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DESCRIPTION

[0001] The invention describes a wind turbine rotor blade, a wind turbine, and a method of
constructing a wind turbine rotor blade.

[0002] Rotor blades for large wind turbines may reach lengths of 80 m or more. The
manufacture of such a long rotor blade in one piece is generally not feasible. Furthermore, the
transport of a very long rotor blade to a destination such as a wind turbine site can be very
problematic and adds considerably to the overall cost of a wind turbine. Therefore, long wind
turbine rotor blades may be assembled by connecting rotor blade sections together. Various
realizations are known from the prior art, for example the blade made of blade segments
joined by a scarf joint as disclosed in EP2264310A2; the blade made of several blade
segments joined by a tendon extending through in channel through the blade segments from
root to tip as disclosed in WO2011/098785A2; the blade made of blade segments joined by a
block-shaped connector and bond matrix as disclosed in US2009/155084A1; and the blade
made of blade segments joined by a block-shaped connector bonded in a vacuum infusion
process as disclosed in US2007/253824A1. Such approaches have the advantage that a rotor
blade section can be manufactured in a more straightforward manner, and the transport of
such sections is relatively economical. Since the outer surface of a rotor blade should be as
smooth as possible to ensure a favourable aerodynamic performance, any interface elements
used to join adjacent rotor blade sections must be arranged in the interiors of the blade
sections. These interface elements can be connected together a number of ways, as indicated
above. However, the connections between adjacent rotor blade sections are associated with a
number of problems.

[0003] In one approach, the interface elements are realised as a slip fitting, i.e. the interface
element of one blade section slips into a corresponding interface element of the neighbouring
blade section. In CN201420645Y, the connection is formed by the slip-fit parts and by using
screws to join overlapping shear web elements and bolts to join the rotor blade sections to the
slip-fit parts. In CN102200100A, the slip-fit connection is augmented by long spars extending
the length of the rotor blade interior and wedged into place. In a further approach, a high-
viscosity adhesive is used to bond the interface sections together. The adhesive must have a
high viscosity to ensure that it remains only between the interface elements and that it does not
"escape” or spread into interior regions of rotor blade before it hardens. However, air pockets
are often trapped in such a high-viscosity adhesive, and these air pockets remain after
hardening or curing. The air pockets reduce the effectiveness of the adhesive bond between
the interface elements, so that the rotor blade sections can detach. Furthermore, moisture can
enter an air pocket and attract a lightning strike to the slip connector, thereby bypassing a
lightning conductor of the rotor blade.

[0004] To circumvent the inclusion of air pockets, another approach considers bonding the
interface elements with a low-viscosity resin. A vacuum infusion process is set up to draw the
low-viscosity resin through the interface elements. However, a vacuum infusion process is
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costly and complex, and must be adapted specifically to each interface shape. For rotor blades
comprising three or more sections, the assembly procedure can be prohibitively expensive and
time-consuming.

[0005] It is therefore an object of the invention to provide an improved way of connecting rotor
blade segments that avoids the problems described above.

[0006] This object is achieved by the rotor blade of claim 6; by the wind turbine of claim 13;
and by the method of claim 1 of constructing a wind turbine rotor blade.

[0007] According to claim 6, a wind turbine rotor blade is constructed using the method
according to any of claims 1 to 5 and comprises at least two blade sections and a connector for
connecting adjacent blade sections.

[0008] As is apparent from claim 1, a "mould” is given by the first seal and the opposing
surfaces of the inner and outer connecting parts. An advantage of the wind turbine rotor blade
according to the invention is that the mould effectively prevents any adhesive from escaping
before it has the opportunity to harden, so that the adhesive used to bond the blade sections
together need not be a high-viscosity adhesive. Therefore, a low-viscosity adhesive can be
introduced into this space to fill the mould. The mould contains the adhesive without danger of
its escaping, and the adhesive can harden gradually. A low-viscosity adhesive will fill the space
defined by the mould without the inclusion of air pockets, since any air in the space between
the opposing surfaces of the inner and outer connecting parts will simply be expelled as the
adhesive flows to fill that space.

