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DESCRIPTION

Description

Technical field

[0001] The present invention relates to a root end structure comprising a plurality of fastening
members and a plurality of pultruded elements arranged in between each fastening member,
wherein the fastening members and the pultruded elements are sandwiched between inner
and outer layers of a fibre material.

[0002] The present invention further relates to a wind turbine blade comprising such a root end
structure, and a method of manufacturing such a wind turbine blade.

Background

[0003] The root end of wind turbine blades is manufactured by laying up a number of layers of
a fibre material inside a mould to form an outer skin. A plurality of fastening elements is then
positioned relative to the mould and the fibre layers, wherein the individual fastening elements
are connected to a root end plate holding them in place during manufacturing.

[0004] A plurality of retaining members is afterwards positioned between the individual
fastening members. Further layers of the fibre material are laid up over the fastening and
retaining members to form an inner skin. The structure is then enclosed by a bag material and
resin is introduced using vacuum infusion. The resin is finally cured to form a first wind turbine
blade. A second wind turbine part is manufactured in a similar manner, after which the two
wind turbine blade parts are attached together.

[0005] The bushings are fixed relative to the mould and are thus not able to move during the
infusion process. The retaining elements are normally help in place by a firm and tight contact
with the bushings. Movements in the inner or outer skin may occur during the vacuum infusion,
which could lead to a longitudinal misalignment between the retaining members and the outer
skin as the retaining elements are also not able to move. This may in turns lead to wrinkles in
the transitional skin area at the end of the retaining elements, which will adversely affect the
structural performance of the root end.

[0006] US 2015/0233260 A1 discloses such a root end configuration where bushings and
butterfly shaped wedge elements are arranged between an inner skin and an outer skin.
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Various cross-sectional shapes of the bushings are disclosed. Each wedge element has a local
inner surface and a local outer surface and opposite facing local side surfaces, wherein the
local side surfaces have a profile corresponding to the profile of the local side surfaces of the
bushings. The wedge elements have a local thickness that is at least 10% greater than the
width. This forms a tight fit and thereby prevents any relative movement between the bushings
and the wedge elements.

[0007] US 2013/0111752 A1 discloses a root end configuration comprising a plurality of
bushings distributed evenly along a semi-circular shaped root end structure, wherein rovings
are arranged between the individual bushings. Each roving element extends partly along the
length of the bushings and contacts opposite facing side surfaces of the adjacent bushings.
The inner surface of each bushing is in direct contact with inner layers of a fibre material
extending along the inner surface of the root end structure. Further, the outer surface of each
bushing is in direct contact with outer layers of a fibre material extending along the outer
surface of the root end structure. The outer layers of fibre material extend along a moulding
surface and further along a mould edge surface. The inner layers of fibore material extend
along the inner surface and a free facing side surface of the uppermost bushings and further
along the mould edge surface. The uppermost bushings only contact the adjacent roving
elements at the opposite side surface. The uppermost bushings thus form a transitional
contact surface for laying up the layers of the inner skin over the mould edge.

[0008] US 2013/0285284 A1 discloses a root end configuration comprising a plurality of root
end sections each comprising bushings spaced apart by spacer elements. The spacer element
comprises a butterfly shaped portion extending along the length of the bushings and a wider
wedge shaped portion extending beyond the bushings in the lengthwise direction. The spacer
element has opposite facing local side surfaces which contact corresponding local side
surfaces of the adjacent bushings. The bushings have a greater outer diameter than the local
thickness of the spacer element, wherein the local side surfaces of each spacer element have
a curved profile so that it conforms to the curved profile of the greater bushings in order to
form a tight fit. This prevents any relative movement between the bushings and the spacer
elements.

Object of the invention

[0009] An object of the invention is to provide a root end structure, a wind turbine blade and a
method of manufacturing such a wind turbine blade that overcomes the abovementioned
problems.

[0010] Another objection of the invention is to provide a root end structure, a wind turbine
blade and a method of manufacturing such a wind turbine blade that reduces the risk of

wrinkles forming in the transitional area between the inner and outer skins.

[0011] A further object of the invention is to provide a root end structure, a wind turbine blade
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and a method of manufacturing such a wind turbine blade that increases the flexibility during
positioning of the retaining elements.

Detailed description of the invention

[0012] One object of the invention is achieved by a root end structure of a wind turbine blade
as recited in claim 1, the root end structure extending from a blade root into a root end portion
of a blade shell formed by at least one blade part having an inner surface, an outer surface
and at least one blade joint edge, the root end structure comprises a plurality of fastening
members distributed along the root end of said at least one blade part in a circumference
direction, each fastening member has a first inner side, a first outer side and opposite facing
first sides each extending in the longitudinal direction, wherein a first pultruded element is
arranged between at least one pair of fastening members and, optionally, a second pultruded
element is arranged between an outermost fastening member and a blade joint edge of the at
least one blade part, each of the first and second pultruded elements has a second inner side,
a second outer side and opposite facing second sides further extending in the longitudinal
direction, wherein a first side surface of said fastening member forms a circumscribed profile
having a first width and a first height, and a second side surface of said first and second
pultruded elements forms an inscribed profile having a second width and a second height, the
inscribed profile being a substantial elliptical profile, wherein

« said inscribed profile has a first width-to-height ratio and said circumscribed profile has a
second width-to-height ratio, the second width-to-height ratio being different from the
first width-to-height ratio, and/or

« said inscribed profile and said circumscribed profile have a height ratio between 0.8 and
0.95

so that the first pultruded element is able to move relative to the adjacent fastening members
during vacuum assisted resin infusion.

[0013] This provides an improved root end structure reducing the risk of wrinkles forming in
the transitional area between the inner and outer skins of the blade shell. This also increases
the flexibility when positioning the pultruded elements which is advantageous when evacuating
the root end structure during the resin infusion process. This allows the pultruded elements to
conform to the shape of the outer skin, thereby preventing any longitudinal misalignment
between the pultruded elements and the outer skin. This also reduces time and costs for
repairing wind turbine blades having a blade length of at least 50 metres.

[0014] The fastening members, e.g. bushings, are held in a fixed longitudinal position relative
to the outer layers forming the outer skin. This may be achieved by temporary mounting the
bushings to a root end plate which is then attached to or positioned relative to the root end of
the mould. The root end plate may be mounted or fixed directly to the blade mould, or held in
place relative to the blade mould by a moveable support structure. This temporary mounting
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means that the bushings are not able to move relative to the outer skin and thus they are not
able to conform to the outer layers during evacuation.

[0015] The retaining members, e.g. the pultruded elements, are sandwiched between an inner
skin and the outer skin defining the inner and outer surfaces of the blade shell, respectively.
The inner skin may be formed by a number of inner layers of a fibre material. The outer skin
may be formed by a number of outer layers of the same fibre material or a different fibre
material. The fibre material may include fibres made of glass, carbon, aramid or any
combinations thereof. Each skin may comprise two, three, four or more individual layers
formed as mats, stripes or rovings.

[0016] Each bushing has a local first inner side facing the inner skin and a local first outer side
facing the outer skin. Each bushing further has opposite facing local first sides extending
between the local inner and outer sides. Similarly, each pultruded element has a local second
inner side facing the inner skin and a local second outer side facing the outer skin. Each
pultruded element further has opposite facing local second sides extending between the local
inner and outer sides. The bushing and the pultruded element each has a local thickness
measured between the inner and outer sides and a local width measured between the two first
or second sides. The exterior surface of the bushings may include corrugations or notches, or
simply a continuous planar surface.

