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DESCRIPTION

Field of invention

[0001] The present invention relates to a method and to a wind park controller for controlling
one or a plural of wind turbines of a wind park connected to a utility grid in case of a drop of a
grid frequency and further relates to a wind park comprising the wind park controller.

Art Background

[0002] In a case where consumers connected to a utility grid consume more energy than
produced by energy production facilities and delivered to the utility grid, the frequency of the
utility grid drops below a nominal value, for example 50 Hz or 60 Hz. To restore the nominal
frequency of the utility grid, the energy production facilities have to deliver an increased
amount of power, at least transiently. Thus, also wind power plants are requested to deliver
primary frequency response In cases of changes of the frequency or derivative of the
measured grid frequency. Conventionally, this 1s performed via the inertial response feature
which involves to draw energy or power from the rotating masses in wind turbines.

[0003] Conventionally, each wind turbine in a wind park 1s requested to deliver a same amount
of power to the utility grid, in order to restore the nominal frequency of the utility grid. Thus,
conventionally, methods have focused on the functionality seen from a turbine perspective,

however, the need for wind farm operator are In fact on a plant level.

[0004] It has been observed that the conventional inertial response methods have problems.
In particular, restoration of the nominal grid frequency iIs not in all cases reliably and safely
reached and also a recovery of the wind turbines to normal operations is conventionally not In
all cases enabled within desired limits. An example of a primary frequency support IS given In
the article "An Optimal Model-Based Control Technigue to Improve Wind Farm Participation to
Frequency Regulation” by Braccino et al, IEEE Transactions on Sustainable Energy, Vol. 6, no

3, 993-1003, 01-07-2015.

[0005] Thus, there may be a need for a method and a controller for controlling a plural of wind
turbines of a wind park connected to a utility grid in case of a drop of a grid frequency, wherein
the above-mentioned problems are reduced.

Summary of the Invention

[0006] This need may be met by the subject matter according to the independent claims.
Advantageous embodiments of the present invention are described by the dependent claims.
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[0007] According to an embodiment of the present invention it is provided a method for
controlling one or a plural of wind turbines of a wind park connected to a utility grid, In
particular in case of a drop of a grid frequency, the method comprising: controlling each of the
wind turbines individually by an individual wind turbine control signal indicating an individual
additional wind turbine power to be output by the respective wind turbine, wherein the
iIndividual wind turbine control signal is based on: a desired additional wind park (active) power
to be supplied from the wind park to the utility grid and an operational characteristic of the
respective wind turbine.

[0008] The method may be carried out by a wind park controller. The method may be
Implemented In software and/or hardware. The wind park may comprise a point of common
coupling to which power output terminals of all wind turbines are connected. In particular, each
wind turbine may comprise a wind turbine tower, a nacelle mounted on top of the wind turbine,
wherein the nacelle harbours a rotation shaft which i1s rotatably supported in a bearing and
which Is connected to a rotor of a generator which generates, upon rotation of the rotation
shaft, an AC power stream. The wind turbine may further comprise a converter, in particular
AC-DC-AC converter, which Is connected to output terminals of the AC generator, in order to
convert a variable frequency AC power stream to a fixed frequency AC power stream which
may have a frequency of for example 50 Hz or 60 Hz, corresponding to a nominal grid
frequency.

[0009] Measurement equipment may be provided for measuring (for example at the point of
common coupling) electrical properties of the utility grid, such as voltage, active power
delivered, reactive power delivered and/or frequency in the point of common connection. The
drop of the grid frequency may be detected using measurement signals which indicate the grid
frequency and comparing the measured grid frequency with a nominal grid frequency. A drop
of the grid frequency may be asserted, If, for example, the measured grid frequency deviates
more than a threshold from the nominal grid frequency and/or when a derivative of the
measured grid frequency iIs larger or smaller than another threshold. The need to deliver
additional power to the utility grid (also referred to as inertial response) may be derived from a
number of criteria involving the measured grid frequency, a nominal grid frequency, a
derivative of a measured grid frequency and other electrical quantities.

[0010] The controlling each of the wind turbines may involve supplying the individual wind
turbine control signal for example to a respective wind turbine controller which may control a
number of components of the wind turbine, for example a wind turbine converter, a blade pitch
adjustment system, a yawing system and potentially also other components.

