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DESCRIPTION

Description

FIELD

[0001] The present disclosure relates generally to wind turbines, and more particularly to
systems and methods for optimizing power output, reducing loads, and/or lowering noise
during an operational constraint of a wind turbine.

BACKGROUND

[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 modem wind turbine typically includes a tower, a generator, a gearbox, a nacelle, and a rotor
including one or more rotor blades. The rotor blades capture kinetic energy from wind using
known airfoil principles and transmit the kinetic energy through rotational energy 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] During operation of a wind turbine, various components of the wind turbine are
subjected to various loads due to the aerodynamic wind loads acting on the blade. In
particular, the rotor blades experience significant loading, and frequent changes in loading,
during operation due to interaction with the wind. Changes in wind speed and direction, for
example, may modify the loads experienced by the rotor blades. To reduce rotor blade loading,
various control systems have been developed to allow the rotor blades to shed a portion of the
loads experienced thereby. Such control systems include, for example, pitching the rotor
blades and/or modifying generator torque during operation. In a variable rotor speed
operational mode of the wind turbine, the control system can be designed to regulate the rotor
speed so as to follow a defined Tip Speed Ratio (TSR) set point (through generator torque
regulation), and maintain the pitch angle at a defined pitch set point. Further, TSR regulation
can be based on measured TSR or estimated TSR.

[0004] Thus, modern wind turbines, like the ones described in EP 2829724 A1 and EP
2522853 A2, operate according to one or more set points designed to achieve maximum
power while also maintaining loads within safe limits. In particular, many wind turbine control
schemes implement one or more operational constraints in order to achieve a trade-off
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between loads and power performance. For example, one such operational constraint is a
thrust constraint that involves reducing loads when an estimated thrust value exceeds a pre-
defined thrust limit.

[0005] The power coefficient (generally referred to as Cp) of a wind turbine is the measure of

wind turbine aerodynamic efficiency and is the ratio of actual mechanical power produced by
the wind turbine divided by the total power available in the wind flowing through the rotor at a
specific wind speed. In certain instances, the power coefficient can be predicted from
aerodynamic performance maps, which are dimensional or non-dimensional tables or graphs
that describe rotor loading and performance (e.g. power, thrust, torque, bending moment, or
similar) under given conditions (e.g. density, wind speed, rotor speed, pitch angles, or similar).
As such, the aerodynamic performance map(s) may include: power coefficients, thrust
coefficients, torque coefficients, and/or partial derivatives with respect to pitch angle, rotor
speed, or tip speed ratio (TSR). Alternatively, the aerodynamic performance maps can be
dimensional power, thrust, and/or torque values instead of coefficients.

[0006] For example, the aerodynamic performance maps may include a look-up table of the
power coefficient as a function of pitch angle and TSR of the wind turbine. In other words, for
normal wind turbine operation, the operational constraints are converted to aerodynamic
coefficient values such that the optimal operating set point (e.g. the power coefficient) that
satisfies all of the constraints and also maximizes power can be chosen from the aerodynamic
performance map. The turbine controller can use the resulting optimal TSR and pitch set
points obtained from the map to control the wind turbine. Generally, the TSR set point is a fixed
value to which turbine is regulated during variable rotor speed operation of the wind turbine.
When the operational constraint(s) are implemented by the turbine controller, the power
coefficient decreases since a fixed TSR set point cannot be optimal across a range of
operational constraints.

[0007] Accordingly, the present disclosure is directed to systems and methods for varying the
TSR set point during such operational constraints so as optimize power, reduce loads, and/or
lower acoustic noise emission from the wind turbine.

BRIEF DESCRIPTION

[0008] 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
invention.

[0009] In one aspect, the present disclosure is directed to a method according to claim 1 for
optimizing power production of a wind turbine. The method includes determining at least one
operational constraint for the wind turbine. The method also includes operating the wind
turbine with at least one operational constraint being activated. Further, the method includes
varying a tip speed ratio for the wind turbine while the at least one operational constraint is
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activated so as to maximize a power coefficient of the wind turbine.

