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DESCRIPTION

[0001] The invention relates to a wind turbine blade with a blade attachment.

[0002] Blade attachments are known from the prior art. They are often used to retrofit blades,
which are already manufactured.

[0003] The blade attachment might be designed as an extension unit, which is used to
prolong the length of the blade. The blade attachment might be designed as a winglet, which is
used to change the aerodynamic characteristics of the wind turbine blade.

[0004] Blade attachments are used to adapt wind turbine blades to site-specific requirements
for example.

[0005] Blade attachments are even used to prolong standardized blades if needed thus the
efforts and complexities in blade-manufacturing tools and costs are reduced.

[0006] According to the prior art known the blade attachment overlaps a specified section of
the wind turbine blade. The specified section is used for a glue-connection between the blade
and its attachment thus a sufficient structural integration and connection of the two parts is
reached.

[0007] The patent application EP 2 497 942 A1 discloses a blade attachment shaped as
winglet for a blade of a wind turbine.

[0008] FIG 2 shows another blade attachment BA as known from the prior art.

[0009] The blade attachment BA is designed and prepared to prolong a blade (not shown
here) in its length thus it is shaped and used as an extension unit of the blade.

[0010] The blade attachment BA comprises a core CO, which is made of foam or which is
made of Balsa-wood for example.

[0011] The core CO is surrounded by a shell of a lamination LA, which preferably comprises a
fiber reinforced lamination LA.

[0012] The lamination LA may comprise glass-fibers or glass-fiber-reinforced structures.
[0013] The core CO and the lamination LA are preferably connected by a matrix material like
resin. The resin is preferably applied to the core-lamination-structure by help of a "vacuum

assisted resin transfer moulding, VARTM"-process or VARTM abbreviated.

[0014] FIG 3 shows a blade attachment BA as described in FIG 2, which is connected to the
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tip end TE of a blade BL by help of glue.

[0015] The glue applied defines a glue-interface Gl, which is between the tip end TE of the
blade BL and the blade attachment BA.

[0016] The glue-interface Gl is circumferential in view to the tip end TE of the blade BL and in
view to the blade attachment BA. Thus the glue-interface Gl is used as an environmental seal.
Due to the environmental seal water infusion WI in the blade attachment BA is avoided or
reduced at least.

[0017] Due to expected and long life cycle of wind turbine blades, which is 20 years or more,
the glue-interface Gl might get weaker over time.

[0018] Thus water WA might infuse the blade attachment BA. Due to the centrifugal forces of
the rotating wind turbine blade BL the water WA moves through the porous core material to the
tip end TEBA of the blade attachment BA.

[0019] The water WA typically accumulates within the blade attachment BA at its tip end
TEBA. The water WA typically gathers within the porous material of the core CO. The water is
"trapped" at this position as the laminate LA surrounds the core CO like a shell SH.

[0020] At cold wind turbine sites the water WA might be turned into ice, thus cracks might be
introduced into the shell SH.

[0021] The blade BL of the wind turbine and even its blade attachment BA is exposed to
lightning strikes, thus the water WA might be turned into steam, resulting in a destroyed tip end
TEBA of the blade attachment.

[0022] It is therefore the aim of the invention, to provide an improved blade attachment of a
wind turbine blade, which is prepared for a glue-connection but which avoids that water
gathers within the blade attachment at its tip end.

[0023] This aim is reached by the features of claim 1. Preferred configurations are addressed
and described by the dependent claims.

[0024] The invention relates to a wind turbine blade (BL) with a blade attachment (BA) and to
the blade attachment (BA).

[0025] A tip end of the wind turbine blade is connected with the blade attachment by a glue-
interface. The glue-interface is arranged between the tip end of the blade and the blade
attachment.

[0026] The glue-interface is arranged in a circumferential manner in view to the tip end of the
blade and in view to the blade attachment.
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[0027] The blade attachment comprises and consists of a core and a surface. The core is
surrounded by the surface like a shell, resulting in the blade attachment.

[0028] The blade attachment, which comprises the core and the surface, is completely made
of one foam material. The foam shows at least two different densities.

[0029] That part of the surface of the core, which is arranged adjacent to the glue-interface, is
made of the foam with a first density, while the chosen first density prevents the penetration of
water from the glue-interface into the core.