[0011] Nominally, each wind turbine may provide a nominal power to the utility grid. In case an
Inertial response is required, the wind turbine may deliver more power than the nominal power
to the utility grid. Thus, the individual additional wind turbine power may be considered as the
excess of the power delivered by the wind turbine over the nominal power. To provide the
Individual additional wind turbine power, inertial energy stored in rotating masses of the wind



DK/EP 3571394 13

turbine, Iin particular involving the rotation shaft and/or rotor blades, may be used. Thereby, the
rotational speed of the rotating masses may decrease, In particular may decrease from a
nominal rotational speed to a rotational speed lower than the nominal rotational speed.
Alternatively or additionally, at least a portion of the Individual additional wind turbine power
may for example taken from an electrical storage installed at the wind turbine, for example a
capacitor bank or an electrical accumulator. Thus, the individual additional wind turbine power
may be taken from a number of sources, such as inertial energy, electrical storage, etc. In
total, the desired additional wind park power may be requested to be delivered from the wind
park to the utility grid. The desired additional wind park power Is, according to the method,
provided by requesting the individual additional wind turbine power levels from one or a plural
of wind turbines. Thereby, the desired additional wind park power may be a desired additional
power at the point of common coupling.

[0012] Herein, the method may account for power losses from the respective wind turbine
output terminal to the point of common coupling and may adjust the individual additional wind
turbine power level such that as a sum the desired additional wind park power Is available at
the point of common coupling.

[0013] Further, the operational characteristic of each of the wind turbines Is taken into account
to define the respective Individual additional wind turbine power. The operational
characteristics may indicate for example how much inertial response, thus how much additional
wind turbine power, the respective wind turbine i1s capable to deliver, over what time range and
so on. Further, environmental conditions of each wind turbine may be individually taken into
account, in particular wind speed at the respective wind turbine. Further, the operational state
of one or more wind turbine components may be taken into account, for example regarding its
temperature, regarding its lifetime, wear, load, etc. Thereby, the individual additional wind
turbine power attributed to the respective wind turbine may be requested such that the
respective wind turbine 1s actually capable of providing the requested individual additional wind
turbine power without hampering the operation of the components of the wind turbine.

[0014] Furthermore, the Individual additional wind turbine power may be attributed to each of
the wind turbines such that a recovery satisfies predetermined criteria, e.g. involving
optimisation with respect to power loss. Thereby, the recovery may be performed after having
supplied the individual additional wind turbine power for a particular time interval, after which
the grid frequency may have been recovered to the nominal grid frequency. The recovery may
Involve re-accelerating the rotating masses of the respective wind turbine to the nominal
rotational speed. Re-acceleration may be carried out by adjusting the blade pitch of the rotor
blade and/or controlling the converter to deliver less power than during the inertial response
time range. Before and after the inertial response performed by each of the individual wind
turbines, the wind turbines may be operated in a normal operational state, involving a nominal
rotational speed of the rotating masses, a nominal electrical power supplied to the utility grid.
After the recovery process, the wind turbine may operate again under normal conditions.

[0015] The method may also involve to request the additional wind turbine power from
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different wind turbines for different time ranges. Thus, for example, a first wind turbine may be
requested to deliver a first individual additional wind turbine power over a first time interval and
a second wind turbine may be requested to deliver a second individual additional wind turbine
power over a second time Interval, wherein the first and second individual additional wind
turbine powers are different and wherein also the first time interval and the second time
Interval are different. Thereby, an efficient support of the grid frequency may be achieved and
additionally the recovery of the individual wind turbines to normal operation may be achieved In
a reliable and safe manner.

