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DESCRIPTION

[0001] The present invention relates generally to wind turbines, and more particularly, to
systems and methods for micrositing a wind farm for loads optimization.

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, a generator, a gearbox, a nacelle, and a
rotor. The rotor typically includes a rotatable hub having one or more rotor blades attached
thereto. A pitch bearing is typically configured operably between the hub and a blade root of
the rotor blade to allow for rotation about a pitch axis. The rotor blades capture kinetic energy
of wind using known airfoil 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] A plurality of wind turbines are commonly used in conjunction with one another to
generate electricity and are commonly referred to as a "wind farm." See, EP 2 128 441, for
example. Wind turbines on a wind farm typically include their own meteorological monitors that
perform, for example, temperature, wind speed, wind direction, barometric pressure, and/or air
density measurements. In addition, a separate meteorological mast or tower ("met mast”)
having higher quality meteorological instruments that can provide more accurate
measurements at one point in the farm is commonly provided. The correlation of
meteorological data with power output allows the empirical determination of a "power curve" for
the individual wind turbines.

[0004] Traditionally, wind farms are controlled in a decentralized fashion to generate power
such that each turbine is operated to maximize local energy output and to minimize impacts of
local fatigue and extreme loads. To this end, each turbine includes a control module, which
typically attempts to maximize power output of the turbine in the face of varying wind and grid
conditions, while satisfying constraints like sub-system ratings and component loads. Based on
the determined maximum power output, the control module controls the operation of various
turbine components, such as the generator/power converter, the pitch system, the brakes, and
the yaw mechanism to reach the maximum power efficiency.

[0005] Amplified wind power demand and customer desire of extracting maximum energy from
a wind farm has driven the production of wind turbines having a larger rotor diameter. Such
rotor diameters improve energy production of individual wind turbines, but introduce new
challenges such as higher fatigue loads. One of the contributing factors to higher fatigue loads
is the collective impact of turbine shadow from the increased number of nearby turbines in one
or more wind direction(s). Often, these higher fatigue loads exceed nominal/design loads for
the turbine model and give few options for developers. More specifically, farm developers must
either relocate the turbine(s) or reduce turbine operation in one or more wind direction(s).



DK/EP 3249218 T3

Thus, since most micrositing techniques do not account for fatigue load calculations because
of the complexity involved and extensive computational requirements, developers end up
either with opting suboptimal location(s) with low energy production or loads infeasible
location(s) for one or more turbine(s) in the wind farm layout.

[0006] Accordingly, common practice is to build the wind farm with a suboptimal layout and opt
for post-installation techniques to improve the turbine(s) performance. See, for example Z.
Zhang et al, "Research on Turbulence Intensity as an Evaluation Index for Micrositing
Validation”, World Non-Grid-Connected Wind Power and Energy Conference, I|EEE,
Piscataway, NJ, USA, 5 November 2010, pp 1-4, XP 031838762. Such post-installation
techniques generally calculate the optimal value(s) of one or more turbine operating
parameter(s) based on measured values of one or more site parameter(s). The disadvantages
of these available post-installation techniques include but are not limited to: (1) additional
investment by the wind farm owner, (2) farm-level operation that requires suboptimal
performance by one or more wind turbine(s) in the wind farm to improve the performance of
other turbines, (3) trivial annual energy production (AEP) benefits from suboptimal site
conditions at one or more turbine location(s), (4) predefined strategies or set optimal values of
wind turbine operating parameters in one or more wind directions obtained from simulation by
comparing the expected loads to the design/nominal loads, and/or (5) time-consuming
implementation and/or validation.

[0007] Accordingly, an improved system and method for micrositing a wind farm for loads
optimization that does not require such post-installations techniques would be welcomed in the
technology.

[0008] 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.

[0009] Hence, the present invention, as defined by the appended claims, is provided.

[0010] Various features, aspects and advantages of the present invention will become better
understood with reference the following description and appended claims. The accompanying
drawings, which are incorporated in and constitute a part of this specification, illustrate the
embodiments of the invention and, together with the description, serve to explain the principles
of the invention.