[0030] Furthermore, a center of the core is made of the foam showing a second density.

[0031] The numerical value of the first density of the foam exceeds the numerical value of the
second density of the foam. Thus the penetration of water from the glue-interface into the core
and the infusion of water within the core (CQ) are prevented.

[0032] In a preferred configuration the numerical value of the first density decreases
continuously towards the numerical value of the second density. Thus the foam with the
second density is arranged in the center of the core.

[0033] In a preferred configuration the second density of the foam is chosen in a way that the
overall weight of the core and thus the overall weight of the blade attachment is minimized.

[0034] In a preferred configuration the blade attachment is an extension unit, being used to
prolong the blade in its length.

[0035] In another preferred configuration the blade attachment is a winglet, being used to
change the aerodynamic characteristics of the blade.

[0036] In a preferred configuration the blade attachment comprises a cavity, which is prepared
and arranged to incorporate at least a part of the tip end of the blade. Thus the blade
attachment is connected to the tip-end of the blade in a form-fitted manner.

[0037] In another configuration, the blade attachment might be reinforced by a lamination.
Thus the stiffness and the live-time of the blade attachment are enhanced and improved.

[0038] In a preferred configuration the lamination comprises glass fibers in a suitable form
and shape, like short fibers, long fibers or mats or the like.

[0039] In a preferred configuration the blade attachment (comprising the core and the surface
of the core) is preferably manufactured in one piece by help of a so called "Reaction Injection
Moulding, RIM"-process.
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[0040] Within this RIM-process a closed mould system is used to shape, form and
manufacture the blade attachment. Two components are injected into the closed mould
system. The injection is preferably done at a low pressure. Both components start to react with
each other and the result of the reaction fills as foam the closed mould system. Thus the blade
attachment is formed and shaped by the closed mould system.

[0041] Preferably polyurethane or the like are used within this RIM-process.

[0042] The RIM-process allows the production of a blade attachment showing a high-density
skin or a high-density surface of the blade attachment.

[0043] Another preferred method to manufacturing the blade attachment in one piece is the
so called "Structural Foam Moulding, SFM"-process.

[0044] The SFM-process differs from the RIM-process: a foam structure is created by a
thermoplastic material, like high-density-polyethylene (HDPE). The HDPE is exposed to an
inert gas or to a blower agent, thus the HDPE reacts with them, resulting in the foam structure.
The foam structure is formed and shaped by a closed mould system, too.

[0045] The machinery and tools, being needed for the SFM-process, are more expensive
than those of the RIM-process but they are suited for larger production runs.

[0046] The RIM-process and the SFM-process result in a blade attachment, which show
different foam densities within its structure.

[0047] According to the invention the whole blade attachment, comprising the core and its
surface, is completely made by a single foam material showing different densities.

[0048] The whole blade attachment shows no borderlines within the core or between the core
and its surface as the densities change continuously from the first and maximum density at the
skin towards the second and minimum density at the inner core or center core.

[0049] The chosen different densities show no abrupt changes thus the blade attachment
core shows no weak spots and no weak borderlines which could be used by water for
penetration and/or infusion.

[0050] There are no internal cavities inside the core thus there is no accumulation of water
within the core.

[0051] The blade attachment invented is quite robust thus the live cycle of an overall wind
turbine blade, which comprises a "basic" wind turbine blade and its blade attachment, is

prolonged.

[0052] The blade attachment invented allows retrofitting of an already mounted wind turbine
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blade at the site of the wind turbine in an easy and cheap manner.

[0053] The high-density skin provides a majority of strength and stiffness of the blade
attachment.

[0054] The core with the varying densities provides a resistant part of the blade attachment
with a low overall mass - there is no cavity inside the core.

[0055] The continuous change of the densities results in a quite strong boundary zone, thus
the penetration of water into the core and the gathering of water within the core is avoided.

[0056] Due to the strong boundary zone and due to the strong skin the whole blade
attachment shows a quite high compression strength. Thus the glue-connection of the blade
attachment to the tip end of the blade is quite easy as pressure can be applied to the blade
attachment and thus to the glue-connection without any problems.

