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SYSTEM AND METHOD FOR REDUCING VORTEX-INDUCED
TOWER VIBRATIONS OF A WIND TURBINE

FIELD OF THE INVENTION

16001} The present disclosures relates generally to wind tarbines and, more particularly,

to systems and methods for reducing vortex-induced tower vibrations of a wind turbine,
BACKGROUND OF THE INVENTION

{6062} Wind power s considered one of the cleanest, most environmentally friendly
energy sources presently avatlable, and wind turbings have gained increased attention in this
regard. A modern wind turbine typically includes a tower, a generator, a gearbox, a nacelle
mounted on the tower, and a rotor coupled to the nacelle. The rotor typically includes a
rotatable hub and a plurality of rotor blades coupled to and extending outwardly from the
hub. The rotor blades capture kinetic energy of wind using known airfoil principles. More
specifically, the rotor blades transmit the kinetic energy in the form of rotational energy so as
to turn a shaft coupling the rotor blades to the gearbox, or if the gearbox is not used, directly
to the generator. The generator then converts the mechanical energy to electrical energy that

may be deploved to a utility grid.

[6603] Each of the rotor blades are generally mounted to hub via a pitch bearing that ig
contigured to rotate an angle of cach of the blades with respect to the wind. For example, the
rotor blades may be pitched to feather or to power depending on the wind speed near the
wind turbme. More specifically, as the wind speed increases from cut-in wind speed to rated
speed, the rotor blades are typically pitched to power to maxinize energy captured by the
wind turbme. As the wind speed increases above rated wind speed, the rotor blades are
typically pitched to feather, 1.¢. towards the incoming wind, via the pitch bearing such that
the angle of attack decreases, forees decrease, and power is shed. For many wind tarbines,

the typical feather blade angle 1s from about 80 degrees to about 90 degrees.

[G004] The feather position for the rotor blades can lead to a very slow rotor idling, ¢ 2.
with one blade in front of the tower. In addition, the rotor may be locked with one rotor

blade in front of the tower having a piich angle arcund the feather position. Such situations
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can lead to vortex-induced tower vibrations due to interactions between the tower and the

feathered rotor blade located in front of the tower.

[0605] In view of the aforementioned, the present disclosure provides a system and
method for controiling the blade angle of the rotor blade in front of the tower based on tower

vibration and/or rotor speed so as to reduce the danger of vortex-induced tower vibrations.
BRIEF DESCRIPTION OF THE INVENTION

[G006] Aspects and advantages of the invention 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 mmvention.

6607} in one aspect, the present disclosure is directed to a method for reducing vortex-
induced vibrations of a tower of a wind turbine. The wind turbine has a nacelle mounted atop
the tower. The nacelle has a rotor with a rotatable hob having at least one rotor blade
mounted thereto. The rotor blade has a first pitch position. Thus, the method includes
measuring, via one or more sensors, an acceleration of the nacelle. The method also mcludes
determining a rotor speed of the rotor. Further, the method includes determinimg a second
pitch position for the rotor blade based on the acceleration of the nacelle and the rotor speed.
As such, the method also includes pitching the rotor blade to the second pitch position if the
rotor speed is below a speed threshold and the acceleration of the nacelle 1s above an
acceleration threshold. Thus, the second pitch position for the rotor blade disturbs vortices
caused by nteractions between the tower and the rotor blade as the rotor blade passes in front

of the tower s0 as to reduce vortex-induced vibrations of the tower.

6608} in one embodiment, the first pitch position for the rotor blade may correspond to a
standard feather position. Thus, in another embodiment, the step of determining the second
pitch position for the rotor blade mayv include reducing the standard feather position to a

reduced feather postiion.

[6609] In another embodiment, the method may include verifying that the rotor speed
mcreases and/or the vortex-induced vibrations of the tower decrease in response to reducing

the standard feather posttion to the reduced feather position.

