(19)

DANMARK (100 DK/EP 3404257 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51)
(45)

(80)

Int.CI.: F03D 7/02(2006.01)
Oversaettelsen bekendtgjort den: 2022-02-14

Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2021-11-17

Europaeisk ansggning nr.: 18171680.4

Europaeisk indleveringsdag: 2018-05-10

Den europeaeiske ansggnings publiceringsdag: 2018-11-21
Prioritet: 2017-05-18 IN 201741017483

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: General Electric Company, 1 River Road, Schenectady, NY 12345, USA

Opfinder: VADDI, Prashanth Reddy, , 560066 Bangalore, KA, Indien
CARDINAL, Mark Edward, , Schenectady, NY 12345, USA
SLACK, Robert Peter, , Bellevue, WA 98004, USA

Fuldmaegtig i Danmark: COPA COPENHAGEN PATENTS K/S, Rosengrns Allé 1, 2. sal, 1970 Frederiksberg C,
Danmark

Benaevnelse: SYSTEM OG FREMGANGSMADE TIL STYRING AF EN PITCHVINKEL AF EN VINDMGLLEVINGE

Fremdragne publikationer:

EP-A1- 2 302 207

EP-A1-3 015705

US-A1- 2015 132 128

VALI MEHDI ET AL: "Optimal multivariable individual pitch control for load reduction of large wind turbines",
2016 AMERICAN CONTROL CONFERENCE (ACC), AMERICAN AUTOMATIC CONTROL COUNCIL (AACC), 6
July 2016 (2016-07-06), pages 3163-3169, XP032933167, DOI: 10.1109/ACC.2016.7525404 [retrieved on 2016-07-
28]



DK/EP 3404257 T3



DK/EP 3404257 T3

DESCRIPTION

[0001] The present disclosure generally relates to wind turbines. More particularly, the present
disclosure relates to systems and methods for controlling for controlling pitch angles of wind
turbine rotor blades.

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, a nacelle mounted on the tower, a generator
positioned in the nacelle, and one or more rotor blades. The one or more rotor blades convert
kinetic energy of wind into mechanical energy using known airfoil principles. A drivetrain
transmits the mechanical energy from the rotor blades to the generator. The generator then
converts the mechanical energy into electrical energy that may be supplied to a utility grid.

[0003] The orientation of the rotor blades may be adjustable to control the amount of kinetic
energy extracted from the wind. More specifically, the rotor blades may be rotatably coupled to
the hub. In this respect, a pitch adjustment mechanism may rotate each rotor blade about a
corresponding pitch axis to adjust a pitch angle of the rotor blade. As such, the pitch angles of
the rotor blades may be adjusted between a feathered position where a minimum amount
kinetic energy extracted from the wind and a power position where a maximum amount kinetic
energy extracted from the wind. US 2015/0132128 A1 relates to a method for controlling a
wind turbine where asymmetry in load on the rotor is compensated by individual pitching by
comparing a load distribution over the rotor plane with a threshold value.

[0004] Asymmetries in the wind experienced by the wind turbine may cause load imbalances
on the rotor blades and various other components of the wind turbine. In this respect, the pitch
adjustment mechanisms may adjust the pitch angles of the rotor blades to control these load
imbalances. Reducing the load imbalances on the rotor blades other wind turbine components
may reduce the wear thereon and extend the service life thereof. However, adjusting the pitch
angles of the rotor blades may increase the wear on and reduce the service life of the pitch
adjustment mechanisms.

[0005] Accordingly, improved wind turbines, and, in particular, improved systems and methods
for controlling the pitch angle of wind turbine rotor blades, are desired in the art. Specifically,
systems and methods that distribute the wear associated with load imbalances caused by wind
asymmetries across various components of the wind turbine would be advantageous.

[0006] Various aspects and advantages of the technology will be set forth in part in the
following description, or may be obvious from the description, or may be learned through
practice of the technology.

[0007] The present disclosure is directed to a system for controlling a pitch angle of a rotor
blade of a wind turbine according to independent claim 1, and a method for controlling a pitch
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angle of a rotor blade of a wind turbine according to the independent claim 9.

[0008] In one embodiment, the present disclosure is directed to a system for controlling a pitch
angle of a rotor blade of a wind turbine. The system includes a rotor having a hub and a rotor
blade. The system also includes a pitch adjustment mechanism for adjusting the pitch angle of
the rotor blade by rotating the rotor blade about a pitch axis relative to the hub. The system
further includes a controller communicatively coupled to the pitch adjustment mechanism. The
controller is configured to determine a wind asymmetry parameter based on an operating
parameter of the wind turbine. The wind asymmetry parameter is indicative of an asymmetry in
the wind experienced by the wind turbine. The controller is also configured to determine first
and second signal components of the wind asymmetry parameter. The first signal component
is indicative of a maximum load on a first wind turbine component. The second signal
component is indicative of fatigue on a second wind turbine component. The controller is
further configured to calculate a wear parameter for the first and second wind turbine
components based on the first and second signal components.