[0057] The skin density (the maximum density) might be chosen within a range of 800 - 1300
kg/m3 while the density of the inner core (the minimum or low density) might be chosen within
a range of 200 - 400 kg/m3.

[0058] The invention is shown schematically by help of figures.
FIG 1 shows a wind turbine blade with a blade attachment according to the invention, while

FIG 2 and FIG 3 show prior art blade attachments as described in the introduction of his
application.

[0059] FIG 1 shows a wind turbine blade BL with a blade attachment BA according to the
invention.

[0060] A tip end TE of the wind turbine blade BL is connected with the blade attachment BA by
a glue-interface Gl.

[0061] The glue-interface is arranged between the tip end TE of the blade BL and the blade
attachment BA. Thus the glue-interface Gl is arranged in a circumferential manner in view to
the tip end TE of the blade BL and in view to the blade attachment BA.

[0062] The blade attachment BA comprises a core CO with a surface SF. Thus the core CO is
surrounded by the surface SF.

[0063] The core CO is completely made of a foam F, showing at least two different densities
D1 and D2.
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[0064] That part of the surface SF of the core CO, which is arranged adjacent to the glue-
interface Gl, is made of the foam F, which shows a first density D1.

[0065] This chosen first density D1 prevents the infusion of water WA from the glue-interface
Gl into the core CO.

[0066] A center CC of the core CO is made of the foam F showing a second density D2.

[0067] The numerical value of the first density D1 of the foam F exceeds the numerical value
of the second density D2 of the foam, thus the infusion of water WA from the glue-interface Gl
into the core CO and the penetration of water WA within the core CO are prevented.

[0068] The numerical value of the first density D1 decreases continuously towards the
numerical value of the second density D2. Thus the foam with the second density D2 is
arranged in the center CC of the core CO.

[0069] The second density F2 of the foam is chosen in a way that the overall weight of the
core CO is minimized.

[0070] The blade attachment BA comprises a cavity CAV, which is prepared and arranged to
incorporate at least a part of the tip end TE of the blade BL.

[0071] The blade attachment BA might be reinforced by a lamination LA.
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Patentkrav

1. Vindmgllevinge (BL) med en vingefastgerelse (BA),

- hvor en spidsende (TE) af vindmellevingen (BL) er forbundet med vinge-
fastgorelsen (BA) med en kleebegraenseflade (Gl),

- hvor kleebegraensefladen er anbragt mellem spidsenden (TE) af vingen (BL)
og vingefastgorelsen (BA), og hvor kleebegraensefladen (Gl) er anbragt pa en
periferisk méade i forhold til spidsenden (TE) af vingen (BL) og i forhold til vin-
gefastgarelsen (BA),

- hvor vingefastgerelsen (BA) omfatter en kerne (CO) og en overflade (SF),
mens kernen (CO) er omgivet af overfladen (SF) som en skal,

kendetegnet ved

- at vingefastgarelsen er fuldsteendigt fremstillet af et skum (F), mens skum-
met udviser mindst to forskellige densiteter (D1, D2),

- at overfladen (SF) af kernen (CO), som er anbragt tilgraensende til klaebe-
graensefladen (Gl), er fremstillet af skum (F), som udviser en forste densitet
(D1),

- mens den valgte forste densitet (D1) forhindrer indtreengning af vand (WA)
fra kleebegraensefladen (Gl) ind i kernen (CO),

- at et center (CC) af kernen (CO) er fremstillet af skum (F), der udviser en
anden densitet (D2), og

- at den numeriske veerdi af den fgrste densitet (D1) af skummet (F) oversti-
ger den numeriske veerdi af den anden densitet (D2) af skummet, saledes at
indtreengning af vand (WA) fra klaebegraensefladen (Gl) ind i kernen (CO) og
infusion af vand (WA) inden i kernen (CO) forhindres.

2. Vindmgllevinge (BL) ifolge krav 1, kendetegnet ved, at den numeriske
veerdi af den fgrste densitet (D1) falder kontinuerligt mod den numeriske
veerdi af den anden densitet (D2), mens skummet med den anden densitet er
anbragt i centeret (CC) af kernen (CO).

3. Vindmgllevinge (BL) ifalge krav 1, kendetegnet ved, at den anden densi-
tet (F2) af skummet er valgt pa en made, s& den samlede veegt af kernen

(CO) minimeres.

