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DESCRIPTION

[0001] The present subject matter relates generally to wind turbines and, more particularly, to
a system and methods for controlling the amplitude modulation of noise generated by wind
turbines.

[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, generator, gearbox, nacelle, and one or more
rotor blades. The rotor blades capture kinetic energy of wind using known foil principles. The
rotor blades transmit the kinetic energy in the form of rotational energy so as to turn a shaft
coupling the rotor blades to a gearbox, or if a gearbox is not used, directly to the generator.
The generator then converts the mechanical energy to electrical energy that may be deployed
to a utility grid.

[0003] Various conventional wind turbines are known, for example, from US 2010/0074748
and US 2010/0021296.

[0004] During operation of a wind turbine, the rotation of the rotor blades through air
generates aerodynamic noise. Due to the amplitude modulation (i.e., the peak-to-peak
variation) of the aerodynamic noise, a "swooshing" or periodic pulsing sound is typically heard
in the near field of the wind turbine (i.e., the area directly around the wind turbine). Such
amplitude modulation is always present to some extent and, thus, is considered a normal and
expected result of wind turbine operation. However, under certain conditions, an abnormal
amplitude modulation effect can be heard in the far field (i.e., locations a certain distance (e.g.,
1-4 kilometers) away from the wind turbines) that produces a "thumping"” or "flapping" sound.
This abnormal amplitude modulation has been described as having a more impulsive sound
characteristic than that of the "swooshing" sound typically produced during operation of a wind
turbine and, thus, is seen as a more of a nuisance to surrounding dwellings, residential
communities and/or other populated areas. However, there is no system and/or method
currently available that addresses this abnormal amplitude modulation effect.

[0005] Accordingly, a system and method for controlling the abnormal amplitude modulation of
noise generated by a wind turbine would be welcomed in the technology.

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

[0007] The present invention is defined by the appended claims.

[0008] Various features, aspects and advantages of the present invention will become better
understood with reference to the following description and appended claims. The
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accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention. In the drawings:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine;

FIG. 2 illustrates a cross-sectional view of one embodiment of a rotor blade of the wind turbine
shown in FIG. 1 taken along line 2-2;

FIG. 3 illustrates a simplified, internal view of one embodiment of a nacelle of a wind turbine;

FIG. 4 illustrates a schematic diagram of one embodiment of suitable components that may be
included within a turbine controller of a wind turbine;

FIG. 5 illustrates a flow diagram of one embodiment of a method for controlling the amplitude
modulation of noise generated by a wind turbine;

FIG. 6 illustrates one embodiment of a sensor arrangement that may be utilized to determine
the angle of attack of a wind turbine rotor blade; and

FIG. 7 illustrates another embodiment of a sensor arrangement that may be utilized to
determine the angle of attack of a wind turbine rotor blade.

[0009] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment.

[0010] The present subject matter is generally directed to a system and methods for
controlling the abnormal amplitude modulation of noise generated by a wind turbine. In
particular, the present subject matter is directed to a system and methods for controlling a
rotor blade in a manner that reduces variation in the rotor blade's inflow angle of attack during
rotation of the blade. For example, in several embodiments, the angle of attack of a rotor blade
may be continuously monitored and compared to a baseline angle of attack. In the event that
the actual angle of attack varies from the baseline angle of attack by a predetermined
tolerance, the rotor blade is pitched in order to maintain the angle of attack at a substantially
constant value during rotation of the blade, thereby reducing and/or preventing abnormal
amplitude modulation of the noise generated by a wind turbine.

