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DESCRIPTION

[0001] The present disclosure relates to methods of operating a wind turbine, wind turbines
and wind parks suitable for such methods.

BACKGROUND ART

[0002] Modern wind turbines are commonly used to supply electricity into the electrical grid.
Wind turbines of this kind generally comprise a rotor with a rotor hub and a plurality of blades.
The rotor is set into rotation under the influence of the wind on the blades. The rotation of the
rotor shaft drives the generator rotor either directly ("directly driven") or through the use of a
gearbox.

[0003] A variable speed wind turbine may typically be controlled by varying the generator
torque and the pitch angle of the blades. As a result, aerodynamic torque, rotor speed and
electrical power generated will vary.

[0004] A common prior art control strategy of a variable speed wind turbine is described with
reference to figure 1. In figure 1, the operation of a typical variable speed wind turbine is
illustrated in terms of the pitch angle (B), the electrical power generated (P), the generator
torque (M) and the rotational velocity of the rotor (w), as a function of the wind speed.

[0005] In a first operational range, from the cut-in wind speed to a first wind speed (e.g.
approximately 5 or 6 m/s), the rotor may be controlled to rotate at a substantially constant
speed that is just high enough to be able to accurately control it. The cut-in wind speed may be
e.g. approximately 3 m/s.

[0006] In a second operational range, from the first wind speed (e.g. approximately 5 or 6
m/s) to a second wind speed (e.g. approximately 8.5 m/s), the objective is generally to
maximize power output while maintaining the pitch angle of the blades so as to capture
maximum energy. In general, in the second operational range, the pitch angle of the blades
may be substantially constant, although the optimal blade setting may theoretically depend on
the instantaneous wind speed. In order to achieve this objective, the generator torque and
rotor speed may be varied so as to keep the tip speed ratio A (tangential velocity of the tip of
the rotor blades divided by the prevailing wind speed) constant so as to maximize the power
coefficient C,.

[0007] In order to maximize power output and keep Cp, constant at its maximum value, the

rotor torque may be set in accordance with the following equation: T = k.w?, wherein
k is a constant, and w is the rotational speed of the generator. In a direct drive wind turbine,
the generator speed substantially equals the rotor speed. In a wind turbine comprising a
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gearbox, normally, a substantially constant ratio exists between the rotor speed and the
generator speed.

[0008] In a third operational range, which starts at reaching nominal rotor rotational speed
and extends until reaching nominal power, the rotor speed may be kept constant, and the
generator torque may be varied to such effect. In terms of wind speeds, this third operational
range extends substantially from the second wind speed to the nominal wind speed e.g. from
approximately 8.5 m/s to approximately 11 m/s.

[0009] In a fourth operational range, which may extend from the nominal wind speed to the
cut-out wind speed (for example from approximately 11 m/s to 25 m/s), the blades may be
rotated ("pitched") to maintain the aerodynamic torque delivered by the rotor substantially
constant. In practice, the pitch may be actuated such as to maintain the rotor speed
substantially constant. At the cut-out wind speed, the wind turbine's operation is interrupted.

[0010] In the first, second and third operational ranges, i.e. at wind speeds below the nominal
wind speed (the sub-nominal zone of operation), the blades are normally kept in a constant
pitch position, namely the "below rated pitch position". Said default pitch position may generally
be close to a 0° pitch angle. The exact pitch angle in "below rated" conditions however
depends on the complete design of the wind turbine.

[0011] The before described operation may be translated into a so-called power curve, such
as the one shown in figure 1. Such a power curve may reflect the optimum operation of the
wind turbine under steady-state conditions.

[0012] In the supra-nominal zone of operation (wind speeds at or above the nominal wind
speed), the maximum available energy in the wind stream is very consciously not captured.
That is, the blades are actively pitched to a position in which they "catch" less wind, and
generate less torque than possible. This is mainly done to limit the loads on the wind turbine.

[0013] The point on the power curve representing the electrical power generated at nominal
wind speed is generally referred to as the "power curve knee".