[0009] According to claim 1 of the invention, the method of constructing a wind turbine rotor
blade comprises the steps of forming a first blade section to include an inner connecting part of
a blade connector, which inner connecting part has an airfoil shape and a blunt face at the side
nearest the trailing edge of the rotor blade; forming a second blade section to include an outer
connecting part of the blade connector such that the outer connecting part is realised to
enclose the inner connecting part, which outer connecting part has an airfoil shape and a blunt
face at the side nearest the trailing edge of the rotor blade, whereby the inner connecting part
is smaller than the outer connecting part so that a gap remains between the connecting parts
when the blade sections are joined; arranging a first seal about a connecting part; arranging
the outer connecting part about the inner connecting part such that an outer surface of the
inner connecting part, an inner surface of the outer connecting part and the first seal form a
mould; and introducing an adhesive layer to fill the mould by pouring a low-viscosity adhesive
into the gap between the outer connecting part and the inner connecting part.

[0010] It should be understood that the outer connecting part and the inner connecting part do
not fit tightly together initially. Instead, the outer connecting part fits "loosely" about some or all
of the inner connecting part, i.e. a gap remains at least over some of the area of overlap
between the connecting parts. The form of the resulting adhesive layer contained by the
"mould" is governed by the gap dimensions. An advantage of the method according to the
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invention is that the connector can be constructed or realised in a fairly simple and
straightforward manner, while achieving a robust and reliable adhesive join between the rotor
blade sections. Since the mould will contain the adhesive as it hardens, any suitable low-
viscosity adhesive could be used, with the advantage that the inclusion of air pockets in the
hardened adhesive is essentially prevented. Any air in the mould formed by the connecting
parts and the first seal can simply escape as the adhesive fills the mould.

[0011] Particularly advantageous embodiments and features of the invention are given by the
dependent claims, as revealed in the following description.

[0012] Generally, the inner connecting part extends outward to a certain length from a blade
section, while a corresponding outer connecting part extends inward into the adjacent blade
section to essentially the same length. In this way, a favourably stable connector can be
formed.

[0013] Preferably, the inner connecting part of a blade section extends in the direction of a tip
of the rotor blade, while an outer connecting part of a blade section extends in the direction of
a root end of the rotor blade. This arrangement has a number of advantages. For example, an
outer tip blade section can generally be quite flat and therefore relatively fragile. A realisation in
which the connecting part of such a flat blade section extends into the blade section is
structurally more robust compared to a connecting part that would protrude from it, especially
since such a protruding connecting part must be thinner than the blade section itself.

[0014] According to not claimed embodiments, the connecting parts of an interface between
adjacent blade sections may be shaped in any suitable way. For example, the inner and outer
connecting parts may be formed as two nested cylinders, or any suitable polygonal shape.
However, when external forces act on the rotor blade, loads will be transferred from one blade
section to the adjacent blade section. Here, it is favourable to transfer the load as completely
as possible by ensuring a minimum degree of freedom between the adjacent blade sections.
Therefore, in a preferred embodiment, the shape of a connecting part "follows" the shape of its
blade section or is derived from the shape of its blade section. Since a rotor blade has an airfoil
shape similar to a teardrop or leaf in cross-section, the shapes of the inner and outer
connecting parts may also be essentially teardrop-shaped or leaf-shaped. By forming the
connecting parts in this way, the degree of freedom between adjacent blade sections is
essentially minimized, so that the blade sections will retain their alignment along a longitudinal
axis of the rotor blade.

[0015] The connecting parts can follow the airfoil shape quite closely. Furthermore, each
connecting part comprises a blunt face essentially perpendicular to a chord line of its rotor
blade section. WWhen both connecting parts have corresponding blunt faces, an additional
structural stability is given when these blunt faces are bonded by adhesive.

[0016] According to not claimed embodiments, the blunt face can be formed at any suitable
region of a connecting part. However, a rotor blade may have a relatively flat airfoil portion
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over some of its length, with a thin "trailing edge" to optimise its aerodynamic performance. It
may be time-consuming or difficult to form a correspondingly shaped thin region on a
connecting part, especially since the cross-section of a connecting part is smaller than the
cross-section of the rotor blade containing it. Therefore, according to the invention, the blunt
face is arranged towards the trailing edge of the blade section. Instead of forming a thin
"trailing edge" portion of a connecting part, therefore, the connecting part is simply truncated.