[0011] Without wishing to be bound by theory, it is believed that abnormal amplitude
modulation occurs as a result of one or more specific operating conditions of a wind turbine.
Specifically, it is believed that abnormal amplitude modulation may occur as a result of a high
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wind shear condition at or adjacent to the wind turbine. For example, the unique "thumping" or
"flapping" sound accompanying abnormal amplitude modulation appears to be heard most
often at night when the atmosphere is relatively stable and an increased wind velocity gradient
exists near the ground. This wind velocity gradient creates a significant variation between the
inflow velocity at the top rotational position of each rotor blade (i.e., at the twelve o'clock
position) and the inflow velocity at the bottom rotational position of each blade (i.e., at the six
o'clock position). Such a variation of the inflow velocity is believed to augment the periodic and
peak-to-peak noise signature typically generated by a rotor blade as it rotates, thereby causing
abnormal amplitude modulation. Moreover, in extreme cases, it is believed that the variation in
the inflow velocities may even cause a rotor blade to experience periodic stall and/or
separation, resulting in a shift of the noise signature to lower frequencies that can propagate
further into the far field. It is also believed that, in addition to wind shear from normal
atmospheric conditions, angle of attack variations may also be caused by upflows due to the
terrain at or adjacent to a wind turbine and/or by yaw misalignments of a wind turbine.
Accordingly, by actively pitching the rotor blade in order to maintain the angle of attack at a
substantially constant value despite varied operating conditions, the inventors of the present
subject believe that abnormal amplitude modulation may be reduced and/or prevented.

[0012] Referring now to the drawings, FIGS. 1 and 2 illustrate embodiments of a wind turbine
10 and a rotor blade 12, respectively. In particular, FIG. 1 illustrates a perspective view of one
embodiment of a wind turbine 10 and FIG. 2 illustrates a cross-sectional view of one
embodiment of a rotor blade 12 of the wind turbine 10 shown in FIG. 1 taken along line 2-2.

[0013] As shown, the wind turbine 10 generally includes a tower 14 extending from a support
surface 16, a nacelle 18 mounted on the tower 14, and a rotor 20 coupled to the nacelle 18.
The rotor 20 includes a rotatable hub 22 and at least one rotor blade 12 coupled to and
extending outwardly from the hub 22. For example, in the illustrated embodiment, the rotor 20
includes three rotor blades 12. However, in an alternative embodiment, the rotor 20 may
include more or less than three rotor blades 12. Each rotor blade 12 may be spaced about the
hub 22 to facilitate rotating the rotor 20 to enable kinetic energy to be transferred from the wind
into usable mechanical energy, and subsequently, electrical energy. For instance, the hub 22 of
the wind turbine 10 may be rotatably coupled to an electric generator 50 (FIG. 3) positioned
within the nacelle 18 to permit electrical energy to be produced.

[0014] Each rotor blade 12 may generally include a blade root 24 configured to be mounted to
the hub 22 and a blade tip 26 disposed opposite the blade root 24. The blade tip 26 may
generally comprise the outermost point of each rotor blade 12 and, thus, may circumscribe the
circular rotational path 28 defined by each blade 12 as it rotates about the center of the hub
22. For example, as shown in FIG. 2, a maximum height location 30 on the circular rotational
path 28 may be defined by the blade tip 26 as each rotor blade 12 passes through its top
rotational position (i.e., the twelve o'clock position) and a minimum height location 32 may be
defined by the blade tip 26 as each rotor blade 12 passes through its bottom rotational position
(i.e., the six o'clock position).
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[0015] In addition, each rotor blade 12 may generally define an aerodynamic profile. For
instance, as shown in FIG. 2, each blade 12 may include a pressure side 34 and a suction side
36 extending between a leading edge 38 and a trailing edge 40. Moreover, each rotor blade 12
may include a span 42 defining the total length between the blade root 24 and the blade tip 22
and a chord (indicated by chord line 44 in FIG. 2) defining the total length between the leading
edge 38 and the trailing edge 40. As is generally understood, the chord 44 may generally vary
in length with respect to the span 42 as the rotor blade 12 extends from the blade root 24 to
the blade tip 26.

[0016] Further, as particularly shown in FIG. 1, the wind turbine 10 may also include a turbine
control system or turbine controller 46 centralized within the nacelle 18. In general, the turbine
controller 46 may comprise a computer or other suitable processing unit. Thus, in several
embodiments, the turbine controller 46 may include suitable computer-readable instructions
that, when implemented, configure the controller 46 to perform various different functions, such
as receiving, transmitting and/or executing wind turbine control signals. As such, the turbine
controller 46 may generally be configured to control the various operating modes (e.g., start-up
or shutdown sequences) and/or components of the wind turbine 10. For example, the
controller 46 may be configured to adjust the blade pitch or pitch angle of each rotor blade 12
(i.e., an angle that determines a perspective of the blade 12 with respect to the direction of the
wind) about its pitch axis 48 in order to control the rotational speed of the rotor blade 12 and/or
the power output generated by the wind turbine 10. For instance, the turbine controller 28 may
control the pitch angle of the rotor blades 12, either individually or simultaneously, by
transmitting suitable control signals to one or more pitch drives or pitch adjustment
mechanisms 52 (FIG. 2) of the wind turbine 10. Accordingly, by pitching each rotor blade 12
about its pitch axis 48, an orientation or angle of attack 54 of the blade 12 relative to the wind
may be adjusted.