[0014] The power curve may be regarded as the key performance characteristic establishing
the power output that may be expected from a wind turbine. The power curve is thus also often
used to predict a wind turbine's profitability. Based on the wind data available for a specific site,
and on the power curve, an expected energy output over e.g. a month, a year or a number of
years may be predicted.

[0015] The wind data that may be available for a specific site is gathered over a period of time
and is generally determined based on 10 minute averages. That is, average wind speed(s) and
direction(s) as calculated over 10 minutes of time are the outcome of this process and form the
input for a possible calculation of expected energy output of wind turbine. Also, in the
evaluation of the performance of a wind turbine or a wind park such 10 minute averages may
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be used. Obviously other time intervals could also be used.

[0016] It has been found that wind turbines and wind parks regularly underperform with
respect to the given power curve. Especially, in and around the "power curve knee", the
generated power at average wind speeds equal to or slightly different than the nominal wind
speed, the electrical output of a wind turbine is generally less than expected. This is mainly
because if an average wind speed over 10 minutes is determined to correspond to the nominal
wind speed, this inevitably means that for some time the instantaneous wind speed was below
the nominal wind speed, and for some time the instantaneous wind speed was actually above
the nominal wind speed. Because of the operation strategy implemented in wind turbines, the
output power at instantaneous wind speeds above the nominal wind speed is "capped" at the
nominal power (the generated electrical power does not increase at higher wind speeds),
whereas at instantaneous wind speeds below the nominal wind speed, the generated electrical
power does decrease.

[0017] The power curve is thus rounded or flattened around the "power curve knee". The
extent to which the electrical power output is reduced compared to the expected value is
dependent mainly on wind variability, i.e. turbulence. Over the life time of a wind turbine, the
wind speed may relatively often be close to the nominal wind speed. The problem of rounding
of the power curve knee thus should not be underestimated.

[0018] The present disclosure relates to various methods and systems for avoiding or at least
partly reducing this problem. US2013/0270827 discloses an overrating control of a wind turbine
for wind speed above the nominal wind speed (full-load operation), the overrating may be for a
short or an extended period of time, the over-rating power level depending on the fatigue of
the turbine.

SUMMARY

[0019] In a first aspect, a method of operating a variable speed wind turbine as a function of a
wind speed is disclosed. The wind turbine has a rotor with a plurality of blades, a generator
having a rated output power, one or more pitch mechanisms for rotating the blades around
their longitudinal axis, and a system for varying a torque of the generator. The method
comprises a sub-nominal zone of operation for wind speeds below a nominal wind speed and a
supra-nominal zone of operation for wind speeds at or above the nominal wind speed, wherein
at wind speeds at or near the nominal wind speed, the generator is allowed to generate more
than its rated output power for a limited period of time.

[0020] In accordance with this first aspect, at wind speeds at or near the nominal wind speed
(e.g. just above the wind speeds), the generator is allowed to produce more than its rated (=
theoretical maximum) output power. By doing so, the 10 minute averages of power output will
correspond better to the expected power output according to the power curve. By only allowing
the generated power to be above the maximum rated power for only a limited period of time,
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damage to the generator may effectively be avoided. Additionally, the accumulation of loads on
the wind turbine may also be kept within acceptable boundaries.

[0021] An implementation may comprise determining that the wind speed approaches the
nominal wind speed, e.g. reaches a predefined limit wind speed close to the nominal wind
speed. A first predefined limit wind speed could be defined below the nominal wind speed and
a second predefined limit wind speed could be defined above the nominal wind sped. When
the determination is made that the wind speed reaches one of these limits, temporarily the limit
of power curve may be removed or substituted by another limit, e.g. an adapted output power
limit. The determination of the wind speed reaching one of these limits could be based e.g. on
one or more of the following: nacelle anemometry, LIDAR, measuring electrical power output,
measuring pitch angles, measuring loads in one or more wind turbine components.

