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DESCRIPTION

Description

Technical field

[0001] The present invention relates to a wind turbine blade being a shell body made of a
composite material and having a root end and a tip end, an outer surface, a pressure side and
a suction side, a trailing edge and a leading edge, and additionally a lightning protection
system, the lightning protection system comprising:

+ at least one lightning receptor having an outer surface arranged freely accessible in, on
or at the outer surface of the blade at the tip end of the blade

« a lightning conductor made of electrically conductive material extending within the shell
body along substantially the entire longitudinal direction of the blade, and wherein

= the lightning receptor and the lightning conductor (2, 102, 202) are electrically connected
by means of a connection area.

Background Art

[0002] It is known to provide wind turbine blades with lightning protection systems to protect
them from lightning strikes. In a known lightning protection system, the tip of the blade is
provided with a so-called lightning receptor made of an electrically conductive material. This
lightning receptor can "capture" a lightning strike and conduct the current through a lightning
conductor, said conductor extending in the longitudinal direction of the blade and being
earthed via the rotor hub of the wind turbine. This system has often been shown to provide a
satisfactory protection against lightning strikes. Documents US 2011/020134 A1, JP 2018
040280 A and JP 2016 136009 A disclose prior art examples where the lightning receptors
comprise carbon.

Disclosure of Invention

[0003] The object of the invention is to provide a new and improved lightning protection system
for wind turbines.

[0004] According to the invention this object is obtained by at least a part of the outer surface,
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optionally the whole of the outer surface of the receptor being freely accessible is formed of
carbon such as graphite.

[0005] The entire freely accessible outer surface of the receptor can be made of graphite

[0006] During tests, surprisingly good results have been obtained in relation to protecting
blades from lightning strikes and thus preventing damages to the blades by using lightnings
receptors with a freely accessible outer surface formed of carbon. Further, a graphite receptor
has the advantage over a metal receptor that burrs are not formed when a lightning strikes the
receptor as burrs on a receptor generate noise during rotation of the blade.

[0007] Preferably, the receptor comprises a graphite cross-sectional area of at least 490mm?,
corresponding to a solid graphite cylinder having a diameter of at least 25 mm, or a graphite

cross-sectional area of at least 707mm?, corresponding to a solid graphite cylinder having a

diameter of at least 30 mm, or a graphite cross-sectional area of at least 962mm?
corresponding to a solid graphite cylinder having a diameter of at least 35 mm, or a graphite

cross-sectional area of at least 12567mm?, corresponding to a solid graphite cylinder having a

diameter of at least40 mm, or a graphite cross-sectional area of at least 1963 mm?2,
corresponding to a solid graphite cylinder having a diameter of at least 50 mm, or a graphite

cross-sectional area of at least 2827mm?, corresponding to a solid graphite cylinder having a
diameter of at least 60 mm.

[0008] The lightning receptor can be arranged at the trailing edge, and/or the leading edge
and/or the pressure side and/or the suction side and/or on both sides of the blade and/ or at
the apex of the tip.

[0009] According to an embodiment, a graphite layer is arranged on a core of an electrically
conductive material, such as a core of metal such as cupper or aluminum.

[0010] According to an at present preferred embodiment, the whole receptor is formed of
graphite.

[0011] Further, according to the invention, the receptor extends transversely of the blade from
the suction side to the pressure side through or into respective openings in the respective
sides, and opposite end faces of the receptor are essentially flush with the outer surface of the
respective sides or extend beyond the outer surface of the blade.

[0012] Thereby it is advantageously obtained that the blade is optimally protected against
harming lightning strikes

[0013] According to an embodiment, the receptor has a cylindrical outer surface comprising a
first, upper section and a second lower section having a circular cylindric outer surface, the first
upper and second lower section having the same outer diameter.
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[0014] According to a further embodiment, the receptor has a cylindrical outer surface
comprising a first, upper section and a second lower section having a circular cylindric outer
surface, the second lower surface having a smaller diameter than the first upper diameter, a
shoulder being provide between the first upper and the second lower section.

[0015] According to an additional embodiment, the second lower section is provided with an
outer thread.

