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DESCRIPTION

[0001] The present disclosure relates to lightning protection of a wind turbine blade.

BACKGROUND

[0002] As wind turbines and wind turbine blades increase in size, the risk of lighting striking the
wind turbine increases. It is therefore of increasing interest to provide wind turbines and in
particular wind turbine blades with lightning protection measures.

[0003] It is known to provide blades for wind turbines with lightning receptors that, inside the
blade, are in electric connection with a metallic down conductor that is able to connect a
lightning current to earth.

[0004] Wind turbine blades of fibre-reinforced polymer and in particular the aerodynamic shells
of wind turbine blades are usually manufactured in moulds, where the pressure side and the
suction side of the blade are manufactured separately by arranging glass fibre mats and/or
other fibre-reinforcement material, such as carbon fibre, in each of the two mould parts.
Afterwards, the two halves are positioned on top of each other, and the two halves are glued
together. The blade parts may be positioned on top of each other by turning and repositioning
the complete half mould.

[0005] As the demand for blades for wind turbines tends towards blades of increasing lengths,
a need concurrently arises for manufacture of blades having increased rigidity and a
comparatively lower weight. One way of achieving these properties is to combine various types
of fibres in the laminate of the blades. It is e.g. an option to combine glass fibres and carbon
fibres, and likewise carbon fibres or glass fibres may advantageously be combined with steel
fibres. Combinations with other types of fibres are thus also possible, and it is also an option to
exclusively employ carbon fibres or other suitable fibre types. A combination of e.g. glass fibres
with carbon fibres in a so-called hybrid laminate may possess a problem in that some of the
fibre types are electrically conductive, e.g. carbon fibres and steel fibres. A lightning strike
directly into the laminate may cause damage to a blade comprising electrically conductive
fibres, as they would conduct the current and thereby i.a. be greatly heated. This is particularly
problematic in case of fibres having comparatively poor conductivity, such as carbon fibres,
and in case of hybrid laminates with fibres in e.g. mat-shape, where the individual mat may e.g.
have a small portion of electrically conductive fibres and a larger portion of e.g. glass fibres
that are not electrically conductive.

[0006] There is a need for a robust way of installing lightning receptors at a trailing edge of a
wind turbine blade in the vicinity of a tip end of wind turbine blades. In this region, wind turbine
blades usually have relatively small dimensions. Arranging a lightning receptor in this region
and connecting it to a down conductor poses certain problems, including that the down
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conductor is often a relatively thick cable compared to the dimensions of the space at the
trailing edge of the blade in the vicinity of the tip end.

[0007] Furthermore, there is a need for alternative lightning receptors.

[0008] US 2009/196751 A1 discloses a wind turbine blade having two shell portions bonded
together to form a wind turbine blade having an interior space having an axial length. A web
disposed between the shell portions in the interior space and extending substantially the axial
length thereof. Lightning receptors are disposed on the shell portions and a conductor is
disposed in the interior space. The conductor is configured to contact the lightning receptors.
One shell portion of the two shell portions has a removable section, e.g. a plug, receptor or
panel, to provide access to the opposite conductor. A cable mounted on the web is configured
to extend substantially the axial length of the wind turbine blade and is in electrical contact with
the conductor.

[0009] JP 2016/136009 A discloses a receptor arranged to be exposed at the surface of a
blade of a wind turbine. The receptor is connected to a down conductor. As the receptor, a
plate made of complex material obtained by sintering metal and carbon material is used, the
rear surface of the plate is fixed along the surface of the blade, and generated heat caused by
lightning is radiated along a planar expansion direction of the plate.

[0010] WO 2018/137806 A1 discloses a lightning protection arrangement of a wind turbine
rotor blade, comprising at least one terminal connected to a down conductor arranged in the
blade interior and a number of lightning attractors electrically connected to the terminal;, and
wherein at least one lightning attractor comprises an interior connector for making electrical
contact to the terminal;, and a trailing edge receptor arranged to extend beyond the trailing
edge of the rotor blade in a direction opposite to the direction of travel of the rotor blade.

SUMMARY OF THE INVENTION

[0011] The scope of protection is defined by the claims. The description contains non-claimed
examples that provide context for the claimed invention.