[0017] A pultruded element, i.e. first pultruded element, is arranged between each pair of
adjacent bushings. An outermost pultruded element, i.e. second pultruded element, may be
arranged at one or both blade joint edges of the blade part, wherein each outermost pultruded
element is positioned adjacent to an outermost bushing facing that blade joint edge. The
bushings may thus be sandwiched between individual pultruded elements. Alternatively, the
outermost pultruded element may be omitted so that outermost bushing is arranged at the
blade joint edge.

[0018] The inner skin may extend over this outermost bushing or pultruded element and
further along a mould edge surface during the lay-up process. The inner and outer skin may
be trimmed off at the respective blade joint edges in a later step, e.g. before or after curing of
the resin, to form the respective blade joint interfaces.

[0019] The first pultruded element has a recess formed in both local second sides, wherein
each recess is configured to receive an opposite facing local first side of an adjacent bushing.
The second pultruded element may have a similar recess formed in only one local side,
wherein this recess is configured to receive an opposite facing local side of the outermost
bushing.

[0020] The first side surface forms a first profile, e.g. a circumscribed profile, in the width
direction defining a first width and a first height. The first profile defines the shape of the outer
surface of the bushing. The first width is measured along the minor radius of this circumscribed
profile. The first height is measured along the major radius of this circumscribed profile.
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[0021] The second side surface of the recess is formed by one or more surface portions that
together define a second profile, e.g. an inscribed profile, in the width direction. The inscribed
profile contacts each respective surface portion in a vertex and defines a second width and a
second height. The second width is measured along the minor radius of this circumscribed
profile. The second height is measured along the major radius of this circumscribed profile.

[0022] As recited in claim 1, the first and second side surfaces may have a height ratio
between 0.8 and 0.95 so that at least one gap is formed between the first and second side
surfaces. The gap may transform from a maximum radial distance to a minimum radial
distance in the second circumference direction. The gap may be partly or fully filled with a fibre
material, e.g. wrapped around the bushing, which may be impregnated with resin during the
resin infusion process. The gaps allow for an adaptive positioning of the first pultruded element
as it is able to move relative to the adjacent bushings during the vacuum assisted resin infusion
process. Wrinkles in the fibre layers can thus be avoided.

[0023] The first and second side surfaces may be in direct contact with each other along one
or more contact areas or lines, thus forming one or more individual gaps arranged adjacent to
these contact areas or lines. This allows the relative movement in the width direction to be
restricted.

[0024] As recited in claim 1, the abovementioned gap or gaps may also be formed by the
inscribed profile and the circumscribed profile having different width-to-height ratios. The
circumscribed profile may thus have a first height being smaller than the second height and/or
a first width being smaller than the second width. The pultruded elements and bushings
thereby have non-complementary shaped sides, and thus gap(s) are formed between the first
and second side surfaces. This also allows for an adaptive positioning of the first pultruded
element during the vacuum assisted resin infusion process, and thus wrinkles in the fibre
layers can be avoided.

[0025] According to one embodiment, said first and second side surfaces further has a width
ratio between 0.8 and 1.

[0026] The first and second side surfaces may further have a width ratio between 0.8 and 1,
preferably between 0.9 and 0.95, so that the second width is greater than the first width. This
allows a variable or uniform gap to be formed between the first and second side surfaces. The
gap may be partly or fully filled with a fibre material, as mentioned above. This allows for an
adaptive positioning of the first pultruded element, as mentioned above.

[0027] According to one embodiment, said inscribed profile has a first width-to-height ratio
between 0.9 and 0.995.

[0028] The second side surface may have an elliptical or substantially elliptical shaped
inscribed profile with a width-to-height ratio between 0.9 and 0.995. In conventional root
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structure designs, the second side surface has a circular inscribed profile which has a width-to-
height ratio of 1. In the present invention, the second height is thus greater than the second
width. This allows for the use of non-complementary bushing designs, meaning that a tight fit is
not formed between the first and second side surfaces.

[0029] The first and second side surfaces may have the same overall profile, e.g. a substantial
elliptical profile, but different width-to-height ratios. The first profile may have a first width-to-
height ratio and the inclined profile may have a second width-to-height ratio. For example, the
first width-to-height ratio may be greater than the second width-to-height ratio, or vice versa.
For example, the first width-to-height ratio may be equal to the second width-to-height ratio.
Alternatively, the first and second side surfaces may have the same overall profile, but different
heights and widths.

[0030] According to one embodiment, said first pultruded element has a substantial butterfly
shaped cross-sectional profile in the width direction.

[0031] The recesses may extend along the local second sides so that the first pultruded
element has a butterfly shaped cross-sectional profile. The butterfly profile may extend along
the entire length of the pultruded element, or along a portion thereof. The butterfly shaped
portion may have a uniform thickness and/or height. This provides an optimal transfer of loads
between the wind turbine blade and the rotor hub.

[0032] The inner surface of the first pultruded element may have a planar or curved inner
surface extending in the width direction and/or in the lengthwise direction. Further, the outer
surface of the first pultruded element may have a planar or curved outer surface extending in
the width direction and/or in the lengthwise direction. The curvatures of the inner and outer
surfaces may be determined according to the root end design, the dimensions of the bushings
and the pultruded elements.

[0033] According to one embodiment, at least one of the first and second pultruded elements
is formed as a single continuous piece or by a number of sub-pieces arranged relative to each
other.

[0034] The first pultruded element and/or the second pultruded element may be formed as a
single continuous element extending in the length direction. This reduces the total number of
item needed for manufacturing the root end structure and allows for a simplified lay-up
process.

[0035] The first pultruded element and/or the second pultruded element may also be formed
by a number of sub-pieces arranged relative to each other. The sub-pieces together may form
a substantial butterfly shaped cross-sectional profile in the width direction. This allows for an
alternative lay-up process.

[0036] For example, the first pultruded element may comprise at least two sub-pieces
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arranged symmetrical relative to each other. The sub-pieces may be arranged back-to-back or
front-to-front to form the butterfly shaped cross-sectional profile.

[0037] For example, the respective pultruded element may comprise a first sub-piece and at
least one set of second sub-pieces. The first sub-piece may have a rectangular cross-sectional
profile. The second sub-pieces may each have a substantial triangular shaped cross-sectional
profile. The second sub-piece may be positioned on one side surface of the first sub-piece at
the local inner side. Further, another second sub-piece may be arranged on the opposite side
surface of the first sub-piece. Alternatively or additionally, another second sub-piece may be
arranged at the local outer side. The first and second sub-pieces together may form the
butterfly shaped cross-sectional profile.

[0038] According to one embodiment, the fastening member and/or at least one of said sub-
pieces are wrapped in a fibre material along at least a part of the length of the fastening
member or the at least one sub-piece.

[0039] The inner and outer sides and the opposite sides of the bushing may together form the
exterior surface. The exterior surface may be a continuous planar surface extending in the
length direction. The bushing may thus have a constant or a tapered cross-sectional profile
along its length. Alternatively, the exterior surface may comprise a corrugated surface portion
having a plurality of ridges and grooves. The ridges and grooves may extend in the second
circumference direction and/or in the length direction. The exterior surface may further
comprise a thickened portion extend from the local root end. The thickened portion may
transform into the planar or corrugated portion along an intermediate portion. This enhances
the pull-out strength of the bushing.