[0017] It should be appreciated that, as used herein, the term "angle of attack” generally refers
to the angle of a rotor blade 12 relative to the direction of the wind. Thus, as shown in FIG. 2,
the angle of attack 54 of a rotor blade 12 may correspond to an angle defined between the
chord line 44 and an inflow wind vector 56 representing the relative motion between the blade
12 and the surrounding air. As is generally understood, decreasing the angle of attack 54 by
pitching a rotor blade 12 to a "feathered position" entails rotating the leading edge 38 of the
blade 12 into the wind. Similarly, increasing the angle of attack 54 by pitching a rotor blade 12
to a more power/stalled position entails rotating the leading edge 38 of the blade 12 out of the
wind.

[0018] Referring now to FIG. 3, a simplified, internal view of one embodiment of the nacelle 18
of the wind turbine 10 shown in FIG. 1 is illustrated. As shown, a generator 50 may be
disposed within the nacelle 18. In general, the generator 50 may be coupled to the rotor 20 for
producing electrical power from the rotational energy generated by the rotor 20. For example,
as shown in the illustrated embodiment, the rotor 20 may include a rotor shaft 58 coupled to
the hub 22 for rotation therewith. The rotor shaft 58 may, in turn, be rotatably coupled to a
generator shaft 60 of the generator 50 through a gearbox 62. As is generally understood, the
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rotor shaft 58 may provide a low speed, high torque input to the gearbox 62 in response to
rotation of the rotor blades 12 and the hub 22. The gearbox 62 may then be configured to
convert the low speed, high torque input to a high speed, low torque output to drive the
generator shaft 58 and, thus, the generator 50.

[0019] Additionally, the turbine controller 46 may also be located within the nacelle 18. As is
generally understood, the turbine controller 46 may be communicatively coupled to any
number of the components of the wind turbine 10 in order to control the operation of such
components. For example, as indicated above, the turbine controller 46 may be
communicatively coupled to each pitch adjustment mechanism 52 of the wind turbine 10 (one
of which is shown) to permit the pitch angle of each rotor blade 12 to be adjusted about its
pitch axis 48. In general, each pitch adjustment mechanism 52 may include any suitable
components and may have any suitable configuration that allows the pitch adjustment
mechanism 52 to facilitate rotation of a rotor blade 12 about its pitch axis 48. For example, in
one embodiment, each pitch adjustment mechanism 52 may include at least one pitch drive
motor 64 (e.g., an electric motor) for rotating a rotor blade 12 about its pitch axis 48.
Alternatively, each pitch adjustment mechanism 52 may include any other suitable means for
facilitating rotational motion of a rotor blade 12 such as, but not limited to, hydraulic cylinders,
springs and/or servomechanisms.

[0020] Additionally, each pitch adjustment mechanism 52 may also include various other
components coupled to and/or functioning together with the drive motor 52 and/or any other
means used for facilitating rotational motion of a rotor blade 12. For example, in one
embodiment, the pitch drive motor 64 may be coupled to a pitch drive gearbox (not shown)
such that the pitch drive motor 64 imparts mechanical force to the pitch drive gearbox.
Similarly, the pitch drive gearbox may be coupled to a pitch drive pinion (not shown) which
may, in turn, be coupled to a pitch bearing (not shown) of the rotor blade 12. Thus, in one
embodiment, rotation of the pitch drive motor 64 rotates the pitch drive gearbox and the pitch
drive pinion, thereby rotating the pitch bearing and the rotor blade 12 about the pitch axis 48.

