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DESCRIPTION

[0001] The present invention relates to a wind turbine with a rotor blade, wherein the wind
turbine comprises a pressure supply system for controling a pneumatically activatable
aerodynamic device of the rotor blade.

[0002] Aerodynamic devices such as flaps, slats or spoilers are a common means to influence
the aerodynamic properties of a wind turbine rotor blade. These devices are often used for
selectively changing the aerodynamic properties such as the lift or the drag of the rotor blade
under certain operational conditions of the wind turbine. It may, for example, be desired that
the lift of the rotor blade is as high as possible for wind speeds below the rated wind speed of
the wind turbine, but reduced for wind speeds above the rated wind speed. In this context, the
rated wind speed of the wind turbine is referred to as the wind speed at which the wind turbine
reaches its nominal output tower. For modern industrial wind turbines the rated wind speed is
oftentimes between eight and twelve meters per second.

[0003] These aerodynamic devices may work passively. This means that the aerodynamic
device does not change its configuration.

[0004] These aerodynamic devices may also work semi-passively. This means that no
actuation means are used for inducing a change from a first configuration of the aerodynamic
device into a second configuration of the aerodynamic device. Instead, through careful design
of the aerodynamic device, it is achieved that if a pre-determined value of a chosen parameter,
such as a pressure acting in a certain direction on the aerodynamic device, is reached or
exceeded, the change of configuration occurs. Typically, the semi-passively working
aerodynamic device comprises resilient means which ensure a change of configuration of the
aerodynamic device back from the second into the first configuration if pre-determined
conditions are met.

[0005] Aerodynamic devices may alternatively also work actively. This means that certain
actuation means are used for inducing a change from a first configuration of the aerodynamic
device into a second configuration of the aerodynamic device. These actuation means may
e.g. work mechanically, electrically, hydraulically or pneumatically. The difference between
actively and semi-passively working aerodynamic devices is that the former ones need an
external stimulus for changing its configuration induced e.g. by a control unit and "transmitted"
mechanically, electrically, hydraulically or pneumatically to the aerodynamic device, wherein the
latter ones change its configuration without any externally controlled stimulus.

[0006] One advantage of actively working, or simply "active” aerodynamic devices is that they
are more versatile with regard to the changes of configuration of the aerodynamic device which

can be realized. Prior art examples can be found in WO2010/023278A2 or US2011/116927A1.

[0007] The present invention relates to pneumatically activatable aerodynamic devices of a
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wind turbine rotor blade. The invention seeks to disclose means for controlling the activatable
aerodynamic devices and seeks to specifically describe how such means could be concretely
designed.

[0008] The invention is described in the independent claim 1. Advantageous embodiments and
modifications are disclosed in the dependent claims.

[0009] According to the invention, there is provided a wind turbine with a rotor blade, wherein
the rotor blade comprises a pneumatically activatable aerodynamic device and the wind turbine
comprises a pressure supply system for controlling the activatable aerodynamic device. The
pressure supply system comprises a pressurized air supply system, a pressurized air
transmission system with pressure lines for transmitting the supplied pressurized air from the
pressurized air supply system to the aerodynamic device, and at least one pneumatic actuator
for activating the aerodynamic device. The rotor blade is further characterized by the features
of the characterizing portion of claim 1.

[0010] The concept of such a pressure supply system is specifically adapted to the demands
and requirements of a wind turbine. This includes, for example, a very high reliability and a
high degree of robustness of the system, as this is usually required for any system being
implemented in a wind turbine. By the term "wind turbine", a wind turbine for generating
electricity is understood.

[0011] Compared to semi-passively working aerodynamic devices, the present aerodynamic
device is activatable by a suitable mechanism. The present invention concentrates on
pneumatic activation of the aerodynamic device. This means that the aerodynamic device is
movable from a first configuration to a second configuration by using a gas of a certain
pressure. The gas can simply be air.

[0012] The term "pressurized" air comprises air with a pressure above atmospheric pressure,
but it also comprises air with a lower pressure than atmospheric pressure. Thus, the invention
in its broadest scope comprises both positive and negative pressure relative to the
atmospheric pressure. Descriptively speaking, the present invention is applicable both to
overpressure as well as to low pressure.

