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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a wind turbine blade with a spacing section at its
trailing edge providing improved aerodynamic properties and structural stability.

Background of the Invention

[0002] Modern wind turbines must be designed to withstand extreme loads, hostile
environments and harsh weather conditions during their entire lifetime. This applies in
particular to turbine blades which are the major elements for converting wind energy into
electrical energy.

[0003] Wind turbine blades used for horizontal axis wind turbines can be rather large and may
today exceed 70 metres in length and 4 metres in width. The blades are typically made from a
fibre-reinforced polymer material and comprise a pressure side shell part and a suction side
shell part. The cross-sectional profile of a typical blade includes an airfoil for creating an air
flow leading to a pressure difference between both sides. The resulting lift force generates
torque for producing electricity.

[0004] Typically, wind turbine blades are manufactured according to one of two constructional
designs, namely a design where a thin aerodynamic shell is glued or otherwise bonded onto a
spar beam, or a design where spar caps, also called main laminates, are integrated into the
aerodynamic shell.

[0005] In the first design, the spar beam constitutes the load bearing structure of the blade.
The spar beam as well as the aerodynamic shell or shell parts are manufactured separately.
The aerodynamic shell is often manufactured as two shell parts, typically as a pressure side
shell part and a suction side shell part. The two shell parts are glued or otherwise connected to
the spar beam and are further glued to each other along a leading edge and trailing edge of
the shell parts. This design has the advantage that the critical load carrying structure may be
manufactured separately and therefore easier to control. Further, this design allows for various
different manufacturing methods for producing the beam, such as moulding and filament
winding.

[0006] In the second design, the spar caps or main laminates are integrated into the shell and
are moulded together with the aerodynamic shell. The main laminates typically comprise a high
number of fibre layers compared to the remainder of the blade and may form a local thickening
of the wind turbine shell, at least with respect to the number of fibre layers. Thus, the main
laminate may form a fibre insertion in the blade. In this design, the main laminates constitute



DK/EP 3303830 T3

the load carrying structure. The blade shells are typically designed with a first main laminate
integrated in the pressure side shell part and a second main laminate integrated in the suction
side shell part. The first main laminate and the second main laminate are typically connected
via one or more shear webs, which for instance may have a C-shaped or I-shaped cross-
section. The shear webs prevent the shell parts from collapsing and ensure a transfer of shear
stresses from one shell part to the other.

[0007] For very long blades, the blade shells may further along at least a part of the
longitudinal extent comprise an additional first main laminate in the pressure side shell, and an
additional second main laminate in the suction side shell. These additional main laminates may
also be connected via one or more shear webs. This design has the advantage that it is easier
to control the aerodynamic shape of the blade via the moulding of the blade shell part.

[0008] The shear webs act to reinforce the blade structure, and prevent excessive bending or
buckling. Some blade designs use shear webs formed from beam members having |- or C-
shaped cross-sections, the members having a main body with load-bearing flanges extending
therefrom at opposed ends of the main body.

[0009] One method of manufacturing such |- or C-webs is through the provision of a sandwich
panel body to which layers of fibre material are applied at the opposed ends in the shape of
the desired flanges, the fibre material being infused with a resin and subsequently cured to
form rigid flanges.

[0010] It is well-known to manufacture such shear webs in a suitably shaped mould structure,
wherein a C-web can be manufactured using a relatively simple U-shaped mould, where the
sandwich panel body extends between opposed walls of the mould structure, with the flanges
formed through the layup of fibre material against said walls. It is also generally known to
provide wind turbine airfoils with a blunt trailing edge section, a design which is also known as
flatback airfoils. Such blunt trailing edge sections are considered advantageous for a number
of reasons, such as increased structural volume and ease of fabrication and handling. Flatback
airfoils are also considered to improve the lift characteristics of the wind turbine blade.

[0011] US 2010/143146 A1 discloses a stiffening core positioned between two shell parts
proximate the root region of the blade creating a flatback profile. The stiffening core has a
surface extending between both shell parts at the trailing edge and comprises ribs on an inside
surface for providing reinforcement and structural stiffness to the blade. The stiffening core is
mounted to a portion of the shells by periodically spaced adhesive joints, preformed shear clips
and outside corner mounting members.