[0011] In the drawings:

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

FIG. 2 illustrates a simplified, internal view of one embodiment of a nacelle of a wind turbine
according to the present disclosure;
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FIG. 3 illustrates a schematic view of one embodiment of a controller of a wind turbine
according to the present disclosure;

FIG. 4 illustrates a schematic view of one embodiment of a wind farm according to the present
disclosure;

FIG. 5 illustrates a schematic diagram of one embodiment of a system for micrositing a wind
farm for load optimization according to the present disclosure;

FIG. 6 illustrates a flow diagram of one embodiment of a method for micrositing a wind farm for
load optimization according to the present disclosure;

FIG. 7 illustrates a flow diagram of another embodiment of a method for micrositing a wind
farm for load optimization according to the present disclosure; and,

FIG. 8 illustrates a flow diagram of yet another embodiment of a method for micrositing a wind
farm for load optimization according to the present disclosure.

[0012] 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.

[0013] Generally, the present subject matter is directed to a system and method for micrositing
a wind farm for loads optimization. Thus, the present disclosure is configured to place the wind
turbines of the wind farm at energetic wind locations and optimize turbine operation to keep the
turbine component loads within design limits. Using the method described herein, wind turbines
of larger rotor diameter can be placed in a wind farm with optimal operation and neighboring
turbines can capture more AEP without exceeding loads. As such, disadvantages associated
with post-installation techniques can be minimized. More specifically, while optimizing the loads
for the operation of a wind turbine in one or more wind direction(s) for the turbine shadow from
neighboring turbine(s), it is advantageous to compare the cumulative fatigue loads on the wind
turbine in all the directions with the design fatigue loads of a turbine model. The weighted
impact of an individual or multiple turbine(s) shadow in different sectors can also be considered
in the loads optimization method of the present disclosure. More specifically, a loads
optimization function is utilized for weighing the impact of turbine(s) shadow in the different
direction(s) such that turbine operation can be optimized to meet the design fatigue loads of
the wind turbine. Thus, the present disclosure optimizes turbine operation in different wind
directions to keep the fatigue loads for turbine design life within nominal limit.
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[0014] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 configured to implement the control technology according to the present
disclosure. 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 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 (not shown) positioned within the nacelle 16
to permit electrical energy to be produced.

[0015] Referring now to FIG. 2, a simplified, internal view of one embodiment of the nacelle 16
of the wind turbine 10 shown in FIG. 1 is illustrated. As shown, the generator 24 may be
coupled to the rotor 18 for producing electrical power from the rotational energy generated by
the rotor 18. For example, as shown in the illustrated embodiment, the rotor 18 may include a
rotor shaft 34 coupled to the hub 20 for rotation therewith. The rotor shaft 34 may, in turn, be
rotatably coupled to a generator shaft 36 of the generator 24 through a gearbox 38. As is
generally understood, the rotor shaft 34 may provide a low speed, high torque input to the
gearbox 38 in response to rotation of the rotor blades 22 and the hub 20. The gearbox 38 may
then be configured to convert the low speed, high torque input to a high speed, low torque
output to drive the generator shaft 36 and, thus, the generator 24.

[0016] Each rotor blade 22 may also include a pitch adjustment mechanism 32 configured to
rotate each rotor blade 22 about its pitch axis 28. Further, each pitch adjustment mechanism
32 may include a pitch drive motor 40 (e.g., any suitable electric, hydraulic, or pneumatic
motor), a pitch drive gearbox 42, and a pitch drive pinion 44. In such embodiments, the pitch
drive motor 40 may be coupled to the pitch drive gearbox 42 so that the pitch drive motor 40
imparts mechanical force to the pitch drive gearbox 42. Similarly, the pitch drive gearbox 42
may be coupled to the pitch drive pinion 44 for rotation therewith. The pitch drive pinion 44
may, in turn, be in rotational engagement with a pitch bearing 46 coupled between the hub 20
and a corresponding rotor blade 22 such that rotation of the pitch drive pinion 44 causes
rotation of the pitch bearing 46. Thus, in such embodiments, rotation of the pitch drive motor
40 drives the pitch drive gearbox 42 and the pitch drive pinion 44, thereby rotating the pitch
bearing 46 and the rotor blade 22 about the pitch axis 28. Similarly, the wind turbine 10 may
include one or more yaw drive mechanisms 48 communicatively coupled to the controller 26,
with each yaw drive mechanism(s) 48 being configured to change the angle of the nacelle 16
relative to the wind (e.g., by engaging a yaw bearing 50 of the wind turbine 10).

