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DESCRIPTION

[0001] The present invention relates generally to wind turbine rotor blades, and more particularly to a wind turbine rotor blade
having one or more prefabricated leading edge components.

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy sources presently available, and wind
turbines have gained increased attention in this regard. A modem wind turbine typically includes a tower, generator, gearbox,
nacelle, and one more rotor blades. The rotor blades capture kinetic energy from wind using known foil principles, and transmit
the kinetic energy through rotational energy to turn a shaft coupling the rotor blades to a gearbox, or if a gearbox is not used,
directly to the generator. The generator then converts the mechanical energy to electrical energy that may be deployed to a utility
grid.

[0003] The construction of a modem wind turbine rotor blade generally includes upper and lower shell components bonded at a
leading and trailing edge of the blade, spar caps, and one or more shear webs. The skin, typically manufactured from layers of
fiber composite and a lightweight core material, forms the exterior aerodynamic foil shape of the rotor blade. The spar caps
provide increased rotor blade strength by integrating one or more structural elements running along the length of the rotor blade
on both interior sides of the rotor blade. Shear webs are structural beam-like components running essentially perpendicular
between the top and bottom spar caps and extending across the interior portion of the rotor blade between the outer skins. Spar
caps have typically been constructed from glass fiber reinforced composites, though some larger blades are beginning to include
spar caps constructed from carbon fiber reinforced composites.

[0004] With conventional constructions, the leading edge of the wind turbine blade is an area of concern. The bonding of the
shell components at the leading edge is difficult to control. Overbite or underbite between the shell components can occur, often
causing extensive rework of the blade. The thickness of the bond can vary from blade to blade, and can often drift outside of a
design tolerance. The leading edge bond between the shell components can result in a blade where the most dimensional
uncertainty is at a very critical aerodynamic location on the blade. In addition, the leading edge of the turbine blade is highly
susceptible to erosion and weathering, and can be damaged during transportation and erection of the wind turbine. These
conditions lead to costly on-site repairs.

[0005] Various modular wind turbine blades and kits for forming the same are disclosed, for example, in US 20090068017, EP 1
965 074, WO 2004/076852.

[0006] Accordingly, there is a need for a wind turbine rotor blade design that addresses at lest certain of the present
disadvantages associated with blades having shell components bonded together at the leading edge of the blade.

[0007] Various aspects of the present invention provide for a wind turbine rotor blade that incorporates one or more
prefabricated leading edge segments. These segments can be manufactured with precisely controlled geometries, and do not
include a leading edge bond. The blades provide a solution to several of the problems associated with conventional blades
having shell components bonded together at the leading edge of the blade. Additional aspects and advantages of the invention
are set forth in part in the following description, or may be obvious from the description, or may be learned through practice of the
invention.

[0008] A wind turbine rotor blade is provided having a first shell component and a second shell component. The shell
components are joined together at the trailing edge of the blade. Each of the shell components further includes a forward edge.
At least one, and in a particular embodiment, a plurality of leading edge segments are joined to the shell components and aligned
along the longitudinal length of the blade so as to define a continuous leading edge of the blade. The leading edge segments
have an open-ended cross-sectional profile defined by an arcuate skin with first and second longitudinal edges and first and
second end faces. The longitudinal edges of the leading edge segments are joined to the forward edge of the first shell
component at a first bond line, and joined to the forward edge of the second shell component at a second bond line. The end
faces of adjacent leading edge segments may be bonded together as well. With this construction, the leading edge portion of the
blade between the first and second bond lines is a continuous unbroken surface defined by the aligned leading edge segments.

[0009] The present invention also encompasses a kit for forming a wind turbine rotor blade from component parts. The kit may
include a first shell component and a second shell component, with each of the shell components having a forward edge and a
trailing edge. One or more leading edge segments are also provided, with each leading edge segment having an open-ended
cross-sectional profile defined by an arcuate skin with first and second longitudinal edges and first and second end faces. The
leading edge segments and the first and second shell components are configured relative to each other such that when
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assembled, the shell components define a bonded trailing edge of the blade, and the longitudinal edges of the leading edge
segments are joined to the forward edge of the first shell component at a first bond line, and joined to the forward edge of the
second shell component at a second bond line. With this kit configuration, when assembled, the parts define a blade with a
leading edge that is a continuous unbroken surface defined by the skins of the aligned leading edge segments between the first
and second bond lines.

