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DESCRIPTION

[0001] The present invention relates to a method of flap regulation of a wind turbine blade and a flap which allows such a
regulation.

[0002] In the context of wind turbine rotor blades it is generally intended to reduce the loads on the wind turbine blades. Until now
the wind turbine blades and supporting structures are usually dimensioned so that they are able to withstand the dynamic loading
that can occur under the conditions to which the turbine is certified. But for large wind turbines very heavy designs with enormous
operational loads are the result of this practice. Consequently, various methods have been developed for an active reduction of
operational loads.

[0003] One method for an active reduction of operational loads is cyclic blade pitch as it is, e.g. described in US 4,298,313. In
the cyclic blade pitch the blade's pitch angle is varied during a rotational period of the rotor. Cyclic blade pitch can be regulated
by simple or advanced means, using the normal blade pitching system. Pitch control systems are, e.g., described in EP 1 666 723
A1 or US 2006/0145483 A1. A disadvantage of cyclic pitch is wearing on pitch actuator systems and pitch bearings. Moreover, the
regulation speed is limited, typically with response times in the order of seconds, because cyclic pitch requires the movement of
large inertial masses in bearings with large frictional moments.

[0004] More recently various forms of active flap regulation have been described. In an active flap regulation the pitch setting is
typically not changed. Instead, the aerodynamic characteristics of the blade are modified by a flap action, thereby enabling a
desired response to the structural loading. A method of controlling aerodynamic load of a wind turbine by means of flaps is, e.g.
described in

[0005] US 2006/0145483 A1 or JP 2006 248456 A. A specific advantage of active flap regulation is a faster regulation speed
than for cyclic pitch. Due to the limited inertia of a flap the regulation reaches typical response times in the order of tenth of
seconds. The main weaknesses of known flaps are the required complex actuators, typically electrical systems that may be highly
vulnerable to especially lightning damage.

[0006] It is therefore an objective of the present invention to provide an advantageous method of actuating a flap of a wind
turbine blade, which overcomes the mentioned disadvantages. It is a further objective to provide a wind turbine rotor, which allows
an advantageous flap regulation.

[0007] These objectives are solved by a wind turbine rotor, as claimed in claim 1. The depending claims define further
developments of the invention.

[0008] The present invention generally discloses a method and a device for load reduction on wind turbine blades. The method
is based on flap regulation by non-electrical means.

[0009] In the method of actuating a flap in a wind turbine rotor blade a fluid is used for reversibly expanding an actuating element
acting on a movable part of the flap by varying the fluid pressure in the actuating element. When no pressure is applied to the
actuating element, the flap is, e.g. elastically, restored to its neutral position. When pressure is applied, the actuating element
expands, deforms the flap and thereby deploys it in a desired direction. The deployed flap changes the aerodynamic properties of
the blade profile and thereby the aerodynamic loads.

[0010] The used fluid may be, e.g., air, compressed air, water with or without an anti-freeze agent or hydraulic oil. The fluid
pressure in the actuating element can be regulated by a regulator responding to loads of the turbine blade or the supporting
structure.

[0011] The inventive wind turbine rotor with a rotor blade is defined in claim 1.

[0012] The pressure setting device can comprise a compressor or a pump to which the actuating element is in flow connection.
Further, the pressure setting device may include or be connected to a controller acting on the compressor or pump so as to press
fluid into or release fluid from the actuating element according to a pressure set by the controller. In particular, the controller can
comprise a fluid pressure regulator responding to loads acting on the turbine blade or the supporting structure. The used fluid
may be, e.g., air, compressed air, water with or without an anti-freeze agent or hydraulic oil.

[0013] Generally, the actuating element can be a fluid hose, for instance a compressed air hose. The hose may be a standard
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product. In addition, the actuating element can have a flat cross-section in the deflated state, which would allow for easier fitting
into the flap, or it can be folded which would increase the usable volume of the actuating element without significantly increasing
the space required between the fixed part of the flap and the movable part of the flap. Furthermore, the actuating element can be
integrated into the flap as an inner cavity which would allow it to form together with the flap so that no discrete add-on to the flap
is necessary.

[0014] Moreover, the inventive flap can preferably be mounted along the full length of the trailing edge from the shoulder to the
tip point. The chordwise dimension of the inventive flap can be fixed, independent of the radial position or the chordwise
dimension can vary dependent on the radial position.