[0016] According to the present invention, the individual wind turbine control signal is further
based on the operational characteristics of all other wind turbines of the wind park. VWhen the
operational characteristics of all other wind turbines of the wind park are considered for
deriving the individual wind turbine control signal of a wind turbine, the definition of the
Individual additional wind turbine powers may further be optimized. For example, the
operational characteristics of a wind turbine in question may be compared to the operational
characteristics of all other wind turbines which may enable to define the individual additional
wind turbine power in an optimized manner. For example, when a temperature of a component
of the wind turbine Iin question is lower than the temperature of this component of all other wind
turbines, the wind turbine Iin question may be requested to deliver a higher amount of individual
additional wind turbine power than the other wind turbines. Further, when the wind speed at
the location where the wind turbine in question is located is higher than the wind speed at the
locations where all other wind turbines are located, the wind turbine In question may be
requested to deliver a higher amount of individual additional wind turbine power than the other
wind turbines. Further, when the rotational speed of the wind turbine in question is higher than
the rotational speed of all other wind turbines (assuming all have same Inertia and have gears
or no gears), the wind turbine In question may be requested to deliver a higher amount of
Individual additional wind turbine power to the grid than the other wind turbines. The skilled
person will understand that parameters of the operational characteristics may be combined to
form for example a target function which i1s to be optimized, e.g. considering Inertia and
rotational speed in combination. E.g. the energy stored Iin rotating masses may be considered
to define which wind turbine should deliver what amount of additional power. According to an
embodiment of the present invention, the individual wind turbine control signal is further based
on an Inertial response profile of the respective wind turbine, the inertial response profile In
particular defining a maximally allowed additional power and/or a maximally allowed time range
over which the maximal additional power is allowed to be output.

[0017] The Inertial response profile may define (for each wind turbine individually for example)
criteria the inertial response of the individual wind turbine should satisfy. These criteria may for
example involve how much additional power i1s maximally allowed and/or a maximally allowed
time range. The individual wind turbine control signal is then derived such that the operational
borders defined by the Inertial response profile are met. Thereby, a reliable and safe inertial
response may be performed by the individual wind turbines.

[0018] According to the present invention, the individual wind turbine control signal is further
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based on a recovery profile of the respective wind turbine defining recovery parameters of a
recovery process re-accelerating the wind turbine rotor, the recovery profile Iin particular
defining a maximally allowed time range over which recovery should be completed or
maximum allowed power drop, e.g. 10%. Further, the individual wind turbine control signals
may be derived such that the operational borders set by the recovery profile may be met. The
recovery profile may define operational parameters of a recovery method that involves re-
accelerating the rotating masses of the individual wind turbines. For example, a recovery time
may be considered to be the maximally allowed time range over which recovery should be
completed (involving re-accelerating the rotating masses to a nominal rotational speed).
Thereby, a reliable and safe recovery may be ensured. Further a maximally allowed
acceleration of the rotor may be defined.

[0019] According to an embodiment of the present invention, the method further comprises
considering individual power losses from an output terminal of the respective wind turbine to a
point of common coupling to which the wind turbines are connected such that by controlling the
wind turbines with the individual wind turbine control signals the desired additional wind park
power Is available for the utility grid at the point of common coupling.

[0020] When the output power of a particular wind turbine Is transferred from the output
terminal of the respective wind turbine to the point of common coupling, a power loss may
occur Involving dissipation of power such that the power delivered at the output terminal of the
wind turbine 1s only partially transmitted to the point of common coupling. The individual power
loss may be estimated using mathematical/physical models and/or measured. When the
Individual power losses of the wind turbines are considered, the individual wind turbine control
signals can be derived such that the desired additional wind park power Is In fact and actually
avallable at the point of common coupling. Thereby, a grid frequency support may be ensured
If there Is sufficient turbine capacity (actuator capacity)

[0021] According to an embodiment of the present invention, the operational characteristic of
each wind turbine includes at least one of. an individual capabillity of inertial response or inertial
power, measured or estimated; an individual availability of inertial response or inertial power,
measured or estimated; an individual temperature of at least one component, in particular a
generator and/or a converter and/or a bearing of a wind turbine rotor, measured or estimated;
an individual electrical condition, measured or estimated; an individual wind speed, measured
or estimated; an individual rotor speed, measured or estimated of the respective wind turbine.

[0022] Based on a combination of the above-mentioned parameters defining the operational
characteristics, the individual wind turbine control signals may be determined.

[0023] According to an embodiment of the present invention, the individual additional wind
turbine power to be output by the respective wind turbine, as governed by individual wind
turbine control signal, 1s the higher: the higher the individual capability of inertial response or
Inertial power Is; and/or the higher the rotor speed is.
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[0024] The individual additional wind turbine power to be output by the respective wind turbine,
as governed by individual wind turbine control signal, may be the lower the temperature of the
component is; and/or the higher the individual wind speed is.

