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DESCRIPTION

Field of the Invention

[0001] The present invention relates to wind turbine blade with an access window extending
through its shell body for accessing an interior space of the blade. In addition, the present
invention relates to methods of manufacturing said blade.

Background of the invention

[0002] Wind power is one of the fastest-growing renewable energy technologies and provides
a clean and environmentally friendly source of energy. Typically, wind turbines comprise a
tower, generator, gearbox, nacelle, and one or more rotor blades. The kinetic energy of wind is
captured using known airfoil principles. Modern wind turbines may have rotor blades that
exceed 90 meters in length.

[0003] Wind turbine blades are usually manufactured by forming a shell body from two shell
parts or shell halves comprising layers of woven fabric or fibre and resin. Spar caps or main
laminates are placed or integrated in the shell halves and may be combined with shear webs
or spar beams to form structural support members. Spar caps or main laminates may be
joined to, or integrated within, the inside of the suction and pressure halves of the shell.

[0004] As the size of wind turbines increases, the manufacturing and transporting of wind
turbine blades becomes more challenging and costly. As a solution to this problem wind turbine
blades can be provided in two or more segments. This can result in an easier manufacturing
process and may reduce the cost of transportation and erection of wind turbines. The
respective blade segments may be transported to the erection site individually, where they can
be assembled to form the wind turbine blade.

[0005] However, several challenges are associated with such segmented design. These often
relate to the manufacturing and joining of the shell segments including load bearing structures
such as spar beams, shear webs or other internal components. Due to the fact that internal
parts of a wind turbine blade may have to be connected or disconnected as part of such
processes, a suitable access solution needs to be provided to access internal blade parts from
the outside of the blade.

[0006] WO 2011/067323 A2 discloses a sectional blade for a wind turbine, the blade
comprising a first and a second blade section extending in opposite directions from a blade
joint and being structurally connected by a spar bridge. A receiving section holds the spar
bridge via a bearing member, which comprises two bearing halves. The bearing halves are
assembled by bolts and connected to a spar section. The bolts may be tightened through
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openings in the blade shells, which may be filled afterwards to provide a smooth outer surface
of the blade.

[0007] WO 2012/167891 A1 relates to a rotor blade of a wind turbine having an accessible
cavity, wherein the rotor blade shell has a closable opening with a hatch closing flush with the
outer layer of the rotor blade shell. The opening is designed for rescuing maintenance workers
in the event of an accident or emergency. The hatch is permanently attached to the shell with a
hinge for opening the hatch with an inwardly or outwardly directed pivot movement.

[0008] US 2015/0167473 A1 discloses a method for modifying a rotor blade for a wind turbine,
the method comprising removing a cutout section from a shell of the rotor blade, wherein
removing the cutout section provides an access window to an interior support section of the
rotor blade and sealing the cutout section back to the shell to close the access window. The
method comprises connecting a support lip to at least a portion of a perimeter of the access
window for supporting the cutout section when it is sealed back to the shell. The support lip is
connected to the interior surface of the shell and is made of additional resin-infused fiber
material bonded to the shell.

[0009] Another document representing the prior art is EP 2 816 225 A1.

[0010] Some existing access solutions include a number of additional manufacturing steps
when moulding the shell body of the blade, in particular solutions in which the access opening
and its closing device are designed such that the closing device is flush with the surrounding
outer surface of the blade shell body. This will often require additional manufacturing steps
such as the moulding of recessed blade areas, adding to the complexity and cost of such
processes. In addition, some of the above-mentioned known solutions require the provision of
additional materials that have to be bonded to parts of the shell, why may be costly and which
may pose additional challenges in providing a secure bonding between the surfaces involved.
There is consequently a need in the art for providing an improved and/or simplified access
solution for wind turbine blades.

[0011] It is therefore an object of the present invention to provide a wind turbine blade with an
improved access opening arrangement.

[0012] Particularly, it is an object of the present invention to provide an access opening
arrangement for a wind turbine blade or related structures that is easy to manufacture and to
assemble.

[0013] It is another object of the present invention to provide an access opening arrangement
for a wind turbine blade or related structures that has minimal impact on blade performance,
such as aerodynamic properties

Summary of the invention
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[0014] It has been found that one or more of the aforementioned objects can be obtained by a
wind turbine blade having a profiled contour including a pressure side and a suction side, and
a leading edge and a trailing edge with a chord having a chord length extending therebetween,
the wind turbine blade extending in a spanwise direction between a root end and a tip end,
wherein the blade comprises

an outer surface,
an access window extending through a shell body of the blade,

a frame defining an opening, wherein the frame is arranged on top of the outer surface of the
blade such that the opening of the frame is aligned with the access window,

a cover member dimensioned for receipt within the frame for covering the opening of the frame
and for releasably closing the access window.

[0015] Such rotor blades can be manufactured with significantly reduced complexity required
in the tooling of the blade. By placing the frame on top of the outer surface, the number and
complexity of post moulding operations is greatly reduced. Advantageously, a separately
manufactured frame can be used, at a reduced cost, for example using an injection moulded
component. The shape of the frame can also be designed with various aerodynamic
optimisations that will reduce drag and the risk of operational noise creation.

[0016] In addition, the use of a dedicated frame which can be adhered to the outer surface of
the blade to receive the cover member provides a safer and more stable configuration as
compared to some of the known access arrangements, thus preventing undesired separation
of the cover member from the blade.