[0009] Furthermore, the controller is configured to initiate an adjustment of the pitch angle of
the rotor blade based on the wear parameter.

[0010] In another embodiment, the present disclosure is directed to a method for controlling a
pitch angle of a rotor blade of a wind turbine. The method includes determining, with a
controller, a wind asymmetry parameter based on an operating parameter of the wind turbine.
The wind asymmetry parameter is indicative of an asymmetry in the wind experienced by the
wind turbine. The method also includes determining, with the controller, first and second signal
components of the wind asymmetry parameter.

[0011] The first signal component is indicative of a maximum load on a first wind turbine
component. The second signal component is indicative of fatigue on a second wind turbine
component. The method further includes calculating, with the controller, a wear parameter for
the first and second wind turbine components based on the first and second signal
components. Furthermore, the method includes determining, with an actuator, an adjustment
of the pitch angle of the rotor blade based on the wear parameter.

[0012] In a further embodiment, the present disclosure is directed to a method for controlling a
pitch angle of a rotor blade of a wind turbine. The method includes determining, with a
controller, a wind asymmetry parameter based on an operating parameter of the wind turbine.
The wind asymmetry parameter is indicative of an asymmetry in the wind experienced by the
wind turbine. The method also includes determining, with the controller, first and second signal
components of the wind asymmetry parameter. The first signal component is indicative of a
maximum load on the rotor blade. The second signal component is indicative of fatigue on a
pitch adjustment mechanism. The method further includes calculating, with the controller, a
wear parameter for the first and second wind turbine components based on the first and
second signal components. Furthermore, the method includes determining, with an actuator,
an adjustment of the pitch angle of the rotor blade based on the wear parameter.
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[0013] Various features, aspects and advantages of the present technology will become better
understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the technology and, together with the description, serve to explain
the principles of the technology.

[0014] In the drawings:

FIG. 1 is a perspective view of a wind turbine according to one embodiment of the present
disclosure;

FIG. 2 is a perspective, internal view of a nacelle of a wind turbine according to one
embodiment of the present disclosure;

FIG. 3 is a schematic view of a system for controlling a pitch angle of a rotor blade of a wind
turbine according to one embodiment of the present disclosure;

FIG. 4 is a schematic view of a controller of a system for controlling a pitch angle of a rotor
blade of a wind turbine according to one embodiment of the present disclosure; and

FIG. 5 is a flow chart illustrating a method for controlling a pitch angle of a rotor blade of a wind
turbine according to one embodiment of the present disclosure. Repeat use of reference
characters in the present specification and drawings is intended to represent the same or
analogous features or elements of the present technology.

[0015] Reference will now be made in detail to present embodiments of the technology, one or
more examples of which are illustrated in the accompanying drawings. The detailed description
uses numerical and letter designations to refer to features in the drawings. Like or similar
designations in the drawings and description have been used to refer to like or similar parts of
the technology. As used herein, the terms “first", "second", and "third" may be used
interchangeably to distinguish one component from another and are not intended to signify
location or importance of the individual components.

[0016] Each example is provided by way of explanation of the technology, not limitation of the
technology. In fact, it will be apparent to those skilled in the art that modifications and variations
can be made in the present technology without departing from the scope thereof. For instance,
features illustrated or described as part of one embodiment may be used on another
embodiment to vield a still further embodiment. Thus, it is intended that the present technology
covers such modifications and variations as come within the scope of the appended claims.

[0017] Referring now to the drawings, FIG. 1 is a perspective view of one embodiment of an
exemplary wind turbine 10. As shown, the wind turbine 10 generally includes a tower 12
extending from a support surface 14, a nacelle 16 mounted on the tower 12, and a rotor 18
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coupled to the nacelle 16. The rotor 18 includes a rotatable hub 20 and at least one rotor blade
22 coupled to and extending outwardly from the hub 20. For example, in the embodiment
shown in FIG. 1, the rotor 18 includes three rotor blades 22. In alternative embodiments,
however, the rotor 18 may include more or less than three rotor blades 22. Each rotor blade 22
may be spaced about the hub 20 to facilitate rotating the rotor 18 to convert kinetic energy
from the wind into usable rotational, mechanical energy. A generator 24 positioned in the
nacelle 16 may generate electrical power from the rotational energy of the rotor 18.

[0018] Referring now to FIG. 2, a drivetrain 26 rotatably couples the rotor 18 to the electric
generator 24. As shown, the drivetrain 26 may include a rotor shaft 28, which rotatably couples
the hub 20 of the rotor 18 to a gearbox 30. The gearbox 30 may be supported by and coupled
to a bedplate 32 in the nacelle 16. The drivetrain 26 may also include a generator shaft 34,
which rotatably couples the gearbox 30 to the generator 24. In this respect, rotation of the rotor
18 drives the generator 24. More specifically, the rotor shaft 28 may provide a low speed, high
torque input to the gearbox 30 in response to rotation of the rotor blades 22 and the hub 20.
The gearbox 30 may then convert the low speed, high torque input into a high speed, low
torque output to drive the generator shaft 34 and, thus, the generator 24. In alternate
embodiments, however, the generator 24 may be directly rotatably coupled to the rotor shaft
28 in a direct-drive configuration.