[0015] Generally, the inventive flap can be manufactured as an extruded profile. The inventive flap can be made of plastic, wood,
thermoplastic material, composite material, fibre reinforced composite material or other raw material.

[0016] The flap may be composed continuously or as a series of flap elements which are located at different radial positions. The
latter allows an easier handling and fitting of the flap. Further, the flap can have an external protrusion which is beneficial for easy
deformation as desired under pressure.

[0017] The general advantage of the method and the inventive wind turbine rotor lies in the replacement of known flap system
actuators, typically complex arrangements based on electrical subsystem and electromechanical actuators and mechanisms.
These known flap system actuators are now replaced by a very simple and cheap combination of a shape-changing actuation
body and a suitably shaped flap structure. The described solution has the further advantage that it completely eliminates the
need for electrical systems outboard of the blade root. All active systems can be located in the rotor hub and the actuation is
performed by means that do not require service and are not vulnerable to, in particular, lightning strike.

[0018] Further features, properties and advantages of the present invention will become clear from the following description of
embodiments in conjunction with the accompanying drawings.

Fig. 1
schematically shows a wind turbine rotor blade in a top view.
Fig. 2
schematically shows a wind turbine rotor blade in a sectional view with a flap in a neutral state.
Fig. 3
schematically shows a flap in a neutral state in a sectional view.
Fig. 4
schematically shows a flap in a partially deployed state in a sectional view.
Fig. 5
schematically shows, in a sectional view, a flap with a folded fluid hose in a neutral state.
Fig. 6
schematically shows, in a sectional view, a flap with a folded fluid hose in a partially deployed state.
Fig. 7
schematically shows, in a sectional view, an inventive flap with integrated actuator in a neutral state.
Fig. 8
schematically shows, in a sectional view, an inventive flap with integrated actuator in a partially deployed state.

Now a first embodiment will be described with reference to Figures 1 to 4. Figure 1 schematically shows a typical wind turbine
rotor blade 1 in a top view. One can see in Figure 1 the characteristic geometrical features of a turbine blade which are the blade
root 3, the shoulder 4, the tip point 2, the leading edge 7, the trailing edge 6, the span line 5 and the chord line 8. At the blade
root 3 the rotor blade is mounted to a rotor hub. The tip point 2 characterises the maximum radial position of the blade, measured
from the blade root 3 along the span 5.

[0019] The span line 5 connects the blade root 3 with the tip point 2. The chord line 8 indicates the direction perpendicular to the
span line 5. Chord means the maximum width of the turbine blade perpendicular to the span 5. Shoulder 4 means the radial
position, measured from the blade root 3, where the chord has its maximum value. The trailing edge 6 is the downstream edge of
the blade and extends from the blade root 3 along the shoulder 4 to the tip point 2. the leading edge 7 is the upstream edge
extending from the blade root 3 to the tip point 2.

[0020] Figure 2 schematically shows a wind turbine rotor blade in a sectional view along the chord line 8 with a flap in a neutral
state. One can see in Figure 2 the chord line 8, the leading edge 7, the trailing edge 6 and the flap 9 which is located at the
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trailing edge 6. The flap 9 is mounted along the full length of the trailing edge 6 from the shoulder 4 to the tip point 2. Moreover,
the chordwise dimension of the flap 9 is fixed, independent of the radial position. Further, one can see in Figure 2 the concave
pressure side 10 extending from the leading edge 7 to the trailing edge 6 and the convex suction side 11 extending from the
leading edge 7 to the trailing edge 6.

[0021] Figure 3 schematically shows a flap 9 in a neutral state in a sectional view. The flap 9 comprises a fixed part 12 by which it
is fixed to the rotor blade 1, a movable part 13, a hinge 14, a cavity 15 and a fluid hose 16. The fixed part 12 is firmly mounted to
the trailing edge 6 of the blade 1. The movable part 13 is connected to the fixed part 12 by a hinge 14 that is, in the present
embodiment, realised by a thin section of flap material. A cavity 15 is formed between the fixed part 12 of the flap and the hinge
14. In the present embodiment the cavity 15 has an opening 20 which is located opposite to the hinge 14 between the fixed part
12 and the movable part 13. The opening 20 allows a movement of the movable part 13 relative to the fixed part 12 at the hinge
14.

