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DESCRIPTION

Field of the invention

[0001] The present invention relates to a method of controlling the operation of a wind turbine
comprising a rotor, a generator and at least one heat generating component. The invention
further relates to a respective wind turbine control unit, a wind turbine, and a computer
program for controlling the wind turbine. The invention in particular relates to a method and a
control unit for limiting an increase of the temperature of the heat generating component.

Background

[0002] Wind turbines can include a number of components that produce heat due to electrical
losses during the delivery of electrical energy, for example a generator of the wind turbine that
converts mechanical energy provided by a rotor of the wind turbine to electrical energy, or a
converter that converts the electrical energy such that it is suitable for being fed into a power
grid. A wind turbine may comprise further components, such as a transformer connected
between the converter and the power grid, which also produce heat and may require cooling.
The generator, converter and transformer form part of the wind turbine's electrical drivetrain.
Heat can furthermore be generated in other components of the electrical drivetrain, such as in
further power conditioners, power cabling, bus bars and the like.

[0003] At higher ambient temperatures, the cooling of the wind turbine components becomes
more difficult. Such conditions can lead to an overheating of the components of the electrical
drivetrain. A conventional wind turbine can comprise a protection system that prevents damage
to such components from overheating. A conventional protection system shuts down the
operation of the wind turbine to stop heat production and protect the components from
damage. Such solution suffers from the drawback that the energy production is stopped, so
that less electrical energy is delivered to consumers, resulting in respective revenue losses for
the operators of the wind turbine.

[0004] To avoid these negative effects, the document EP 2 309 122 A1 proposes a method for
controlling a wind turbine at high thermal loads, in which the output power of the wind turbine is
controlled on the basis of a comparison of a temperature of such component with a
temperature set point. The method allows an adaptation of the power production to the
component temperature, and by reducing the output power, heating due to electrical losses is
reduced, and the actual temperature of the component can be kept below the set point
temperature for the respective component. The output power is reduced by adjusting a
pitching angle of the rotor blades of the wind turbine rotor so that less wind energy is
transferred to the rotor blades and converted into mechanical energy, whereby the amount of
power produced by the wind turbine is reduced. Generally, when the power output of the wind
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turbine is reduced, the rotor speed is also reduced so that long-term fatigue loading is reduced
(e.g. cyclic gravity loading on the blades or wear on the gears and bearings) and lead edge
erosion of the blades is avoided.

[0005] The document WO 2012/149984 A1 furthermore describes that the cooling provided by
blowers or fans that are rotationally coupled to the wind turbine rotor may be improved by
increasing the wind turbine rotor speed.

[0006] It is desirable to protect such wind turbine components from overheating without
reducing the amount of power that is produced by the wind turbine. In particular, it is desirable
to maintain the amount of power that is produced by the wind turbine while ensuring that the
components of the wind turbine operate within safe temperature limits. Also in situations in
which ambient temperatures rise or failures occur in the cooling system, it is desirable to avoid
that the power delivery to consumers is curtailed.

[0007] Further prior art is disclosed in US 2015322926 A1.

Summary

[0008] It is thus an object of the invention to mitigate at least some of the drawbacks outlined
above and to improve the control of the wind turbine. It is in particular an object of the invention
to maintain power output or provide less reduction of the power output of the wind turbine while
limiting the temperature increase of wind turbine components. This objective is achieved by the
features of the independent claims. The dependent claims describe embodiments of the
invention.

[0009] According to an embodiment of the invention, a method of controlling the operation of a
wind turbine comprising a rotor, a generator and at least one heat generating component is
provided. The method comprises obtaining a temperature of the heat generating component
and determining the presence of a predetermined increase of the temperature of the heat
generating component. Upon determining the presence of the predetermined temperature
increase, the rotational speed of the generator is controlled so as to increase the rotational
speed of the generator while not increasing the power output of the generator. The rotational
speed of the generator can in particular be controlled so as to reduce the generator torque and
thereby reduce the level of electrical current in the generator. The generator speed may also
be increased while increasing the electrical power output of the generator at a smaller
proportion than the increase in rotational speed of the generator so as to reduce the level of
electrical current in the generator. Increasing the generator output at such smaller proportion
may also reduce the generator torque. In other words, the power offtake from the generator
(or the electrical load on the generator) is kept constant or is reduced, while the rotational
speed of the generator is increased. The torque applied to the generator can thus be limited,
which results in lower current levels in the generator. The heat generating component is a
component which generates heat due to electrical losses associated with the production of
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electrical power by the wind turbine. As the amount of heat generated by wind turbine
components, in particular components of the electrical drivetrain, is in general proportional to
the square of the electrical current flowing in conductors of these components, the reduced
current level in these components may limit the heat production by these components and thus
a temperature increase of the temperature of these components. Furthermore, a reduced heat
generation in the generator may allow a redirection of cooling capacity of a cooling system
from the generator to another heat generating component, which may or may not directly
benefit from the reduced current levels that are achieved with the present method. The present
embodiment may thus provide a method of efficiently limiting the temperature increase of the
heat generating component by increasing the rotational speed of the generator while not
requiring a decrease in the power output of the generator.

[0010] The electrical power output of the generator may also be increased at a smaller
proportion than the increase in rotational speed of the generator. A reduction of the generator
torque and the associated currents may thus still be achieved, so that heat generation due to
electrical losses may be reduced. The percentage increase of power output may be less than
90%, 70%, 50%, or 25% of the percentage increase of the rotational speed of the generator.
For example, if the rotational speed of the generator is increased by 20%, the power output
from the generator is increased by only 10%, i.e. the percentage increase of the power output
is 50% less. An efficient torque reduction may thus be achieved.

[0011] The temperature may be obtained repeatedly, for example by repeatedly measuring or
determining the temperature of the heat generating component, so as to determine the
presence of the predetermined increase of the temperature of the heat generating component.
The predetermined increase of the temperature may for example be an increase of the
temperature of the component to a value that is equal to or above a respective temperature
threshold, or an increase of the temperature at a rate that is above a respective rate threshold.
The temperature may be obtained by reading a respective signal from a temperature sensor
that is directly or indirectly associated with the respective heat generating component.

[0012] By reducing the current level in the generator, the heat generation may be reduced
efficiently, while the output power of the wind turbine can remain stable. In particular, the
generator of the wind turbine can be the component of the electrical drivetrain that is most
affected by heat and thus is a limiting factor. Limiting the currents produced by the generator
and thus the heat generation by the generator thus allow operation at higher ambient
temperatures while maintaining the power output of the wind turbine.