[0022] In some embodiments, the generator may be allowed to generate more than its rated
maximum output power only in a predetermined range of wind speeds above the nominal wind
speed, for example the predetermined range may be from the nominal wind speed to 2 m/s
above nominal wind speed. By defining such a predetermined wind range, it may be ensured
that only in the relevant part of the power curve a deviation from the normal operational
strategy takes place. According to the invention, at wind speeds at or near the nominal wind
speed, the generator is allowed to generate electrical power up t0 an adapted output power
limit. The adapted output power limit is variable. In order to avoid too high loads (on the
generator and other components), a new adapted output power limit may be defined if e.g. a
wind gust were to occur at a prevailing wind speed close to the nominal wind speed. Such an
adapted output power limit can ensure that loads on the wind turbine may still be kept under
control. According to the invention, the adapted output power limit is a function of the time that
the generator has generated more than its rated maximum output power. Optionally, the
adapted output power limit reduces exponentially as a function of the time that the generator
has generated more than its rated maximum output power, so that it eventually reaches its
steady-state value. This situation arises when a wind speed increases not as a consequence of
fluctuations around its nominal value but as a result of an actual increase on the average wind
speed. In such a case, the state-state conditions for said increased averaged wind speed
(above the wind speed at the power knee) are recovered, by limiting power output to the
nominal power of the wind turbine. As such, fatigue of wind turbine components can stay under
control as the steady state power curve is followed under most conditions, and only
occasionally an adapted power output limit is used.

[0023] In some embodiments, in the sub-nominal zone of operation, the blades are not
pitched, and the sub-nominal zone of operation may comprise a first operational range, a
second operational range and a third operational range. The first operational range extends
from a cut-in wind speed to a first wind speed, wherein the rotor speed is kept substantially
constant at a first value. The second operational range extends from the first wind speed to a
second wind speed, wherein both the rotor speed and generator torque are varied as a
function of wind speed. And the third operational range extends from the second wind speed to
the nominal wind speed, wherein the rotor speed is normally kept substantially constant at a
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second value. In these embodiments, in the sub-nominal zone of operation, a "classic" control
for variable speed wind turbines may generally be implemented for most conditions.

[0024] In some embodiments, in the supra-nominal zone of operation, the blades are normally
pitched to maintain an aerodynamic torque at a substantially constant level. Again, classic
control strategy for variable speed wind turbines may be implemented in steady state
conditions, and in most conditions in general. However, for variations around the nominal wind
speed, temporarily the aerodynamic torque is allowed to increase above a standard maximum,
i.e. the blades are not pitched or not pitched to the same extent. Or the blades may be pitched
with a certain "delay".

[0025] The classic control strategy for steady state conditions for the sub-nominal zone of
operation and/or for the supra-nominal zone of operation may be combined with any of the
examples of temporary overload of the generator herein described.

[0026] In some embodiments, the method of control is based on a (non-linear) model
predictive control based on instantaneous wind speeds and predicted wind speeds. If wind
flows can be predicted with sufficient accuracy using e.g. a LIDAR, this data may be used to
optimize control of a wind turbine.

[0027] Model predictive control (MPC) aims at effectively solving problems of control and
automation of processes that are characterized by having a complicated, multivariate and/or
unstable dynamic behaviour. The control strategy underlying this type of control uses a
mathematical model of the process to be controlled to predict the future behaviour of that
system and, based on this future behaviour, it can predict future control signals.

[0028] MPC is part of the so-called optimal controllers, i.e. those in which actuations
correspond to an optimization of a criterion. The criterion to be optimized, or the "cost
function", is related to the future behaviour of the system, which is predicted by considering a
dynamic model thereof, which is called the prediction model.

[0029] MPC is a flexible, open and intuitive technique, which permits dealing with linear and
nonlinear, multi-variable and mono-variable systems by using the same formulation for the
algorithms of the controller. Moreover, the MPC control laws respond to optimization criteria,
and allow incorporating constraints in the synthesis or implementation of the controller. MPC
also provides the ability of incorporating constrains in the calculations of the actuations. These
constraints may be in terms of e.g. maximum rated output power of the generator and/or
maximum allowable loads and/or maximum rotor speed efc.