[0016] Additionally, according to an embodiment, the connection area between the conductor
and the receptor comprises an element, such as a ring-shaped element of an electric
conductive material, such as cupper, having an inner cylindrical surface configured to be
engaged by the outer surface of the receptor, such as the second lower surface thereof.

[0017] Further, according to an embodiment, the conductor is provided with conductive
threads and/or wires extending outwardly from the outer surface of the receptor and being
anchored in a cavity of the receptor by means of a conductive material or cement, such as a
so-called Cu powder cement, and the outwardly extending threads and/or wires are connected
to the conductor in the connection area.

[0018] Additionally, according to an embodiment, the connection area between the conductor
and the receptor is insulated by an insulating material, such as an insulating plastic material
such as PUR or epoxy.

[0019] According to a further embodiment, a bulkhead is sealingly connected to the shell body
in the tip area thereof and the receptor is arranged between the bulkhead and the apex of the
tip, optionally the cavity between the bulkhead and the apex of the tip being filled with a plastic
material, such as epoxy or a plastic material foam, such as an epoxy foam.

[0020] According to an additional embodiment, the receptor is in the connection area between
the receptor and the conductor provided with a connection means configured to be releasably
connected to a corresponding connection means provided at, on or in the conductor in order to
provide a releasable connection between the receptor and the conductor allowing for
replacement of the receptor.

[0021] The above releasable connection between the receptor and the conductor is according
to a further embodiment a thread connection comprising an inner and an outer thread, the
connection means of the receptor being the outer thread and the connection means of the
conductor being the inner thread, or vice versa.

[0022] According to an embodiment where the lightning receptor projects outwardly from the
outer surface of the blade, the outer surface of the receptor facing towards the rotation
direction of the blade is formed by a protecting wear resistant material on the surface, such as
alumina, in order to protect the graphite part of the receptor from being subjected to excessive
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wear during operation of the blade.

[0023] Further according to an embodiment, at least one drain hole is arranged at or in the
vicinity of the tip of the blade, and optionally, a diverter extending substantially between the
location of the drain hole and the location of the lightning receptor is positioned on the surface
of the blade.

[0024] Exemplary embodiments of the wind turbine blade according to the present invention is
defined in the dependent claims.

Brief Description of the Drawings

[0025] The invention is explained in greater detail below by way of embodiments which are
shown in the drawings, in which

Fig. 1a is a schematic view of a blade, seen towards the trailing edge of the blade,
Fig. 1b is a top view of the same blade,
Fig. 1c shows a magnified detail of the blade shown in Fig. 1b,

Fig. 2a is a schematic sectional view along the line llb-llb in Fig. 2b of a part of a blade
according to another embodiment of the invention,

Fig. 2b is a partially sectional view of the same blade along the line Ila-lla in Fig. 2a,

Fig. 3 is a schematic partially sectional top view of a part of a blade according to another
example, and

Fig. 4a is a diagrammatically longitudinal sectional view through the tip of a blade according to
a first embodiment of the invention.

Fig 4b is a diagrammatical longitudinal partly sectional view through the tip of a blade,
essentially perpendicular to the view in Fig. 4a

Fig.5a is a diagrammatically longitudinal sectional view through the tip of a blade according to
a second embodiment of the invention.

Fig. 5b is a diagrammatical longitudinal partly sectional view through the tip of a blade,
essentially perpendicular to the view in Fig. 5a

Fig.6 is a diagrammatically longitudinal sectional view through the tip of a blade according to
another example.

Fig.7a is a diagrammatically longitudinal sectional view along the line A-A in Fig. 7b through the
tip of a blade according to a third embodiment.
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Fig.7b is a diagrammatically longitudinal sectional view along the line B-B in Fig 7a,

Fig. 8 is a diagrammatically sectional view through the tip of a blade according to another
example.

Detailed description

[0026] Preferably, the invention relates to wind turbines of the type known in the industry as
wind turbines according to the Danish concept. Typically, such a wind turbine consists of a
tower, a nacelle with gear and generator and a rotor consisting of a hub and three blades,
where the rotor shaft is substantially horizontal. Each blade comprises a leading edge and a
trailing edge, and a pressure side and a suction side.