[0025] Depending on the particular application and needs, the skilled person may define an
expression or methodology to derive the individual additional wind turbine power from the
desired additional wind park power and (different parameters defining the) operational
characteristics or operational characteristics of all wind turbines.

[0026] According to an embodiment of the present invention, based on the operational
characteristics of one or a plural of wind turbines and the desired additional wind park power,
an optimisation is applied such that a target function is optimized, in particular minimized, the
target function including at least one of. park power loss; Individual recovery time and/or
recovery energy loss of each wind turbine; individual load and/or wear of each wind turbine;
iIndividual generated noise.

[0027] The target function may be defined by the skilled person depending on the particular
application, depending on the particular constitution of the wind turbines and/or the relative
arrangements of wind turbines in the wind park. The park power loss may be considered to be
the sum of power losses of the individual wind turbines from their respective output terminal to
the point of common coupling. The recovery time may be minimized and/or the recovery
energy loss may be minimized according to particular embodiments. Further load and/or wear
and/or generated noise may be minimized. Further, a combination of recovery time, load
and/or wear and/or generated noise and/or park power loss may be minimized.

[0028] The optimization may use electrical and/or mathematical models or a closed loop
control and/or a method of system identification estimating power loss. A closed loop control
may Involve measurements of one or more electrical or mechanical or physical quantities
which are comprised In the target function. The closed loop control may further comprise
forming differences between the measured quantities and nominal quantities and supplying the
differences or at least one difference to a controller, such as a PID controller. The controller
may output a control signal which may be derived such that the respective difference (between
measured and nominal quantity) decreases when the control signal iIs supplied to the
respective wind turbine causing the wind turbine to adapt its power output.

[0029] According to an embodiment of the present invention, at least one wind turbines (or two
or three wind turbines or four wind turbines or all wind turbines) are controlled (in case of one
wind turbine only power loss compensation may be performed) to supply different amounts of
power to the utility grid. Further, the time range over which the individual wind turbines supply
their additional wind turbine powers may be different for at least two wind turbines or for all
wind turbines. Thereby, the optimizations may further be improved.

[0030] According to an embodiment of the present invention, the desired additional wind park
power comprises desired additional wind park active power, wherein the individual additional
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wind turbine power comprises an individual additional wind turbine active power.

[0031] According to an embodiment of the present invention, the method further comprises
measuring a wind park output power, In particular at the point of common coupling; summing
the desired additional wind park power and a park reference power to obtain a total desired
wind park power; deriving a difference between the total desired wind park power and the
measured wind park output power; supplying the difference to a closed loop controller;
supplying an output signal of the controller and the operational characteristics of all wind
turbines to a wind park power distribution algorithm, that 1s configured to generate the
Individual wind turbine control signals based thereon.

[0032] The park reference power may define the power which is nominally to be output by the
wind park at the point of common coupling to the utility grid. The closed loop control may for
example comprise a Pl or PID controller. The wind park power distribution algorithm may be
configured to perform a method of one of the embodiments as described above.

[0033] It should be understood that features, individually or in any combination, described,
provided, explained or mentioned with respect to a method for controlling one or a plural of
wind turbines of a wind park may also be applied to a wind park controller according to an
embodiment of the present invention and vice versa.

[0034] According to an embodiment, a wind park controller i1s provided which Is configured to
perform a method according to one of the preceding embodiments.

[0035] Furthermore, a wind park Is provided which comprises one or a plural of wind turbines
and a wind park controller as described above.

[0036] It has to be noted that embodiments of the invention have been described with
reference to different subject matters. In particular, some embodiments have been described
with reference to method type claims whereas other embodiments have been described with
reference to apparatus type claims. However, a person skilled in the art will gather from the
above and the following description that, unless otherwise notified, In addition to any
combination of features belonging to one type of subject matter also any combination between
features relating to different subject matters, in particular between features of the method type
claims and features of the apparatus type claims is considered as to be disclosed with this
document.

[0037] Embodiments of the present Invention are now described with respect to the
accompanying drawings. The invention Is not restricted to the Illustrated or described
embodiments.