[0017] The blade will typically comprise two shell halves, a pressure side shell half and a
suction side shell half. The shell halves, optionally including one or more types of coating,
usually form a continuous outer surface of the blade. Preferably, the outer surface of the blade
serves as an aerodynamic surface when the blade is subjected to an air stream.

[0018] The access window may advantageously be configured to provide access to the interior
of at least a portion of the rotor blade. The access window may be cut out or drilled through the
shell body using a drill jig. It is preferred that the access window is formed in the suction side
shell half of the blade. Preferably, the access window is configured to allow access to an
internal spar element or shear web of the blade. Preferably, the access window is disposed
between a spar element, such as a box spar, and the trailing edge of the blade. The access
window may be provided by cutting the shell to form a cut-out section into and through the
shell body and removing the cut-out section to provide the access window. To this end, a
template or jig of the cut-out section can be placed on the outer surface of the shell body.
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[0019] In a preferred embodiment, the access window is substantially rectangular, such as a
rectangular shape with rounded corners. Thus, the access window may be formed by cutting a
substantially rectangular opening into the shell, preferably into the suction side shell half of the
blade, such that the shell is penetrated to allow access to an interior part of the blade.

[0020] In a preferred embodiment, the frame is arranged on top of the outer surface of the
blade along the edges of the access window such that the frame covers each edge of the
access window. Typically, the frame is fixed on the outer surface of the blade, for example, by
adhesive bonding. The frame will usually comprise four sides or frame members surrounding
the opening defined by the frame. In an advantageous embodiment, the frame has a
substantially rectangular shape, such as a rectangular shape with rounded corners, wherein
the opening defined by the frame is preferably also substantially rectangular, such as a
rectangular shape with rounded corners. The opening defined by the frame will usually have
smaller dimensions, such as a smaller area, than the dimensions or area of the access
window.

[0021] The thickness of the frame may taper towards the outer circumference of the frame.
This ensures a smooth transition between the outer blade surface and the frame. Thus, an
outer edge of the frame may have a lower thickness than an inner edge of the frame.
Preferably, the thickness of the frame tapers in a continuous fashion from the inner edge,
adjacent to the opening defined by the frame, to the outer edge of the frame.

[0022] The opening defined by the frame is aligned with the access window. Thus, interior
parts of the blade may be accessed through the aligned opening and access window.
Preferably, the area of the opening of the frame corresponds to at least 50%, such as at least
75%, or at least 90% of the area of the access window. Preferably, the opening defined by the
frame is aligned such with the access window that the opening is arranged at the centre of the
access window.

[0023] The cover member is dimensioned for receipt within the frame for covering the opening
of the frame and for releasably closing the access window. Thus, the cover member has at
least the same extent or surface area than the extent or surface area of the opening defined
by the frame.

[0024] The cover member will usually comprise an outer surface and an opposing inner
surface, wherein the inner surfaces faces towards the interior of the wind turbine blade when
the cover member is arranged within and fixed to the frame. The outer surface of the cover
member can be a curved or profiled surface, which preferably has the same curvature or
profile as the outer surface of the shell member at that location of the blade. In some
embodiments, the cover member comprises a thermoplastic material, such as a thermoplastic
polyurethane.

[0025] According to one embodiment, the access opening allows for inserting and/or
withdrawing a chordwise locking pin into an internal blade element, such as a spar structure,
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preferably a spar beam or box spar.

[0026] Preferably, the wind turbine blade of the present invention may comprise at least one
locking pin for releasably locking two or more spar elements to each other. The wind turbine
blade of the present invention preferably comprises two or more segments, such as a tip end
segment and a root end segment, each segment comprising a pressure side shell member
and a suction side shell member. Typically, the wind turbine blade comprises one or more
shear webs or spar beams. In some embodiments, a first spar structure is arranged in a first
blade segment and a second spar structure is arranged in a second blade segment.

[0027] In a preferred embodiment, at least part of the frame protrudes above the outer surface
of the blade. Thus, the frame preferably extends beyond the outer blade surface in a flapwise
direction. It was found that this configuration allows for a considerably easier manufacturing
process as compared to known access solutions for wind turbine blades. Thus, the frame can
be easily fixed on the outer blade surface without having to provide for flush surfaces or having
to account for manufacturing tolerances in this regard. The dimensioning and fitting of the
cover member within the frame can be done independently from the blade shell manufacturing
process. In some embodiments, the frame protrudes above the outer surface of the blade by
at least 5 mm, such as at least 10 mm.

[0028] In a preferred embodiment, the frame comprises one or more aerodynamic surface
features, such as one or more vortex generators. These may be advantageously included to
improve the aerodynamic properties of the blade.

[0029] In a preferred embodiment, the frame further comprises one or more noise-reducing
features, such as one or serrations. These may be advantageously included to reduce
operational noise of blade, including any noise created by including the framed access window
of the present invention. In a preferred embodiment, one or more serrations, such as at least
two, or preferably at least three serrations, are integrally formed as part of the frame.

[0030] In another embodiment, the cover member further comprises one or more noise-
reducing features, such as one or serrations. These may be advantageously included to
reduce operational noise of blade, including any noise created by including the framed access
window of the present invention. In a preferred embodiment, one or more serrations, such as
at least two, or preferably at least three serrations, are integrally formed as part of the cover
member. In some embodiments, the cover member comprises one or more noise reduction
devices such as serrations, ridges, and/or finlets. Thus, the cover member may
advantageously comprise a plurality of serrations, such as at least 5 serrations.

[0031] In a preferred embodiment, the cover member comprises one or more aerodynamic
surface features, such as one or more vortex generators. These may be advantageously

included to improve the aerodynamic properties of the blade.

