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DESCRIPTION

Description

[0001] The invention relates to a wind turbine blade, with a generally hollow blade body
comprising an upper and a lower half shell and first and second elongated webs each
extending in the lengthwise direction of the blade and being disposed between the and
connected to the upper and the lower half shell, with each web comprising an upper and a
lower flange connecting the respective web to the respective half shell, and with the first and
second webs being supported via respective first and second reinforcement structures relative
to the respective half shell, which reinforcement structures are arranged between an outer and
an inner layer of the upper and lower half shell and extend in the lengthwise direction of the
blade.

[0002] As commonly known, wind turbine blades are parts of a wind turbine which is used for
generating electric power. A wind turbine usually comprises three blades attached to a hub,
which is connected to a generator arranged in a nacelle. The blades interact with the passing
wind resulting in a rotation of the hub finally driving the generator.

[0003] A turbine blade usually comprises a hollow blade body with an upper and a lower half
shell, which are usually separately produced and fixed to each other. Within this hollow blade
body first and second elongated webs are arranged, which connect both half shells and
support them while also transferring the loads acting on the respective shells due to
aerodynamic reasons and the circular movement of the blade when rotating. The load
comprises pressure and suction loads on the upper and lower half shell and compressive and
tensile loads. A wind turbine blade with this common setup is for example disclosed in EP 2
791 500 B1.

[0004] For supporting the half shells and for transferring the respective loads each elongated
web extends in the lengthwise direction and is connected to the respective half shell via a
flange provided at the respective web side, which flange is attached to an inner layer of the
upper and lower half shell by an adhesive. For transferring the loads respectively supporting
the respective shells each web is supported via respective first and second reinforcement
structures relative to the respective half shell. Such a reinforcement structure is commonly also
named as a spar cap. Like the respective webs and their flanges, also these reinforcement
structures or spar caps extend in a lengthwise direction of the blade. These reinforcement
structures, as for example also enclosed in EP 2 791 500 B1, are made of stacks comprising
separate carbon fiber pultrusion strips, which are arranged above each other and fixed in a
resin matrix. During the manufacturing of such a pultruded strip, the carbon fibers are pulled
through a supply of liquid resin, which resin is then heated and cured finally forming the
respective pultruded strip. These pultruded carbon fiber strips show excellent mechanical
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properties in taking the respective loads and distributing them and also absorb high bending
moments which arise during the blade rotation.

[0005] In a known wind turbine blade design as for example disclosed in EP 2 791 500 B1 the
blade comprises a first and a second web, which extend almost entirely over the length of the
blades and which are arranged in the central body area, i.e. in the area, where the upper and
lower half shell, seen in the drop-like cross section, have a large distance. It is also possible to
provide a third web, which web is arranged close to the trailing edge of the blade. This third
web extends only along apart of the trailing edge, which in this part often has a specific edge
design and is subjected to specific loads, which are taken respectively distributed by this web.

[0006] All webs comprise an elongated web body with the flanges arranged at the ends of the
web body. Each web is supported by two reinforcement structures, i.e. spar caps, so that in
total six spar caps are arranged in both shells for supporting the three webs. If only the first
and the second web is provided, four spar caps need to be integrated, if three webs are
provided six spar caps need to be integrated. The spar caps made of the carbon strips are
pre-fabricated and are arranged in the shell mould for their integration. As two or three webs
and four or six spar caps need to be integrated, the total mass of such a known turbine blade
is high, although the mass of the spar caps itself is somehow reduced due to the use of carbon
fiber pultrusion stacks, which on the other hand need to be fabricated external to the shell and
are expensive.

[0007] Thus, there is a need for an improved wind turbine blade design allowing a proper load
support and having a less complex and expensive design.

[0008] Also US 2018/372066 A1, mentioned during the patent granting procedure, does not
provide a solution to this problem.

[0009] For addressing this problem a wind turbine blade as mentioned above is characterised
in that the first and second reinforcement structures each comprise at least one stack
composed of several glass fiber layers infused with resin, and that at least one stiffening
element extending parallel to the first and second reinforcement structures over at least a part
of their length comprising at least one stack composed of several pultruded composite strips
comprising carbon fibers with the strips being fixed in the resin is arranged between the first
and second reinforcement structures.

