 30 metres, 40 metres, 45 metres, or 50 metres.

[0079] The invention also contemplates a wind turbine blade comprising a number of blades,
e.g. two or three, according to any of the aforementioned aspects and embodiments.

Brief Description of the Drawings

[0080] The invention is explained in detail below with reference to an embodiment shown in
the drawings, in which

Fig. 1 shows a wind turbine,
Fig. 2 shows a schematic view of a wind turbine blade according to the invention,
Fig. 3 shows an aerodynamic shell part and a spar cap arranged in a mould,

Fig. 4 shows a first embodiment for manufacturing an aerodynamic shell part according to the
invention,

Fig. 5 shows a second embodiment for manufacturing an aerodynamic shell part according to
the invention,

Fig. 6 shows an embodiment for manufacturing spar cap according to the invention,
Fig. 7 shows a first embodiment of a spar cap according to the invention,

Figs. 8a and 8b show a second and third embodiment of a spar cap according to the invention,
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and

Fig. 9 shows another embodiment for manufacturing a wind turbine blade according to the
invention,

Fig. 10 shows a first embodiment of a kit of parts for manufacturing an aerodynamic shell part,

Fig. 11 shows a second embodiment of a kit of parts for manufacturing an aerodynamic shell
part,

Fig. 12 shows a third embodiment of a kit of parts for manufacturing an aerodynamic shell part,
and

Fig. 13 shows a fourth embodiment of a kit of parts for manufacturing an aerodynamic shell
part.

Detailed description of the Invention

[0081] Fig. 1 illustrates a conventional modern upwind wind turbine according to the so-called
"Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially horizontal rotor
shaft. The rotor includes a hub 8 and three blades 10 extending radially from the hub 8, each
having a blade root 16 nearest the hub and a blade tip 14 farthest from the hub 8. The rotor
has a radius denoted R.

[0082] Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10
according to the invention. The wind turbine blade 10 has the shape of a conventional wind
turbine blade and comprises a root region 30 closest to the hub, a profiled or an airfoil region
34 farthest away from the hub and a transition region 32 between the root region 30 and the
airfoil region 34. The blade 10 comprises a leading edge 18 facing the direction of rotation of
the blade 10, when the blade is mounted on the hub, and a trailing edge 20 facing the opposite
direction of the leading edge 18.

[0083] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 30 due to structural
considerations has a substantially circular or elliptical cross-section, which for instance makes it
easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root
region 30 may be constant along the entire root area 30. The transition region 32 has a
transitional profile gradually changing from the circular or elliptical shape of the root region 30
to the airfoil profile of the airfoil region 34. The chord length of the transition region 32 typically
increases with increasing distance r from the hub. The airfoil region 34 has an airfoil profile
with a chord extending between the leading edge 18 and the trailing edge 20 of the blade 10.
The width of the chord decreases with increasing distance r from the hub.
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[0084] A shoulder 40 of the blade 10 is defined as the position, where the blade 10 has its
largest chord length. The shoulder 40 is typically provided at the boundary between the
transition region 32 and the airfoil region 34.

[0085] It should be noted that the chords of different sections of the blade normally do not lie in
a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus providing
the chord plane with a correspondingly twisted and/or curved course, this being most often the
case in order to compensate for the local velocity of the blade being dependent on the radius
from the hub.

[0086] The blade is typically made from a pressure side shell part 36 and a suction side shell
part 38 that are glued to each other along bond lines at the leading edge 18 and the trailing
edge of the blade 20.

[0087] Fig. 3 shows a cross-sectional view through a first mould part 150 for use in a method
of manufacturing a wind turbine blade. The first mould part 150 comprises a first moulding
surface, which defines an outer surface of the finished wind turbine blade, here shown as the
pressure side of the blade.

[0088] A number of first fibre layers, core parts and reinforcement sections are arranged at the
forming surface, these parts being included in a first aerodynamic shell part (or pressure side
shell part) 136 of the wind turbine blade. The aerodynamic shell part 136 may for instance be
manufactured by first applying a waxy substance to the moulding surface in order to be able to
remove the shell part after moulding. Then a gelcoat may be applied to the surface after a
number of outer skin layers 178, e.g. made of fibre glass layers, are arranged in the mould. A
first intermediate sandwich core material 182 and a second intermediate sandwich core
material 184, such as balsawood, are arranged on top of the outer skin layers 178 in order to
form a first thickened portion 172 and a second thickened portion 174 of the first aerodynamic
shell part 136, respectively. In effect a first recess 176 is formed between the two thickened
portions 172, 174. Subsequently, a number of inner skin layers 180, e.g. glass fibres, is
arranged on top of the outer skin layers 178 and the first and second intermediate sandwich
core material 182, 184. In addition a number of fibre layers, e.g. glass fibres, may be
sandwiched between the outer skin layers 178 and the inner skin layers 180 in order to form a
leading edge reinforcement 192 and/or a trailing edge reinforcement 194.