[0019] The wind turbine 10 may also include one or more pitch adjustment mechanisms 36.
Although FIG. 2 only illustrates one pitch adjustment mechanism 36, the wind turbine 10 may
include three pitch adjustment mechanisms 36. In this respect, the wind turbine 10 may include
one pitch adjustment mechanism 36 corresponding to each rotor blade 22. In alternate
embodiments, however, the wind turbine 10 may include more or fewer pitch adjustment
mechanisms 36.

[0020] Each pitch adjustment mechanism 36 may adjust a pitch angle of the corresponding
rotor blade 22 (i.e., the angular orientation of the rotor blade 22 with respect to a direction 38
(FIG. 1) of the wind). In particular, each rotor blade 22 may be rotatably coupled to the hub 20
by a pitch bearing (not shown). As such, each pitch adjustment mechanism 36 may rotate the
corresponding rotor blade 22 about a corresponding pitch axis 40 (FIG. 1) relative to the hub
20, thereby adjusting the pitch angle of the rotor blade 22.

[0021] FIG. 2 illustrates an exemplary embodiment of one of the pitch adjustment mechanisms
36. More specifically, the pitch adjustment mechanism 36 may include an electric motor 42
having a pinion gear 44 coupled thereto. The pinion gear 44 may engage a ring gear 46
formed on or coupled to an inner surface of the rotor blade 22. During operation of the pitch
adjustment mechanism 36, the electric motor 42 rotates the pinion gear 44. The pinion gear
44, in turn, rotates the ring gear 46, thereby rotating the rotor blade 22 about the
corresponding pitch axis 40. In alternate embodiments, the pitch adjustment mechanism 36
may include any suitable type of actuator and/or any suitable structure or mechanism for
transmitting the movement of the actuator to the corresponding rotor blade 22.
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[0022] The wind turbine 10 may further include various sensors. In the embodiment shown in
FIG. 2, for example, the wind turbine 10 includes a pitch angle sensor 48, a rotor blade
acceleration sensor 50, a rotor blade deflection sensor 52, a rotor shaft position sensor 54, a
rotor shaft deflection sensor 56, and a wind speed sensor 58. In alternate embodiments,
however, the wind turbine 10 may include only some of the sensors 48, 50, 52, 54, 56, 58 or
none of the sensors 48, 50, 52, 54, 56, 58. Furthermore, the wind turbine 10 may include other
sensors in addition to or lieu of the sensors 48, 50, 52, 54, 56, 58.

[0023] The pitch angle sensor 48 detects a pitch angle of the corresponding rotor blade 22. In
this respect, the pitch angle sensor 48 is operatively coupled to one of the rotor blades 22 as
shown in FIG. 2. Although only one pitch angle sensor 48 is shown in FIG. 2, the wind turbine
10 may include one pitch angle sensor 48 operatively coupled to each rotor blade 22. The
pitch angle sensor 48 may be a Hall Effect sensor or any other suitable type of sensor for
detecting absolute or incremental rotational position.

[0024] The rotor blade acceleration sensor 50 detects an acceleration of the corresponding
rotor blade 22. In this respect, the rotor blade acceleration sensor 50 is operatively coupled to
one of the rotor blades 22 as shown in FIG. 2. Although only one rotor blade acceleration
sensor 50 is shown in FIG. 2, the wind turbine 10 may include one rotor blade acceleration
sensor 50 operatively coupled to each rotor blade 22. The rotor blade acceleration sensor 50
may be a micro inertial measurement unit or any other suitable type of sensor for detecting
acceleration.

[0025] The rotor blade deflection sensor 52 detects a deflection of one of the rotor blade 22,
such as a deflection caused by asymmetries in the wind. In this respect, the load sensor 52
maybe operatively coupled to the corresponding rotor blade 22 as shown in FIG. 2. Although
only one rotor blade deflection sensor 52 is shown in FIG. 2, the system 100 may include one
rotor blade deflection sensor 52 operatively coupled to each rotor blade 22. The rotor blade
deflection sensor 52 may be a strain gauge, proximity sensor, or any other suitable type of
sensor for detecting deflection.

[0026] The rotor shaft position sensor 54 detects a rotational position of the rotor shaft 28. In
some embodiments, the rotational position of the rotor shaft 28 may be used to determine the
rotational velocity of the rotor blades 22. As shown in FIG. 2, the rotor shaft position sensor 54
is operatively coupled to a rotor shaft 28. The rotor shaft position sensor 54 may be a Hall
Effect sensor or any other suitable type of sensor for detecting absolute or incremental
rotational position.