Brief Description of the Drawings
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[0038] Fig. 1 schematically illustrates a wind park according to an embodiment of the present
Invention comprising a wind park controller according to an embodiment of the present
iInvention which i1s configured to carry out a method for controlling one or a plural of wind
turbines according to an embodiment of the present invention; and

[0039] Fig. 2 schematically illustrates a wind park according to an embodiment of the present
iInvention comprising a wind park controller according to an embodiment of the present
iInvention which is configured to carry out a method for controlling one or a plural of wind
turbines according to an embodiment of the present invention.

Detailed Description

[0040] The illustration in the drawings Is In schematic form. It is noted that in different figures,
similar or identical elements are provided with the same reference signs or with reference
signs, which are different from the corresponding reference signs only within the first digit.

[0041] The wind park 100 schematically illustrated in Fig. 1 has a wind park controller 101
according to an embodiment of the present invention and further wind turbines 103a, 103b,
103c. The wind park may comprise a larger number of wind turbines, such as larger than 10 or
larger than 100. At respective output terminals 105a, 105b, 105¢c, the wind turbines 103a,
103b, 103c, respectively, deliver their output power 107a, 107b, 10/7c to a point of common
coupling 109 which Is connected (optionally via one or more transformers) to a utility grid 111.
The wind park controller 101 Is configured, to carry out a method for controlling the wind
turbines 103a, 103b, 103c, In case of a drop of a frequency of the utility grid 111. The drop of
the grid frequency may be detected by measuring the grid frequency and/or a derivative of the
grid frequency and comparing the measured frequency and/or derivative of the grid frequency
with one or more thresholds.

[0042] The wind park controller 101 thereby supplies Iindividual wind turbine control signals
113a, 113b, 113c to the wind turbines 103a, 103b, 103c, respectively, which indicate the
Individual additional wind turbine power to be output by the respective wind turbine. Thus, the
total power 107a, 107b, 107c of the power output by the wind turbines 103a, 103b, 103c,
respectively, iIs or may be a sum of a nominal wind turbine power and the individual additional

wind turbine power as indicated by the respective individual wind turbine control signals 113a,
113b, 113c.

[0043] Thereby, the individual wind turbine control signal 113a, 113b, 113c I1s based on a
desired additional wind park power as indicated by an inertial response park request signal 115
and Is also further based on operational characteristics 117 of one or more wind turbines and
In particular further based on profiles 123, 125. In the Iillustrated example, the operational
characteristics of all wind turbines 103a, 103b, 103c are supplied to the wind park controller
101 and are considered for deriving the individual wind turbine control signals 113a, 113b,
113c.
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[0044] The electrical characteristics of the point of common coupling 109, with respect to for
example its frequency, may for example be determined by park measurement equipment 119
which may also deliver measurement values 121 to the wind park controller 101. The individual
wind turbine control signals 113a, 113b, 113c may be further derived by the wind park
controller 101 taking into account an Inertial response profile setup 123 and an Inertial
response recovery profile setup 125 which may define operational borders of the Inertial
response and the recovery from the inertial response, respectively.

[0045] From the Individual wind turbine output terminals 105a, 105b, 105c to the point of
common coupling 109, a power loss may occur which may be taken into account for defining
the individual wind turbine control signals 113a, 113b, 113c. Thus, the wind turbines may
deliver an inertial response that they are individually capable of in response to a frequency
derived measurement yielding a full response to the event and consequently an optimized but
yet necessary recovery profile in order to recover the lost energy. This i1s however not the
response necessary as what TSO's often require 1s a predefined response magnitude for a
predefined length and time from an entire plant.

[0046] According to an embodiment of the present invention, the park response inertial
response may optimize the delivery of primary inertial response as seen from a park level
based on the requirements to the park response, yielding two primary beneficial factors:

1.1) Ensured level of park response to the requirements needed on park level
compensating for park losses to the extent possible (wind generator limitations).

2. 2) Distributing the needed Inertial response on a park level amongst the turbines in an
optimized manner, thus Ilimiting the recovery profile to a minimum, In particular
minimizing the recovery time. When looking at the inertial response over an entire park,
turbines are experiencing different wind conditions and thus possibly different rotor
speeds and consequently inertia in the rotor. Some turbines may therefore be able to
deliver more power to the inertial response than others and also the recovery profile
may look differently depending on the different rotational speeds of the rotors.