[0012] In a first aspect, a wind turbine blade is provided having a lightning protection system.
The wind turbine blade comprises a shell body, a down conductor arranged in the shell body
for conducting lightning current to ground, an electrical connector arranged in electrical
connection with the down conductor, a lightning receptor element arranged at a surface of the
shell body or outside the shell body, the lightning receptor element being in electrical
connection with the electrical connector.

[0013] The lightning receptor element advantageously comprises graphite for conducting
lightning current to the down conductor. However, it is recognised that the following
embodiments relating to the design of the lightning protection system are also applicable to
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other types of lightning receptors, such as metallic receptors.

[0014] The inventors have found that a lightning receptor comprising graphite may be
surprisingly advantageous compared to a receptor formed of metal. For instance, no lightning
crater is made in a graphite receptor. This means that it is surprisingly durable and therefore
will not change noise characteristics even if struck by lightning. Because no crater is made,
there will be no melted metal being thrown off, contaminating the surroundings. When a
lightning channel attaches to the graphite receptor, the lightning channel may spread out to
completely surround the surface of the receptor. This reduces heat transmission and air
pressure raise, putting less stress on the immediate surroundings. It was also found that a
crater in stainless-steel receptors could create high frequency noise. In Tungsten receptors,
this is less the case as the crater is more rounded.

[0015] Accordingly, at least 30 % of an external surface of the lightning receptor element
consists of graphite, such as at least 50 %, such as at least 75 %, such as at least 90 %. The
entire external surface may consist of graphite.

[0016] The lightning receptor may instead or in addition have an exterior portion not at the
surface of the shell body but extending outside the shell body. A surface of the exterior portion
may advantageously comprise graphite. For instance, at least 30 % of the surface of the
exterior portion of the lightning receptor element consists of graphite, such as at least 50 %,
such as at least 75 %, such as at least 90 %. The entire external surface may consist of
graphite.

[0017] In combination or alternatively, at least 20 % by volume of the exterior portion of the
lightning receptor element consists of graphite. In some embodiments, a higher portion by
volume of the exterior portion of the lightning receptor element consists of graphite, such as at
least 50 %, such as at least 75 %, such as at least 90 %. For instance, the entire exterior
portion of the lightning receptor element may consist of graphite.

[0018] According to the invention, the lightning receptor element is located at a trailing edge of
the shell body, opposite a leading edge of the shell body.

[0019] In some embodiments, the lightning receptor element is releasably attached to the
electrical connector, allowing the lightning receptor element to be replaced if needed. The
electrical connector may for instance comprise an internal threading and the lightning receptor
element may comprise a corresponding external threading or, vice versa, the electrical
connector may comprise an external threading and the lightning receptor element may
comprise a corresponding internal threading. In case the lightning receptor element is made
entirely of graphite, a threading, such as an external threading, can act as means for attaching
the lightning receptor element to the electrical connector, the electrical connector having a
threading that mates with the threading in the lightning receptor element.

[0020] According to the invention, the shell body has an opening for accommodating the



DK/EP 3884154 T3

electrical connector and/or the lightning receptor element. The blade further has a cover
member that comprises:

» a first cover portion having a covering surface engaging with a first exterior surface part
of the shell body, the first cover portion covering a first portion of the opening,

e a second cover portion having a covering surface engaging with a second exterior
surface part of the shell body, the second cover portion covering a second portion of the
opening,

the first and second cover portion being attached to a cover member base portion comprising
a central opening for accommodating the electrical connector and/or the lightning receptor
element connected to the electrical connector.

[0021] The inventive cover member provides a robust way of installing a lightning receptor,
especially at the trailing edge in the vicinity of the tip end of a wind turbine blade, where the
blade is typically more fragile due to the tip end's relatively small dimensions. This applies to
receptors made entirely of graphite, receptors comprising graphite, metallic receptors and
other types of receptors.

[0022] According to the invention, the lightning receptor element is located at a trailing edge of
the blade, opposite a leading edge of the blade. The exterior portion of the lightning receptor
element may be for instance comprise a metal.

[0023] In some embodiments, a curvature of the covering surface of the first cover portion
corresponds to a curvature of the first exterior surface part of the shell body. This provides a
snugger fit between the first cover portion and the first exterior surface part. Similarly, a
curvature of the covering surface of the second cover portion corresponds to a curvature of the
second exterior surface part of the shell body. This provides a snugger fit between the second
cover portion and the second exterior surface part.