[0030] In some examples, the cost function to be optimized may be the electrical power
generated over a life time of the wind turbine. In other embodiments, the cost function to be
optimized may be the financial compensation for the electrical power generated over the life
time of the wind turbine. In yet further embodiments, the cost function to be optimized may be
to match as closely as possible the electrical power generated to the electrical power
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demanded (by e.g. a grid operator).

[0031] In any of these embodiments of this aspect, the boundary conditions may be "soft"
boundary conditions or "hard" boundary conditions. Hard boundary conditions are those
conditions that may never be violated and soft boundary conditions are those boundary
conditions that are preferably not violated, but may occasionally be violated to a limited extent.
(in this case, maximum rated output power). Violation of such a soft constraint may be suitable
when the expected gain in the cost function to be optimized is relatively or disproportionally
high. In an MPC strategy a constraint regarding average output power could be incorporated.

[0032] Applying the MPC strategy in accordance with any of the embodiments of this aspect
could lead e.g. to a variation in pitch angle in the sub-nominal zone of operation. Also, the MPC
strategy could lead to a variation in rotor speed in the supra-nominal zone of operation.

[0033] In another aspect, a wind turbine is provided. The wind turbine has a rotor with a
plurality of blades, a generator having a rated maximum output power, and one or more pitch
mechanisms for rotating the blades around their longitudinal axis, a system for varying a
torque of the generator, and a wind turbine controller adapted to carry out any of the methods
substantially as hereinbefore described.

[0034] Optionally, these wind turbines may be direct drive wind turbines. Optionally, the
generators of these wind turbines may be permanent magnet generators. Relatively strict load
control is generally required for gearboxes. In direct drive wind turbines which do not have a
gearbox, the above described methods may thus be more easily implemented.

[0035] In yet a further aspect, a wind farm (or "wind park") comprising a plurality of such wind
turbines is provided. In some embodiments, a central control system adapted to command or
influence the wind turbine controllers of the plurality of wind turbines is provided to control the
electrical output power of the wind farm. A central control system may be used to ensure that
nominal output power for the wind farm is not exceeded at any given time. Another possible
application of a central control system may be that the extent to which the turbines are
overloaded may be divided between the different wind turbines in a wind farm. The
corresponding (thermal and other) loads may be more equally divided between turbines in the
wind farm. The central control system may optionally be adapted to command or influence the
wind turbine controllers of the plurality of wind turbines based at least partially on a
temperature of a generator component of each of the wind turbines. Additionally, the central
control system is adapted to command or influence the wind turbine controllers of the plurality
of wind turbines based at least partially on an amount of time that each of the wind turbines
has generated more than its rated output power.

[0036] Additional objects, advantages and features of embodiments of the invention will
become apparent to those skilled in the art upon examination of the description, or may be
learned by practice of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Particular embodiments of the present invention will be described in the following by
way of non-limiting examples, with reference to the appended drawings, in which:

Figure 1 illustrates a typical power curve of a wind turbine;

Figures 2a - 2b illustrate respectively a prior art power curve and the phenomenon of wind
variability, and an example of an adapted power curve;

Figure 3 illustrates a further example of a method of operating a wind turbine; and

Figure 4 illustrates yet another example of a method of operating a wind turbine.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] The power curve of figure 1 has been discussed before. A very similar power curve is
shown in figure 2a. In this example, the nominal wind speed (typically defined as the free
stream wind speed at the height of the hub) is assumed to be approximately 11 m/s.

[0039] In figure 2a, a second curve shows a typical Gaussian curve of the probability
distribution of wind speeds around the nominal wind speed of 11 m/s that may be measured
during any given time interval, e.g. 10 minutes. That is, within a 10 minute interval, with an
average wind speed of 11 m/s, the measured wind speed will vary. As explained before, at
lower than nominal wind speeds, the power output varies in accordance with the variation of
the wind speed. But at higher than nominal wind speeds, the power output does not vary and is
capped at the rated output power of the generator.