[0047] Based on, e.g., an individual estimation of the Inertia or potential inertial power, the
wind farm or plant controller may optimize the response using electrical/mathematical models
or closed loop control. Thereby, some turbines may contribute more to the inertial response
than others as they are subject to better conditions to do so than other turbines. The
optimization may also take into account the electrical and temperature condition of the turbines
In order to optimize the response even further.

[0048] According to embodiments of the present invention, the park level control may ensure
that the desired inertial response output on a park level is delivered meaning If the desired
Inertial response level is less than the collective capability of the turbines, then the wind park
controller may control the turbines to produce the requested inertial response on park level In
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the point of common coupling. If maximum possible Inertial response from a turbine iIs
requested, or close to It, the park control cannot necessarily compensate for the park losses.

[0049] The following embodiments are included in the present application:

1.a) One embodiment would be If each individual wind turbine would be able to
compensate for park losses and adapting the response based on mathematical models
(upstream compensation) .

2. b) One embodiment would be If the turbines were able to communicate between each
other to collectively determine the optimal individual response.

3. ¢) One embodiment would be a fixed response based on individual wind speed or inertial
estimation, with a compensation based on plant level measurement.

[0050] Fig. 2 schematically illustrates a wind park 200 comprising a wind park controller 201
according to an embodiment of the present invention which is configured to carry out a method
according to an embodiment of the present invention. Features similar in structure and/or
function In Figs. 1 and 2 are labelled with the same reference sign differing only in the first
digit.

[0051] Embodiments of the present invention ensure that a specified inertial response at the
park level Is achieved compensating for losses In the park electrical network to the extent
possible In the actuators (turbines) and the minimization of the impact (recovery period) of
Inertial response on a park level.

[0052] FIg. 2 thereby Is a representation of a possible concept that may implement an
embodiment of the present invention. There may be several other implementations that may
yield the same closed loop response with e.g. with a feed forward.

[0053] The wind turbines 203a, 203b, 203c¢ output their respective wind turbine powers 207a,
207b, 207c¢ to the point of common coupling 209 which 1s connected to the utility grid 211. The
turbines output the available inertia indicating signal 218a, 218b, 218c to the wind farm power
distribution algorithm 202 comprised in the wind park controller 201. Further, the wind turbines
203a, 203b, 203c output operational characteristics, in particular temperatures of one or more
components 210a, 210b, 210c to the wind farm power distribution algorithm 202.

[0054] Furthermore, the Inertial response park request 215 Is added using an additional
element 227 with a park reference 229 to obtain a total requested park power signal 231. The
actually delivered power to the utility grid at the point of common coupling 209 Is measured as
a signal 233 which Is subtracted from the total requested park power output 231 to obtain an
error signal 235 which Is provided and supplied to a wind farm closed loop controller 237. The
wind farm closed loop controller 237 for example comprises a P controller and/or an | controller
and/or D controller component (or any other form of controller like e.g. linear-quadratic
regulator (LQR)) in order to derive a control signal 239 at its output which Is configured such as
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to decrease the error signal 235. The error signal Is supplied to the wind farm power
distribution algorithm 202 which also takes this control signal 239 into account to derive the

Individual wind turbine control signals 213a, 213b, 213¢c which are supplied to the turbines
203a, 203b, 203c, respectively.

[0055] VWhen taking Into account the requested inertial response In the reference for the park
or plant controller, it may be ensured that the requested inertial response Is delivered In the
point of common coupling 209. This may eliminate the effects of the park electrical losses to
vield a more definable and uniform response from the plant. This is of course dependent on
the Iindividual turbine's ability to deliver the necessary Inertial response to compensate for
those losses, 1.e. turbines not Iin actuator limitation.

[0056] Embodiments of the present invention may introduce a smart distribution of the desired
park response within the wind park. Each individual wind turbine in the park may in many cases
see different wind and temperature conditions or simply there may be different turbine types
with different capabilities which for example could be Imited In some cases by noise
restrictions (less available inertia). Each turbine may deliver an estimate of the available inertia
In the turbine based on measurements of the rotor speed and the turbine setup. Along with
one or several measurements of temperature, the turbine (or an aggregation thereof) the two
may be used to distribute the requested park level response amongst the turbines In an
optimum manner to reduce the recovery energy loss and/or recovery time Iin the park.
Thereby, some turbines may contribute more to the inertial response than others as they are
subject to better conditions to do so than other turbines.