[0021] Moreover, it should be appreciated that the wind turbine 10 may also include a plurality
of sensors (not shown) for detecting and/or measuring one or more operating parameters
and/or operating conditions of the wind turbine 10. For example, the wind turbine 10 may
include sensors for detecting and/or measuring the pitch angle of each rotor blade 12, the
speed of the rotor 20 and/or the rotor shaft 58, the speed of the generator 50 and/or the
generator shaft 60, the torque on the rotor shaft 58 and/or the generator shaft 60, the wind
speed and/or wind direction and/or any other operational parameters/conditions of the wind
turbine 10.

[0022] Referring now to FIG. 4, there is illustrated a block diagram of one embodiment of
suitable components that may be included within the turbine controller 46 in accordance with
aspects of the present subject matter. As shown, the turbine controller 46 may include one or
more processor(s) 66 and associated memory device(s) 68 configured to perform a variety of
computer-implemented functions (e.g., performing the methods, steps, calculations and the
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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, a
microcontroller, a microcomputer, a programmable logic controller (PLC), an application
specific integrated circuit, and other programmable circuits. Additionally, the memory device(s)
68 may generally comprise memory element(s) including, but not limited to, computer readable
medium (e.g., random access memory (RAM)), computer readable non-volatile medium (e.g.,
a flash memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magneto-
optical disk (MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such
memory device(s) 68 may generally be configured to store suitable computer-readable
instructions that, when implemented by the processor(s) 66, configure the turbine controller 46
to perform various functions including, but not limited to, determining the angle of attack 54
(FIG. 2) of one or more of the rotor blades 12, controlling the angle of attack 54 of one or more
of the rotor blades 12 by transmitting suitable control signals to one ore more pitch adjustment
mechanisms 52 and various other suitable computer-implemented functions.

[0023] Additionally, the turbine controller 46 may also include a communications module 70 to
facilitate communications between the controller 46 and the various components of the wind
turbine 10. For instance, the communications module 70 may serve as an interface to permit
the turbine controller 46 to transmit control signals to each pitch adjustment mechanism 52 for
controlling the angle of attack 54 of the rotor blades 12. Moreover, the communications module
70 may include a sensor interface (e.g., one or more analog-to-digital converters) to permit
any signals transmitted from the sensor(s) of the wind turbine 10 to be converted into signals
that can be understood and processed by the processors 66.

[0024] Referring now to FIG. 5, there is illustrated a flow diagram of one embodiment of a
method 100 for controlling the abnormal amplitude modulation of noise generated by a wind
turbine 10. As shown, the method generally includes determining an angle of attack of a rotor
blade of a wind turbine 102 and maintaining the angle of attack at a substantially constant
value during rotation of the rotor blade in order to reduce the amplitude modulation of the
noise generated by the wind turbine 104.

[0025] As indicated above, the disclosed method 100 may generally provide a means for
reducing and/or preventing abnormal amplitude modulation of the noise generated by a wind
turbine 10. Specifically, during times of high wind shear, the wind velocity gradient may cause
the angle of attack 54 of a rotor blade 12 to vary significantly as the blade 12 rotates from its
top rotational position to its bottom rotational position, thereby generating an abnormal
amplitude modulation effect as the typical noise signature of the blade 12 is altered.
Accordingly, by controlling a rotor blade 12 so as to maintain a substantially constant angle of
attack 54 as the blade 12 rotates, the abnormal amplitude modulation effect may be reduced
and/or prevented.

[0026] As shown in FIG. 5, in 102, the angle of attack 54 (FIG. 2) of a rotor blade 12 is
determined. In general, the angle of attack 54 may be determined using any suitable means
and/or method known in the art. In several embodiments, one or more sensors may be
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mounted to and/or embedded within a portion of the rotor blade 12 to allow the angle of attack
54 to be continuously monitored. Specifically, the sensor(s) may be configured to measure,
detect and/or sense one or more operating conditions of the rotor blade 12 and transmit
signals associated with such operating conditions to the turbine controller 46 for subsequent
processing/analysis. The turbine controller 46 may be provided with suitable computer-
readable instructions that, when implemented, configure the controller 46 to correlate the
measurement signals transmitted from the sensor(s) to the angle of attack 54 of the rotor
blade 12.