[0010] It should be readily appreciated, that the other attributes and characteristics of the various embodiments described herein
relate to the individual components of the kit embodiments as well.

[0011] Various features, aspects and advantages of the present invention will become better understood with reference to the
following description and appended claims. The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve to explain the principles of the
invention, in which:

Fig. 1 is a diagrammatic illustration of a conventional wind turbine;
Fig. 2 is a cross-sectional diagrammatic view of a conventional wind turbine blade;

Fig. 3 is a planar view of an embodiment of a wind turbine blade incorporating a plurality of leading edge segments according to
aspects of the present invention;

Fig. 4 is a planar view of an embodiment of a wind turbine blade incorporating a single leading edge segment according to
aspects of the present invention;

Fig. 5A is a cross-sectional view of an embodiment of a wind turbine blade in accordance with aspects of the invention;
Fig. 5B is a cross-sectional view of the embodiment of Fig. 4A with a leading edge segment attached to the shell component;

Fig. 6 is a cross-sectional perspective view of an embodiment of a leading edge segment of a wind turbine blade in accordance
with aspects of the invention; and

Fig. 7 is a perspective view of a wind turbine incorporating wind turbine blades in accordance with aspects of the invention.

[0012] Reference now will be made in detail to embodiments of the invention, one or more examples of which are illustrated in the
drawings. Each example is provided by way of explanation of the invention, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that various modifications and variations can be made in the present invention without
departing from the scope or spirit of the invention. For instance, features illustrated or described as part of one embodiment, can
be used with another embodiment to yield a still further embodiment. Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended claims and their equivalents.

[0013] FIG. 1 is a schematic view of a conventional wind turbine 100. The wind turbine 100 includes a tower 110 with a machine
nacelle 120 mounted at the top of the tower. Ahub 130 having any number of rotor blades 140 is mounted to a lateral end of the
machine nacelle 120.

[0014] Referring to FIG. 2, a typical configuration of a conventional rotor blade 140 includes a suction side shell component 142
and a pressure side shell component 144. The shell components 142, 144 are bonded together at a first bond 148 at the trailing
edge 146 of the blade, and at a second bond 152 at the leading edge 150 of the blade. For structural rigidity and support,
typically spar caps 160 are attached to the inside surface of the shell components 142, 144 along the length thereof, with a shear
web 162 connected between the components. With larger turbine blades, one or more additional braces 164 may be included for
added support. As discussed above, the leading edge 150 is a critical aerodynamic section of the blade 140, and the presence of
the leading edge bond 152 and conventional construction techniques can be problematic.

[0015] FIGS. 3 and 4 are illustrations of embodiments of a wind turbine rotor blade 10 in accordance with aspects of the
invention. The blade 10 includes a first shell component 18 and a second shell component 24 (FIG. 4A). The shell components
18, 24 may be individually formed, and may include inner and outer skins, and a core material sandwiched between the inner and
outer skins. The inner and outer skins may be a fiber reinforced material, and the core material may be a lightweight material,
such as balsa wood, extruded polystyrene foam, and the like, as is known in the art. The first shell component 18 includes a
forward edge 20 (FIG. 5A), and the second shell component 24 includes a forward edge 26 (FIG. 5A). The shell components
include respective trailing edges that are joined together at the trailing edge 33 of the blade 10. Typically, the trailing edges may
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be bonded at a bond point 30 (FIG. 5A) at the trailing edge 33.

[0016] Referring to FIGS. 5A and 5B, spar caps 48 may be attached to the inner skin surfaces of the respective shell
components 18, 24, with a spar or shear web 50 connected between the spar caps 48. As generally understood, the spar caps 48
and web 50 provide structural support and rigidity to the blade 10. In addition, any manner of additional braces 52 may be
included in construction of the blade 10, particularly for larger turbine blades. It should be appreciated that any manner of internal
structural support configuration is within the scope and spirit of the invention.