[0027] Existing lightning protection systems for blades on a wind turbine according to the
Danish concept often use a construction where a so-called lightning receptor made of
electrically conductive material is provided at the tip of the blade. This is also the case with the
blade according to the present invention with lightning protection system. The lightning
receptor can "capture" a lightning strike and conduct the current through a lightning conductor,
said conductor extending in the longitudinal direction of the blade and being earthed via the
hub.

[0028] Fig. 1 shows a first example where a lightning receptor 3 is positioned at the tip end of
the blade 1, said lightning receptor preferably, but not necessarily, being predominantly egg-
shaped or formed like a so-called Franklin rod. The lightning receptor 3 is connected to a
lightning conductor 2 extending substantially in the entire longitudinal direction of the blade 1
from the lightning receptor 3 at the tip of the blade 1 to the root area of the blade 1 at the rotor
hub. Preferably, the lightning conductor portion is electrically connected to the hub, and
lightning current from lightning striking the lightning receptor 3 can thus be led to earth via the
lightning conductor 2 and the hub, said hub being earthed via a second lightning conductor
(not shown) connected to an earth rod by means of e.g. the tower and the nacelle.
Furthermore, one or more spark gaps may be provided between the lightning conductor 2 and
the hub or between the lightning conductor 2 and the tower. The lightning conductors and the
earth rod may be copper conductors or may be made of any other electrically conductive
material.

[0029] The lightning conductor 2 is insulated substantially in its entire longitudinal direction
from the root area of the blade 1 to the connection area between the lightning conductor 2 and
the lightning receptor 3. The blade 1 is made up of a shell body preferably made of fiber-
reinforced polymer so that the blade 1 comprises a laminate shell 6 and a cavity 9 inside the
blade 1, respectively. The lightning conductor 2 and the lightning receptor 3 are connected e.g.
by means of a threaded connection where the lightning receptor 3 is preferably provided with
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an inner thread. However, it is also conceivable to provide an embodiment, where the receptor
3 is provided with a connection piece having an outer thread, said connection piece being
screwed together with an inner thread of the lightning conductor 2.

[0030] A first part 3a of the lightnings receptor extends outwardly from the outer surface of the
blade and is freely accessible. In the present example the whole of the receptor 3 is made of
graphite, whereby the whole of the freely accessible outer surface of the receptor 3 is formed
of graphite. However, a second part 3b of the receptor 3 not being freely accessible could be
made of an electrically conductive material such as an electrically conductive metal and being
connected to the first part 3a of the receptor 3 made of graphite. Additionally, the metal part 3b
of the conductor could extend into the graphite part 3a of the conductor as a core supporting
the graphite part 3a of the conductor 3. Further not freely accessible portions of the carbon
part 3a of the receptor 3 could be electrolytically or chemically formed metal. As shown in Fig.
1¢ the outer freely accessible first part 3a of the receptor 3 is connected to the second part 3b
by means of a releasable connection, such as a threaded connection.

[0031] Thus, it is easy to exchange the portion of the receptor 3 projecting from the surface of
the blade 1, if said portion is worn or damaged after a lightning strike.

[0032] It should be noted that instead of at the trailing edge 11 the receptor 3 or an receptor of
a different design comprising and outer surface made of graphite could be provided at the
leading edge 12, the pressure side 14, the suction side 13 or at both sides or at the apex of the
tip of the blade.

[0033] The lightning conductor 2 shown herein includes a first insulation in the form of a
bedding or covering insulation. Additionally, the connection area between the receptor 3 and
the lightning conductor 2 is electrically insulated by means of a further insulation 5 in the form
of a shrink sleeve. The shrink sleeve 5 extends a short distance into the bedding insulation of
the lightning conductor 2 and a short distance into the receptor 3. Thus, the lightning conductor
2 is completely insulated up to the receptor 3.