[0027] For instance, one example of a suitable sensor arrangement is illustrated in FIG. 6. As
shown, the rotor blade 12 may include a sensor probe 110 mounted to and/or embedded
within a portion of the blade 12. Specifically, in the illustrated embodiment, the sensor probe
110 is mounted to the rotor blade 12 so that it extends from the blade 12 at a location offset
from the chord line 44. The sensor probe 110 may generally include a plurality of sensors (not
shown) for detecting one or more wind parameters (e.g., wind velocity, wind direction, wind
pressure and the like) at a location at and/or adjacent to the surface of the rotor blade 12. For
example, in one embodiment, the sensor probe 110 may be configured as a five hole probe
having pressure sensors installed therein for detecting wind pressure at five different locations
and/or orientations on the probe. However, in other embodiments, the sensor probe 110 may
have any other suitable configuration and may include any other suitable type of sensors that
permits the sensor probe 110 to function as described herein.

[0028] The wind parameter measurements taken by the sensor probe 110 may then be
transmitted to the turbine controller 46 (e.g., via a wired or wireless connection) for subsequent
processing and/or analysis. For example, the turbine controller 46 may be provided with
suitable computer-readable instructions that configure the controller 46 to determine a
measured inflow wind vector 112 at the point of measurement on the sensor probe 110. It
should be appreciated that, in one embodiment, it may be assumed that the measured inflow
wind vector 112 is equal to the inflow wind vector 56 at the surface of the rotor blade 12 and,
thus, may be used directly to determine angle of attack 54. Alternatively, a suitable transfer
function may be developed relating the measured inflow wind vector 112 to the inflow wind
vector 56 at the blade surface in order to take into account any factors that may affect the
inflow of the wind (e.g., active induction occurring at or near the blade surface).

[0029] Another example of a suitable sensor arrangement for determining the angle of attack
54 of a rotor blade 12 is illustrated in FIG. 7. As shown, the rotor blade 12 may include a
plurality of sensors 114 mounted to or embedded within an outer surface 116 of the rotor blade
12. In several embodiments, the sensors 114 may include a plurality of pressure sensors
configured to detect surface pressure at various locations around the circumference of the
rotor blade 12. For instance, the pressure sensors may be disposed around the circumference
of the rotor blade 12 at various different radial locations to permit surface pressure
measurements to be taken at several locations along the span 42 of the blade 12. The surface
pressure measurements may then be transmitted to the turbine controller 46 (e.g., via a wired
or wireless connection) for subsequent processing and/or analysis. For example, the turbine
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controller 46 may be provided with suitable computer-readable instructions that configure the
controller 46 to determine angle of attack 54 by analyzing the surface pressure distribution
over the pressure and suction sides 34, 36 of the rotor blade 12. Specifically, as is generally
understood by those of ordinary skill in the art, by determining the surface pressure distribution
over the rotor blade 12, the angle of attack 54 may be determined by comparing the measured
surface pressure distribution to a baseline or calibration pressure distribution for which the
angle of attack 54 is already known. Of course, it should be appreciated that the sensors 114
need not comprise pressure sensors but may generally comprise any other suitable sensors
known in the art that permit the angle of attack 54 of a rotor blade 12 to be determined based
on the measurement signals transmitted from such sensors.

[0030] It should also be appreciated that, in alternative embodiments, angle of attack 54 may
be determined using any other suitable means and/or method known in the art. For instance,
in another embodiment of the present subject matter, angle of attack 54 may be determined
using a model-based approach. Specifically, angle of attack 54 may be modeled using various
other operating parameters of the wind turbine 10. For example, in a particular embodiment,
angle of attack 54 may be modeled using the operating parameters typically monitored during
operation of a wind turbine 10 such as, but not limited to, wind speed, wind pressure, wind
direction, pitch angle of the blade 12 and the like. In addition, angle of attack 54 may be
modeled using wind shear measurements. For instance, a Light Detection and Ranging
(LIDAR) system or other suitable device may be installed on or adjacent to a wind turbine 10
and may be utilized to measure wind shear directly. The wind shear measurements may then
be input into a suitable model to determine the corresponding variations in the angle of attack
54 occurring due to the wind shear. The development of a suitable model relating such
operating parameters to angle of attack 54 is well within the capability of those skilled in the art,
and therefore will not be discussed in any detail herein.