[0022] An elastic fluid hose 16, which is, in the present embodiment, a compressed air hose extends along the trailing edge of
the blade 1 through the cavity 15. The hose 16 forms an actuating element which actuates the movable part 13 of the flap so as
to move relative to the fixed part 12. It is connected to a compressor which, in the embodiment, allows compressed air to be
pressed into the fluid hose 16. Alternatively to compressed air, water with or without an anti-freeze agent, hydraulic oil or any
other type of fluid can also be used.

[0023] Instead of a compressor, a pump could be used as well. Using a pump would provide a pressure setting device which is
not only able to press fluid into, but also suck fluid out of the hose 16.

[0024] The flap 9 is preferably manufactured of thermoplastic material. Alternatively, it may be made of plastic, wood, composite,
fibre reinforced composite material or other raw material. Advantageously the flap is mounted along the full length of the trailing
edge 6 from the shoulder 4 to the tip point 2. The flap 9, as it is shown in Figure 3, is elastically restored to its neutral position
when the hose is deflated due to resilient properties of the hinge 14. If a pump is used instead of a compressor, the restoration
can be assisted by sucking the fluid out of the hose 16. In its neutral state the fluid hose 16 is flat.

[0025] Compressed air is pressed into the fluid hose 16 to deploy the movable part 13 of the flap. Figure 4 schematically shows
the flap 9 of Figure 3 in a partially deployed state in a sectional view. One can see in Figure 4 the inflated and expanded volume
of the fluid hose 16 which presses against the hinge 14 and thereby actuates the moveable part 13 of the flap 9.

[0026] The adjustment of the flap 9 can be regulated by the pressure of the compressed air. This regulation can be achieved by
a regulator responding to loads of the turbine blade or the supporting structure and applying a specific magnitude of pressure to
the fluid hose.

[0027] A second embodiment will be described with reference to Figures 5 and 6. All elements corresponding to elements of the
first embodiment are designated by the same reference numerals as in Figures 3 and 4 and will not be described again. Figure 5
schematically shows, in a sectional view, a flap 9 with a folded fluid hose 17 in a neutral state. Again, one can see tne fixed part
12, the movable part 13, the hinge 14 and the cavity 15 between the fixed part 12 of the flap and the hinge 14, as already
described in the first embodiment.

[0028] While pressing compressed air or any other mentioned fluid into the folded fluid hose 17 the hose expands by an
unfolding of the fluid hose's folds. This is schematically shown in Figure 6 where an inventive flap 9 with a folded fluid hose 17 in a
partially deployed state is sketched in a sectional view. The folded fluid hose 17 provides an increased volume of the inflated fluid
hose compared to the first embodiment and thus allows a more effective deployment of the flap 9.

[0029] Now a third embodiment will be described with reference to Figures 7 and 8. All elements corresponding to elements of
the first embodiment are designated by the same reference numerals as in Figures 3 and 4 and will not be described again.
Figure 7 schematically shows, in a sectional view, an inventive flap 9 with an integrated actuating element in a neutral state.
Besides the already described hinge 14, fixed part 12 and movable part 13 of the flap 9 one can additionally see in Figure 7 an
inner cavity 19 which is located between the hinge 14 and two wall sections 21, 22, one of which belongs to the fixed part of the
flap and the other to the movable part, and a flexible element 18. The inner cavity 19, which has an opening 20 that is located
opposite to the hinge 14 is sealed by the flexible element 18. The flexible element 18 extends over the opening 20 and connects
the two wall sections 21, 22 of the flap so as to close the inner cavity 19. The hinge 14 is preferably designed to bend more easily
in the direction towards the inner space of the inner cavity 19 than away from the inner space.

[0030] In this embodiment the inner cavity 19 is the actuating element which actuates the movable part 13 of the flap. In the
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neutral state of the flap, when no pressure is applied, the opening 20 is closed or nearly closed. When compressed air or any
other mentioned fluid is pressed into the inner cavity 19 the volume of the cavity tends to increase. As a consequence, the wall
sections 21, 22 are pressed apart so that the opening 20 increases. As the wall section 21 of the fixed part 12 is fixed to the
blade's trailing edge it cannot move with respect to the blade 1. Therefore, all the movement is carried out by the wall section 22
of the movable part 13. This movement exerts a force on the movable part which tries to move the movable part 13 away from the
fixed part 12. However, as the movable part 13 is connected to the fixed part 12 by means of the hinge 14, which prevents the
movable part 13 from moving away from the fixed part 12, this movement "away" from the fixed part is transformed into a rotational
movement about the hinge. As a consequence the flap is deployed.