[0010] In one embodiment, the operational constraint(s) may include a thrust constraint, a
rotor/generator speed constraint, a torque constraint, a noise constraint, and/ or an external
set point, for example, from a farm wake management control scheme. In another
embodiment, the operational constraint(s) may impose an operational limit on the wind turbine.
For example, the operational limit may include a predetermined maximum thrust, a
predetermined maximum speed, a predetermined maximum torque, a predetermined
maximum noise limit, and/or a tip speed ratio set point received from an external source.

[0011] In further embodiments, when the at least one operational constraint is activated, the
method may include determining an acoustic noise emission of the wind turbine, and if a
limiting value is reached, decreasing the tip speed ratio, sometimes along with an increase in
blade pitch angles.

[0012] In several embodiments, the step of varying the tip speed ratio for the wind turbine
while the at least one operational constraint is activated may include reducing the tip speed
ratio when the predetermined maximum thrust is reached. In addition, the method may include
increasing a pitch angle of at least one rotor blade of the wind turbine in addition to reducing
the tip speed ratio.

[0013] In another embodiment, the method may include monitoring one or more turbine
operating conditions or wind conditions of the wind turbine when the at least one operational
constraint is activated, determining an estimated thrust value of the wind turbine based on the
one or more turbine operating conditions or wind conditions, and varying the tip speed ratio for
the wind turbine if the estimated thrust value is greater than or equal to the predetermined
maximum thrust.

[0014] In additional embodiments, when the operational constraint(s) is activated, the method
may further include monitoring a torque of the wind turbine. More specifically, during
monitoring, if a rated torque value is reached, the method may include increasing the tip speed
ratio. In addition, the method may include increasing a pitch angle of at least one rotor blade of
the wind turbine in addition to increasing the tip speed ratio.

[0015] In particular embodiments, the method may also include operating the wind turbine with
a plurality of operational constraints being activated. For example, in one embodiment, when
the wake management control scheme and the thrust constraint are both activated, the
method may include selecting the tip speed ratio based on a minimum tip speed ratio value
between the wake management control scheme and the thrust constraint.

[0016] In certain embodiments, the method may further include restoring the tip speed ratio
when the at least one operational constraint is deactivated.

[0017] In another aspect, the present disclosure is directed to a system according to claim 13
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for optimizing power production of a wind turbine. The system includes a turbine controller
having one or more processors configured to perform one or more operations, including but
not limited to, determining at least one operational constraint for the wind turbine, operating the
wind turbine with at least one operational constraint being activated, and varying a tip speed
ratio for the wind turbine while the at least one operational constraint is activated so as to
maximize a power coefficient of the wind turbine.

[0018] In yet another aspect, the present disclosure is directed to a wind turbine. The wind
turbine includes a tower, a nacelle mounted on the tower, a rotor coupled to the nacelle, and a
turbine controller. The rotor includes a rotatable hub having a plurality of rotor blades mounted
thereto. The turbine controller includes at least one processor configured to perform one or
more operations, including but not limited to, determining at least one operational constraint for
the wind turbine, operating the wind turbine with at least one operational constraint being
activated, and varying a tip speed ratio for the wind turbine while the at least one operational
constraint is activated so as to maximize a power coefficient of the wind turbine.

[0019] These and other features, 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 constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

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

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

FIG. 3 illustrates a schematic diagram of one embodiment of suitable components that may be
included within a controller of a wind turbine according to the present disclosure;

FIG. 4 illustrates a flow diagram of one embodiment of a method for optimizing power
production of a wind turbine according to the present disclosure;

FIG. 5 illustrates one embodiment of an aerodynamic performance map depicting normal
unconstrained wind turbine operation;

FIG. 6 illustrates one embodiment of an aerodynamic performance map depicting wind turbine
operation under a thrust constraint;
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FIG. 7 illustrates one embodiment of an aerodynamic performance map depicting wind turbine
operation under a torque constraint; and

FIG. 8 illustrates a plot of one embodiment of tip speed ratio versus wind speed according to
the present disclosure.