[0013] In an embodiment, controlling the rotational speed of the generator comprises, or is
performed by, controlling the rotational speed of the rotor of the wind turbine. For example, the
rotor may directly drive the generator, or the rotor may be connected to the generator by
means of a transmission (or gearbox) having a predetermined transmission ratio. Directly
driving the generator means that the rotor of the wind turbine and the rotor of the generator
rotate at the same angular velocity, they may for example be provided on the same shaft or on
two shafts that are directly connected (a so called direct drive wind turbine). The rotational
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speed of the rotor may for example be controlled by controlling the pitch angle of blades of the
rotor, either individually or collectively.

[0014] In an embodiment, the rotational speed of the generator is increased by increasing the
rotational speed of the rotor by adjusting a pitch of rotor blades of the rotor. The rotational
speed of the generator can thus be increased effectively while the power output of the
generator can be maintained.

[0015] Controlling the rotational speed of the generator in this way is particularly suitable for
conditions where the rotational speed of the rotor is below a maximum allowable rotational
speed of the rotor, and wind speeds are sufficient for the rated power production. In particular,
the pitch of the rotor blades of the rotor may be adjusted so that the amount of wind energy
that is transferred into mechanical energy by each rotor blade is increased. The pitch of the
rotor blade may for example be adjusted by means of an actuator that rotates the rotor blade
around its longitudinal axis.

[0016] In a further embodiment, controlling the rotational speed of the generator comprises
controlling the power offtake from the generator. In other words, the power output of the
generator can be reduced, e.g. the electrical load on the generator may be reduced. For
example, the rotational speed of the generator may be increased by reducing the power
offtake from the generator. As the load on the generator is reduced, the mechanical torque
applied to the generator by the wind turbine rotor will increase the rotational speed of the
generator. The resulting reduced current levels in the generator may again provide an effective
means to control the temperature increase of the heat generating component. Such type of
control is particularly useful in situations where the rotor speed cannot further be increased by
adjusting the pitch of the rotor blades, for example in situations where the wind speeds are
below the wind speeds required for producing the rated power, i.e. in situations in which the
rotor blades are already pitched at a position for maximum aerodynamic efficiency. As the
power offtake is decreased while the rotor speed is increased at the same time, the overall
reduction in torque on the generator is higher than for a control in which the rotor speed is kept
constant or reduced. Heat production can thus be limited more efficiently, and the wind turbine
can be operated with a higher output power while temperature limits are not exceeded. The
power offtake may for example be reduced by controlling a converter connected to the output
of the generator. In a full converter solution, a generator side control or a grid side control of
the converter may be performed.

[0017] Increasing the rotational speed of the generator may for example comprise reducing
the power offtake from the generator. The pitch of rotor blades of the rotor may be maintained
or may be adjusted so as to increase the aerodynamic efficiency of the blades while the power
offtake from the generator is reduced. The pitch of the rotor blades may in particular be
maintained at or be adjusted to a position with a maximum aerodynamic efficiency. In such
configuration, the power output of the wind turbine can thus be maintained at the maximum
possible level, while heat production is reduced, in particular for wind speeds below the wind
speeds required for rated power production.
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[0018] In an embodiment, if the presence of the predetermined temperature increase is
detected, the rotational speed of the rotor is controlled by setting the rotational speed of the
rotor to a maximum allowable rotational speed. In another embodiment, the rotational speed of
the rotor may be gradually increased, for example up to the maximum allowable rotational
speed. As mentioned above, the rotor speed may be increased by adjusting a pitch of the rotor
blades, or by reducing the power offtake from the generator. The rotor speed can for example
be adjusted to the allowable maximum upon detection that the component temperature, or rate
of temperature increase, reaches or exceeds a respective threshold (step change). Such
simple type of control has the advantage that it is relatively easy to implement. A more
sophisticated control which only gradually increases the speed of the rotor may lead to
reduced mechanical stress on the wind turbine components.

[0019] The maximum allowable speed of the rotor may be defined for the respective prevailing
conditions. For example, for the wind turbine, a rotor speed envelope may be defined which
establishes a maximum rotor speed permissible for combinations of wind speed and power
output levels. The maximum rotor speed may generally be restricted by the structure and
mechanical loading constrains of the wind turbine.

[0020] In an embodiment, the rotational speed of the rotor is controlled by a feedback loop
based on the temperature and/or rate of temperature increase of the heat generating
component. The feedback loop may for example employ a proportional integral (Pl) control
loop. The rotational speed of the rotor and/or the power offtake from the generator may thus
be controlled, for example using a Pl-controller. An error signal for such type of control may for
example be determined by subtracting a temperature threshold from the determined
temperature of the heat generating component, or vice versa. The feedback loop may then
adjust the rotational speed of the rotor and/or the power offtake from the generator to minimize
the error. The temperature of the heat generating component may thus be effectively
controlled and limited by controlling the rotational speed of the generator.

[0021] In an embodiment, determining the presence of a predetermined increase of the
temperature of the heat generating component comprises comparing the temperature of the
heat generating component to a temperature threshold and determining that the temperature
is equal to or larger than the temperature threshold. Additionally or alternatively, determining
the presence of the predetermined increase of temperature of the heat generating component
may comprise comparing a rate at which the temperature of the heat generating component
increases to an increase rate threshold and determining that the rate of temperature increase
is equal to or larger than the increase rate threshold. Such thresholds provide effective means
for determining when the temperature of the heat generating component increases to levels
that are not acceptable, or is about to increase to such levels.

[0022] In an exemplary embodiment, the rotational speed of the generator is controlled so as
to minimize the amount of time that the temperature of the heat generating component is
above a temperature threshold, for example by controlling the rotor speed and/or the power
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offtake from the generator. By ensuring that the time of operation above the temperature
threshold is minimized, the lifetime of the heat generating component may be increased.

[0023] In an embodiment, if the rotor rotates at a maximum allowable rotational speed or
reaches the maximum allowable rotational speed (which may again be determined by the rotor
speed envelope), and the temperature of the heat generating component or a rate of
temperature increase of the heat generating component reaches or exceeds a respective
predetermined threshold, the method further comprises reducing the power offtake from the
generator. For example, if the maximum rotational speed is reached and the temperature of
the component is still above the threshold, the power output from the generator can be
reduced to ensure that the temperature drops again below the threshold. The rotor can be
controlled to continue operation at the maximum allowable rotational speed, for example by
maintaining or adjusting the pitch of the rotor blades. By maintaining the maximum rotational
speed of the rotor when reducing the power offtake from the generator, the amount of energy
produced by the wind turbine remains relatively high compared to solutions in which the rotor
speed is reduced to reduce heat generation.