[0012] US 2013/0094970 A1 relates to a wind turbine blade wherein the flatback airfoil is open
at the trailing edge and wherein the shells are joined together by a trailing-edge spar extending
longitudinally of the wind turbine blade between the pressure-side outer shell and the suction-
side outer shell at a position nearer to the trailing edge.



DK/EP 3303830 T3

[0013] US 2010/0143146 A1 discloses a wind turbine blade, which comprises a first shell
portion, a second shell portion, and a trailing edge insert positioned between the first shell
portion and the second shell portion. The trailing edge provides a section having a flatback
profile. In a shown embodiment, the blade profile comprises three webs. Two of the webs are
attached to portions having only fibre skins and a main web is attached between two spar caps
of the blade. It is seen that all bond lines are formed in sections having fibre reinforcement
layers only.

[0014] It has been found that the above-described prior art approaches do not always provide
satisfactory structural stability and support.

[0015] It is therefore an object of the present invention to provide an alternative system and
method for the manufacture of wind turbine blade components in form of shear webs, which
provides for increased ease of manufacture and advantageously also with a reduced risk of
structural failure.

[0016] It is another object of the present invention to provide a flatback airfoil with improved
structural stability and support.

Summary of the Invention

[0017] This is according to a first aspect obtained by a blade for a rotor of a wind turbine
having a substantially horizontal rotor shaft, said rotor comprising a hub, from which the blade
extends substantially in a radial direction when mounted to the hub, the blade having a
longitudinal direction with a tip end and a root end and a vertical direction, the blade further
comprising:

« a profiled contour including a pressure side and a suction side, as well as a leading edge
and a trailing edge with a chord having a chord length extending there between, the
profiled contour, when being impacted by an incident airflow, generating a lift,

s a pressure side shell part at least partly made of a sandwich structure including an inner
skin, an outer skin, and an intermediate core material,

= a suction side shell part at least partly made of a sandwich structure including an inner
skin, an outer skin, and an intermediate core material, wherein the suction side shell part
is bonded to the pressure side shell part at least along the respective leading edges of
the shell parts, and wherein the material of the intermediate core (85, 87) includes one
or more of balsa, wood and foamed polymer,

= a longitudinally extending spacing section in which the respective trailing edges of the
pressure side shell part and the suction side shell part are spaced apart, wherein

o a ftrailing edge shear web (45) is arranged between and connected to the
sandwich structure of the suction side shell part at a position that includes the
inner skin (86), the outer skin (84), and the intermediate core material (85, 87) of
the sandwich structure of the suction side shell part and the sandwich structure of
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the pressure side shell part at a position that includes the inner skin (76), the outer
skin (74), and the intermediate core material (75, 77) of the sandwich structure of
the pressure side shell part.

[0018] It has been found by the present inventor that connecting the trailing edge shear web to
the sandwich structures of the respective shell parts results in an unexpectedly improved
structural support of the blade parts as well as in stronger adhesive joints and reduced crack
propagation. Also, it has been found that owing to the fixed supported construction, the blade
shell is less prone to buckling effects.

[0019] The trailing edge shear web is advantageously arranged near the trailing edge or may
even form part of the trailing edge of the blade. The trailing edge shear web is the rearmost
shear web, i.e. the one closest to the trailing edge of the blade.

[0020] Further, it is clear that the webs are directly bonded to the sandwich sections of the
shell parts as opposed to shear webs connected between spar caps or connected to sections
having fibre skins only.

[0021] Advantageously, the trailing edge shear web comprises two flanges at its opposing
ends, wherein the flanges are connected to the sandwich structures of the respective shell
parts. Preferably, the connection is provided by bonding the trailing edge shear web flanges to
the sandwich structures using a suitable adhesive such as vinyl ester adhesive.