DETAILED DESCRIPTION

[0021] 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. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims

[0022] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 according to the present disclosure. As shown, the wind turbine 10
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 illustrated embodiment, the rotor 18 includes three rotor blades 22. However, in an
alternative embodiment, 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, electrical energy. For instance, the hub 20 may be rotatably coupled to an
electric generator 24 (FIG. 2) positioned within the nacelle 16 to permit electrical energy to be
produced.

[0023] Referring now to FIG. 2, a simplified, internal view of one embodiment of the nacelle 16
of the wind turbine 10 is illustrated. As shown, the generator 24 may be disposed within the
nacelle 16. In general, the generator 24 may be coupled to the rotor 18 of the wind turbine 10
for generating electrical power from the rotational energy generated by the rotor 18. For
example, the rotor 18 may include a main rotor shaft 40 coupled to the hub 20 for rotation
therewith. The generator 24 may then be coupled to the rotor shaft 40 such that rotation of the
rotor shaft 40 drives the generator 24. For instance, in the illustrated embodiment, the
generator 24 includes a generator shaft 42 rotatably coupled to the rotor shaft 40 through a
gearbox 44. However, in other embodiments, it should be appreciated that the generator shaft
42 may be rotatably coupled directly to the rotor shaft 40. Alternatively, the generator 24 may
be directly rotatably coupled to the rotor shaft 40 (often referred to as a "direct-drive wind
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turbine").

[0024] It should be appreciated that the rotor shaft 40 may generally be supported within the
nacelle 16 by a support frame or bedplate 46 positioned atop the wind turbine tower 12. For
example, the rotor shaft 40 may be supported by the bedplate 46 via a pair of pillow blocks 48,
50 mounted to the bedplate 46.

[0025] Additionally, as shown, the wind turbine 10 may also include a turbine control system or
a turbine controller 26 located within the nacelle 16. For example, as shown in the illustrated
embodiment, the turbine controller 26 is disposed within a control cabinet 52 mounted to a
portion of the nacelle 16. However, it should be appreciated that the turbine controller 26 may
be disposed at any location on or in the wind turbine 10, at any location on the support surface
14 or generally at any other location. Moreover, as described herein, the turbine controller 26
may also be communicatively coupled to various components of the wind turbine 10 for
generally controlling the wind turbine and/or such components, as well as the various operating
modes (e.g., start-up or shut-down sequences) of the wind turbine 10. For example, the
controller 26 may be configured to control the blade pitch or pitch angle of each of the rotor
blades 22 (i.e., an angle that determines a perspective of the rotor blades 22 with respect to
the direction 28 of the wind) to control the loading on the rotor blades 22 by adjusting an
angular position of at least one rotor blade 22 relative to the wind. For instance, the turbine
controller 26 may control the pitch angle of the rotor blades 22, either individually or
simultaneously, by transmitting suitable control signals/commands to various pitch drives or
pitch adjustment mechanisms 32 (FIG. 2) of the wind turbine 10. Specifically, the rotor blades
22 may be rotatably mounted to the hub 20 by one or more pitch bearing(s) (not illustrated)
such that the pitch angle may be adjusted by rotating the rotor blades 22 about their pitch axes
34 using the pitch adjustment mechanisms 32. Further, as the direction 28 (FIG. 1) of the wind
changes, the turbine controller 26 may be configured to control a yaw direction of the nacelle
16 about a yaw axis 36 to position the rotor blades 22 with respect to the direction 28 of the
wind, thereby controlling the loads acting on the wind turbine 10. For example, the turbine
controller 26 may be configured to transmit control signals/commands to a yaw drive
mechanism 38 (FIG. 2) of the wind turbine 10 such that the nacelle 16 may be rotated about
the yaw axis 30.