[0024] It is certainly also conceivable to apply two temperature thresholds, wherein, when the
temperature of the component reaches the first threshold, the rotors speed is increased up to
the maximum allowable rotational speed, and upon the temperature reaching a second higher
threshold, the power offtake from the generator is reduced.

[0025] In an embodiment, if the temperature or the rate of temperature increase are reduced
to below the respective threshold or to below a separate different threshold, the rotational
speed of the generator is returned to the nominal rotational speed specified for the respective
operating conditions.

[0026] In an embodiment, not increasing the power output from the generator comprises
controlling an electrical converter coupled to the generator such that the power offtake from
the generator is not increased, i.e. is maintained or is reduced. For example, the converter
may be a PWM (Pulse Width Modulation) converter, and the switching ratio of the PWM
converter may be adjusted to control the power offtake from the generator. Both, generator
side control (e.g. control of the rectifier) or grid side control (e.g. control of the inverter) of the
converter are conceivable. The controller may for example vary the switching ratio of the PVWM
inverter with the desired output power as a control target. In other embodiments, a field current
of the generator may be adjusted to control the power output of the generator.

[0027] In a similar fashion, the power output from the generator may be controlled to increase
at a smaller proportion than the increase in rotational speed of the generator. For example, the
converter or the generator may be controlled so that the power output does not increase
proportional to the increase in generator speed, but increases less so that a torque reduction is
achieved.

[0028] The generator and/or the electrical system may have a voltage limit. When increasing
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the rotational speed of the generator and such voltage limit is reached, the voltage may be
maintained at the same level and the power factor may be adjusted to become closer to one
(lagging). By maintaining power and voltage constant and increasing the power factor,
generator currents can be reduced. The converter may for example be configured to be
capable of adjusting the balance of active and reactive current in the generator. Additionally or
alternatively, the switching of capacitor banks into the electrical drivetrain may be controlled in
order to supply reactive power into the network.

[0029] According to the invention, the heat generating component is a component which
generates heat due to electrical losses associated with the production of electrical power (for
example a component the heat generation in which is related to a current produced by the
generator). In an embodiment, the heat generating component is the generator or a
component cooled by cooling system that provides cooling to the generator. One, two or more
of such heat generating components may be provided. The heat generating component may
thus directly benefit from the reduced generator currents (as it will generate less heat due to
the lower currents), or may indirectly benefit as the heat generation in the generator is reduced
and cooling capacity of a cooling system of the wind turbine can thus be freed and redirected
to cool the heat generating component.

[0030] As an example, the heat generating component may be an electrical component, in
particular an electrical component downstream of the generator, such as an electrical
component of the electrical drivetrain of the wind turbine, a cable, in particular a cable
connecting the generator to a converter, a bus bar, an active power conditioning unit, a passive
power conditioning unit, a converter, a transformer, or the like. The control may relate to two or
more of such heat generating components, and the temperature of such two or more heat
generating components may be obtained and evaluated to control the rotational speed of the
generator as described above.

[0031] In an embodiment, the generator and the heat generating component are cooled by a
cooling system. After increasing the rotational speed of the generator, the cooling system is
controlled so as to redirect cooling capacity from the generator to the heat generating
component. Even components of the wind turbine that do not directly benefit from the lower
currents produced by the generator may thus be cooled more effectively by the present
embodiment.

[0032] A further embodiment of the present invention relates to a wind turbine control unit for a
wind turbine that comprises a rotor, a generator and at least one heat generating component
that generates heat due to electrical losses associated with the production of electrical power
by the wind turbine. The control unit comprises an input configured to receive an indication of a
temperature of the heat generating component, for example via a data bus that provides a
connection to the heat generating component, or from a respective temperature sensor. The
control unit further comprises an output configured to transmit a control signal to control the
rotational speed of the generator, for example by providing a control signal to a system that
controls the pitch of rotor blades of the rotor, and/or by providing a control signal to a controller
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that controls the power offtake from the generator. The control unit further comprises a
processing unit configured to perform any of the above described methods. In particular, the
control unit may obtain the temperature of the heat generating component via the input,
determine the presence of a predetermined increase of the temperature of the heat generating
component and, upon determining the presence of such predetermined temperature increase,
control the rotational speed of the generator by providing a respective control signal on the
output to increase the rotational speed of the generator while not increasing the electrical
power output of the generator. The control unit can comprise a memory storing respective
control instructions and a processor configured to execute the control instructions.

[0033] A further embodiment of the invention relates to a wind turbine that comprises a rotor, a
generator coupled to the rotor, at least one heat generating component that generates heat
due to electrical losses associated with the production of electrical power by the wind turbine
and a wind turbine control unit configured as described above. The heat generating
component can be or include the generator. The wind turbine may further comprise a
converter that is electrically connected to the generator and that is configured to convert
electrical power produced by the generator. The rotor may comprise rotor blades the pitch
angle of which can be controlled by the control unit. For controlling the generator speed, the
control unit may provide the control signal to adjust the pitch angle or may control the power
offtake from the generator, for example by providing a respective control signal to the
converter to adjust the electrical load on the generator.

[0034] By such wind turbine control unit and such wind turbine, advantages similar to the ones
outlined further above with respect to the embodiments of the method may be achieved. The
wind turbine control unit and the wind turbine may be configured to perform any of the above
described method steps and may have any of the above described configurations.

[0035] A further embodiment of the invention provides a computer program for controlling a
wind turbine. The computer program is defined in claim 15. The computer program, in
particular the control instructions, can be provided on a volatile or non-volatile data carrier or in
a respective memory.

Brief description of the drawings

[0036] The foregoing and other features and advantages of the invention will become further
apparent from the following detailed description read in conjunction with the accompanying
drawings. In the drawings, like reference numerals refer to like elements.

Fig. 1
is a schematic drawing showing a wind turbine and a wind turbine control unit according
an embodiment of the invention.

Fig. 2
is a schematic drawing illustrating a wind turbine control unit according to an
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embodiment of the invention.

Fig. 3
is a schematic drawing showing exemplary diagrams of operational parameters when
operating the wind turbine in accordance with an embodiment of the invention.