[0031] Additionally, it should be appreciated that, although the above description generally
discusses the determination of the angle of attack 54 for a single rotor blade 12, the turbine
controller 46 may generally be configured to determine the angle of attack 54 for any and/or all
of the rotor blades 12 of a wind turbine 10. For instance, in one embodiment, it may be
assumed that the angle of attack 54 at each rotor position is the same for each rotor blade 12
and, thus, angle of attack 54 for each rotor blade 12 may be determined by monitoring a single
blade 12. Alternatively, the controller 46 may be configured to monitor the angle of attack 54 of
each rotor blade 12 individually. For example, one or more sensor probes 110 and/or sensors
114 may be mounted to and/or embedded within a portion of each rotor blade 12 to permit the
controller 54 to individually assess the angle of attack 54 of each rotor blade 12.

[0032] Referring back to FIG. 5, in 104 of the disclosed method 100, the rotor blade 12 is
controlled in order to maintain the angle of attack 54 at a substantially constant value, thereby
reducing the amplitude modulation of the noise generated by the wind turbine 10. As used
herein, the term "substantially constant value” refers to a range of angular values within which
it is believed that the angle of attack 54 may vary without causing a significant abnormal
amplitude modulation effect. For instance, in several embodiments, angle of attack 54 may be
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maintained at a substantially constant value when the total variation in the angle of attack 54
during a full revolution of a rotor blade 12 is less than about 10 degrees, such as less than
about 5 degrees, or less than about 3 degrees or less than about 2 degrees, or less than
about 1 degree, or less than about 0.5 degrees and all other subranges therebetween.

[0033] It should be appreciated by those of ordinary skill in the art that the angle of attack 54 of
a rotor blade 12 may vary during each revolution by differing magnitudes along the entire span
42 of the blade. For example, due to rotational effects, the variation in the angle of attack 54 at
inboard locations on the rotor blade 12 may be significantly higher than the variations in angle
of attack 54 at more outboard locations. Thus, in several embodiments, it may be desirable to
control the rotor blade 12 such that angle of attack 54 is maintained at a substantially constant
value only at specific outboard locations along the span 42 of the blade 12. For instance, in
one embodiment, angle of attack 54 may be maintained at a substantially constant value only
at radial locations on the rotor blade 12 greater than about 75% of the blade's span 42, such
as greater than about 80% of the blade's span 42 or greater than about 85% of the blade's
span 42 or greater than about 90% of the blade's span 42 and all other subranges
therebetween. However, in alternative embodiments, the angle of attack 54 may be maintained
at a substantially constant value at radial locations on the rotor blade 12 less than about 75%
of the blade's span 42.

[0034] Additionally, it should be appreciated that, in several embodiments, the angle of attack
54 of each rotor blade 12 may be maintained at a substantially constant value by actively
pitching each blade 12 in response to variations in the angle of attack 54. For instance, in a
particular embodiment of the present subject matter, the angle of attack 54 of each rotor blade
12 may be compared to a baseline angle of attack and, in the event that the angle of attack 54
falls outside a predetermined tolerance for the baseline angle of attack, the rotor blade 12 may
be appropriately pitched in order to bring the angle of attack 54 within the predetermined
tolerance.

[0035] In such an embodiment, the baseline angle of attack may generally correspond to a
predetermined orientation of the rotor blade 12 relative to the wind at which it is believed that
blade performance may be optimized without significantly affecting the amplitude modulation of
the noise generated by the wind turbine 10. Thus, it should be appreciated that the baseline
angle of attack may vary from wind turbine 10 to wind turbine 10 and from rotor blade 12 to
rotor blade 12 based on various factors including, but not limited to, the configuration of the
rotor blade 12 (e.g., size and shape of the rotor blade 12), the anticipated and/or measured
operating conditions of the wind turbine 10 (e.g., wind speed, wind direction, magnitude of wind
gradient) and the like. However, in several embodiments, the baseline angle of attack may be
equal to an angle of less than about 10 degrees, such as an angle ranging from about 1
degree to about 8 degrees or from about 1 degree to about 6 degrees or from about 2
degrees to about 5 degrees and all other subranges therebetween.