[0040] At least the planar or corrugated portion may be wrapped in a fibre material comprising
fibore made of carbon, glass, aramid or a combination thereof. The fibre material may be
formed as rovings or strips. The fibre material extends along the entire second circumference
direction. During the resin infusion process, the fibre material may be impregnated with resin
and allow resin to flow between the first and second side surfaces. The fibre material may be
the same as the fibre material used in the inner or outer skin of the root end structure, or a
different fibre material. This further enhances the pull-out strength of the bushing.

[0041] The above fibre material may be loosely arranged within the gaps described earlier
and/or compressed against the first and second side surfaces. The amount of compression
force may vary as a result of the radial distance of the gap. For example, the compression
force may be highest in the width direction and lowest in the thickness direction. For example,
the compression force may be highest in the width direction and lowest at an angular position
between the width and thickness directions. For example, the compression force may be
substantially uniform along the second circumference direction.

[0042] According to one embodiment, said second side surface has a continuous elliptical
profile extending partly or fully along the one second side.
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[0043] The second side surface of the recess may form a continuous elliptical line segment
extending along the respective second side. This line segment may form part of the inscribed
elliptical profile mentioned above. The first pultruded element, or at least the respective second
side forming the recess, may be formed as a single piece. No obtuse angles are thereby
formed along the second side surface.

[0044] According to one embodiment, the said second side surface comprises a planar surface
portion arranged between two curved, e.g. elliptical or circular, surface portions.

[0045] The second side surface may be formed by a number of surface portions arranged
relative to each other. The respective surface portions may together form an inscribed
substantial elliptical profile. The abovementioned continuous element may form the respective
surface portions, alternatively the respective surface portions may be formed by the first and
second sub-pieces.

[0046] The respective pultruded element may comprise a central surface portion arranged
between an inner surface portion and an outer surface portion. The central surface portion
may preferably have a planar profile acting as a contact area for the bushing. The inner and
outer surface portions may each a curved profile, e.g. elliptical or circular, which may function
as stops for that respective first pultruded element and/or the second pultruded element
pultruded element when moving in the thickness direction. The surface portions may thus form
a first and a second gap extending in the longitudinal direction.

[0047] The first side surface of the bushing may contact the central surface portion of the first
pultruded element to restrict the relative movement in the width direction. During the resin
infusion process, the first pultruded element is able move relative to the bushings to bring the
inner or outer surface portion into contact with or into a closer contact with the first side
surface. This allows for an adaptive positioning of the first pultruded elements so that it
conforms to the shape of the outer layers.

[0048] According to one embodiment, said second side surface comprises at least two planar
surface portions arranged at an angle relative to each other.

[0049] The central surface portion as well as the inner and outer surface portions may all have
a planar profile, thereby forming two opposite facing obtuse angles. The central surface
portion, the inner surface portion and the outer surface portion may be formed by the
continuous element described earlier.

[0050] Alternatively, the first and second sub-pieces may each have a local side surface facing
the bushing, wherein the local side surfaces together form the second side surface. The first
sub-piece may form the central surface portion and have a planar or curved profile. The
second sub-pieces may form the inner and outer surface portions and have a planar or curved
profile. For example, the surface portions may all have a planar profile forming two opposite



DK/EP 3697603 T3

facing obtuse angles. For example, the surface portions may all have a circular arc or elliptical
arc profile. For example, the central surface portion may have a planar profile and the inner
and outer surface portions may have a curved profile.

[0051] The respective surface portions may together form the inscribed substantial elliptical
profile. The central surface portion of the first pultruded element may contact the first side
surface of the bushing to restrict the relative movement in the width direction. During the resin
infusion process, the first sub-piece and at least one of the sets of the second sub-pieces are
able move together relative to the bushing to bring one of the second sub-pieces into contact
with the first side surface. Alternatively, the second sub-piece may be brought into a closer
contact with the first side surface, i.e. increasing the compression force on the fibre material.
This allows for an adaptive positioning of the first pultruded elements so that it conforms to the
shape of the outer layers.

[0052] According to one embodiment, said first profile is a substantial circular, elliptical or
polygon cross-sectional profile in the width direction.

[0053] The exterior or first side surface of the bushings may form any suitable cross-sectional
profile, such as a circular, elliptical or polygonal profile, in the width direction. This allows for an
optimal load transfer between the root end structure and the rotor hub. This also allows for an
increased bonding area between the first pultruded element and the bushings.

[0054] A first gap and a second gap may be formed between the first and second side
surfaces. The first and second gaps may extend in the longitudinal direction and further in the
second circumference direction. The second circumference direction may be defined by the
first side of the bushing or the second side of the respective pultruded element.

[0055] The two gaps may be spaced apart by a central contact area extending in the
longitudinal direction, or vice versa. The respective pultruded element contact area may be
used to form a relative close contact gaps may enable the first pultruded element to move
relative to the bushing in the thickness direction. The gaps allow the pultruded element to
move relative to the bushings, particularly during the vacuum assisted resin infusion of the root
end structure. This in turn allows for a passively adaptive positioning of the pultruded element
so that it conforms to the shape of the outer skin, thereby reducing the risk of wrinkles forming
in a transitional area between the inner and outer skins. The transitional area is located at the
end of the respective pultruded element facing the tip end. The first and second gaps may a
tight fit in the transverse plane while allowing relative movement of the pultruded element
within the longitudinal plane.

[0056] Alternatively, a continuous gap may be formed between the first and second side
surfaces. The continuous gap may extend in the longitudinal direction and further in the
second circumference direction. The first pultruded element may thus move relative to the
bushing in the thickness direction and/or in the width direction. This also allows for an adaptive
positioning of the pultruded element, as mentioned above.
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[0057] The above gap or gaps may a transverse radial distance measured between the first
and second side surfaces in the second circumference direction. The transverse radial
distance may be constant along the second circumference direction. The local edges between
the first side surface, e.g. the recess, and the corresponding second side may be rounded or
chamfered to form a smooth transition. This allows for a uniform distribution of resin between
the first pultruded element and the bushing.

[0058] The radial distance may be tapered off at the respective contact areas, thereby forming
a smooth transition between the gap and the contact area. The radial distance may also taper
continuously from the respective second side to the contact area. This allows for a gradual
limitation of the relative movement in the thickness direction and/or in the width direction.

[0059] In a further alternative, the radial distance may vary along the second circumference
direction between the second side and the contact area. For example, the radial distance may
decrease from at least one intermediate angular position indicating a maximum radial distance
to another position indicating a minimum radial distance, e.g. the contact area and/or the
second side. This allows for the formation of one or more local resin guiding channels
extending in the longitudinal direction. These resin-guiding channels may be party or fully filled
with a resin permeable material, e.g. a fibre material.

[0060] The radial distance of the gap or gaps may be varied dependent on the root end
configuration, the outer dimensions of the bushings, and/or the outer dimensions of the
pultruded elements.

[0061] The gap or gaps may further have a lengthwise radial distance measured between the
first and second side surfaces in the longitudinal direction. The lengthwise radial distance may
constant along the longitudinal direction. This also allows for a more uniform distribution of
resin with the gap. Alternatively, the lengthwise radial distance may vary in the longitudinal
direction, e.g. taper from one end to the opposite end. This may restrict the rotational
movement of the first pultruded element relative to the bushing in order to ensure that the
pultruded element conforms to the shape of the outer skin.