[0024] The covering surface of the first cover portion may comprise one or more walls which,
when the first cover portion engages the first exterior surface part, define a first chamber
together with the first exterior surface part. Similarly, the covering surface of the second cover
portion may comprise one or more walls which, when the second cover portion covers the
second portion of the opening, define a second chamber. The first portion of the cover
member may comprise one or more holes arranged to allow at least a part of the first
chamber, such as substantially all of the first chamber, to be filled with gluing material for rigidly
attaching the first portion of the cover member to the first exterior surface part. Similarly, the
second portion of the cover member may comprise one or more holes arranged to allow at
least a part of the second chamber, such as substantially all of the second chamber, to be filled
with gluing material for rigidly attaching the second portion of the cover member to the second
exterior surface part.

[0025] The cover member makes it possible to effectively cover openings located for instance
near the trailing edge of a wind turbine blade.
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[0026] The cover member can be made of for instance plastic, metal, a glass-based material,
a carbon-based material, a resin-based material, or a combination thereof.

[0027] In some embodiments, the first cover portion, the second cover portion, and the base
portion can be considered to have a beak-like shape.

[0028] The cover member base portion may comprise one or more, such as two, trailing edge
members configured to reduce an aerodynamic impact of the cover element when the blade is
in motion.

[0029] In some embodiments, the first cover portion and/or the second cover portion
comprises a laminate provided across the first portion of the opening and/or across the second
portion of the opening in the shell body.

[0030] Another aspect provides a method for manufacturing a wind turbine blade with a
lightning protection system, the method comprising:

« providing a wind turbine shell body having a leading edge, a trailing edge, and a tip end,
the shell body having an opening for accommodating an electrical connector for
connecting a lightning receptor element to a down conductor,

« attaching an electrical connector to the down conductor for connecting a lightning
receptor element,

« installing a cover member, the cover member comprising:

o a first cover portion having a covering surface configured to engage with a first exterior
surface part of the shell body, the first cover portion covering a first portion of the
opening in the shell body for accommodating the electrical connector,

o a second cover portion having a covering surface configured to engage with a second
exterior surface part of the shell body, the second cover portion covering a second
portion of the opening in the shell body for accommodating the electrical connector,

the first and second portion being attached to a cover member base portion comprising
a central opening for accommodating the electrical connector and/or the lightning
receptor element, when inserted into the electrical connector,

- attaching a lightning receptor element to the electrical connector through the cover
member base portion central opening.

[0031] According to an advantageous embodiment, the blade shell body comprises two blade
shell parts, and the method further comprises: attaching a down conductor to one or both shell
parts. In yet another advantageous embodiment, the method comprises joining the two shell
parts to form the shell body.
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[0032] According to the invention, the opening in the shell body is formed in the trailing edge of
the shell body.

[0033] While it is clear from the above that the recess is formed in blade shells, it is also
recognized that the blade tip or blade could be manufactured first after which a recess is cut at
the trailing edge to expose the end of the down conductor and to arrange the electrical
connector. Forming the opening after manufacturing the shell body in fact has the advantage
that blade shrinkage has ceased, which might otherwise cause recesses made during
manufacturing of the shell body to be misaligned as a result of uneven shrinkage between
blade shells.

[0034] In the above, the shell body opening is described as being covered by a cover member.
However, in a non-claimed alternative embodiment, it is also recognised that an
accommodating member arranged in the shell body opening can provide a smooth transition to
the shell body. The accommodating member can for instance accommodate part of the
lightning receptor element and/or part of the electrical connector and/or part of the down
conductor. The accommodating member can be made of for instance plastic, metal, a glass-
based material, a carbon-based material, a resin-based material, or a combination thereof.
The accommodating member is advantageously made of an electrically insulating material. In
one embodiment, the accommodating member is arranged so that a surface of the
accommodating member is flush with the shell body.

BRIEF DESCRIPTION OF THE FIGURES

[0035] Embodiments of the disclosure will be described in more detail in the following with
regard to the accompanying figures. The figures show one way of implementing the present
invention and are not to be construed as being limiting to other possible embodiments falling
within the scope of the attached claim set.

Fig. 1 is a schematic diagram illustrating an exemplary wind turbine.
Fig. 2 is a schematic diagram illustrating an exemplary wind turbine blade.
Fig. 3 is a schematic diagram illustrating a cross section of an exemplary wind turbine blade.

Fig. 4A is a schematic diagram illustrating an interior tip of an exemplary wind turbine blade
with a lightning receptor.