[0032] In a preferred embodiment, at least part of the frame extends beyond the trailing edge
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of the blade as seen in a chord-wise direction. In some embodiments, the frame extends
beyond the trailing edge of the blade by at least 10 mm, such as at least 50 mm as seen in a
chord-wise direction.

[0033] In a preferred embodiment, the cover member is releasably fastened to the frame.
According to one embodiment, one or more fasteners are used in this regard. In a preferred
embodiment, the fasteners are single-sided fasteners, preferably rivets. This results in an easy
and efficient fastening method, which is safe and cost-effective. In a preferred embodiment,
the one or more fasteners are screw rivets. Screw rivets may be made of a polymer material
such as nylon, and may comprise two separate parts which can be assembled. In other
embodiments, the one or more fasteners comprise rivet screws, such as rivet screws which
can be screwed into the threaded sleeve of a rivet tool, wherein the rivet sleeve can be
inserted into a hole. Rivet screws may be used in combination with one or more additional
screwed components for releasably fastening the cover member to the blade shell member.

[0034] In a preferred embodiment, the cover member is releasably fastened to the frame by
one or more fasteners made of one or more dielectric materials. In a preferred embodiment,
the one or more fasteners comprise a dielectric material. Preferably the one or more fasteners
consist of one or more dielectric material. This is particularly advantageous when the framed
access window is part of a lightning protection system of a wind turbine blade. In some
embodiments, the dielectric material is a polymer, preferably a polyamide, preferably nylon,
most preferred Nylon 6. It is thus preferred that the one or more fasteners are non-metallic
fasteners.

[0035] In a preferred embodiment, each fastener is releasably inserted in aligned respective
holes provided in the cover member and in the frame. In some embodiments, each of the
cover member and the frame comprises at least four holes for receiving fasteners therein. In
another embodiment, the holes provided in the cover member are arranged annularly along an
outer circumference of the cover member. Thus, each hole may be located not further than 50
mm, such as not further than 30 mm, from an outer edge of the cover member.

[0036] In a preferred embodiment, the aligned respective holes provided in the cover member
and the frame are arranged such that the cover member can be releasably fastened to the
frame in a single spatial orientation only. Thus, it can be prevented that the cover member is
attached to the frame in an incorrect orientation.

[0037] In another embodiment, the cover member is releasably fastened to the frame by using
a pre-moulded interlocking clip arrangement between the two parts. This may also include a
sealing member arranged between the cover member and the frame. The interlocking clip
arrangement may be provided in the form of a self-sprung interlocking structure. Such
fastening solution may advantageously increase the aerodynamic smoothness in the area of
the framed access window.

[0038] In a preferred embodiment, the frame comprises a front member, a rear member and
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two lateral members wherein the opening defined by the frame is substantially rectangular.
Thus, the front member, the rear member and the two lateral members preferably together
surround and define the opening of the frame. The thickness of each of the front member, rear
member or lateral members may taper towards the outer circumference of the frame. This
ensures a smooth transition between the outer blade surface and the frame.

[0039] In a preferred embodiment, the front member is arranged substantially parallel to the
leading edge of the blade, wherein the rear member is arranged substantially parallel to the
trailing edge of the blade. Thus, preferably the lateral members are arranged substantially in a
chordwise direction. In a preferred embodiment, the front member is arranged closer to the
leading edge of the blade than the rear member.

[0040] In a preferred embodiment, the rear member comprises one or more noise reduction
devices such as serrations, ridges, and/or finlets. Thus, the rear member of the frame may
advantageously comprise a plurality of serrations, such as at least 5 serrations.

[0041] In a preferred embodiment, the front member is shaped in waveform or as a plurality of
serrations. In a preferred embodiment, the serrations are formed as an integral part of the
front member.

[0042] In a preferred embodiment, the front member comprises one or more vortex
generators. The vortex generators may be formed integrally with the front member of the
frame.

[0043] Typically, the shell body comprises a pressure side shell member and at least one
suction side shell member.

[0044] In a preferred embodiment, at least one sealing member is arranged between the cover
member and the frame. This advantageously leads to a tight fit and to an efficient barrier to
moisture and/or debris through the closed access window. The sealing member arranged
between the cover member and the frame will preferably be a gasket, preferably an annular
gasket which usually has substantially the same shape as the outer circumference of the cover
member. The sealing member may be adhesively fastened or bonded to the frame. Preferably,
a plurality of fasteners is used for releasably fastening the cover member to the frame, such as
two or more, five or more, most preferably ten or more fasteners.

[0045] In a preferred embodiment, the framed access window comprises a retaining member
connecting the cover member and the blade independently of the one or more fasteners. The
retaining member preferably comprises a pad eye, such as a soft pad eye, attached to the
cover member, preferably an inner surface thereof. The retaining member may further
comprise a chord or strap attached to the pad eye at one end and attached to the frame or to
the inside of the wind turbine blade at another end. The retaining member helps to secure the
cover member to the blade when the cover member is opened at height, for example during
maintenance or other operations in which access to the inside of the blade is necessary.



DK/EP 4103834 T3

[0046] In a preferred embodiment, the sealing member is an annular gasket, preferably
comprising an ethylene propylene diene monomer (EPDM) material, such as a EPDM sponge
rubber or EPDM foam. In some embodiments, the frame opening has a height of 450-650 mm,
such as 500-600 mm, and a width of 350-550 mm, such as 400-500 mm. In a preferred
embodiment, the frame opening covers an area of not more than 0.25 m2, such as not more
than 0.2 m2. It was found that such comparatively small openings lead to minimal aerodynamic
disturbance yet allowing the servicing of internal parts such as locking pin arrangements and
connections of a lightning protection system.