[0062] One object of the invention is also achieved by a wind turbine blade , as recited in claim
11, the wind turbine blade extending from a blade root to a tip end in a longitudinal direction
and further from a leading edge to a trailing edge in a chordwise direction, the wind turbine
blade comprising a blade shell formed by at least two blade parts each having an inner surface
and an outer surface, wherein said at least two blade parts are connected along at least one
blade joint interface extending in the longitudinal direction, each blade joint interface is defined
by a first blade joint edge of one blade part and a second blade joint edge of the other blade
part, wherein at least one of said two blade parts comprises a root end structure configured as
described above.

[0063] This provides a wind turbine blade with an improved root end structure as described
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above. The above described root end structure reduces the risk of wrinkles forming in the
transitional skin area at the ends of the pultruded elements. The gaps between the pultruded
elements and the bushings ensure that the pultruded elements follow the shape of the outer
skin during the vacuum assisted resin infusion. The time and costs for repairing wind turbine
blades having a blade length of at least 50 metres can thus be reduced compared to
conventional methods.

[0064] The wind turbine blade is formed by at least two blade parts each defining a pressure
side and a suction side of the blade shell. The blade shell of each blade part has an inner
surface defined by the inner layers and an outer surface defined by the outer layers. The two
blade parts are jointed together at blade joint interfaces located at the trailing edge and the
leading edge, respectively. Each joint interface comprises a first blade joint edge of one blade
part and a second blade joint edge of the other blade part. The blade parts may further be
jointed together via shear webs or a box beam located between the trailing edge and the
leading edge.

[0065] One object of the invention is further achieved by a method of manufacturing a wind
turbine blade as recited in claim 12, comprising the steps of:

» laying up a number of outer layers of a fibre material along a blade mould surface,

« providing a plurality of fastening members configured to mount the wind turbine blade to
a rotor hub interface or a pitch bearing unit,

= positioning said fastening members relative to said outer layers at a root end of said
wind turbine blade,

» positioning a first pultruded element between at least one pair of fastening members
and, optionally, positioning a second pultruded element between an outermost fastening
member and a blade joint edge of the at least one blade part, wherein a first side
surface of said fastening member forms a circumscribed profile having a first width and a
first height, and a second side surface of said first and second pultruded elements forms
an inscribed profile having a second width and a second height, the inscribed profile
being a substantial elliptical profile,

« further laying up a number of inner layers of the fibre material along the first pultruded
element and the fastening members to form a root end structure,

= enclosing at least the root end structure via a vacuum bag material,

« introducing resin into said fibre material using vacuum assisted resin infusion process,
and

= curing said resin to form a cured blade part,

wherein said inscribed profile has a first width-to-height ratio (wo/h,) and said circumscribed
profile has a second width-to-height ratio (w4/h4), the second width-to-height ratio being
different from the first width-to-height ratio, and/or said inscribed profile and said circumscribed
profile have a height ratio (hi/hy) between 0.8 and 0.95 so that said first pultruded element is
able to move relative to the fastening members during the vacuum assisted resin infusion
process.
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[0066] This provides a manufacturing method that allows for adaptive positioning of the
pultruded elements when injecting resin into the root end structure. The above root end
structure is particular suited for vacuum assisted resin infusion as the pultruded elements are
able to passively conform to the outer skin during evacuation of the root end structure.

[0067] The wind turbine blade may be manufactured by laying up a number of outer layers
along a blade mould surface, wherein these outer layers extend further along a mould edge
surface.

[0068] The bushings may be mounted to a suitable holding structure, e.g. a root end plate,
separate from the blade mould. The first pultruded elements may then be positioned in
between the individual bushings to ensure a mutual spacing between the bushings. Optionally,
a second pultruded element may be positioned at the blade joint ends. This may be done in a
combined step, or in separate steps. The holding structure with bushings and first pultruded
elements may then be moved into position relative to the root end of the outer layers and fixed
relative to the blade mould. Afterwards, a number of inner layers are laid up along the local
inner surfaces of the bushings and/or the first pultruded elements, wherein these inner layers
extend over the outermost bushings or pultruded elements and further along the mould edge
surface.

[0069] A vacuum bag material is then placed over the root end structure and resin is
introduced using a suitable vacuum assisted resin transfer moulding (VARTM) system. During
the resin infusion, the first pultruded elements are able to adapt to the shape of the outer
layers to compensate for any longitudinal misalignments. The resin is set to cure to form a
cured blade part. The process is repeated for the other blade part.

[0070] Excess lengths of the inner and outer layers may then be trimmed off at the blade joint
ends prior to moving the two blade parts into alignment. The two blade parts may then be
joined together at the blade joint interface to form the wind turbine blade.

[0071] According to one embodiment, the positioning of the first pultruded element comprises
arranging one sub-piece between the pair of adjacent fastening members and further
arranging at least one set of further sub-pieces relative to said one sub-piece at a local inner or
outer side.

[0072] The first pultruded element may be formed as continuous element allowing for an
optimal load transfer. The first pultruded element may thus be positioned between a pair of
adjacent bushings in a simple and easy manner.

[0073] Alternatively, a first sub-piece may be initially positioned between the pair of adjacent
bushings. Afterwards, a second sub-piece or a set of second sub-pieces may be positioned at
the inner surface relative to the first sub-piece. The second sub-pieces may partly or fully fill up
out any spacing between the adjacent bushings and the first sub-piece, thereby providing a
substantially smooth inner surface. The sub-pieces allows for an easier handling.
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[0074] Additionally or alternatively, another second sub-piece or another set of second sub-
pieces may be positioned at the outer surface relative to the first sub-piece. These second
sub-pieces may also partly or fully fill up out any spacing between the adjacent bushings and
the first sub-piece, thereby providing a substantially smooth outer surface. This may be
performed before, during or after the positioning of the first sub-piece.

[0075] According to one embodiment, the method further comprises at least the step of:

e wrapping one of said adjacent fastening members and/or one of said one sub-piece and
said further sub-pieces in another fibre material, or

« placing another fibre material between a first side surface of the fastening member and
a second side surface of the first pultruded element.

[0076] The exterior surface of the individual bushings may be partly wrapped in a fibre material
prior to be positioned between the bushings. The bushings may thus be provided as pre-
wrapped fastening members.

[0077] Additionally or alternatively, one or more of the second sub-pieces together with the
bushing may be further wrapped with one or more layers of a fibre material to form a wrapped
unit. The remaining of the second sub-pieces may then be positioned after this wrapped unit
have been positioned between the bushings. Optionally, all second sub-pieces are wrapped
together with the bushing to the wrapped unit. This provides a simple and easy positioning of
the respective sub-pieces as the first sub-piece and any remaining second sub-pieces can
simply be positioned between these wrapped units.

[0078] Additionally or alternatively, another fibre material may be placed over the inner surface
of each individual bushing or weaved in between the individual bushings before positioning the
first pultruded elements or sub-pieces. This allows resin to flow in between the pultruded
elements and the bushings to enhance the pull-out strength.