&2
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{3010} In addiional embodiments, the speed threshold may be greater than 0 rotations
per minote (RPM) to about 20 RPM. Further, the acceleration threshold may be greater than

{} meters per second squared (m/s?) to about 5 m/s®,

6611} In further embodiments, the step of reducing the standard feather position to the
reduced feather position may include reducing the standard feather position from about 20%
to about 30%. More specifically, in certain embodiments, the standard feather position may
mnclude a pitch angle ranging from about 890 degrees to about 90 degrees, whereas the reduced
feather position may include a pitch angle ranging from about 60 degrees to about 70 degrees.
For example, n one embodiment, the reduced feather position may nclude a pitch angle of

about 65 degrees.

0612} In vet another embodiment, the one or more sensors may include accelerometers
configared to measure the nacelle acceleration. In addition, 1n certain embodiments, the
sensor{s) may be part of a pitch control system of the at least one rotor blade. Further, the

pitch control system may also be configured to measure the rotor speed of the rotor,

G813} In additional embodiments, the method may further include measuring the
acceleration of the nacelie via one or more accelerometers focated at a root of the rotor blade.
More specifically, in certain embodiments, the acceleration of the nacelle may be measured
using at least two accelerometers per rotor blade which allows the rotor speed and/or the

acceleration to be estimated/measured at any time.

601 4] In another aspect, the present disclosure is directed to a method for reducing
vortex-induced vibrations of a tower of a wind turbine. The wind turbine has a nacelle
mounted atop the tower. The nacelle has a rotor with a rotatable hub having at least one rotor
blade mounted thereto. The method includes setting a standard feather position for the rotor
blade and measuring, via one or more sensors, an acceleration of the nacelle. The method
also includes determining a rotor speed of the rotor. If the rotor speed exceeds a speed
threshold, the method may include maintaining the standard feather position for the rotor
blade. In contrast, if the rotor speed is below the speed threshold and the acceleration of the
nacelle exceeds an acceleration threshold, the method mcludes reducing the standard feather

position {0 a reduced feather position so as to disturb vortices caused by interactions between

L
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the tower and the rotor blade as the rotor blade passes in front of the tower, thercby reducing

vortex-induced vibrations of the tower.

[0615] In yet another aspect, the present disclosure is directed to a system for reducing
vortex-induced vibrations of a tower of a wind turbine. The wind turbine has a nacelle
mounted atop the tower. The nacelle has a rotor with a rotatable hub having at least onc rotor
blade mounted thereto. The rotor blade has a first pitch position. The system includes one or
more sensors configured to measure an acceleration of the nacclle, a pitch drive mechanism
configured with the rotor blade, and a controller communicatively coupled to the one or more
sensors and the pitch drive mechanism. Further, the controller 1s configured to perform one
or more operations, including but not limited to determining a rotor speed of the rotor,
determining a second pitch position for the rotor blade based on the acceleration of the
nacelle and the rotor speed, and pitching the rotor blade to the second pitch position if the
rotor speed is below a speed threshold and the acceleration of the nacelle 1s above an
acceleration threshold. Thus, the second pitch position s configured to disturb vortices
caused by interactions between the tower and the rotor blade as the rotor blade passes i front

of the tower so as to reduce vortex-1nduced vibrations of the tower,

[B816] These and other teatures, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitufe a part of this
specification, ilustrate embodiments of the invention and, together with the description, serve

1o explain the principles of the mvention.
BRIEF DESCRIPTION OF THE DRAWINGS

[6617] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill n the art, is set forth n the specification, which

makes reference to the appended figures, in which:

3618} FIG. | illustrates a perspective view of one embodiment of a wind turbine

according to the present disclosure;

6619} FIG. 2 iHlustrates a simplified, intermnal view of one embodiment of a nacelle of a
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wind turbine according to the present disclosure;

[6624] FIG. 3 1llustrates a schematic diagram of one embodiment of suitable components
that may be mchided within a turbine controller of a wind turbine according to the present

disclosure;

6621} FIG. 4 illustrates a flow diagram of one embodiment of a method for reducing

vortex-induced tower vibrations of a wind turbine according to the present disclosure; and