[0010] The inventive wind turbine is characterised by a specific layout or design of the support
structure integrated in the upper and lower half shell for supporting the first and second web,
which are arranged in the part of the hollow body where both shells are remarkably distanced
to each other. As in the prior art, both webs are supported by separate first and second
reinforcement structures integrated between the outer and inner layer of the shell. Unlike at
known blade designs, these reinforcement structures are solely made of glass fiber layer
stacks, which glass fiber layers are infused with a resin and are therefore embedded in a resin
matrix. Thus, no carbon fiber protruded strips respectively pre-fabricated carbon strip stacks
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are used for building the respective reinforcement structures, which are expensive and which
are hard to be repaired respectively prevent the repair of adjacent areas like the adhesive area
in case of need. Instead, simple glass fiber layer composite stacks are used, which can easily
be built directly in the respective shell used for producing the half shell by simply arranging the
respective glass fiber layers for building the respective stack together with the other
components needed for producing the half shell. As the half shell, which comprises several
fiber layers being infused with the resin for building the respective upper and lower shell layer,
is finally infused with the resin, also the glass fiber layer stacks are infused with the resin in this
single infusion step. Thus, the first and second reinforcement structures are simultaneously
infused and therefore built when also the rest of the half shell is infused and built.

[0011] As these reinforcement structures, adjacent to which the first and second web is
attached to the inner layer of the respective shell, are made of glass fiber layers embedded in
the resin matrix, another advantage of this setup is the possibility to ease the joint repair where
the web respectively the flange is attached to the inner layer, as it is possible to drill through
these glass fiber reinforcement structures from the outside of the blade and inject adhesive
through the glass laminate, an action which is not possible when carbon fiber protruded
reinforcement structures are used, as they can not be drilled.

[0012] So the use of the inventive glass fiber based reinforcement structure shows several
advantages. First, they are simple in design and their production is simple and can be realised
together with the production of the respective shell. Second, the mass of expensive carbon
fiber based reinforcement measures is severely reduced, as the first and second reinforcement
structures do not comprise any carbon fiber strips. And third, the possibility for repairing these
areas especially in the joint region is given, as the glass fiber based reinforcement structures
can be drilled.

[0013] The inventive turbine blade is not only characterised by using glass fiber based first and
second reinforcement structures, but also by integrating a specific stiffening element between
the first and second reinforcement structures. Also this stiffening element is integrated in the
respective half shell between the upper and lower layer. At least one stiffening element is
provided, which extends over at least a part of the length of the first and second reinforcement
structures. This stiffening element comprises at least one stack composed of several pultruded
composite strips comprising carbon fibers. The strips are also embedded in the resin, in which
also the glass fiber based first and second reinforcement structures are embedded.

[0014] Overall the invention proposes a single reinforcement means comprising the first and
second reinforcement structures being directly adjacent to the webs, and the stiffening means
being arranged between both reinforcement structure, with the whole reinforcement means
being infused or embedded in the resin respectively a resin matrix. Thus, this reinforcement
means can be seen as a single spar cap which support both webs.

[0015] As only in the stiffening element carbon fibers are present, the total mass of carbon
pultrusion material is reduced. Further it is possible to locate the stiffening means in an optimal
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position within the profile of the respective shell in view of the loads respectively the load
distribution, as this stiffening means shows enhanced mechanical properties, from which also
the first and second reinforcement structures, which are directly connected via the resin matrix,
participate.

[0016] The stiffening element preferably comprises glass and/or carbon fiber layers arranged
between each pair of strips, which layers are infused with the resin. These intermediate glass
or carbon fiber layers or fabrics allow the infusion with the resin between neighbouring
pultrusion strips, which are firmly fixed to each other after curing the resin. Such a stiffening
element can be produced as a pre-fabricated element and be inserted into the respective shell
mould, in which the shell is produced and can be embedded in the resin matrix when the shell
is infused with the resin. On the other hand it is possible to also build this stiffening element,
just like the reinforcement structures, directly in the respective shell mould simply by arranging
the separate strips and the intermediate fiber layers or fiber fabrics in the shell mould and
provide the resin infusion together with the overall shell infusion. This makes it possible to build
the stiffening element directly in the shell mould and thus to build the whole reinforcement
means comprising the reinforcement structures and the stiffening element together in one
single resin infusion step together with the overall infusion of the relevant shell components.