4. Vindmgllevinge (BL) ifglge krav 1, kendetegnet ved
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- at vingefastgorelsen (BA) er en forlaeengelsesenhed, som anvendes til at
forlaenge vingen (BL) i dens laengde, eller

- at vingefastgorelsen (BA) er en winglet, som anvendes til at aendre vingens
(BL) aerodynamiske traek.

5. Vindmgllevinge (BL) ifglge krav 1, kendetegnet ved, at vingefastgorelsen
(BA) omfatter et hulrum, som er udformet og anbragt til at inkorporere mindst
en del af spidsenden (TE) af vingen (BL).

6. Vindmgllevinge (BL) med en vingefastgarelse (BA),

- hvor en spidsende (TE) af vindmellevingen (BL) er forbundet med vinge-
fastgorelsen (BA) med en kleebegraenseflade (Gl),

- hvor kleebegraensefladen er anbragt mellem spidsenden (TE) af vingen (BL)
og vingefastgorelsen (BA), og hvor kleebegraensefladen (Gl) er anbragt pa en
periferisk méade i forhold til spidsenden (TE) af vingen (BL) og i forhold til vin-
gefastgarelsen (BA),

- hvor vingefastgerelsen (BA) omfatter en kerne (CO) og en overflade (SF),
mens kernen (CO) er omgivet af overfladen (SF) som en skal,

kendetegnet ved

- at vingefastgorelsen er fremstillet af et skum (F) og en laminering (LA),
mens skummet udviser mindst to forskellige densiteter (D1, D2),

- at overfladen (SF) af kernen (CO), som er anbragt tilgraensende til klaebe-
graensefladen (Gl), er fremstillet af skum (F), som udviser en forste densitet
(D1),

- mens den valgte forste densitet (D1) forhindrer indtreengning af vand (WA)
fra kleebegraensefladen (Gl) ind i kernen (CO),

- at et center (CC) af kernen (CO) er fremstillet af skum (F), der udviser en
anden densitet (D2),

- at den numeriske veerdi af den forste densitet (D1) af skummet (F) oversti-
ger den numeriske veerdi af den anden densitet (D2) af skummet, saledes at
indtreengning af vand (WA) fra kleebegraensefladen (Gl) ind i kernen (CO) og
infusion af vand (WA) inden i kernen (CO) forhindres, og

- at vingefastgerelsen (BA) er forsteerket af en laminering (LA).

7. Vindmgllevinge (BL) ifglge krav 6, kendetegnet ved, at lamineringen (LA)
omfatter glasfibre i en egnet form og facon, som korte fibre, lange fibre eller
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matter.

8. Vingefastgarelse (BA) til en vindmgllevinge (BL),

- hvor vingefastgarelsen (BA) er udformet til at blive forbundet med en spids-
ende (TE) af en vindmgllevinge (BL) med en klaebegraenseflade (Gl), mens
kleebegraensefladen anbringes pé en periferisk méade i forhold til spidsenden
(TE) af vingen (BL) og i forhold til vingefastgerelsen (BA),

- hvor vingefastgerelsen (BA) omfatter en kerne (CO) og en overflade (SF),
mens kernen (CO) er omgivet af overfladen (SF) som en skal,

kendetegnet ved

- at vingefastgorelsen (BA) er fuldstaendigt fremstillet af et skum (F), som
udviser mindst to forskellige densiteter (D1, D2),

- at overfladen (SF) af kernen (CO), som er anbragt tilgraensende til klaebe-
graensefladen (Gl), er fremstillet af skum (F) med en forste densitet (D1),
mens den valgte forste densitet (D1) forhindrer indtraengning af vand (WA)
fra kleebegraensefladen (Gl) ind i kernen (CO),

- at et center (CC) af kernen (CO) er fremstillet af skum (F), der udviser en
anden densitet (D2), og

- at den numeriske veerdi af den forste densitet (D1) af skummet (F) oversti-
ger den numeriske veerdi af den anden densitet (D2) af skummet, saledes at
indtreengning af vand (WA) fra kleebegraensefladen (Gl) ind i kernen (CO) og
infusion af vand (WA) inden i kernen (CO) forhindres.
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DRAWINGS
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