[0017] FIG. 3 illustrates an embodiment wherein a plurality of leading edge segments 34 are joined to the shell components 18,
24 and are aligned along a longitudinal length of the blade 10 so as to define a continuous leading edge 32 for the blade 10. FIG.
4 illustrates an alternate embodiment wherein a single edge segment 34 is joined to the shell components 18, 24 to define the
continuous leading edge 32 for the blade 10. It should be appreciated that the invention encompasses any number of the leading
edge segments 34, at that different economic, manufacturing, and structural considerations may apply to the different
embodiments. For illustrative purposes, the embodiment of a blade 10 incorporating a plurality of the leading edge segments is
described in greater detail herein.

[0018] The leading edge segments 34 may complete the blade 10 from the tip 12 to the root 14 of the blade 10. In an alternative
embodiment, fewer leading edge segments may be utilized, wherein a portion of the blade leading edge 32 is defined by the shell
components 18, 24, or other structure. The leading edge segment 34 closest to the root 14 may also attach directly to a root ring
16, or other structure of the blade 10. Likewise, the leading edge segment 34 closest to the tip 12 may attach to a tip component,
which may be a section of the shell components 18, 24, or a separate tip structure. When completed the blade 10 as depicted in
FIG. 3 has a designed blade profile, length, and other desired characteristics. The complete blade 10 may have a swept shape
giving it a curved contour running from the tip 12 to the root 14. In an alternative embodiment, the blade 10 may have a non-
swept shape.

[0019] Referring to FIGS. 5A through 6, the leading edge segments 34 have an arcuate profile that defines a desired
aerodynamic shape of the blade leading edge 32. The edge segments may be filled with a light-weight material, or may be
essentially hollow with an open-ended cross-sectional profile that is defined by the skin 36. The skin 36 includes first and second
longitudinal edges 38, 40, and first and second end faces 42, 43. The longitudinal edges 38, 40 of each leading edge segment
34 are joined to the forward edge 20 of the first shell component 18 and a forward edge 26 of the second shell component 24, as
illustrated in FIG. 5B. The leading edge segments 34 may be bonded to the shell components 18, 24 by any conventional
bonding technique such that a bond line 44 is formed at the juncture of the forward edge 20 of shell component 18 and
longitudinal edge 38 of the leading edge segment 34. Likewise, a bond line 46 is formed at the juncture of longitudinal edge 40
and the forward edge 26 of the second shell component 24. With this unique construction, the leading edge portion 32 of the
blade 10 is defined by the continuous unbroken surface of the leading edge segment 36 between the bond lines 44 and 46.
Thus, the leading edge portion 32 does not include a bond line at the forward most edge.

[0020] The leading edge segments 34 may be prefabricated from a single piece of skin or shell material 36. For example, the
skin 36 may be molded as a single integral piece, and may be made from the same material as the shell components 18, 24. The
prefabricated leading edge components 34 may be formed from a thermoplastic or thermoset material, as well as a glass, carbon,
or particle-reinforced composite material. In addition, the leading edge segments 34 may be formed from a material or treated with
a coating or other application to provide the leading edge of the blade 10 with certain desired characteristics as compared to the
shell components 18, 24. For example, the leading edge segments may be formed of a material that does not require painting,
and which may include a UV resistant material or coating, or other material or coating that enhances weathering and erosion
resistance. The leading edge segments 34 may have a different color or other visual characteristic as compared to the shell
components 18, 24. It should be readily appreciated that the construction and materials for the leading edge segments 34 are not
a limitation for embodiments of the present invention.

[0021] Referring to FIG. 5A, it may be desired that the forward edges 20, 26 of the respective shell components 18, 24 are
forward of the spar caps 48 and sheer web 50, but in relatively close proximity to the spar caps and sheer web such that the
structural rigidity and support of these components is relatively close to the bond lines 44, 46 with the leading edge segments 34.