Fig. 4
is a schematic drawing showing exemplary diagrams of operational parameters when
operating the wind turbine in accordance with an embodiment of the invention.

Fig. 5
is a schematic drawing showing exemplary diagrams of operational parameters when
operating the wind turbine in accordance with an embodiment of the invention.

Fig. 6
is a schematic drawing showing a flow diagram that illustrates a method according to an
embodiment of the invention.

Fig. 7
is a schematic drawing showing a diagram of a generator induced electromotive force

(emf).

Detailed description

[0037] In the following, embodiments of the invention will be described in detail with reference
to the accompanying drawings. It is to be understood that the following description of the
embodiments is given only for the purpose of illustration and is not to be taken in a limiting
sense. It should be noted that the drawings are to be regarded as being schematic
representations only, and elements in the drawings are not necessarily to scale with each
other. Rather, the representation of the various elements is chosen such that their function and
general purpose become apparent to a person skilled in the art.

[0038] Fig. 1 is a schematic drawing showing a wind turbine 100 according to an exemplary
embodiment. The wind turbine 100 comprises a wind turbine control unit 10 that controls the
operation of the wind turbine 100. The wind turbine 100 includes a rotor 110 that is coupled via
a shaft 115 to a generator 105. The wind turbine 100 may be a direct drive wind turbine, in
which the rotor 110 directly drives the generator 105, or a transmission or gearbox may be
provided between the rotor 110 and the generator 105 that has a transmission ratio for
operating the generator 105 at a higher rotational speed. The rotor 110 comprises two or
more, preferably three, rotor blades 111. Each rotor blade 111 can be rotated around its
longitudinal direction by means of a pitch control system 112. The pitch control system 112 can
include an actuator, such as a servo motor or hydraulic cylinder, that rotates the rotor blade
111 around its longitudinal axis. The control unit 10 provides a control signal to the pitch control
system 112 to control the orientation of the rotor blade 111. The blade orientation determines
the amount of wind energy which is converted by the rotor blade to mechanical energy. A pitch
angle of 0 degrees may correspond to a position in which the blade has the maximum
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aerodynamic efficiency (highest power point). WWhen winds are higher than the rated speed, the
rotor blades can be pitched out to reduce the amount of transferred energy and to operate the
wind turbine at the optimal rotational speed of the rotor.

[0039] Generator 105 is configured to convert the mechanical energy provided by the rotor
110 into electrical energy. Rotor 110 applies a certain torque at a certain rotational speed, and
generator 105 produces respective electrical power. The amount of current | flowing in the

windings of the generator is generally proportional to the level of torque T:
I=k*1, (1)
wherein k is a proportionality ratio determined by properties of the electrical generator. The

relationship between power P and 1 is:
T=P /0w, (2)
wherein w is the rotational speed of the generator.

[0040] As mentioned above, heat generation by a component is proportional to the square of
the current flowing through the respective conductors. By reducing the generator torque, the
level of current can accordingly be reduced. The inventors have recognized that the current
levels can be reduced by increasing the rotational velocity of the generator to reduce the
torque. In accordance with the above relationship, the torque can be lowered while the power
output of the generator can be kept constant. Thereby, the current in the generator windings
and thus the heating can be reduced significantly, while the power output of the generator can
remain constant. The use of higher rotational speeds to decrease component temperatures is
contrary to conventional solutions, where machines are generally considered to produce more
heat when operated at higher speeds. In particular, conventional methods of reducing the heat
production in wind turbines reduce the rotor speed to decrease the amount of heat production,
as outlined in the background section of the present application.

[0041] Wind turbine 100 further comprises the converter 130 that converts electrical power
generated by the generator 105, for example by performing AC to AC conversion. Converter
130 can include a generator side converter 131, in particular a rectifier, and a grid side
converter 132, in particular an inverter. Converter 130 can adapt the frequency and/or phase
of the generated electrical power to that of the power grid 160. Rectifier and inverter are
coupled by a DC link.

[0042] A transformer 140 is furthermore provided for coupling the output of the converter 130
to the electrical power grid 160. The transformer 140 can step up the generated electrical
power to the voltage required for transmission into the power grid 160. Transformer 140 can
be part of the wind turbine 100 or can be a separate component.

[0043] Wind turbine 100 can furthermore comprise a cooling system 150, which can be an
active cooling system employing for example a liquid or air as a cooling medium. Cooling
system 150 can be configured to cool one or more components of the wind turbine 100, for
example the generator 105, the converter 130, and/or the transformer 140. Control unit 10 of
the wind turbine can be configured to control the cooling system 150, for example by
controlling the amount of cooling provided to the one or more components of the wind turbine
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100 that are cooled by the cooling system 150.

[0044] Wind turbine 100 can comprise electric cables and bus bars that connect respective
electric components. For example, power cables 120 connect the generator 105 to the
converter 130. Further corresponding electrical connections can be provided between the
converter 130 and the transformer 140, and between the transformer 140 and the power grid
160.

[0045] The electrical drivetrain of the wind turbine 100 comprises the generator 105, power
cabling, e.g. cable 120, the converter 130, the transformer 140, and may comprise further
components, such as power conditioners for adjusting the amount of reactive power.
Components of the electrical drivetrain produce heat that is at least partially proportional (in
particular to the square) to the current in the system. Heat is for example generated by the
current in the windings of the generator 105, by the currents in the power cable 120, any by
currents in semiconductor switches of the converter 130. Generally, the generator 105 is the
component of the electrical drivetrain that is most seriously affected by heat and can thus act
as a limiting factor. The wind turbine 100 may comprise further heat generating components
the heat generation in which is not directly proportional to the currents in the drivetrain.

[0046] Control unit 10 obtains information on the temperature of one or more heat generating
components. For example, generator 105 can include a temperature sensor 106 which
provides a signal indicative of the generator temperature to the control unit 10. Some
components of wind turbine 100 may already comprise a temperature sensor or other
temperature detection means, and a sensor cable or a data communication bus may connect
such component to the control unit 10, so that temperature information can be received by
control unit 10 over such data connection. In other examples, a dedicated temperature sensor
may be provided, for example for sensing the temperature of the power cable 120. Control unit
10 is thus capable of determining the temperature of one or more of the heat generating
components, and in particular of the generator 105.