Description of drawings

[0079] The invention is explained in detail below with reference to embodiments shown in the
drawings, in which

Fig. 1

shows a wind turbine,
Fig. 2

shows an exemplary embodiment of the wind turbine blade,
Fig. 3

shows an exemplary embodiment of a root end structure,
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Fig. 4
shows a cross-sectional view of a root end structure placed in a blade mould according
to the prior art,

Fig. 5
shows a cross-sectional view of a second embodiment of the root end structure placed
in the blade mould useful to understand the invention,

Fig. 6
shows a third embodiment of the second pultruded element useful to understand the
invention,

Figs. 7a-c

show three views of a fourth embodiment of the second pultruded element useful to
understand the invention,
Fig. 8
shows a fifth embodiment of the second pultruded element useful to
understand the invention, Figs. 9a-b
show two views of a sixth embodiment of the second pultruded element useful to
understand the invention,
Fig. 10
shows a side view of the fastening member,
Fig. 11
shows a side view of a first embodiment of the first pultruded element,
Fig. 12
shows a side view of a second embodiment of the first pultruded element,
Figs. 13a-c
show three views of the root end structure comprising a third embodiment of the first
pultruded element,

Fig. 14
shows the root end structure comprising a fourth embodiment of the first pultruded
element,

Figs. 15a-b

show two views of the root end structure comprising a fifth embodiment of the first
pultruded element,

Fig. 16
shows a sixth embodiment of the first pultruded element,

Figs. 17a-b
show two views of the root end structure comprising a seventh embodiment of the first
pultruded element,

Fig. 18
shows a longitudinal view of the root end structure with a misalignment between the
outer layers and the first pultruded element,

Fig. 19
shows a longitudinal view of the root end structure with the first pultruded element
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conforming to the shape of the outer layers, and

Fig. 20
shows a transverse view of the root end structure with the first pultruded element
arranged between a pair of adjacent fastening members.
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[0081] The listed reference numbers are shown in abovementioned drawings where no all
reference numbers are shown on the same figure for illustrative purposes. The same part or
position seen in the drawings will be numbered with the same reference number in different
figures.

Detailed description of the drawings

[0082] Fig. 1 shows a modern wind turbine 1 comprising a wind turbine tower 2, a nacelle 3
arranged on top of the wind turbine tower 2, and a rotor defining a rotor plane. The nacelle 3 is
connected to the wind turbine tower 2, e.g. via a yaw bearing unit. The rotor comprises a hub 4
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and a number of wind turbine blades 5. Here three wind turbine blades are shown, but the
number of blades may be greater or smaller. The hub 4 is connected to a drive train located in
the wind turbine 1 via a rotation shaft.

[0083] The hub 4 comprises a mounting interface for each wind turbine blade 5. A pitch
bearing unit 6 is optionally connected to this mounting interface and further to a blade root of
the wind turbine blade 5.

[0084] Fig. 2 shows a schematic view of the wind turbine blade 5 which extends in a
longitudinal direction from a blade root 7 to a tip end 8. The wind turbine blade 5 further
extends in a chordwise direction from a leading edge 9 to a trailing edge 10. The wind turbine
blade 5 comprises a blade shell 11 having two opposite facing side surfaces defining a
pressure side 12 and a suction side 13 respectively. The blade shell 11 further defines a root
portion 14, an aerodynamic portion 15, and a transition portion 16 between the root portion 14
and the aerodynamic portion 15.

[0085] The root portion 14 has a substantially circular or elliptical cross-section (indicated by
dashed lines). The root portion 14 together with a load carrying structure (not shown) are
configured to add structural strength to the wind turbine blade 5 and transfer the dynamic
loads to the hub 4. The load carrying structure extends between the pressure side 12 and the
suction side 13 and further in the longitudinal direction.

[0086] The aerodynamic blade portion 15 has an aerodynamically shaped cross-section
(indicated by dashed lines) designed to generate lift. The cross-sectional profile of the blade
shell 11 gradually transforms from the circular or elliptical profile into the aerodynamic profile in
the transition portion 16.

[0087] The wind turbine blade 5 has a longitudinal length 17 of at least 35 metres, preferably
at least 50 metres. The wind turbine blade 5 further has a chord length 18 as function of the
length 17, wherein the maximum chord length is found between the aerodynamic portion 15
and the transition portion 16. The wind turbine blade 5 further has a blade thickness as
function of the chord length 18, wherein the blade thickness is measured between the pressure
side 12 and the suction side 13.

[0088] Fig. 3 shows an exemplary embodiment of a root end structure 19 formed by two blade
parts where one blade part comprises two first blade joint edges 20a and the other blade part
comprises two second blade joint edges 20b. The blade joint edges 20a, 20b extend in the
longitudinal direction and, when joined together, the first and second blade joint edges 20a,
20b form a leading edge joint interface and further a trailing edge interface.

[0089] The blade shell 11 of the root end structure 19 forms an inner surface 21 and an outer
surface 22. A plurality of fastening members 23 are distributed along the root end 7 in a first
circumference direction. A plurality of retaining members (shown in figs. 4 and 5) are arranged
relative to each of the fastening members 23, wherein the fastening members 23 and the
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retaining members are sandwiched between a number of inner layers (shown in figs. 18-19)
and a number of outer layers (shown in figs. 18-19).

[0090] Fig. 4 shows a cross-sectional view of the root end structure 19 placed in a blade mould
24. The blade mould 24 has a blade mould surface 25 having a predetermined surface profile
and a mould edge surface 26.

[0091] The outer layers (shown in figs. 18-19) extend along the blade mould surface 26 and
further along the mould edge surface 25 during the lay-up, but are removed in figs. 4 and 5 for
illustrative purposes. The outer layers form an outer skin of the blade shell 11 defining the
outer surface 22.

[0092] The fastening members 23 are here formed as bushings each arranged between a pair
of adjacent retaining members. The retaining members are here formed as pultruded
elements. A first pultruded element 27 is arranged between a pair of adjacent bushings 23
while an outermost bushing 23a is arranged between a first pultruded element 27 and a
second pultruded element 28.

[0093] The first pultruded element 27 may be formed as a single continuous element, or by a
number of sub-pieces. Here, two symmetrical sub-pieces are shown which are arranged back-
to-back, as indicated by the dashed line. The first pultruded element 27 has a butterfly shaped
cross-sectional profile in the width direction.

[0094] The second pultruded element 28 has a semi-butterfly shaped cross-sectional profile in
the width direction. The second pultruded element 28 is arranged at the first and/or second
blade joint edge 20a, 20b. Fig. 4 shows a prior art embodiment of the second pultruded
element 28 where a sharp transition is formed between the second side surface (see fig. 6)
and the second inner surface (see fig. 6). Wrinkles 30 are thus formed in the inner layers 29 at
the blade joint edge 20a, 20b due to this sharp transition.

[0095] During lay-up, the inner layers 29 extend along the local inner sides (shown in figs. 6
and 16) of the first pultruded elements 27, over the second pultruded element 28 and further
along the mould edge surface 25. Excess material of the inner 29 and outer layers are trimmed
off after curing. The inner layers 29 form an inner skin of the blade shell 11 defining the inner
surface 21.

[0096] Fig. 5 shows a cross-sectional view of the root end structure 19 still placed in the blade
mould 24, wherein the root end structure 19 comprises a first embodiment of the second
pultruded element 28" useful to understand the invention.

[0097] Here, the second pultruded element 28' comprises a transition portion 31 forming a
transitional contact surface 32 for contacting the inner layers 29. The local thickness of this
transition portion 31 tapers towards the second side surface (see fig. 6) facing the blade joint
edge 20a, 20b. The local width of the transition portion 31 further tapers towards the second
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inner side (shown in fig. 6). The transitional contact surface 32 forms a smooth transition of the
inner layers 29, thereby reducing the risk of wrinkles 30.

