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DESCRIPTION

[0001] Embodiments of the present invention generally relate to rotary machines and more
specifically to root inserts used in wind turbines.

[0002] WIind power Is considered one of the cleanest and most environment friendly energy
source presently available and hence wind turbines have gained increased attention. A modern
wind turbine typically includes a tower, a nacelle, and a rotor. The rotor includes a rotatable
hub and a plurality of blades. The blades are coupled to the hub by a blade root. Furthermore,
the nacelle may include one or more of a shaft, a generator, and a gearbox. The shaft couples
the rotatable hub to the gearbox, or directly to the generator.

[0003] The rotor blades capture kinetic energy from wind and convert the kinetic energy of the
wind Into rotational energy. The rotation of the blades rotates the hub of the rotor. The rotation
of the hub rotates the shaft coupling the hub to the gearbox or the generator. Hence, the
rotation of the shaft converts mechanical energy to electrical energy. The electrical energy may
then be supplied to a utility grid.

[0004] The size of the rotor blades Is a significant factor contributing to the overall capacity of
the wind turbine. Specifically, an increase in the length or span of a rotor blade may generally
lead to an overall increase In the energy production of a wind turbine. Accordingly, an increase
In the size of the rotor blades is a motivation for adoption of wind turbines as an alternative and
commercially competitive energy source. However, the increase in the size of the rotor blades
may Impose Iincreased loads on various wind turbine components. For example, larger rotor
blades may experience increased stresses at a connection (blade joint) between roots of the
rotor blades and the hub resulting in fatigue of the blade joints.

[0005] Various methods and systems have been devised and implemented to reduce
loads/stresses at connection between roots of the rotor blades and the hub. For example,
some conventional systems include blades, where each blade includes a root having a flange
bolted to the hub. In such systems load on the bolt is not optimally distributed. In other
conventional systems, a threaded insert is bonded or infused within a blade root laminate and
a bolt (i.e. the load bearing component) i1s screwed therein. In some other conventional
systems, low-cost, low-density foam iIs inserted between bolt and the blade root laminate.
There Is a need for an enhanced root insert.

[0006] WO2012140062 discloses a wind turbine rotor with a hub from which blades extend
Including a shell structure of a fibre-reinforced composite material comprising fibores embedded
IN a polymer matrix. Blades comprise a root region with a root end face, an airfoil region and
optionally a transition region between root region and the airfoil region. The root region has a
ring-shaped cross section with an outer surface and an inner surface, and a plurality of
elongated fastening members provided with fastening means embedded In the fibre-reinforced
polymer allowing access from the outside to fastening means used for mounting the blade to
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the hub. The fastening members comprise a first end arranged at the root end face, a second
end opposite the first end thereof and an outer periphery comprising an outer surface, an inner
surface, a first lateral face and an opposite second lateral face.

[0007] EP2952/735 discloses a root bushing for a blade root of a wind turbine rotor blade
having a cylindrical shape with longitudinal grooves arranged In a longitudinal direction of the
root bushing. The root bushing Is suitable to transmit shear forces from the root bushing to the
fiber composite material. The root bushing Is wrapable with a unidirectional fiber weave such
that roving yarns thereof are placed in the grooves of the root bushing. The unidirectional fiber
weave comprises roving yarns that are stitched together by an elastic stitching yarn.

[0008] In accordance with one embodiment, a wind turbine Is disclosed. The wind turbine
Includes a tower, a rotor coupled to the tower, and a plurality of blades coupled to the rotor,
wherein each of the plurality of blades comprises a root and a plurality of root inserts
positioned circumferentially along the root. Each of the root inserts includes a metal bushing
Including an outer surface and a plurality of grooves formed at least on the outer surface, a
core coupled to the metal bushing, and a plurality of layers wrapped around the metal bushing
and the core, wherein a layer of the plurality of layers comprises a different fiber orientation
from a fiber orientation of another layer of the plurality of layers.

[0009] In accordance with another embodiment, a root insert iIs disclosed. The root insert
Includes a metal bushing comprising an outer surface and a plurality of grooves formed at least
on the outer surface, a core coupled to the metal bushing, and a plurality of layers wrapped
around the metal bushing and the core, wherein a layer of the plurality of layers comprises a
different fiber orientation from a fiber orientation of another layer of the plurality of layers.