16622} FIG. 5 diustrates a flow diagram of another embodiment of a method for reducing

voriex-induced tower vibrations of a wind turbine according to the present disclosure,
DETAILED DESCRIPTION OF THE INVENTION

16623} Reference now will be made in detail to embodiments of the mvention, one or
more examples of which are illustrated in the drawings. Each exampie is provided by way of
explanation of the invention, not hmitation of the invention. In fact, it will be apparent to
those skilled in the art that various modifications and varations can be made in the present
invention without departing from the scope or spirit of the invention. For instance. features
iHustrated or described as part of one embodiment can be used with another embodiment to
vield a still further embodiment. Thus, it 1s intended that the present invention covers such
modifications and variations as come within the scope of the appended claims and their

cquivalents.

[6024] Generally, the present disclosure is directed to a system and method for reducing
vortex-induced vibrations of a tower of a wind turbine. The wind turbine has a nacelle
mounted atop the tower. The nacelle has a rotor with a rotatable hub having at least one rotor
blade mounted thereto. The rotor blade has a first pitch position. Thus, the method includes
Measuring, via one or more sensors, nacelle acceleration and determining a rotor speed of the
rotor. The method also includes deternuning a second pitch position for the rotor blade based
on the nacclle acceleration and the rotor speed. As such, the method also inclades pitching
the rotor blade to the second pitch position if the rotor speed is below a speed threshold and
the acceleration of the nacelle is above an acceleration threshold, wherein the second pitch

position disturbs vortices caused by interactions between the tower and the rotor blade as the

L
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rotor blade passes in front (or stays in front) of the tower 80 as to reduce vortex-induce

vibrations of the tower.

[0625] The present disclosure provides many advantages not present in the prior art. For
example, the system and method of the present disclosure provents instaliation issues
associated with vortex-induced tower vibrations and reduces loads caused by such vibrations.
Further, the present disciosure enables easier certification of a wind turbing since the
reduction of vortex-induced tower vibrations needs to be ensured for such certification. More
specifically, if the reduction of such vibrations cannot be verified, then the vibrations have to
be taken mto account during loads simulation and design which increases the costs of the

tower and therefore the overall wind turbine.

3026} Referring now to the drawings, FIG. 1 illustrates a perspective view of one
embodiment of a 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
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 illustrate
embodiment, the rotor 18 includes three rotor blades 22. However, 1n an alternative
cmbodiment, 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 enable kinetic
energy to be transferred from the wind into usable mechanical energy, and subsequently,
clectrical energy. For instance, the bub 20 may be rotatably coupled to an electric generator

24 (F1G. 2) positioned within the nacelie 16 to permit electrical energy to be produced.

G827} The wind turbine 10 may also include a turbine control system or turbine
controller 26 centralized within the nacelle 16, In general, the turbine controller 26 may
include a computer or other suitable processing unit. Thus, in several embodiments, the
turbine controller 26 may include surtable computer-readable instructions that, when
mmplemented, configure the controller 26 to perform various differcnt functions, such as
recerving, transmitting and/or executing wind turbine control signals. As such, the turbine
controller 26 may generally be configured to control the various operating modes (e.g., start-
up or shut-down sequences) and/or components of the wind turbing 10, For example, the

controller 26 may be configured to adjust the blade pitch or pitch angle of cach rotor blade 22

5



WO 2017/201460 PCT/US2017/033624

(i.c.. an angle that determines a perspective of the blade 22 with respect to the direction of the
wind} about its pitch axis 28 in order to control the rotational speed of the rotor blade 22
and/or the power output gencrated by the wind turbine 10, For instance, the turbine
controtler 26 may control the pitch angle of the rotor blades 22, either individually or
simultangously, by transmitiing suitable control signals to one or more piich control systems
or pitch adjustment mechanisms 30 (FIG. 2) of the wind turbing 10, During operation of the
wind turbing 10, the controlicr 26 may generallv control each piich adjust mechanism 30 in
order to alter the pitch angle of each rotor blade 22 between 0 degrees (3., a power position
of the rotor blade 22) and 90 degrees (i.c., a feathered position of the rotor blade 22). In
addition, the turbine controller 26 may control the orientation of the nacelle 16 with respect to
the wind direction 58 by transmitting suitable control signals to one or more vaw drive
mechanisms 60 that engage a vaw bearing 62 (FIG. 2). Thus, rotation of the vaw bearing 62

