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DESCRIPTION

[0001] The present invention relates to an actuator arrangement for moving an aerodynamic
device relative to a rotor blade of a wind turbine. The invention furthermore relates to a
movable trailing edge arrangement comprising such an actuator arrangement and an
aerodynamic device. Finally, the invention relates to a rotor blade arrangement comprising a
rotor blade and such an actuator arrangement.

[0002] It is well-known to add aerodynamic devices to a wind turbine rotor blade at the trailing
edge of the wind turbine rotor blade. These aerodynamic add-ons, which may for example be
a flap, a spoiler or the like, can be used to enhance the aerodynamic performance of a rotor
during normal operation as well as during off-design conditions. Furthermore, they can also be
used to alter the loads which are experienced by the wind turbine rotor blades and the
remaining components of the wind turbine. The field of application of aerodynamic add-ons on
wind turbine rotor blades is wide; thus, further applications of aerodynamic add-ons on rotor
blades are possible, too. This invention discloses a novel approach of actuating such an
aerodynamic add-on at the trailing edge of the rotor blade.

[0003] One example for an aerodynamic device which is activated by an actuation system is
disclosed in the European patent application EP 1 995 455 A1. Therein, a flap is disclosed,
which is arranged and prepared for being attached to the trailing edge section of a rotor blade
and which comprises an actuation system for moving the flap relative to the rotor blade. Note
that in the invention disclosed in the mentioned European patent application, a whole system
comprising a flap and an actuation system is attached to the trailing edge section of the rotor
blade.

[0004] Another prior art document which is relevant in this context is the international patent
application WO 2008/003330 A1. Therein, a deformable trailing edge section of a wind turbine
blade is disclosed, wherein the shape of the deformable trailing edge section is changed by
fluid which is flowing through one or more cavities. Again, a whole system comprising a flap
and an actuation system is attached to the trailing edge section of the rotor blade.

[0005] Yet another prior art document disclosing an aerodynamic device with an activation
system is given by the international patent application WO 2008/132235 A1. Therein, a flap
with an activation system is disclosed, wherein the flap with the activation system is attached to
the trailing edge section of a rotor blade. Note that in the mentioned patent application the
active flap is a substantial part of the rotor blade. In other words, the flap is not destined to be
attached to a fully manufactured rotor blade, for example as a retrofit, but it is already
designed together with the rotor blade. Thus, this concept is a built-in concept, where either
the pressure side skin or the suction side skin is integral with the remaining body of the rotor
blade or at least firmly secured with it.

[0006] Further examples of known trailing edge flaps are disclosed in the patent applications
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WO 2010/023278 A2 and EP 2 233 735 A2.

[0007] A drawback of the state of the art in principle is that a whole system comprising the flap
and the activation system is attached to the trailing edge section of the rotor blade. It is not
foreseen to exchange the aerodynamic device or to provide an activation system which is
independent of the specific aerodynamic device which is to be connected with the activation
system.

[0008] Thus, there exists the desire to provide an interface for an aerodynamic add-on to be
interchangeably placed on the interface.

[0009] This objective is solved by the subject matter of the independent claims. Advantageous
embodiments and modifications are disclosed in the dependent claims.

[0010] According to the invention there is provided an actuator arrangement for moving an
aerodynamic device relative to a rotor blade of a wind turbine. The actuator arrangement
comprises an attachment portion which is arranged and prepared for attaching the actuator
arrangement at the trailing edge section of the rotor blade; a connection portion which is
arranged and prepared for connecting the aerodynamic device with the actuator arrangement;
a hinge portion, which connects the attachment portion and the connection portion, wherein
the hinge portion enables a relative movement of the connection portion with regard to the
attachment portion about a rotational axis which is orientated in substantially spanwise
direction of the rotor blade; and a pneumatic actuator for inducing the rotational movement of
the connection portion relative to the attachment portion, wherein the movement is a reversible
movement. The actuator arrangement is arranged and prepared for detachably connecting the
aerodynamic device to the connection portion.