[0010] In accordance with still another embodiment, a wind turbine Is presented. The wind
turbine includes a tower, a rotor coupled to the tower, and a plurality of blades coupled to the
rotor, wherein each of the plurality of blades comprises a root and a plurality of root inserts
positioned circumferentially along the root. Each of the root inserts comprises a metal bushing
comprising an outer surface and a plurality of grooves formed at least on the outer surface, a
core coupled to the metal bushing, a first layer wrapped around the outer surface of the metal
bushing and the core wherein the first layer comprises a first fiber orientation at an angle in a
range greater than O degrees and less than £ 90 degrees with respect to a longitudinal axis of
the metal bushing, a second layer wrapped around the first layer, wherein the second layer
comprises a second fiber orientation at an angle of about £ 90 degrees with respect to the
longitudinal axis of the metal bushing, a third layer wrapped around the second layer and the
first layer, wherein the third layer comprises a third fiber orientation at an angle in a range
between 0 degrees to £ 90 degrees with respect to the longitudinal axis of the metal bushing,
and a cover surrounding the first layer, the second layer, and the third layer.

[0011] Various features and aspects of embodiments of the present invention will become
better understood when the following detailed description Is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
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wherein:

Fig. 1 Is a perspective view of a wind turbine in accordance with an exemplary embodiment of
the present invention;

Fig. 2 1s a perspective view of a root insert embedded In a blade root of a wind turbine blade In
accordance with certain embodiments of the present invention;

Fig. 3A Is a perspective view of a blade having embedded root inserts In accordance with
certain embodiments of the present invention;

Fig. 3B 1s a perspective view of a portion of a blade root In accordance with certain
embodiments of the present invention;

Fig. 4A 1s a perspective view of a metal bushing and a core In accordance with certain
embodiments of the present invention;

Fig. 4B shows a perspective view of a metal bushing and the core partially covered by a roving
In accordance with certain embodiments of the present invention;

Fig. 4C 1s a schematic illustration of a portion of a metal bushing depicting a roving wrapped
around grooves of a metal bushing in accordance with certain embodiments of the present
Invention;

Fig. SA Is a perspective view of a first layer wrapped around a metal bushing and a core In
accordance with certain embodiments of the present invention;

Fig. 5B Is a diagrammatic illustration of a portion of a metal bushing depicting a roving of a first
layer being pulled inside grooves In accordance with certain embodiments of the present
Invention;

Fig. 6 1S a perspective view of a second layer wrapped around a first layer in accordance with
certain embodiments of the present invention;

Fig. /A Is a perspective view of a first layer and a second layer wrapped on a metal bushing,
and a roving wrapped around the first layer and the second layer to form a third layer; and

Fig. /B Is a perspective view of a third layer wrapped around a first layer and a second layer In
accordance with certain embodiments of the present invention.

[0012] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as Is commonly understood by one of ordinary skill in the art to which this disclosure
belongs. The terms "a" and "an” do not denote a limitation of quantity but rather denote the
presence of at least one of the referenced items. The use of "Including,” "comprising” or
"having" and variations thereof herein are meant to encompass the items listed thereafter and
equivalents thereof as well as additional items. The terms "control system” or "controller” may



DK/EP 3421781 13

Include either a single component or a plurality of components, which are either active and/or
passive and are connected or otherwise coupled together to provide the described function or
functions.

[0013] Fig. 1 1s a perspective view of a wind turbine 10 In accordance with an exemplary
embodiment. Although the wind turbine 10 illustrated for purposes of example Is a horizontal-
axis electrical power generating wind turbine, in some embodiments, the wind turbine 10 may
be a vertical-axis configuration and/or a wind mill type wind turbine (not shown). The wind
turbine 10 may be coupled to a power grid for supplying electrical power generated by wind
turbine 10 thereto. Although only one wind turbine 10 1s shown, In some embodiments, a
plurality of wind turbines 10 may be grouped together to form a "wind farm.”