[0047] Control unit 10 is configured to determine the presence of a predetermined increase of
the temperature of the respective heat generating component, as described hereinafter in
more detail with respect to Fig. 2. If the control unit 10 determines the presence of a
predetermined temperature increase, it controls the rotational speed of the generator so as to
increase the rotational speed of the generator. As outlined above with respect to equation 2,
this allows the torque to decrease while the electrical power output of the generator can be
maintained. To increase the rotational speed of the generator 105, the control unit 10 can for
example control the rotational speed of the rotor 110 by changing the pitch of the rotor blades
111. Controller 10 can for example adjust the pitch so that is oriented closer to the maximum
aerodynamic efficiency and the rotor speed is increased or adjusted to a target speed.
Controller 10 is furthermore configured to maintain the power output of the generator 105
constant, or to decrease the power offtake from the generator 105 while increasing its
rotational speed.
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[0048] The amount of power that is taken from the generator 105, e.g. the electrical load on
the generator 105, can be adjusted by controlling the converter 130. For example, the
switching cycles of the converter 130 can be controlled to determine the power offtake from the
generator. The generator side converter 131 may be a PWM rectifier, the switching cycles of
which can be controlled to determine the power offtake. In other examples, the grid side
converter 132 can be a PWM inverter, the switching cycles of which can be controlled to
determine the power offtake. It should be clear that other possibilities exist to control the
amount of current which is drawn from the generator 105, and that these may be used to
control the power offtake from generator 105 by the control unit 10.

[0049] The converter 130 may for example comprise a converter controller, and the control
unit 10 may provide to the converter controller a set point for the amount of power that the
converter 130 takes off the generator 105, i.e. for the electrical load that the converter 130
applies to generator 105.

[0050] The control unit 10 may thus be configured to independently control the rotational
speed of the rotor 110 (and thus of the generator 105) and the power offtake from generator
105. By increasing the rotational rate of the generator 105 while maintaining the power output
from generator 105 constant, the heat production by generator 105 can be limited while the
electrical power produced by the wind turbine 100 can remain constant.

[0051] In other embodiments, the control unit 10 may increase the electrical power output of
the generator at a smaller proportion than the increase in rotational speed of the generator. As
can be seen from equation (2), such smaller increase in the output power will still lead to a
reduction of the generator torque, so that a reduction of the current level in the generator and
thus in downstream electrical components can be achieved. Heat generation due to electrical
losses in the generator and in such components, in particular components of the electrical
drivetrain, can thereby be reduced. The percentage increase of power output can for example
be less than 90%, 70%, 50%, or 25% of the percentage increase of the rotational speed of the
generator.

[0052] Wind turbine 100 is not limited to any particular type of wind turbine. It may operate with
different kinds of generators, such as a permanent magnet synchronous generator, an
asynchronous generator, a doubly fed induction generator or the like. It is further not limited to
a full converter solution as illustrated in Fig. 1, but may comprise a different system for
conditioning the power output.

[0053] Fig. 2 is a schematic drawing showing an embodiment of the wind turbine control unit
10, which may be employed in the wind turbine 100 of Fig. 1. The control unit 10 comprises a
data processor 11, for example a microprocessor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), or the like. It further comprises memory 12.
Memory 12 can comprise volatile and non-volatile memory, such as RAM, ROM, flash memory,
a hard disk drive or the like. Memory 12 stores control instructions that can be executed by the
data processor 11. The control instructions and the control unit 10 can be configured to
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perform any of the methods described herein. Control unit 10 may comprise further
components common to such control unit, such as an input/output interface for communicating
with the components of the wind turbine described herein, for example for receiving data
signals including information on the temperature of wind turbine components and for
transmitting control signals to components of the wind turbine.

[0054] The controller 10 receives as inputs the component temperature T¢ of one or more

wind turbine components. In the example of Fig. 2, the controller 10 receives the generator
temperature Tgep, the converter temperature Tcgony and the cable temperature Tegpe. In other
embodiments, further or fewer temperatures may be received, for example only the generator
temperature. Control unit 10 may furthermore receive information on operating parameters OP
of the wind turbine 100, such as information on the rotational speed of the rotor 110,
information on the actual power output of the generator 105, information on the prevailing wind
conditions and the like.

[0055] Based on the received information, the controller 10 controls the operation of the wind
turbine 100. Control unit 10 for example provides a control signal to the pitch control system
112 to individually or collectively adjust the pitch of the rotor blades 111. Control unit 10 may for
example transmit a set point for the rotor blade pitch, or may directly control the actuator of the
pitch control system 112. In the example of Fig. 2, the control unit 10 furthermore provides a
control signal to the converter 130 to control the power offtake from generator 105. Control unit
10 may for example provide a target power offtake or a target current value to the converter
130, so that the converter 130 can adjust its operation based on such target value.

[0056] Control unit 10 may communicate with further components of the wind turbine 100, for
example with the cooling system 150. It may receive information on the cooling capacity
available from cooling system 150, and on the cooling provided to the different components of
the wind turbine 100. Control unit 10 may provide a control signal to cooling system 150 to
control the amount of cooling that is provided to the respective components of the wind turbine
100. For example, if the temperature of a component of the wind turbine that is not affected by
a reduction in the current in the electrical drivetrain becomes too high, the control unit 10 can
reduce the current in the generator by any of the methods described herein and can redirect
cooling capacity from the generator to the respective component by controlling the cooling
system 150. It should be clear that the cooling demand of other systems of the wind turbine
may also be reduced, and controller 10 may redirect cooling capacity to components of the
wind turbine 100 as required.

[0057] With respect to Figs. 3-5, several ways of operating the control unit 10 and the wind
turbine 100 are described.

[0058] Fig. 3 shows three schematic diagrams that illustrate operation of the control unit 10 in
accordance with an embodiment of the method. Diagram 301 shows the component
temperature T, which can for example be the temperature of the generator 105, as a function

of time t. The diagram 302 shows the rotational speed w of the rotor 110. The diagram 303
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shows the output power P produced by the generator 105, i.e. the power offtake from
generator 105.

[0059] As mentioned above, a rotor speed envelope can be defined for the wind turbine, the
envelope establishing a maximum rotor speed that is permissible at every combination of wind
speed and power output level. The maximum rotor speed is generally limited by the structure
and mechanical loading constrains of the wind turbine. In Fig. 3, the maximum allowable
rotational speed of rotor 110 is indicated at wmay, yet it should be clear that this value depends

on the operating conditions of the wind turbine as defined by the respective rotor speed
envelope.

[0060] It should be clear that the operating conditions shown in the diagrams are only for the
purpose of illustration and will look differently in real operating conditions.