[0022] The spacing section will typically extend between 5-50% of the blade length, preferably
7-40%, and more preferably 10-30% of the blade length, e.g. around 22.5% of the blade
length. The spacing section may advantageously have a proximal longitudinal end nearest the
root end of the blade, the proximal longitudinal end starting at 5-20% of the blade length seen
from the root end of the blade, preferably around 7-15% of the blade length seen from the root
end of the blade, e.g. about 12.5% of the blade length seen from the root end of the blade.
Similarly, the spacing section may advantageously have a distal longitudinal end farthest the
root end of the blade, the distal longitudinal end being positioned at 20-60% of the blade length
seen from the root end of the blade, preferably at 25-50% of the blade length seen from the
root end of the blade, e.g. about 35% of the blade length seen from the root end of the blade.
The spacing section may advantageously form a smooth transition from a root section of the
blade, e.g. having a substantially circular profile, to an airfoil section of the blade.

[0023] Typically, the suction side shell part and the pressure side shell part will be bonded to
each other along their respective leading edges and along part of their respective trailing
edges, except for the longitudinally extending spacing section of the blade.

[0024] The inner and outer skins of the shell parts will typically be made of a fibre reinforced
polymer material. The reinforcement fibres may for instance be glass fibres, carbon fibres,
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aramid fibres, metallic fibres, such as steel fibres, or plant fibres. The polymer may be epoxy,
polyester or vinyl ester. The intermediate core material of the shell sandwich structure
preferably comprises wood and/or polymer foam, most preferably balsa wood.

[0025] According to a preferred embodiment, the shell sandwich structure extends all the way
to the respective trailing edges of the respective shell parts. This has been found to result in a
particularly advantageous structural stability of the blade.

[0026] In one embodiment, the shell sandwich structure comprises an outer and inner
intermediate layer adjacent to the intermediate core layer and an outer and inner skin layer
adjacent to the respective outer and inner intermediate layers. In this embodiment, the skin
layers may advantageously be made of triaxial glass fibre, the intermediate layers may be
made of biaxial glass fibre and the intermediate core layer may be made of wood or polymer
foam.

[0027] The blade will typically contain one or more additional shear webs placed closer to the
leading edge as compared to the trailing edge shear web seen in the chordwise direction. Also,
each of the shell parts will typically comprise a main laminate (or spar cap), the respective
main laminates being connected via one or more shear webs other than the trailing edge shear
webs. The former may have a C-shaped or I-shaped cross-section. As described above, such
additional shear webs prevent the shell parts from collapsing and ensure a transfer of shear
stresses from one shell part to the other. In another embodiment, each shell part comprises
two main laminates (or spar caps).

[0028] For very long blades, the blade shells may further along at least a part of the
longitudinal extent comprise an additional first main laminate in the pressure side shell, and an
additional second main laminate in the suction side shell. These additional main laminates may
also be connected via one or more shear webs.

[0029] In a preferred embodiment, the trailing edge shear web is arranged within a distance of
0.1 to 2 metres from the trailing edge of the suction side shell part in the chordwise direction.
Preferably, the trailing edge shear web is arranged within a distance of 0.1 to 1 metres, more
preferably 0.15-0.75 metres from the trailing edge of the suction side shell part in the
chordwise direction

[0030] According to another embodiment of the present invention, the distance between the
respective trailing edges of the pressure side shell part and the suction side shell part in the
vertical direction is between 0.2-2.5 metres in at least one point within the spacing section.

[0031] In a preferred embodiment, the trailing edge shear web is I-shaped or C-shaped.
[0032] According to another embodiment of the present invention, the blade comprises a

sealing element for sealing a space between the respective trailing edges of the pressure side
shell part and the suction side shell part in the spacing section.
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[0033] In a preferred embodiment, the trailing edge shear web forms a blunt trailing edge or
flatback section of the blade. Preferably, the trailing edge shear web is flush with the trailing
edges of the respective shell parts at least along part of the longitudinal extension of the blade
to form the flatback section. In this embodiment, the trailing edge shear web may
advantageously be C-shaped.

[0034] According to another embodiment of the present invention, the trailing edge shear web
comprises a main body with a sandwich construction comprising at least two skin layers
enclosing a core, wherein the trailing edge shear web further comprises two load-bearing
flanges extending therefrom at opposed ends of the main body. The core layer of the shear
web sandwich construction may comprise a wood material, such as balsawood, and/or polymer
foam, such as PVC foam. The flanges will typically comprise fibre material. Preferably, the fibre
material is infused with a resin and subsequently cured to form rigid flanges.