[0017] As mentioned above, a low-viscosity adhesive is used to fill the mould formed by the
connecting parts and the first seal by pouring the adhesive into a gap between the outer
connecting part and the inner connecting part. The liquid adhesive can be introduced into the
gap or mould by using a suitable nozzle or tube inserted into the space between inner and
outer connecting parts. Equally, such a nozzle or tube could be inserted through a hole drilled
through the outer connecting part. Such a hole can be sealed once the nozzle is removed after
filling the mould with adhesive.

[0018] The strength of an adhesive may be directly proportional to its viscosity. However, the
favourably strong connection obtainable with a high-viscosity adhesive alone is outweighed by
the instability and lightning strike risk resulting from air pockets trapped in such an adhesive
layer. Therefore, in a further preferred embodiment of the invention, a combination of high-
viscosity and low-viscosity adhesives can be used. For example, a high-viscosity adhesive can
be injected into the mould at one, two or more points about the interface to "spot fill" the mould,
deliberately leaving room between those "spots" of high-viscosity adhesive. In a subsequent
step, a low-viscosity adhesive is allowed to flow into the mould, thereby flowing around these
"spots” to fill the remaining cavity. In this way, the interface connection makes use of the
advantages of both high- and low-viscosity adhesives.

[0019] Particularly when a low-viscosity adhesive is being used to fill the mould and make the
connection between the blade sections, it is important to ensure that the liquid remains in the
mould and does not "escape” into the blade section interiors. Therefore, a further preferred
embodiment of the method according to the invention comprises a step of monitoring a
pressure between the inner connecting part and the first seal while the outer connecting part is
being arranged about the inner connecting part. Whether the inner connecting part is being
pressed sufficiently against the first seal can be established by in a number of ways. In a
relatively straightforward approach, the lengths of the inner and outer connecting parts are
measured and recorded. The thickness of the seal and its position (relative to the connecting
part about which it is arranged) is also recorded. When the blade sections are pushed
together, a visual inspection of the connection can determine if the inner connecting part is
making sufficiently good contact to the first seal. Alternatively, the blade sections can be
pushed together to a first estimated position, and any gaps at the interface between blade
sections can be temporarily sealed, leaving a port or valve in place for creating a vacuum in
the mould. If the vacuum is maintained for a certain length of time, the connection can be
judged to be satisfactory. The temporary seal can then be removed and the mould can be filled
with adhesive. Instead of applying a vacuum or underpressure, the quality of the first seal can
be tested by applying an over-pressure. If air cannot be pumped into the mould, the first seal
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may be judged to be satisfactory.

[0020] The connector design according to the invention allows blades to be assembled directly
at the wind turbine. For example, a blade root section can be mounted to the hub of the wind
turbine generator already mounted on a tower. Successive blade sections can then be added
using the method described above to complete the blade. To this end, some hoisting tackle
can be foreseen at the hub for raising a blade section from ground level or from a supply ship
at sea level. In such a mounting or assembly procedure, the blade being built up will generally
be arranged to point directly downwards, since workers can most easily and safely access the
blade in that position. In a particularly preferred embodiment of the invention, an inner
connecting part of a blade section is arranged at the end of the blade section that is closer to
the tip of the rotor blade (i.e. the inner connecting part points downward during mounting),
while an outer connecting part of a blade section is arranged at the end of the blade section
that is closer to the hub (i.e. the outer connecting part points upward during mounting). This
arrangement allows a particularly straightforward assembly of a rotor blade directly at the wind
turbine, since any liquid or low-viscosity adhesive can simply be poured into the mould. Gravity
assists the adhesive to flow downward toward the first seal and to fill the mould, thereby
expelling any air. Once the mould is filled with liquid adhesive, any remaining gap between first
and second blade sections can be filed or sealed using a fast-curing adhesive or a wrap seal.
The liquid adhesive is therefore effectively contained within the mould and can harden. The
hoisting equipment can be used to suspend the blade section in place until the adhesive in the
blade connector has hardened sufficiently. The spinner can then be rotated slowly by 120 so
that the next rotor blade can be assembled by connecting sections as described above.
Because the adhesive is completely sealed within the mould, there is no need to wait for it to
harden completely before rotating the spinner. In this way, the time to assemble of the rotor
blades can be reduced.