[0098] Fig. 6 shows a second embodiment of the second pultruded element 28', wherein the
transition portion 31' extend along the entire width of the second pultruded element 28'. The
local thickness tapers from one second side 33a to an opposite second side 33b.

[0099] Here, the transition portion 31' extends along the entire local inner side 34 of the
second pultruded element 28' and partly along the local second side 33b. The transition port
31" may extend fully along both the local inner side 34 and the local second side 33b. The
transition port 31' may also extend partly along both the local inner side 34 and the local
second side 33b, as indicated in fig. 5.

[0100] The second pultruded element 28' further has a local outer side 35 facing the outer
layers.

[0101] Arecess 36 is formed in the local second side 33a of the second pultruded element 28
and in both local second sides 33a, 33b of the first pultruded element 27. The recesses 36 are
configured to partly receive the outermost bushing 23a, as indicated in fig. 4. The recess 36
may extend partly along the local second side 33a, as indicated in fig. 6, or alternatively along
the entire local second side 33a.

[0102] Figs. 7a-c show three views of a third embodiment of the second pultruded element
28", wherein the profile of the second pultruded element 28', 28" is terminated at the local
inner side 34 or at an inner point 37 forming an inner edge.

[0103] In fig. 7a, the transitional contact surface 32' has a planar surface profile which extends
perpendicularly from the local outer side 35. The transitional contact surface 32' intersects a
second side surface 38 of the local second side 33a, thereby forming a reduced recess 36' for
receiving the outermost bushing 23a. The recess 36 may have a semi-circular shaped profile
while the recess 36' may have circular segment shaped profile. The inner layers 29 may thus
contact a portion (dashed line) of the outer surface of the outermost bushing 23a, as indicated
in fig. 7a.

[0104] In fig. 7b, the transitional contact surface 32" has a curved profile extending from the
local outer side 35 to the inner point 37. In fig. 7c, the transitional contact surface 32' has a
planar surface profile which extends in an inclined angle relative to the local outer side 35.

[0105] Fig. 8 shows a fourth embodiment of the second pultruded element 28" comprises a
number of sub-pieces which together form a substantial semi-butterfly shaped cross-sectional
profile in the width direction. A first sub-piece 28a extends in the thickness direction and a set
of second sub-pieces 28b projects from a side surface of the first sub-piece 28a. Here, a
second sub-piece 28b is arranged at both the local inner and outer sides 34, 35.



DK/EP 3697603 T3

[0106] The individual sub-pieces 28a, 28b together form the recess 36 for partly receiving the
outermost bushing 23a.

[0107] Figs. 9a-b show two views of a fifth embodiment of the second pultruded element 28™,
wherein the transition portion 31" is integrally formed by one of the sub-pieces 28a-c.

[0108] In fig. 9a, the first sub-piece 28a' has a substantial rectangular profile in the width
direction, wherein the transition portion 31" is facing the local inner side 34. The second sub-
pieces 28b have a substantial triangular profile in the width direction.

[0109] In fig. 9b, the first sub-piece 28a" extends in the width direction and has a substantial
parallelogram shaped profile. Here, the transition portion 31" form one end of the first sub-
piece 28a". The second sub-pieces 28b' extends in the thickness direction and has a
substantial rectangular profile in the width direction. Further, a third sub-piece 28c projects
from a side surface of the second sub-piece 28b and has a substantial triangular profile in the
width direction.

[0110] Fig. 10 shows a side view of the fastening member 23, 23a having a predetermined
length measured between a local root end 7' and an opposite end. Here, the fastening
member 23, 23a has a uniform cross-sectional profile in the length direction. However, the
cross-sectional profile may instead vary or taper along the length. As indicated in figs. 4-5, the
fastening member 23, 23a has a circular cross-sectional profile. However, the fastening
member 23, 23a may another suitable cross-sectional profile, such as an elliptical or polygonal
profile. The fastening member 23, 23a thus has a uniform or variable outer diameter or
thickness along its length.

[0111] The fastening member 23, 23a has a local inner side 39, a local outer side 40 and two
opposite facing local first sides, as indicated in fig. 13b-c. Here, only one local first side 41a is
show.

[0112] The exterior surface of the fastening member 23, 23a is optionally wrapped in a fibre
material, as indicated with dashed lines, wherein the wrapped fibre material extends along at
least a part of the length of the fastening member 23, 23a.

[0113] Figs. 11-12 show a side view of a first and a second embodiment of the first pultruded
element 27 comprising a first portion 27a and a second portion 27b. The first portion 27a
extends from a local root end 7" towards an opposite end while the second portion 27b
extends from the first portion 27a to said opposite end.

[0114] The first portion 27a has a uniform thickness along its local length, as indicated in figs.
11-12. The local length of the first portion 27a corresponds substantially to the length of the

fastening member 23, 23a, as indicated in figs. 18-19.

[0115] The second portion 27b has a tapered profile extending beyond the fastening member
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23, 23a where the local thickness tapers from a maximum thickness to a minimum thickness.
As indicated in fig. 11, the first and second portions 27a, 27b may form a continuous local outer
side 35 where the second portion 27b tapers from the inner side 34 to the local outer side 35.
As indicated in fig. 11, the second portion 27b may form inclined local inner and outer sides 34,
35 where the second portion 27b tapers towards a local central line.

[0116] The second pultruded element 28 has a similar configuration as the first pultruded
element 27 shown in figs. 11-12.

[0117] Figs. 13a-c show three views of the root end structure 19' comprising a third
embodiment of the first pultruded element 27'. Figs. 13b-c show a simplified view of one first
pultruded element 27' where the local first sides 41a, 41b of a pair of adjacent bushings 23
extend into the local second sides 33a, 33b of the first pultruded bushing 27'.

[0118] The first pultruded element 27' has a thickness greater than the outer diameter of the
fastening member 23. The inner layers 29 extend along the local inner sides 34 and the outer
layers 42 extend along the local outer sides 35 of the first pultruded elements 27'. The local
second sides 33a, 33b of a pair of adjacent first pultruded elements 27' may contact each
other, as indicated in fig. 13a, or be spaced apart, as indicated in fig. 14.

[0119] A number of gaps 43 are formed between a first side surface 44 of the bushing 23 and
the second side surface 38 of the first pultruded element 27'. Here, a first gap 43' and a
second gap 43' are formed on opposite sides of the bushing 23. The first and second gaps 43'
extend in the longitudinal direction and further along a second circumference direction defined
by the second side surface 38.

[0120] Here, the second side surface 38 has an elliptical arc profile while first side surface 44
has a circular profile. The second side surface 38 and the adjacent local side surfaces may
form a sharp transition, as indicated in fig. 13b, or a smooth transition, as indicated in fig. 13c.

[0121] The elliptical arc profile of the second side surface 38 forms part of an inscribed profile
having a predetermined height, hy, and width, wy, as illustrated in fig. 13b. The height, hy,

being greater than the width, wy, where the major radius (indicated by arrow) may be located
at the second side 33b (fig. 13b) or beyond the second side 33b (fig. 18b).

[0122] Further, the circular profile of the first side surface 44 forms part of a circumscribed
profile having a predetermined height, h{, and width, w¢, as also illustrated in fig. 13b. The

height, h¢, being equal to the width, w¢, where the major radius (indicated by arrow) may be

located at the second side 33a (fig. 13b) or beyond the second side 33a (fig. 18a).