[0047] In another embodiment, the access opening arrangement further comprises a self-
adhesive layer provided between the cover member and the frame. According to one
embodiment, the cover member is substantially made of the same material as the blade shell
body.

[0048] In a preferred embodiment, the frame is adhesively bonded to the shell member. In
some embodiments, double-sided tape, glue, resin or a similar adhesive material is used in this
regard.

[0049] In a preferred embodiment, the frame is manufactured in an injection moulding
process. This allows for a particularly cost-efficient and simple manufacturing process of the
blade of the present invention.

[0050] In a preferred embodiment, the opening extends over an area of not more than 0.25

m?2.

[0051] In another aspect, the present invention relates to a method of manufacturing a wind
turbine blade having a profiled contour including a pressure side and a suction side, and a
leading edge and a trailing edge with a chord having a chord length extending therebetween,
the wind turbine blade extending in a spanwise direction between a root end and a tip end,
wherein the blade comprises

an outer surface, the method comprising the steps of

cutting an access window through a shell body of the blade,

arranging a frame defining an opening on top of the outer surface of the blade such that the
opening of the frame is aligned with the access window, and

arranging a cover member within the frame to cover the opening of the frame and to close the
access window.

[0052] Typically, the outer surface is a profiled surface, wherein preferably the access window
is provided at a location of said profiled surface.
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[0053] In another aspect, the present invention relates to a method of manufacturing a wind
turbine blade according to the present invention, the method comprising the steps of:

« manufacturing a pressure side shell half and a suction side shell half,

« arranging a spar structure within the pressure side shell half or within the suction side
shell half, the spar structure comprising a first part and a second part, the first and
second part being releasably coupled to each other,

+ cutting an access window through the suction side shell half or the pressure side shell
half, preferably the suction side shell half,

« arranging a frame defining an opening on top of the outer surface of the blade such that
the opening of the frame is aligned with the access window extending through the shell
half,

« bonding the frame to the shell half, and

» arranging the cover member within the frame for covering the opening of the frame and
for closing the access window.

+ joining the pressure side shell half and the suction side shell half for obtaining a closed
shell body,

« cutting the closed shell body along a cutting plane substantially normal to the spanwise
direction of the closed shell body to obtain a first and a second blade segment, each
blade segment comprising part of the pressure side shell half and part of the suction
side shell half, wherein the spar structure extends across the cutting plane,

» uncoupling the first and second part of the spar structure,

= separating the first blade segment from the second blade segment,

¢ joining and sealing the first blade segment to the second blade segment for obtaining
the wind turbine blade,

wherein the spar structure comprises at least one locking pin for releasably coupling the first
part to the second part of the spar structure through aligned respective locking apertures in
each of the first and second part of the spar structure.

[0054] In a preferred embodiment, the step of uncoupling the first and second part of the spar
structure comprises withdrawing the locking pin from the aligned respective apertures in each
of the first and second part of the spar structure via the access window.

[0055] In a preferred embodiment, the method further comprises a step of re-inserting the
locking pin into the aligned respective apertures in each of the first and second part of the spar
structure via the access window, after joining and sealing the first blade segment to the second
blade segment.

[0056] By manufacturing the wind turbine blade using a spar structure comprising a first part
and a second part, releasably coupled to each other, an efficient and elegant method is
provided for segmenting and re-assembling such wind turbine blade, including uncoupling and
preferably re-coupling said parts.
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[0057] Preferably, the pressure side shell half and the suction side shell half are manufactured
over the entire length of the wind turbine blade, i.e. over their entire final length. The pressure
side shell half and the suction side shell half will typically be adhered or bonded to each other
near the leading edge and near the trailing edge. Each shell half may comprise
longitudinally/spanwise extending load carrying structures, such as one or more main
laminates or spar caps, preferably comprising reinforcement fibres such as glass fibres, carbon
fibres, aramid fibres, metallic fibres, such as steel fibres, or plant fibres, or mixtures thereof.
The shell halves will typically be produced by infusing a fibre lay-up of fibre material with a
resin such as epoxy, polyester or vinyl ester.

[0058] Usually, the pressure side shell half and the suction side shell half are manufactured
using mould structures. Each of the shell halves may comprise spar caps or main laminates
provided along the respective pressure and suction side shell members. The spar caps or
main laminates may be affixed to the inner faces of the shell halves. The spar structure is
preferably a longitudinally extending load carrying structure, preferably comprising a beam or
spar box for connecting and stabilizing the shell halves. The spar structure may be adapted to
carry a substantial part of the load on the blade.

[0059] The spar structure preferably comprises a first part and a second part, the first and
second part being releasably coupled to each other, such as releasably fixed or locked to each
other. In some embodiments, the first and second part are releasably coupled to each other by
one or more mechanical devices. In some embodiments, the first and second part are
releasably coupled to each other by a mechanical locking mechanism. The second part of the
spar structure may advantageously comprise a spar beam or a spar box. The first part of the
spar structure may preferably comprise an arrangement for receiving the second part, such as
a hollow member or a sheath.

[0060] The step of joining the pressure side shell half and the suction side shell half for
obtaining a closed shell body may be carried out using any suitable joining mechanism or
process, including adhesives, bonding material, mechanical fasteners, and any combination of
the same. The closed shell is preferably a full-length preform of the final wind turbine blade
obtainable by the method of the present invention.