[0061] Controller 10 may operate with a temperature threshold Tiyre5, Wherein the operating

temperature of the heat generating component should maintained below the temperature
threshold. Tiygs May for example be the lower boundary of a temperature range in which the

component can still be operated, yet the operating time in this temperature range should be
limited to increase the lifetime of the component. Tiesh may thus be a soft limit, and the

control unit 10 is operable to minimize the amount of time during which the component
operates within this temperature range. For a generator 105, such temperature range may for
example be between 125°C and 145°C, or between 145°C and 165°C, depending on the
insulation class of the generator. The upper limit of such temperature range may constitute a
second temperature threshold, above which damage to the component may be expected. If
the component temperature exceeds such second hard threshold, the controller 10 may take
further actions to reduce the heat generation by the respective component to avoid damage to
the component, for example by significantly reducing the power offtake from the generator or
by shutting off the wind turbine.

[0062] In other embodiments or operating modes, the temperature threshold Tiyesn mMay

already be a hard temperature threshold above which the component should not be operated.

[0063] Curve 201 illustrates the component temperature. In the example of Fig. 3, the
component temperature raises until it reaches the threshold temperature at time tq. If the
control unit detects that the component temperature has reached or exceed the temperature
threshold, it controls the generator speed by increasing the rotational velocity of the rotor to
increase the generator speed. As can be seen in diagram 302, the control unit 10 increases at
t4 the rotational speed of the rotor shown in curve 202 up to the maximum allowable rotational
speed wmax. Control unit 10 in particular adjusts the collective pitch positions of the rotor
blades such that the rotor reaches wmax. At the same time, the control unit 10 maintains the
power offtake from the generator constant, in particular at the rated level (curve 203 in
diagram 303). As explained in detail above, this will limit the generator torque, and the current
levels in the generator are reduced as a result. This operating mode may be termed a torque
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limiting mode. As a result, the heat production in the wind turbine component is reduced.

[0064] Accordingly, the temperature increase in the heat generating component is reduced,
and the component temperature again drops below the temperature threshold at time t;. Upon

detecting that the component temperature has dropped below the temperature threshold, the
control unit 10 reduces the rotational speed of the rotor to the nominal rotational speed for the
prevailing conditions, in particular to the previous rotational speed. The wind turbine can then
continue to operate with nominal operating parameters.

[0065] By providing such step change of the rotational speed of the rotor, the control and thus
temperature limiting mode can be implemented relatively simple and straight forwardly.
Besides such step change of the rotor speed, it is certainly possible to provide a more
sophisticated control. For example, a control feedback loop may be provided that uses the
difference between the component temperature 201 and the temperature threshold Tiyesh as

an error signal and that minimizes such error signal by controlling the rotor speed by adjusting
the pitch positions of the rotor blades. Such feedback control loop may give out a target speed
for the rotor. In particular, proportional integral (Pl) feedback may be employed. The rotational
speed of the rotor may then only gradually increase and may not reach the maximum
allowable rotational speed.

[0066] The control method described with respect to Fig. 3 may in particular be employed for
situations where the rotor speed is below the maximum allowable rotor speed defined by the
rotor speed envelope and can thus be further increased. Furthermore, it is preferably
employed if the wind speeds are sufficient for rated power production, i.e. the rotor blades are
not already pitched for maximum aerodynamic efficiency.

[0067] Further, besides employing a temperature threshold, the control method may also
employ rate thresholds limiting the rate at which the component temperature raises.
Accordingly, the rotor speed may be increased when the rate of temperature increase of the
component reaches or exceeds a predefined temperature increased rate threshold. By
considering the rate of temperature increase, counter measures against the temperature
increase can be taken prior to reaching the temperature threshold Tihesh by increasing the

rotational speed of the rotor. When using a control feedback loop, a PID (proportional integral
derivative) control loop may be employed.

[0068] It is noted that when increasing the rotational speed of the rotor at ti, power output from
the generator can also be increased at a proportion smaller than the increase in rotational
speed. As can be seen from equation (2), a torque reduction and associated cooling effect is
still achieved even when the power output of the generator is increased at such smaller
proportion.

[0069] If the wind speeds are lower than required for producing the rated output power of the
wind turbine, the control unit 10 may control the operation of the wind turbine as illustrated in
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the diagrams of Fig. 4. In such situation, the rotor blades are generally pitched at the optimum
position for maximum aerodynamic efficiency. If the component temperature reaches the
temperature threshold Tinresn, the control unit 10 maintains the optimum pitch of the rotor

blades and does not decrease the rotational speed of the rotor. As shown in diagram 403, the
control unit 10 gradually reduces the power offtake from the generator 105, whereupon the
rotor speed increases as illustrated in curve 202, since the load on the generator is reduced.
Again, a feedback loop, in particular, a Pl controller, may control the reduction in the power
offtake so as to achieve the target rotor speed determined by the Pl controller and to limit the
temperature increase of the wind turbine component. Due to aerodynamic effects, the increase
in the rotor speed in this situation has a nonlinear relationship with the reduction in power
offtake. As a consequence, the overall reduction in torque will even be higher when employing
this type of control compared to a method in which the power offtake is reduced and the rotor
speed is held constant or reduced by controlling the pitch of the rotor blades. In this exemplary
control method, the heat generation in the wind turbine component is effectively limited, while
the power output of the wind turbine is kept high even in these low wind conditions.

[0070] It should be clear that the variations of the control method as explained with respect to
Fig. 3 are equally applicable to the method explained with respect to Fig. 4. For example, the
power offtake as illustrated in curve 203 may not be reduced gradually, and may not be
reduced by making use of a feedback loop, but it may be reduced using a step function to
simplify control.

[0071] Fig. 5 illustrates a situation in which the wind turbine is already operating with a
maximum allowable rotor speed wmax, as illustrated in curve 202 of diagram 502, or where

such maximum allowable rotor speed is reached during one of the above described control
methods. In such situation, the rotational speed of the rotor 110 cannot be further increased,
as this may cause damage to the rotor and the wind turbine. When the component
temperature reaches the temperature threshold at t1, the control unit 10 reduces the generator

torque by reducing the power offtake from the generator 105, for example by controlling the
converter 130 as described above (curve 203). Furthermore, the control unit 10 controls the
rotor speed such that the rotor will continue to operate at the maximum allowable rotational
speed as defined by the respective rotor speed envelope. In particular, the control unit 10 may
adjust the pitch of the rotor blades so that the rotational speed is maintained at w5 When

the component temperature or the rate of temperature increase has lowered sufficiently, the
control unit 10 will discontinue the power output curtailment.