about a vaw axis 64 changes the orientation of the nacelle 16,

16028} Referring now to FIG. 2, a simplified, intemal view of one embodiment of the
nacelle 16 of the wind turbine 10 shown in FIG. 1 is illustrated. As shown, a generator 24
may be disposed within the nacelic 16. In general, the generator 24 may be coupled to the
rotor 18 for producing electrical power from the rotational energy gencrated by the rotor 18,
For example. as shown in the iliustraied embodiment, the rotor 18 may include a rotor shaft
32 coupled to the hub 20 for rotation therewith. The rotor shatt 32 may, in tum, be rotatably
coupled to a generator shaft 34 of the generator 24 through a gearbox 36, As is generally
understood, the rotor shaft 32 may provide a low speed, high torque mput to the gearbox 36
in response to rotation of the rotor blades 22 and the hub 20, The gearbox 36 may then be
configured to convert the low speed, hizh torgue mput to a high speed, low torque output to

drive the generator shaft 34 and, thus, the generator 24

3629} Additionally, the turbine controller 26 may aiso be located within the nacelle 16
As is generally understood, the turbine controlier 26 may be commumicatively 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 controlier 26 may be
communicatively coupled to each pitch adjustment mechamism 30 of the wind turbine 10 (one

of which 1s shown} to facilitate rotation of each rotor blade 22 about its pitch was 28,
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3030} In general, cach pitch adjustment mechanism 30 may include any suitable
components and may have any suitable configuration that allows the pitch adjustment
mechanism 30 to function as described herein. For example, in several embodiments, each
pitch adjustment mechanism 30 may include a pitch drive motor 38 (e.g., anv suitable electric
motor}, a pitch drive gearbox 40, and a pitch drive pinion 42. In such embodiments, the pitch
drive motor 38 may be coupled to the piteh drive gearbox 40 so that the pitch drive motor 38
tmparts mechanical force to the pitch drive gearbox 40. Simularlty, the pitch drive gearbox 40
may be coupled to the pitch drive pinion 42 for rotation therewith. The pitch drive pinion 42
may, in turn, be in rotational engagement with a pitch bearing 44 coupled between the hub 20
and a corresponding rotor blade 22 sach that rotation of the pitch drive pinion 42 causes
rotation of the pitch bearing 44. Thus, in such erabodiments, rotation of the pitch drive motor
38 drives the pitch dnive gearbox 40 and the pitch drive pinion 42, thereby rotating the pitch

bearing 44 and the rotor blade 22 abowt the pitch axis 28.

3631} In alternative embodiments, it should be appreciated that each pitch adjustment
mechanism 30 may have any other suitable configuration that facilitates rotation of a rotor
blade 22 about its pitch axis 28. For instance, pitch adjustment mechanisms 30 arc known
that mclude a hvdraulic or pneumatic driven device (¢.g., a hydranlic or pneumatic cvlinder)
configured to transnut rotational eoergy to the pitch bearing 44, thereby causing the rotor
blade 22 to rotate about its pitch axis 28. Thus, in several embodiments, instead of the
clectric pitch drive motor 38 described above, each piich adjustment mechanism 30 may
include a hyvdraulic or pneumatic driven device that utilizes fluid pressure to apply torgue to

the pitch bearing 44.