[0123] Here, the first pultruded element 27' contacts the adjacent bushings 23 at a contact
area 45 formed on the second side surface 38, as indicated in figs. 13b-c. The first and second
gaps 43' has a radial distance that varies along the second side surface 38, as indicated in
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figs. 13a-c. This allows for an adaptive positioning of the first pultruded element 27" in the
longitudinal direction.

[0124] Fig. 14 shows the root end structure 19" comprising a fourth embodiment of the first
pultruded element 27" where the first pultruded element 27" has a local thickness smaller than
the outer diameter of the bushings 23. The inner and outer layers 29, 42 are here contacting
both the local inner sides 35 of the first pultruded elements and the local inner sides 43 of the
bushings 23.

[0125] Figs. 15a-b show two views of the root end structure 19" comprising a fifth embodiment
of the first pultruded element 27". Figs. 15b shows a simplified view of one first pultruded
element 27" where a pair of adjacent bushings 23 extends partly in the recesses 36 formed in
the first pultruded bushing 27"

[0126] Here, a central gap 43" is formed between the first and second side surfaces 38, 44
wherein the radial distance varies along the first circumference direction. A first contact area
45' and a second contact area 45" are further formed between the first and second side
surfaces 38, 44 where the bushings 23 are contacting the pultruded element 27" at these first
and second contact areas 45". This allows for an adaptive positioning of the first pultruded
element 27" in the width direction.

[0127] Here, the second side surface 38 has an alternative elliptical arc profile and the first
side surface 44 has a circular profile.

[0128] Figs. 16a-b show a sixth embodiment of the first pultruded element 27™ where the
second side surface of the recesses 36 comprises a planar surface portion 38' arranged
between two curved surface portions 38". The curved surface portions 38" may be shaped as
a circular arc segments, as indicated in fig. 16a. The inner arc segment has a first radius, ry,

and outer arc segment has a second radius, rp. The first and radiuses rq, r have the same or

different values.

[0129] The curved surface portions 38" may also be shaped as elliptical or super-elliptical arc
segments, as indicated in fig. 16b. The two elliptical arc segments have the same or different
major and minor radiuses.

[0130] The planar surface portion 38' functions as contact areas for contacting the bushings
23. Unlike the embodiments of figs. 15 and 17, the gaps 43 can be formed while maintaining a
minimum width between the recesses 36 in the width direction, as indicated by dashed lines in
fig. 16a.

[0131] Figs. 17a-b show three views of the root end structure 19" comprising a seventh
embodiment of the first pultruded element 27" where a continuous gap 43" is formed between
the first and second side surfaces 38, 44.
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[0132] The gap 43" has a uniform radial distance along the second side surface 38, as
indicated in fig. 17b. The second side surface 38 may have a circular arc profile with an equal
height, hy,, and width, wy,, and the first side surface 44 may further have a circular profile with

an equal height, hy, and width, w,, as indicated in fig. 17b. The first and second side surfaces

38, 44 may also have an elliptical arc profile, as indicated in fig. 17¢c. The first and second side
surfaces 38, 44 have a common centre point, but different radiuses. This increases the
flexibility of the adaptive positioning of the first pultruded element 27™'.

[0133] Here, the bushings 23 are not in a firm and close contact with the first pultruded
element 27™ as the first pultruded element 27™ is able to move to relative to the bushings in
both the thickness direction and in the width direction.

[0134] Figs. 18a-b shows a further alternative embodiment of the first pultruded element 27.
Here, the first pultruded element 27 is formed by a number of sub-pieces are arranged relative
to each other.

[0135] A first sub-piece 46 having a rectangular cross-sectional profile in the width direction is
arranged between a pair of adjacent bushings 23. A first set of second sub-pieces 47 is
arranged at the local inner side 34 and a second set of second sub-pieces 47 is arranged at
the local outer side 35. The individual second sub-pieces 47 of each set are positioned on
opposite facing sides of the first sub-piece 46.

[0136] In conventional root end design, as indicated in fig. 18a, all the first and second sub-
pieces 46, 47 are contacting the bushing 23 to prevent any relative movements. The first and
second sub-pieces 46, 47 together form an inscribed circular profile having equal height and
width.

[0137] In the present invention, as indicated in fig. 18b, only the first sub-piece 46 is contacting
the bushing 23 and the second sub-pieces 47' are spaced apart from the bushing 23 to form
the gaps 43. The first and second sub-pieces 46, 47' together form an inscribed substantial
elliptical profile having a height, h", that is greater than its width, w". Here, the bushing 23
forms a circumscribed circular profile having a height, h', and a width, w', of equal values. This
also allows for an adaptive positioning of the first pultruded elements 27 in the longitudinal
direction.

[0138] Fig. 19 shows a longitudinal view of the root end structure 19 with a misalignment
between the outer layers 42 and the first pultruded element 27 in the longitudinal direction.
This misalignment results in wrinkles 48 forming in the transition area between the inner and
outer layers 29, 42.

[0139] This misalignment may occur when evacuating the root end structure 19 during the
vacuum assisted resin infusion process.

[0140] Fig. 20 shows a longitudinal view of the root end structure 19 with the first pultruded
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element 27 conforming to the shape of the outer layers 42. This is achieved by providing one
or more gaps 43 between the first and second side surfaces 38, 44. The gaps 43 in turn
enable the first pultruded element 27 to move relative to the bushings 23 (indicated by arrow)
during the vacuum assisted resin infusion. Thereby, allowing the first pultruded elements 27 to
passively adapt its longitudinal position relative to the outer layers 42 during the vacuum
assisted resin infusion.

[0141] Fig. 21 shows a transverse view of the root end structure 19 with the first pultruded
element 27 arranged between a pair of adjacent bushings 23.

[0142] Here, the first pultruded element 27 is prevented from moving within the width plane
(indicated by arrow) relative to the bushings 23 and spacer elements 49 while being able to
move relative to the bushings 23 in the thickness plane, as indicated in fig. 20.

[0143] The spacer elements 49 are positioned relative to the bushings 23 and extend further in
the longitudinal direction. The spacer element 49 has a length substantially corresponding to
the local length of the second portion 27b of the first pultruded element 27. The spacer
element 49 has a tapered profile in the longitudinal direction corresponding to the tapered
profile of the second portion 27b. The abovementioned gaps 43, optionally, extend along the
length of the bushings 23 and further along at least a part of the length of the spacer element
49.