[0013] The pressurized air is supplied by the pressurized air supply system. Subsequently, the
pressurized air is transmitted by the pressurized air transmission system from the location
where it is supplied, namely the pressurized air supply system, to the location where it is
needed, namely at the aerodynamic device. The pressurized air transmission system
comprises pressure lines, which can for example be tubes or pipes or similar devices.

[0014] Finally, the pressure supply system comprises the pneumatic actuator which is able and
destined to selectively activate the aerodynamic device. To give examples, the pneumatic
actuator may be realized as a (pressure) hose or a cavity or any other inflatable device. A
common feature for a suitable pneumatic actuator is that it comprises a changeable, or
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variable, volume. In other words, the first configuration of the aerodynamic device may
correlate to a deflated state of the actuator and the second configuration of the aerodynamic
device may correlate to an inflated state of the actuator or vice versa.

[0015] In an embodiment of the invention, the wind turbine comprises a plurality of rotor
blades, preferably three rotor blades, and the wind turbine comprises one common
pressurized air supply system for all rotor blades.

[0016] An advantage of providing one common pressurized air supply system is rationalization
and efficiency of the system. As the pressurized air as such can well be used for all present
rotor blades of the wind turbine, it is advantageous to provide one single apparatus for
supplying the pressurized air.

[0017] This common pressurized air supply system may advantageously be located in the hub
of the wind turbine. The placement of the pressurized air supply system in the hub is beneficial
as this represents a central location for supplying and distributing the pressurized air to the
individual rotor blades.

[0018] As an alternative, the one common pressurized air supply system may also be located
in other parts of the wind turbine, such as for example the nacelle. The placement of the
pressurized air supply system in the nacelle might be preferred if there is only few space left in
the hub or if it is undesired to place the pressurized air supply system in a continuously rotating
component of the wind turbine (at least during operation of the wind turbine) such as the hub
represents.

[0019] In the case that there is one common pressurized air supply system serving a plurality
of rotor blades, a choice needs to be made whether the individual rotor blades are supplied
with the same amount of pressurized air at the same time or whether the individual blades
shall be supplied independently and separately from each other. The individual control and
supply of the rotor blades by pressurized air might be preferable as then more versatility and
control of the system can be ensured. In order to realize such a individual control of the rotor
blades, individual valves are proposed at each pressure line heading from the common
pressurized air supply system into the rotor blades.

[0020] In another embodiment of the invention, the wind turbine comprises individual
pressurized air supply systems, one for each rotor blade.

[0021] This has the advantage that the individual pressurized air supply systems can be
configured smaller. Furthermore, if one pressurized air supply system fails, only one rotor
blade is concerned with the failure. Such a failure represents of course an extraordinary event,
but is nevertheless possible.

[0022] In the case that there are individual pressurized air supply systems for each rotor blade,
one position where these individual pressurized air supply systems could be located is again
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the hub of the wind turbine. However, in this case also the root sections of the individual rotor
blades might be an advantageous choice. The advantage of placing the pressurized air supply
systems in the respective root sections is that no pressure lines are needed then in order to
provide a connection across the pitch bearing of the rotor blade. Furthermore note that the
individual pressurized air supply systems could even be located further outboard in the rotor
blade instead of being located in the inboard section such as the root section. An advantage of
a placement of the pressurized air supply system further outboard could arise if the
aerodynamic device itself is also located further outboard in the rotor blade. Then, the length of
the pressurized air transmission system could be minimized by placing the pressurized air
supply system close to the position where it actually needed.

[0023] Note that not only a reduced distance to be covered is advantageous in this scenario
(which is, for example, important in the context of any exposure of the system to lightning
strikes), but a reduced distance to be covered for the pressure lines is also advantageous in
terms of reaction time of the system. Note that the closer the pressurized air supply system is
with regard to the pneumatic actuator, the shorter the response time regarding changes in the
pressure of the gas is.

[0024] According to the invention, the aerodynamic device is realized as a flap.