[0011] A key aspect of the present invention is the provision of an external actuator which is
arranged and prepared for being attached to an existing rotor blade and which provides an
interface for interchangeably attaching an aerodynamic device. Thus, the focus is not on
providing a complete system such as e.g. a single piece to attach at the trailing edge section of
the rotor blade. Moreover, the invention is concerned on solely providing the actuator function.
The actuator arrangement as such may consist of several parts or it may be manufactured as
one single piece. This means that the mentioned portions, i.e. the attachment portion, the
connection portion and the hinge portion, refer in a first alternative to different sections or
areas of one single piece. In a second alternative, these portions represent separate parts or
components which are connected with each other and form together the actuator
arrangement. In any case, however, the aerodynamic device is separate from the actuator
arrangement. This ensures that the aerodynamic device can be exchanged and detached from
the actuator arrangement easily.

[0012] An advantage of such a concept of an interchangeable aerodynamic device is that both
the actuator arrangement and the aerodynamic device can be optimized separately.
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[0013] Furthermore, it is of a great benefit if the aerodynamic device can be exchanged easily.
For example during servicing the rotor blade one may easily exchange and substitute a
damaged aerodynamic device by a new aerodynamic device.

[0014] Furthermore, an upgrade can easily be carried out, wherein an optimized and more
developed aerodynamic device substitutes an already existing aerodynamic device which is
attached to the trailing edge section of the rotor blade.

[0015] Yet another advantage is that during transportation of the rotor blade the aerodynamic
device can be detached. Thus, the size of the rotor blade is slightly reduced and the rotor
blade is less sensitive to damages during transportation.

[0016] The hinge portion may in practice be realized by different concepts. First, by
mechanical parts which enable a rotational or pivoting movement of the aerodynamic device
relative to the rotor blade. Second, by a flexible material, wherein the flexibility is chosen such
that the hinge portion bends at a predetermined load and a reversible bending movement is
ensured.

[0017] An actuator is typically understood as any device which transfers input signals to output
movements. Actuators may generally be realized as hydraulic, pneumatic or purely mechanical
means, to give some examples. This invention focuses on the use of pneumatic actuators for
inducing the rotational movement of the connection portion relative to the attachment portion.

[0018] The rotational axis about which the attachment portion and the connection portion
rotate can be realized in practice by a separate component which extends in longitudinal
direction of the rotor blade. Alternatively, the rotational axis may just be an imaginary axis,
which virtually extends through a part of e.g. flexible material.

[0019] Finally, note that in the context of the present application, a wind turbine refers to a
device for transforming kinetic energy from the wind into rotational energy, the latter being
subsequently transformed into electricity.

[0020] In an advantageous embodiment of the invention, the actuator arrangement is
arranged and prepared to be attached to the outer surface of the trailing edge section of the
rotor blade. Thus, the actuator arrangement may be described as being located externally with
regard to the rotor blade.

[0021] An advantage of attaching the actuator arrangement at the outer surface of the trailing
edge section is that the design and manufacturing of the rotor blade is not dependent whether
an actuator arrangement is attached to the trailing edge section or not.

[0022] The actuator arrangement may both be attached to thick, blunt trailing edges as well
as conventional sharp, thin trailing edges. In contrast, for example, to the cited international
patent application WO 2008/132235 A1, wherein the activatable trailing edge flap is fully
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integrated in the rotor blade, in the present application the provision of the actuator
arrangement and corresponding attachment to the rotor blade is separate. This allows for a
great flexibility in providing the rotor blades with active aerodynamic devices. This also allows a
great flexibility in the application of the activated flaps to rotor blades.

[0023] As has been mentioned in the introductory part, there exist many different types of
aerodynamic devices for adding to the trailing edge section of a rotor blade. A popular type of
aerodynamic device is a device which has the shape of a flap. A flap is characterized in that it
has spanwise and chordwise dimensions which are relatively large compared to its thickness.
Additionally, its spanwise extension is often greater than its chordwise extension. In other
words, a flap may extend to a considerable length along the trailing edge of the rotor blade.