[0014] The wind turbine 10 includes a tower 14, a body 16 (sometimes referred to as a
"nacelle”), and a rotor 18 coupled to the body 16 for rotation about an axis of rotation 20. The
rotor 18 Iincludes a hub 22 and one or more blades 24, 25, 27 extending radially outwardly
from the hub 22 for converting wind kinetic energy into electric power. Each of the blades 24,
25, 27 Includes a proximal end and a distal end. For ease of understanding further details of
blades are explained with reference to the blade 24. For example, the blade 24 includes a

proximal end 26 and a distal end 28. The proximal end 26 of the blade 24 includes a blade root
30 coupled to the hub 22.

[0015] Fig. 2 Is a perspective view 200 of a root insert 201 of the blade root 30 of one wind
turbine blade 24 in accordance with the embodiment of Fig. 1. The blade root 30 (shown In
Fig. 1) of each of the blades 24, 25, 27 (shown In Fig. 1) includes a plurality of root inserts 201
used for coupling the blades 24, 25, 27 to the hub 22. Load capabillity of the blades 24, 25, 27
IS dependent on the coupling of the hub 22 to the blades 24. The root inserts 201 facilitate
efficient and safe operation of the wind turbine 10.

[0016] In the illustrated embodiment, the root insert 201 includes a wedge-like portion 202 and
an enlarged portion 204. The shape of the enlarged portion 204 is a rectangular shape. In
other embodiments, the shape of the enlarged portion varies depending on the application. In
certain embodiments, the shape of the enlarged portion 204 may be a circular shape, an oval
shape, a trapezoidal shape, or the like.

[0017] As shown In Fig. 2, the root insert 201 Includes a metal bushing 206, a plurality of
layers 208 wrapped around the metal bushing 206, a core (not visible in Fig. 2, shown In Fig.
4A), and a cover 210 placed around the layers 208. In one embodiment, the cover 210 partially
covers the layers 208. In another embodiment, the cover 210 fully covers the layers. The metal
bushing 206 Is physically coupled to the core. For example, one end of the metal bushing 206
IS coupled to one end of the core. By way of a non-limiting example, the core iIs made of a
material including at least one of wood, composite material, polymeric foam, and metals. By
way of a non-limiting example, the cover 210 may be made of wood or a composite.

[0018] The metal bushing 206 may be a hollow bushing. In the illustrated embodiment, the
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metal bushing 206 i1s a cylindrical metal bushing. In other embodiments, the metal bushing 206
may be a square, a rectangle, or another polygonal shaped. The metal bushing 206 is made of
a material including at least one of steel, mild steel, iron, and cast and pre-formed metal.

[0019] As shown In Fig. 2, the root insert 201 has a length represented by 'L'. Furthermore,
the root insert 201 Includes an insertion end 212 and an external end 214. During assembling
process, the insertion end 212 is inserted inside a blade root of a blade until the length L of the
root insert 201 1s embedded inside the blade root. After insertion of the root insert 201 Inside
the blade root, the external end 214 is visible at a proximal end of the blade.

[0020] The layers 208 at least include three layers including a first layer (shown In Fig. 5A), a
second layer (shown In Fig. 6) and a third layer (shown In Fig. 7B). Although three layers are
shown, In other embodiments, the number of layers 208 may vary depending on the
application. The first layer is wrapped around the metal bushing 206 and the core. The second
layer Is wrapped around the first layer, and the third layer is wrapped around the first layer and
the second layer. Accordingly, the first layer is In physical contact with the metal bushing 206
and the core. Furthermore, the second layer is In physical contact with the first layer, and the
third layer i1s In physical contact with the first layer and the second layer.

[0021] The layers 208 may be made of at least one of glass fiber rovings, carbon rovings,
aramid rovings, glass fibers, pre-impregnated rovings, wet rovings, dry rovings, hybrid rovings,
and rovings with a binder material. In one embodiment, material of rovings used for forming
the layers 208 may be same. In another embodiment, a material of a roving used for forming
one or more of the layers may be different from a material of another roving used for forming
other layers. In one embodiment, at least one of the layers 208 may be made by rovings of
different materials. For example, one of the layers 208 may be formed using a first roving
made of a first material and a second roving of a second material different from the first
material. In one embodiment, one of the layers 208 may be formed by wrappings of carbon
rovings around flat surfaces (visible in Fig. 4A) of the metal bushing 206 and wrappings of
glass rovings Inside the grooves (visible in Fig. 4A). As used herein, the term "flat surface”
refers to an outer surface of the metal bushing 206 that does not have grooves.