[0025] A flap is oftentimes located in the trailing edge section of the rotor blade. Contrary to a
flap, a slat is defined as being located at the leading edge section of the rotor blade.
Oftentimes, a slat is separated from the main body of the rotor blade by a suitable gap, i.e. a
suitable slot. Furthermore, a spoiler is typically something which is firmly attached and
connected with the surface of the main body of the rotor blade but may change its profile if it is
combined with a pneumatic actuator. One example of a spoiler is a Gurney flap, which is
oftentimes mounted to the pressure side at the trailing edge section of the rotor blade. Another
example of a spoiler is an element which is mounted upstream of the trailing edge section at
the suction side of the rotor blade and which is able to induce stall of the airflow flowing from
the leading edge section to the trailing edge section of the rotor blade.

[0026] With regard to the alignment and the positioning of the pressure lines, one option is to
align at least a part of the pressure lines along the trailing edge of the rotor blade. As in the
case of a sharp trailing edge the region inside the rotor blade in the trailing edge section is
oftentimes quite sensitive and the rotor blade may even be filled with some material in the case
of a sharp trailing edge, a placement of the pressure lines outside, i.e. on the surface on the
outer surface of the rotor blade, could also be beneficial.

[0027] As an alternative or in combination with the foregoing, the pressure lines could also be
arranged and aligned along the shear web of the rotor blade. The shear web normally
represents a supporting element between the pressure side shell and the suction side shell
and is often located between 20 % and 80 % chord length. Thus, in this case the pressure lines
are located in a central portion of the rotor blade and also at a very stable and stiff part of the
blade.
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[0028] In another embodiment of the invention, the wind turbine further comprises at least one
pressure reservoir for storing the supplied pressurized air.

[0029] Such a pressure reservoir has the advantage that pressurized air does not need to be
supplied "on demand", but could be stored in an appropriate receptacle such as a container or
a case. The provision of a pressure reservoir could be advantageous if the pressure reservoir
is closer to the pneumatic actuator as the pressurized air supply system. The advantage would
be that the response time for a pressure change in the actuator can be reduced.

[0030] In another embodiment of the invention, the wind turbine further comprises at least one
vacuum reservoir for storing air with a pressure below atmospheric pressure.

[0031] As it has been mentioned already, the invention not only comprises the use of
pressurized air comprising an overpressure compared to the atmospheric pressure, but also
comprises the use low pressure air, involving "sucking air out” of the pneumatic actuator.

[0032] Likewise, this could be carried out "on demand” by the pressurized air supply system,
but it is also an option to provide a vacuum reservoir for storing air with low pressure. Like for
the placement of the pressure reservoir, also the vacuum reservoir could be located closer to
the pneumatic actuator than the pressurized air supply system in order to realize short
response times for actuation of the aerodynamic device.

[0033] In another embodiment of the invention, the actuator comprises an inlet port at which
the pressurized air flows into the actuator.

[0034] The inlet port could for example be located in the radially inward section of the actuator,
given the fact that the actuator is a length wisely extended object. The inlet port could also be
equipped with another valve for controling and for selectively providing the actuator with
pressurized air from the pressurized air supply system.

[0035] As an option, the actuator could also comprise an exhaust port at which the pressurized
air flows out of the actuator.

[0036] This could be advantageous in case of a desired rapid discharge of the pressurized air
being present in the pneumatic actuator. If there is no exhaust port in the actuator, the
overpressure within the actuator would need certain time to assimilate with the atmospheric
pressure.

[0037] In another embodiment of the invention, the pressure supply system further comprises
a safety relief valve, which can preferably be pneumatically activated, for enabling a discharge

of the pressurized air from the actuator in the event of overloading the wind turbine.

[0038] Such a safety relief valve could for example be triggered or activated if the pressure
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within the actuator reaches or exceeds a pre-determined value. Then, the safety relief valve
would open and discharge the pressurized air which is present within the actuator, such as the
inflatable hose or the inflatable cavity.