[0027] The rotor shaft deflection sensor 56 detects a deflection of the rotor shaft 28, such as a
deflection caused by an asymmetry in the wind. In this respect, the rotor shaft deflection
sensor 56 may be operatively coupled to the rotor shaft 28 as shown in FIG. 2. The rotor shaft
deflection sensor 56 may be a strain gauge, proximity sensor, or any other suitable type of
sensor for detecting the deflection.
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[0028] The wind speed sensor 58 detects a speed of the wind experienced by the wind turbine
10. In the embodiment in FIG. 2, the wind speed sensor 58 is mounted to the exterior of the
nacelle 16. As such, the wind speed sensor 58 maybe a suitable anemometer or a wind vane.
In alternate embodiments, however, the wind speed sensor 58 may be a light detection and
ranging (LIDAR) sensor, an ultrasonic sensor, or any other suitable type of sensor for detecting
wind velocity. In some embodiments, the wind turbine 10 may include a plurality of wind speed
sensors 58 to detect the speed of the wind at different locations, such as two vertically spaced
apart anemometers. In further embodiments, the wind speed sensor 58 may be separate from
the wind turbine 10, such as a wind speed measurement tower for a wind turbine farm.

[0029] FIG. 3 illustrates a system 100 for controlling the pitch angle of the rotor blades 22 of
the wind turbine 10. As mentioned above, asymmetries in the wind may cause load imbalances
on certain components of the wind turbine 10. As will be discussed in greater detail below, the
system 100 controls the pitch angle of the rotor blades 22 to distribute the wear caused by
these load imbalances across various components of the wind turbine 10.

[0030] As shown, the system 100 may include a sensor 102 for detecting an operating
parameter of the wind turbine 10. The operating parameter may be associated with or is
indicative an asymmetry in the wind experienced by the wind turbine 10. For example, the
operating parameter may be a pitch angle of one or more of the rotor blades 22, an
acceleration of one or more of the rotor blades 22, a deflection of one or more of the rotor
blades 22, a position or speed of the rotor shaft 28, a deflection of the rotor shaft 28, or a
speed (or variation in the speed) of the wind experienced by the wind turbine 10. In this
respect, the sensor 102 may correspond to the pitch angle sensor(s) 48, the rotor blade
acceleration sensor(s) 50, the rotor blade deflection sensor(s) 52, the rotor shaft position
sensor 54, the rotor shaft deflection sensor 56, or the wind speed sensor(s) 58. Although only
one sensor 102 is shown in FIG. 3, the system 100 may include more sensors 102, such as
two vertically spaced apart wind speed sensors 58 for detecting a speed of the wind at different
locations. In alternate embodiments, the sensor 102 may correspond to sensors not shown in
FIG. 2. Furthermore, the operating parameter may be any suitable parameter that
corresponds to a current condition within the wind turbine 10 or an environmental condition
experienced by the wind turbine 10.

[0031] The system 100 also includes a controller 104 communicatively coupled to one or more
components of the system 100 and/or the wind turbine 10, such as the sensor(s) 102 and the
pitch adjustment mechanisms 36. In the embodiment shown in FIG. 2, for example, the
controller 104 is disposed within a control cabinet 60 mounted to a portion of the nacelle 16. In
alternate embodiments, however, the controller 104 may be disposed at any location on or in
the wind turbine 10, at any location on the support surface 14, or any other suitable location.

[0032] In general, the controller 104 may correspond to any suitable processor-based device,
including one or more computing devices. As shown in FIG. 4, for example, the controller 104
may include one or more processors 106 and one or more associated memory devices 108
configured to perform a variety of computer-implemented functions (e.g., performing the
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methods, steps, calculations, and the like disclosed herein). As used herein, the term
"processor” refers not only to integrated circuits referred to in the art as being included in a
computer, but also refers to a controller, microcontroller, a microcomputer, a programmable
logic controller (PLC), an application specific integrated circuit (ASIC), a Field Programmable
Gate Array (FPGA), and other programmable circuits. Additionally, the memory device(s) 108
may generally include memory element(s) including, but not limited to, a computer readable
medium (e.g., random access memory (RAM)), a computer readable nonvolatile medium (e.g.,
flash memory), a compact disc-read only memory (CD-ROM), a magneto-optical disk (MOD), a
digital versatile disc (DVD), and/or other suitable memory elements or combinations thereof.
The memory device(s) 108 may store instructions that, when executed by the processor 106,
cause the processor 106 to perform functions (e.g., method 200 described below).

[0033] The controller 104 may also include a communications module 110 to facilitate
communications between the controller 104 and the various components of the system 100
and/or the wind turbine 10. For example, the communications module 110 may permit the
controller 104 to receive data from the sensor 102. As such, the communications module 110
may include a sensor interface 112 (e.g., one or more analog-to-digital converters) that
converts measurement signals 116 received from the sensor 102 into signals that can be
understood and processed by the processors 106. Furthermore, the communications module
110 may permit the controller 104 to transmit control signals 118 to each pitch adjustment
mechanism 36 for controlling the pitch angle of the rotor blades 22. In this respect, the
communications module 110 may be any combination of suitable wired and/or wireless
communication interfaces that communicatively couple the sensor 102 and the pitch
adjustment mechanisms 36 to the controller 110.