[0031] The deployed state of the flap is sketched in Figure 8 where the flap 9 with an integrated actuator is schematically shown
in a sectional view. Compared to Figure 7, one can see in Figure 8 the changed shape of the flexible element 18. When the
pressure in the inner cavity is released again, a resilient force of the flexible element 18 leads to a contraction which in turn pulls
the wall sections 21, 22 towards each other so as to close the gap 20. By this action the flap returns to its neutral state. In the
embodiment described with respect to Figures 7 and 8, the actuator is manufactured as part of the flap and no additional fluid
hose is necessary.
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Patentkrav

1. Vindmgllerotor med en rotorvinge (1) omfattende en flap (9) og et flapaki-
veringssystem,

hvor

- rotorvingen (1) omfatter en trykside (10) og en sugeside (11),

- flappen (9) omfatter en fastgjort del (12), der er fastgjort til rotorvingen (1),
og en beveegelig del (13), der er bevaegelig i forhold til den fastgjorte del (12),
kendetegnet ved, at

- den faste del (12) af flappen (9) er fastgjort til tryksiden (10) af rotorvingen
(1), o9

- flapaktiveringssystemet omfatter et aktiveringselement, som er integreret i
flappen (9) som indvendigt hulrum (19), med en reversibelt foranderlig volu-
men, der befinder sig mellem den bevaegelige del (13) af flappen og den
fastgjorte del (12) af flappen, en fluid inde i aktiveringselementet (19), hvoraf
trykket er indstilleligt, og en trykindstillingsindretning, som er udformet til at
presse fluid ind i eller frigive fluid fra aktiveringselementet (19) til 2endring af
dets volumen.

2. Vindmgllerotor ifglge krav 1,

kendetegnet ved, at

fluiden er luft, vand med eller uden frostbeskyttelsesmiddel eller hydraulik-
olie.

3. Vindmgllerotor ifalge krav 1 eller 2,
kendetegnet ved, at
aktiveringselementet (16, 17, 19) har et en flad sektion eller er foldet.

4. Vindmgllerotor ifglge et hvilket som helst af kravene 1 til 3,

kendetegnet ved, at

flappen (9) er monteret langs den fulde leengde af rotorvingens (1) bagkant
(6) fra skulderen (4) til toppunktet (2).

5. Vindmgllerotor iflge et hvilket som helst af kravene 1 il 4,
kendetegnet ved, at
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flappens dimension (9) er fast, uafhaengigt af den radiale position.

6. Vindmgllerotor ifglge et hvilket som helst af kravene 1 til 5,
kendetegnet ved, at
flappens dimension (9) varierer athaengigt af den radiale position.

7. Vindmollerotor ifglge et hvilket som helst af kravene 1 til 6,

kendetegnet ved, at

flappen (9) er fremstillet af plast, tree, termoplastisk materiale, kompositmate-
riale, fiberforstaerket kompositmateriale eller andet ramateriale.

8. Vindmgllerotor ifalge et hvilket som helst af kravene 1 til 7,
kendetegnet ved, at
flappen (9) har et eksternt fremspring.

9. Vindmgllerotor ifalge et hvilket som helst af kravene 1 til 8,

kendetegnet ved, at

flappen (9) er sammensat kontinuerligt eller som en reekke flapelementer,
som befinder sig pa forskellige radiale positioner.

10. Vindmgllerotor ifelge et hvilket som helst af kravene 1 til 9,

kendetegnet ved, at

flapaktiveringssystemet omfatter en fluidtrykregulator, der reagerer pa be-
lastninger af vindmallevingen eller den baerende konstruktion.



DRAWINGS




DK/EP 1995455 T3




DK/EP 1995455 T3




DK/EP 1995455 T3

| FIG 8

18 ‘
. 21 2
27 i)

14 20019 ,.. |



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