[0039] In another embodiment of the invention, the pressure supply system further comprises
air conditioning elements, such as filters and/ or dehumidifiers, for minimizing the accumulation
of dirt, oil and/ or humidity within the pressure lines of the pressure supply system.

[0040] These types of elements are in principal known from other devices and apparatuses
with air transmission systems, but should particularly be considered in the present case of a
pressure supply system for a wind turbine rotor blade. It is noted that for many wind turbines,
but in particular for offshore wind turbines and onshore wind turbines which are difficult to
reach, servicing the wind turbine is extremely costly. Thus, any measure to avoid or minimize
the accumulation of dirt, oil or other undesired components is appreciated.

[0041] In another embodiment of the invention, the aerodynamic device is located in the
outboard part of the rotor blade.

[0042] The rotor blade which is mounted on a hub of a wind turbine can be subdivided into an
inboard part and an outboard part. The inboard part corresponds to the part which is
comprised by the root section of the rotor blade, while the tip section of the rotor blade belongs
to the outboard part. Many aerodynamic devices of a wind turbine rotor blade are positioned at
the outboard part as there the wind speeds which are experienced by the rotor blades are
normally higher and the impact on lift and load of the rotor blade is often increased.

[0043] Therefore, such a pressure supply system as presented in this invention is highly useful
and advantageous especially for aesrodynamic devices being mounted in the outboard part of
the rotor blade.

[0044] In another embodiment of the invention, the pressure reservoir is located close to the
actuator, in particular in a distance which is less than 10 % of the length of the rotor blade.

[0045] This has the advantage that the response time is short. It should, however, be kept in
mind that the provision of the pressure reservoir far out in the rotor blade may involve an
increase in the loads and may require a specifically reinforced section of the rotor blade.

[0046] One option is to place the pressure and/or vacuum reservoir close to the web of the
rotor blade. This has the advantage that the reservoir is located close to the neutral axis of the
rotor blade. Thus, the impact of a bending or twisting movement of the rotor blade on the
reservoir is reduced.

[0047] In the case that the rotor blade has a separate tip part, such as a tip extension, another
option would be to place the pressure and/or vacuum reservoir in the tip part. This has the
advantage that access to the reservoir is facilitated. A placement of the reservoir(s) in the tip
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part normally ensures a relatively close location with regard to the actuator, as the
aerodynamic device with the actuator is usually also placed in the outboard part of the rotor
blade.

[0048] The invention is now further described by help of the accompanying drawings, of which:

Figure 1
shows a wind turbine;
Figure 2
shows a rotor blade of a wind turbine;
Figure 3
shows a wind turbine with a pressure supply system;
Figure 4
shows a pressure supply system with one common pressurized air supply system for all
rotor blades;
Figure 5
shows individual pressurized air supply systems for each rotor blade;
Figure 6
shows the alignment of the pressure lines along the shear web and the provision of a
pressure reservoir in a rotor blade;
Figure 7
shows the alignment of the pressure lines along the trailing edge of the rotor blade;
Figure 8
shows the provision of a pressure reservoir and a vacuum reservoir in the outboard part
of the rotor blade;
Figure 9
shows a flap which is activatable by a hose; and
Figure 10
shows the same flap as in Figure 9, but with an inflated hose.

[0049] Note that the drawings are in schematic form. Similar or identical elements in the
drawings could be referenced by the same reference signs.

[0050] Figure 1 shows a conventional wind turbine 10 for generating electricity. The wind
turbine 10 comprises a tower 11 which is mounted on the ground 16 by one end. At the other
end of the tower 11, there is mounted a nacelle 12. The nacelle 12 is usually mounted
rotatable with regard to the tower 11, which is referred to as comprising a yaw axis
substantially perpendicular to the ground 16. The nacelle 12 usually accommodates the
generator of the wind turbine and the gear box (if the wind turbine is a geared wind turbine).
Furthermore, the wind turbine 10 comprises a hub 13 which is rotatable about a substantially
horizontal rotor axis 14 (including a small tilting angle of a few degrees). The hub 13 is often
described as being a part of the rotor, wherein the rotor is capable to transfer the rotational
energy to the generator.
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[0051] The hub 13 is the part at which the rotor blades 20 are mounted. The rotor blade 20 is
usually mounted pivotable to the hub 13. In other words, the rotor blades 20 can be pitched
about pitch axes 15, respectively. This improves the control of the wind turbine and in particular
of the rotor blades by the possibility to modify the direction at which the wind is impinging on
the rotor blades 20. Each rotor blade 20 is mounted to the hub 13 at its root section 21. The
root section 21 is opposed to the tip section 22 of the rotor blade. Note that in the example as
shown in Figure 1, only two rotor blades 20 are depicted. However, most of the wind turbines
nowadays comprise three rotor blades.