Fig. 4B is a schematic diagram illustrating an interior tip of an exemplary wind turbine blade
with a lightning receptor.

Fig. 5A-5D illustrate shell parts of an exemplary wind turbine blade adapted for a lightning
receptor.

Figs. 6-9 is a schematic diagram of an exemplary cover member.
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DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0036] Fig. 1 illustrates a conventional modern upwind wind turbine 2 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 furthest from the hub 8.

[0037] Fig. 2 shows a schematic view of an exemplary wind turbine blade 10. The wind turbine
blade 10 has the shape of a conventional wind turbine blade with a root end 17 and a tip end
15 and comprises a root region 30 closest to the hub, a profiled or an airfoil region 34 furthest
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.

[0038] 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.

[0039] 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.

[0040] The wind turbine blade 10 comprises a blade shell, which may comprise two blade shell
parts, viz. a first blade shell part 24 and a second blade shell part 26, for instance made of
fibre-reinforced polymer. The first blade shell part 24 may be a pressure side shell part. The
second blade shell part 26 may be a suction side shell part. The first blade shell part 24 and
the second blade shell part are typically glued together along bond lines or glue joints 28
extending along the trailing edge 20 and the leading edge 18 of the blade 10. Typically, the
root ends of the blade shell parts 24, 26 has a semi-circular or semi-oval outer cross-sectional
shape.
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[0041] The wind turbine blade 10 extends along a longitudinal axis L. The root end 17 extends
in a root end plane, substantially perpendicular to the longitudinal axis L.

[0042] Fig. 3 is a schematic diagram illustrating a cross-sectional view of an exemplary wind
turbine blade 10, e.g. a cross-sectional view of the airfoil region of the wind turbine blade 10.
The wind turbine blade 10 comprises a leading edge 18, a trailing edge 20, a pressure side 24
and a suction side 26.

[0043] The wind turbine blade 10 defines a chord line 38 between the leading edge 18 and the
trailing edge 20.

[0044] The wind turbine blade 10 comprises one or more shear webs 40 connected between a
first spar cap 74 and a second spar cap 76 for providing structural strength, such as a leading
edge shear web 40b and a trailing edge shear web 40a. The load carrying structure could
alternatively be provided in form of a spar box with spar sides, such as a trailing edge spar side
and a leading edge spar side.

[0045] A lightning conductor 80 extends from the root end 17 towards the tip end 15. The
down conductor 80 may be attached to the trailing edge shear web 40a. Alternatively, the first
down conductor 80 may be attached to the leading edge shear web 40b.

[0046] Fig. 4A illustrates a suction side of a tip end of a wind turbine blade 10, where the tip
end has a lightning receptor installed. The lightning receptor is arranged at the trailing edge 20
of the blade. A lightning receptor element having an exterior portion 510 located outside an
interior of the blade is connected to a down conductor inside the blade in order to conduct
lightning current from a lightning strike to ground. The lightning receptor element is connected
to the down conductor via an electrical connector. The electrical connector is covered by a
cover member 600 and is therefore not visible in Figs. 4A and 4B.

[0047] Fig. 4B illustrates how the lightning receptor element is connected to the down
conductor. Fig. 4B illustrates a part of the down conductor 80, which, in this case, has the
shape of a cable. Generally, the down conductor is dimensioned to be able to conduct enough
current so that a lightning strike will not damage (or at least not significantly damage) the down
conductor. In some cases, a problem associated with using a sufficiently large cable is that
terminating the cable at the trailing edge 20 to allow connection of the lightning receptor
element 510 after forming the shell body would require that a relatively large opening be
provided to accommodate the cable. This severely compromises the strength and integrity of
the tip end of the blade.

[0048] This is mitigated in some embodiments of the invention, including the embodiment
shown in Figs. 4A and 4B, by using an adapter 580 between the down conductor and the
lightning receptor element. The adapter has a thickness smaller than the thickness of the down
conductor cable, as illustrated in Figs. 5A and 5B, described below. In Fig. 4B, the adapter 580
is shown with hatched lines since it is covered by the blade and by a cover member 600.
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[0049] To connect the adapter, the down conductor cable may for instance be fitted with
attaching means, such as a cable shoe, that can receive the adapter 580. The cable shoe may
for instance provide a connector having and external threading, and the adapter may have a
corresponding internal threading (or vice versa with respect to the threading). A connector 581
having an external threading is illustrated in Fig. 5D, which will be described later.