[0089] Finally a vacuum bag (not shown) is applied on top of the fibre material and sandwich
material and sealed against the first form part 150 in order to form a mould cavity between the
first mould part 150 and the vacuum bag. The mould cavity is then evacuated by use of a
vacuum source (not shown) and resin is supplied to the mould cavity via resin inlets (not
shown) in order to fully wet the fibre material. Finally, the resin is cured in order to form the first
aerodynamic shell part 136.

[0090] After the first aerodynamic shell part 136 has been manufactured, a pre-manufactured
first spar cap 160 is arranged in the first recess 176 of the first aerodynamic shell part 136.
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The pre-manufactured first spar cap 160 may advantageously have been manufactured with a
first lip or wing 166 protruding from a first side 162 of the first spar cap 160 and a second lip or
wing 168 protruding from a second side 164 of the first spar cap 160. The first wing 166 and
the second wing 168 abut inner surfaces of the first thickened part 172 and the second
thickened part 174 of the first aerodynamic shell part 136, respectively. The first spar cap 160
and the first and second wings 166, 168 may advantageously be dimensioned so that a small
cavity 186 is created between the first spar cap 160 and the inner surface of the recess 176.
An adhesive, such as an epoxy based glue, may have been applied to the surface of the
recess 176 before arranging the first spar cap 160 in the recess 176. Alternatively, the
adhesive may be injected into the cavity and then cured, in order to attach the first spar cap
160 to the recess 176 of the first aerodynamic shell part 136. The wings 166, 168 may act as a
glue barrier so that only the needed glue may be injected into the cavity or that excess glue
may be removed by injecting glue from one longitudinal end of the cavity 186 and collecting
said excess glue at a second end of the cavity. It is clear that the wings 166, 168 do not
necessarily have to extend along the entire longitudinal extent of the spar cap but only need to
be positioned at various sections of the spar cap.

[0091] The first spar cap 160 extends in a longitudinal direction of the blade and forms a load
carrying structure of the finished blade.

[0092] As shown in Fig. 3, the sides of the first thickened part 182 and the second thickened
part 184 of the first aerodynamic shell part 136 are tapered towards the first recess 176.
Equivalently the thickness of the spar cap 160 is tapered towards the first side 162 and the
second side 164 of the spar cap 160. Preferably, the recess 176 and the spar cap 160 are
formed so that sides thereof substantially abut each other so that a gradual transition between
the two structures is obtained.

[0093] It is also clear that the spar cap 160 may be provided without the wings 166, 168. The
cavity between the spar cap and the recess may still be formed by the tapered sides of the
spar cap and the recess, e.g. by making the bottom surface of the spar cap slightly wider than
the bottom surface of the recess.

[0094] Fig. 3 has been described with respect to a pressure side shell part 136 and a first spar
cap 160. Equivalently a suction side shell part as well as a second spar cap are manufactured
separately and attached by adhesion to each other. The suction side shell also comprises a
recess, and the second spar cap is arranged in the recess of the suction side shell part. The
two shell parts (with attached spar caps) are then connected to each other, e.g. by forming
bond lines along the leading edge and trailing edge of the shell parts and adhering them to
each other. In addition, shear webs may be arranged between the spar caps in form of for
instance I-shaped or C-shaped webs. In this setup the spar caps are then adhered to the shell
parts before attaching the shear webs.

[0095] The resin for forming the aerodynamic shell part is preferably a vinyl ester or polyester
based resin, since this enables the use of a gelcoat, whereby a number of post-moulding
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operations, such as painting, may be avoided.