[0052] Figure 2 shows such a rotor blade 20 of a wind turbine comprising a root section 21
and a tip section 22. Both sections, the root section 21 and the tip section 22, comprise up to
ten percent in the spanwise direction of the rotor blade. The radially outmost point of the rotor
blade is the so-called tip 221 of the rotor blade 20. The rotor blade 20 furthermore comprises a
trailing edge 231 and a leading edge 241. The leading edge 241 typically has a curved and
rounded shape, while the trailing edge 231 typically has a sharp or blunt edge. The section
around the leading edge 241 is referred to as the leading edge section 24; likewise, the section
around the trailing edge 231 is referred to as the trailing edge section 23.

[0053] The straight line between the trailing edge 23 and the leading edge 24 is called the
chord line 27. The chord line 27 divides the airfoil into a pressure side 25 and a suction side
26. One of the airfoils is exemplarily shown in Figure 2. It is to be understood that the rotor
blade 20 comprises a plurality of airfoils - one next to the other - from the root section 21 to the
tip section 22. These gradually changing airfoils cause the gradual change of the shape of the
rotor blade. The airfoil has a lift generating shape in most of the sections of the rotor blade.

[0054] Figure 3 shows a wind turbine 10 with a pressure supply system according to one
embodiment of the invention. The wind turbine 10 is seen in a front view. Therefore, the
nacelle 12 is hidden behind the hub 13 and is not visible in this perspective. Apart of that, the
wind turbine 10 comprises three rotor blades 20, wherein each rotor blade 20 comprises an
aerodynamic device 41 which is in the example of Figure 3 configured as a trailing edge flap.
The trailing edge flap is mounted at the trailing edge 231 of the rotor blades 20 and extends
along the trailing edge 231 in the outboard part of the respective rotor blades.

[0055] The pressure supply system comprises one common pressurized air supply system 31
which is located centrally in the hub 13. The pressurized air supply system 31 provides
pressurized air to each of the three rotor blades. Therefore, an pressurized air transmission
system 32 in the form of pressure lines extend from the pressurized air supply system 31 to
the individual rotor blades. The transmission of pressurized air through the pressure lines is
controllable via three individual valves, one for each rotor blade 20. After entering the rotor
blades via the root section, the pressure lines run along the shear webs, which are not visible
in Figure 3, to the aerodynamic devices 41. Each pressurized air transmission system 32
enters a pneumatic actuator 33 at an inlet port and supplies the pneumatic actuator 33 with
pressurized air.
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[0056] Figure 4 illustrates again the variant of one common pressurized air supply system 31
being centrally located in the hub 13 of the wind turbine. In other words, there is one single
input but multiple outputs of pressurized air.

[0057] In contrast to the variant shown in Figure 4, Figure 5 shows an alternative realization,
where there are multiple input sources and multiple output means. Concretely, one individual
pressurized air supply system 31 is provided for each rotor blade and supplies one individual
rotor blade with pressurized air. In the example shown in Figure 5, the pressurized air supply
systems 31 are located in the hub 13, but could alternatively also be located in the rotor blade,
such as in the root section 21 of the rotor blades.