[0017] Preferably, the glass and/or fiber layers sandwiched between two neighbouring carbon
pultruded strips are biaxial layers. A biaxial fiber layer or fabric comprises fibers being
arranged in an angle of 0° with other fibers being arranged at an angle of e.g. £ 45°. Such a
biaxial layer is advantageous, as it allows to take loads of different directions respectively of
different types, e.g. loads from a flapwise or an edgewise bending of the blade.

[0018] In a further preferred embodiment of the invention, the first and second reinforcement
structures and the stiffening element are mechanically connected via at least one glass or
carbon fiber layer extending from the first reinforcement structure through the stiffening
element to the second reinforcement structure. The reinforcement structures and the stiffening
element are not only embedded in a common resin matrix, but are also mechanically
connected by at least one glass or carbon fiber layer, which extends through all these
elements respectively parts of the reinforcement means. This common fiber layer serves for an
even enhanced mechanical stability and stiffness of the reinforcement means arrangement
and allows for an even better load support and load distribution.

[0019] Preferably at least one of the glass or carbon fiber layers of the stiffening element
extends into both stacks of the first and second reinforcement structures. So the mechanical
connection is provided by at least one glass or carbon fiber layer which is sandwiched between
two neighbouring carbon pultrusion strips and which is thus an integral part of the stiffening
element stack. This glass or carbon fiber layer extends to both sides into the respective glass
fiber stack, which then comprises this extended stiffening element layer as an integral layer of
the stack. If this extended layer is a glass fiber layer, each reinforcement structure is an
element which solely comprises glass fibers. If the extended fiber layer is a carbon fiber layer,
the reinforcement element is built nearly entirely from glass fiber layers with only one or a few
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sandwiched carbon fiber layers.

[0020] Even though an improved mechanical layout is realised throughout the reinforcement
means when only one layer extends through both reinforcement structures and the stiffening
element, it is preferable that all glass or carbon fiber layers of the stiffening element extend into
both stacks of the first and second reinforcement structures. So there are several mechanical
connection planes connecting the reinforcement structures with the stiffening element, which
enhances the mechanical properties of this reinforcement means even more.

[0021] In a first inventive alternative only one stiffening element is provided, which extends
over at least 70%, preferably at least 80% and especially over the entire length of the first and
second reinforcement structures. Thus, both reinforcement structures are mechanically couple
by only one stiffening element, which preferably extends over most of the reinforcement
structure length, preferably over their entire length, so that the whole reinforcement means,
which can also be named as a hybrid reinforcement means or hybrid spar cap, extends in this
specific setup over almost the entire blade length.

[0022] In another alternative it is possible that two or more stiffening elements are provided,
each of which extends only over a part of the length of the first and second reinforcement
structures. In this embodiment two or more separate and shorter stiffening elements are
provided, which follow each other in the lengthwise direction but are distanced from each
other, so that there is a gap between the stiffening elements, seen in the lengthwise blade
direction. This gap may for example be filled with resin or with a light weight, but stiff core
element for example made of wood or a polymer or the like, which core element is also
embedded in the resin matrix of the whole reinforcement means. This embodiment allows for
an even greater reduction of the used carbon material and therefore reduces the overall costs
even more.

[0023] In a preferred embodiment the stacks of the first and second reinforcement structures
comprise biaxial and uniaxial glass fiber layers. As already mentioned, a biaxial fiber layer
comprises fibers being arranged at an angle of 0° and other fibers being arranged at an angle
of e.g. £ 45°. Uniaxial fiber layers instead only comprise parallel fibers, which run in the
lengthwise blade direction just like the 0° fibers of the biaxial layers. The biaxial layers allow to
take loads of different directions respectively of different types, i.e. loads due to a flapwise and
an edgewise bending of the blade, whereas the uniaxial fibers or layers especially enhance the
stiffness against a flapwise bending. These different layer types may be arranged in an
alternating manner with a uniaxial layer being followed by a biaxial layer being followed by a
uniaxial layer etc. But it is also possible to stack for example two or three uniaxial layers
followed by one or two biaxial layers again followed by three uniaxial layers etc. So specific
designs regarding the arrangement of the different layer types are possible.