[0057] The following example may illustrate embodiments of the present invention. The turbine
203a may have an available inertia of 6 and a temperature (may be several temperatures or
an aggregation) of 10. The turbine 203b may have an available inertia of 4 and a temperature
of 29. The turbine 203c may have an available inertia of 4 and a temperature of 89 which Is
near the high limit of that turbine.

[0058] The park is requested to deliver an inertial response of 8 and therefore the closed loop
may In turn compensate for a park loss of 2 yielding a need of 10 from the turbines as the
controller converges. The distribution algorithm may now control turbine 203a to contribute the
most as It has the best conditions to contribute the most and the least from turbine 203c as it
has the worst conditions to contribute the least. One such distribution could then be to request
{ from turbine 203a, to request 2 from turbine 203b and to request 1 from turbine 203c.

[0059] The exact amounts of additional wind turbine power requested from the different wind
turbines may be derived due to an algorithm which may depend on the particular application
and constitution of the wind park.

[0060] In the example as illustrated in Fig. 1, turbine 103a may indicate an inertial response
avallability of 3 and a low temperature, turbine 103b may indicate an Inertial response
avallability of 2 and a medium temperature and the wind turbine 103¢c may indicate an inertial
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response availability of 1 and a high temperature. Accordingly, as an exemplary scenario, the
park control 101 may request inertial response of 3 from turbine 103a, may request an inertial
response of 1 from turbine 103b and may request an inertial response of 0 from turbine 103c.

[0061] It should be noted that the term "comprising” does not exclude other elements or steps
and "a" or "an" does not exclude a plurality. Also elements described In association with
different embodiments may be combined. It should also be noted that reference signs In the

claims should not be construed as limiting the scope of the claims.
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Patentkrav

1. Fremgangsmade til styring af en eller en flerhed af vindmaller (103a, 103b,

103c) 1 en vindmgallepark (100, 200), som er forbundet med et forsyningsnet
5 (111, 211), iseer i tilfeelde af et fald i en netfrekvens, hvilken fremgangsmade

omfatter:

styring af hver af vindmallerne (103a, 103b, 103c) individuelt med et individuelt

vindmgllestyresignal (113a, 113b, 113c), der angiver en individuel yderligere

vindmglleeffekt (107a, 107b, 107c), som skal afgives af den respektive vind-

10 molle,
hvor det individuelle vindmallestyresignal er baseret pa:
en gnsket yderligere vindmglleparkeffekt (115), der skal leveres fra vindmalle-
parken til forsyningsnettet, og
en funktionsegenskab (117, 218, 210) ved den respektive vindmalle,

15 hvor det individuelle vindmallestyresignal (113a, 113b, 113c¢) endvidere er ba-
seret pa funktionsegenskaberne ved alle andre vindmaller i vindmallepar-
ken, kendetegnet ved, at det individuelle vindmallestyresignal (113a, 113Db,
113c) endvidere er baseret pa en restitutionsprofil (125) af den respektive vind-
mealle, som definerer restitutionsparametre af en restitutionsproces, som re-

20 accelererer vindmaeallerotoren.

2. Fremgangsmade ifglge et af de foregaende krav, hvor det individuelle vind-
mallestyresignal (113a, 113b, 113c) endvidere er baseret pa en inertireakti-
25 onsprofil (123) af den respektive vindmaealle, hvor inertireaktionsprofilen isaer
definerer en maksimalt tilladt yderligere effekt og/eller et maksimalt tilladt tids-
iInterval, inden for hvilket det er tilladt at afgive den maksimale yderligere effekt.

3. Fremgangsmade ifglge et af de foregaende krav, hvor restitutionsprofilen
30 definerer et maksimalt tilladt tidsinterval, inden for hvilket restitutionen skal
fuldferes, eller definerer et maksimalt tilladt effektfald.

4. Fremgangsmade ifglge et af de foregaende krav, endvidere omfattende:
at tage hgjde for individuelle effekttab fra en udgangsterminal (105a, 105D,
35 105¢c) af den respektive vindmalle til et punkt for faelles kobling (109), med
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hvilket vindmallerne er forbundet, saledes at den @nskede yderligere vindmal-
leparkeffekt (115) ved styring af vindmallerne med de individuelle vindmalles-
tyresignaler er til radighed for forsyningsnettet ved punktet for faelles kobling.