[6632] Referring still to FIG. 2, the wind twrbine 10 may also include a plurality of
sensors {¢.g. such as sensors 46, 48} for monttoring one or more operating parameters and/or
wind conditions of the wind turbine 10, As used herein, a parameter or condition of the wind
tarbine 10 1s “monitored” when a sensor i1s used to determine its present value. Thus, the
term “monitor” and variations thereof are used to indicate that the sensors 46, 48 need not
provide a ditect measurement of the parameter and/or condition being monitored. For
example, the sensors 46, 48 may be used to generate signals relating to the parameter and/or
condition being monitored, which can then be utilized by the turbine controller 26 or other

suitable device to determuine the actual parameter and/or condition. More specifically. in



WO 2017/201460 PCT/US2017/033624

certam embodiments, the sensor(s) 46, 48 may be configured for monitoring the pitch angle
of gach rotor blade 22, any bending moments on the rotor blades 22, accelerations of the
nacelle 16, the speed of the rotor 18 and/or the rotor shaft 32, the speed of the generator 24
and/or the generator shaft 34, the torque on the rotor shaft 32 and/or the generator shaft 34,

the wind speed and/or wind direction, and/or any other suitable parameters and/or conditions,

{3633} Referring now to FIG. 3, there 1s tllustrated a block diagram of one embodiment
of suitable components that may be mcluded within the turbine controller 26 m accordance
with aspects of the present disclosure. As shown, the turbine controlier 26 may include one
or more processor{s) 30 and associated memory device(s} 32 configured to perform a vanety

of computer-implemented functions (e.g.

P

performing the methods, steps, calculations and the

by

like disclosed hercin}. As used herein, the term “processor” refers not only to integrated
circuits reforred 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) 52 may generally comprise memory element{s} including, but not limited to,
computer readable medium (¢ .g., random access memory (RAM)), computer readable non-
volatile medium (¢.g., a flash memorv), a floppy disk, a compact disc-read only memory
{(CD-ROM]). a magneto-optical disk (MOD), a digital versatile disc (DBVD) and/or other
suttable memory elements. Such memory device(s) 52 may generally be configured to store
suttable computer-readable mstructions that, when implemented by the processor{s) 50,
configare the turbine controller 26 to perform various functions including, but not limited to,
transmitting suitable control signals to one or more of the pitch adjostment mechanisms 30,
monitoring various parameiers and/or conditions of the wind turbine 10 and various other

suitable computer-implemented functions.

3834} Additionally, the turbine controller 26 may also include a communications module
54 to facibitate communications between the controller 26 and the various components of the
wind tarbing 10. For imnstance, the communications module 54 may serve as an mterface to
permit the furbine controfler 26 to transmit control signals to each pitch adjustment
mechanism 30 for controlling the pitch angle of the rotor blades 22. Moreover, the
communications module 54 may include a sensor interface 56 {e.g., one or more analog-to-

digital converters} to permit signals transmitted from the sensors 46 of the wind turbine 10 to

O
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be converted into signals that can be understood and processed by the processors 30.

[6635] it should be appreciated that the sensor(s} 46 may be commumicativelv coupled to
the commumications module 54 using any saitable means. For example, as shown i FIG. 3,
the sensors 46, 48 may be coupled to the sensor interface 56 via a wired conunection.
However, in other embodiments, the sensors 46, 48 may be coupled to the sensor interface 36
via a wireless connection, such as by using any suitable wireless communications protocol

known in the art.

10636} Referring now to FIG. 4, there 1s tllustrated a flow diagram of one embodiment of
a method 100 for reducing vortex-induced tower vibrations of a wind turbine, €.g. the tower
12 of the wind turbine 10 of F1G. 1. In several embodiments, it should be appreciated that
the disclosed method 100 mayv be performed automatically by the turbine controller 26. For
example, the turbine controller 26 may be provided with suitable computer-readable
instructions that, when implemented, configure the controller 26 to transmit control signals
that implement the method 100, More specifically, as shown at 102, the method 100 may
include measuring, via one or more sensors (¢.g. sensors 46, 48), an acccleration of the
nacelle 16, For example, in one embodiment, the sensor(s) 46, 48 may include

accelerometers. In addition, 1o certain embodiments, the sensor(s) may be part of a piich

control system, such as the pifch drive mechanism 30, of one of the rotor blades 22.
{6637} As shown at 104, the method 100 also includes deternmining a rotor speed of the

rotor 18, [t should be understood that the rotor speed may be determined using any suitable
means. For example, in one embodiment, the rotor speed may be directly measured via one
Of MOTC sensors, ©.g. sensors 46, 48, Alternatively, the rotor speed may be estimated using
the controller 26. In such an embodiment, one or more wind sensors {¢.g. sensor 48) may
measure the wind speed near the wind turbine 10 and the controller 26 may estimate the rotor

speed as a function of the measured wind speed.