[0058] Figure 6 is a section cut at a rotor blade of a wind turbine. It may also be described as
showing the pressure side shell of such a rotor blade, or, to be more precise, a part of it. The
rotor blade comprises a shear web 42 which is located at approximately 40 % chordal length
as measured from the leading edge of the rotor blade. It can be seen that the pressurized air
transmission system which brings and supplies air from the pressurized air supply system to
the aerodynamic device runs along the shear web 42 until it reaches a pressure reservoir 43.
The pressure reservoir is aligned and attached to the shear web 42. From the pressure
reservoir 43 a pressurized air transmission system, concretely a pressure line, is running
directly to the trailing edge of the rotor blade and exits the inner cavity of the rotor blade close
to the trailing edge of the rotor blade. There, it is aligned at the pressure side 25 of the rotor
blade until it reaches the pneumatic actuator 33.

[0059] The pneumatic actuator 33 is able to move the aerodynamic device which is realized as
a two-part flap 411 and the pneumatic actuator is able to move the flap 411 into the desired
orientation. For example, a change of the orientation of the flap 411 downwards, i.e. further
towards the pressure side 25 may considerably change the lift and the load of the rotor blade.

[0060] As an alternative, Figure 7 shows the alignment of the pressure lines not along the
shear web but along the blunt and thick trailing edge 231 of the rotor blade. Here, the pressure
lines 32 exit the blade already from the beginning on. Also note that in case of the embodiment
as illustrated in Figure 7, the pressurized air supply system 31 is located in the root section 21
of the rotor blade.

[0061] Figure 8 shows a complete view on a rotor blade 20 which comprises a pressure supply
system. The pressure supply system comprises a pressurized air supply system 31 which is
located in the root section 21 of the rotor blade 20. From the pressurized air supply system 31
a pressurized air transmission system in the form of pressure lines lead directly to a pressure
reservoir 43. The pressure reservoir 43 is located in the outboard section of the rotor blade 20,
namely close to the aerodynamic device 41 with the pneumatic actuator 33 which needs to be
supplied with pressurized air. From the pressure reservoir 43, there reaches another pressure
line to the pneumatic actuator 33. The pneumatic actuator 33 comprises an inlet port where
the pressure lines reach the pneumatic actuator 33. Furthermore, the pneumatic actuator 33
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also has an exhaust port which is connected with a vacuum reservoir 44. Also the vacuum
reservoir 44 is located in the outboard part of the rotor blade.

[0062] Finally, Figures 9 and 10 show an example of a flap 411 which is an example of an
aerodynamic device. The flap 411 is a trailing edge flap which is arranged at the trailing edge
section 23 of the rotor blade. It comprises one part which is directly connected to the trailing
edge section 23 of the rotor blade. The flap 411 also comprises another section by which the
flap 411 is attached to the pressure side 25 of the rotor blade.

[0063] The flap 411 comprises a cavity where a hose 331 is provided. The hose 331 almost
fills the entire cavity. The hose 331 can be filled or emptied by air by means of a pressurized
air transmission system which extends at the exterior of the rotor blade first and subsequently
enters the cavity of the rotor blade. The actuator may also comprise an exhaust port, however
this has been omitted in the cross-sectional view as shown in Figures 9 and 10 for sake of
simplicity.

[0064] The difference between the first configuration as illustrated in Figure 9 and the second
configuration as illustrated in Figure 10 is the volume of the hose 331. In Figure 9, the hose
331 is almost empty. In other words, it is deflated. No pressure is applied to the air which is
present in the hose 331. Compared to that, in the second configuration as illustrated in Figure
10, pressurized air has been pressed into the hose 33. Through careful design of the flap 411,
the flap 411 changes its shape and its configuration when the hose 331 is inflated. In this case,
the flap 411 bends downwards, i.e. towards the pressure side 25 of the rotor blade. This has
the effect that the lift, and thus also the load of the rotor blade is changed. Note that Figures 9
and 10 only show one of many possible embodiments of such a pneumatic actuator.
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Patentkrav