[0024] Furthermore, preferably core elements are provided between the outer and the inner
layer of the respective upper and lower half shell adjacent to the first and second
reinforcement structures. These core elements, which are used for further adjusting the
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mechanical properties of the blade also in the areas next to the shell integrated reinforcement
means, are also sandwiched between the outer and the inner layer of the respective upper and
lower half shell. These core elements may be made of foam, wood or polymer for example,
while also this enumeration is not final.

[0025] The invention also refers to a wind turbine comprising several turbine blades as
described, preferably three turbine blades.

[0026] Other objects and features of the present invention will become apparent from the
following detailed description considered in conjunction with the accompanying drawings. The
drawings, however, are only principle sketches design solely for the purpose of illustration and
do not limit the invention. The drawings show:

Fig. 1

a principle sketch of a wind turbine,
Fig. 2

a cross section through a blade of fig. 1 along the line Il - II, and
Fig. 3

an enlarged view of the section Ill of fig. 2.

[0027] Fig. 1 shows a principle sketch of a wind turbine 1 comprising a tower 2, a nacelle 3
mounted on top of the tower 2 and a rotor 4 comprising three wind turbine blades 5 attached to
a hub, which is operatively coupled to a generator arranged in the nacelle 3, which generator is
driven by the rotational energy of the rotor 4 for producing electric power as commonly known.

[0028] Each turbine blade 5 comprises a root 7 for attaching the blade 5 to the hub 6 and a tip
8 at the other end. It furthermore comprises a leading edge 9 and a trailing edge 10.

[0029] The invention relates to the setup of the wind turbine blades 5.

[0030] Fig. 2 shows a principle cross sectional view of the turbine blade 5 taken along the line
II - 11 of fig. 1. The blade 5 comprises a hollow body 11, which is made of an upper half shell 12
and a lower half shell 13, which are fixed to each other with an adhesive 14 and which encases
a hollow space 15. In this space 15 a first web 16 and a second web 17 are arranged. Both
webs 16, 17 are arranged in the area, where the upper half 12 and the lower half 13 have a
great distance respectively where the blade has a great thickness. Both webs 16, 17 extend
almost in parallel and almost over the whole length of the blade 5 starting adjacent to the root
7 and ending adjacent to the tip 8.

[0031] Both first and second webs 16, 17 are used for supporting the blade shells 12, 13 and
for taking and distributing the respective loads resting on the blade 5, which loads result from
aerodynamic circumstances due to the rotation of the rotor 4 and the mechanical
circumstances due to the weight of the blade 5 itself.
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[0032] The first web 16 comprises a web body 18 and two flanges 19 integrally attached to the
web body 18 at its ends. The same H-shaped design is also realised at the second web 17,
which comprises a web body 20 and two terminal flanges 21 integrally attached to the web
body 20.

[0033] By these flanges 19, 21 both webs 16, 17 are attached to the inner side 22 of an inner
layer 23 by means of an adhesive 24, 25, see also fig. 3. The inner layer 23 is part of the
respective half shell 12, 13, as shown in fig. 3. Fig. 3 shows only a part, i.e. the section Il of fig.
2 of the upper half shell 12. It is to be noted that the same setup is also given at the lower half
shell 13. While the inner layer 23 forms the inner part of the respective shell 12, 13, an outer
layer 26 forms the outer part of the respective half shells 12, 13. The design will be further
discussed in detail in regard to fig. 3.

[0034] As both webs 16, 17 are attached to the inner layer 23 of the shells 12, 13 by the
adhesives 24, 25, they need to be firmly supported by the respective shells 12, 13. To realise
this support in each shell 12, 13 first reinforcement structures 27 for supporting the first web 16
and second reinforcement structures 28 for supporting the second web 17 are arranged
respectively integrated and sandwiched between the inner and outer layers 23, 26. These
reinforcement structures 27, 28 are made of respective stacks 29, 30 made of several layers of
glass fiber fabric infused with resin, which setup is discussed in more detail in regard of fig. 3.