[0026] Still further, the turbine controller 26 may be configured to control the torque of the
generator 24. For example, the turbine controller 26 may be configured to transmit control
signals/commands to the generator 24 in order to modulate the magnetic flux produced within
the generator 24, thus adjusting the torque demand or set point of the generator 24. Such
temporary de-rating of the generator 24 may reduce the rotational speed of the rotor blades
22, thereby reducing the aerodynamic loads acting on the blades 22 and the reaction loads on
various other wind turbine 10 components.

[0027] It should be appreciated that the turbine controller 26 may generally comprise a
computer or any other suitable processing unit. Thus, in several embodiments, the turbine
controller 26 may include one or more processor(s) and associated memory device(s)
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configured to perform a variety of computer-implemented functions, as shown in FIG. 3 and
discussed 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)
62 of the turbine controller 26 may generally comprise memory element(s) including, but are
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) 62 may generally be configured to store
suitable computer-readable instructions that, when implemented by the processor(s) 60,
configure the controller 26 to perform various computer-implemented functions including, but
not limited to, performing proportional integral derivative ("PID") control algorithms, including
various calculations within one or more PID control loops, and various other suitable computer-
implemented functions. In addition, the turbine controller 26 may also include various
input/output channels for receiving inputs from sensors and/or other measurement devices and
for sending control signals to various components of the wind turbine 10.

[0028] It should additionally be understood that the controller 26 may be a singular controller
or include various components, such as pitch controllers and/or yaw controllers, which
communicate with a central controller for specifically controlling pitch and yaw as discussed.
Additionally, the term "controller" may also encompass a combination of computers, processing
units and/or related components in communication with one another.

[0029] The present disclosure is further directed to methods for optimizing power production of
the wind turbine 10, e.g. when one or more operational constraints are implemented by the
turbine controller 26. In particular, the controller 26 may be utilized to perform such methods.
Thus, as shown in FIG. 3, there is illustrated a block diagram of one embodiment of suitable
components that may be included within the turbine controller 26 in accordance with aspects of
the present subject matter. As shown, the controller 26 may include one or more processor(s)
60 and associated memory device(s) 62 configured to perform a variety of computer-
implemented functions (e.g., performing the methods, steps, calculations and the like disclosed
herein). Additionally, the controller 26 may also include a communications module 64 to
facilitate communications between the controller 26 and the various components of the wind
turbine 10. For instance, the communications module 64 may serve as an interface to permit
the turbine controller 26 to transmit control signals to each pitch adjustment mechanism 32 for
controlling the pitch angle of the rotor blades 22. Moreover, the communications module 64
may include a sensor interface 66 (e.g., one or more analog-to-digital converters) to permit
input signals transmitted from, for example, various sensor, to be converted into signals that
can be understood and processed by the processor(s) 60.

[0030] Referring now to FIG. 4, a flow diagram of one embodiment of a method 100 for
optimizing power production of the wind turbine 10 when one or more operational constraints
are implemented by the turbine controller 26 is illustrated. More specifically, as shown at 102,
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the method 100 includes determining at least one operational constraint for the wind turbine
10. As shown at 104, the method 100 includes operating the wind turbine 10 with the
operational constraint(s) being activated. In one embodiment, for example, the operational
constraint(s) may include a thrust constraint, a speed constraint, a torque constraint, a noise
constraint, and/or a wake management control scheme. Such constraints can be measured
with physical sensors or estimated. For example, in certain embodiments, the constraints may
be estimated using available turbine sensor measurements and/or dynamic models using
prediction or estimation techniques. As such, measured or predicted/estimated signals may be
compared to threshold values (defined as operational parameters) to determine if constraints
are active. In addition, the method 100 may include defining the constraint using the
aerodynamic performance maps in the TSR/ pitch angle space for prevailing measured or
estimated wind conditions, which allows the method to define an optimal TSR and pitch set
point to maximize the power coefficient while satisfying the constraint.

