(19 DANMARK (100 DK/EP 4100645 T3
(12) Overseettelse af
europaeisk patentskrift
Patent- og
Varemeaerkestyrelsen
(51) Int.Cl.: F03D 1/06 (2006.01) F03D 13/10 (2016.01) F 03 D 80/50 (2016.01)
(45) Overseettelsen bekendtgjort den: 2024-05-21
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2024-04-03
(86) Europaeisk ansggning nr.: 21711784.5
(86) Europaeisk indleveringsdag: 2021-03-03
(87) Den europeaeiske ansggnings publiceringsdag: 2022-12-14
(86) International ansggning nr.: EP2021055356
(87) Internationalt publikationsnr.: W02021190891
(30) Prioritet: 2020-03-25 EP 20165448
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT Ll LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR
(73) Patenthaver: Siemens Gamesa Renewable Energy A/S, Borupvej 16, 7330 Brande, Danmark
(72) Opfinder: GAMBERINI, Andrea, Nordens Plads 4, 9.06, 2000 Frederiksberg, Danmark
(74) Fuldmaegtig i Danmark: Novagraaf Brevets, Batiment 02, 2 rue Sarah Bernhardt CS90017, F-92665 Asniéres-sur-
Seine cedex, Frankrig
(54) Benaevnelse: AERODYNAMISK BELASTNINGSREDUKTION UNDER ROTORBLADINSTALLATION OG -
VEDLIGEHOLDELSE | EN VINDM@LLE
(56) Fremdragne publikationer:

EP-A1-2 708 734
EP-A1- 3 225 834
EP-A2- 2 565 440
EP-B1-2 708 734
EP-B1- 3 225 834



DK/EP 4100645 T3



DK/EP 4100645 T3

DESCRIPTION

Description

Field of invention

[0001] The present invention relates to a method for reducing the aerodynamic load during
blade installation and service in a wind turbine.

Art Background

[0002] During blade installation and service cases there is no control on the aerodynamic
loads of the blades, because pitch control and rotor speed control are not active. These loads
can drive the design of the wind turbine components like hub and blade bolts and of the
installation and service tools, e.g. cranes. Blade loads during installation may drive requirement
on the number of blade bolts needed before removing the crane. Blade loads during service
may drive requirement on rotor components, such as rotor lock and pitch lock.

[0003] Methods are known, which may be sued for reducing such loads. For example, the
blade may be installed with an alignment to the wind trying to minimize the aerodynamic load,
or the rotor may be oriented such that aerodynamic blade loads are reduced. Further,
temporary add-on like stall strips may be installed on the blade during installation. EP 2 708
734 A1, for example, discloses a wind turbine blade comprising one or more flow disturbing
devices for provoking air flow separation arranged on the suction side of the blade, wherein the
flow disturbing device is removable. EP 3 225 834 A1 describe a method which comprises the
steps of attaching a temporary cover on the rotor blade for covering at least a part of the
aerodynamic device before lifting the rotor blade to the top of the tower of the wind turbine,
and detaching the cover subsequently.

[0004] Such methods are not yet considered optimal. It is therefore an object of the present
invention to efficiently reduction loads during blade installation and service in a wind turbine. In
particular, it would be desirable to achieve such scope without using additional temporary
elements on the blades, in order to reduce time of intervention and costs.

Summary of the Invention

[0005] This object may be achieved by the subject matter according to the independent claim.
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Advantageous embodiments of the present invention are described by the dependent claims.

[0006] According to the present invention, it is provided a method for installing or servicing a
wind turbine including at least a rotor blade having a plurality of aerodynamic devices for
influencing the airflow flowing from the leading edge of the rotor blade of the wind turbine to
the trailing edge of the rotor blade. The method comprising the steps of:

« activating the aerodynamic devices,
» installing the rotor blade or performing a service on the wind turbine,
= deactivating the aerodynamic devices.

[0007] The phase of activating the aerodynamic devices is performed before or during the
phase of installing the rotor blade or performing a service on the wind turbine. The phase of
deactivating the aerodynamic devices is performed during or after the phase of installing the
rotor blade or performing a service on the wind turbine.