[0144] The abovementioned embodiments may be combined in any combinations without
deviating from the scope of the invention as defined in the appended claims.
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KRAV

1. Rodendestruktur (19) af en vindmgllevinge (5), hvor rodendestrukturen (19) udstraekker sig fra
en vingerod (7) ind i et rodendeafsnit (14) af en vingeskal (11), som er dannet af mindst en
vingedel med en indre overflade (21), en ydre overflade (22) og mindst en vingeforbindelseskant,
hvor rodendestrukturen (19) omfatter en flerhed af fastggrelseselementer (23), som er fordelt
langs med rodenden (7) af den mindst ene vingedel i en omkredsretning, hvor hvert
fastgarelseselement (23) har en fgrste inderside (39), en farste yderside (40) og modsat vendende
fgrste sider (41a, 41b), som hver udstraekker sig i leengderetningen, hvor et fgrste pultruderet
element (27) er anbragt mellem mindst ét par fastggrelseselementer (23), og hvor eventuelt et
andet pultruderet element (28') er anbragt mellem et yderste fastggrelseselement (23a) og en
vingeforbindelseskant (20a) , 20b) af den mindst ene vingedel, hvor hvert af det fgrste og andet
pultruderede elementer (27, 28) har en anden inderside (34), en anden ydre side (35) og modsat
vendende andre sider (33a, 33b), som yderligere udstraekker sig i leengderetningen, hvor en fgrste
sideflade (44) af fastgarelseselementet (23) danner en omskrevet profil med en fgrste bredde (wi)
og en fgrste hgjde (h1), og en anden sideflade (38) af det farste og andet pultruderede element
(27, 28) danner en indskrevet profil med en anden bredde (w2) og en anden hgjde (hz2), hvor den

indskrevne profil er en i det veesentlige elliptisk profil, kendetegnet ved at

- den indskrevne profil har et fgrste forhold mellem bredde og hgjde (w2/h2) og den
omskrevne profil har et andet bredde-til-hgjde-forhold (wi/h1), hvor det andet bredde-til-
hgjde-forhold er forskelligt fra det forste bredde-til-hgjde-forhold, og/eller

- den indskrevne profil og den omskrevne profil har et hgjdeforhold (hi/h2) mellem 0,8 og
0,95

sdledes at det farste pultruderede element (27) er i stand til at bevaege sig i forhold til de

tilstadende fastggrelseselementer (23) under vakuumassisteret infusion af resin.

2. Rodendestruktur ifglge krav 1, kendetegnet ved at den fgrste og anden sideflade (38, 44)

yderligere har et breddeforhold (wi/w2) mellem 0,8 og 1.

3. Rodendestruktur ifglge krav 1 eller 2, kendetegnet ved at den indskrevne profil har et fgrste
bredde-til-hgjde-forhold mellem 0,9 og 0,995.
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4. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 3, kendetegnet ved at det fgrste
pultruderede element (27) har en i det vaesentlige sommerfugleformet tvaarsnitsprofil i

bredderetningen.

5. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 4, kendetegnet ved at mindst ét
af det fgrste og det andet pultruderede element (27, 28) er dannet i et enkelt kontinuerligt stykke

eller i et antal understykker (46, 47), som er anbragt i forhold til hinanden.

6. Rodendestruktur ifglge krav 5, kendetegnet ved at fastggrelseselementet (23) og/eller mindst
ét af understykkerne (46, 47) er indhyllet i et fibermateriale langs med i det mindste en del af

lzengden af fastggrelseselementet (23) eller det mindst ene understykke.

7. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 6, kendetegnet ved at den anden
sideflade (38) har en kontinuerlig elliptisk profil, der udstraekker sig delvist eller helt langs med den
ene anden side (33a, 33b).

8. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 6, kendetegnet ved at den anden
sideflade (38) omfatter en plan overfladedel (38'), som er anbragt mellem to buede, f.eks.

elliptiske eller cirkulaere, overfladedele (38").

9. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 6, kendetegnet ved at den anden
sideflade (38) omfatter mindst to plane overfladedele, der er anbragt i en vinkel i forhold til

hinanden.

10. Rodendestruktur ifglge et hvilket som helst af kravene 1 til 9, kendetegnet ved at den fgrste
sideflade (44) har en i det vaesentlige cirkuleer, elliptisk eller polygonisk tvaersnitsprofil i
bredderetningen.

11. Vindmgllevinge, hvor vindmgllevingen (5) udstraekker sig fra en vingerod (7) til en spidsende
(8) i en leengderetning og yderligere fra en forkant (9) til en bagkant (10) i en kordevis retning,
hvor vindmgllevingen (5) omfatter en vingeskal (11), som er dannet af mindst to vingedele, der
hver har en indre overflade (21) og en ydre overflade (22), hvor de mindst to vingedele er

forbundet med mindst en vingeforbindelsesgraenseflade, der udstraskker sig i leengderetningen,
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hver vingeforbindelsesgraensefladen er defineret af en farste vingeforbindelseskant (20a) pé en
vingedel og en anden vingeforbindelseskant (20b) pd den anden vingedel, kendetegnet ved

at de mindst to vingedele omfatter en rodendestruktur (19), der er indrettet iflge et hvilket som
helst af kravene 1 til 10.

12. Fremgangsmdde til fremstilling af en vindmgllevinge, omfattende trinnene at:
- leegge et antal ydre lag (44) af et fibermateriale op pd en vingeformoverflade (26),

- tilvejebringe en flerhed af fastggrelseselementer (23), der er indrettet til at montere

vindmgllevingen (5) til en rotornavgraenseflade eller en pitch-lejeenhed,

- anbringe fastggrelseselementerne (23) i forhold til de ydre lag (44) ved en rodende (7) af

vindmgllevingen,

- anbringe et farste pultruderet element mellem mindst et par fastggrelseselementer og
eventuelt anbringe et andet pultruderet element mellem et yderste fastggrelseselement og
en vingeforbindelseskant af den mindst ene vingedel, hvor en fgrste sideflade (44) af
fastgarelseselementet (23) danner en omskrevet profil med en fgrste bredde (w1) og en
fgrste hgjde (hi), og en anden sideflade (38) af det fgrste og andet pultruderede element
(27, 28) danner en indskrevet profil med en anden bredde (w2) og en anden hgjde (h2),

hvor den indskrevne profil er en i det vaesentlige elliptisk profil,

- yderligere lzegge et antal indre lag (29) af fibermaterialet op langs med det fgrste
pultruderede element (23) og fastggrelseselementerne (23) for at danne en
rodendestruktur (19),

- omslutte i det mindste rodendestrukturen (19) via et vakuumposemateriale,

- indfgre resin i fibermaterialet ved anvendelse af en vakuumassisteret infusionsproces af

resin, og at
- haerde resinen for at danne en hzerdet vingedel,

kendetegnet ved at den indskrevne profil har et fgrste bredde-til-hgjde-forhold (w2/h2)
og den omskrevne profil har et andet bredde-til-hgjde-forhold (wi/h1), hvor det andet
bredde-til-hgjde-forhold er forskelligt fra det farste bredde-til-hgjde-forhold, og/eller den
indskrevne profil og den omskrevne profil har et hgjdeforhold (hi/h2) mellem 0,8 og 0,95,
sdledes at det fagrste pultruderede element (27) er i stand til at beveege sig i forhold til

fastggrelseselementerne (23) under den vakuumassisterede infusionsproces af resin.
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13. Fremgangsmdde ifglge krav 12, kendetegnet ved at anbringelsen af det fgrste pultruderede
element (27) omfatter at anbringe et understykke (46) mellem det mindst ene par
fastgarelseselementer (23) og at yderligere anbringe mindst ét saet yderligere understykker (47) i
forhold til det ene understykke (46) pd en lokal inder- eller yderside (34, 35) af det ene
understykke (46).

14. Fremgangsmdde ifglge krav 13, kendetegnet ved at fremgangsmdden yderligere omfatter i

det mindste trinnet at:

- indhylle ét af fastgarelseselementerne (23) og/eller ét af det ene understykke (46) og de
yderligere understykker (47) i et andet fibermateriale, eller at

- anbringe et andet fibermateriale mellem en fgrste sideflade (44) af fastggrelseselementet

(23) og en anden sideflade (38) af det farste pultruderede element (27).
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