[0021] The first or inner seal can be secured or arranged in any suitable fashion relative to the
outer connecting part of a blade section. For example, a line of polyurethane foam might be
applied about the interior circumference of the blade section at the base of the portion forming
the outer connecting part. Alternatively, a strip of rubber or other elastic material may be
secured about the interior circumference of the blade section, here also along the base of the
portion forming the outer connecting part. Such a strip can be glued in place about an inner
surface of the second blade section at the base or inner end of the outer connecting part. A
more favourable site for the first seal can be formed as a flange extending some distance into
the interior of the second blade section. Such a flange can be formed relatively easily during a
layup step in the shaping of a fibreglass rotor blade, for example prior to a vacuum moulding
procedure.

[0022] The inner seal can be made of any suitable material, for example a material that is
sufficiently flexible and deformable or soft, to press against the inner connecting part when this
is pushed into the outer connecting part. In a preferred embodiment of the invention, the inner
seal comprises a material such as a polyurethane material, a silicone caulk, a synthetic rubber,
an elastic polymer, a fluid-filed O-ring, etc. The material or composition of the first seal is
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preferably chosen in consideration of any possible reaction with the adhesive to be used, and
in consideration of the lifetime of the material under adverse temperature conditions.

[0023] Any residual gap between adjacent blade sections can be sealed using a second seal,
which can be applied before or after hardening of the adhesive in the mould between the
connecting parts. For example, a second seal can comprise a wrap seal formed by wrapping a
leak-tight material tightly about the interface. However, as indicated above, the surface of a
rotor blade should preferably be as smooth as possible. Therefore, preferably, the outer seal
comprises a one-component sealant or a two-component sealant applied to fill any crack or
gap between the adjacent blade sections. The second seal can be smoothed before curing, or
may be sanded or otherwise smoothed after curing to obtain the desired smooth blade
surface.

[0024] The inner and outer connecting parts can be formed to have essentially planar
surfaces, i.e. following the form of their respective blade sections. However, especially for very
long rotor blades, forces acting on the blades can cause these to bend. For a blade comprising
several sections joined together, any connection that cannot withstand such forces can reduce
the stability of the blade. For example, if the connecting parts are formed with simple planar
surfaces, a very strong wind might bend the blade so far that the inner connecting part
deforms and fails. Therefore, in a particularly preferred embodiment of the invention, a
connecting part comprises at least one ridge or groove arranged in an essentially longitudinal
direction, i.e. essentially parallel to a longitudinal axis of the blade section or rotor blade. Such
ridges can increase the structural stability of the connector, since one or more longitudinal
ridges on the inner connecting part can decrease the likelihood of its bending under load, while
the adhesive filling such a ridge or groove can act as a strut within the connector, etc. To
improve the stability of the connector even further, in a preferred embodiment of the invention
the outer connecting part comprises a ridge arranged to match a longitudinal ridge of the inner
connecting part. Such matching ridges can also act as a guide to facilitate the "mating" of the
blade sections when the second blade section is slipped over the first blade section.

[0025] The stability of the connector can also be influenced by the length and thickness of the
connecting parts. A favourable length of a connecting part will depend to a large extent on the
length of the blade section. For example, a connecting part may be 1.0 m or more in length.
The stability of the glued connector will be influenced by the thickness of a connecting part. A
too thin connecting part may deform easily under loading, so that a rotor blade might ultimately
crack and fail in the region of the blade connector. Therefore, in a preferred embodiment of the
invention, the thickness of a connecting part comprises about 1% of the length of the
connecting part. For example, an inner connecting part with a length of 100 cm is preferably
about 10 mm in thickness, i.e. its average thickness may be 10 mm, taking into account the
usual tolerances for the manufacturing technique(s) used to form the blade sections.