[0034] As mentioned above, the system 100 controls the pitch angles of the rotor blades 22
during operation of the wind turbine 10. More specifically, the asymmetries in the wind (e.g.,
caused by wind shear, up-flow, nearby wind turbines, turbulence, etc.) may cause load
imbalances on certain components of the wind turbine 10 (e.g., the rotor blades 22), thereby
causing these components to incur wear. However, adjusting the pitch angles of the rotor
blades 22 to minimize these load imbalances may cause other components (e.g., the pitch
adjustment mechanisms 36) to incur wear. In this respect, the system 100 may control the
pitch angles of the rotor blades 22 in a manner that distributes the wear across various
components of the wind turbine 10. For example, the system 100 may adjust the pitch angles
of the rotor blades 22 to prevent the wind asymmetries from exerting large loads on the rotor
blades 22, while minimizing the distance that the pitch adjustment mechanisms 36 must move
the rotor blades 22.

[0035] The system 100 will be described below in the context of distributing wear between the
rotor blades 22 and the corresponding pitch adjustment mechanisms 36. However, the system
100 may be used to distribute wear between any component of the wind turbine 10 that may
experience a load imbalance due to a wind asymmetry (e.g., the tower 12, the nacelle 16, the
rotor shaft 28, the gearbox 30, one of the pitch bearings (not shown), or a yaw bearing (not
shown)) and any actuator of the wind turbine 10 (e.g., a yaw adjustment system (not shown)).
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[0036] Referring again to FIG. 3, the controller 104 may be configured to control the pitch
adjustment mechanisms 36 by executing various logic stored on the memory device(s) 108. In
particular, the controller 104 (e.g., via the processor(s) 106) executes the logic to create the
control signals 116 based the data received from the sensor 102 and/or data stored in the
memory device(s) 108. Using the control signals 116, the pitch adjustment mechanisms 36
adjust the pitch angles of the corresponding rotor blades 22 to distribute the wear caused by
the load imbalances across various components (e.g., between the rotor blades 22 and the
pitch adjustment mechanisms 36) of the wind turbine 10. The controller 104 may control each
pitch adjustment mechanism 36 individually (i.e., the control signals 116 may be different for
each pitch adjustment mechanism 36) in some embodiments. In alternate embodiments,
however, the controller 104 may control all of pitch adjustment mechanisms 36 as a collective
unit (i.e., the control signals 116 may be the same for each pitch adjustment mechanism 36).

[0037] The controller 104 may be configured to determine a wind asymmetry parameter. As
mentioned above, the controller 104 is communicatively coupled to the sensor 102. In this
respect, the controller 104 receives the measurement signals 118 indicative of the operating
parameter of the wind turbine 10 from the sensor 102. In embodiments of the system 100 that
include more than one sensor 102, the controller 104 may receive additional measurement
signals 118 indicative of other operating parameters from the additional sensors 102. As shown
in FIG. 3, the controller 104 may include wind asymmetry parameter logic 120 having one or
more mathematical functions and/or one or more look-up tables. By executing the wind
asymmetry parameter logic 120, the controller 110 may generate a wind asymmetry parameter
signal 122 indicative of the wind asymmetry parameter based on the measurement signal(s)
118 received by the controller 104 and/or wind turbine data 124 stored in the memory
device(s) 108. The wind asymmetry parameter may be any parameter associated with or
indicative of an asymmetry in the wind experienced by the wind turbine 10. In particular, the
wind asymmetry parameter may be associated with any asymmetry in the wind around the
rotor 18, including slow-varying asymmetries, such wind up flow, wind shear, wind veer, and
wind direction, and fast-varying asymmetries, such as wind turbulence and wind gust. For
example, the wind asymmetry parameter may be a difference in the magnitudes and/or
directions of the wind speed detected at different positions on the wind turbine 10, a difference
in the deflections and/or accelerations of the rotor blades 22, or a magnitude and/or a direction
of a deflection of the rotor shaft 28. The wind turbine data 124 may include any predetermined
parameters, values, or other data useful in determining the wind asymmetry parameter, such
as a distance between two of the sensors 102. In some embodiments, the wind turbine data
124 may not be used to determine the wind asymmetry parameter. In alternate embodiments,
the wind asymmetry parameter logic 120 may use any suitable methodology or criteria to
determine the wind asymmetry parameter.