[0024] In another advantageous embodiment of the invention, the hinge portion is made of
elastic material.

[0025] This material choice has the advantage that the corresponding pivoting movement of
the respective portion of the actuator arrangement does not comprise any rotating mechanical
parts which are moving against each other. Avoiding these moving parts is especially
advantageous for wind turbine sites which are difficult to access and thus where servicing is
difficult.

[0026] In another advantageous embodiment, the actuator is inflatable by a pressurized
gaseous medium in order to induce the rotational movement of the connection portion relative
to the attachment portion.

[0027] In other words, the actuator is activated by applying a pressurized gas or by sucking
the gas out. The use of pressurized or depressurized gases is advantageous because it poses
no risk to the environment in case of a leakage, as opposed to many other liquid media, in
particular hydraulic oil. The drawback of gaseous media in comparison to liquid media is the
slower response time during compression or expansion. To overcome this drawback, the
volume of gas is kept small.

[0028] Exemplarily, the actuator is an elastic hose.

[0029] An elastic hose which is also referred to as an elastic tube or pipe is well-suited for
being arranged in spanwise direction along the trailing edge of the rotor blade. Furthermore,
realizing the actuator as an elastic hose is a well-known and well proven concept for actuators.
The use of a tube, or any other prismatic geometry is advantageous because it can be
manufactured in an extrusion process, ensuring high quality and low cost of the pieces.

[0030] In another advantageous embodiment, a locally variable actuator output is achieved
based on a single actuator input pressure by means of a locally varying configuration of the
actuator arrangement.
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[0031] While in the prior art many documents only focus on a suitable actuator mechanism
independent on the spanwise position, the inventors of the present invention realized that a
locally variable actuator output has many advantages. By this the changes of the load
distribution or lift or noise or the like which is pursued by the moveable aerodynamic device
can be further optimized. In the prior art this has often be solved by separately activatable
aerodynamic devices. Thus, in the prior art there are often realized a plurality of flaps one
adjacent to each other along the trailing edge, wherein each flap or each subgroup of flaps is
activated separately.

[0032] In one embodiment of this invention, however, one single actuator input pressure is
applied, and by the locally varying configuration of the actuator arrangement, a locally variable
actuator output is achieved. The local variation of the actuator output may be achieved by
locally varying the shape of the actuator. For example, if the actuator is an elastic hose the
diameter of the hose may be varied at different spanwise positions. Furthermore, the local
variation of the actuator output may also be achieved by locally varying the shape and/or the
stiffness of the hinge portion and/or of the attachment portion and/or of the connection portion
of the actuator arrangement.

[0033] In other words, the design of the actuator arrangement may intentionally be changed in
spanwise direction according to the desired output and impact of the actuator.

[0034] The invention is also directed towards a moveable trailing edge arrangement, wherein
the moveable trailing edge arrangement comprises an aerodynamic device and an actuator
arrangement as described above. The attachment portion, the connection portion and the
hinge portion build one single piece. The aerodynamic device builds another single piece. Both
single pieces are connected with each other.

[0035] The moveable trailing edge arrangement differs from the prior art in that two separate
parts are provided and subsequently connected with each other. Thus, the aerodynamic
device, which is one of the two pieces, can easily be interchanged at a later stage. However,
as realized on the rotor blade, the moveable trailing edge arrangement can also be perceived
as one part or feature which is destined for one efficiency enhancement goal.