[0034] Furthermore, the blade 1 is provided with a drain hole 4 which also passes through the
laminate 6 and which is positioned at the trailing edge of the blade 1. The drain hole 4 is
connected to the cavity 9, the latter thus communicating with the environment. In this way, the
accumulation of water inside the blade 1 is avoided, since water is emptied from the blade 1
via the drain hole 4 by centrifugal forces during the rotation of the rotor. Simultaneously, the
blade 1 may be provided with a filter 7 to collect dust and other dirt, which may be present
inside the blade 1 so that these are not thrown towards the drain hole 4 and block it.
Preferably, the filter 7 is positioned across the entire cross-section of the cavity 9. By
positioning the receptor 3 and the drain hole 4 at the trailing edge of the blade 1, noise arising
from the rotation of the rotor is reduced.

[0035] Additionally, the surface of the blade 1 is provided with a diverter 8 extending from an
area adjacent the receptor 3 at the trailing edge of the blade 1 to an area at the leading edge
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of the blade 1. This diverter ensures that lightning striking the leading edge of the blade 1,
while the blade 1 is in a substantially horizontal position, where the receptor 3 faces
downwards, is conducted to the receptor 3 and via the latter to the lightning receptor 2. The
diverter 8 may be a continuous strip of electrically conductive material, but may also be
segmented, where leaders of ionized air are formed between the individual segments upon a
lightning strike, the lightning current thereby being conducted along the diverter 8 in its
longitudinal direction.

[0036] Fig. 2 shows a second example of a blade 101. The blade 101 according to this
embodiment has a tip 105 formed as a solid body of e.g. polyurethane, PVC or fiber-reinforced
polymer. The rest of the blade 101 is made of a shell body having a laminate shell 106. As in
the embodiment shown in Fig. 1, the lightning protection system of the blade includes a
lightning conductor 102 extending substantially in the entire longitudinal direction of the blade
101 from the root end at the rotor hub and to the tip end. The lightning conductor 102 is guided
out of the cavity of the blade 101 and into a hole created in the tip 105 and matching the
lightning conductor 102. The lightning conductor may be glued to this hole. The lightning
conductor is connected to a substantially egg-shaped lightning receptor 103. The lightning
receptor 103 is positioned at the surface of the tip 105 so that a small portion thereof projects
from the surface. At least the outward ly projecting outer surface of the receptor being freely
accessible is formed of graphite. The position and the form of the receptor 103 are adapted to
match the desired aerodynamic properties of the tip 105 of the blade 101, while simultaneously
having a large outer surface of graphite. In the example the tip 105 is a solid tip of graphite.
However as described above, it could also comprise two parts, a first readily accessible part
comprising an outer surface made of graphite and a second not accessible part comprising
metal.

[0037] As in the example shown in Fig. 1, the lightning conductor 102 and the receptor 103 are
preferably connected by means of a threaded connection, where the connection area between
the lightning conductor 102 and the receptor 103 may be electrically insulated by means of an
additional insulation in the form of e.g. a shrink sleeve or a layer of silicone. However, the tip
105 may be sufficient to provide the desired electrical insulation. The lightning conductor 102
typically comprises an inner core or inner conductor and an outer insulating covering and
optionally an intermediate semi conductive layer.

[0038] The tip 105 is provided with a cavity 109 being connected to two drain holes 104 so that
the cavity can communicate with the environment via the holes. When the rotor rotates, water
having possibly accumulated inside the blade 101 is thus guided to the cavity 109 of the tip 105
and from there out through the drain holes 104 due to centrifugal forces. Preferably, the tip 105
is additionally provided with a diverter extending between an area adjacent the drain holes 104
and an area adjacent the receptor 103 on the surface of the tip 105. Any lightning striking the
drain holes 104 is thus conducted via the diverter to the receptor 103 and via the latter to the
lightning conductor 102 and finally to earth via the hub, the tower or the like. The tip 105 is
fastened to the rest of the blade 101 by means of a glue joint 108. Fig. 3 shows a third
example of a blade 201. The blade 201 according to this example has a tip 205 formed as a
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substantially solid body of e.g. polyurethane, PVC or fibre-reinforced polymer as in the
example shown in Fig. 2. The rest of the blade 201 is made of a shell body having a laminate
shell 206. As in the embodiments shown in Fig. 1 and Fig. 2, the lightning protection system of
the blade 201 includes a lightning conductor 202 extending substantially in the entire
longitudinal direction of the blade 201 from the root end at the rotor hub and to the tip end. The
lightning conductor 202 is guided out of the cavity of the blade 201 and into a hole created in
the tip 205 and fitting the shape of the lightning conductor 202.