[0061] In the step of cutting the closed shell body the closed shell is cut along a cutting plane
substantially normal to the spanwise direction or longitudinal axis of the closed shell. In other
words, the spanwise direction or longitudinal axis of the closed shell is substantially normal to
said cutting plane. It is preferred that only the shell body is cut along the cutting plane. It is also
preferred that the spar structure is not cut in this step.

[0062] In some embodiments, the first blade segment constitutes 30-80%, such as 40-70%, of
the entire longitudinal extent of the blade. In some embodiments, the second blade segment
constitutes 10-50%, such as 20-40%, of the entire longitudinal extent of the blade.
Advantageously, the spar structure extends across the cutting plane, preferably without being
cut. The first and second blade segments may include respective ends with complimentary
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joint sections that are joinable at a chord-wise joint.

[0063] The step of uncoupling the first and second part of the spar structure is preferably
performed by unlocking a mechanical locking mechanism. After separating the first blade
segment from the second blade segment, the individual blade segments may be individually
transported, for example by respective trucks. The first blade segment and the second blade
segment may be transported to an erection site for a wind turbine. The step of joining and
sealing the first blade segment to the second blade segment for obtaining the wind turbine
blade may advantageously be performed at the erection site of the wind turbine. This step may
be carried out using any suitable joining and/or sealing mechanism or process, including
adhesives, bonding material, mechanical fasteners, and any combination of the same.

[0064] In a preferred embodiment, the first part of the spar structure is fixed to the first blade
segment. In some embodiments, the first part of the spar structure is glued or adhered to the
first blade segment, preferably to both the partial suction side shell half and the partial
pressure side shell half. In a preferred embodiment, the first part of the spar structure does not
extend beyond the first blade segment.

[0065] According to some embodiments, the second part of the spar structure is fixed, such as
glued or adhered, to the second blade segment, preferably to both partial shell halves. The
second part of the spar structure preferably extends beyond the second blade segment into
the first blade segment. Thus, the second part of the spar structure preferably protrudes from
within the second part of the spar structure. In a preferred embodiment, the first blade
segment comprises the root end of the blade. In another preferred embodiment, the second
blade segment comprises the tip end of the blade. The blade may be also cut into more than
two segments.

[0066] In some embodiments, the second part of the spar structure comprises a spar member,
such as a spar beam or a spar box, the spar box preferably comprising at least one spar beam
and at least one spar flange. In some embodiments, the first part of the spar structure
comprises a receiving member, preferably a sheath member, for at least partly receiving or
enclosing the second part of the spar structure. In some embodiments, the second part of the
spar structure comprises a spar member, which is at least partly received or enclosed in a
receiving structure. The receiving structure can be a jacket, for example a jacket comprising a
mesh or net-like structure. In some embodiments, the jacket is made of the same material as
the sheath member of the first part of the spar structure. It is preferred that the jacket is a
conductive jacket.

[0067] According to some embodiments, the sheath member is substantially box-shaped. In
other embodiments the sheath member is hollow. In other embodiments, the sheath member
comprises a mesh or a net-structure. In a preferred embodiment, the sheath member is a
conductive sheath member. In a preferred embodiment, the conductive sheath member is part
of a lightning protection system of the wind turbine blade. In a preferred embodiment the
conductive sheath member of the first part and the conductive jacket of the second part are
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both part of a lightning protections system of a wind turbine blade.

[0068] In a preferred embodiment, the spar structure comprises at least one locking pin for
releasably coupling the first part to the second part of the spar structure through aligned
respective locking apertures in each of the first and second part of the spar structure. In other
embodiments, the spar structure comprises two or more, such as three or more, or four or
more, locking pins and two or more, such as three or more, or four or more, respective locking
apertures in each of the first and second part of the spar structure. Preferably, the locking
apertures are respective through holes formed in the sheath member and the spar member,
respectively.

[0069] In a preferred embodiment, the pressure side shell half and the suction side shell half
are manufactured in respective mould halves, preferably by vacuum assisted resin transfer
moulding. According to some embodiments, the pressure side shell half and the suction side
shell half each have a longitudinal extent L of 50-90 m, preferably 60-80 m.

[0070] The framed access window of the present invention advantageously allows for
installation of a chordwise locking pin for releasably coupling a first part to a second part of a
spar structure. The framed access window may also be used to access internal parts within a
wind turbine blade such as connections of a blade lightning protection system or for general
maintenance operations. It was found that the framed access window of the present invention
minimizes or completely avoids negative impacts on the aerodynamic performance and
structural integrity of the wind turbine blade, while efficiently preventing influx and efflux of
liquid or debris.

[0071] The present invention also relates to a wind turbine blade obtainable by the method of
manufacturing a wind turbine blade as described above. The present wind turbine blade can
be easily and efficiently assembled due to its spar structure and its coupling and decoupling
properties.

[0072] As used herein, the term "spanwise" is used to describe the orientation of a
measurement or element along the blade from its root end to its tip end. In some
embodiments, spanwise is the direction along the longitudinal axis and longitudinal extent of
the wind turbine blade.