[0022] Each of the layers 208 Is characterized by a fiber orientation. For example, the first
layer 1S characterized by a first fiber orientation, the second layer i1s characterized by a second
fiber orientation, and the third layer i1s characterized by a third fiber orientation. At least one of
the layers 208 includes a different fiber orientation from a fiber orientation of another layer. In
one embodiment, the first fiber orientation of the first layer may be different from the second
fiber orientation of the second layer. In another embodiment, the first fiber orientation may be
different from the second fiber orientation and the third fiber orientation may be same as the
first fiber orientation. In yet another embodiment, the second fiber orientation may be different
from the third fiber orientation. By way of a non-limiting example, each of the first fiber
orientation, the second fiber orientation, and the third fiber orientation may be different from
each other.
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[0023] In one embodiment, the first fiber orientation Is at an angle in a range greater than O
degrees and less than £ 90 degrees with respect to the longitudinal axis 216 of the metal
bushing 206. The second fiber orientation i1s at an angle of about £ 90 degrees with respect to
the longitudinal axis 216 of the metal bushing 206. The third fiber orientation Is at an angle
between 0 degrees to £ 90 degrees with respect to the longitudinal axis 216 of the metal
bushing 206. In another embodiment, the first fiber orientation is at an angle of about £ 90
degrees with respect to the longitudinal axis 216 of the metal bushing 206. The second fiber
orientation I1s at an angle in a range greater than 0 degrees and less than £ 90 degrees with
respect to the longitudinal axis 216 of the metal bushing 206. The third fiber orientation Is at an
angle of about £ 90 degrees with respect to the longitudinal axis 216 of the metal bushing. The
term "about” may be used to refer to + 10 degrees.

[0024] Fig. 3A I1s a perspective view 300 of the blade 24 that includes the plurality of
embedded root inserts 201 In accordance with certain embodiments of the present invention.
The root inserts 201 are embedded In the blade root 30 of the blade 24. Particularly, the root
Inserts 201 are positioned along a periphery of the blade root 30. In other words, the root
Inserts 201 are circumferentially positioned along the blade root 30.

[0025] As discussed earlier, the root insert 201 includes the insertion end 212 and the external
end 214. During assembling process, the insertion end 212 is inserted inside the blade root 30
of the blade until the length L of the root insert 201 i1s embedded inside the blade root 30. After
Insertion of the root insert 201 Inside the blade root, the external end 214 is visible at a
proximal end of the blade.

[0026] Fig. 3B shows a perspective view 306 of a portion 304 of the blade root 30 (shown In
Fig. 1) In accordance with certain embodiments of the present invention. In the illustrated
embodiment, a portion 304 of the blade root 30 Iincluding some of the root inserts 201 iIs
depicted. Specifically, the illustrated embodiment shows outer ends of some of the root inserts

201.

[0027] Fig. 4A Is a perspective view 400 of the metal bushing 206 and a core 402 In
accordance with certain embodiments of the present invention. The illustrated embodiment
depicts the metal bushing 206 before the layers 208 (shown In Fig. 2) are wrapped around the
metal bushing 206. The metal bushing 206 includes a plurality of grooves 406 on a surface of
the metal bushing 206. Particularly, the metal bushing 206 includes the plurality of grooves 406
formed on an outer surface 407 of the metal bushing 206. The grooves 406, are formed
parallel to each other. In one embodiment, the grooves 406 may be perpendicular to a
longitudinal axis 216 of the metal bushing 206. In another embodiment, the grooves 406 may
be helical grooves. Afirst portion 404 of the metal bushing 206 includes the plurality of grooves
406 and a second portion 408 does not have grooves. The first portion 404 may be
Interchangeably referred to as grooved surface. The grooves 406 are formed on an outer
surface 407 of the metal bushing 206. In certain embodiments, the grooves 406 may
additionally be formed on an inner surface of the metal bushing 206. The grooves 406 are
formed parallel to each other. In an example not part of the invention the grooves 406 may not
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be formed parallel to each other. In alternative embodiments, the first portion 404 of the metal
bushing 206 Includes the grooves 406 having a depth D, and the second portion 408 includes
grooves having a depth D'. In one alternative embodiment, the depth D may be different from
the depth D'.