[0096] Fig. 4 illustrates a first method of forming the first recess 176 of the first aerodynamic
shell part 136. In this embodiment a dummy insert 190 is arranged between the two thickened
parts 172, 174. The dummy insert substantially has a shape that corresponds to that of the first
spar cap 160. Preferably the dummy insert is slightly larger than the spar cap 160 in order to
ensure that the spar cap 160 may indeed fit in the recess 176 afterwards. When manufacturing
the first aerodynamic shell part 136, a vacuum bag is applied on top of the fibre material,
sandwich core material and the dummy insert 190. By applying a vacuum to the vacuum cavity
formed between the vacuum bag 188 and the first mould part 150, the dummy insert 190 is
pressed against the fibre material, thus leaving the desired impression. By using the dummy
insert 190 it is ensured that the recess 176 is properly aligned and that fibore material and
sandwich core material does not slide down during layup. The dummy insert 190 is of course
removed afterwards and before attaching the first spar cap 160.

[0097] Fig. 5 illustrates a second method of forming the first recess 176 of the first
aerodynamic shell part 136. In this embodiment, a first side insert 196 and a second side insert
198 are instead used for forming a first side and a second side of the first recess 176,
respectively. The first aerodynamic shell part may as described in relation to the other
embodiments be manufactured via a Vacuum Assisted Resin Transfer Moulding (VARTM) by
arranging a vacuum bag on top of the fibre material, sandwich core material and side inserts.
Fig. 10-13 show various embodiments of kits of parts for manufacturing an aerodynamic shell
part according to the invention.

[0098] Figa. 10a-c show a first embodiment of the kit of parts according to the invention. The
kit of parts comprises a first mould part 250 and a number of dummy inserts 290. The dummy
inserts 290 are provided with guide pins 291, which can mechanically engage with holes 252
provided in the first forming surface of the first mould part 250. After the fibre layers that form
skin layers of the aerodynamic shell have been laid up, the dummy inserts 290 are as shown in
Fig. 10b and 10c attached to the first mould part by inserting the guide pins 291 of the dummy
inserts 290 into the holes 252 of the first mould part 250. Subsequently, the remaining parts
that make up the aerodynamic shell may be arranged on the first forming surface of the first
mould part 250. The dummy inserts 290 function so as to hold the material at the sides of the
mould part 250 such that said material does not slide down and cause wrinkles in the finished
structure. Further, they function so as to very accurately control the position of the recess in
the finished aerodynamic shell part. The dummy inserts 290 may as shown in Fig. 10a be
provided as separate modules, which each extend along different longitudinal parts of the
recess. The dummy insert may also be arranged with a mutual spacing as shown in Fig. 10a.

[0099] Figs. 11a-c show a second embodiment of the kit of parts according to the invention.
The second embodiment is similar to the first embodiment, and like numeral refer to like parts.
However, in this embodiment, a number of first side inserts 296 and second side inserts 298
are instead used for forming a first side and a second side of the first recess. Each of the insert
parts may be attached to the forming surface via guiding pins or rods 293 to engaging holes in
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the forming surface of the first mould part 250'.

[0100] Fig. 12 shows a perspective view of a third embodiment of the kit of parts according to
the invention. The third embodiment is similar to the first embodiment, and like numerals refer
to like parts. The third embodiment differs from the first embodiment in that the sectionised
inserts 390 adjoins each other so that they together correspond to the entire recess in the
finished aerodynamic shell part. In the shown embodiment, the inserts only have a shape
corresponding to the lower part of the spar cap that is to be inserted into the aerodynamic shell
part. However, various shapes may be employed. It is of course also possible to utilise a
combination of the first and the third embodiment by letting some inserts adjoin each other and
other inserts be arranged with a mutual spacing between them.

[0101] Fig. 13 shows a perspective view of a fourth embodiment of the kit of parts according to
the invention, which is similar to the second embodiment, and wherein like numeral refer to like
parts. The fourth embodiment differs in that individual first side inserts 396 are arranged to
adjoin each other and together form the first side of the recess, whereas individual second side
inserts 398 are arranged to adjoin each other and together form the second side of the recess.

[0102] The holes in the forming surface of the first to fourth embodiments, may be provided
with a vacuum pump to apply vacuum, when vacuum is applied to the mould cavity. The holes
may be provided with valve, which may be closed when resin is later injected into the mould
cavity. The valves may after curing be re-opened so that the inserts may easily be removed
again.

[0103] The inserts may be made of aluminium or a polypropylene material, or another
material, which the resin does not adhere to. The inserts may be treated with wax or a non-slip
material for easy removal of the inserts.

[0104] The use of guide holes will leave a hole in the aerodynamic shell part. However, this
hole will be filled with resin or adhesive, when the spar cap is later inserted and bonded to the
aerodynamic shell part. It may be necessary to carry out light repair after demoulding, e.g. by
use of a simple gelcoat repair.