[0008] The method of the present invention allows activation of the aerodynamic devices to
change the blade shape during installing or servicing a wind turbine. The change in the blade
shape reduces the aerodynamic forces developed by the wind flowing on the blade. Lower
aerodynamic forces lead to lower blade oscillation and lower blade loads, that the installation
tools (e.g. cranes) or the wind turbine have to compensate or carry. Such aerodynamic devices
are integrated in the rotor blades, not a temporary add-on like stall strips. Therefore, it is not
needed to add it before the installation/service and remove it after installation/service. The
above method makes, with respect to the prior art installation and service:

* more flexible because blades are made more less sensitive to the wind direction and
speed and more stable;

« faster due to more flexibility, also depending on the fact that removable add-ons are not
needed;

= cheaper because it requires less time and the tools can be smaller, due to lower loads.

[0009] Lower blade loads during installation reduces requirement on the number of blade bolts
needed before removing the crane. Lower blade loads during service reduce requirement on
rotor components, such as rotor lock and pitch lock.

[0010] The aerodynamic devices are flaps, i.e. aerodynamic devices installed at the trailing
edge of the rotor blade. Alternatively, the aerodynamic devices are spoilers, i.e. an
aerodynamic device installed at the leading edge or in a position intermediate between the
leading edge and the trailing edge of the rotor blade. Flaps and spoilers may be together
provided on the rotor blade.
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[0011] The aerodynamic devices may be activated before the phase of installing the rotor
blade or performing a service, for example before the lifting phase of the rotor blade.
Alternatively, the aerodynamic devices may be activated during the installation of the rotor
blade or performing a service, for example during the lifting phase of the rotor blade.

[0012] According to embodiments of the present invention, each aerodynamic device is
movable by an actuator between a first protruded configuration and a second retracted
configuration, the aerodynamic devices being in the first protruded configuration when
activated and in the second retracted configuration when deactivated.

[0013] The aerodynamic devices may be deactivated after the phase of installing the rotor
blade or performing a service on the wind turbine is terminated, for example after the rotor
blade has been connected to the hub of the wind turbine. Alternatively, the aerodynamic
devices may be deactivated during the installation of the rotor blade, for example during the
lifting phase of the rotor blade.

[0014] The aspects defined above and further aspects of the present invention are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment. The invention will be described in more detail
hereinafter with reference to examples of embodiment but to which the invention is not limited.

Brief Description of the Drawings

[0015]

Figure 1
shows a wind turbine;
Figure 2
shows a rotor blade of a wind turbine with an aerodynamic device, which is operatable
for performing the present invention;
Figure 3
shows a first radial section of the rotor blade of figure 2;
Figure 4
shows a second radial section of the rotor blade of figure 2.
Figure 5
shows a block diagram of a method according to the present invention.
Figure 6
shows a block diagram of another embodiment of a method according to the present
invention.

Detailed Description
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[0016] The drawings are in schematic form. Similar or identical elements are referenced by the
same or different reference signs.

[0017] 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 at one end. At the
opposite 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 rotor axis Y.
When not differently specified, the terms axial, radial and circumferential in the following are
made with reference to the rotor axis Y.

[0018] The hub 13 is often described as being a part of a wind turbine rotor, wherein the wind
turbine rotor is capable to rotate about the rotor axis Y and to transfer the rotational energy to
an electrical generator (not shown).

[0019] The wind turbine 1 further comprises at least one blade 20 (in the embodiment of
Figure 1, the wind rotor comprises three blades 20, of which only two blades 20 are visible)
mounted on the hub 13. The blades 4 extend substantially radially with respect to the rotational
axis Y.

[0020] Each rotor blade 20 is usually mounted pivotable to the hub 13, in order to be pitched
about respective pitch axes X. This improves the control of the wind turbine and in particular of
the rotor blades by the possibility of modifying the direction at which the wind is hitting 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.