[0017] Still referring to FIG. 2, the wind turbine 10 may also include one or more sensors 65,
66, 68 for measuring operating and/or wind conditions of the wind turbine 10. For example, the
sensors may include blade sensors 65 for measuring a pitch angle of one of the rotor blades
22 or for measuring a loading acting on one of the rotor blades 22; generator sensors 66 for
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monitoring the generator (e.g. torque, rotational speed, acceleration and/or the power output);
and/or various wind sensors 68 for measuring various wind parameters (e.g. wind speed, wind
direction, etc.). Further, the sensors 65, 66, 68 may be located near the ground of the wind
turbine 10, on the nacelle 16, on a meteorological mast of the wind turbine 10, or any other
location in the wind farm. It should also be understood that any other number or type of
sensors may be employed and at any location. For example, the sensors may be
accelerometers, pressure sensors, strain gauges, angle of attack sensors, vibration sensors,
MIMU sensors, camera systems, fiber optic systems, anemometers, wind vanes, Sonic
Detection and Ranging (SODAR) sensors, infra lasers, Light Detecting and Ranging (LIDAR)
sensors, radiometers, pitot tubes, rawinsondes, other optical sensors, and/or any other
suitable sensors. It should be appreciated that, as used herein, the term "monitor” and
variations thereof indicates that the various sensors of the wind turbine 10 may be configured
to provide a direct measurement of the parameters being monitored or an indirect
measurement of such parameters. Thus, the sensors 65, 66, 68 may, for example, be used to
generate signals relating to the parameter being monitored, which can then be utilized by the
controller 26 to determine the actual condition.

[0018] Referring back to FIG. 1, the wind turbine 10 may also include a wind turbine controller
26 centralized within the nacelle 16. However, in other embodiments, the controller 26 may be
located within any other component of the wind turbine 10 or at a location outside the wind
turbine. Further, the controller 26 may be communicatively coupled to any number of the
components of the wind turbine 10 in order to control the operation of such components and/or
to implement a control action. As such, the controller 26 may include a computer or other
suitable processing unit. Thus, in several embodiments, the controller 26 may include suitable
computer-readable instructions that, when implemented, configure the controller 26 to perform
various different functions, such as receiving, transmitting and/or executing wind turbine control
signals. Accordingly, the controller 26 may generally be configured to control the various
operating modes of the wind turbine 10 (e.g., start-up or shut-down sequences), de-rate or up-
rate the wind turbine 10, and/or control various components 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 of the wind) to control the power output generated by the wind turbine
10 by adjusting an angular position of at least one rotor blade 22 relative to the wind. For
instance, the controller 26 may control the pitch angle of the rotor blades 22 by rotating the
rotor blades 22 about a pitch axis 28, either individually or simultaneously, by transmitting
suitable control signals to a pitch drive or pitch adjustment mechanism (not shown) of the wind
turbine 10.

[0019] Referring now to FIG. 3, a block diagram of one embodiment of suitable components
that may be included within the controller 26 is illustrated in accordance with aspects of the
present disclosure. As shown, the controller 26 may include one or more processor(s) 58 and
associated memory device(s) 60 configured to perform a variety of computer-implemented
functions (e.g., performing the methods, steps, calculations and the like disclosed herein). As
used herein, the term "processor"” refers not only to integrated circuits referred to in the art as
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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, application-specific processors, digital signal processors (DSPs), Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), and/or any other
programmable circuits. Further, the memory device(s) 60 may generally include 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), one or more
hard disk drives, a floppy disk, a compact disc-read only memory (CD-ROM), compact disk-
read/write (CD-R/W) drives, a magneto-optical disk (MOD), a digital versatile disc (DVD), flash
drives, optical drives, solid-state storage devices, and/or other suitable memory elements.

[0020] Additionally, the controller 26 may also include a communications module 62 to facilitate
communications between the controller 26 and the various components of the wind turbine 10.
For instance, the communications module 62 may include a sensor interface 64 (e.g., one or
more analog-to-digital converters) to permit the signals transmitted by one or more sensors 65,
66, 68 to be converted into signals that can be understood and processed by the controller 26.
Furthermore, it should be appreciated that the sensors 65, 66, 68 may be communicatively
coupled to the communications module 62 using any suitable means. For example, as shown
in FIG. 3, the sensors 65, 66, 68 are coupled to the sensor interface 64 via a wired connection.
However, in alternative embodiments, the sensors 65, 66, 68 may be coupled to the sensor
interface 64 via a wireless connection, such as by using any suitable wireless communications
protocol known in the art. For example, the communications module 62 may include the
Internet, a local area network (LAN), wireless local area networks (WLAN), wide area networks
(WAN) such as Worldwide Interoperability for Microwave Access (WiMax) networks, satellite
networks, cellular networks, sensor networks, ad hoc networks, and/or short-range networks.
As such, the processor 58 may be configured to receive one or more signals from the sensors
65, 66, 68.