[0105] Further, the insert sections of the embodiments shown in Figs. 10 and 11 may be
connected by a flexible material, e.g. between the sides of the sectionised inserts so that the
flexible material together with the insert sections form continuous side parts. These continuous
side parts may help in providing boundaries which will help in layup of the fibre material and
sandwich core material, thereby facilitating a very accurate position of the recess. The
combined unit with insert sections and interconnected flexible material may be arranged in the
mould similar to slats being positioned in a bed frame.

[0106] Fig. 6 shows a cross-sectional view through a spar cap mould part 161 for use in a
method of manufacturing the first spar cap 160. The spar cap mould part 161 comprises a
forming surface that corresponds to the outer surface of the first spar cap 160. A number of
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fibre reinforcement layers (not shown) are arranged on top of the forming surface after which a
vacuum bag 163 is applied on top of the fibre reinforcement layers in order to form a mould
cavity 165 between the advantageously rigid, second mould part 161 and the vacuum bag 163.
The mould cavity 165 is then evacuated by use of a vacuum source (not shown), after which
resin is supplied to the mould cavity 165 via resin inlets (not shown) in order to wet the fibre
reinforcement material. Finally, the resin is cured or at least pre-consolidated in order to form
the pre-manufactured first spar cap 160.

[0107] Fig. 7 shows a first embodiment of a spar cap according to the invention. In this
embodiment, the entire spar cap is constituted by a fibre-reinforced polymer, advantageously
being carbon fibres embedded in an epoxy matrix material. Thereby, the entire spar cap
structure constitutes the load bearing structure (or main laminate) connected to the
aerodynamic shell part of the blade.

[0108] Fig. 8a shows a second embodiment of a spar cap according to the invention. This
embodiment differs from the first embodiment in that a first sandwich core material 167
material is provided at the first side 162 of the spar cap 160, and a second sandwich core
material 169 is provides at the second side 164 of the spar cap. Thus, the central part of the
spar cap 160 comprising a plurality of stacked fibre-reinforcement layers, preferably
comprising carbon fibres, constitutes the load carrying structure (or main laminate) connected
to the aerodynamic shell part of the blade. In an advantageous embodiment, the first and the
second sandwich core material 167, 169 are a foamed polymer. This provides the advantage
that the balsawood of the thickened part of the aerodynamic shell may be electrically isolated
from carbon fibres of the main laminate of the spar cap. The thickened part of the aerodynamic
shell may also comprise a foamed polymer, at least in the region nearest the recess and the
spar cap, in order to ensure the electrical insulation.

[0109] Fig. 8b shows a third embodiment of a spar cap according to the invention. This
embodiment corresponds to the second embodiment where like reference numerals refer to
like parts. The third embodiment differs from the second embodiment in that the sandwich core
material 167', 169" at the sides 162', 164' are tapered so that they extend into the main
laminate with fibre layers arranged both interior to and exterior to the tapered material.

[0110] Fig. 9 shows another embodiment for manufacturing a wind turbine blade according to
the invention. This embodiment corresponds to the embodiment described in relation to Fig. 3,
but with the difference that the load carrying structure is assembled before being attached to
the first shell part. Accordingly, the load carrying structure comprising the first spar cap 160, a
second spar cap 260, as well as a first shear web 197 and a second shear web 199 is
assembled separately before being adhered to the first aerodynamic shell part. Subsequently,
the second aerodynamic shell part (not shown) is arranged on top of the load carrying
structure and the first aerodynamic shell part so that the second spar cap 260 is adhered to a
recess of the second aerodynamic shell part, and the first and second shell parts are adhered
to each other along bond lines at the leading edge and the trailing edge of the shell parts.
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[0111] The invention has been described with reference to advantageous embodiments.
However, the scope of the invention is not limited to the illustrated embodiment, and alterations
and modifications can be carried out without deviating from the scope of the invention. The
wind turbine blade has for instance been described with only a single recess and spar cap at
each side of the blade. However, in particular for very large blades, the blade may comprise
additional load carrying structures (or main laminates). Accordingly, embodiments having a
longitudinal section, where the aerodynamic shell comprises two or more recesses on each
side with separately manufactured spar caps arranged in and attached to the recesses, are
also envisaged by the invention. In the description, the bonding between the spar cap and the
aerodynamic shell has been described as an epoxy based adhesive. However, in an
alternative embodiment, the spar cap is coated with a primer before being arranged in the
recess of the aerodynamic shell. The primer may provide a chemical bonding to the vinylester
or polyester of the aerodynamic shell. Thus, the curing of the blade shell may be performed
after the spar cap has been arranged so at to provide the attachment to the spar cap. Also, it is
possible to infuse the polyester or vinyl ester afterwards and then curing the structure.