1. Vindmalle (10) omfattende en rotorvinge (20), hvor rotorvingen (20) omfatter
en pneumatisk aktiverbar aerodynamisk indretning (41), og vindmallen (10)
omfatter et trykforsyningssystem til styring af den aktiverbare aerodynamiske
indretning (41); og hvor trykforsyningssystemet omfatter et trykluftforsynings-
system (31), et tryklufttransmissionssystem (32) med trykledninger til at over-
fare den tilfarte trykluft fra trykluftforsyningssystemet (31) til den aerodynami-
ske indretning (41), og mindst én pneumatisk aktuator (33) til aktivering af den
aerodynamiske indretning (41), kendetegnet ved, at den pneumatisk aktiver-
bare aerodynamiske indretning (41) er en klap (411), der er anbragt ved den
bageste kantsektion af rotorvingen, hvor klappen (411) omfatter en del, der er
direkte forbundet med den bageste kantsektion af rotorvingen (20), og et andet
afsnit, der er fastgjort til tryksiden af rotorvingen, hvor klappen yderligere om-
fatter et hulrum, og hvor aktuatoren (33) omfatter en oppustelig slange (331),
der er anbragt i hulrummet og naesten fylder hele hulrummet, og hvor klappen
(411) bejer mod tryksiden (25) af rotorvingen (20), nar slangen (331) er oppu-

stet.

2. Vindmglle (10) ifelge krav 1, hvor vindmgllen (10) omfatter en flerhed af
rotorvinger (20), fortrinsvis tre rotorvinger (20), og vindmgllen (10) omfatter et

feelles trykluftforsyningssystem (31) til alle rotorvinger (20).

3. Vindmalle (10) ifalge krav 2, hvor det ene feelles trykluftforsyningssystem
(31) er placeret i navet (13) af vindmgllen (10).

4. VVindmealle (10) ifelge et af kravene 2 eller 3, hvor de enkelte rotorblade (20)
kan styres uafhaengigt af hinanden ved hjeelp af separat styrede individuelle

ventiler (34), som styrer transmissionen af trykluften fra det feelles trykluftfor-
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syningssystem (31) til de respektive aktuatorer (33) af de individuelle rotorvin-
ger (20).

5. Vindmaglle (10) ifelge krav 1,
hvor vindmgllen (10) omfatter en flerhed af rotorvinger (20), fortrinsvis tre ro-
torvinger (20), og vindmgllen (10) omfatter individuelle trykluftforsyningssyste-

mer (31) til hver rotorvinge (20).

6. Vindmalle (10) ifelge krav 5,
hvor ethvert af de individuelle trykluftforsyningssystemer (31) er placeret i ro-

dafsnittet (21) af den tilsvarende rotorvinge (20).

7. Vindmglle (10) ifelge et af de foregaende krav,
hvor trykledningerne er rettet i det mindste delvist langs bagkanten (231) af

rotorvingen (20).

8. Vindmaglle (10) ifelge et af de foregaende krav,
hvor trykledningerne er rettet i det mindste delvist langs shear web'en (42) af

rotorvingen (20).

9. Vindmaglle (10) ifelge et af de foregaende krav,
hvor vindmeallen (10) yderligere omfatter mindst én trykbeholder (43) til opbe-
varing af den tilfarte trykluft.

10. Vindmglle (10) ifalge krav 9,
hvor trykbeholderen (43) er placeret taet pa aktuatoren (33), iseer i en afstand,

der er mindre end ti procent af laeengden af rotorvingen (20).

11. Vindmaelle (10) ifelge et af de foregéende krav,

hvor vindmgllen (10) yderligere omfatter mindst én vakuumbeholder (44) til
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opbevaring af luft med et tryk under atmosfeerisk tryk.

12. Vindmaelle (10) ifelge et af de foregéende krav,
hvor aktuatoren (33) omfatter en indlgbsport (332), ved hvilken trykluften

strammer ind i aktuatoren (33).

13. Vindmalle (10) ifelge et af de foregéende krav,
hvor aktuatoren (33) omfatter en udst@dningsport, ved hvilken trykluften strem-

mer ud af aktuatoren (33).

14. Vindmalle (10) ifelge et af de foregéende krav,
hvor trykforsyningssystemet yderligere omfatter en sikkerhedsaflastningsven-
til, som fortrinsvis kan aktiveres pneumatisk, for at muliggere en udledning af

trykluften fra aktuatoren (33) i tiffeelde af overbelastning af vindmeallen (10).
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