[0035] In a preferred embodiment, each shell part comprises one or more spar caps
integrated in the respective shell part, wherein the spar caps comprise a plurality of fibre
layers. Spar caps are also called main laminates. The spar caps or main laminates are typically
formed as fibre insertion comprising a plurality of fibre reinforcement layers, e.g. up to 20-50
layers. Also, the spar caps may comprise a plurality of different layers including unidirectional,
biaxial and triaxial glass fibres.

[0036] According to another embodiment of the present invention, each spar cap is
encapsulated between the inner and outer skin of a shell part, wherein a transition zone is
provided between the spar cap and the adjacent intermediate core material of the respective
shell part. Preferably, the transition zone comprises a wedge-shaped part of each core material
extending into a corresponding cavity of the spar cap. Such configuration was found to result in
increased structural stability of the blade.

[0037] In a preferred embodiment, the spacing section is located between the root end and a
longitudinal distance of 10 metres from the root end of the blade.

[0038] The spacing section may extend along 1-10 metres of the blade.

[0039] According to another embodiment of the present invention, the position of the maximum
chord length is located within the spacing section.

[0040] According to another embodiment of the present invention, the trailing edge shear web
is fastened to the sandwich structures of the respective shell parts by one or more adhesive
joints.

[0041] In a preferred embodiment, the material of the intermediate core includes one or more
of balsawood and foamed polymer, such as polyurethane foam.
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[0042] According to another embodiment of the present invention, the material of the inner and
outer skins of the sandwich structure includes one or more of glass fibre, carbon fibre, fibre
reinforced polymer and resin. The fibres may be unidirectional, biaxial or triaxial. The resin
may include thermosetting resin such as polyester and epoxy resin.

[0043] According to another embodiment of the present invention, the sandwich structure
further comprises one or more additional layers.

[0044] The spacing section may be formed such that the spacing between the trailing edge
parts of the pressure side and the suction side first increases and then decreases in the
spanwise direction of the blade. Accordingly, the spacing section may form a gradual transition
to the root section of the blade and the airfoil section of the blade.

[0045] As used herein, the term "flatback section” refers to a trailing edge section in which the
respective edges of the pressure side shell part and the suction side shell part are spaced
apart from each other by the trailing edge shear web resulting in a blunt trailing edge provided
by the trailing edge shear web. This shape is opposed to the sharp trailing edge of standard
airfoils.

[0046] The blade has three mutually perpendicular directions: a longitudinal (or spanwise)
direction, a chordwise direction and a perpendicular vertical direction (or flapwise direction).

[0047] It will be understood that any of the above-described features may be combined in any
embodiment of the inventive blade as described by the appended claims.

Detailed description of the Invention

[0048] The invention is explained in detail below with reference to an embodiment shown in
the drawings, in which

Fig. 1 shows a wind turbine,
Fig. 2 shows a schematic view of a wind turbine blade according to the invention,
Fig. 3 shows a schematic view of an airfoil profile through section |- of Fig. 4,

Fig. 4 shows a schematic view of the wind turbine blade according to the invention, seen from
above and from the side,

Fig. 5 shows a schematic view of a blade profile according to the invention along section IlI-1l of
Fig. 4,

Fig. 6 shows one embodiment of a trailing edge design of a blade profile according to the
invention,
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Fig. 7 shows a second embodiment of a trailing edge design of a blade profile according to the
invention, and

Fig. 8 shows a third embodiment of a trailing edge design of a blade profile according to the
invention.

Detailed Description

[0049] Fig. 1 illustrates a conventional modern upwind wind turbine 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. The rotor
has a radius denoted R.

[0050] Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10
according to the invention. The wind turbine blade 10 has the shape of a conventional wind
turbine blade 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.

[0051] 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.

[0052] A shoulder 40 of the blade 10 is defined as the position, where the blade 10 has its
largest chord length. The shoulder 40 is typically provided at the boundary between the
transition region 32 and the airfoil region 34.

[0053] The blade according to the invention comprises a longitudinally extending spacing
section 65, in which the trailing edge is formed such that a shell part of the suction side of the
blade and a shell part of the trailing edge are spaced apart, e.g. so as to form a flatback profile
section.
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[0054] 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.

[0055] Figs. 3 and 4 depict parameters which are used to explain the geometry of the wind
turbine blade according to the invention.