[0036] Finally, the invention is also directed towards a rotor blade arrangement comprising a
rotor blade of a wind turbine and an actuator arrangement according to one of the described
embodiments. Embodiments of the invention are now described, by way of example only, with
reference to the accompanying drawings, of which:

Figure 1

shows a rotor blade of a wind turbine;
Figure 2

shows a first embodiment of a moveable trailing edge arrangement in a deflated state;
Figure 3

shows the first embodiment of a moveable trailing edge arrangement in an inflated state;
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Figure 4
shows a second embodiment of a moveable trailing edge arrangement;
Figure 5
shows a first alternative of a third embodiment of a moveable trailing edge arrangement
in a deflated state;
Figure 6
shows the first alternative of the third embodiment of a moveable trailing edge
arrangement in an inflated state;
Figure 7
shows a second alternative of the third embodiment of a moveable trailing edge
arrangement in an inflated state;
Figure 8
shows a fourth embodiment of a moveable trailing edge device in an explosion view;
Figure 9
shows the fourth embodiment of a moveable trailing edge arrangement in a deflated
state;
Figure 10
shows the fourth embodiment of the moveable trailing edge arrangement in an inflated
state;
Figure 11
shows a fifth embodiment of a moveable trailing edge arrangement in a deflated state;
Figure 12
shows the fifth embodiment of a moveable trailing edge arrangement in an inflated state;
Figure 13
shows another realization of an actuator;
Figure 14
shows a perspective view of the actuator of Figure 13 being implemented in an actuator
arrangement;
Figure 15
shows a cross-sectional view of a sixth embodiment of a moveable trailing edge
arrangement; and
Figure 16
shows an explosion view of the sixth embodiment of a moveable trailing edge
arrangement.

[0037] The illustration in the drawings is in schematic form. It is noted that in different figures,
similar or identical elements may be provided with the same reference signs.

[0038] Figure 1 shows a rotor blade 20 of a wind turbine. The rotor blade 20 comprises a root
section 21 with a root 211 and a tip section 22 with a tip 221. The root 211 and the tip 221 are
virtually connected by the span 26 which follows the shape of the rotor blade 20. If the rotor
blade were a rectangular shaped object, the span 26 would be a straight line. However, as the
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rotor blade 20 features a varying thickness, the span 26 is slightly curved, i.e. bent as well.
Note that if the rotor blade 20 was bent itself, then the span 26 would be bent, too.

[0039] The rotor blade 20 furthermore comprises a leading edge section 24 with a leading
edge 241 and a trailing edge section 23 with a trailing edge 231.

[0040] The trailing edge section 23 surrounds the trailing edge 231. Likewise, the leading
edge section 24 surrounds the leading edge 241.

[0041] At each spanwise position, a chord line 27 which connects the leading edge 241 with
the trailing edge 231 can be defined. Note that the chord line 27 is perpendicular to the span
26. The shoulder 28 is defined in the region where the chord line comprises a maximum chord
length.

[0042] Figures 2 and 3 illustrate a first embodiment of a moveable trailing edge arrangement.

[0043] Figure 2 shows the actuator arrangement in a deflated state. This means that no or
only little pressurized gas is applied to the actuator 14. The actuator is realized by an elastic
hose which extends in spanwise direction substantially parallel to the trailing edge 231 of the
rotor blade. The whole actuator arrangement 10 is attached to the trailing edge section 23 of
the rotor blade. In particular, the actuator arrangement 10 is attached to the pressure side 252
and the sharp, thin trailing edge 231 of the rotor blade. The transition between the suction side
251 and the actuator arrangement 10 is configured as a smooth transition in order to avoid the
generation of additional vortices. This is nevertheless not a requirement for the performance of
the device. This means that an abrupt jump from the suction side 251 of the rotor blade, to the
suction side of the connection portion 12 is also possible

[0044] The actuator arrangement 10 consists of two pieces. The actuator 14 as such, which is
realized as an elastic hose in the first embodiment, and a remaining component which
comprises the following portions: an attachment portion 11, a connection portion 12 and a
hinge portion 13.

[0045] The attachment portion 11 refers to that part of the actuator arrangement 10 where the
actuator arrangement 10 is attached to the pressure side 252 of the trailing edge section 23 of
the rotor blade.