[0028] The metal bushing 206 iIs coupled to the core 402. The core 402 may be made of a
material including at least one of wood, composite material, and polymeric foam. Furthermore,
a roving 412 having a first fiber orientation 410, 1s wrapped around the metal bushing 206 and
the core 402. The roving 412 1s wrapped around the metal bushing 206 and the core 402 to
form a first layer 208A (shown In Fig. 5A) around the metal bushing 206. The first fiber
orientation 410 of the roving 412 may be at an angle in a range greater than 0 degrees and
less than £ 90 degrees with respect to the longitudinal axis 216 of the metal bushing 206. For
example, the roving 412 may be wrapped around the metal bushing 206 from a left direction to
a right direction 414 at an angle in a range greater than 0 degrees and less than £ 90 degrees
with respect to the longitudinal axis 216. Thereafter, the roving 412 may be wrapped around
the metal bushing 206 from the right to the left direction 416 at an angle in a range greater
than O degrees and less than £ 90 degrees with respect to the longitudinal axis 216. In one
embodiment, the process of wrapping the roving 412 around the metal bushing 206 is
continued until the roving 412 covers the outer surface of the metal bushing 206 to form the
first layer 208A (shown In Fig. 5A). In another embodiment, the roving 412 may be wrapped
around the metal bushing 206 and the core 402 until the first layer 208A has a desired
thickness. In still another embodiment, the roving 412 may be wrapped around the metal
bushing 206 and the core 402 until the first layer 208A covers the outer surface of the metal
bushing 206 from about 50% to about 120%. The first layer 208A is In physical contact with the
metal bushing 206 and the core 402. In one embodiment, the sign '+ may represent a fiber
orientation from the left direction to the right direction 414, and the sign '-' may represent fiber
orientation from the right direction to left direction 416. In an alternative embodiment, the sign
'+' may represent a fiber orientation from the right direction to the left direction 416, and the
sign '-' may represent fiber orientation from the left direction to right direction 414.

[0029] Fig. 4B shows a perspective view 418 of the metal bushing 206 and the core 402
partially covered by the roving 412 In accordance with certain embodiments of the present
Invention. With reference to both Fig. 4A and 4B, the first fiber orientation 410 of the roving 412
IS not parallel to the grooves 406. Hence, the roving 412 does not occupy the grooves 406.

[0030] Fig. 4C 1s a schematic illustration 420 of a portion of the metal bushing 206 depicting
the roving 412 wrapped around the grooves 406 of the metal bushing 206 Iin accordance with
certain embodiments of the present invention. As discussed earlier, the roving 412 does not
occupy the grooves 406.

[0031] Fig. 5A 1s a perspective view 500 of the first layer 208A wrapped around the metal
bushing 206 (shown In Fig. 4A) and the core 402 (shown In Fig. 4A) In accordance with certain
embodiments of the present invention. In the illustrated embodiment, the metal bushing 206
and the core 402 are not visible due to the wrapping of the first layer 208A. Furthermore, a
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roving 504 having a second fiber orientation 506 is depicted. The roving 504 1s wrapped
around the first layer 208A to form a second layer 208B (shown In Fig. 6) around the first layer
208A. In the illustrated embodiment, the roving 504 i1s wrapped around the first portion 404 of
the metal bushing 206 including the grooves 406 (not visible In Fig. 5A due to wrapping of the
first layer 208A, shown In Fig. 4A). Particularly, the roving 504 occupies the grooves 406 of the
metal bushing 206. The second fiber orientation 506 of the second layer 208B is at an angle of
about £ 90 degrees with respect to the longitudinal axis 216 of the metal bushing 206 (not
visible In Fig. 5A due to the wrapping of the first layer 208A). Particularly, the first fiber
orientation 410 (shown In Fig. 4A) of the first layer 208A Is at an angle in a range greater than
0 degrees and less than + 90 degrees with respect to the longitudinal axis 216 of the metal
bushing 206. The second fiber orientation 506 of the second layer 208B is at an angle of about
+ 90 degrees with respect to the longitudinal axis 216 of the metal bushing 206.