5. Fremgangsmade ifglge et af de foregaende krav, hvor funktionsegenskaben
ved hver vindmglle indbefatter mindst en af:

en individuel mulighed for inertireaktion eller inertieffekt, malt eller estimeret;
en individuel radighed (218) over inertireaktion eller inertieffekt, malt eller esti-
meret;

en Individuel temperatur (210) af mindst en komponent, i1sa&r en generator
og/eller en omformer og/eller et leje af en vindmallerotor, malt eller estimeret;
en individuel elektrisk tilstand, malt eller estimeret;

en individuel vindhastighed, malt eller estimeret;

en individuel rotorhastighed, malt eller estimeret af den respektive vindmalle.

6. Fremgangsmade ifelge et af de foregaende krav, hvor den individuelle yder-
ligere vindmaalleeffekt, som skal afgives af den respektive vindmalle, styret
med Iindividuelt vindmaeallestyresignal, er hgjere:

]0 h@jere den individuelle mulighed for inertireaktion eller inertieffekt er; og/eller
]0 hwjere rotorhastigheden er; og/eller

]0 lavere komponentens temperatur er; og/eller

J0 hwjere den individuelle vindhastighed er.

7. Fremgangsmade ifelge et af de foregaende krav, hvor der baseret pa funk-
tionsegenskaberne ved en eller en flerhed af vindmaealler og den snskede yder-
ligere vindmalleparkeffekt anvendes en optimering, saledes at en malfunktion
optimeres, 1sa&r minimeres,

hvilken malfunktion indbefatter mindst en af:

et vindmuglleparkeffekttab;

iIndividuel restitutionstid og/eller restitutionsenergitab for hver vindmalle;
kollektiv restitutionstid og/eller restitutionsenergitab for alle vindmaller;
iIndividuel belastning og/eller slitage af hver vindmalle;

iIndividuelt genereret st@.



DK/EP 3571394 T3

8. Fremgangsmade ifalge et af de foregaende krav, hvor optimeringen anven-
der elektriske og/eller matematiske modeller eller en lukket loop-styring.

9. Fremgangsmade ifelge et af de foregaende krav, hvor mindst en, isaer
mindst to, vindmaller styres til at afgive forskellige maengder af effekt til forsy-
ningsnettet.

10 10. Fremgangsmade ifelge et af de foregaende krav, hvor den gnskede yder-
ligere vindmglleparkeffekt (115) omfatter ensket yderligere vindmallepark-ak-
tiv effekt, hvor den Iindividuelle yderligere vindmaalleeffekt (107a, 107b, 10/c)
omfatter en individuel yderligere vindmalle-aktiv effekt.

15 11. Fremgangsmade ifalge et af de foregaende krav, yderligere omfattende:
maling af en vindmalleparkudgangseffekt (233), iseer ved punktet for feelles
kobling (209);
summering af den @nskede yderligere vindmalleparkeffekt (215) og en vind-
malleparkreferenceeffekt (229) for at opna en samlet @nsket vindmalleparkef-
20 fekt (231);
udledning af en difference (235) mellem den samlede @nskede vindmallepark-
effekt og den malte vindmalleparkudgangseffekt;
afgivelse af differencen (235) eller et estimat af vindmalleparktabet, som er
udledt ved anvendelse af en model over vindmallepark-elektrisk layout, til en
25 lukket loop-styreenhed (237);
afgivelse af et udgangssignal (239) fra styreenheden (237) og funktionsegen-
skaberne (218, 210) ved alle vindmaller til en vindmalleparkeffektfordelingsal-
goritme (202), som er konfigureret til at generere de individuelle vindmgllesty-

resignaler (213a, 213b, 213c) baseret derpa.
30

12. Vindmglleparkstyreenhed (101, 201), som er konfigureret til at udfere en
fremgangsmade ifalge et af de foregaende krav.

35 13. Vindmallepark (100, 200), som omfatter:
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vindmgller (103a, 103b, 103c); og
en vindmaealleparkstyreenhed (101) ifglge det foregaende krav.
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