[0040] In figure 2b, a typical prior art power curve, and an adapted power curve according to
an embodiment are shown. As may be seen, the adapted power curve allows a generator to
generate more than rated output power in a range of wind speeds at and above the nominal
wind speed.

[0041] An adapted power curve may be characterized by the definition of an adapted output
power limit which may be a function of the wind speed as illustrated in figure 2b. The adapted
output power limit may be above the maximum rated output power only in a range of wind
speeds that is relatively close to the nominal wind speed, e.g. from the nominal wind speed to
e.g. 2 or 3 m/s above the nominal wind speed. The range may be established as a function of
local turbulence conditions.

[0042] The adapted power output limit is further a function of the time that the generator has
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been working above its rated power. The adapted output power limit may be reduced as the
situation of "above rated power" prolongs, this being an indication of an actual change of wind
speed regime resulting in an increase on the average wind speed instead of a mere fluctuation
around the initial average wind speed. This reduction may be linear but may also be
exponential. A maximum period of time that the generator may be allowed to work above its
rated power may be limited to e.g. 20 seconds or 10 seconds.

[0043] Alternatively, an instantaneous adapted power output limit may be based on a
measured temperature of a suitable generator component. As currents in the generator
increase above their nominal values, the temperature in the generator may rise. In order not to
damage the generator, the adapted power output limit may be adapted as a function of the
measured temperature.

[0044] For a limited period of time, the wind turbine may be overloaded. If the wind speed
stays above the nominal wind speed for a longer period of time, the "normal" control strategy
will automatically be implemented. The switch over to normal control may be implemented in a
variety of ways. In a first example, a simple maximum time limit may be used. Once the wind
turbine has been overloaded for a specified maximum time period, the original "steady state"
power curve is followed. The maximum time limit may be eg. 10 seconds or 20 seconds.

[0045] The switch over may be gradual in that the adapted power limit may be reduced as a
function of time and in an exponential manner approach the original power curve.

[0046] Figure 3 illustrates another example of a method of operating a wind turbine. Figure 3
shown four different curves. The curve 10 is the steady state power curve. The curves 20, 30
and 40 show a plurality of adapted power curves. Curve 20 represents a power curve with an
adapted power output limit that is a function of a wind speed. Curves 30 and 40 show
additional adapted power curves which show adapted power output limits as a function of the
wind speed. Curves 10, 20, 30 and 40 may coincide substantially completely for wind speeds
below the nominal wind speed. In a region of wind speeds just above the nominal wind speed,
the curves differ.

[0047] In order to illustrate an example of operating a wind turbine, let's consider a situation in
which the wind speed oscillates around the nominal wind speed. In a first instance, when the
wind speed temporarily surpasses the nominal wind speed, the generator is allowed to
generate more than its rated power as indicated by curve 20.

[0048] As time progresses however, in order to limit loads (e.g. thermal, mechanical,
aerodynamic, and other) the adapted power curve may get closer to the normal steady state
power curve. One non-claimed way of implementing this is by determining a temperature of a
relevant component of a generator. As the temperature in the generator rises, the adapted
output power limit decreases. In this non-claimed example, as the temperature of the
generator rises, the control of the wind turbine passes onto curve 30. The adapted power
curve 30 has generally lower values of power than curve 20. Therefore, as the temperature
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rises, the extent to which the generator may be overloaded is limited.

[0049] As the temperature rises further, the control of the wind turbine may pass onto curve
40, which has lower values than curve 30 (but still has power output levels above the steady
state curve for wind speeds just above the nominal wind speed). The extent to which the
generator may be overloaded is thus further reduced. This process may continue until
eventually, the power curve applied is the original steady state curve. An infinity or a relatively
large number of adapted power curves could thus be defined, wherein as a function of a
relevant temperature in a generator, the control of the wind turbine follows one or another
power curve.