[0022] With particular embodiments, it may be desired that the end faces 42, 43 of adjacent leading edge segments 34 are also
bonded or otherwise joined together along the length of the blade 10. The end faces 42, 43 may include any manner of splice or
joint configuration, such as a dove-tail joint or lap-splice configuration, to ensure positive interlocking engagement between the
respective adjacent end faces.
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[0023] It should also be appreciated that any manner of conventional joint configuration, such as a dove-tail joint or lap-splice
configuration, may also be included between the longitudinal edges 38, 40 of the leading edge segments 34 and the forward
edges 20, 26 of the respective shell components 18, 24, or between the end faces of the most proximal and most distal edge
components (or the end faces of the single edge component embodiment of FIG. 4) and the respective root and tip structure of
the blade.

[0024] Referring to FIGS. 5B and 6, the leading edge segments 34 may include at least one bracing web 54 attached to the
inner surface of the skin 36. The bracing webs 54 may extend generally transversely to the longitudinal edges 38, 40 and lend
the segment 34 structural rigidity and support. Any manner of internal bracing may be utilized for this reason.

[0025] In a particularly unique embodiment, the bracing webs 54 may be formed from an electrically non-conductive material, and
include one or more conductive strip members 56 may run longitudinally within the leading edge segment 34. These conductive
strip members 56 may join to the conductive strip members 56 of adjacent leading edge segments 34 by way of any manner of
conventional connector 58 so as to define a continuous conductive arrangement for all of the leading edge segments 34, as
depicted in FIG. 4. A conductive transmission line or member 60 for each blade may connect all of the blades to a common
grounded transmission line 62, as depicted in the wind turbine 200 in FIG. 7. Thus, with this unique embodiment, the leading edge
segments also provide lightning strike protection to the blades 10, and wind turbine 200. The conductive strip members 56 may
be any manner of conductive member, such as a cable, wire, or the like. In certain embodiments, the conductive strip members 56
may be relatively rigid rod-like members that also add structural rigidity and support to the individual leading edge segments 34.
In certain embodiments, the conductive strip members 56 may be longer than a single leading edge segment 34, allowing for the
possibility of a conductive strip member 56 that may extend along a plurality of the edge segments 34, or along all of the edge
segments 34. Thus, a plurality or all of the leading edge segments may be threaded on a single conductive strip member 56.
Longer conductive strip members 56 may be desired for increased structural rigidity and support to the edge segments 56, and
the leading edge 32 of the blade 10 in general.

[0026] It should be appreciated that the present invention also encompasses a kit for forming a wind turbine rotor blade 10 as
depicted in FIGS. 3 and 4. This kit may include the components discussed above in their unassembled or disconnected state.
Thus, the kit may include a first shell component 18, and a second shell component 24, and one or a plurality of the leading edge
segments 34 as described above. The kit may include any number of the components in a completely unassembled or partially
assembled state. With this kit configuration, when assembled, the parts define a blade 10 as depicted in FIGS. 3 and 4 with a
leading edge 32 that is continuous and unbroken between bond lines 44 and 46, as depicted in FIG. 5B.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
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Patentkrav

1. Vindmgllerotorvinge (10), omfattende:
en fgrste skalkomponent (18), og en anden skalkomponent (24),

5 skalkomponenterne forbundet ved en bagkant (33) af vingen, hver af
skalkomponenterne yderligere omfattende en forreste kant (20,26);
mindst et forkantsegment (34) forbundet til skalkomponenterne og bragt
pa linje langs en langsgdende laengde af vingen, det mindst ene
forkantsegment definerer en kontinuerlig forkant (32) af vingen;

10 det mindst ene forkantsegment omfattende en bueformet tveersnitsprofil
defineret af en hud (36) som har fgrste og anden langsgaende kanter
(38,40) og fgrste og anden endeflader (42,43);
de langsgaende kanter af det mindst ene forkantsegment forbundet til
forkanten af den fgrste skalkomponent ved en fgrste bindelinje (44), og

15 forbundet til forkanten af den anden skalkomponent ved en anden
bindelinje (46); og hvor forkanten af vingen mellem den fgrste og anden
bindelinje omfatter en kontinuerlig ubrudt overflade defineret af det mindst
ene forkantsegment, kendetegnet ved at
det mindst ene forkantsegment (34) er dben-endet og yderligere omfatter

20 mindst en forsteerkende ribbe (54) fastgjort til en indre flade af huden (36)
og som straekker sig transversalt pa de langsgaende kanter, og yderligere
omfattende et stift ledende strimmel-element (56) forbundet til den
forsteerkende ribbe og anbragt langsgaende inden i huden, hvor det
ledende strimmel-element (56) er jordforbundet sdledes at

25 forkantsegmentet indeholder et lynnedslagsbeskyttelsessystem, og hvor
det ledende strimmel-element tilvejebringer strukturel stivhed og stgtte til

det mindst ene forkantsegment.

