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DESCRIPTION

Field of invention

[0001] The present invention generally relates to the technical field of operating wind turbines. Specifically, the present invention
relates to the technical field of operating a wind turbine in such a manner that fatigue loads acting on a tower of the wind turbine
are minimized. In particular, the present invention relates to a method and to a control device for damping an oscillatory
movement of the top of a tower of a wind turbine. Further, the present invention relates to a wind turbine comprising such a
control device and to a computer program for controlling this method.

Art Background

[0002] The fatigue load a tower of a wind turbine has to withstand is often a key parameter for the structural design of a wind
turbine tower. If it is possible to reduce the fatigue load acting on the wind turbine tower then the tower could be manufactured
with a less amount of steel which would result in a reduced cost and in a reduced weight of the tower. Alternatively, with a reduced
fatigue load acting on the same wind turbine tower the tower could have a longer life time.

[0003] During the operation of a wind turbine there are two basically different directions of tower movements which result in
fatigue loads acting on the tower of the wind turbine. A first fatigue load results from a tower top movement in a direction being
horizontal and perpendicular to the direction of the wind. These tower top oscillations may be called side-side oscillations. A
second fatigue load results from a tower top movement in a direction along the direction of the wind. These tower top oscillations
may be called fore-aft oscillations.

[0004] EP 2146093 B1 discloses a method for damping oscillations of a tower of a wind turbine where the side-side tower fatigue
load is reduced by damping the tower movement using a sinusoidal signal added to a power/torque reference signal used for
controlling the operation of a wind turbine. The added signal will generate a sinusoidal component in the torque applied by the
turbine generator which is located in the nacelle of the wind turbine. Figure 5 shows that e.g. a clockwise torque moves the wind
turbine tower top to the right. By measuring the tower top movement, e.g. by using accelerometers, it is now straight-forward to
calculate a signal which is effective for damping any existing side-side movement of the tower.

[0005] For actively damping in particular fore-aft oscillations of a tower of a wind turbine it is known to add a sinusoidal signal to
a pitch angle reference signal used for operating the wind turbine. This causes a variation of the pitch angle of the rotor blades
which leads to a change in the thrust force from the rotor affecting the tower top, such that it will have a sinusoidal force
component. If the sinusoidal force has the correct phase it can be used to damp tower top fore-aft movements. This known
procedure has the disadvantage that it results in an increased pitch activity (more movement of the pitch system) with typically a
very high loading on the pitch system incl. blade pitch bearings of the pitch system of the respective wind turbine.

[0006] Document DE-U-2975249 uses the pitch mechanism to dump tower oscillations and is considered the best prior art.

[0007] There may be a need for reducing in an easy and effective manner a fore-aft oscillatory movement of a tower of a wind
turbine.

Summary of the Invention

[0008] This need may be met by the subject matter according to the independent claims. Advantageous embodiments of the
present invention are described by the dependent claims.

[0009] According to a first aspect of the invention there is provided a method for damping an oscillatory movement of the top of a
tower of a wind turbine. The provided method comprises (a) rotating a rotor being rotatably attached to a nacelle of the wind
turbine with a rotational speed, and (b) yawing the nacelle of the wind turbine around an axis being aligned with the longitudinal
axis of the tower with a yawing speed. A yawing movement being associated with yawing the nacelle is coordinated with the
oscillatory movement in such a manner that a gyroscopic torque resulting (i) from rotating the rotor and (ii) from yawing the rotor
damps the oscillatory movement of the top of the tower.
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[0010] The described method is based on the idea that gyroscopic forces and in particular a gyroscopic torque, which results
both from rotating and from yawing the rotor having a given moment of inertia, can be used for damping or reducing oscillatory
movements of the top of a tower of a wind turbine. With the described damping method oscillations of (the top of) the tower in the
fore-aft direction with respect to the direction of the wind driving the wind turbine can be avoided or, in case such fore-aft
oscillations have already been developed, can be damped in an easy and effective manner.