[0050] Although in this non-claimed example, the switches from one power curve to another
may be based on a temperature in the generator, in the invention these switches are based on
e.g. the amount of time that the wind turbine has "recently" been producing more than its rated
power. In this sense, a register may be kept that counts the periods of time a wind turbine has
been overloaded in the last minute, or last 2 minutes, or e.g. last 3 - 5 minutes. As an example,
if the number of seconds that the turbine has "recently" been overloaded is 5 seconds, then
the curve 20 may be followed. If the number of seconds of overloading reaches 10 seconds,
then curve 30 may be followed, and so on.

[0051] Figure 4 illustrates yet another illustrative example of a method of operating a wind
turbine. In the top part of figure 4 the development of the wind speed over time is schematically
illustrated. In the middle part of figure 4, the development of a temperature of (a component of)
the generator over time is schematically illustrated. In the bottom part of figure 4, an overpower
(or "overload") in the generator over time is illustrated.

In this example, the instantaneous wind speed surpasses the nominal wind speed at t4. In this
instance, since in this example this is the first time that the wind speed surpasses the nominal
wind speed, the wind turbine is allowed to generate more than its rated power. The allowed
overpower may be a function of time, e.g.:

max ’

oP, (t)= OPl.e(th

wherein OP,,, o« is the maximum allowed overpower, which is allowed at any given moment as a

function of time, t. The allowed overpower may be expressed in absolute terms, but in this
example the allowed overpower is a percentage of the rated voltage. Herein, T is the "mean
life time" (or the "time constant") in the exponential decay. And OP4 corresponds to the

maximum overpower allowed. In this example the maximum allowable overpower OP1 may be

a function of a generator temperature.

[0052] During the period from t4 to ty, the allowed overpower exponentially decays from OP4

to zero. In this example, OP1 may for example be 10%. The point in time t, corresponds to the
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moment in time at which the instantaneous wind speed decreases below the value of the
nominal wind speed. During this time of overpower, the temperature of the generator may rise
as indicated in the middle part of the figure from t4 to to.

[0053] In an example, the time constant may be chosen such that after approximately 10 or
15 or 20 seconds, the overpower has decreased to 0%.

[0054] From tsto t3, the instantaneous wind speed is below the nominal wind speed. At t3, the

wind speed increases above the nominal wind speed and an overloading of the generator is
temporarily allowed. From t3, the maximum allowed overpower decreases in accordance with:

or,. (t)= 0P, .eH,

max
Herein OP5 is the maximum allowed overpower at t3. OP, may be lower than OP¢ because the
temperature T, at the moment of beginning the overloading may be higher than T4. OP» may
be equal to e.g. 5% and decrease exponentially to almost 0% until t4. At t4 the wind speed is

below the nominal wind speed again.

[0055] When the wind speed increases above the nominal wind speed again, at t5, depending
on the temperature T3 of the generator, the maximum allowable overpower at this moment

OP3 may be determined. In this example, if T» is equal to T3, then OP, may be equal to OPs3.

[0056] As illustrated, the 10 minute average wind speed Vag may be equal to the nominal
wind speed V, (e.g. 10.5 m/s or 11 m/s), but will oscillate around this average. By temporarily

allowing overloading, the energy output over these 10 minutes may be equal to or at least
closer to the theoretically expected energy output based on the steady state power curve.

[0057] Any of the mentioned or illustrated examples of operating wind turbines may be
implemented in a wind farm comprising a plurality of wind turbines. A central control system
(e.g. SCADA) may then directly or indirectly control one or more of the wind turbines with
respect to overloading. E.g. a central control system may send direct commands to the
individual wind turbines or may send e.g. boundary conditions to the individual wind turbines
within which the individual wind turbines have to perform.

[0058] These commands and/or boundary conditions may be coordinated in such a manner
that not always the same wind turbine is overloaded, but instead that the overloading is more
equally distributed between different wind turbines. The distribution from the central control
system may be based e.g. on a temperature of a generator or generator component of the
wind turbines. The distribution could also be based on an instantaneous current in the
generators of the wind turbines. Yet a further option is to base this distribution at least partially
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on accumulated loads (e.g. over the life time) of the wind turbines.