[0038] The controller 104 may also be configured to determine first and second signal
components 128, 130 of the wind asymmetry parameter signal 122. In this respect, the
controller 104 may include signal component logic 126 having one or more mathematical
functions and/or one or more look-up tables. By executing the signal component logic 126, the
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controller 104 may determine the first and second signal components 128, 130 of the wind
asymmetry parameter signal 122. In some embodiments, the signal component logic 126 may
include one or more filters (e.g., low-pass filters, high-pass filters, band-pass filters, etc.) that
filter the wind asymmetry parameter signal 122 to determine the first and/or second signal
components 128, 130. The first signal component 128 may be associated with or indicative of
an estimated maximum load exerted on the rotor blades 22 due to the wind asymmetry.
Conversely, the second signal component 130 is associated with or indicative of an estimated
fatigue on the pitch adjustment mechanisms 36 when the pitch adjustment mechanisms 36
adjust the pitch angles of the rotor balances to mitigate the load imbalance. In this respect, the
first and second signal components may be one or more low pass components, band pass
components, high pass components, notch components, spectral magnitude components, or
phase components. For example, the first signal component 128 may be a weighted
combination of low frequency and high frequency spectral amplitudes of the wind asymmetry
parameter signal 122. The second signal component 130 may be a filtered magnitude, a
spectral component, or a phase component of the wind asymmetry parameter signal 122. In
some embodiments, each of the first and/or second signal components 128, 130 may be a
single signal component of the wind asymmetry parameter signal 122 or a combination of
signal components of the wind asymmetry parameter signal 122. In alternate embodiments,
the signal component logic 126 may use any suitable methodology or criteria to determine the
wind asymmetry parameter.

[0039] The controller 104 may further be configured to calculate a wear parameter for the
rotor blade 22 and pitch adjustment mechanism 36 based on the first and second signal
components 128, 130. In this respect, the controller 104 may include wear parameter logic 132
having one or more mathematical functions. By executing the wear parameter logic 132, the
controller 104 may generate a wear parameter signal 134 indicative of the wear parameter
based on the first and second signal component 128, 130. In some embodiments, the
mathematical function may include variables for the first and second signal components 128,
130 and coefficients based on or derived from various properties of the rotor blades 22 and/or
the pitch adjustment mechanisms 36. In alternate embodiments, the wear parameter logic 132
may use any suitable methodology or criteria to determine the wind asymmetry parameter.

[0040] The controller 104 may use the wear parameter to distribute the wear between the
rotor blades 22 and pitch adjustment mechanisms 36. In this respect, the wear parameter is
associated with or indicative of a comparison between the estimated wear on the rotor blades
22 if the rotor blades 22 were to endure the load imbalance caused by the wind asymmetry
and the estimated wear on the pitch adjustment mechanisms 36 if the pitch adjustment
mechanism 36 were to adjust the pitch angle of the rotor blade 22 to minimize the load on the
rotor blade 22. In some embodiments, the wear parameter is based on additional parameters,
such as the value and/or the replacement difficulty of the rotor blades 22 and pitch adjustment
mechanisms 36. As such, the wear parameter may be representative of whether the system
100 should allow the rotor blade 22 to endure the load imbalance or adjust the pitch angle of
the rotor blade 22 to minimize the load imbalance. Although the wear parameter is described
above in the context of the rotor blades 22 and pitch adjustment mechanisms 36, the wear



DK/EP 3404257 T3

parameter may be based on any number and/or type of components of the wind turbine 10.

[0041] Furthermore, the controller 104 may be configured to selectively initiate an adjustment
of the pitch adjustment mechanisms 36 based on the wear parameter. In this respect, the
controller 104 may not adjust the pitch angles of the rotor blades 22 when the wear parameter
indicates that it is desirable for the rotor blades 22 to incur the load imbalance caused by the
wind asymmetry. Conversely, wear parameter indicates that it is desirable for the pitch
adjustment mechanisms 36 to incur wear from adjusting the pitch angles of the rotor blades
22, the controller 104 may initiate adjustment of the pitch adjustment mechanisms 36. As
mentioned above, the controller 104 is communicatively coupled to the pitch adjustment
mechanisms 36. In this respect, the controller 104 transmits the control signals 116 indicative
of desired pitch angles of the rotor blades 22 to the corresponding pitch adjustment
mechanism 36. As shown in FIG. 3, the controller 104 may include pitch angle logic 136 having
one or more mathematical functions and/or one or more look-up tables. By executing the pitch
angle logic 136, the controller 110 may generate the controls signals 118 indicative of desired
pitch angles of the rotor blades 22 based on the wear parameter signal 134. In some
embodiments, the control signals 118 may also be based on the first and/or second signal
component 128, 130, the wind turbine data 124, and/or the measurement signals 116 from
sensor(s) 102. Based on the control signals 116, the pitch adjustment mechanisms 36 adjust
the pitch angles of the rotor blades 22 to desired pitch angle. For example, when the wear
parameter indicates that it is desirable to adjust the pitch angles of the rotor blades 22 to
mitigate the load imbalance thereon, the control signals 118 may instruct the pitch adjustment
mechanisms 36 to make the desired adjustments. Conversely, when the wear parameter
indicates that it is desirable for the rotor blades 22 to endure the loads thereon, the control
signals 118 may instruct the pitch adjustment mechanisms 36 to maintain the current pitch
angles of the rotor blades 22.