[0031] In further embodiments, the method 100 may include operating the wind turbine 10 with
a plurality of operational constraints being activated. For example, in one embodiment, the
wind turbine 10 may be operated with both the wake management control scheme and the
thrust constraint activated. Thus, in certain embodiments, the operational constraint(s) may
impose an operational limit on the wind turbine 10. For example, methods according to the
present disclosure may in some embodiments further include establishing a maximum thrust, a
maximum generator speed, a maximum torque, and/or a predetermined maximum noise limit.
In exemplary embodiments, the maximum torque is a maximum generator torque, although in
alternative embodiments a maximum aerodynamic torque could be established and the
maximum generator torque established through calculation therefrom. Such maximum values
are generally pre-established values or ratings which it is generally desirably are not exceeded
during operation of the wind turbine 10.

[0032] Thus, as shown at 106, the method 100 further includes varying a tip speed ratio (TSR)
for the wind turbine 10 while the operational constraint(s) is activated so as to maximize a
power coefficient of the wind turbine 10. For example, in several embodiments, the controller
26 may be configured to reduce the TSR when the predetermined maximum thrust is reached.
In addition, the controller 26 may be configured to increase a pitch angle of at least one rotor
blade 22 of the wind turbine 10 in addition to reducing the TSR. As used herein, the tip speed
ratio or TSR generally refers to the ratio between the tangential speed of the tip of one of the
rotor blades 22 and the actual wind speed. Thus, the TSR may generally be calculated by
multiplying the current rotational speed of the wind turbine 10 (such as the rotor 18 thereof)
(measured by suitable sensors in the wind turbine 10) by the maximum radius of the rotor 18,
and dividing this result by the wind speed. As such, to reduce the TSR as described herein, the
controller 26 may reduce the turbine speed (i.e. the rotor speed or the generator speed).
Accordingly, in such embodiments, the present disclosure is configured to increase power
output of the wind turbine 10 without increasing the noise generated by the turbine 10 (which is
a function of turbine speed).

[0033] Referring now to FIGS. 5-7, various graphs (also generally referred to as aerodynamic
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performance maps) are provided to illustrate advantages of the present disclosure. More
specifically, FIG. 5 illustrates one embodiment of an aerodynamic performance map according
to normal or unconstrained wind turbine operation. FIGS. 6 and 7 illustrate various
aerodynamic performance maps according to constrained wind turbine operation. As shown
particularly in FIG. 5, the unconstrained optimal operating set point 72 corresponds to the
optimal operational set point for the wind turbine 10 without any constraints in place. Further,
as shown, the optimal operation set point 72 is chosen to maximize power performance of the
wind turbine 10.

[0034] Referring particularly to FIGS. 6 and 7, various constraints have been implemented by
the turbine controller 26 to further illustrate advantages of the present disclosure. More
specifically, FIG. 6 illustrates a thrust constraint implemented by the turbine controller 26, as
indicated by region 70. Similarly, as shown in FIG. 7, a torque constraint has been
implemented by the turbine controller 26, as indicated by region 90. In other words, for both
maps, the wind turbine 10 is limited to operation within regions 70 and 90, respectively, and
cannot operate with regions 78, 98. As such, the controller 26 must select new operating points
within regions 70 and 90. For example, operating points 76, 96 represent conventional wind
turbine control schemes that utilize a fixed TSR during times of operational constraint(s). More
specifically, as shown in FIG. 6, for thrust constraints, conventional control systems increase
pitch and maintain the TSR at a fixed value to obtain a new power coefficient C,,. Similarly, as

shown in FIG. 7, for torque constraints, conventional control systems also increase pitch and
maintain the TSR at a fixed value to obtain a new power coefficient C,

[0035] In contrast, as shown by operating points 74, 94, the control methodology of the
present disclosure varies the TSR during times of operational constraint(s) so as to maximize
the power coefficient of the wind turbine 10. More specifically, as shown in FIG. 6, for thrust
constraints, the turbine controller 26 of the present disclosure may increase pitch and reduce
the TSR to obtain a new power coefficient C,, as shown at 74 that is higher than the power

coefficient C, for conventional control schemes. In addition, as shown in FIG. 7, for torque

constraints, the turbine controller 26 of the present disclosure is configured to increase TSR to
obtain a new power coefficient C,, as shown at 94 that is also higher than the power coefficient

Cp for conventional control schemes.