[0072] This method may for example be combined with the method described with respect to
Fig. 3. The increase of the rotor speed to wmax alone may not be sufficient to bring down the

temperature of the wind turbine component. If the component temperature remains above
threshold for certain amount of time, or if the component temperature continues to rise, or if
the component temperature reaches or exceeds a second temperature threshold, the control
unit 10 can additionally reduce the power output of generator 105 to bring down the
component temperature as shown in figure 5. As described, the rotor speed can continue to
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operate at the maximum permitted and will only be reduced back to the nominal operating
speed once the temperature or rate of temperature increase is sufficiently low so that the
power output curtailment can discontinue. The rotor speed can be gradually reduced back to
nominal, or may be reduced in a step as shown in Fig. 3.

[0073] Again, the variations described with respect to Fig. 3 are equally applicable to the
method described with respect to Fig. 5, and a simple step control of the output power may be
performed, or the output power may be controlled by a feedback loop, in particular by a PI
controller.

[0074] It should be clear that the control unit 10 may implement one, two or each of the control
methods described above with respect to Figs. 3 to 5, and may select the method to be
employed in dependence on the prevailing conditions, such as component temperature, wind
conditions, and rotational speed of the rotor.

[0075] In general, the wind turbine is not always operated at the maximum speed permit by the
rotor speed envelope. Rather, rotor speeds can be kept lower during normal operations so as
to reduce stress and fatigue on components, to reduce noise, and to reduce leading edge
erosion of the wind turbine rotor blades. Accordingly, embodiments of the present invention
employ higher rotor speeds temporarily for heat reduction. Through the higher rotor speeds,
torque reduction is achieved, which is used as a control feature and actively applied on the
basis of measurements of wind turbine component temperatures.

[0076] In particular, by embodiments of the invention, generator performance can be improved
in conditions in which high ambient temperatures prevail, or in situations where faults in cooling
systems exist. In particular, embodiments of the inventive method allow the output power of the
wind turbine to be maintained relatively high even in such types of conditions. The increase in
temperature of wind turbine components is contained while the wind turbine continues to
produce electrical power at the maximum level possible for the prevailing conditions.

[0077] Fig. 6 shows a flow diagram illustrating an embodiment of a method according to the
invention. The method corresponds to the conditions illustrated in Fig. 3. At step 601, the rotor
is operated at nominal rotational speed for the respective prevailing conditions, in particular
wind speed and turbine characteristics. In step 602, the temperature of the heat generating
component, for example of the generator, is measured. In decision step 603, it is determined
whether the measured temperature T of the heat generating component exceeds a
temperature threshold. As mentioned above, it may additionally or alternatively be determined
whether a rate of temperature increase of the heat generating component exceeds a
respective increase rate threshold. If the measured temperature does not exceed the
threshold, the wind turbine continues to operate at nominal rotational speed. If the temperature
threshold is exceeded, the rotational speed of the rotor is increased while the power output of
the generator is not increased, and is in particular maintained constant (step 604). Thereby,
the generator torque and currents in the generator are reduced. In step 605, the temperature
of the heat generating component is measured. In the decision step 605, the measured
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temperature of the component is again compared to the temperature threshold, which can be
the same threshold as in step 603 or can be a different threshold (for example for reducing
swinging effects). If it is determined in step 606 that the temperature of the component still
exceeds the threshold, the rotational speed of the rotor is maintained at the increased level, or
is further increased (step 607). If the temperature increase cannot be stopped (dashed lines in
figure 5) or the temperature of the component increases further above a second threshold
(Tthreshz in figure 5), output power curtailment may be employed (curve section 205 in figure 5)

or the wind turbine may be shut down to avoid any damage to the respective component, in
particular to the generator.

[0078] If it is determined that the component temperature no longer exceeds the threshold, the
rotational speed of the rotor is again reduced back to the nominal rotational speed (step 608).
Operation of the wind turbine continues with nominal rotational speed of the rotor for the
respective prevailing conditions (step 601).

[0079] Adjusting the rotational speed of the rotor may again be performed by a feedback
controller that for example implements the loop illustrated in Fig. 6 and that gradually increases
the rotational speed of the rotor, or the rotor speed may simply be set to a higher rotor speed,
such as the maximum allowable rotational speed.

[0080] It should be clear that the method may furthermore comprise any of the steps
described hereinabove and in particular with respect to Figs. 3 to 5. Furthermore, it should be
clear that the control unit 10 can be configured to carry out any of the methods described
herein.

[0081] The schematic diagram of figure 7 illustrates an example of how the power offtake from
the generator 105 can be controlled. In general, the power produced by a generator can be
described by the equation P ~ | V cos ¢, wherein P is the active power (watts), | is the current
(amperes), V is the voltage (volts), and cos(9) is the power factor.

[0082] When the generator is rotating, the voltage produced by the generator (also called back
electromotive force or back emf) typically increases linearly. According to the above equation
for the generated power, as the voltage increases, the power taken off the generator can be
kept constant by drawing less current. It is thus possible to achieve the same power at the
same power factor. The increase of back emf with generator rotational speed wggy is shown

at reference numeral 701 in figure 7.

[0083] The electrical system of the wind turbine, in particular of the respective section of the
drivetrain, may have a voltage limit, which should not be exceeded to avoid damage to the
respective components or a reduction in lifetime. Figure 7 illustrates the respective voltage limit
702, which is reached at the rotational speed limit indicated with reference numeral 703. If the
rotational speed continues to increase beyond this limit 703, then the control unit 10 may
control the converter 130 such that the voltage remains the same but the power factor is
increased closer to 1 (lagging). This is shown at curve section 704 of the diagram of figure 7.
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As can be seen from the above equation, by increasing the power factor and maintaining the
power and voltage constant, the current drawn from the generator can be reduced.
Accordingly, a reduced heat generation in the generator and in downstream electrical
components can be achieved, and/or the cooling capacity that is freed by reducing the heat
generation can be redirected.

[0084] The adjustment of the power factor may be performed by the control unit 10 by
controlling a power converter that is configured to allow an adjustment of the balance between
active and reactive current at the generator. Additionally or alternatively, the reactive power
may be controlled by providing one or more capacitor banks which can be switched into the
circuit under control of the control unit 10. It thus becomes possible to supply reactive power to
the network.