[0021] Referring now to FIG. 4, a wind farm 200 that is controlled according to the system and
method of the present disclosure is illustrated. As shown, the wind farm 200 may include a
plurality of wind turbines 202, including the wind turbine 10 described above, and a farm
controller 220. For example, as shown in the illustrated embodiment, the wind farm 200
includes twelve wind turbines, including wind turbine 10. However, in other embodiments, the
wind farm 200 may include any other number of wind turbines, such as less than twelve wind
turbines or greater than twelve wind turbines. In one embodiment, the controller 26 of the wind
turbine 10 may be communicatively coupled to the farm controller 220 through a wired
connection, such as by connecting the controller 26 through suitable communicative links 222
(e.g., a suitable cable). Alternatively, the controller 26 may be communicatively coupled to the
farm controller 220 through a wireless connection, such as by using any suitable wireless
communications protocol known in the art. In addition, the farm controller 220 may be
generally configured similar to the controllers 26 for each of the individual wind turbines 202
within the wind farm 200.

[0022] In several embodiments, one or more of the wind turbines 202 in the wind farm 200
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may include a plurality of sensors for monitoring various operational data of the individual wind
turbines 202 and/or one or more wind parameters of the wind farm 200. For example, as
shown, each of the wind turbines 202 includes a wind sensor 216, such as an anemometer or
any other suitable device, configured for measuring wind speeds or any other wind parameter.
For example, in one embodiment, the wind parameters include information regarding at least
one of or a combination of the following: a wind gust, a wind speed, a wind direction, a wind
acceleration, a wind turbulence, a wind shear, a wind veer, a wake, SCADA information, or
similar.

[0023] Referring now to FIG. 5, a schematic diagram of one embodiment of a system 150 for
micrositing a wind farm, e.g. the wind farm 200 of FIG. 4, is illustrated. As shown, the system
150 may be operated by one or more processors 58 of the controllers 26, 220. Further, as
shown, the processor 58 includes a loads optimization loop 152 configured to implement a
loads optimization function 154 (FIG. 6). For example, as shown in the illustrated embodiment
of FIG. 6, the method 100 may start at 102. Further, as shown at 104, the method 100 may
include determining one or more wind directions with and without turbine shadows along with
turbulence and wind speed distributions in the respective wind directions. As shown at 106, the
method 100 includes determining a predetermined layout design, e.g. based on the one or
more wind directions with and without turbine shadows along with turbulence and wind speed
distributions in the respective wind directions. As shown at 108, the method 100 may include
calculating loads, e.g. fatigue loads, for the inputs (i.e. the wind directions with and without
turbine shadows along with the turbulence and wind speed distributions in the respective wind
directions) and the layout and identifying the turbine component(s) with loads higher than
design loads.

[0024] In addition, as shown in FIG. 5, the method 100 may further include identifying sensor
locations for load sensors on each of the wind turbines 202, neighboring turbines for each of
the wind turbines 202, and/or a wind speed distribution of the wind farm 200. Thus, the method
100 may also include calculating the loads for each of the wind turbines 202 in the wind farm
200 as a function of sensor locations, the neighboring turbines, and/or the wind speed
distribution (in addition to the wind directions with and without turbine shadows along with the
turbulence and wind speed distributions in the respective wind directions). In another
embodiment, the method 100 may include comparing cumulative loads in one or more wind
directions with design loads of a turbine model of each of the wind turbines 202 in the wind
farm 200 and calculating the loads of each of the wind turbines 202 as a function of the
comparison.

[0025] Referring back to FIG. 6, as shown at 110, the method 100 includes determining
whether the loads for all of the turbine components are acceptable. For example, as shown in
FIG. 5, if the loads are acceptable, then the site layout with the optimized turbine operational
parameters is provided to a user and the micrositing is complete. As shown at 112, if the loads
exceed a predetermined threshold, then the loads optimization function 154 is utilized to
identify one or more wind direction(s) with or without turbine shadow(s) along with an additional
wind parameter (e.g. cut-in wind speed) in the wind directions. More specifically, as shown in
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the illustrated embodiment, the loads optimization function 154 corresponds to Equation (1)

below:
cut out Number of Hours(i)
L=CULIN (ywing Speed ()+TI(i)(Wind Speed (i))?