[0036] More specifically, in certain embodiments, when the operational constraint(s) is
activated, the controller 26 may also monitor a torque of the wind turbine 10. As such, during
monitoring, if a rated torque value is reached, the controller 26 is configured to increase the
TSR to a maximum value. In addition, as shown in FIG. 7, the controller 26 may increase a
pitch angle of one or more of the rotor blades 22 of the wind turbine 10 in addition to
increasing the TSR.

[0037] As mentioned, multiple constraints may be implements by the turbine controller 26 at
the same time. In such instances, the controller 26 may vary the TSR as a function of both of
the constraints. For example, in one embodiment, when the wake management control
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scheme and the thrust constraint are both activated, the controller 26 may modify the TSR
based on a minimum TSR value between the wake management control scheme and the
thrust constraint.

[0038] In addition, in certain embodiments, the turbine controller 26 may monitor one or more
turbine operating conditions and/or wind conditions of the wind turbine 10, e.g. when the
operational constraint(s) is activated. For example, the turbine operating conditions and/or
wind conditions may be measured, such as through use of various suitable sensors. More
specifically, suitable wind sensors 80 (FIG. 2) may include, for example, Light Detection and
Ranging ("LIDAR") devices, Sonic Detection and Ranging ("SODAR") devices, anemometers,
wind vanes, barometers, and radar devices (such as Doppler radar devices). In further
embodiments, the turbine operating conditions may include tower sensors 82, generator
sensors 84, main shaft sensors 88, and/or blade sensors 86. Still further, any suitable
measurement devices may be utilized to directly or indirectly measure the turbine operating
conditions and/or wind conditions of the wind turbine 10. As such, in certain embodiments, the
controller 26 is further configured to determine an estimated thrust value of the wind turbine 10
based on the turbine operating condition(s) and/or the wind conditions. Thus, the controller 26
may vary the TSR for the wind turbine 10 if the estimated thrust value is greater than or equal
to the predetermined maximum thrust. Such a control scheme may further be provided for any
of the constraints described herein.

[0039] In additional embodiments, the turbine controller 26 may also be configured to restore
(e.g. increase) the TSR when the operational constraint(s) (e.g. the thrust constraint) is
deactivated so as to resume normal operation and maximize the power coefficient.

[0040] Referring now to FIG. 8, one embodiment of a plot of tip speed ratio versus wind speed
according to the present disclosure is illustrated. More specifically, as shown, the plot illustrates
thrust 110, pitch angle 112, generator speed 114, generator torque 116 as a function of varying
TSR 118 and wind speed. Further, as shown at 120, the plot illustrates an increase in torque
116 due to a lower TSR. Moreover, the plot illustrates a reduced TSR in the thrust control
region 124. In addition, in the thrust control region 124, the plot illustrates a decrease 126 in
pitch compared to the baseline pitch112 as well as a decrease 128 in generator speed.

[0041] 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, 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. Fremgangsmdde (100) til optimering af effektproduktion af en vindmglle (10), idet
fremgangsmdden (100) omfatter:

bestemmelse af en driftsbegraensning for vindmgllen (10), hvor driftsbegraensningen er en
af: en trykbegraensning (eng: thrust constraint) for en rotor i vindmgllen (10), hvor
trykbegraensningen pélaegger et forudbestemt maksimalt tryk (eng: thrust), og en
momentbegraensning for en generator af vindmgllen (10), hvor momentbegraensningen

palaegger et forudbestemt maksimalt drejningsmoment;

tilvejebringelse af et aerodynamisk ydeevnekort, idet det aerodynamiske ydeevnekort
svarer til den bestemte driftsbegrasnsning og er en tabel eller en graf der, i et
tiphastighedsforhold - pitch-vinkelrum og for et givet vindforhold, beskriver en