[0021] Figure 2 illustrates the rotor blade 20 comprising an aerodynamic device 30 in the form
of an actuated spoiler. Between the root section 21 and the tip section 22 the rotor blade 20
furthermore comprises a plurality of aerofoil sections for generating lift. Each aerofoil section
comprises a suction side 25 and a pressure side 26. The aerofoil shape of the aerofoil portion
is symbolized by one aerofoil profile which is shown in Figure 2 and which illustrates the cross-
sectional shape of the rotor blade at this spanwise position. Also note that the suction side 25
is divided or separated from the pressure side 26 by a chord line 27 which connects a leading
edge 41 with a trailing edge 31 of the rotor blade 20. The aerodynamic device 30 in Figure 2 is
movable by means of a pressure line 53 connected to a pneumatic actuator 34. According to
the embodiment of the attached figures, the pneumatic actuator 34 is realized as a hose. The
hose 34 comprises an elastic outer skin, such that it can inflate and deflate reversibly and
during many cycles when operated by means of the pressure line 53. The pressure line 53 is
comprised in a pressure supply system 52 and controlled by a control unit 51. The pressure
supply system 52 provides pressurized air or other pressurized gas, to the pneumatic actuator
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34. In this context, the term "pressurized fluid" not only implies positive pressure but also
negative pressure, wherein fluid is sucked (or "drawn") out of the pneumatic actuator 34. The
pressure line 53 could be in practice realized as tubes or pipes which do not significantly
change their volume. The control unit 51 is responsible for setting a specific pressure at the
pressure supply system 52 which subsequently leads to a certain predetermined pressure at
the pneumatic actuator 34. By controlling the pressure of the pressurized air, the pneumatic
actuator 34 is operated between an inflated and a deflated configuration. Any of the control
unit 51 and the pressure supply system 52 may be located in the root section 21 of the rotor
blade 20 or placed elsewhere in the wind turbine, such as e.g. in the hub 13 of the wind turbine
10 or in the nacelle 12 or in the tower 11. The rotor blade 20 additionally comprises a flow
regulating unit 40 comprising multiple pairs of vortex generators. The flow regulating unit 40
are arranged on the suction side 25 of the blade 20 between the aerodynamic device 30 and
the the trailing edge 31. The flow regulating unit 40 may be arranged on the suction side 25 of
the blade 20 between the leading edge 41 and the aerodynamic device 30. The flow regulating
unit 40 may be not present and only the aerodynamic device 30 may be used to regulate the
flow on the surface of the blade 20. The blade 20 may comprise a plurality of aerodynamic
devices 30. The aerodynamic device 30 may be configured as a trailing edge flap. The blade
20 may comprise a plurality of aerodynamic devices 30 including flaps and spoilers.

[0022] Figure 3 shows the aerodynamic device 30 in a first protruded configuration,
corresponding to an inflated configuration of the pneumatic actuator 34. In the first
configuration the aerodynamic device 30 deviates the airflow 71 which is flowing from the
leading edge 41 to the trailing edge 31 of the rotor blade. The aerodynamic device 30 in the
first protruded configuration induces stall. This is visualized with relatively large vortices 63
downstream of the aerodynamic device 30. A consequence of the induced stall is a decrease
in lift of the rotor blade and, consequently, a reduced loading of the rotor blade and related
components of the wind turbine.

[0023] Figure 4 shows the aerodynamic device 30 in a second retracted configuration, i.e.
moved downwards towards the surface of the rotor blade 20, corresponding to a deflated
configuration of the pneumatic actuator 34. In this second configuration, the airflow 71 flowing
across the aerodynamic device 30 remains attached to the surface of the rotor blade 20, thus
that no flow separation, i.e. stall, occurs. As a consequence, the lift of the rotor blade
increases. Re-energizing vortices 64 are generated in the boundary layer by the vortex
generators 40, which have the effect of helping to increase the lift. As a result, the highest lift
values can be achieved.

[0024] By operating the pneumatic actuator 34 of the aerodynamic device 30 through the
pressure line 53, the aerodynamic device 30 can be moved between the first protruded
configuration and the second retracted configuration in order to vary the aerodynamic
properties of the blade as desired and requested when installing or servicing the wind turbine
10.