[0026] For a favourably stable rotor blade, the blade connector preferably does not adversely
affect the blade's inherent flexibility, i.e. its ability to bend or deform slightly under load.
Therefore, in a particularly preferred embodiment of the invention, the connecting parts are
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formed to taper or become gradually thinner towards their outer edges. For example, the inner
connecting part may commence with a thickness of about 15 mm at the open face of the first
blade section, tapering gradually over the length of the connecting part (e.g. 100 cm) to a
thickness of only about 5 mm at its outer end. In the same way, the outer connecting part can
taper from a similar initial thickness of about 15 mm (at the location of the first seal) to a thin
outer edge of only about 5 mm. In this way, the thicker region of one connecting part meets the
thinner region of the other connecting part. When joined by the adhesive layer in the "mould”,
the tapered edges ensure that there is no abrupt "step” that might otherwise result in the
development of cracks in the rotor blade when subject to high loads.

[0027] Other objects and features of the present invention will become apparent from the
following detailed descriptions considered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the invention.

Fig. 1 is a schematic representation of a step in an embodiment of the method according to the
invention;

Fig. 2 is a schematic representation of a further step in an embodiment of the method
according to the invention;

Fig. 3 shows a connector connecting adjacent blade sections in an embodiment of a wind
turbine rotor blade according to the invention;

Fig. 4 shows an embodiment of a wind turbine rotor blade according to the invention;
Fig. 5 shows a further embodiment of a connector according to the invention;
Fig. 6 shows a further embodiment of a connector according to the invention;

Fig. 7 shows a view into the interior of a second blade section of a further embodiment of the
connector;

Fig. 8 shows a wind turbine according to an embodiment of the invention.

[0028] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0029] Fig. 1 is a schematic representation of a step in an embodiment of the method
according to the invention, in which a first connecting part 10 of a first blade section 20 of a
wind turbine rotor blade is being inserted into a second connecting part 11 of a second blade
section 21. The first connecting part 10 effectively "mates” with the second connecting part 11,
whereby the first and second connecting parts are dimensioned so that the inner connecting
part 10 is somewhat smaller that the outer connecting part 11, so that a gap remains between
inner and outer connecting parts 10, 11 when the blade sections are joined.
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[0030] The shape of a connecting part 10, 11 follows the shape of the blade section 20, 21.
Since it is generally desired that the blade sections 20, 21 meet in a smooth transition, the
shapes of the inner and outer connecting parts 10, 11 are similar. Here, both connecting parts
10, 11 have an airfoil shape, since the blade sections 20, 21 also have an airfoil shape
between a thicker leading edge 22 and a thin trailing edge 23. In this embodiment, each
connecting part 10, 11 has a blunt face 100, 110 at the side nearest the trailing edge 23 of the
blade, so that this portion of the connecting part 10, 11 can be manufactured with relatively
little effort, while also adding stability to the connection.

[0031] A first seal 12 has previously been arranged in the interior of the second blade section
21 at a distance d from the open face of the second blade section 21 corresponding to a length
L of the first connecting part 10. The length L, i.e. the amount by which the first connecting part
10 extends into the second blade section 21, may comprise a certain percentage of the blade
span, and the average thickness of each connecting part can be about 1% of this length L.

[0032] In this embodiment, the first seal 12 is a strip or band of a suitable material secured to
an inside wall of the second blade section 21. When the inner connecting part 10 is pushed
into the outer connecting part 11, the outer edge of the inner connecting part 10 will press
against the first seal 12. In this way, an impervious or leak-proof seal is formed between the
inner and outer connecting parts 10, 11. Owing to the gap between the inner and outer
connecting parts 10, 11, a mould is formed by the first seal 12 and the space between the
inner and outer connecting parts 10, 11.