List of reference numerals

2 wind turbine

4 tower

6 nacelle

8 hub

10 blade

14 blade tip

16 blade root

18 leading edge

20 trailing edge

22 pitch axis

30 root region

32 transition region
34 airfoil region

36, 136 pressure side shell
38 suction side shell
40 shoulder

150 first mould part
160 first spar cap

161 spar cap mould
162 first side of first spar cap
163 vacuum bag

164 second side of first spar cap
165 mould cavity
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166 first lip / first wing / first protrusion

167 first sandwich core material

168 second lip / second wing / second protrusion

169 second sandwich core material

170 first aerodynamic shell part / pressure side shell part

172 first thickened portion

174 second thickened portion

176 first recess

178 outer skin layer(s)

180 inner skin layer(s)

182 first intermediate sandwich core material

184 second intermediate sandwich core material

186 cavity between first spar cap and recess of first
aerodynamic shell

188 vacuum bag

190 dummy insert

192 leading edge reinforcement

194 trailing edge reinforcement

196 first side insert

197 first shear web

198 second side insert

199 second shear web

250, 250', 350, 350 first mould part

252, 293, 295, 352, 393, jguide holes

395

260 second spar cap

290, 390 dummy inserts

296, 396 first side inserts

298, 398 second side inserts
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Krav

1. Envindmgllevinge (10) omfattende:

- en lastbeerende konstruktion, der omfatter en farste bjeelkeflange (160) (eng. Spar
cap), og

- en aerodynamisk skal (170) med en ydre overflade, der danner i det mindste en del
af den ydre overflade af vindmgllevingen (10) og en indre overflade, hvor

- den lastbasrende konstruktion er forbundet med den aerodynamiske skal, hvor

- den aerodynamiske skal (170) omfatter en farste fordybning (176) ved den indre
overflade af vingeskallen (10, 170),

- hvor den aeordynamiske skal (170) omfatter en fgrste fortykket del (172) ved en
forste side af den farste fordybning (176) og en anden fortykket del (174) ved en anden
side af den fgrste fordybning,

- hvor den farste bjeelkeflange (176) er placerte i den aerodynamiske skals (170) forste
fordybning (176),

- hvor den farste side af bjeelkeflangen (160) i hovedsagen stader op til eller ligger
op ad den fgrste side af fordybningen (176), og den anden side af bjaelkeflangen (160) i
hovedsagen stader op til eller ligger op ad den anden side af fordybningen (176),

- hvor den aerodynamiske skal (170) og den farste bjeelkeflange (160) er separat
fremstillede og forudhaerdede, og

- hvor en kavitet dannes mellem en indre overflade af fordybningen (176) og en farste
overflade pa bjeelkeflangen (170) med bjeelkeflangen forbundet til skallens (170)
fordybning (176) via et klaebemiddel, som fylder kaviteten, kendetegnet ved, at
- den farste fordybning (176) er affaset mod den forste side af fordybnigen (176) og
affaset mod den anden side af fordybningen (176) og ved, at
- den forste bjeslkeflange (160) er affaset mod en farste side af bjaelkeflangen (160)

og yderligere affaset mod en anden side af bjeelkeflangen (160).

2. Envindmgllevinge ifglge krav 1, hvor

- den lastbasrende konstruktion yderligere omfatter en anden bjeelkeflange, og

- den aerodynamiske skal uderligere omfatter en anden fordybning ved den indre
overflade af vingeskallen, eksempelvis dannet i en tryksideskaldel af den aerodynamiske

skal, og hvor
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- den anden bjaxlkeflange er placeret i den anden fordybning i den aerodynamiske skal,
eksempelvis dannet i en sugesideskaldel af den aerodynamiske skal.

3. En vindmgllevinge ifelge krav 2, hvor den fgrste fordybning er dannet i en
tryksideskaldel af den aerodynamiske skal, og den anden fordybning er dannet i en
sugesideskaldel af den aerodynamiske skal.