Description of the Invention

[0073] The invention is explained in detail below with reference to an embodiment shown in
the drawings, in which

Fig. 1 shows a wind turbine,

Fig. 2 shows a schematic view of a wind turbine blade,
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Fig. 3 shows a schematic view of a cross-section of a wind turbine blade,

Fig. 4 is a schematic cut-open view of a wind turbine blade,

Fig. 5 is an enlarged view of the encircled section in Fig. 4, and

Figs. 6, 7 and 8 are perspective views of a spar structure,

Fig. 9 is a partial perspective view of an access opening of a wind turbine blade,
Fig. 10 is a perspective partial view of a wind turbine rotor blade,

Fig. 11 is a perspective partial view of a wind turbine rotor blade according to the present
invention,

Fig. 12 is a cross sectional view through a wind turbine rotor blade according to the present
invention at the location of the access window and the frame, and

Fig. 13 is a top view of a frame according to the present invention.

Detailed Description

[0074] Fig. 1 illustrates a conventional modern upwind wind turbine according to the so-called
"Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially horizontal rotor
shaft. The rotor includes a hub 8 and three blades 10 extending radially from the hub 8, each
having a blade root 16 nearest the hub and a blade tip 14 farthest from the hub 8. The rotor
has a radius denoted R.

[0075] Fig. 2 shows a schematic view of a wind turbine blade 10. The wind turbine blade 10
has the shape of a conventional wind turbine blade and comprises a root region 30 closest to
the hub, a profiled or an airfoil region 34 farthest away from the hub and a transition region 32
between the root region 30 and the airfoil region 34. The blade 10 comprises a leading edge
18 facing the direction of rotation of the blade 10, when the blade is mounted on the hub, and
a trailing edge 20 facing the opposite direction of the leading edge 18.

[0076] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 30 due to structural
considerations has a substantially circular or elliptical cross-section, which for instance makes it
easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root
region 30 may be constant along the entire root area 30. The transition region 32 has a
transitional profile gradually changing from the circular or elliptical shape of the root region 30
to the airfoil profile of the airfoil region 34. The chord length of the transition region 32 typically
increases with increasing distance r from the hub. The airfoil region 34 has an airfoil profile
with a chord extending between the leading edge 18 and the trailing edge 20 of the blade 10.
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The width of the chord decreases with increasing distance r from the hub.

[0077] A shoulder 40 of the blade 10 is defined as the position, where the blade 10 has its
largest chord length. The shoulder 40 is typically provided at the boundary between the
transition region 32 and the airfoil region 34. Fig. 2 also illustrates the longitudinal extent L,
length or longitudinal axis of the blade.

[0078] It should be noted that the chords of different sections of the blade normally do not lie in
a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus providing
the chord plane with a correspondingly twisted and/or curved course, this being most often the
case in order to compensate for the local velocity of the blade being dependent on the radius
from the hub.

[0079] The blade is typically made from a pressure side shell part 36 and a suction side shell
part 38 that are glued to each other along bond lines at the leading edge 18 and the trailing
edge of the blade 20.

[0080] Fig. 3 shows a schematic view of a cross section of the blade along the line I-I shown in
Fig. 2. As previously mentioned, the blade 10 comprises a pressure side shell part 36 and a
suction side shell part 38. The pressure side shell part 36 comprises a spar cap 41, also called
a main laminate, which constitutes a load bearing part of the pressure side shell part 36. The
spar cap 41 comprises a plurality of fibre layers 42 mainly comprising unidirectional fibres
aligned along the longitudinal direction of the blade in order to provide stiffness to the blade.
The suction side shell part 38 also comprises a spar cap 45 comprising a plurality of fibre
layers 46. The pressure side shell part 38 may also comprise a sandwich core material 43
typically made of balsawood or foamed polymer and sandwiched between a number of fibre-
reinforced skin layers. The sandwich core material 43 is used to provide stiffness to the shell in
order to ensure that the shell substantially maintains its aerodynamic profile during rotation of
the blade. Similarly, the suction side shell part 38 may also comprise a sandwich core material
47.

[0081] The spar cap 41 of the pressure side shell part 36 and the spar cap 45 of the suction
side shell part 38 are connected via a first shear web 50 and a second shear web 55. The
shear webs 50, 55 are in the shown embodiment shaped as substantially I-shaped webs. The
first shear web 50 comprises a shear web body and two web foot flanges. The shear web body
comprises a sandwich core material 51, such as balsawood or foamed polymer, covered by a
number of skin layers 52 made of a number of fibre layers. The blade shells 36, 38 may
comprise further fibre-reinforcement at the leading edge and the trailing edge. Typically, the
shell parts 36, 38 are bonded to each other via glue flanges.

[0082] Fig. 4 is a schematic cut-open, exploded view of a wind turbine blade according to a co-
pending application of the present applicant, wherein Fig. 5 is an enlarged view of the encircled
section in Fig. 4. A pressure side shell half and a suction side shell half are typically
manufactured over the entire length L of the wind turbine blade 10. A spar structure 62 is
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arranged within the shell. The spar structure 62 comprising a first part 64 and a second part
66, the first and second part being releasably coupled to each other, as shown in Fig. 8. The
method advantageously comprises fixing the first part 64 of the spar structure 62 to one or
both of the shell halves within the first blade segment 68 and fixing the second part 66 of the
spar structure to one or both of the shell halves within the second blade segment 70.

[0083] The shell halves are then closed and joined, such as glued together for obtaining a
closed shell, which is subsequently cut along a cutting plane 69 substantially normal to the
spanwise direction or longitudinal extent of the blade to obtain a first blade segment 68 and a
second blade segment 70. The cutting plane 69 coincides with an end surface 65 of the first
part 64 of the spar structure.