[0036] Moreover, it should be appreciated that the baseline angle of attack chosen for a
particular rotor blade 12 may be varied based on changing wind conditions and/or variations in
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other operating conditions. As such, in one embodiment, the turbine controller 46 may be
configured to continuously update the baseline angle of attack to adjust for changing operating
conditions. Alternatively, the baseline angle of attack may be preprogrammed within the turbine
controller 46 and may be maintained at a predetermined value regardless of changing
operating conditions.

[0037] Similarly, the predetermined tolerance may generally correspond to an angular
tolerance for the baseline angle of attack within which the angle of attack 54 of a rotor blade 12
may vary without a significant increase in the amplitude modulation of the noise generated by
the wind turbine 10. Thus, in several embodiments, the predetermined tolerance may
correspond to a total allowable variation in the baseline angle of attack 54 equal to the range of
angular values utilized to define when angle of attack 54 is maintained at a substantially
constant value. For instance, in accordance with the embodiments described above with
respect to a "substantially constant value”, the predetermined tolerance may be equal to less
than about 10 degrees of total variation from the baseline angle of attack, such as less than
about 5 degrees of total variation, or less than about 3 degrees of total variation, or less than
about 2 degrees of total variation, or less than about 1 degree of total variation, or less than
about 0.5 degrees of total variation and all other subranges therebetween.

[0038] It should be appreciated that the angle of attack 54 may vary from the value chosen for
the baseline angle of attack in a positive direction (i.e., an increase in angle of attack 54 over
the baseline angle of attack) and/or in a negative direction (i.e., a decrease in angle of attack
54 from the baseline angle of attack). Thus, any portion of the total variation allowed by the
predetermined tolerance may be added to and/or subtracted from the baseline angle of attack
to define an allowable range of values for the angle of attack 54. For instance, depending on
the wind conditions, the predetermined tolerance may be added to the baseline angle of attack
to define an allowable range of values or subtracted from the baseline angle of attack to define
an allowable range of values. Alternatively, a percentage of the predetermined tolerance may
be added to the baseline angle of attack, with the remaining percentage being subtracted from
the baseline angle of attack to define an allowable range of values.

[0039] It should also be appreciated that angle of attack 54 may be maintained at a
substantially constant value by adjusting the rotor speed of the wind turbine 10. Specifically, by
increasing and/or decreasing rotor speed, the angle of attack 54 may be altered. Thus, in
addition to pitching a rotor blade 12, the rotor speed may be controlled in order to maintain the
angle of attack 54 within the predetermined tolerance defined for the baseline angle of attack.
The rotor speed of a wind turbine 10 may generally be adjusted using any suitable means
and/or method known in the art. For instance, in several embodiments, rotor speed may be
adjusted by altering the torque demand on the generator 50 or by yawing the nacelle 18
relative to the wind. Additionally, as is generally understood, rotor speed may also be adjusted
by pitching the blades 12.

[0040] Further, it should be appreciated that, as indicated above, the present subject matter is
also directed to a system for controlling the amplitude modulation of noise generated by a wind
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turbine 10. For example, in several embodiments, the disclosed system may include a pitch
adjustment mechanism 52 configured to adjust the angle of attack 54 of a rotor blade 12 and a
controller 46 communicatively coupled to the pitch adjustment mechanism 52 (e.g., via a wired
or wireless connection). The controller 46 may generally be configured to control the pitch
adjustment mechanism 52 so that the angle of attack 54 is maintained at a substantially
constant value during rotation of the rotor blade 12. Specifically, as described above, the
controller 46 may be configured to determine the angle of attack 54 of a rotor blade 12 using
any suitable means and/or method known art. For example, the controller 46 may be
communicatively coupled to one or more sensor probes 110 and/or sensors 114 so that
parameter measurements related to angle of attack 54 may be transmitted from the sensor
probe(s) 110 and/or sensor(s) 114 to the controller 46 to permit angle of attack 54 to be
determined. Additionally, in one embodiment, to ensure that the angle of attack 54 is
maintained at a substantially constant value, the controller 46 may be configured to compare
the angle of attack 54 to a baseline angle of attack, such as by determining whether the angle
of attack 54 falls within a predetermined tolerance for the baseline angle of attack. In the event
that the angle of attack 54 falls outside the predetermined tolerance, the controller 46 may
transmit suitable control signals to the pitch adjustment mechanism 42 in order to appropriately
pitch the rotor blade 12 and, thus, maintain the angle of attack 54 at a substantially constant
value during rotation of the blade 12.