[0032] In one embodiment, the roving 504 may be wrapped around the first layer 208A until
the thickness of the first layer 208A and the second layer 208B occupying the grooves 406
(shown In Fig. 4A) Is equal to a desired thickness. In another embodiment, the roving 504 may
be wrapped around the first layer 208A until the first layer 208A and the second layer 208B
fully or partially occupies the grooves 406. The second layer 208B i1s In physical contact with
the first layer 208A.

[0033] The first layer 208A does not occupy the grooves 406 due to the first fiber orientation
410 of the roving 412. However, wrappings of the second layer 208B around the first layer
208A results In the grooves 406 being occupied by the first layer 208A. Particularly, the second
fiber orientation 506 of the second layer 208B results in pushing the first layer 208A into the
grooves 406. In other words, the second fiber orientation 506 of the second layer 208B applies

force on the first layer 208A to push the first layer 208A into the grooves 406.

[0034] Fig. 5B 1s a diagrammatic illustration 508 of a portion of the metal bushing 206 (shown
In Fig. 4A) depicting the roving 412 of the first layer 208A being pushed inside the grooves 406
by the second layer 208B in accordance with certain embodiments of the present invention. As
shown In Fig. 5B, the wrapping of the roving 504 of the second layer 208B around the roving
412 of the first layer 208A pushes the roving 412 into the grooves 406.

[0035] Fig. 6 1s a perspective view 600 of the second layer 208B wrapped around the first layer
208A In accordance with certain embodiments of the present invention. In the Illustrated
embodiment, the first fiber orientation 410 (see Fig. 4A) of the first layer 208A may at an angle
IN a range greater than 0 degrees and less than 90 degrees with respect to the longitudinal
axis 216. The second fiber orientation 506 (see Fig. 5A) of the second layer 208B may be at
an angle of about £ 90 degrees with respect to the longitudinal axis 216 of the metal bushing
206. In an alternative embodiment, the first fiber orientation may be at an angle of about £ 90
degrees with respect to the longitudinal axis 216 of the metal bushing 206, and the second
fiber orientation may be at an angle in a range greater than O degrees and less than £90
degrees with respect to the longitudinal axis 216 of the metal bushing 206.
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[0036] FIg. 7A Is a perspective view 700 of the first layer 208A and the second layer 208B
wrapped on the metal bushing 206 and the core 402 (shown In Fig. 4A). In the lillustrated
embodiment, additionally, a roving 704 having a third fiber orientation 702 wrapped around the
first layer 208A and the second layer 208B to form a third layer 208C (shown In Fig. 7B). The
roving /04 of the third layer 208C may be similar to one or both of the roving 504 of the
second layer 208B and the roving 412 of the first layer 208A.

[0037] Fig. /B 1s a perspective view 708 of the third layer 208C wrapped around the first l[ayer
208A and the second layer 208B Iin accordance with certain embodiments of the present
iInvention. In the embodiment of Figs. /A and /B, the third layer 208C has the third fiber
orientation 702 at an angle between 0 degrees to 90 degrees with respect to the longitudinal
axis 216 of the metal bushing 206 (shown In Fig. 4A). In another embodiment, the third fiber
orientation 702 of the third layer 208C may be at an angle of about + 90 degrees. The third
layer 208C is In physical contact with the first layer 208A and the second layer 208B.

[0038] The present systems and methods provide wind blade root inserts with increased load
Intake capability at lower weight, and competitive cost compared to conventional root inserts.
The root inserts include multiple layers with different fiber orientations. The different fiber
orientations of the layers create a geometric interlock between the layers and hence increases
the load intake capabillity of the root inserts.