[0050] At the end opposite the end to be attached to the down conductor cable, the adapter
has attachment means for attachment of the lightning receptor, which has corresponding
attachment means. For instance, the adapter may have an internal threading, and the lightning
receptor element may have a corresponding external threading.

[0051] Even if using an adapter, an opening is still required in the blade to accommodate the
adapter, which terminates in the vicinity of the trailing edge 20. However, the opening need not
be as large as would be required had the down conductor cable itself been terminated at the
trailing edge 20.

[0052] Whether an adapter is used or not, there will be an opening in the blade during
manufacturing near the electrical connector to which the lightning receptor element is
connected. Such an opening allows for instance dust and water to enter the interior of the
blade and should therefore be closed off.

[0053] Fig. 5A shows a first blade shell part 24 with a cable down conductor 80 and an adapter
580 laid out. A recess 571 is provided in the shell to accommodate the adapter. The recess
may be formed during layup. However, it is also possible to cut the recess into the blade tip
after manufacturing of the blade shell.

[0054] Fig. 5B illustrates the section A-A indicated in Fig. 5A. It shows the first blade shell part
24, the cable 80, and the adapter 580 near the tip end 15. It can be seen that the cable 80 is
relative large compared to the blade near the tip end. If the cable was terminated at the trailing
edge 20, a significantly larger opening would be needed.

[0055] Instead, the adapter 580 has a smaller thickness than the cable 80 and makes it
possible to reduce the size of the opening needed to accommodate the adapter 580. (Note
that the recess 571 is not visible in the cross-sectional view A-A.)

[0056] Fig. 5C illustrates a second blade shell part 26. A recess 572 is provided also in this
shell part. This is to provide as aerodynamic a profile as possible.

[0057] Fig. 5D illustrates the shell part 26 and shell part 24 glued together. The interior of the
blade now contains the cable 80 with the connector 581. The connector 581 is located to allow
the adapter shown in Fig. 5A to be connected to the down conductor cable. Attaching the
adapter after joining the shells to form the shell body avoids complications that might arise
from having the adapter near the edges of the two shells 24 and 26 when joining the shells.
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[0058] Fig. 5D also shows the openings 571 and 572 formed in the shells 24 and 26,
respectively, to accommodate the adapter 580.

[0059] After assembling the blade, the adapter 580 can be attached. An adapter attached to
the connector 581 is illustrated in Fig. 5A. An opening still remains around the adapter 580,
and this opening must be closed off.

[0060] Referring back to Figs. 4A and 4B, this is, according to the invention, achieved by
attaching a separate cover member 600 over the remaining opening. The cover member 600
has cover portions for covering each of the shell openings 571 and 572. After attaching the
cover member 600, the lightning receptor element 510 can be attached to the adapter
(electrical connector) 580.

[0061] Fig. 6 illustrates an embodiment of a cover member. A first portion 601 fits over the
recess 571 in the first blade shell part 26, and a second portion 602 fits over the recess 572 in
the second blade shell part 24. Portions 601 and 602 are larger than the openings 571 and
572 to allow for attachment of the cover member onto the exterior surface of the shell body.
The portions 601 and 602 are preferably shaped to follow the curvature of the respective areas
of the blade that they engage with. Fig. 4B shows the cover member attached to the blade 10.
The recess 572 in the shell 26 is covered by the cover member 600 but is indicated with a
dashed line to illustrate how the cover member is dimensioned to cover both the recess 572
and also allow for attachment of the cover member onto the shell 26, for instance by gluing.

[0062] Referring again to Fig. 6, the two cover portions 601 and 602 are connected to a base
portion 603. In this embodiment, the cover member 600 has a cylindrically-shaped portion 620
to accommodate a cylindrical adapter 580.

[0063] Fig. 6 illustrates that this embodiment of a cover member has side walls 612 and 614
that may cooperate with the surface of the shell body to create a chamber when the cover
member is attached to the shell body. Holes 621, 722, and 828 (see Fig. 8 and Fig. 9) allow a
glue to be injected into the chamber after the cover member is placed on the blade over the
recess 571. Providing two side walls as shown allows glue to be confined to a space delimited
by the second cover portion 602, including side walls 612 and 614, and the surface of the shell
26 with which the second portion 602 of the cover member 600 engages. This prevents glue
from entering the opening in the shell body, where it is simply wasted, providing no gluing
effect.