[0046] The hinge portion 13 refers to that part of the actuator arrangement 10 where most
part of the bending of the material takes place.

[0047] The connection portion 12 of the actuator arrangement 10 refers to that portion of the
actuator arrangement 10 which is destined for receiving the aerodynamic device 30. In the

example illustrated in Figures 2 and 3, the aerodynamic device 30 is realized by a flap.

[0048] Figure 3 shows the first embodiment in an inflated state. In particular, the actuator, i.e.
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the elastic hose, is pressurized and consequently features a larger cavity. In other words, while
the actuator 14 in Figure 2 has a relatively flat shape, the actuator 14 in Figure 3 has a more
round and more extended shape. As the actuator 14 is arranged inside the actuator
arrangement 10, the blowing up of the actuator 14 has as a consequence a change in the
shape and configuration of the actuator arrangement 10. Thus, parts of the actuator
arrangement 10 are bent and the orientation of the connection portion 12 relative to the trailing
edge section 23 of the rotor blade is changed. The change of shape of the arrangement 10
depends mainly on the geometry and the stiffness of the attachment portion 11. The
aerodynamic device 30 does not change its position or orientation relative to the connection
portion 12. But as the actuator arrangement 10 changes its orientation and configuration
relative to the rotor blade, also the aerodynamic device 30 changes its orientation towards the
trailing edge section 23 of the rotor blade. Through careful design of the geometry of the
actuator arrangement it is possible to actuate the component in different states with the same
type and strength of the input signal. This greatly simplifies the requirements for the supply of
control systems, while maintaining the freedom to design a highly efficient rotor blade for
increase of the annual energy production and/or load alleviation. In other words, the deflection
of the aerodynamic device can be controlled independently throughout the span of the rotor
blade using single and simple input signals.

[0049] Furthermore, the actuator arrangement can be designed in a geometrically suitable
manner such there is good shape compatibility and no relative sliding with the flexible hinge
portion of the rotor blade. This is illustrated in more detail in the Figures 4to 7.

[0050] Figure 4 shows a second embodiment of a moveable trailing edge arrangement 40.

[0051] The moveable trailing edge arrangement 40 comprises an attachment portion 11. The
attachment portion 11 represents that part of the moveable trailing edge arrangement 40, by
which the moveable trailing edge arrangement 40 is destined to be attached to the trailing
edge section of a rotor blade.

[0052] The moveable trailing edge arrangement 40 furthermore comprises an aerodynamic
device 30, which is shaped as a flap in the embodiment shown in Figure 4. The aerodynamic
device 30 is detachably connected with the remaining part of the moveable trailing edge
arrangement, which is also referred to as the actuator arrangement. Both parts, the
aerodynamic device 30 and the actuator arrangement, are shown in its connected state in
Figure 4 and can thus not be discerned as separate pieces.

[0053] The moveable trailing edge arrangement 40 furthermore comprises a hinge portion 13
and an actuator 14. The hinge portion 13 is defined as that part of the moveable trailing edge
arrangement 40 which enables the pivotal movement of the aerodynamic device 30 relative to
the attachment portion 11 of the moveable trailing edge arrangement 40. The hinge portion 13
in Figure 4 is made of elastic material. In other words, the elasticity of the material of the
actuator arrangement is chosen such at the hinge portion that a reversible pivoting movement
of that part of the actuator arrangement is enabled upon a predetermined load on the hinge



DK/EP 3128169 T3

portion 13.

[0054] Finally, the moveable trailing edge arrangement 40 comprises an actuator 14. The
actuator comprises three flow channels, each of which are made of an elastic material. The
different flow channels are activated by means of a pressurized medium, e.g. pressurized air.
Upon activation, the respective flow channel expands and induce deflection of the aerodynamic
device 30.