[0039] The lightning conductor 202 is connected to a lightning receptor 203 having a rounded
shape and positioned at the apex of the tip 205. The lightning receptor 203 is a solid body
made of graphite and is configured to provide a substantially smooth transition between the tip
205 and the receptor 203 and so that it has the desired aerodynamic properties of the tip 201.
In other words, the receptor 203 according to this example is a part of the tip of the blade 201.

[0040] As in the examples shown in Fig. 1 and Fig. 2, the lightning conductor 202 and the
receptor 203 are connected by means of a threaded connection 211. Moreover, the lightning
conductor is anchored to the tip 205 by means of two plastic rods 210 with outer thread and
two threaded holes in the receptor 203. The connection area between the lightning conductor
202 and the receptor 203 is electrically insulated by means of a further insulation in the form of
e.g. a shrink material or a layer of silicone. However, the solid tip 205 may be sufficient to
provide the desired electrical insulation.

[0041] The receptor 203 can at the leading edge thereof, i.e. the portion of the receptor facing
in the rotational direction of the blade during operation thereof, be provided with a not shown
layer of wear resistant material in order to prevent excessive wear of the receptor.

[0042] Fig. 4 discloses a first embodiment of a blade 301 according to the invention. The blade
301 comprises a laminate shell 306 and as described in relation to Fig. 1 to Fig. 3 a lightning
protection system including a lightning conductor 302 extending substantially in the entire
longitudinal direction of the blade 301 from the root and to the tip 305 of the blade. The
lightning conductor 302 extends through bulkhead 318 sealingly connected to the shell of the
blade and is at the tip 305 connected to a receptor 303, being a solid body of graphite, by
means of a connection device 317. The receptor 303 extends transversely to the blade from
the suction side 313 to the pressure side 314 and the opposite end portions thereof extends
outwardly from the outer surface of the suction side and the pressure side of the blade,
respectively. The outwardly extending opposite end portions 315,316 can have rounded end
faces as shown by dotted lines. The receptor 302 is a cylindrical body having a first or upper
cylindrical section 331 and a second or lower cylindrical section 332. In the embodiment
shown, the second or lower section has a smaller diameter than the second or upper section,
whereby a shoulder 333 is formed between the upper and lower section. The outer surface of
the second or lower section 332 is formed by an outer thread 334. However, it should be noted
that the second or lower section could have the same outer diameter as the first or upper
diameter and be formed by an outer thread. The connection device 317 comprises a ring-
shaped element 344 of a conductive material, such as copper or a copper alloy, and being
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provided with an inner thread 336 corresponding to the outer thread 334 of the receptor 303.
The outer thread of the receptor engages the inner thread of the ring-shaped element, thereby
providing a releasable connection between the conductor and the receptor and allowing for
replacement of a damaged receptor. A first end 337 of a cable connector 335 is provided with
an outer thread being in engagement with an inner thread 339 in a hole 340 in the peripheral
face of the ring-shaped element 335. An opposite second end 338 of the cable connector335
is connected with the outer end of the core 341 of the conductor 302. The outer surfaces of the
connection area between the conductor and the receptor are covered by a plastic insulation
345 of e.g. an insulation of PUR. Alternatively, or in addition to the insulating PUR covering the
connection area between the conductor and the receptor, the cavity between the bulkhead 318
and the apex of the tip could be filled with a plastic material 3019, such as epoxy or a plastic
foam such as an epoxy foam, in order to insulate the connection area between the conductor
and the receptor. The plastic material can also prevent water from entering the cavity The
connection device and the receptor are glued to the inner surface of the laminate shell 306 by
a glue joint 308. Portions of the receptor 303 not being freely accessible can be made of metal,
whereas the outer surface of the receptor being freely accessible is formed by graphite.