[0064] Fig. 7 illustrates holes 725, 726, 727 for injecting glue into a similar chamber formed by
the blade and the first portion 601. Only one side wall 611 is illustrated in Fig. 7. Fig. 9
illustrates both side walls 611 and 913 of the first cover portion 601.

[0065] Fig. 7 also shows a central opening 710 in the base portion 603 for allowing the
lightning receptor element to be connected to the down conductor (for instance using an
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adapter 580 as described above). The opening 710 may optionally be formed to not just
accommodate the electrical connector, but also to allow injection of e.g. an epoxy or another
adhesive into the shell body interior. This will firmly secure the adapter 580, whereby relative
movement between the adapter 580 and the shell body is avoided. Otherwise, the adapter
might shift when the blade is in motion, which could cause damage to the shell body and/or to
the cover member.

[0066] Fig. 7 also illustrates two trailing edge portions 741 and 742 of the cover member.
These may be provided as noise-reducing means to reduce noise associated with the cover
member 600. For instance, they can be tapered towards the trailing edge. The cover member
and trailing edge portions 741 and 742 are arranged at an angle relative to the cylindrical
portion 620 in order to allow the cover member to more closely follow the trailing edge of the
blade, as illustrated in Figs. 4A and 4B.

[0067] Fig. 8 illustrates the cover member as seen from the base portion 603, looking through
the opening 710 along the cylindrical portion 620. It is seen that the cover member is
configured to follow a narrowing blade, as the space between the first portion 601 and the
second portion 602 narrows from left to right in Fig. 8. This can also be seen in Fig. 9. The
opening 710 is configured to accommodate both the adapter 580 and to allow an adhesive,
such as epoxy, to be injected into the blade after the adapter is attached to the connector 581.

[0068] Fig. 9 illustrates the cover member seen from a direction opposite that in Fig. 8. This
view shows the holes 722 and 828 for injecting glue into the chamber formed by side walls 612
and 614 and the surface of the shell with which the second cover portion 602 engages. Fig. 9
also shows a second side wall 913 in the first cover portion that cooperates with side wall 611
to serve the same purpose as side walls 612 and 614 serve with respect to the second cover
portion.

[0069] The term "receptor” is to be understood as an electrically conductive object being
configured with a view to capturing and conducting a lightning current.

[0070] Throughout the disclosure, the term "conductive", if not specified otherwise, is to be
understood as electrically conductive.

[0071] The invention has been described with reference to preferred embodiments. However,
the scope of the invention is not limited to the illustrated embodiments, and alterations and
modifications can be carried out without deviating from the scope of the invention.
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En vindmgllevinge (10) omfattende et skallegeme, en nedleder (80) anbragt i skallegemet
til at lede lynstrgm til jord, en elektrisk konnektor (580) anbragt i elektrisk forbindelse med
nedlederen, et lynmodtagerelement ( 510) placeret ved en bagkant (20) af skallegemet og
anbragt pd en overflade af skallegemet eller uden for skallegemet, idet
lynmodtagerelementet er i elektrisk forbindelse med den elektriske konnektor, hvori
skallegemet omfatter en dbning (571, 572) der rummer den elektriske konnektor og/eller
lynmodtagerelementet, og vingen omfatter yderligere et daekelement (600) fastgjort til
skallegemet, idet deekelementet deekker skallegemets dbning og daekelementet omfatter:

- en forste deekelementdel (601) med en daekningsflade konfigureret til at gd i indgreb
med en fgrste ydre overfladedel af skallegemet, hvor den farste deekelementdel
deekker en forste del af dbningen,

- en anden deaekelementdel (602) med en deaekningsflade konfigureret til at g3 i
indgreb med en anden ydre overfladedel af skallegemet, hvor den anden
deekelementdel daekker en anden del af &bningen,

hvor den fagrste og anden daekelementdel er fastgjort til en deekelementbasisdel (603) der
omfatter en central dbning (710) der rummer den elektriske konnektor og/eller
lynmodtagerelementet forbundet til den elektriske konnektor.

Vindmgillevinge ifalge krav 1, hvor daskningsfladen af den fgrste deekelementdel omfatter
én eller flere veegge (612, 614, 611, 913), som, nar daekelementet gar i indgreb med den
farste ydre overfladedel, definerer et fgrste kammer sammen med den fgrste ydre
overfladedel, og/eller den anden deekelementdels deekningsflade omfatter én eller flere
vaegge, som, nar den anden daekelementdel gar i indgreb med den anden ydre overfladedel,

definerer et andet kammer.