[0056] Fig. 3 shows a schematic view of an airfoil profile 50 of a typical blade of a wind turbine
depicted with the various parameters, which are typically used to define the geometrical shape
of an airfoil. The airfoil profile 50 has a pressure side 52 and a suction side 54, which during
use - i.e. during rotation of the rotor - normally face towards the windward (or upwind) side and
the leeward (or downwind) side, respectively. The airfoil 50 has a chord 60 with a chord length
¢ extending between a leading edge 56 and a trailing edge 58 of the blade. The airfoil 50 has a
thickness t, which is defined as the distance between the pressure side 52 and the suction side
54. The thickness ¢ of the airfoil varies along the chord 60. The deviation from a symmetrical
profile is given by a camber line 62, which is a median line through the airfoil profile 50. The
median line can be found by drawing inscribed circles from the leading edge 56 to the trailing
edge 58. The median line follows the centres of these inscribed circles and the deviation or
distance from the chord 60 is called the camber 7. The asymmetry can also be defined by use
of parameters called the upper camber (or suction side camber) and lower camber (or
pressure side camber), which are defined as the distances from the chord 60 and the suction
side 54 and pressure side 52, respectively.

[0057] Airfoil profiles are often characterised by the following parameters: the chord length c,
the maximum camber f, the position df of the maximum camber f, the maximum airfoil

thickness t, which is the largest diameter of the inscribed circles along the median camber line
62, the position d; of the maximum thickness {, and a nose radius (not shown). These

parameters are typically defined as ratios to the chord length c¢. Thus, a local relative blade
thickness t/c is given as the ratio between the local maximum thickness t and the local chord
length c. Further, the position d, of the maximum pressure side camber may be used as a

design parameter, and of course also the position of the maximum suction side camber.

[0058] Fig. 4 shows other geometric parameters of the blade. The blade has a total blade
length L. As shown in Fig. 3, the root end is located at position r = 0, and the tip end located at
r=L. The shoulder 40 of the blade is located at a position r=L,, and has a shoulder width W,

which equals the chord length at the shoulder 40. The diameter of the root is defined as D. The
curvature of the trailing edge of the blade in the transition region may be defined by two
parameters, viz. a minimum outer curvature radius r, and a minimum inner curvature radius r;,

which are defined as the minimum curvature radius of the trailing edge, seen from the outside

(or behind the trailing edge), and the minimum curvature radius, seen from the inside (or in
front of the trailing edge), respectively. Further, the blade is provided with a prebend, which is
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defined as Ay, which corresponds to the out of plane deflection from a pitch axis 22 of the
blade. Fig. 4 also shows the longitudinally extending spacing section 65.

[0059] The spacing section 65 may as shown in Fig. 2 be formed such that the spacing
between the trailing edge parts of the pressure side and the suction side first increases and
then decreases in the spanwise direction of the blade. Accordingly, the spacing section 65 may
form a gradual transition to the root section 30 of the blade and the airfoil section of the blade.

[0060] Fig. 5 is a cross-sectional view of a blade profile 70 according to the invention taken
along the line Il-1l in Fig. 4. The blade has a pressure side shell part comprising an outer skin
74 and inner skin 76 enclosing a first core material 75. Towards the trailing edge, the skins 74,
76 enclose a second core material 77. Likewise, the suction side shell part includes outer and
inner skins 84, 86 adjacent to an intermediate first core material 85 towards the leading edge
18 and a second core material 87 towards the trailing edge. Spar caps 72, 82 are integrated in
the respective shell parts, wherein each spar cap 72, 82 is encapsulated between the inner
and outer skin of its respective shell part. A transition zone is provided between the spar caps
72, 82 and the adjacent intermediate core materials 85, 87, 75, 77 such that a wedge-shaped
part of the core materials 85, 87, 75, 77 extends into a corresponding cavity of the respective
spar cap laminate.

[0061] The blade in Fig. 5 also comprises a first I-shaped shear web 90 and a second I-
shaped shear web 95 bonded to the spar caps 72, 82 with their flanges 93, 98. The first and
second shear webs 90, 95 each comprise a sandwich construction with respective core
materials 91, 96 enclosed by skin layers 92, 97. An I-shaped trailing edge web 45 is provided
close to the trailing edge of the blade, the trailing edge shear web 45 equally comprising
flanges 48 and a sandwich construction with a core material 46 enclosed by two skin layers 47.
Due to the trailing edge shear web, the respective trailing edges 58a, 58b of the pressure side
shell part and the suction side shell part are spaced apart.