[0033] Fig. 2 shows a further step in the method according to the invention, in which the mould
14 of a blade connector 1 is filled by a liquid adhesive 3. The blade sections 20, 21 are shown
to be held essentially vertically to facilitate the connection. Here, a low-viscosity adhesive 3 is
being poured into the mould via an inlet 30. This can simply be a tube 30 or nozzle 30 inserted
through a temporary opening drilled in the outer connecting part 11. The adhesive 3 flows
downward, assisted by gravity, and the level of the adhesive 3 in the mould rises as indicated
by the upward pointing arrow. The expelled air 31 may escape through a remaining narrow
gap between blade sections 20, 21, or another temporary opening can be formed by drilling
another hole near the top of the second blade section 21. Because of the low viscosity of the
adhesive 3, air 31 can easily escape from the mould 14 and cannot become trapped by the
adhesive 3. Once the adhesive 3 has filled the mould 14, the inlet 30 is removed and the
adhesive 3 is allowed to harden or cure. Depending on the type of adhesive used, heat may be
applied to facilitate the curing step. An adhesive such as a thermosetting polymer releases
heat in an exothermic reaction, and this can be sufficient to cure the adhesive. If additional
heat is required, hot air can be directed at the connector, or the entire area about the
connector can be wrapped in a thermal cladding for the time it takes for the adhesive to cure,
etc.

[0034] Once the mould 14 is filled with adhesive 3, the inlet 30 can be removed. Any opening
32 or other remaining gap between the blade sections 20, 21 can be sealed by a second seal.
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For example, a one- or two-component sealant can be pressed into the lateral gap between
the lower end of the first blade section 20 and the upper end of the second blade section 21. In
this diagram, a lateral gap between the lower end of the first blade section 20 and the upper
end of the second blade section 21 is shown in an exaggerated manner. The blade sections
20, 21 and the connecting parts 10, 11 may be formed so that, when fitted together, essentially
no gap remains.

[0035] Fig. 3 is a simplified rendering of a connector 1 connecting adjacent blade sections 20,
21 in another embodiment. Here, connecting parts 10', 11' of the blade sections 20, 21 are
slanted. Again, a first seal 12 arranged inside the second blade part 21 forms a mould with the
gap between the connecting parts 10', 11'. This gap has been filled by a low-viscosity adhesive
3. After curing, a second seal 13 has been applied between the first and second blade sections
20, 21 about the blade body, so that a favourably smooth transition is obtained between the
blade sections 20, 21.

[0036] Fig. 4 shows an embodiment of a wind turbine rotor blade 2 according to the invention.
Here, the first blade section 20 is a main blade section 20, while the second blade section 21 is
a tip portion of the blade 2. The diagram shows a connector 1 between these blade sections
20, 21. The first seal 12 between inner and outer connecting parts 10, 11 ensures that a low-
viscosity adhesive 3 can be contained in the intermediate space between these connecting
parts 10, 11. At the same time, a passage can extend between a cavity in the first blade
section 20 and a cavity in the second blade section 21, so that, for example, a lightning
conductor arrangement can extend between the blade sections 20, 21. The diagram shows
that the outer connecting part 11 is arranged at the end of the blade section 21 directed
towards the hub or blade root; while the inner connecting part 10 is arranged at the end of the
blade section 20 directed towards the bade tip 25.

[0037] Fig. 5 shows an alternative realisation of a connector. Here, the connecting parts 10, 11
are realised with longitudinally extending ridges or steps 101, 111. A ridge 101 of the inner
connecting part 10 matches the position and size of a ridge 111 of the outer connecting part
11. The ridges 101, 111 serve the purpose of guiding the inner connecting part 10 along the
outer connecting part 11 during mating, while also adding to the structural strength of the
connecting parts. Furthermore, the ridges 101, 111 act to prevent a displacement of one blade
section relative to the other until the adhesive layer has hardened. This diagram also indicates
a blade chord line 24, showing that the blunt face 110 of the outer connecting part 11 is
essentially at right angles to the chord line 24 for a connector with a favourably high structural
stability.