[0025] As shown in Figure 5, when installing the wind turbine 10, the method 100 comprises a
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first step 110 of activating the aerodynamic device 30 at the beginning or during the lift and
installation of the rotor blade 20. In the first step 110 the aerodynamic device 30 is activated to
reach the first protruded configuration. The activation of the aerodynamic device 30 changes
the blade shape. The change in the blade shape reduces the aerodynamic forces developed
by the wind flowing on the rotor blade 20. In a second step 120 of the method the rotor blade
20 is installed on the hub 13. In a third step 130 of the method, after the installation has
completed, the aerodynamic device 30 is deactivated, i.e. the aerodynamic device 30 is
brought to the second retracted configuration.

[0026] Alternatively, when servicing the wind turbine 10, the method 100 comprises a first step
110 of activating the aerodynamic device 30 at the beginning or during the service procedure.
In the first step 110 the aerodynamic device 30 is activated to reach the first protruded
configuration. The activation of the aerodynamic device 30 changes the blade shape. The
change in the blade shape reduces the aerodynamic forces developed by the wind flowing on
the rotor blade 20. In a second step 120 of the method the service is performed. In a third step
130 of the method, after the service has been completed, the aerodynamic device 30 is
deactivated, i.e. the aerodynamic device 30 is brought to the second retracted configuration.

[0027] In another embodiment, as shown in Figure 6, the first phase of activating 110 the
aerodynamic devices 30 and/or the third phase of deactivating 130 the aerodynamic devices
30 are performed during the phase of installing 120 the rotor blade 20 or performing a service
on the wind turbine. For example, the aerodynamic devices 30 may be activated and/or
deactivated during a phase of lifting a rotor blade 20 towards the hub 13, depending on the
conditions (intensity and direction) of the wind.

REFERENCES CITED IN THE DESCRIPTION
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PATENTKRAV

1. Fremgangsmade (100) til installation eller vedligeholdelse af en vindmalle
(10) indbefattende mindst et rotorblad (20) med en flerhed af aerodynamiske
anordninger (30) til pavirkning af luftstremmen (61), der stremmer fra forkanten (41)
af vindmgllens (10) rotorblad (20) til rotorbladets (20) bagkant (31), hvilken

fremgangsmade omfatter falgende trin:
- aktivering (110) af de aerodynamiske anordninger (30),

- installation (120) af rotorbladet (20) eller udfarelse af vedligeholdelse af

vindmegllen,
- deaktivering (130) af de aerodynamiske anordninger (30),

hvor fasen bestdende af aktivering (110) af de aerodynamiske anordninger
(30) gennemfares far eller under fasen bestaende af installation (120) af rotorbladet
(20) eller udferelse af vedligeholdelse pa vindmellen, og fasen bestaende af
deaktivering (130) af de aerodynamiske anordninger (30) gennemfares under eller
efter fasen bestaende af installation (120) af rotorbladet (20) eller udferelse af

vedligeholdelse af vindmallen.

2. Fremgangsmade (100) ifelge krav 1, hvor de aerodynamiske anordninger
(30) aktiveres i forbindelse med installation af vindmellen (10) ved begyndelsen af en

leftefase for mindst et rotorblad (20) eller under Igftefasen for mindst et rotorblad (20).

3. Fremgangsmade (100) ifelge krav 1 eller 2, hvor de aerodynamiske
anordninger (30) deaktiveres i forbindelse med installation af vindmellen (10) ved
afslutningen af en |gftefase for mindst et rotorblad (20) eller under lgftefasen for
mindst et rotorblad (20).
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4, Fremgangsmade (100) ifelge et hvilket som helst af de foregaende krav, hvor
hver aerodynamisk anordning (30) ved hjeelp af en aktuator kan beveeges mellem en
ferste fremspringende konfiguration og en anden tilbagetrukket konfiguration, hvor de
aerodynamiske anordninger (30) befinder sig i den farste fremspringende
konfiguration, nar de aktiveres, og i den anden tilbagetrukkede konfiguration, nar de

deaktiveres.



DK/EP 4100645 T3

DRAWINGS
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