2. Vindmgllerotorvingen (10) ifglge krav 1, omfattende en flerhed af

30 forkantsegmenterne (34) bragt pa linje langs den langsgaende lsengde af vingen
og som definerer den kontinuerlige forkant (32) af vingen, og hvor endefladerne
(42,43) af tilstgdende forkantsegmenter er forbundet med hinanden.

3. Vindmgllerotorvingen (10) ifglge krav 1 eller krav 2, hvor det mindst ene
35 forkantsegment (34) er praefabrikeret som et enkelt stykke hud (36) -materiale
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som omfatter forskellige vejr- eller erosionsegenskaber sammenlignet med

skalkomponenterne (18,24).

4. Vindmgllerotorvingen (10) ifglge et hvilket som helst foregdende krav,
yderligere omfattende langsgéende straekkende bjeelkedaeksler (48) fastgjort til
den fgrste og anden skalkomponent (18,24), og en forskydningsribbe (50) som
straekker sig mellem bjeelkedaekslerne langs leengden af vingen, og hvor den
fgrste og anden bindelinje (44,46) er foran bjeelkedaekslerne i en retning mod

forkanten (32) af vingen.

5. Kit til at danne en vindmgllerotorvinge (10) anvendt p& en vindmglle (200),

omfattende:
en fgrste skalkomponent (18), og en anden skalkomponent (14),
skalkomponenterne havende en forreste kant (20,26) og en bagkant (33);
mindst et forkantsegment (34) havende en tvaersnitsprofil med dben ende
defineret af en bueformet hud (36) havende fgrste og anden langsgaende
kanter (38,40) og fgrste og anden endeflader (42,43);
det mindst ene forkantsegment og den fgrste og anden skalkomponent
konfigureret i forhold til hinanden sdledes at ndr samlet definerer
skalkomponenterne en bundet bagkant (30) af vingen, og de langsgdende
kanter af det mindst ene forkantsegment er forbundet til forkanten af den
fgrste skalkomponent ved en fgrste bindelinje (44), og forbundet til
forkanten af den anden skalkomponent ved en anden bindelinje (46); og
hvor en forkant (32) af vingen er en kontinuerlig ubrudt overflade defineret
af huden af forkantsegmentet mellem den fgrste og anden bindelinje;
kendetegnet ved at
det mindst ene forkantsegment (34) omfatter mindst en forstaerkende
ribbe (54) fastgjort til en indre overflade af huden (36) og som straekker
sig transversalt pa de langsgéende kanter (38,40), og yderligere
omfattende et ledende strimmel-element (56) forbundet til den
forstaerkende ribbe og anbragt langsgaende inden i huden, hvor i en samlet
tilstand af kittet, det ledende strimmel-element er jordforbundet og
tilvejebringer lynnedslagsbeskyttelse til vingen, og hvor de ledende
strimmel-elementer af tilstgdende forkantsegmenterne er elektrisk
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forbundet og omfatter et stift element som tilvejebringer strukturel stivhed
og statte til flerheden af forkantsegmenter.

6. Kittet ifglge krav 5, omfattende en flerhed af forkantsegmenterne (34) som
langsgdende er pa linje for at definere forkanten (32) af vingen, og hvor
endefladerne (42,43) af tilstgdende forkantsegmenterne binder sammen i den

samlede vinge.

7. Kittet ifglge krav 5 eller 6, yderligere omfattende langsgdende straekkende
bjeelkedaeksler (48) fastgjort til den fgrste og anden skalkomponent (18,24), og
en forskydningsribbe (50) som straekker sig mellem bjaelkedackslerne langs
lzengden af skalkomponenterne, forkanterne af skalkomponenterne foran
bjeelkedaekslerne i en retning mod forkanten (32) af vingen.
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