[0038] Fig. 6 shows a schematic representation of a further embodiment in which with a flange
112 is formed in the interior of the second blade section 21, at a distance d from the open end
of the blade section 21 to correspond to a depth of a corresponding inner connecting part 10.
The flange 112 can be constructed, for example, as part of a blade assembly prior to a vacuum
extraction procedure in which the blade section 21 is moulded. The flange 112 can extend
some distance into the interior of the blade section 21 so that a first seal 12 can be secured to
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the flange 112. The first seal 12 can be cut to shape from a sheet of synthetic rubber or similar
material, and attached to the flange 112. Subsequently, the inner connecting part 10 of a first
blade section 20 can be introduced into the outer connecting part 11 of the second blade
section 21 as indicated by the arrow. The outer end of the inner connecting part 10 will push
against the seal 12, and the seal 12 will ensure that no liquid adhesive can escape into the
interiors 200, 210 of the blade sections 20, 21, and that the liquid adhesive is contained in a
mould formed by the first seal 12 and opposing surfaces of the connecting parts 10, 11.

[0039] Fig. 7 shows a view into the interior of a second blade section 21. In this embodiment,
two wide ridges 111 have been formed on opposing faces of the outer connecting part 11.
These can match corresponding ridges on an inner connecting part (not shown). Looking into
the blade section 21, a first seal 12 is shown to "line" the blade section 21. Of course, the first
seal 12 is arranged at the depth of the inner connecting part, as explained in the preceding
diagrams. The shape of the seal 12 follows the shape of the outer connecting part 11, so that it
also has a "blunt” portion to match the blunt face 110 of the outer connecting part 11.

[0040] Fig. 8 shows a wind turbine 4, with three rotor blades 2. The diagrams shows possible
realisations for the rotor blades 2, each of which comprises blade sections 20, 21, 26
connected using the type of connector 1 described above. Here, one blade (on the left in the
diagram) is shown with two blade sections of similar length; another blade (top right in the
diagram) is shown with one long blade section 20 and a shorter tip blade section 21; the third
blade (bottom right in the diagram) has three blade sections 20, 21, 26 of approximately equal
length. In the case of the third blade, the blade section 20 in the centre might have the same
type of connecting part at each end, or might have an inner connecting part at one end and an
outer connecting part at the other end. The blade section 26 at the root end (closer to the hub
40) and the blade section 21 at the tip end would then have corresponding connecting parts. It
should be noted that the diagram only shows some possibilities - usually the blades that are
mounted to a wind turbine will all be the same.

[0041] For a wind turbine with rotor blades reaching or exceeding 100 m in length, the method
according to the invention allows the manufacture of blade sections 20, 21, 26 that can be
transported with relative ease to an assembly site. This may be the wind turbine site itself. For
example, a first root blade section can be mounted to the hub 40 and brought into a vertical
position. Assuming the blade sections are manufactured so that an inner connecting part
extends in the direction of the blade tip, the inner connecting part will now face downwards. A
further blade section can then be brought into place so that its outer connecting part faces
upwards and encloses the inner connecting part of the first blade section. These can be glued
together as explained above, using gravity to help distribute the adhesive in the mould
between the inner and outer connecting parts.

[0042] Alternatively, especially for rotor blades that have a curved profile, the blade sections
can be joined before transporting the complete blade to the wind turbine site. To this end,
blade sections can be mounted on trolleys or wagons that are guided along rails so that the
blade sections can be pushed together in a controlled manner.
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[0043] Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of the
invention. The scope of the invention is defined by the appended claims.

[0044] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this
application does not exclude a plurality, and "comprising” does not exclude other steps or
elements.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EP2284310A2 [B802]

o WO2011088785A2 (80021
o USZOO0155084A1 108023
o USZ2007253824A1 [0802}
o CNZO1420645Y [0G03]

o CMNIGZZ200100A [GEE3T




10

15

20

25

30

DK/EP 2749765 T3

Patentkrav

1. Fremgangsmade til konstruktion af en vindmellerotorvinge (2), hvilken frem-
gangsmade omfatter trinnene

- dannelse af en farste vingesektion (20) for at inkludere en indvendig forbin-
delsesdel (10, 10') af en vingeforbindelsesanordning (1), hvor den indvendige
forbindelsesdel har en airfoilform og en stump flade (100) ved siden teettest pa
bagkanten (23) af rotorvingen (2);