[0011] In this respect the term "rotor" may refer to the mechanical system comprising a rotor hub and at least two rotor blades
extending radially from the rotor hub. According basic principles of the physics of rigid body rotations the moment of inertia J is
generally given by the following formula (1):

F=[ erwter (1)

Thereby, r is the radius vector to a point in the rigid body from the specified rotational axis, and p(r) is the mass density at each
point r. The integration is evaluated over the whole volume V of the rigid body. Since the rotor blades have a spatial extension
which reaches far away from the rotational axis the rotor blades represent the largest contribution to the moment of inertia J of the
rotor. Compared to the contribution of the rotor blades the rotor hub and a rotor shaft, which connect the rotor hub directly or
indirectly (e.g. via a gear box) to an electric generator of the wind turbine, represent a much smaller and typically negligible
contribution to the moment of inertia J of the rotor.

[0012] The gyroscopic torque Mg resulting from the combined rotating and yawing of the rotor is, in accordance with the well
known gyroscopic theory, given by the following formula (ll):

— - 3 .
Mg=J a1 (11)

[0013] Thereby, Q is the vector representing the rotational move-ment of the rotor. The vector Q is aligned with the rotational
axis of the rotor. wy is the vector representing the yawing movement of the rotor respectively of the nacelle. The vector wy is
aligned with the longitudinal and vertical extension of the tower. As a consequence of the vector product of formula (ll) the vector
Mg is oriented perpendicular both to Q and to wy.

[0014] In this respect it is mentioned that in reality the rotor respectively the nacelle may be tilted a little bit such that Q and w

are not exactly perpendicular to each other. However, the tilt angle (typically 5 to 6 deg) is relative small such that the assumption
taken below is reasonable.

[0015] In a wind turbine Q2 and wy, are perpendicular to each other and Mg is oriented in horizontal direction and perpendicular to
the rotor shaft respectively the wind direction. Therefore, depending on the direction of Mg the gyroscopic torque [Mg| has the
effect that the top of the tower tends to move fore or aft with respect to the rotational axis of the rotor respectively the wind
direction. As a consequence, formula (ll) can be rewritten in the following form:

[pegl=r 1] - [ (111)

[0016] Given typical values of 3.4-107 kgn12 for J, 1.4 rad/s for ||, and 0.08 rad/s for |wy], one ends up with a gyroscopic torque

|[Mg| of 3800 kNm, which acts on the nacelle respectively the top of the tower. This gyroscopic torque has a dimension which is
large enough in order to damp an oscillatory movement of the top of the wind turbine tower.

[0017] In this respect it is mentioned that the sign of the gyroscopic torque |Mg] is a function of the rotor speed direction of the
rotational speed of the rotor (which is typically always the same) and the direction of the yawing speed (or yaw direction), which
can be controlled. Therefore, by controlling the yaw direction one can control the direction of the gyroscopic torque |Mg|. Further,
by controlling the quantum of the yawing speed one can control the strength of the gyroscopic torque |[Mg| acting on the nacelle
respectively the top of the rotor.

[0018] According to a further embodiment of the invention the method further comprises (a) measuring a movement of the tower
and (b) determining the oscillatory movement of the top of the tower based on the measured tower movement.

[0019] For measuring the tower top movement there may be used different types of measurement. Specifically, the tower top
oscillatory movement can be estimated or measured based on the oscillatory varying position of the tower top, the oscillatory
speed and/or the oscillatory acceleration of the tower top. In practice, it may be easiest to measure the acceleration of the tower
top and to derive from the resulting acceleration values the oscillatory tower top movement. However, measuring the tower top
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speed, the tower top position or the tilt angle of the tower top may also, instead or in combination, be used for determining the
movement of the tower top.

[0020] In this respect it is mentioned that the movement of the tower top strongly correlates with the movement of the nacelle
being mounted on the top of the tower. Therefore, it is also possible to use measurement instruments which are installed within or
at the nacelle for determining the movement of the tower top.

[0021] It is mentioned that instead of measuring the tower top oscillatory movement also a mechanical strain and/or a mechanical
load in the tower can be measured by using strain gauges. The signal output of such strain gauges can be used for determining
the tower top oscillatory movement. Alternatively or in combination the signal output of such strain gauges can be used for timing
the yawing movement respectively the gyroscopic torque, which result in the described damping of the tower top movement.