[0055] By selectively choosing the flow channel(s) which is/ are to be activated, different
degrees of deflection of the aerodynamic device 30 can be obtained. Note that a single input
signal is sufficient due to the plurality of provided flow channels and a selective choice of one
or more of these existing flow channels.

[0056] Figures 5 to 7 show two variants of the second embodiment as illustrated in Figure 4,
which are in the following summarized and referred to as the third embodiment of a moveable
trailing edge arrangement 40.

[0057] The single portions of the third embodiment are similar to the respective portions of the
second embodiment and shall not be repeated for the sake of clarity. The third embodiment
differs from the second embodiment that it additionally comprises a built-in indentation 42. This
indentation 42 has the purpose of providing a further "lever" or "degree of freedom" how to
selectively influence the deflection of the aerodynamic device 30 along the spanwise direction.

[0058] The indentation 42 is located below the middle flow channel in the first alternative of
the third embodiment, see Figures 5 and 6. Consequently, an expansion of the middle flow
channel, i.e. an activation of the middle flow channel, does not have any impact on the
deflection of the aerodynamic device 30, as the expanded middle flow channel completely fills
the built-in indentation 42. Thus, by selectively providing such an indentation 42 at certain
spanwise positions of the rotor blade, the pivoting movement of the hinge portion 13 can be
partially or even fully avoided.

[0059] In the second alternative of the third embodiment, cf. Figure 7, the built-in indentation
42 is located below the upstream flow channel. This has the consequence that an activation of
the middle flow channel has no neutralizing effect regarding the deflection of the aerodynamic
device 30. However, there would be neutralizing effect if the upstream flow channel was
activated.

[0060] Both alternatives of the third embodiment also comprise an alignment pin 41 for
preventing a relative sliding of the actuator 14, i.e. the various elastic flow channels, with
regard to the remaining structure of the actuator arrangement.

[0061] The thickness of the trailing edge section 23 varies substantially when the actuator 14
is in its inflated state.
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[0062] Figures 8 to 10 illustrate a fourth embodiment of a moveable trailing edge
arrangement.

[0063] Figure 8 shows an explosion view, thus visualizing the different components of the
moveable trailing edge arrangement. The moveable trailing edge arrangement again consists
of three separate pieces, namely the aerodynamic device 30 which is interchangeable, the
actuator 14 as such and the remaining portions of the actuator arrangement. This design is
slightly different in that the actuator 14 not only comprises the inflatable pressure hose but also
comprises adjacent components of the actuator arrangement. However, the overall effect and
impact is similar. Figure 9 shows the fourth embodiment of the actuator arrangement in a
deflated state, while Figure 10 illustrates the same embodiment in an inflated state of the
actuator 14.

[0064] All embodiments can be used throughout different regions along the span of the rotor
blade. Preferably they are used in the outboard section of the rotor blade. In the inboard
section of the rotor blade, the actuator arrangement can be shaped as a Gurney flap.

[0065] In Figure 10 also the rotational movement 131 of the flap is visualized.

[0066] Figures 11 and 12 show a fifth embodiment of a moveable trailing edge arrangement
40. The moveable trailing edge arrangement again consists of the aerodynamic device 30, an
actuator 14 and the rest of the actuator arrangement. While the first embodiment has been
adapted to a thin, sharp trailing edge 231 of the rotor blade, the fifth embodiment shown in
Figures 11 and 12 is optimized for relatively thick trailing edges 231. Additionally, as can be
seen in Figures 11 and 12, the actuator 14 is a real external actuator. For protection against
dust, dirt and moisture, the actuator 14 may be covered at the suction side by a respective
slidable cover. In this context, "slidable" refers to the fact that the chordwise extension of the
gap at the suction side where the actuator is located depends and varies on the bending state
of the actuator arrangement. This gap is much wider in the inflated state of the actuator
compared to the deflated state. Thus, if the gap is covered by a cover, this cover may partially
slide along the trailing edge section of the rotor blade during bending of the aerodynamic
device.