[0084] As seen in Figs. 4 and 5, the spar structure 62 extends across the cutting plane 69. As
best seen in Fig. 5, the first part 64 of the spar structure 62, which takes the form of a box-
shaped sheath member for at least partly enclosing the second part 66 of the spar structure in
the illustrated embodiment, is fixed to the first blade segment 68. The second part 66 of the
spar structure 62, which comprises a spar box in the illustrated embodiment, is fixed to the
second blade segment 70, wherein the second part 66 extends beyond the second blade
segment 70 into the first blade segment 68, when the blade segments are assembled.

[0085] Fig. 5 also illustrates an access opening 80 within the upper half of the illustrated shell
for accessing the spar structure and coupling and uncoupling the first and second part of the
spar structure 62. For uncoupling, a locking pin, as illustrated in Figs. 6-8, is withdrawn from
the aligned respective apertures 76, 78 in each of the first and second part of the spar
structure via the access opening 80. Prior to, or after, joining and sealing the first blade
segment 68 to the second blade segment 70 for obtaining the wind turbine blade, the method
advantageously comprises re-coupling the first and second part of the spar structure, via the
access opening 80, as illustrated in Fig. 8, by re-inserting the locking pin 74 into the aligned
respective apertures 76, 78 in each of the first and second part of the spar structure. As seen
in Figs. 4 and 5, the cutting step d1) does not comprise cutting the spar structure, only the
shell halves are cut. In addition, two shear webs 82a, 82b are arranged within the first blade
segment.

[0086] Figs. 6, 7 and 8 illustrate an embodiment of the spar structure 62 with the first part 64 in
the form of a conductive, box-shaped sheath member according to a co-pending application of
the present applicant. Preferably, the conductive sheath member is part of a lightning
protection system of the wind turbine blade. The second part 66 of the spar structure
comprises a box spar 67, part of which is encased in a jacket 72, for example comprising a
conductive mesh 72. The spar structure 62 comprises a locking pin 74 for releasably coupling
the first part 64 to the second part 66 of the spar structure through aligned respective locking
apertures 76, 78 in each of the first and second part of the spar structure.

[0087] Fig. 9 is a partial perspective view of an access opening 180 of a wind turbine blade.
The wind turbine blade comprises a shell member 138, such as a suction side shell half, with
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an outer surface 110. The shell member 138 may comprise a first segment 168, such as a root
end segment, connected to a second segment 170, such as a tip end segment. An access
opening 180 is provided in the blade shell member 138 for allowing access to a hollow space
within the blade, e.g. for inserting or withdrawing a locking pin 174 as described above.

[0088] Fig. 10 is a partial perspective view of a wind turbine rotor blade 10 with an outer
surface 110, here illustrating the outer surface of a suction side shell half 138. In manufacturing
the blade of the present invention, an access window 94 is cut through a shell body of the
blade for allowing access to the interior thereof, as indicated by the hatched line in Fig. 10. In
the illustrated example of Fig. 10, the access window is substantially rectangular and is
provided close to the trailing edge of the blade.

[0089] As illustrated in Fig. 11, a frame 96, which defines an opening 97, is arranged on top of
the outer surface 110 of the blade 10 such that the opening 97 of the frame 96 is aligned with
the access window 94. The frame 96 is preferably adhesively bonded to the blade surface.
Part of the frame 96 extends beyond the trailing edge 20 of the blade as seen in a chord-wise
direction. As illustrated in Fig. 12, a cover member 92 is arranged within the frame 96 to cover
the opening 97 of the frame 96 and to close the access window. The cover member 92 is
releasably fastened to the frame 96 by one or more fasteners 95 preferably made of one or
more dielectric materials.

[0090] As seen in Figs. 11 and 12, the frame 96 and the cover member 92 protrude above the
outer surface of the blade. Also, the frame 96 may comprises one or more aerodynamic
surface features, such as one or more vortex generators, or noise reducing features such as
one or more serrations 101, as illustrated in Fig. 13. The illustrated frame 96 is substantially
rectangular and comprises a front member 99a, a rear member 99b and two lateral members
99c¢, 99d. The opening 97 is also substantially rectangular.

[0091] As illustrated in Fig. 11, the front member 99a is arranged substantially parallel to the
leading edge of the blade, and the rear member 99b is arranged substantially parallel to the
trailing edge 20 of the blade, wherein the front member 99a is arranged closer to the leading
edge of the blade than the rear member 99b. The rear member 99b comprises one or more
noise reduction devices such as serrations 101. Figs. 11 and 12 also illustrate that the
thickness tf of the frame tapers towards the outer circumference of the frame. This ensures a

smooth transition between the outer blade surface and the frame.

[0092] The invention is not limited to the embodiments described herein and may be modified
or adapted without departing from the scope of the present invention.
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KRAV

1. En vindmgllevinge (10) med en profileret kontur omfattende en trykside og en
sugeside, og en forkant og en bagkant med en korde der har en kordelaengde der
straekker sig derimellem, hvor vindmgllevingen straekker sig i en spaendvidde
retning mellem en rodende og en spidsende, hvor vingen omfatter

en ydre overflade (110),

et adgangsvindue (94), der straekker sig gennem et skallegeme af vingen,
kendetegnet ved

en ramme (96), der definerer en abning (97), hvor rammen (96) er anbragt
oven pa den ydre overflade af vingen, saledes at abningen af rammen (96)
flugter med adgangsvinduet,

et deekelement (92), der er dimensioneret til at blive modtaget inden i
rammen (96) for at deekke abningen (97) af rammen og for lgsbart (ENG:
releasably) at lukke adgangsvinduet.