[0035] Between both reinforcement structures 29, 30, which are arranged in both shells 12,
13, a stiffening element 31 is arranged, which comprises a stack of several carbon fiber
pultruded strips, which are also embedded in a resin, and preferably in the resin, in which also
the glass fiber layer stacks 29, 30 are embedded. In total the combination of both
reinforcement structures 27, 28 and the stiffening element 31 forms a single hybrid
reinforcement means or hybrid spar cap, which is, due to the embedding of the respective
stacks 29, 30 and the stack 32 comprising the carbon fiber pultruded strips, a very stiff
element, which extends in a lengthwise direction of the blade and supports both webs 16, 17.

[0036] As can be seen from fig. 2, the stiffening element 31 is arranged in the blade area,
where higher loads arise. The blade shells are firmly stiffened by inserting this carbon fiber
based stiffening element in combination with the reinforcement structures, which support the
further stiffening webs, so that a very stiff blade area and design is realised, which is able to
take and distribute also high loads arising during the operation of the wind turbine.

[0037] The glass fiber base reinforcement structures 27, 28 mainly serve for supporting the
webs 16, 17 and do not need to be made from carbon fiber pultruded strip stacks. The
stiffening means interposed between the reinforcement structures 27, 28 provides the
respective stiffening of the relevant blade area and also provides an enhanced stiffening of the
reinforcement structures 27, 28, as they are firmly attached to the stiffening element 31 by the
common resin matrix. So the inventive blade 5 comprises a carbon fiber base stiffening
element arranged in the optimal location in the profile regarding the appearance of the loads,
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while the reinforcement structures 27, 28 mainly serving for supporting the webs 16, 17 are
made of glass fiber layers omitting carbon fiber pultruded strips. Therefore in the overall blade
design the amount of carbon pultruded material is reduced to what is necessary for providing
the requested mechanical properties, while the reinforcement structures 27, 28 are built by
common materials and in a known procedure as discussed below.

[0038] Fig. 3 shows an enlarged principal view of the section Il of fig. 2 in cross section. It
shows in part both webs 16, 17. Both webs, which have preferably the same or a comparable
setup, comprise a core 33, 34, for example made of balsa wood or foam or the like, which
extends over almost the whole length of the respective web body 18, 20. It is encased in glass
fiber layers 35, 36 infused with resin 37, 38. The respective flanges 19, 21 are integral with the
respective web bodies 18, 20. Also the flanges comprise several glass fiber layers 39, 40,
which are also infused or embedded in the resin 37, 38. Although only one respective glass
fiber layer 35, 36 and 39, 40 is shown, several of these layers are provided for building a
respective massive and mechanically stiff encasing. Especially the several layers 39 and 40,
which build the central part of the respective flanges 19, 21, comprise as well biaxial glass fiber
layers as uniaxial glass fiber layers, which are infused or embedded in the respective resin 39,
40. Also the several layers 35, 36 at the respective web bodies 18, 20 may comprise uniaxial
and biaxial glass fiber layers, which may be, just like in the flanges 19, 21, stacked in an
arbitrary order.

[0039] As fig. 3 also shows, the respective flanges 19, 21 are firmly fixed to the inner surface
22 of the inner layer 23 by means of the layers of adhesive 24, 25. This provides a very solid
joint, which is necessary, as over this joint the respective loads are transferred.

[0040] The enlarged view of fig. 3 also shows the two reinforcement structures 27, 28 and the
stiffening element 31. It is obvious that both the reinforcement structures 27, 28 and the
stiffening element 31 are sandwiched between the inner and outer layers 23, 26, which layers
23, 26 comprise several glass fiber layers 41, 42, which are infused or embedded in a resin 43,
which is infused throughout the whole respective shell 12, 13, and which also embeds core
elements 44 for example made of foam or balsa wood, which are arranged in the respective
shell areas adjacent to the reinforcement structures 27, 28. No need to say that each layer 23,
26 may certainly comprise way more than only two glass fiber layers 41, 42 as shown in the
principal sketch of fig. 3.