[0041] This written description uses examples to disclose the invention, including the preferred
mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims.
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KRAV

1. En fremgangsméade (100) til styring af amplitudemoduleringen af stgj frembragt af en vindmglle
(10), hvilken fremgangsmade (100) omfatter:

bestemmelse af en angrebsvinkel (54) for et rotorblad (12) pa en vindmglle (10); og
opretholdelse af angrebsvinklen (54) i en vaesentlig konstant veerdi under rotation af
rotorbladet (12) for at reducere amplitudemoduleringen af den stgj, der genereres af
vindmgllen (10), hvorved opretholdelse af angrebsvinklen (54) i en veesentlig
konstant veerdi under rotation af rotorbladet (12) for at reducere
amplitudemodulationen af den stgj, der genereres af vindmgllen (10), omfatter at
opretholde angrebsvinklen (54) i en veesentlig konstant veerdi ved radiale steder pd
rotorbladet (12) stagrre end 75% af udstraekningen (42) af rotorbladet (12),

hvorved opretholdelse af angrebsvinklen (54) i en vaesentlig konstant veerdi under
rotation af rotorbladet (12) for at reducere amplitudemoduleringen af den stgj, der
genereres af vindmgllen (10), omfatter sammenligning af angrebsvinklen (54) med
en basislinje for angrebsvinklen, og

hvorved opretholdelse af angrebsvinklen (54) i en vaesentlig konstant veerdi under
rotation af rotorbladet (12) for at reducere amplitudemodulationen af den stgj, der
genereres af vindmgllen (10), omfatter pitching af rotorbladet (12), ndr
angrebsvinklen (54) falder uden for en forudbestemt tolerance for basislinjen for

angrebsvinklen.

2. Fremgangsméade (100) ifglge krav 1, hvor basislinjen for angrebsvinklen er lig med mindre end
ca. 10 grader.

3. Fremgangsmdde (100) ifglge krav 1 eller 2, hvor den forudbestemte tolerance er lig med en total
variation af basislinjen for angrebsvinklen pd mindre end ca. 10 grader.

4. Fremgangsmdde (100) ifglge et hvilket som helst af de foregdende krav, hvorved opretholdelse
af angrebsvinklen (54) i en vaesentlig konstant vaerdi under rotation af rotorbladet (12) for at
reducere amplitudemoduleringen af den stgj, der genereres af vindmgllen (10) omfatter pitching af
rotorbladet (12) ved hjeelp af en pitchjusteringsmekanisme (52) pd vindmgllen (10).
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5. Et system til styring af amplitudemodulationen af stgj frembragt af en vindmglle (10), systemet
omfatter:

en pitchjusteringsmekanisme (52) konfigureret til at justere en angrebsvinkel (54) for
et rotorblad (12) i vindmgllen (10); og

en styreenhed (46), der er kommunikativt koblet til pitchjusteringsmekanismen (52),
idet styreenheden (46) er konfigureret til at styre pitchjusteringsmekanismen (52),
sdledes at angrebsvinklen (54) opretholdes i en vaesentlig konstant vaerdi under
rotation af rotorbladet (12) ifglge fremgangsméden ifglge et hvilket som helst af de
foregdende krav.

6. System ifglge krav 5, hvor basislinjen for angrebsvinklen er lig med mindre end ca. 10 grader.

7. System ifglge krav 5 eller krav 6, hvor den forudbestemte tolerance er lig med en total variation
af basislinjen for angrebsvinklen pd mindre end ca. 10 grader.

8. System ifglge et hvilket som helst af kravene 5 til 7, der yderligere omfatter mindst en sensor
(110, 114), der er kommunikativt koblet til styreenheden (46), idet den mindst ene sensor (110,
114) er konfigureret til at mdle angrebsvinklen (54) af rotorbladet (12).

9. System ifglge krav 8, hvor den mindst ene sensor (110, 114) omfatter mindst en sensorsonde
(110) monteret pa eller indlejret i rotorbladet (12).

10. System ifglge krav 8 eller krav 9, hvor den mindst ene sensor (110, 114) omfatter en flerhed af
tryksensorer (114) monteret pa eller indlejret i rotorbladet (12).
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