4. Envindmgllevinge ifalge ethvert af de foregaende krav, hvor en farste fortykkede del
(172) og/eller den anden fortykkede del (174) er dannet som en sandwichkonstruktion
omfattende et andtal ydre skinlag, et antal indre skinlag og et mellemliggende

sandwichkernemateriale.

5. En vindmgllevinge ifglge krav 4, hvor det mellemliggende sandwichkernemateriale
er balsatrae.

6. Envindmgllevinge ifelge ethvert af de foregaende krav, hvor den forste bjeelkeflange
(160) har en forste laebe, der er placeret langs en farste side af den farste bjeslkeflange
(160), og en anden leebe, som er placerte langs en anden side af den farste bjeelkeflange,
eksempelvis med den farste fiberlaebe forbundet til en indre overflade af den forste
fortykkede del (172) af den aerodynamiske skal (170), og den anden fiberlgbe er forbundet
med den anden fortykked del (174) af den aerodynamiske skal (170).

7. En vindmgllevinge ifalge ethvert af de foregdende krav, hvor bjeelkeflangen (160)
omfatter et hovedlaminat omfattende et antal fiberforsteerkede lag mellem den forste
overflade og den anden overflade og indlejret i en polymermatrix, og hvor bjeelkeflangen
(160) yderligere omfatter en forste sandwichkernemateriale ved den fgrste side af
bjelkeflangen (160) og i tilknytning med hovedlaminatet, idet det forste
sandwichkernemateriale er affaset i retning mod hovedlaminatet for at tilvejebringe en
gradvis overgang mellem det fgrste kernemateriale og hovedlaminatet.

8. Envindmgllevinge ifelge ethvert af de foregaende krav, hvor den forste bjeelkeflange
(160) er forudfremstillet som et fiberforsteerket legeme omfattende et forste
fiberforsteerkningsmateriale og et forste matrixmateriale, og hvor den aerodynamiske skal
(170) er fremstillet i et fiberforsteerket materiale omfattende et andet
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fiberforsteerkningsmateriale og et andet matrixmateriale, og hvor det andet matrixmateriale
er en polyester eller vinylester, og hvor det farste matrixmateriale er et polymermateriale
forskellig fra polyester eller vinylester.

9. Envindmgllevinge ifglge krav 8, hvor det farste fiberforsteerkningsmateriale omfatter
kulfibre.

10. En vindmgllevinge ifelge ethvert af krav 8-9, hvor det andet
fiberforsteerkningsmateriale er glasfibre.

11. En fremgangsmade til fremstilling af en vindmgllevinge (10), hvor fremgangsméaden
omfatter fglgende trin:

a) fremstilling og forudheerdning af en aerodynamisk skal (170) havende en fgrste
fordybning (176), idet den aerodynamiske skal (170) er fremstillet s& den omfatter en
forste fortykket del (172) ved en farste side af den farste fordybning (176) og en anden
fortykket del (174) ved en anden side af den farste fordybning (176), og sa den faorste
fordybning (176) er affaset mod fordybningens (176) forste side og affaset mod
fordybningens (176) anden side,

b) fremstilling og forudheerdning af en lastbaerende konstruktion omfattende en farste
bjeelkeflange, som er fremstillet s den affases mod en farste side af bjeelkeflangen (160)
og yderligere er affaset mod en anden side af bjaelkeflangen (160),

¢) placering af den farste bjaslkeflange (160) i den aerodynamiske skals (170) fordybning
(176), sa bjeelkeflangens (160) forste side i hovedsagen stader op til eller ligger op ad
fordybningens (176) farste side, og bjeelkeflangens (160) anden side i hovedsagen stader
op til eller ligger op ad fordybningens (176) anden side, s& en kavitet dannes mellem en
indre overflade af fordybningen (176) og en farste overflade af bjeelkeflangen (160), og
d) forbindelse af den forste bjeelkeflange (160) til den aerodynamiske skal (170) ved at
fylde et kleebemiddel ind i kaviteten.

12. En fremgansmade ifalge krav 11, hvor den forste bjeelkeflange (160) er forbundet til
den aerodynamiske skal (170) ved at injicere en resin mellem bjeelkeflangen (160) og den
aerodynamiske skal (170) og herefter haerde resinen.
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13. En fremgansmade ifglge ethver af kravene 11-12, hvor den aerodynamiske skal

(170) er fremstillet i en farste stabeformsdel.

14. En fremgansmade ifalge ethver af kravene 11-13, hvor den farste bjeelkeflange (160)

er fremstillet i en anden stgbeformsdel.
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