{6038} Referring now to 106, the method 100 also includes determining a second pitch
position for the rotor blade 22 based on the nacelle acceleration and the rotor speed. In one
embodiment, for example, the second pitch position may correspond to a reduced feather

posttion. As used herein, a feather position may generally correspond to an angle of the rotor

10
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blades 22 where the blade 22 faces towards the mcoming wind such that the angle of attack
decreases, forces decrease, and power s shed. For many wind turbines, a standard feather
position or blade angle of the rotor blade(s) 22 is generally from about 80 degrees to about 90
degrees, such as from about 82 degrees to about 89 degrees. Ag such, in cerfain
embodiments, the feather position may corrgspond {o a first pitch position (1.e. the standard
feather position) if the rotor speed is above a rotor speed threshold as speeds above the rotor
speed threshold indicate that the wind speed is high enough that interactions between the
rotor blade 22 passing in front of the tower 12 (or stopped mn front of the tower 12) will not

aecur.

16639} Alternatively, if the rotor speed is below the speed threshold and the aceeleration
of the nacelle 16 is above an acceleration threshold, the standard feather position for the rotor
blade 22 mayv be reduced to the second piich position or a reduced feather position. Thus, as
shown at 108, the method 100 may include pitching the rotor blade 22 to the second pitch
position if the rotor speed 1s below a speed threshold and the acceleration of the nacelie is
above an acceleration threshold, As such, the reduced feather position disturbs vortices
caused by interactions between the tower 12 and the rotor blade 22 as the rotor blade 22
passes in front of the tower 12 so as to reduce vortex-induced vibrations of the tower 12, In
addition, if the rotor speed later exceeds the speed threshold and/or the accelerations are
below the acceleration threshold, the method may further include returning the pitch position

to the first pitch position {i.¢. the standard feather position.

3640} More specifically, in certain embodiments, the speed threshold may be greater
than 0 rotations per minute {(RPM} to about 20 RPM. Further, the acceleration threshold may
be greater than 0 meters per second squared {m/s?) to about 5 m/s*. In another embodiment,
the direction of the nacelle acceleration may also be considered as the accelerometers may be
attached to the blade roots and therefore will be affecied by the nacelle acceleration. As such,
the direction of the nacelle acceleration may be considered to distinguish in the resultant
acceleration in the piich cards, which is due 1o the rotation of the rotor, and the acceleration

of the complete nacelle.

06041} In further embodiments, the standard feather position may be reduced by about

20% to about 30%. More specificallv, as mentioned, the standard feather position may

1§



WO 2017/201460 PCT/US2017/033624

nclude a pitch angle ranging trom about 80 degrees to about 90 degrees, such as from about
82 degrees to about 89 degrees, whereas the reduced feather position may include a pitch
angle ranging from about 60 degrees to about 70 degrees. For example, in one embodiment,

the reduced feather position may include a pitch angle of about 65 degrees.

G042} In another embodiment, the method 100 mayv mclude verifying that the rotor speed
ncreases or the vortex-induced vibrations of the tower 12 decrease m response to reducing
the standard feather position to the reduced feather position. For example, in one
embodiment, the pitch drive mechanism 30 and/or the controller 26 may be configured to re-
measure or estimate the rotor speed while the rotor blade 22 15 at the reduced feather position
to ensure the reduced feather position actually reduced vortex-induced vibrations. Further,
ong or more of the sensors 46, 48 may be configured on the tower 12 so ag to detect vortex-
induced vibrations to ensure that such vibrations are being reduced in response to the reduced

feather position.