[0039] The invention Is defined by the appended Iindependent claim and possible variations of
the Invention are presented in the dependent claims.
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Patentkrav
1. Vindmglle (10) omfattende:
et tarn (14);
en rotor (22) koblet til tarnet; og

en flerhed af vinger (25,27,28) koblet til rotoren, hvor hver af flerhneden af
vinger omfatter en rod og en flerhed af rodindsatser positioneret periferisk

langs roden, hvor hver af rodindsatserne omfatter:

en metalbgsning (206) omfattende en udvendig flade og en flerhed
af riller dannet mindst pa den udvendige flade, hvor flerheden af
riller omfatter parallelle riller med en spiralformet eller vinkelret
orientering i forhold til en langsgaende akse af metalbgsningen; en

kerne koblet til metalbgsningen (206); og
en flerhed af lag (208) viklet omkring metalbgsningen og kernen,

hvor et lag (208) af flerheden af lag omfatter en forskellig

fiberorientering fra en fiberorientering af et andet lag af flerheden af

lag;

og flerheden af lag (208) omfatter:

et forste lag i fysisk kontakt med metalbgsningen (206) og kernen,
hvor det fgrste lag omfatter en fgrste fiberorientering med en vinkel
i et omrade stgrre end 0 grader og mindre end £+ 90 grader i forhold
til en langsgaende akse af metalbgsningen (206), og et andet lag
viklet omkring og i fysisk kontakt med det fgrste lag, hvor det andet
lag omfatter en anden fiberorientering med en vinkel pa omkring %
90 grader i forhold til den langsgaende akse af metalbgsningen
(206);

eller det fgrste lag omfatter en fgrste fiberorientering med en vinkel
pa omkring = 90 grader i forhold til den langsgaende akse af
metalbgsningen (206), og det andet lag omfatter en anden
fiberorientering med en vinkel i et omrade stgrre end 0 grader og
mindre end + 90 grader i forhold til en langsgaende akse af
metalbgsningen (206);
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2

hvor det fgrste lag (208) optager flerheden af riller pa grund af den
anden fiberorientering af det andet lag omkring det fgrste lag og en

kraft pafgrt af viklingen af det andet lag pa det fgrste lag.

2. Vindmgllen (10) ifglge krav 1, hvor flerheden af lag (208) yderligere omfatter
et tredje lag viklet omkring og i fysisk kontakt med det fgrste lag og det andet

lag.

3. Vindmgllen (10) ifglge krav 1 eller 2, hvor det tredje lag omfatter en tredje
fiberorientering med en vinkel mellem O grader til &£ 90 grader i forhold til den

langsgaende akse af metalbgsningen (206).

4. Vindmgllen (10) ifglge krav 3, hvor den tredje fiberorientering af det tredje lag

er den samme som den fgrste fiberorientering af det fgrste lag.

5. Vindmgllen (10) ifglge krav 3, hvor den tredje fiberorientering af det tredje lag

er forskellig fra den fgrste fiberorientering af det fgrste lag.

6. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor flerheden af
lag (208) omfatter et tredje lag viklet omkring det andet lag og hvor det tredje

lag omfatter en tredje fiberorientering med en vinkel pa omkring £ 90 grader.

7. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor den
udvendige flade af metalbgsningen (206) omfatter en flad flade og en rillet flade

omfattende flerheden af riller.

8. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor det andet lag
(208) er viklet omkring en del af det fgrste lag der daekker den rillede flade.

9. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor mindst et af

flerheden af lag (208) omfatter mindst en af glasfiberrovings, karbonrovings,
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aramidrovings, glasfibre, preeimpraegnerede rovings, vadrovings, t@grrovings,
hybridrovings, og rovings med et bindemiddelsmateriale.

10. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor flerheden af
lag (208) omfatter karbonrovings viklet omkring flade flader af metalbgsningen,

og viklinger af glasrovings der optager flerheden af riller af metalbgsningen.

11. Vindmgllen (10) ifglge et hvilket som helst foregaende krav, hvor flerheden af

lag (208) omfatter en flerhed af rovings lavet af samme materiale.
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FIG. 1
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