[0059] Although only a number of particular embodiments and examples of the invention have
been disclosed herein, it will be understood by those skilled in the art that other alternative
embodiments and/or uses of the invention and obvious modifications and equivalents thereof
are possible. Furthermore, the present invention covers all possible combinations of the
particular embodiments described. Thus, the scope of the present invention should not be
limited by particular embodiments, but should be determined only by a fair reading of the
claims that follow.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
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Patentkrav

1. Fremgangsmade til at drive en vindmglle med variabel hastighed som en
funktion af en vindhastighed, hvilken vindmglle har en rotor med en flerhed af
vinger, en generator med en opgiven maksimal outputeffekt, og en eller flere
pitchmekanismer til at rotere vingerne omkring deres langsgdende akse, og et
system til at variere et drejemoment af generatoren,

hvilken fremgangsméade omfatter en undernominel driftszone for vindhastigheder
under en nominel vindhastighed og en overnominel driftszone for vindhastigheder
ved eller over den nominelle vindhastighed,

hvor

ved vindhastigheder ved eller naer den nominelle vindhastighed, tillades
generatoren at generere mere end sin opgivne maksimale outputeffekt i en
begraenset tidsperiode op til en tilpasset outputeffektgraense, hvor

den tilpassede outputeffektgraense er variabel og er en funktion af tiden, hvor

generatoren har genereret mere end sin opgivhe maksimale outputeffekt.

2. Fremgangsmade ifglge krav 1, hvor den begraensede tidsperiode er mindre end
cirka 20 sekunder, eventuelt omkring 10 sekunder.

3. Fremgangsmade ifglge krav 1 eller 2, hvor generatoren tillades at generere
mere end sin opgivne outputeffekt kun i et forudbestemt omrade af
vindhastigheder omkring den nominelle vindhastighed.

4. Fremgangsmade ifglge krav 3, hvor det forudbestemte omrade er cirka fra
nominel vindhastighed til 2 m/s over nominel vindhastighed.

5. Fremgangsmade ifglge krav 1, hvor den tilpassede outputeffektgraense
reduceres eksponentielt som en funktion af tiden, hvor generatoren har genereret
mere end sin opgivne maksimale outputeffekt.
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6. Fremgangsmade ifglge krav 5, hvor den tilpassede effektoutputgraense er en
funktion af tiden, hvor generatoren har genereret mere end sin opgivne
maksimale outputeffekt i en nylig tidsperiode, hvor den nylige tidsperiode er

mellem 30 sekunder og fem minutter, og eventuelt mellem 1 minut og 3 minutter.

7. Fremgangsmade ifglge et hvilket som helst af kravene 5-6, hvor den tilpassede

effektoutputgraense ogsa er en funktion af vindhastigheden.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1-7, hvor
fremgangsmaden til styring er baseret pd model-praedikativ styring baseret pa
gjeblikkelige vindhastigheder og/eller forudsagte vindhastigheder.

9. Vindmglle med en rotor med en flerhed af vinger, en generator med en opgiven
outputeffekt, en eller flere pitchmekanismer til at rotere vingerne omkring deres
langsgéende akse, et system til at variere et drejemoment af generatoren, og en
vindmgllekontroller konfigureret til at udfere en fremgangsmade ifslge et hvilket
som helst af kravene 1-8.

10. Vindmgille ifglge krav 9, hvor vindmgllen er en direkte-drev-vindmglle.

11. Vindmgllepark omfattende en flerhed af vindmgller ifglge et hvilket som helst
af kravene 9 og 10.

12. Vindmgllepark ifglge krav 11, og et centralt styresystem tilpasset til at styre
eller pavirke vindmgllekontrollerne af flerheden af vindmgller ifglge krav 9 til at
styre dem elektriske outputeffekt af vindmglleparken.

13. Vindmagllepark ifglge krav 12, hvor det centrale styresystem er tilpasset til at
styre eller pavirke vindmgllekontrollerne af flerheden af vindmgller baseret mindst
delvist pa en temperatur af en generatorkomponent af hver af vindmgllerne og pa
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en maengde af tid, som hver af vindmgllerne har genereret mere end sin opgivne

outputeffekt.
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