Vindmgillevinge ifglge krav 2, hvor den fgrste og/eller anden daekelementdel omfatter ét eller
flere huller (621, 722, 828, 725, 726, 727) indrettet til at tillade injektion af et limmateriale
i mindst en del af det fgrste kammer og/eller en del af det andet kammer, sdsom i det
vaesentlige hele det farste kammer og/eller hele det andet kammer, for stift at fastggre den
forste deekelementdel og/eller den anden deekelementdel af deekelementet til den farste
og/eller anden ydre overfladedel.



10

15

20

25

30

35

10.

DK/EP 3884154 T3

Vindmgllevinge ifglge krav 3, hvor daekelementet er fastgjort til skallegemet med en lim

inden i det fgrste kammer og med en lim inden i det andet kammer.

Vindmgllevinge ifglge et hvilket som helst af kravene 1-4, hvor mindst 30 % af en udvendig
overflade af lynmodtagerelementet bestar af grafit og/eller mindst 30 volumenprocent af en
ydre del af lynmodtagerelementet bestdr af grafit.

Vindmgillevinge ifglge et hvilket som helst af kravene 1-4, hvor lynmodtagerelementet
omfatter en ydre del, der streekker sig uden for skallegemet, og hvor den ydre del
udelukkende bestar af grafit.

Vindmgillevinge ifalge et hvilket som helst af kravene 1-6, hvor den fgrste deekelementdel
og/eller den anden deekelementdel omfatter et laminat tilvejebragt henover den farste del
af 8bningen i skallegemet og/eller henover den anden del af dbningen i skallegemet.

Vindmgllevinge ifglge et hvilket som helst af kravene 1-7, hvor en bagkantsdel af
deekelementet er tilpasset til at folge en generel form af bagkanten ved en placering af
daekelementet pa skallegemet.

Vindmgllevinge ifolge et hvilket som helst af de foregdende krav, hvor
lynmodtagerelementet kan afmonteres fra den elektriske konnektor.

Fremgangsmade til fremstilling af en vindmgllevinge (10) med et lynbeskyttelsessystem,
hvilken fremgangsmade omfatter:

- tilvejebringelse af et vindmglleskallegeme med en forkant, en bagkant (20) og en
spidsende, idet skallegemet har en dbning (571, 572) i skallegemet til at rumme en
elektrisk konnektor (580) til forbindelse af et lynmodtagerelement (510) til en
nedleder (80),

- fastggrelse af en elektrisk konnektor til nedlederen til forbindelse af et
lynmodtagerelement,

- installation af et daekelement (600), hvor deekelementet omfatter:
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i. en fgrste deekelementdel (601) med en deekningsflade konfigureret
til at gd i indgreb med en forste ydre overfladedel af skallegemet, hvor
den forste deekelementdel daekker en fgrste del af dbningen i
skallegemet til at rumme den elektriske konnektor,

ii. en anden deekelementdel (602) med en daekningsflade konfigureret
til at gd i indgreb med en anden ydre overfladedel af skallegemet, hvor
den anden deekelementdel deekker en anden del af dbningen i
skallegemet til at rumme den elektriske konnektor,

hvor den fgrste og anden deekelementdel er fastgjort til en deekelementbasisdel (603)
omfattende en central dbning (710) til at rumme den elektriske konnektor og/eller
lynmodtagerelementet ndr dette er sat ind i den elektriske konnektor, og

- fastggrelse af et lynmodtagerelement til den elektriske konnektor
gennem den centrale &bning af deekelementets basisdel,

hvor dbningen i skallegemet er dannet i skallegemets bagkant.
11. Fremgangsmade ifglge krav 10, hvor vingeskallegemet omfatter to vingeskaldele (24, 26),
og hvor fremgangsmaden omfatter fastggrelse af en nedleder til den ene eller begge

skaldele.

12. Fremgangsmaéde ifglge krav 11, hvor fremgangsmaden omfatter forbindelse af de to skaldele
(24, 26) for at danne skallegemet.
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Fig. 4A
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Fig. 4B
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Fig. 5B
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Fig. 5C



DK/EP 3884154 T3

Fig. 5D
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