364 3] As indicated above, it should be appreciated that the present disclosure 1s also
directed fo a system for reducing vortex-induced tower vibrations of a wind turbine tower 12.
Thus, i several embodiments, the system may generally inchude one or more sensors {(o..
sensors 46, 48} configured to monitor/measure an acceleration of the nacelic 16 of the wind
turbine 10 and at least one pitch adjustment mechanism 30 (FIG. 2) configured to pitch the

rotor blade 22 about its pitch axis 28.

6644} Additionally, the svstem may mclude a controller communicatively coupled to the
pitch adjustment mechanism 30 and/or the sensor{s) 46. The controller may include a
controller of the pitch adjustment mechanism 30, the turbine controller 26, or a separate
controller. Thus, as described above, the controller may be configured to receive signals
from the one or more sensors 46, 48 related to the nacelle accelerations of the tower 12,
determine a rotor speed of the rotor 18, and determine a feather posttion of one or more of the
rotor blades 22 based on the acceleration of the nacelle 16 and the rotor speed. Thus, as
mentioned, the feather position 1s configured to disturb vortices caused by inferactions
between the tower 12 and the rotor blade(s) 22 as one of the rotor blades 22 passes in front of

the tower 12 so as to reduce vortex-induced vibrations of the tower 12.

12
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3045} Referring now to FIG. §, a flow diagram of another embodiment of a method 200
for reducing vibrations of the tower 12 of the wind turbine 10 1s tllustrated. As shown at 202,
the method 200 includes setting a standard feather position for one or more of the rotor blades
22. As shown at 204, the method 200 includes measuring, via one or more sensors 46, 48, an
acceleration of the nacelle 16, As shown at 206, the method 200 includes determining a rotor
spead of the rotor 18 of the wind turbine 10, Further, as shown at 208, the method 200
includes determining whether the rotor speed exceeds a rotor speed threshold as described
herein. As shown at 210, if the rotor speed exceeds a speed threshold, the method 200 further
includes maintaining the standard feather position for the rotor blade 22. As shown at 212,
the method 200 includes determining if the acceleration{s) of the nacelle 16 exceeds an
acceleration threshold. If the rotor speed of the rotor 18 and the nacelle acceleration exceed
respective thresholds, as shown at 214, the method 200 includes reducing the standard feather
position to a reduced feather position so as to disturb vortices caused by interactions between
the tower 12 and the rotor blade(s) 22 as one of the rotor blades 22 passes in front of the

tower 12, thereby reducing vortex-induced vibrations of the tower 12.

3646} This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to practice the invention, mcluding
making and using anv devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled m the art. Such other examples are intended to be within the scope
of the claims if they inclade structural elements that do not differ from the literal language of
the claims, or if they inchude equivalent structural elements with insubstantial differences

from the literal languages of the claims.

i3
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WHAT IS CLAIMED IS

i, A method for reducing vortex-induced vibrations of a tower of a wind turbine,
the wind turbine having a nacelle mounted atop the tower, the nacelle having a rotor with a
rotatable hub having at least one rotor blade mounted thereto, the rotor blade having a first

pitch position, the method comprising:
measuring, via one or more sensors, an acceleration of the nacelle;
determining a rotor speed of the rotor;

determining a second pitch position for the rotor blade based on the acceleration of

the nacelle and the rotor speed; and,

pitching the rotor blade to the second pitch position if the rotor speed 1s below a speed
threshold and the acceleration of the nacelle is above an acceleration threshold, wherein the
sccond pitch position disturbs vortices caused by interactions between the tower and the rotor
blade as the rotor blade passes in front of the tower so as to reduce vortex-induced vibrations

of the tower.

2. The method of claim 1, wherein the first pitch position corresponds to a

standard feather position.

3. The method of claim 2, wherein determining the second pitch position for the
rotor blade further comprises reducing the standard feather position to a reduced feather

position.

4. The method of claim 3, further comprising venfyving that the rotor speed
increases or the vortex-induced vibrations of the tower decrease in response 1o reducing the

standard feather position to the reduced feather position.