2. Vindmgillevinge ifglge krav 1, hvor i det mindste en del af rammen (96) rager
ud over den ydre overflade af vingen.

3. Vindmgllevinge ifglge krav 1 eller 2, hvor rammen (96) omfatter et eller flere
aerodynamiske overfladeelementer, sdsom en eller flere hvirvelgeneratorer.

4. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor rammen
(96) omfatter en eller flere stgjreducerende elementer, sdsom en eller flere
takker.

5. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor i det
mindste en del af rammen (96) straekker sig ud over den bageste kant af vingen
set i en kordemaessig retning.
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6. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor
daekelementet (92) er Igsbart fastgjort til rammen (96).

7. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor rammen
(96) omfatter et frontelement (99a), et bagelement (99b) og to sideelementer
(99c, 99d), hvor abningen (97) i det vaesentlige er rektangulser, hvor
frontelementet er anbragt i det vaesentlige parallelt med vingens forkant, og hvor
bagelementet er anbragt i det vaesentlige parallelt med vingens bagkant, hvor
frontelementet er anbragt taettere pa vingens forkant end bagelementet, og hvor
bagelementet omfatter en eller flere stgjreduktionsanordninger, sdsom takker,
kamme og/eller finner.

8. Vindmgillevinge ifglge krav 7, hvor frontelementet er formet i bglgeform eller
som en flerhed af takker.

9. Vindmgllevinge ifglge krav 7 eller 8, hvor frontelementet omfatter en eller flere
hvirvelgeneratorer.

10. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor
rammen (96) er fremstillet i en sprgjtestgbningsproces.

11. Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor
daekelementet (92) er Igsbart fastgjort til rammen (96) ved hjeelp af en eller flere
fastggrelseselementer fremstillet af et eller flere dielektriske materialer.

12. Fremgangsmade til fremstilling af en vindmgllevinge med en profileret kontur
omfattende en trykside og en sugeside, og en forkant og en bagkant med en
korde der har en kordelaengde der straekker sig derimellem, hvor vindmgllevingen
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streekker sig i en spaendvidde retning mellem en rodende og en spidsende, hvor
vingen omfatter en ydre overflade, hvor fremgangsmaden omfatter trinene

at skaere et adgangsvindue (94) gennem et skallegeme af vingen,

at arrangere en ramme (96) der definerer en &bning (97) oven pa den ydre
overflade af vingen, saledes at abningen af rammen flugter med
adgangsvinduet, og

at anbringe et deekelement (92) inden i rammen (96) for at daekke dbningen
af rammen og for at lukke adgangsvinduet.

13. Fremgangsmade til fremstilling af en vindmgllevinge ifglge et hvilket som helst
af kravene 1-11, omfattende trinene:

- fremstilling af en tryksideskalhalvdel og en sugesideskalhalvdel,

- anbringelse af en bjeelkestruktur (ENG: spar structure) inden i
tryksideskalhalvdelen eller inden i sugesideskalhalvdelen, hvor
bjaelkestrukturen (62) omfatter en fgrste del (64) og en anden del (66), hvor
den fgrste og anden del (66) er lgsbart koblet sammen,

- skaering af et adgangsvindue gennem sugesideskalhalvdelen eller
tryksideskalhalvdelen,

- anbringelse af en ramme oven pa vingens ydre overflade, sdledes at
rammens abning flugter med adgangsvinduet, der straekker sig gennem
skalhalvdelen,

- faestning (ENG: bonding) af rammen til skalhalvdelen, og

- anbringelse af daekelementet (92) inden i rammen for at daekke abningen
af rammen og for at lukke adgangsvinduet,

- sammenfgjning af tryksideskalhalvdelen og sugesideskalhalvdelen for at
opna et lukket skallegeme,

- skaering af det lukkede skallegeme langs et skaereplan (69) i det
vaesentlige vinkelret pa spaendvidden af det lukkede skallegeme for at opna
et fgrste og et andet vingesegment (70), hvor hvert vingesegment omfatter
en del af tryksideskalhalvdelen og en del af sugesideskalhalvdelen, hvor
bjaelkestrukturen (62) straekker sig hen over skeereplanet (69),

- afkobling af den fgrste og anden del (66) af bjselkekonstruktionen (62),

- adskillelse af det fgrste vingesegment (68) fra det andet vingesegment
(70),
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- sammenfgjning og taetning af det fgrste vingesegment (68) til det andet
vingesegment (70) for at opna vindmgllevingen,

hvor bjaelkekonstruktionen (62) omfatter mindst én I3sestift (74) til Igsbar kobling
af den fgrste del (64) til den anden del (66) af bjaelkekonstruktionen (62) gennem
tilpassede respektive lIdsedbninger i hver af den fgrste og anden del (66) af
bjeelkekonstruktionen (62).

14. Fremgangsmade ifglge krav 13, hvor trinnet med at afkoble den fgrste og
anden del (66) af bjaelkestrukturen (62) omfatter at traekke I3sestiften (74)
tilbage fra de tilpassede respektive abninger i hver af den fgrste og anden del (66)
af bjeelkekonstruktionen (62) via adgangsvinduet.

15. Fremgangsmade ifglge krav 13 eller 14, hvor fremgangsmaden yderligere
omfatter et trin, hvor |asestiften (74) genindsaettes i de tilpassede respektive
abninger i hver af den fgrste og anden del (66) af bjaelkestrukturen (62) via
adgangsvinduet (90), efter sammenfgjning og forsegling af det fgrste
vingesegment (68) til det andet vingesegment.
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