- dannelse af en anden vingesektion (21) for at inkludere en udvendig forbin-
delsesdel (11, 11') af vingeforbindelsesanordningen (1), séledes at den udven-
dige forbindelsesdel (11, 11') er udformet til at indeslutte den indvendige for-
bindelsesdel (10, 10"), hvor den udvendige forbindelsesdel har en airfoilform
og en stump flade (110) ved siden teettest pa bagkanten (23) af rotorvingen
(2), hvorved den indvendige forbindelsesdel (10, 10') er mindre end den ud-
vendige forbindelsesdel (11, 11'), séledes at der forbliver et mellemrum mellem
forbindelsesdelene, nar vingesektionerne er forbundet;

- anbringelse af en farste teetning (12) omkring en forbindelsesdel (10, 10, 11,
1),

- anbringelse af den udvendige forbindelsesdel (11, 11') omkring den indven-
dige forbindelsesdel (10, 10'), séledes at en form (14) er udformet af en ud-
vendig flade af den indvendige forbindelsesdel (10, 10'), en indvendig flade af
den udvendige forbindelsesdel (11, 11') og den ferste teetning (12); og

- indfaring af et kleebelag (3) for at fylde formen (14) ved indstgbning af et
klzebemiddel (3) med lav viskositet i mellemrummet mellem den udvendige
forbindelsesdel (11, 11') og den indvendige forbindelsesdel (10, 10").

2. Fremgangsmade ifelge krav 1, omfattende trinnet med at overvage et tryk
mellem den indvendige forbindelsesdel (10, 10') og den farste teetning (12)
under trinnet med at anbringe den udvendige forbindelsesdel (11, 11') omkring
den indvendige forbindelsesdel (10, 10'").
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3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
et kleebemiddel med hgj viskositet injiceres i formen (14) ved et eller flere punk-
ter far trinnet med at indstabe klaebemidlet (3) med lav viskositet i formen (14).

4. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, omfat-
tende trinnet med at pafere en anden teetning (13) ved en greenseflade mellem
vingesektionerne (20, 21).

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
den farste teetning (12) udformes langs en indvendig flade af den anden vin-
gesektion (21).

6. Vindmallerotorvinge (2), som er konstrueret ved anvendelse af fremgangs-
maden ifalge et hvilket som helst af kravene 1 til 5, omfattende mindst to vin-
gesektioner (20, 21) og en forbindelsesanordning (1) til forbindelse af tilgreen-
sende vingesektioner (20, 21).

7. Rotorvinge ifslge krav 6, hvor en indvendig forbindelsesdel (10, 10') af en
vingesektion (20, 21) forlaber i retningen af en spids af rotorvingen (2), og/eller
en udvendig forbindelsesdel (11, 11") af en vingesektion (20, 21) er anbragt
ved enden af vingesektionen (20, 21), som er rettet mod et nav (40) af vind-
mallen (4).

8. Rotorvinge ifglge et hvilket som helst af kravene 6 til 7, hvor den anden
vingesektion (21) omfatter en flange (112), som er anbragt langs en indvendig
flade af den anden vingesektion (21) til optagelse af den farste taetning (12).

9. Rotorvinge ifalge et hvilket som helst af kravene 6 til 8, hvor den farste teet-
ning (12) omfatter et hvilket som helst af et polyurethanmateriale; en silikone-
teetningsmasse; et syntetisk gummi; en elastisk polymer; en fluid-fyldt O-ring.

10. Rotorvinge ifelge et hvilket som helst af kravene 6 til 9, hvor en forbindel-
sesdel (10, 11) omfatter mindst en ryg (101, 111), som er anbragt i en i det
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veesentlige langsgaende retning langs forbindelsesdelen (10).

11. Rotorvinge ifalge krav 10, hvor den udvendige forbindelsesdel (11) omfat-
terenryg (111), som er anbragt séledes, at den passer sammen med en langs-
gaende ryg (101) af den indvendige forbindelsesdel (10).

12. Rotorvinge ifalge et hvilket som helst af kravene 6 til 11, hvor en gennem-
snitlig tykkelse af en forbindelsesdel (10, 11, 10", 11') er relateret til leengden
(L) af denne forbindelsesdel (10, 11, 10', 11') med et forhold pa omtrent 1:100.

13. Vindmglle omfattende et antal af rotorvinger (2) ifelge et hvilket som helst
af kravene 6 til 12.
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