[0022] According to a further embodiment of the invention the oscillatory movement of the top of the tower of the wind turbine
has a periodic time dependency and the sign of the oscillatory movement of changes periodically. Further, the yawing movement
has a periodic time dependency and the direction of yawing the rotor changes periodically such that the resulting gyroscopic
torque has a periodic time dependency and the sign of the gyroscopic torque changes periodically.

[0023] Descriptive speaking, by periodically changing the yawing movement of the rotor respectively the nacelle the resulting
gyroscopic torque also changes periodically. As a consequence, the described method can be used for damping an oscillatory
movement of the tower top, which has a periodic time dependency. This may provide the advantage that the described method
can be used effectively for reducing a periodic mechanical torque acting on the tower top, which periodic mechanical torque
frequently occurs when the tower top exhibits fore-aft oscillations.

[0024] According to a further embodiment of the invention the periodic time dependency of the oscillatory movement of the top of
the tower is at least approximately sinusoidal and the periodic time dependency of the yawing movement and the resulting
gyroscopic torque is at least approximately sinusoidal.

[0025] By changing the yawing movement of the rotor respectively of the nacelle in a sinusoidal manner a sinusoidal oscillatory
movement of the top of the tower of the wind turbine in a fore-aft direction can be reduced or damped in an effective manner.

[0026] According to a further embodiment of the invention (a) the periodic time dependency of the yawing movement and (b) the
periodic time dependency of the oscillatory movement are in phase opposition with respect to each other.

[0027] Descriptively speaking, by synchronizing the yawing movement respectively the gyroscopic torque with an existing
periodic fore-aft movement of the tower the tower top oscillations can be damped in an effective manner.

[0028] In this respect it is clear that once these fore-aft oscillations have been successfully damped to such an extend that there
is no significant fore-aft movement of the tower top any more, the described yawing of the nacelle should also been stopped in
order not to generate again fore-aft oscillations resulting from the gyroscopic torque acting on the tower top.

[0029] According to a further embodiment of the invention yawing the nacelle of the wind turbine is carried out for aligning the
rotational axis of the rotor at least approximately with an actual direction of a wind driving the wind turbine. Thereby, the yawing
activity is timely coordinated with a periodic fore-aft movement of the top of the tower. This may mean that when yawing the
rotational axis of the rotor of the wind turbine into the wind direction this yawing movement can be timely coordinated with present
fore-aft oscillations of the tower in such a manner that the onset of the gyroscopic torque and/or the stop of the gyroscopic torque
result in an angular momentum which contributes to a damping of the fore-aft tower oscillations.

[0030] The described yawing movement which is coordinated with the fore-aft tower oscillations may at least in some operational
conditions allow for reducing at least partially the oscillatory movement of the top of the tower without, in addition to a required
yawing movement for aligning the rotational axis of the tower with the actual wind direction, adding an extra yawing movement for
the sole purpose of generating a gyroscopic torque. The time dependency of the gyroscopic force resulting from a usual yawing
can be exploited, when the yawing activity is applied in a coordinated or scheduled manner, in a beneficial manner for reducing
and/or for damping present tower top fore-aft oscillations.

[0031] According to a further aspect of the invention there is provided a control device for damping an oscillatory movement of
the top of a tower of a wind turbine. The provided control device comprises a processing unit configured for coordinating (i) a
yawing movement being associated with yawing a nacelle of the wind turbine with a yawing speed around an axis being aligned
with the longitudinal axis of the tower with (ii) the oscillatory movement of the top of the tower in such a manner that a gyroscopic
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torque resulting (a) from rotating the rotor with a rotational speed and (b) from yawing the rotor damps the oscillatory movement
of the top of the tower.

[0032] Also the described control device is based on the idea that a gyroscopic torque resulting both from rotating and from
yawing the rotor having a given moment of inertia can be used for reducing and/or for damping an oscillatory movement of the top
of a tower of a wind turbine. Thereby, oscillations of (the top of) the tower in the fore-aft direction with respect to the wind driving
the wind turbine can be avoided or, in case such fore-aft oscillations have already been developed, can be damped easily and
effectively.