[0085] Other possibilities for controlling the power output and power factor of the generator
exist. For example, the magnitude of a rotor field current of a synchronous generator may be
controlled for adjusting the generated reactive power.

[0086] While specific embodiments are disclosed herein, various changes and modifications
can be made without departing from the scope of the invention which is defined by the
appended claims. The present embodiments are to be considered in all respects as illustrative
and non-restrictive.
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Patentkrav

1. Fremgangsmade til styring af driften af en vindmelle (100) omfattende en
rotor (110), en generator (105) og mindst en varmegenererende komponent
(105, 130, 140), hvorved fremgangsmaden omfatter:

- opnéelse af en temperatur af den varmegenererende komponent (105, 130,
140), som genererer varme pa grund af elektriske tab knyttet til produktionen
af elektrisk effekt fra vindmallen (100);

- bestemmelse af tilstedeveaerelsen af en forudbestemt foragelse af temperatu-
ren af den varmegenererende komponent (105, 130, 140); og

- ved bestemmelse af tilstedeveerelsen af den forudbestemte temperaturfor-
@gelse, styring af rotationshastigheden af generatoren (105), saledes at rota-
tionshastigheden af generatoren (105) @ges, mens det elektriske effektoutput
fra generatoren (105) ikke @ges, eller mens det elektriske effektoutput fra ge-
neratoren (105) @ges ved en mindre andel end @gningen i rotationshastighe-
den af generatoren, saledes at niveauet af elektrisk strem i generatoren (105)
reduceres.

2. Fremgangsmade ifglge krav 1, hvorved styring af rotationshastigheden af
generatoren (105) omfatter styring af rotationshastigheden af rotoren (110).

3. Fremgangsmade ifglge krav 1 eller 2, hvorved rotationshastigheden af ge-
neratoren (105) @ges ved at @ge rotationshastigheden af rotoren (110) ved
justering af en pitch af rotorvinger (111) af rotoren (110).

4. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
styring af rotationshastigheden af generatoren (105) omfatter styring af effekt-
udtaget fra generatoren (105).

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
en ggning af rotationshastigheden af generatoren (105) omfatter reduktion af
effektudtaget fra generatoren (105), hvorved en pitch af rotorvinger (111) af
rotoren (110) bibeholdes eller justeres, saledes at den aerodynamiske effekti-
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vitet af rotorvingerne (111) @ges, mens effektudtaget fra generatoren (105) re-
duceres.

6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
styring af rotationshastigheden af generatoren (105), saledes at rotationsha-
stigheden af generatoren @ges, omfatter indstilling af rotationshastigheden af
rotoren (110) til en maksimal tilladelig rotationshastighed eller gradvis agning
af rotationshastigheden af rotoren (110).

7. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
rotationshastigheden af rotoren (110) styres af en tilbagekoblingsslgje baseret
pa temperaturen og/eller raten af temperaturforagelsen af den varmegenere-
rende komponent (105, 130, 140).

8. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
bestemmelse af tilstedevaerelsen af en forudbestemt foragelse af temperatu-
ren af den varmegenererende komponent (105, 130, 140) omfatter sammen-
ligning af temperaturen (Tc) af den varmegenererende komponent (105, 130,
140) med en temperaturteerskelveerdi (Tterskel) 0g bestemmelse af, at tempe-
raturen er lig med eller st@rre end temperaturteerskelveerdien, og/eller hvorved
bestemmelse af tilstedevaerelsen af en forudbestemt foragelse af temperatu-
ren af den varmegenererende komponent (105, 130, 140) omfatter sammen-
ligning af en rate, ved hvilken temperaturen af den varmegenererende kompo-
nent forages til en foragelsesrateteerskelveerdi, og bestemmelse af, at raten af
temperaturforagelsen er lig med eller stagrre end foregelsesrateteerskelveer-
dien.

9. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved,
hvis rotoren (110) roterer ved en maksimal tilladelig rotationshastighed eller
nar den maksimale tilladelige rotationshastighed, og temperaturen af den var-
megenererende komponent (105, 130, 140) eller en rate af temperaturforagel-
sen af den varmegenererende komponent nar eller overstiger en respektiv for-
udbestemt teerskelvaerdi, fremgangsmaden yderligere omfatter reduktion af ef-
fektudtaget fra generatoren (105).
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10. Fremgangsmade ifelge krav 9, hvorved rotoren (110) fortsaetter med at
veere | drift ved den maksimale tilladelige rotationshastighed ved justering af
pitchen af rotorvingerne (111).

11. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
en ikke-foragelse af effektoutputtet fra generatoren (105) omfatter styring af
generatoren eller en elektrisk omformer (130), der er tilkoblet generatoren
(105), séledes at effektudtaget fra generatoren (105) ikke @ges.

12. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
den varmegenererende komponent (105, 130, 140) er mindst en af generato-
ren (105) og en komponent, der kales af et kalesystem (150), som afgiver ka-
ling til generatoren (105).

13. Vindmgllestyreenhed til en vindmeglle (100) omfattende en rotor (110), en
generator (105) og mindst en varmegenererende komponent (105, 130, 140),
som genererer varme pa grund af elektriske tab knyttet til produktionen af elek-
trisk effekt fra vindmallen (100), hvor styreenheden (10) omfatter:

- et input, der er konfigureret til at modtage en indikation af en temperatur (Tc)
af den varmegenererende komponent (105, 130, 140);

- et output, der er konfigureret til at overfere et styresignal til styring af rotati-
onshastigheden af generatoren (105); og

- en behandlingsenhed (11, 12), der er konfigureret til at udfere fremgangsma-
den ifelge et hvilket som helst af de foregaende krav.

14. Vindmglle (100) omfattende:

- en rotor (110);

- en generator (105), der er tilkoblet rotoren (110);

- mindst en varmegenererende komponent (105, 130, 140), som genererer
varme pa grund af elektriske tab knyttet til produktionen af elektrisk effekt fra
vindmeallen; og

- en vindmagllestyreenhed (10) ifalge krav 13.



DK/EP 3690234 T3

15. Computerprogram til styring af en vindmaealle (100), hvor computerprogram-
met omfatter styreinstruktioner, som, nar de eksekveres af vindmellestyreen-
heden ifalge krav 13, bevirker, at vindmagllestyreenheden udfarer fremgangs-
maden ifalge et hvilket som helst af kravene 1 til 12.
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