Equation (1)

where Tl is the turbulence intensity,
Number of Hours is the number of hours of operation at different wind directions,
Cut In is the cut in wind speed, and

Cut Out is the cut out wind speed.

[0026] The loads optimization loop 152 reruns the loads optimization function 154 one or more
times to identify updated wind direction(s) with or without turbine shadow(s) along with an
additional wind parameter (e.g. cut-in wind speed) in the wind directions so as to ensure the
loads are below a predetermined threshold. Thus, as shown in FIG. 5, the updated wind
direction(s) with or without turbine shadow(s) along with an additional wind parameter in the
wind directions may be applied to the predetermined site layout 156 so as to change the layout
design for additional simulation. More specifically, the method 100 may include recalculating
the loads for each of the wind turbines 202 to ensure the loads are below a predetermined
threshold. In certain embodiments, the predetermined threshold may correspond to one or
more design load values for one or more wind turbine components plus a safety factor. Once
the loads are acceptable, as shown at 114, the site layout with optimized turbine operation is
provided to a user for use in wind farm design.

[0027] Referring now to FIG. 7, a flow diagram of one embodiment of a method 160 for
micrositing the wind farm 200 via a loads optimization function 154 is illustrated. As shown at
162, the method 160 may be configured to determine one or more wind directions with or
without turbine shadow for each of the wind turbines 202 in the wind farm 200, e.g. as
explained herein. As shown at 164, the method 160 includes determining at least one
additional wind parameter, such as cut-in wind speed, for each of the wind directions. As
shown at 166, the method 160 includes calculating, e.g. via computer simulation, loads for
each of the wind turbines 202 in the wind farm 200 based on the identified wind directions with
or without turbine shadow for each of the wind turbines 202 in the wind farm 200 and the at
least one additional wind parameter for each of the wind directions. For example, in one
embodiment, the additional wind parameter(s) may include, for example, a cutout wind speed
or any other suitable wind condition. Further, as shown at 168, the method 160 includes
determining a site layout for the wind farm 200 based on the calculated loads.

[0028] Referring now to FIG. 8, a flow diagram of another embodiment of a method 300 for
micrositing the wind farm 200 is illustrated. As shown at 302, the method 300 includes defining
a predetermined site layout of the wind farm 200. As shown at 304, the method 300 includes
calculating loads for one or more wind turbines in the wind farm 200 having the predetermined



DK/EP 3249218 T3

site layout as a function of one or more wind conditions at the wind farm 200. In certain
embodiments, the wind condition(s) may include at least one of wind direction, turbine shadow,
turbulence intensity, or wind speed distributions in respective wind directions. As shown at 306
and 308, if the loads for all of the wind turbines 202 are less than a predetermined threshold,
then the predetermined site layout is provided to a user. As shown at 310, if the loads for one
or more of the wind turbines 202 are greater than a predetermined threshold, the method 300
includes implementing a load optimization control loop 152 that contains loads optimization
function. More specifically, as shown at 312, the method 300 may include determining one or
more wind directions with or without turbine shadow for each of the wind turbines 202 in the
wind farm 200. Further, as shown at 314, the method 300 may include determining at least
one additional wind parameter for each of the wind directions. As shown at 316, the method
300may include updating the predetermined layout based on the one or more wind directions
with or without turbine shadow for each of the wind turbines 202 and the at least one additional
wind parameter for each of the wind directions. As shown at 318, the method 300 may include
recalculating the loads for each of the wind turbines 202 in the wind farm 200 for the
predetermined layout to ensure the loads are below a predetermined threshold.

[0029] 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. Fremgangsmade (100) til micrositing af en vindmgllepark (200) med en flerhed af
vindmgller (202) via en belastningsoptimeringsfunktion (154), hvilken fremgangsmade omfatter:
(a) bestemmelse (104) af en eller flere vindretninger med eller uden vindmglleskygge for hver af
vindmgillerne (202) i vindmglleparken (200);

(b) bestemmelse af mindst en yderligere vindparameter for hver af vindretningerne;