[0033] In order to realize the described invention it may not be necessary to redesign an existing wind turbine in a structural
manner and/or to provide an existing wind turbine with additional sensors and/or with additional actors being used. Specifically,
acceleration sensors can be used for measuring the fore-aft accelerations of the top of the tower. Thereby, the output signal of
an acceleration sensor may be indicative for the mechanical torque acting on the top of the tower. Of course, also other types of
sensors such as a positioning sensor, e.g. a sensitive GPS receiver, may be used for determining the movement of the tower top
respectively the mechanical torque acting on the tower top.

[0034] For generating the yawing movement of the rotor respectively the yawing movement of the nacelle an existing yaw system
can be used, which is necessary for every wind turbine in order to position the rotor plane perpendicular to the direction of the
wind driving the wind turbine.

[0035] According to a further aspect of the invention there is provided a wind turbine for generating electrical power. The
provided wind turbine comprises (a) a rotor having at least one blade, wherein the rotor is rotatable around a rotational axis and
the at least one blade extends radial with respect to the rotational axis (110a), (b) a generator being mechanically coupled with
the rotor, and (c) a control device as described above.

[0036] According to a further aspect of the invention there is provided a computer program for damping an oscillatory movement
of the top of a tower of a wind turbine. The computer program, when being executed by a data processor, is adapted for
controlling and/or for carrying out the above described method for damping an oscillatory movement of the top of a tower of a
wind turbine.

[0037] As used herein, reference to a computer program is intended to be equivalent to a reference to a program element
and/or to a computer readable medium containing instructions for controlling a computer system to coordinate the performance of
the above described method.

[0038] The computer program may be implemented as computer readable instruction code in any suitable programming
language, such as, for example, JAVA, C++, and may be stored on a computer-readable medium (removable disk, volatile or non-
volatile memory, embedded memory/processor, etc.). The instruction code is operable to program a computer or any other
programmable device to carry out the intended functions. The computer program may be available from a network, such as the
World Wide Web, from which it may be downloaded.

[0039] The invention may be realized by means of a computer program respectively software. However, the invention may also
be realized by means of one or more specific electronic circuits respectively hardware. Furthermore, the invention may also be
realized in a hybrid form, i.e. in a combination of software modules and hardware modules.

[0040] It has to be noted that embodiments of the invention have been described with reference to different subject matters. In
particular, some embodiments have been described with reference to method type claims whereas other embodiments have been
described with reference to apparatus type claims. However, a person skilled in the art will gather from the above and the
following description that, unless other notified, in addition to any combination of features belonging to one type of subject matter
also any combination between features relating to different subject matters, in particular between features of the method type
claims and features of the apparatus type claims is considered as to be disclosed with this document.

[0041] The aspects defined above and further aspects of the present invention are apparent from the examples of embodiment
to be described hereinafter and are explained with reference to the examples of embodiment. The invention will be described in
more detail hereinafter with reference to examples of embodiment but to which the invention is not limited.

Brief Description of the Drawing
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[0042]

Figure 1
shows a wind turbine according to an embodiment of the present invention.

Figure 2
shows a side view of a wind turbine, wherein the top of the tower of the wind turbine performs a fore-aft oscillation
movement, which is associated with a mechanical torque acting on the top of the tower.

Figure 3
shows a control device for compensating at least partially a mechanical torque acting on the top of a tower of a wind
turbine.

Figure 4
illustrates a comparison between and unscheduled yawing movement and a scheduled yawing movement which is
coordinated with oscillations of the top of a tower of a wind turbine.

Figure 5
illustrates how a clock-wise torque moves the wind turbine tower top sidewise to the right.

Detailed Description

[0043] The illustration in the drawing is schematically. It is noted that in different figures, similar or identical elements or features
are provided with the same reference signs or with reference signs, which are different from the corresponding reference signs
only within the first digit. In order to avoid unnecessary repetitions elements or features which have already been elucidated with
respect to a previously described embodiment are not elucidated again at a later position of the description.