[0062] Figs. 6-8 show cross-sections of other embodiments of trailing edge designs according
to the present invention. In Fig. 6, an |-shaped trailing edge shear web 145 is provided close to
the trailing edges 58a, 58b of the shell parts. The blade also comprises a sealing element (or
cap) 164 for sealing a space between the respective trailing edges 58a, 58b of the pressure
side shell part and the suction side shell part to the outside.

[0063] Similarly, the trailing edge design of Fig. 7 comprises an |-shaped trailing edge shear
web 245 provided even closer to the trailing edges 58a, 58b of the shell parts. The blade also
comprises a sealing element (or cap) 264. In Fig. 8, the trailing edge shear web 345 is flush
with the trailing edges 58a, 58b of the shell parts, thus forming a flatback section or blunt
trailing edge. This flatback section or blunt trailing edge may again be covered by an optional
sealing element or overlamination 364, which is not only fixed to the respective trailing edges
58a, 58b, but also laminated to the trailing edge shear web 345. However, it is also
contemplated to let the web itself form the blunt trailing edge without any overlamination.



List of reference numerals

[0064]
2

wind turbine
4

tower
6

nacelle
8

hub
10

blade
14

blade tip
16

blade root
18

leading edge
20

trailing edge
22

pitch axis
30

root region
32

transition region
34

airfoil region
40

shoulder / position of maximum chord

45, 145, 245, 345

46

47

48

50

52

trailing edge web

core material

skin layer

web foot flange

airfoil profile
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pressure side

54
suction side
56
leading edge
58
trailing edge
58a
trailing edge of pressure side shell part
58b
trailing edge of suction side shell part
60
chord
62

camber line / median line
164, 264, 364
cap / sealant / over-lamination

65

spacing section
70

blade profile
72

pressure side (or upwind) spar cap (or main laminate)
74

outer skin of pressure side shell (e.g. glass fibres)
75

first sandwich core material of pressure side shell part
76

inner skin of pressure side shell part (e.g. glass fibres)
77

second sandwich core material of pressure side shell part
82

suction side (or downwind) spar cap (or main laminate)
84

outer skin of suction side shell part
85

first sandwich core material of suction side shell part
86

inner skin of suction side shell part
87

second sandwich core material suction shell part
90

first I-shaped shear web
91



92

93

95

96

97

98

Ay

core material

skin layer

web foot flange

second |-shaped shear web

core material

skin layer

web foot flange

chord length

position of maximum thickness

position of maximum camber

position of maximum pressure side camber

camber

blade length

local radius, radial distance from blade root

thickness

prebend
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Krav

1. Vinge (10) til en rotor pa en vindmglle (2) med en i det vaesentlige vandret rotoraksel,
hvilken rotor omfatter et nav (8), ud fra hvilken vingen (10) strackker sig i det veesentlige
i radial retning, nar den er monteret pa navet (8), hvor vingen har en laengderetning (r)
med en tipende (16) og en rodende (14) samt en lodret retning, hvor vingen yderligere
omfatter:

- en profileret kontur, der omfatter en trykside og en sugeside samt en forkant (18)
0g en bagkant (20) med en korde med en kordelaengde (c), der straekker sig derimellem,
idet den profilerede kontur genererer lift, ndr den mades af en indkommende luftstrom,

- en tryksideskaldel, der i det mindste delvist er fremstillet af en sandwichstruktur,
der omfatter et indre skin (76), et ydre skin (74) og et mellemliggende kernemateriale
(75, 77),

- en sugesideskaldel, der i det mindste delvist er fremstillet af en sandwichstruktur,
der inkluderer et indre skin (86), et ydre skin (84) og et mellemliggende kernemateriale
(85, 87), hvor sugesideskaldelen er forbundet til tryksideskaldelen i det mindste langs de
respektive forkanter (18) af skaldelene, og hvor materialet i den mellemliggende kerne
(85, 87) omfatter en eller flere af balsa, trae og opskummet polymer,