(c) beregning (108), via simulering ved hjaelp af en belastningsoptimeringssigjfe (152) der kan
kagre belastningsoptimeringsfunktionen (154) en eller flere gange, af belastninger for hver af
vindmgllerne (202) i vindmglleparken (200) baseret pa de identificerede vindretninger med eller
uden vindmglleskygge for hver af vindmgllerne (202) i vindmglleparken (200) og mindst en ekstra
vindparameter for hver af vindretningerne, hvor belastningsoptimeringsfunktionen (154) svarer til

ligningen

cut out Number of Hours(i)
I=CULIN (Wind Speed(i)+TI(i)(Wind Speed(i))?’

hvor TI er en turbulensintensitet, Number of Hours er et antal driftstimer af vindmgllerne (202)
ved forskellige vindretninger, Cut In er en cut-in-vindhastighed, og Cut Out er en cut-out-
vindhastighed; og

(d) bestemmelse af et parklayout (156) for vindmglleparken (200) baseret pd de beregnede
belastninger.

2. Fremgangsmade (100) ifglge krav 1, der yderligere omfatter genberegning af
belastningerne for hver af vindmgllerne (202) efter bestemmelse af parklayoutet (156) for at sikre
at belastningerne er under en forudbestemt teerskel.

3. Fremgangsmade (100) ifglge krav 2, hvor den forudbestemte taerskel svarer til en eller
flere designbelastningsveerdier for en eller flere vindmgllekomponenter plus en sikkerhedsfaktor.

4, Fremgangsmade (100) ifglge krav 2 eller krav 3, yderligere omfattende gentagelse af
trinnene (a) til (d) hvis de genberegnede belastninger for en eller flere af vindmgllerne (202) i
vindmgilleparken (200) overstiger den forudbestemte taerskel.

5. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, hvor mindst den
ene yderligere vindparameter omfatter en cut-out-vindhastighed.
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6. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende identifikation af mindst en af fglgende: en eller flere sensorplaceringer for
belastningssensorer pa hver af vindmgllerne (202), nabovindmgller for hver af vindmgllerne (202)
eller en vindhastighedsfordeling for vindmglleparken (200).

7. Fremgangsmade (100) ifelge krav 6, der yderligere omfatter beregning af belastningerne
for hver af vindmgllerne (202) i vindmglleparken (200) som en funktion af mindst en af:
sensorplaceringerne, nabovindmgllerne eller vindhastighedsfordelingen.

8. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende sammenligning af kumulative belastninger i en eller flere vindretninger med
designbelastninger i en vindmgllemodel af hver af vindmgllerne (202) i vindmglleparken (200) og
beregning af belastningerne for hver af vindmgillerne (202) i vindmglleparken (200) som en

funktion af sammenligningen.

9. Fremgangsmade (100) ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende definition af et forudbestemt parklayout (156) af vindmglleparken (200) og beregning
af belastninger for en eller flere vindmgiller (202) i vindmgilleparken (200) der har det
forudbestemte parklayout (156), som en funktion af et eller flere vindforhold ved vindmglleparken
(200).

10. Fremgangsmade (100) ifglge krav 9, yderligere omfattende i starten at tilvejebringe det
forudbestemte parklayout (156) til en bruger hvis belastningerne for alle vindmgllerne (202) i
vindmglleparken (200) i starten er mindre end den forudbestemte teerskel.

11. Fremgangsmade (100) ifelge krav 9 eller krav 10, hvor det ene eller flere vindforhold
omfatter mindst én af: vindretning, vindmglleskygge, turbulensintensitet eller
vindhastighedsfordelinger i respektive vindretninger.

12, System (150) til micrositing af en vindmgllepark (200) med en flerhed af vindmgller (202),
hvilket system (150) omfatter:

en styreenhed omfattende mindst en processor, hvor processoren omfatter en
belastningsoptimeringsslgijfe (152) lagret deri, hvor belastningsoptimeringsslgjfen (152) er
konfigureret til at implementere en belastningsoptimeringsfunktion (154), hvor
belastningsoptimeringsfunktionen (154) omfatter:
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bestemmelse af en eller flere vindretninger med eller uden vindmglleskygge for hver af
vindmgillerne (202) i vindmglleparken (200);

bestemmelse af mindst en yderligere vindparameter for hver af vindretningerne;

beregning af belastninger for hver af vindmgllerne (202) i vindmglleparken (200) baseret pd de
identificerede vindretninger med eller uden vindmglleskygge for hver af vindmgllerne (202) i
vindmgilleparken (200) og den mindst ene yderligere vindparameter for hver af vindretningerne
ved hjaelp af en simulering der genkgres en eller flere gange, hvor
belastningsoptimeringsfunktionen (154) svarer til ligningen

cut out Number of Hours(i)
L=CUtin (ywing Speed(i)+TI(i)(Wind Speed(i))?’