[0041] As mentioned, the reinforcement structures 27, 28 are sandwiched between the inner
and outer layer 23, 26. Each reinforcement structures 27, 28 is built from a stack 29, 30
comprising a certain number of glass fiber layers 45, 46, some of which are shown in fig. 3.
These glass fiber layers 45, 46 comprise uniaxial layers and biaxial layers, which may also be
arranged in an arbitrary order. Also these glass fiber layers 45, 46 are infused or embedded in
the resin 43.

[0042] As fig. 3 further shows, the stiffening element 31 is directly arranged next to the
reinforcement structures 27, 28. It comprises a stack 32 comprising several carbon fiber
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pultruded strips 47. The width of these strips 47 corresponds to the gap between the
respective glass fiber stacks 29, 30 of the reinforcement structures 27, 28, so that the
reinforcement structures 27, 28 directly connect to the stiffening element 31.

[0043] Between two strips 47 one or more glass fiber layers 48 are provided, preferably biaxial
glass fiber layers or fabrics, which are used for infusing resin between two neighbouring strips
47 for firmly fixing them. As is obvious from fig. 3, the glass fiber layers 48 of the stiffening
element 31 extend on both sides of the stiffening element 31 and extend into the respective
glass fiber layer stacks 29, 30 of the reinforcement structures 27, 28. This means that the
extended glass fiber layers 48 form also a part of the respective glass fiber layer stacks 29, 30.
As also the stiffening element 31 is infused or embedded in the overall resin 43, not only the
resin 43 provides the mechanical connection of the reinforcement structures 27, 28 and the
stiffening element 31, but also the embedded glass fiber layers 48 running or extending
through the stiffening element 31 and both reinforcement structures 27, 28. While fig. 3 only
shows one glass fiber layer 48 sandwiched between two strips 47, it is clear that there may be
more such layers, while certainly also more than three strips 47 may be provided. Preferably all
of these sandwiched glass fiber layers 48 of the stiffening element 31 extend into the
respective glass fiber stacks 29, 30 of the reinforcement structures 27, 28, so that many
connection planes can be realised by these common glass fiber layers.

[0044] As fig. 3 shows, the glass fiber based reinforcement structures 27, 28 are in direct
extension of the webs 16, 17. This allows in case of need to perform repair works at the
reinforcement structures 27, 28, at the webs 16, 17 and especially at the respective joints of
adhesive 24, 25, as these glass fiber based reinforcement structures 27, 28 can be drilled. It is
possible to drill holes or the like in these reinforcement structures, through which for repair
reasons resin can be pressed or infused in order to repair the reinforcement element resin
matrix or the adhesive joint etc. This is possible, as the reinforcement structures 27, 28 are in
this embodiment solely built from glass fiber layers.

[0045] Even if carbon fiber layers 48 are used in the carbon fiber pultrusion stack 32 and if
they extend in the respective glass fiber stacks 29, 30, they do not hinder the above mentioned
repair possibility, as these thin carbon fiber layers 48 may also be drilled, and as only a few of
these layers extend into the respective glass fiber stacks 29, 30.

[0046] The hybrid reinforcement means or hybrid spar cap comprising the stiffening element
31 and the reinforcement structures 27, 28 may comprise only one stiffening element 31
extending parallel to the reinforcement structures 27, 28 over almost the entire length of the
blade 5. Aside providing only one stiffening element 31 it is possible to arrange two or more
separate but shorter stiffening elements 31, which are arranged one after the other in
lengthwise direction of the blade 5 with a certain gap between them. This gap may be filled
with a core element, for example a foam element or the like, allowing a further reduction of the
used carbon fiber mass while also providing enough stiffness, as the several stiffening
elements 31 are still firmly embedded in the overall common matrix of the resin 43 and are
preferably also mechanically connected to the reinforcement structures 27, 28 by the
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extending glass fiber layers 48.