[0044] Figure 1 shows a wind turbine 100 according to an embodiment of the invention. The wind turbine 100 comprises a tower
120, which is mounted on a non-depicted fundament. On top of the tower 120 there is arranged a nacelle 122. In between the
tower 120 and the nacelle 122 there is provided a yaw angle adjustment system 121, which is capable of rotating the nacelle 122
around a non depicted vertical axis, which is aligned with the longitudinal extension of the tower 120. By controlling the yaw angle
adjustment system 121 in an appropriate manner it can be made sure, that during a normal operation of the wind turbine 100 the
nacelle 122 is always properly aligned with the actual direction of the wind driving the wind turbine 100. However, for instance in
order to reduce a mechanical load acting on structural components of the wind turbine the yaw angle adjustment system 121 can
also be used to adjust the yaw angle to a position, wherein the nacelle 122 is intentionally not perfectly aligned with the current
wind direction.

[0045] The wind turbine 100 according to the embodiment described here further comprises a rotor 110 having three blades
114. In the perspective of Figure 1 only two blades 114 are visible. The rotor 110 is rotatable around a rotational axis 110a. The
blades 114, which are mounted at a driving collar 112, which is also called a hub, extend radial with respect to the rotational axis
110a.

[0046] In between the driving collar 112 and a blade 114 there is respectively provided a blade adjustment system 116 in order
to adjust the blade pitch angle of each blade 114 by rotating the respective blade 114 around a non depicted axis being aligned
substantially parallel with the longitudinal extension of the respective blade 114. By controlling the blade adjustment system 116
the blade pitch angle of the respective blade 114 can be adjusted in such a manner that at least when the wind is not so strong a
maximum wind power can be retrieved from the available wind power. However, in order to reduce a mechanical load acting on the
respective blade 114, the blade pitch angle can also be intentionally adjusted to a position, in which only a reduced wind power is
captured.

[0047] As can be seen from Figure 1, within the nacelle 122 there is provided an optional gear box 124. The gear box 124 is
used to convert the number of revolutions of the rotor 110 into a higher number of revolutions of a shaft 125, which is coupled in
a known manner to a generator 128. Further, a brake 126 is provided in order to stop the operation of the wind turbine 100 or to
reduce the rotational speed of the rotor 110 for instance (a) in case of an emergency, (b) in case of too strong wind conditions,
which might harm the wind turbine 100, and/or (c) in case of an intentional saving of the consumed fatigue life time and/or the
fatigue life time consumption rate of at least one structural component of the wind turbine 100.

[0048] It is mentioned that the brake 126 is normally only used in case of stop types were the stopping time is important or to
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prevent the rotor from slowly rotating at the end of the stop. Generally, the rotor 110 of the wind turbine 100 is stopped by
pitching the blades 114.

[0049] The wind turbine 100 further comprises a control system 150 for operating the wind turbine 100 in a highly efficient
manner. Apart from controlling for instance the yaw angle adjustment system 121 the depicted control system 150 is also used for
controlling the rotational speed of the rotor 110 by adjusting the blade pitch angle of the rotor blades 114 and by determining an
appropriate power generation reference value for the wind turbine 100 in an optimized manner. Further, the control system 150 is
used for adjusting the yaw angle of the nacelle 122 respectively of the rotor 110.

[0050] For controlling the operation of the wind turbine 100 the control system 150 is connected to a rotational speed sensor
143, which according to the embodiment described here is connected to the gear box 124. The rotational speed sensor 143
feeds a signal to the control system 150, which is indicative for the current rotational speed of the rotor 110.

[0051] Although being not essential for the carrying out the described method and for realizing the described control device for
compensating at least partially a mechanical torque acting on the top of the tower 120, the wind turbine 100 comprises (a) a
power sensor 141 being connected to the generator 128 and (b) angle sensors 142, which, according to the embodiment
described here, are connected to the respective blade adjustment system 116. The power sensor 141 provides information about
the current power production of the wind turbine 100. The angle sensors 142 provide information about the current blade pitch
angle settings of all rotor blades 114.

[0052] As can be seen from Figure 1, the control system 150 comprises a control device 160, which, as will be described below
in more detail, is configured for controlling the operation of the wind turbine 100 in such a manner that oscillatory movements of
the top of the tower 120 of the wind turbine 100 will be damped.