[0067] Figures 13 to 16 show different aspects and views of the sixth embodiment of a
moveable trailing edge arrangement 40.

[0068] In particular, Figure 13 shows an elastic hose building a flow channel 43, which acts as
an actuator 14. The flow channel 43 may be made of a soft material such as e.g. silicone. The
flow channel 43 is expandable. The flow channel 43 is arranged and prepared such that a
pressurized medium, such as pressurized air, can be guided and pumped into the flow channel
43. The flow channel 43 for the pressurized medium can be closed at one end such that the
medium cannot exit at that end. This approach is also referred to as a "one-way" approach. It
has the advantage that no return channel for the medium is needed.
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[0069] The pressurized medium inside the flow channel, such as the pressurized air, may be
pre-heated. This has the advantage that icing of the actuator arrangement is reduced or even
avoided at all.

[0070] The elastic hose is retained by a plurality of clamps 44. The clamps are arranged at
equal or varying distances to each other along the hose. Each clamp 44 comprises an upper
part 441 and a lower part 442. The clamps 44 are destined for connecting the actuator 14, i.e.
the elastic hose, with the remaining actuator arrangement 10. Exemplarily, the clamps 44 are
made of an elastomeric material, e.g. rubber.

[0071] In Figure 13, the elastic hose is only slightly inflated. Consequently, the pressure in the
elastic hose is not enough to press the clamps 44 apart. When the pressure in the elastic hose
is increased, i.e. the elastic hose is in an inflated state, the upper part 441 and the lower part
442 of the clamp are pushed apart from each other.

[0072] Figure 14 shows a perspective view of the actuator 14 as described above. The
actuator 14, i.e. the elastic hose, is connected via the clamps 44 to the remaining part of the
actuator arrangement 10. This remaining part is exemplarily made of a thermoplastic and/or
thermosetting polymer and comprises: an attachment portion 11 for attaching the actuator
arrangement 10 to the trailing edge section of a rotor blade; a connection portion 12 for
detachably connection an aerodynamic device to the actuator arrangement 10; and a hinge
portion 13 which reversibly bends when the elastic hose expands or contracts. In the
embodiment shown in Figure 14, the hinge portion 13 refers to the (virtual) section just below
the elastic hose.

[0073] Figure 15 shows a cross-sectional view of the actuator arrangement 10 as attached to
the pressure side 252 of a rotor blade at its trailing edge section 23. The actuator arrangement
10 is attached to the trailing edge section 23 via its attachment portion 11. The aerodynamic
device 30, which is connected to the actuator arrangement 10 via its connection portion 12, is
orientated with regard to the rotor blade by a first angle. The elastic hose is in a contracted, i.e.
in a deflated state.

[0074] By expanding, i.e. inflating the elastic hose, the lower parts 442 of the clamps 44 are
tited downwards. Thus, also the hinge portion 13 bends downwards, and, consequently, the
orientation of the aerodynamic device relative to the rotor blade changes.

[0075] Finally, Figure 16 shows an explosion view of the moveable trailing edge arrangement
40 described above. It can be seen that the aerodynamic device 30 is shaped as a serrated
panel. Other shapes and configurations are possible as well, of course.

REFERENCES CITED IN THE DESCRIPTION



DK/EP 3128169 T3

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 ERP1905455A% 108037

o WO2008003330A1 [8004]

o WOI2008132235A1 [0005] [8022]
o WOZO10023478A2 [0088]

o EPZ233730AZ [080E]




10

15

20

25

30

DK/EP 3128169 T3

Patentkrav

1. Aktuatorindretning (10) til beveegelse af en aerodynamisk indretning (30) i
forhold til en rotorvinge (20) af en vindmglle, hvor aktuatorindretningen (10)
omfatter

- en fastgorelsesdel (11), som er indrettet og udformet til fastgorelse af aktu-
atorindretningen (10) ved bagkantsafsnittet (23) af rotorvingen (20),