[0043] Fig. 5 discloses a second embodiment of a blade 401 according to the invention. The
blade 401 comprises a laminate shell 406 formed by two mutually connected half shells and as
described in relation to previously described embodiments a lightning protection system
including a lightning conductor 402 extending substantially in the entire longitudinal direction of
the blade 401 from the root and to the tip 405 of the blade. The lightning conductor extends
through bulkhead 418, preferably made of a plastic material such as a foam material, in the tip
405 and is at the distal side of the bulkhead connected to a receptor 403, being a solid body of
graphite. The receptor 403 is a cylindrical body and is provided with conductive threads and/or
wires 442 extending outwardly from the outer cylindrical surface of the receptor 403 and being
anchored in a cavity 443 of the receptor by means of a conductive material or cement 420,
such as a so-called Cu powder cement. The outwardly extending threads and/or wires 442 are
connected to the conductor in the connection area, the outwardly extending threads or wires
being connected to a first end of a cable connector 435 and the second opposite end of the
cable connector 435 being connected to the outer free end of the conductor core 441 The
receptor extends transversely of the blade from the suction side 413 to the pressure side 414
and opposite end portions 415, 416 thereof extends outwardly from the outer surface of the
suction side and the pressure side of the blade, respectively.

[0044] A cavity formed between the bulkhead and the apex of the blade is filled with a plastic
material 419, such as epoxy, or a plastic foam, such as an epoxy foam, in order to insulate the
conductor and the threads and wires thereof and keep the different parts in place. The foam
can also prevent water from entering the cavity.

[0045] Portions of the receptor 403 not being freely accessible can be made of metal, whereas
the outer surface of the receptor being freely accessible is formed by, graphite.

[0046] Fig 6 discloses another example of a blade. The blade 501 comprises a laminate shell
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506 having a suction side 513 and a pressure side 514 and being formed by two mutually
connected half shells and as described in relation to previously described embodiments a
lightning protection system including a lightning conductor 502 extending substantially in the
entire longitudinal direction of the blade 501 from the root and to the tip 505 of the blade. The
lightning conductor 502 extends through a bulkhead 518, preferably made of a plastic material
such as a foam material, in the tip 505 and is at the distal side of the bulkhead 518 connected
to a conductive plate 521, such as a metal plate. The laminate shell comprises in the tip carbon
plies 523, preferably biax carbon plies, and metal mesh plies 524, such as Cu mesh plies. The
Cu mesh / biax carbon plies are connected to the plate 521 by means of electrical conductive
rods 522, such as metal bolts with countersunk heads, one end of said rods being connected
to the plate 521 and the opposite end extending up to the outer surface of the tip on the
pressure side and the suction side of the tip of the blade. Thereby the distal portion of the tip of
the blade forms a receptor 503.

[0047] A cavity formed between the bulkhead and the apex of the blade is filled with a plastic
material 519, preferably a plastic foam, such as an epoxy foam, in order to insulate the plate
and the rods and to keep the different parts in place. The foam can also prevent water from
entering the cavity.

[0048] Fig. 7 discloses a third embodiment of a blade according to the invention. The blade
601 comprises a laminate shell 606 formed by two mutually connected half shells. The
laminate shell 606 has a suction side 613 and a pressure side 614 and a leading edge 612 and
a trailing edge 611.

[0049] As described in relation to previously described embodiments a lightning protection
system including a lightning conductor 602 extending substantially in the entire longitudinal
direction of the blade 601 from the root and to the tip 605 of the blade 601. In the tip end, the
lightning conductor extends through a bulkhead 618, preferably made of a plastic material
such as a foam material and is at the distal side of the bulkhead connected to a receptor 603,
being a solid plate-shaped body of graphite. Threads and or wires 631 of the conductor are at
the end thereof connected to the receptor 603 extending outwardly between the connection
area between the two shell parts at the tip ends thereof. The end face of the receptor is in the
example shown flush with the adjacent outer surface of the tip end of the blade. However, in
principle the end face of the receptor can also extend outwardly of the outer surface of the
blade.