[0042] In some embodiments, the pitch angle logic 136 may include various mathematical
functions to optimize the adjustment of the pitch angles of the rotor blades 22. For example,
the pitch angle logic 36 may include a dead band range. In this respect, the controller 104 may
be configured to compare the wear parameter to the dead band range. As such, the controller
104 may be configured to transmit control signals 118 to the pitch adjustment mechanisms 36
that instruct the pitch adjustment mechanisms 36 to adjust the pitch angles of the rotor blades
22 only when the wear parameter falls outside of the dead band range. In further
embodiments, the pitch angle logic 136 may also include an inequality comparison, a
hysteresis band, linear functions, and/or non-linear functions.

[0043] FIG. 6 illustrates a method 200 for controlling the pitch angles of the rotor blades 22 of
the wind turbine 10 in accordance with embodiments of the present disclosure.

[0044] In step 202, the wind asymmetry parameter is determined based on an operating
parameter. For example, the sensor 102 may detect an operating parameter of the wind
turbine 10. In this respect, the controller 104 may receive the measurement signals 118
indicative of the operating parameter from the sensor 102. The controller 104 may then
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execute logic (e.g., the wind asymmetry parameter logic 120) to generate the wind asymmetry
parameter signal 22 based on the measurement signals 118 and/or the wind turbine data 124.
As discussed in greater detail above, the logic may include one or more look-up tables and/or
one or more mathematical functions.

[0045] In step 204, the first and second signal components 128, 130 are determined from the
wind asymmetry parameter. For example, the controller 104 may then execute logic (e.g., the
signal component logic 126) to generate the first and second signal component 128, 130
based on the wind asymmetry parameter signal 122. As discussed in greater detail above, the
logic may include one or more look-up tables and/or one or more mathematical functions. In
some embodiments, the logic may include one or more filters.

[0046] In step 206, the wear parameter is calculated from the first and second signal
components 128, 130. For example, the controller 104 may then execute logic (e.g., the wear
parameter logic 132) to generate the wear parameter signal 134 based on the first and second
signal component 128, 130. As discussed in greater detail above, the logic may include one or
more mathematical functions.

[0047] In step 208, pitch angle adjustments of the rotor blades 22 are selectively initiated
based on the wear parameter. As described above, the controller 104 may be configured to
determine whether to initiate an adjustment of the pitch angles of the rotor blades 22 based on
the wear parameter. When the wear parameter indicates that an adjustment of the pitch angles
of the rotor blades 22 is desirable, the controller 104 may then execute logic (e.g., the pitch
angle logic 136) to generate the control signals 116 based on the wear parameter signal 134.
In some embodiments, the control signals 116 may be also based on the first and second
signal component 128, 130, the wind turbine data 124, and/or the measurement signals 118.
Furthermore, the controller 104 may compare the wear parameter to a dead band range and
initiate an adjustment of the pitch angles of the rotor blades 22 when the wear parameter falls
outside of the dead band range. As discussed in greater detail above, the logic may include
one or more look-up tables and/or one or more mathematical functions.

[0048] As discussed above, the system 100 and the method 200 distribute wear caused by
wind asymmetries between various components of the wind turbine 10 based on the wear
parameter. In this respect, and unlike conventional systems and methods, the wear is not
concentrated on particular components of the wind turbine 10, thereby increasing the service
life of these components (e.g., the rotor blades 22, the pitch adjustment mechanisms, etc.) and
the wind turbine 10.

[0049] This written description uses examples to disclose the technology, including the
preferred mode, and also to enable any person skilled in the art to practice the technology,
including making and using any devices or systems and performing any incorporated methods.
The patentable scope of the technology is defined by the claims.
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Krav

1. System (100) til styring af en pitchvinkel for en vinge (22) af en vindmglle (10), hvor systemet omfatter:

en rotor, der indbefatter et nav og en vinge (22);

en pitchjusteringsmekanisme (36) til justering af pitchvinklen af vingen (22) ved at rotere vingen

omkring en pitchakse i forhold til navet; og

en styreenhed (104), der er kommunikativt koblet til pitchjusteringsmekanismen, hvor styreenheden

er indrettet til at:
bestemme en vindasymmetriparameter baseret pd en driftsparameter for vindmgllen (10),
hvor vindasymmetriparameteren er indikativ for en asymmetri i vinden, som vindmgllen
udszettes for;
generere et vindasymmetriparametersignal (122), der indikerer vindasymmetriparameteren;
bestemme en fgrste og anden signalkomponent (128, 130) af
vindasymmetriparametersignalet (122), hvor den farste signalkomponent (128) er indikativ
for en maksimal belastning pa en fgrste vindmgllekomponent, hvor den anden
signalkomponent (130) er indikativ for udmattelse af en anden vindmgllekomponent, hvor
styreenheden (104) er indrettet til at filtrere vindasymmetriparametersignalet (122) for at
bestemme den fgrste og anden signalkomponenter;
beregne en slidparameter for den fgrste og anden vindmgllekomponenter baseret pa den
farste og anden signalkomponenter (128,130); og at
initiere en justering af pitchvinklen af vingen (22) baseret pa slidparameteren; hvor systemet
styrer pitchvinklen af vingen (22) baseret pa slidparameteren pd en made, der fordeler sliddet
over den farste vindmgllekomponent og den anden vindmgllekomponent.