- en forbindelsesdel (12), som er indrettet og udformet til forbindelse af den
aerodynamiske indretning (30) med aktuatorindretningen (10),

- en heengseldel (13), som forbinder fastgarelsesdelen (11) og forbindelses-
delen (12), hvor haengseldelen (13) gor det muligt at bevaege forbindelsesde-
len (12) relativt i for hold til fastgorelsesdelen (11) omkring en rotationsakse,
som er orienteret i det vaesentlige i spaendvis retning af rotorvingen (20), og

- en pneumatisk aktuator (14) til at inducere rotationsbeveegelsen (131) af
forbindelsesdelen (12) i forhold til fastgerelsesdelen (11), hvor bevaegelsen
er en reversibel bevaegelse,

kendetegnet ved, at

- aktuatorindretningen (10) er indrettet og udformet til aftagelig forbindelse af
den aerodynamiske indretning (30) med forbindelsesdelen (12).

2. Aktuatorindretning (10) ifglge krav 1,

hvor aktuatorindretningen (10) er indrettet og udformet til at fastgeres til den
udvendige flade af bagkantsafsnittet (23) af rotorvingen (20), séledes at ak-
tuatorindretningen (10) er anbragt udvendigt i forhold til rotorvingen(20).

3. Aktuatorindretning (10) ifolge et af de foregaende krav,
hvor den aerodynamiske indretning (30) har form af en flap.

4. Aktuatorindretning (10) ifolge et af de foregaende krav,
hvor haengselsdelen (13) er fremstillet af elastisk materiale.

5. Aktuatorindretning (10) ifolge et af de foregaende krav,
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hvor aktuatoren (14) er oppustelig gennem et gasformigt medium under tryk
for at inducere rotationsbeveaegelsen (131) af forbindelsesdelen (12) i forhold
til fastgorelsesdelen (11).

6. Aktuatorindretning (10) ifolge et af de foregaende krav,
hvor aktuatoren (14) er en elastisk slange.

7. Aktuatorindretning (10) ifolge et af de foregaende krav,

hvor der pa basis af et enkelt aktuatorindgangstryk opnas en lokalt variabel
aktuatorudgang ved hjeelp af en lokalt varierende konfiguration af aktuator-
indretningen(10).

8. Aktuatorindretning (10) ifalge krav 7,

hvor aktuatorudgangen varierer i speendvis retning af rotorvingen (20), sale-
des at bevaegelsen af den aerodynamiske indretning aendres i spaendvis ret-
ning af rotorvingen (20).

9. Aktuatorindretning (10) ifelge et af kravene 7 og 8,
hvor den lokale variation af aktuatorudgangen opnas ved lokal variation af
formen af aktuatoren (14).

10. Aktuatorindretning (10) ifalge et af kravene 7 og 8,
hvor den lokale variation af aktuatorudgangen opnas med lokal variation af
formen af haengseldelen (13) og/eller fastgarelsesdelen (11) og/eller forbin-

delsesdelen (12) af aktuatorindretningen (10).

11. Aktuatorindretning (10) ifalge et af kravene 7 og 8,
hvor den lokale variation af aktuatorudgangen opnas ved lokal variation af
stivheden af haengseldelen (13).

12. Bevaegelig bagkantsindretning (40) omfattende en aerodynamisk indret-
ning (30) og en aktuatorindretning (10) ifglge et af de foregaende krav,
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hvor

- fastgorelsesdelen (11), forbindelsesdelen (12) og haengseldelen (13) dan-
ner en enkelt del;

- den aerodynamiske indretning (30) danner en anden enkelt del; og

- begge enkelte dele er forbundet med hinanden.

13. Rotorvingeindretning omfattende en rotorvinge (20) af en vindmglle og en
aktuatorindretning (10) ifglge et af de foregaende krav, hvor aktuatorindret-
ningen (10) er fastgjort til aktuatorindretningen (20) ved bagkantsafsnittet
(23) af rotorvingen (20).
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