- et langsgaende afstandsstykke (65), i hvilket de respektive bagkanter (58a, 58b)
af tryksideskaldelen og sugesideskaldelen er placeret i indbyrdes afstand, kendetegnet
ved, at

- en bagkantsforskydningsbjeelke (45) er anbragt mellem og forbundet til
sandwichstrukturen af sugesideskaldelen i en position, der omfatter det indre skin (86),
det ydre skin (84) og det mellemliggende kernemateriale (85, 87) af sandwichstrukturen
af sugesideskaldelen, og sandwichstrukturen af tryksideskaldelen i en position, der
omfatter det indre skin (76), det ydre skin (74) og det mellemliggende kernemateriale
(75, 77) af sandwichstrukturen af tryksideskaldelen.

2. Vinge ifalge krav 1, hvor bagkantsforskydningsbjaelken (45) er anbragt inden for en
afstand pa 0,1 til 2 meter fra bagkanten af sugesideskaldelen i korderetningen.

3. Vinge ifglge krav 1 eller 2, hvor afstanden mellem tryksideskaldelens og
sugesideskaldelens respektive bagkanter i lodret retning er mellem 0,2-2,5 meter i
mindst et punkt inden for afstandsstykket.
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4. Vinge ifolge et hviket som helst af de foregdende krav, hvor
bagkantsforskydningsbjeelken (45) er I-formet eller C-formet.

5. Vinge ifglge et hvilket som helst af de foregaende krav, hvor vingen omfatter et
teetningselement (164, 264, 364) til teetning af et mellemrum mellem de respektive
bagkanter (58a, 58b) af tryksideskaldelen og sugesideskaldelen i afstandsstykket.

6. Vinge ifalge et hviket som helst af de foregdende krav, hvor
bagkantsforskydningsbjeelken (345) danner en stump bagkant eller fladt bagkantsstykke

af vingen.

7. Vinge ifelge et hviket som helst af de foregdende krav, hvor
bagkantsforskydningsbjeelken  (45) omfatter et hovedlegeme med en
sandwichkonstruktion (46), der omfatter mindst to skindlag (47), der omslutter en kerne
(46), hvor bagkantsforskydningsbjeelken (45) yderligere omfatter to lastbaerende flanger
(48), der streekker sig derfra ved modsatte ender af hovedlegemet.

8. Vinge ifalge et hvilket som helst af de foregaende krav, hvor hver skaldel omfatter en
eller flere bjeelkeflanger (72, 82) (eng. spar cap) integreret i den respektive skaldel, hvor
bjeelkeflangerne (72, 82) omfatter en flerhed af fiberlag.

9. Vinge ifglge krav 8, hvor hver bjaelkeflange (72, 82) er indkapslet mellem det indre og
ydre skind af en skaldel (74, 76, 84, 86), hvor der er tilvejebragt en overgangszone
mellem bjaelkeflangen og det tilstodende mellemliggende kernemateriale af den
respektive skaldel.

10. Vinge ifglge et hvilket som helst af de foregaende krav, hvor afstandsafsnitsstykket
er placeret mellem rodenden og en langsgaende afstand pa 10 meter fra vingens
rodende.

11. Vinge ifalge et hvilket som helst af de foregdende krav, hvor positionen af den
maksimale kordelaengde er placeret inden for afstandsstykket.

12. Vinge ifelge et hvilkket som helst af de foregdende krav, hvor
bagkantsforskydningsbjeelken (45) er fastgjort til sandwichstrukturerne af de respektive
skaldele ved hjeelp af en eller flere klaebeforbindelser.
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13. Vinge ifglge et hvilket som helst af de foregdende krav, hvor materialet i den

mellemliggende kerne (85, 87) omfatter polyurethanskum.

14. Vinge ifalge et hvilket som helst af de foregadende krav, hvor materialet i
sandwichstrukturens (74, 76, 84, 86) indvendige og ydre skind omfatter en eller flere af

glasfiber, kulfiber, fiberforsteerket polymer og resin.

15. Vinge ifalge et hvilket som helst af de foregdende krav, hvor sandwichstrukturen

yderligere omfatter et eller flere yderligere lag.
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