[0050] A cavity formed between the bulkhead and the apex of the blade is filled with a plastic
material 619, preferably a plastic foam such as an epoxy foam, in order to insulate the plate
and the rods and keep the different parts in place. The foam can also prevent water from
entering the cavity.

[0051] Fig. 8 discloses a final example of a blade. The blade 701 comprises a laminate shell
706 which can be formed by two mutually connected half shells and as described in relation to
previously described embodiments a lightning protection system including a lightning conductor
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702 extending substantially in the entire longitudinal direction of the blade 701 from the root
and to the tip 705 of the blade. At the tip of the blade the lightning conductor is connected to a
receptor 703. In the present example the receptor 703 is a rod-shaped connector arranged
distally of the apex of the blade, i.e. externally of the apex, and extends longitudinally
essentially parallel to the chord lines of the tip of the blade. The receptor 703 is made of
graphite, with an inner rod-shaped metal core 730. From the metal core a connecting part 726
extends through the blade shell at the apex thereof to be connected to the conductor 702.
Additionally, the metal core is connected to the shell of the blade by means of two bolts 727 of
a not-conductive material, such as not conductive glass fiber reinforced polymer. The
connection between the conductor and the connecting part 726 of the metal core is insulated
by means of a shrink sleeve or shrink material 5. Further, the areas where the connecting part
726 and the bolts 727 extend between the core of the receptor and the blade are sealed by
means of a sealant 728.

[0052] Finally, the opposite free ends of the receptor are rounded, and a leading free end is
provided with a wear resistant layer 729, such as layer of alumina in order to protect the
leading end of the receptor against excessive wear.

LIST OF REFERENCES

[0053]

1,101, 201, 301, 401, 501, 601, 701
blade

2,102, 202, 302, 402, 502, 602, 702
lightning conductor

3, 103, 203, 303, 403, 503, 603, 703
lightning receptor

3a
first, accessible receptor part
3b
second, non-accessible receptor part
4,104, 204
drain hole
5

shrink sleeve or shrink material

105, 205, 305, 405, 505, 605,705
tip

6, 106, 206, 306, 406. 506, 606, 706
laminate shell



7

filter
8

diverter
108, 208, 308

glue joint
9,109, 209

cavity
10

threaded connection
11,611, 711

trailing edge
12,612, 712

leading edge
13, 313, 413, 513, 613

suction side

14, 314, 414, 514,614
pressure side

210
plastic rod

211
threaded connection

212
threaded hole
315, 316; 415, 416, 515, 516
opposite end portions
317
connection device

318,418,518, 618
bulkhead
319,419, 519, 619
plastic material
331

first or upper section332 second or lower section

333

shoulder
334

outer thread
335,435
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336

inner tread
337

first end of cable connector 335
338

second end of cable connector 335
339

inner tread in hole 340
340

hole
341, 441

core of the conductor
344

ring shaped element
345

plastic insulation
420

conductive cement
442

conductive threads and/or wires
443

cavity of receptor 403
521

metal plate
522

rods
523

carbon ply
524

metal mesh ply
631

threads and wires
726

connecting part
727

bolts
728

sealant
729

wear-resistant material.
730

cable connector

rod shaped metal core
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KRAV

1. En vindmgllevinge, der er et skallegeme fremstillet af et kompositmateriale og har en
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rodende og en spidsende, en ydre overflade, en trykside og en sugeside, en bagkant og en

forkant, og derudover et lynbeskyttelsessystem, lynbeskyttelsessystemet omfatter:

- mindst én lynreceptor forsynet med en ydre overflade, der er anbragt frit tilgaengelig
i, pd eller ved den ydre overflade af vingen ved spidsenden af vingen og
- en lynleder fremstillet af elektrisk ledende materiale, der straekker sig inden i
skallegemet langs i det vaesentlige hele vingens leengderetning, og hvori
- lynreceptoren og lynlederen er elektrisk forbundet ved hjelp af et

forbindelsesomrdde,

hvor i det mindste en del af den ydre overflade, eventuelt hele den ydre overflade af
receptoren, der er frit tilgaengelig, er dannet af kulstof, sdsom grafit, og hvor receptoren
streckker sig pd tveers af vingen fra sugesiden til tryksiden gennem eller ind i respektive
abninger i de respektive sider, og modsatte endeflader af receptoren flugter i det vaesentlige
med den ydre overflade af de respektive sider eller strackker sig ud over den ydre overflade

af vingen.