hvor TI er turbulensintensiteten, Number of Hours er antallet af driftstimer ved forskellige
vindretninger, Cut In er cut-in-vindhastigheden, og Cut Out er cut-out-vindhastigheden
bestemmelse af et parklayout (156) for vindmglleparken (200) baseret pd de beregnede
belastninger, og

genberegning af belastningerne for hver af vindmgllerne (202) i vindmglleparken (200) for at sikre

at belastningerne er under en forudbestemt teerskel.

13. System (150) ifglge krav 12, hvor den mindst ene yderligere vindparameter omfatter en

cut-out-vindhastighed.

14. System (150) ifglge krav 12 eller 13, hvor belastningsoptimeringsfunktionen (154)
yderligere omfatter identifikation af mindst en af fglgende: en eller flere sensorplaceringer for
belastningssensorer pa hver af vindmgllerne (202), nabovindmgller til hver af vindmgllerne (202)
eller en vindhastighedsfordeling for vindmglleparken (200).

15. System (150) ifglge krav 12, 13 eller 14, hvor belastningsoptimeringsfunktionen (154)
yderligere omfatter beregning af belastningerne for hver af vindmgllerne (202) i vindmglleparken
(200) som en funktion (154) af mindst en af: sensorplaceringerne, nabovindmgllerne eller
vindhastighedsfordelingen.
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DETERMINE, VIA A LOADS OPTIMIZATION FUNCTION, ONE OR MORE WIND
DIRECTIONS WITH OR WITHOUT TURBINE SHADOW FOR EACH OF THE WIND
TURBINES IN THE WIND FARM

¥

DETERMINE, VIA THE LOADS OPTIMIZATION FUNCTION, AT LEAST ONE
ADDITIONAL OPERATINGDPI;!!\{IEACPIAIBT& FOR EACH OF THE WIND

v

CALCULATE, VIA SIMULATION, LOADS FOR EACH OF THE WIND TURBINES
IN THE WIND FARM BASED ON THE IDENTIFIED WIND DIRECTIONS WITH
OR WITHOUT TURBINE SHADOW FOR EACH OF THE WIND TURBINES IN THE
WIND FARM AND THE AT LEAST ONE ADDITIONAL OPERATING PARAMETER
FOR EACH OF THE WIND DIRECTIONS

Y

DETERMINE A SITE LAYOUT FOR THE WIND FARM BASED ON THE
CALCULATED LOADS

FIG.7

DK/EP 3249218 T3

160



DK/EP 3249218 T3

300
302 /
DETERMINE A PREDETERMINED LAYOUT OF THE WIND FARM _/
! 304
CALCULATE LOADS FOR ONE OR MORE WIND TURBINES IN THE WIND FARM |
HAVING THE PREDETERMINED SITE LAYOUT AS A FUNCTION OF ONE OR
MORE WIND CONDITIONS AT THE WIND FARM
ARE THE
LOADS FOR ONE OR MORE 06, ] PROVIDETHE
OF THE WIND TURBINES IN THE WIND FARM PREDETERMINED
GREATER THAN A PREDETERMINED SITE LAYOUT
THRESHOLD TO A USER
310
IMPLEMENT A LOAD OPTIMIZATION CONTROL LOOP |/
Y 312
DETERMINE ONE OR MORE WIND DIRECTIONS WITH ORWITHOUT | *)
TURBINE SHADOW FOR THE WIND TURBINES
‘ 314
DETERMINE AT LEAST ONE ADDITIONAL WIND PARAMETER FOR FACH
OF THE WIND DIRECTIONS
: 316
UPDATE THE PREDETERMINED LAYOUT BASED ON THE ONE OR MORE
WIND DIRECTIONS WITH OR WITHOUT TURBINE SHADOW FOR EACH OF THE
WIND TURBINES AND THE AT LEAST ONE ADDITIONAL WIND PARAMETER
FOR EACH OF THE WIND DIRECTIONS
¥ 18
RECALCULATE THE LOADS FOR EACH OF THE WIND TURBINES FORTHE |/

PREDETERMINED LAYOUT TO ENSURE THE LOADS ARE BELOW THE
PREDETERMINED THRESHOLD

FIG.§
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