[0047] Although the present invention has been described in detail with reference to the
preferred embodiment, the present invention is not limited by the disclosed examples from
which the skilled person is able to derive other variations without departing from the scope of
the invention.
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PATENTKRAV

1. Vindmgllevinge, der har en generelt hul vingekrop (11) og omfatter en
gvre og en nedre halvskal (12, 13) og en fgrste og en anden langstrakt ribbe (16,
17), der hver iseer straeekker sig i vingens (5) laengderetning og er anbragt mellem
og forbundet med den gvre og den nedre halvskal (12, 13), hvor hver ribbe (16,
17) omfatter en gvre og en nedre flange (19, 21), der forbinder den respektive
ribbe (16, 17) med den respektive halvskal (12,13), og hvor den fgrste og den
anden ribbe (16, 17) via en forste henholdsvis en anden armeringsstruktur (27, 28)
er understottet i forhold til den respektive halvskal (12, 13), hvilke
armeringsstrukturer (27, 28) er anbragt mellem et yder- og et inderlag (23, 26) af
hver af den gvre og den nedre halvskal (12, 13) og streekker sig i vingens (5)
lzengderetning, kendetegnet ved, at den forste og den anden armeringsstruktur
(27, 28) hver iseer omfatter mindst én stabel (29, 30), der er sammensat af
adskillige glasfiberlag (45, 46), som er infunderet med harpiks (43), og at mindst ét
afstivningselement (31), der streekker sig parallelt med den forste og den anden
armeringsstruktur (27, 28) over mindst en del af deres laengde og mindst omfatter
én stabel (32), der er sammensat af adskillige pultruderede kompositstrimler (47),
som omfatter carbonfibre, hvor strimlerne (47) er fikseret i harpiksen (43), er

anbragt mellem den fgrste og den anden armeringsstruktur (27, 28).

2. Vindmgllevinge ifglge krav 1, kendetegnet ved, at afstivningselementet
(31) omfatter glas- og/eller carbonfiberlag (48), der er anbragt mellem hvert par af
strimler (47), hvilke lag (48) er infunderet med harpiksen (43).

3. Vindmgllevinge ifelge krav 2, kendetegnet ved, at glas- og/eller

fiberlagene (48) er biaksiale lag.

4. Vindmgllevinge ifalge et af de foregaende krav, kendetegnet ved, at den
farste og den anden armeringsstruktur (27, 28) og afstivningselementet (31) er
mekanisk forbundet med mindst ét glas- eller carbonfiberlag (48), der straekker sig
fra den farste armeringsstruktur (27) gennem afstivningselementet (31) til den

anden armeringsstruktur (28).
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5. Vindmgllevinge ifglge krav 2 eller 3 og krav 4, kendetegnet ved, at mindst
ét af afstivningselementets (31) glas- eller carbonfiberlag (48) streekker sig ind i
begge stabler (29, 30) af den fgrste og den anden armeringsstruktur (27, 28).

6. Vindmgllevinge ifglge krav 5, kendetegnet ved, at alle glas- eller
carbonfiberlag (48) af afstivningselementet (31) straekker sig ind i begge stabler
(29, 30) af den farste og den anden armeringsstruktur (27, 28).

7. Vindmagllevinge ifalge et af de foregaende krav, kendetegnet ved, at der
kun er tilvejebragt ét afstivningselement (31), som streekker sig over mindst 70 %,
fortrinsvis mindst 80 % og iseer over hele lzengden af den fgrste og den anden
armeringsstruktur (27, 28).

8. Vindmgllevinge ifglge et af kravene 1 til 6, kendetegnet ved, at der er
tilvejebragt to eller flere afstivningselementer (31), som hver iseer kun straekker sig
over en del af leengden af den forste og den anden armeringsstruktur (27, 28).

9. Vindmagllevinge ifglge et af de foregaende krav, kendetegnet ved, at
stablerne (29, 30) af den forste og den anden armeringsstruktur (27, 28) omfatter

biaksiale og uniaksiale glasfiberlag (45, 46).

10. Vindmgllevinge ifalge et af de foregaende krav, kendetegnet ved, at der
er anbragt kerneelementer (44) mellem yder- og inderlaget (283, 26) af den
respektive gvre og nedre halvskal (12, 13) nabostillet til den farste og den anden
armeringsstruktur (27, 28).

11. Vindmgllevinge ifelge krav 10, kendetegnet ved, at de yderligere
kerneelementer (44) er fremstillet af skum, tree eller polymer.

12. Vindmglle, der omfatter adskillige vindmgllevinger (5) ifalge et af de

foregaende krav.
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