Vindmagllevinge ifglge krav 1, hvor et grafitlag er anbragt pd en kerne af et elektrisk ledende

materiale, sdsom en kerne af metal, sdsom kobber eller aluminium.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor hele receptoren er

dannet af grafit.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor receptoren har en
cylindrisk ydre overflade omfattende en fgrste gvre sektion og en anden nedre sektion med
en cirkulzer cylindrisk ydre overflade, hvor den fgrste gvre og anden nedre sektion har

samme ydre diameter.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor receptoren har en
cylindrisk ydre overflade omfattende en fgrste gvre sektion og en anden nedre sektion med
en cirkulzer cylindrisk ydre overflade, hvor den anden nedre overflade har en mindre
diameter end den fgrste gvre diameter, idet en skulder er tilvejebragt mellem den fgrste

gvre og den anden nedre sektion.
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12,
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Vindmgllevinge ifglge krav 4 eller 5, hvor den anden nedre sektion er forsynet med et ydre

gevind.

Vindmallevinge ifglge et hvilket som helst af kravene 4, 5 eller 6, hvor forbindelsesomradet
mellem lederen og receptoren omfatter et element, sdsom et ringformet element af et
elektrisk ledende materiale, sdsom kobber, med en indre cylindrisk overflade konfigureret til
at veere i indgreb med den ydre overflade af receptoren, sdsom den anden nedre overflade
deraf.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor lederen er forsynet
med ledende trdde og/eller ledninger, der strackker sig udad fra receptorens ydre overflade
og er forankret i et hulrum i receptoren ved hjeelp af et ledende materiale eller cement,
sdsom en sdkaldt Cu-pulvercement, og de udadgdende gevind og/eller ledninger er

forbundet med lederen i forbindelsesomradet.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor forbindelsesomrddet
mellem lederen og receptoren er isoleret af et isolerende materiale, sdsom et isolerende

plastmateriale, sdsom PUR eller epoxy.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor et skot er taet
forbundet med skallegemet i spidsomrddet deraf, og receptoren er anbragt mellem skottet
0g spidsens toppunkt, eventuelt er hulrummet mellem skottet og spidsens toppunkt fyldt

med et plastmateriale, sdsom epoxy eller et plastmaterialeskum, sdsom et epoxyskum.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor receptoren i
forbindelsesomrddet mellem receptoren og lederen er forsynet med et forbindelsesorgan,
der er konfigureret til at vaere frigiveligt forbundet med et tilsvarende forbindelsesorgan, der
er tilvejebragt ved, pd eller i lederen for at tilvejebringe en frigivelig forbindelse mellem

receptoren og lederen, der muligggr udskiftning af receptoren.

Vindmgllevinge ifglge krav 11, hvor den frigivelige forbindelse mellem receptoren og lederen
er en gevindforbindelse omfattende et indvendigt og et ydre gevind, hvor
forbindelsesorganet for receptoren er det ydre gevind, og forbindelsesorganet for lederen

er det indvendige gevind eller omvendt.
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Vindmagllevinge ifglge et hvilket som helst af de foregdende krav, hvor lynreceptoren rager
udad fra den ydre overflade af vingen, og den ydre overflade af receptoren, der vender mod
vingens rotationsretning, er dannet af et beskyttende slidbestandigt materiale pd overfladen,
sdsom alumina, for at beskytte kulstofdelen af receptoren mod at blive udsat for overdreven
slid under drift af vingen.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor mindst et draenhul er
anbragt ved eller i naerheden af spidsen af vingen, og eventuelt at en omleder der strackker
sig i det vaesentlige mellem placeringen af draenhullet og placeringen af lynreceptoren er
placeret pd vingens overflade.
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Drawing
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