2. System (100) ifglge krav 1, hvor vindmglleasymmetriparameteren er forbundet med opadgdende

vindstrgmning, vindgradient, vinddrejning, vindretning, vindturbulens eller vindstad.

3. System (100) ifglge et hvilket som helst af de foregdende krav, hvor pitchjusteringsmekanismen (36)
yderligere styres til at justere pitchvinklen af vingen (22) baseret pa den farste eller anden signalkomponent.

4, System (100) ifelge et hvilket som helst af de foregdende krav, yderligere omfattende:
en sensor (54, 56, 58), der er kommunikativt koblet til styreenheden (104), hvor sensoren er indrettet til at
detektere driftsparameteren af vindmgllen.

5. System (100) ifglge et hvilket som helst af de foregdende krav, hvor den farste komponent er et tdrn
(12), en nacelle (16), en rotoraksel (28) eller en gearkasse (30), og den anden komponent er en aktuator.
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6. System (100) ifglge et hvilket som helst af de foregdende krav, hvor den fgrste og anden
signalkomponent (128, 130) omfatter én eller flere lavpaskomponenter, bandpaskomponenter,
hgjpaskomponenter, notchkomponenter, spektralstgrrelseskomponenter eller fasekomponenter.

7. System (100) ifglge et hvilket som helst af de foregdende krav, hvor den fgrste signalkomponent (128)
omfatter en vaegtet kombination af en lavfrekvent spektralamplitude af vindasymmetriparametersignalet
(122) og en hgjfrekvent spektralamplitude af vindasymmetriparametersignalet (122), og hvor den anden
signalkomponent (130) omfatter én eller flere af en filtreret stgrrelsesveerdi af vindasymmetri-
parametersignalet (122), en spektralkomponent af vindasymmetriparametersignalet (122) eller en
fasekomponent af vindasymmetriparametersignalet (122).

8. System (100) ifglge et hvilket som helst af de foregdende krav, hvor styreenheden (104) yderligere er
indrettet til at sammenligne slidparameteren med et dedbandsomrdde og at initiere en justering af vingens
(22) pitchvinkel, ndr slidparameteren falder udenfor dedbdndsomradet.

9. Fremgangsmé&de (200) til styring af en pitchvinkel for en vinge (22) af en vindmglle (10), hvor
fremgangsmdde omfatter at:

bestemme (202) en vindasymmetriparameter baseret pa en driftsparameter for vindmgllen (10) med
en styreenhed, hvor vindasymmetriparameteren er indikativ for en asymmetri i vinden, som
vindmgllen (10) udsaettes for;

generere et vindasymmetriparametersignal (122), der indikerer vindasymmetriparameteren;
bestemme (204) en farste og anden signalkomponent (128, 130) af vindasymmetriparametersignalet
(122) med styreenheden (104), hvor den fgrste signalkomponent er indikativ for en maksimal
belastning pd en fgrste vindmgllekomponent (128), hvor den anden signalkomponent (130) er
indikativ for udmattelse af en anden vindmgllekomponent;

beregne (206) en slidparameter for den ferste og anden vindmgllekomponent baseret pa den fgrste
og anden signalkomponent med styreenheden (104); og

bestemme en justering af pitchvinklen for vingen (22) baseret pd slidparameteren med styreenheden
(104); hvor pitchvinklen af vingen (22) styres baseret pa slidparameteren pd en made, der fordeler
sliddet over den farste vindmgllekomponent og den anden vindmgllekomponent;

hvor fremgangsmaden yderligere omfatter at:

filtrere vindasymmetriparametersignalet (122) for at bestemme den fgrste og anden signalkomponent
(128, 130) med styreenheden (104).
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10. Fremgangsmade (200) ifglge krav 9, hvor vindmglleasymmetriparameteren er forbundet med
opadgdende vindstrgmning, vindgradient, vinddrejning, vindretning, vindturbulens eller vindstgd.

11. Fremgangsmade (200) ifglge krav 9 eller krav 10, yderligere omfattende at:
justere (208) pitchvinklen for vingen (22) baseret pad den fagrste og anden signalkomponent med aktuatoren.

12. Fremgangsmade (200) ifelge et hvilket som helst af kravene 9 til 11, yderligere omfattende at:
detektere driftsparameteren af vindmgllen (10) med en sensor (54, 56, 58), der er kommunikativt koblet til
styreenheden (104).

13. Fremgangsmade (200) ifglge krav 12, yderligere omfattende at:
detektere en udbgijning af en rotoraksel (28) pa vindmgllen (10) med sensoren (54, 56, 58).
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FIG. 2
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