3. The method of claim 3, wherein the speed threshold comprises from greater
than 0 rotations per minute (RPM} to about 20 RPM and the acceleration threshold may be

greater than 0 meters per second squared (m/s?) to about 5 m/s®.

6. The method of claim 3, wherein reducing the standard feather position to the

14
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reduced feather position further comprises reducing the standard feather position from about

20% to about 30%.

7. The method of claim 6, wherein the standard feather position comprises a
pitch angle ranging from about 80 degrees to about 90 degrees, and wherein the reduced

feather position comprises a pitch angle ranging from about 60 degrees to about 70 degrees.

8. The method of claim 7, wherein the reduced feather position comprises a pitch

angle of about 65 degrees.

9. The method of claim 1, further comprising measuring the acceleration of the

nacelle via one or more accelerometers located at a root of the rotor blade.

16, A method for reducing vortex-induced vibrations of a tower of a wind turbine,
the wind turbine having a nacelle mounted atop the tower, the nacelle having a rotor with a

rotatable hub having at least one rotor blade mounted thereto, the method comprising:
setting a standard feather position for the rotor blade;
measuring, via one or more sensors, an acceleration of the nacelle;
determining a rotor speed of the rotor;

if the rotor speed exceeds a speed threshold, maintaming the standard feather position

for the rotor blade; and,

if the rotor speed is below the speed threshold and the acceleration of the nacelle
exceeds an acceleration threshold, reducing the standard feather position to a reduced feather
position so as to disturb vortices caused by interactions between the tower and the rotor blade
as the rotor blade passes in front of the tower, thereby reducing vortex-induced vibrations of

the tower.

i, A system for reducing vortex-induced vibrations of a tower of a wind turbine,
the wind turbine having a nacelle mounted atop the tower, the nacelle having a rotor with a
rotatable hub having at least one rotor blade mounted thereto, the rotor blade having a first

pitch position, the system comprising:
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one or more sensors configured to measure an acceleration of the nacelle;
at least one of a pitch drive mechanism configured with the rotor blade; and

a controller communicatively coupled to the one or more sensors and the pitch duve
mechanism, the controller configured to perform one or more operations, the one or more

operations comprising:
determining a rotor speed of the rotor,

determining a second pitch position for the rotor blade based on the acceleration of

the nacelle and the rotor speed, and

pitching the rotor blade to the second pitch position if the rotor speed 18 below a speed
threshold and the acceleration of the nacelle is above an acceleration threshold, wherein the
sccond pitch position disturbs vortices caused by interactions between the tower and the rotor
blade as the rotor blade passes in front of the tower so as to reduce vortex-induced vibrations

of the tower.

12. The system of claim 11, wherein the first pitch position corresponds to a

standard feather position.

13, 'The system of claim 12, wherein determining the second pitch position for the
rotor blade further comprises reducing the standard feather position to a reduced feather

position.

14, The system of claum 13, further comprising verifving that the rotor speed
increases or the vortex-induced vibrations of the tower decrease in response 1o reducing the

standard feather position to the reduced feather position.

i5. The system of claim 13, wherein the rotor speed threshold comprises from
greater than 0 rotations per minute (RPM) to about 20 RPM and the aceeleration threshold

may be greater than 0 meters per second squared (m/s?) to about 5 m/s?.

16. The system of claim 13, wherein reducing the standard feather position to the

reduced feather position further comprises reducing the standard feather position from about

16
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20% to about 30%.

17. The system of claim 16, wherein the standard feather position comprises a
pitch angle ranging from about 80 degrees to about 90 degrees, and wherein the reduced

feather position comprises a pitch angle ranging from about 60 degrees to about 70 degrees.

8. The system of claim 17, wherein the reduced feather position comprises a

pitch angle of about 65 degrees.

19 The system of clatm 11, wherein the one or more sensors comprise
accelerometers.
24, The system of claim 11, wherein the one or more sensors are part of a piich

control system of the at least one rotor blade.

17
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