effektkoefficient for vindmgllen (10) og rotortryk eller generatormoment;

drift af vindmgllen (10) med driftsbegraensningen aktiveret, sdledes at driften af
vindmgllen er begraenset til et begreenset omrdde (70, 90) af det aerodynamiske

ydeevnekort; og,

variation af et tiphastighedsforhold for vindmgllen (10) mens driftsbegraensningen er
aktiveret for at maksimere vindmgllens (10) effektkoefficient inden for det begreensede

omradde af det aerodynamiske ydeevnekort.

2. Fremgangsmadde (100) ifglge krav 1, hvor driftsbegraensningen er trykbegraensningen.

3. Fremgangsméde (100) ifglge krav 1 eller 2, hvor det givne vindforhold omfatter mindst én af:

lufttaethed og vindhastighed og/eller er et fremherskende mélt eller estimeret vindforhold.

4. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, hvor fremgangsmdden

(100), nér driftsbegraensningen er aktiveret, yderligere omfatter:
bestemmelse af en akustisk stgjemission fra vindmagllen (10); og,

reduktion af tiphastighedsforholdet hvis en graenseveerdi nds.
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5. Fremgangsmadde (100) ifalge et hvilket som helst af kravene 2 til 4, hvor variation af
tiphastighedsforholdet for vindmgllen (10) mens driftsbegraensningen er aktiveret yderligere

omfatter reduktion af tiphastighedsforholdet ndr en forudbestemt maksimal trykgraense nds.

6. Fremgangsmé&de (100) ifglge krav 5, yderligere omfattende @gning af en pitchvinkel pd mindst
ét rotorblad (22) pd vindmgllen (10) ud over reduktion af tiphastighedsforholdet.

7. Fremgangsmé&de (100) ifglge krav 4, yderligere omfattende:

overvagning af ét eller flere vindmglledriftsforhold eller vindforhold for vindmgllen (10) ndr

driftsbegraensningen er aktiveret;

bestemmelse af en estimeret trykveerdi af vindmgllen (10) baseret pd det ene eller flere

vindmglledriftsforhold eller vindforhold; og

variation af tiphastighedsforholdet for vindmgllen (10) hvis den estimerede trykveerdi er

starre end eller lig med en forudbestemt maksimal trykgreense.

8. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, hvor fremgangsmdden
(100), ndr driftsbegraensningen er aktiveret, yderligere omfatter overvdgning af et
drejningsmoment for vindmgllen (10) og forggelse af tiphastighedsforholdet hvis en nominel

drejningsmomentvaerdi nés.

9. Fremgangsmade (100) ifglge krav 8, yderligere omfattende @gning af en pitchvinkel pd mindst
ét rotorblad (22) pd vindmgllen (10) ud over ggning af tiphastighedsforholdet.

10. Fremgangsmdde (100) ifglge et hvilket som helst af de foregdende krav, yderligere

omfattende drift af vindmgllen (10) med en flerhed af driftsbegraensninger aktiveret.

11. Fremgangsmdde (100) ifglge krav 10, hvor fremgangsmdden (100), ndr en
slipstramsstyringsplan (eng: wake management control scheme) og trykbegraensningen begge er
aktiveret, yderligere omfatter valg af tiphastighedsforholdet baseret pd en mindste

tiphastighedsforholdsvaerdi mellem et eksternt saetpunkt og trykbegrasnsningen.
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12. Fremgangsmé&de (100) ifglge et hvilket som helst af de foregdende krav, yderligere

omfattende genetablering af tiphastighedsforholdet nér driftsbegraensningen deaktiveres.

13. System til optimering af effektproduktion af en vindmglle (10), hvilket system omfatter:
en vindmgllestyreenhed omfattende én eller flere processorer konfigureret til at udfgre

fremgangsmaden ifglge et hvilket som helst af de foregdende krav.
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