[0053] Figure 2 shows a side view of a wind turbine 100, the tower 120 of which performs a fore-aft oscillatory movement. The
oscillatory movement of the top of the tower 120, which is indicated by a curved double arrow, is associated with a mechanical
torque acting on the top of the tower 120. Mathematically this torque is represented by a vector being oriented perpendicular to
the plane of projection.

[0054] Figure 2, in which this mechanical torque is indicated by a bent arrow, depicts the tower 120 at a phasing, where the top
of the tower 120 moves to the right side. The mechanical torque acting on the top of the tower is often referred to as a tower top
tilt torque.

[0055] The general principle of the damping method described in this document is that a sinusoidal component in the tower top
tilt torque can be generated by using the gyroscopic forces when yawing the rotor 110.

[0056] In accordance with formula (lll) given above the tower top tilt torque which is generated during yawing can be calculated
from the rotational inertia of the rotor 110 scaled by the cross product of the rotor speed and the yaw speed.

[0057] Figure 3 shows in a block diagram a control device 160 for damping an oscillatory movement of the tower top of a wind
turbine. According to the embodiment described here the control device 160 implements a fore-aft damping algorithm for the
tower top. In the following the principle of the fore-aft damping algorithm is elucidated.

[0058] First the tower movement and/or the nacelle movement is measured. In practice, it may be is easiest to measure the
acceleration of the nacelle, but speed, position, or tilt angle of the nacelle may also be used. A corresponding tower movement
signal, which is input to the control device 160 via an input terminal 162, is amplified with a gain k in an amplifier 364 in order to
allow for an adjustment of the output amplitude of the control device 160. The amplified signal is then filtered by means of a filter
366. With the filter 366 the frequencies that are damped are limited such that they only include the fundamental tower oscillation
frequency. The phase of the filtered signal is then corrected by using a variable delay 368 and/or some other filter configurations.

[0059] According to the embodiment described here the value of an operational parameter such as the wind turbine power
production, the wind speed, the rotor speed, the pitch angle of the rotor blades, turbulence etc. is used to adjust the overall gain
of the damping function of the control device 160. This gain adjustment is realized by a multiplier 382. As can be seen from Figure
3, a signal representing the value of such an operational parameter is input to the control device 160 via a further input terminal
372 and forwarded to the multiplier 382.

[0060] Finally, the signal output from the multiplier 382 is saturated to some maximum values by a signal limiter 384. Further, a
so called dead zone generating unit 386 is used to apply a dead zone for the output signal of the signal limiter 384.
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[0061] The output signal of the algorithm performed with the control device 160 is a yaw speed offset signal which is output at an
output terminal 392. This yaw speed offset signal can be added to an existing yaw speed reference of a control system of the
wind turbine. Alternatively, the output may be a reference yaw position signal or a reference yaw acceleration signal, with in an
appropriate manner changes the algorithm parameters.

[0062] Since the yaw activity may also be constrained by the wear and the tear of the yaw system, which may prevent continually
running the algorithm, the offset signal may be used to schedule when to start and when to stop a yawing movement being used
for generating the gyroscopic torque.

[0063] In this respect it is pointed out that a wind turbine respectively the nacelle or the rotor of a wind turbine often has to yaw to
face the wind. This is a part of the normal operation of the wind turbine.

[0064] The principle of a scheduled yawing movement which is coordinated with oscillations of the tower top of a wind turbine is
illustrated in Figure 4.

[0065] The upper subplot shows an ideal yaw offset signal as a function of time to provide a maximum damping.

[0066] The middle subplot shows an unscheduled yawing signal in order to face the rotor of the wind turbine into the wind. The
unscheduled yawing signal has the right sign and the wrong sign respectively for approximately the same amount of time. This
yields a net damping effect of zero.

[0067] The lowest subplot shows a scheduled yaw period, where the sign of the yawing signal is correct, and thus provides
damping in most of the time yielding a positive damping effect. This makes clear that a correct timing of the yaw activity with
respect to the oscillatory fore-aft tower top movement is important for realizng an effective damping.

[0068] Scheduling the yaw activity in accordance with Figure 4 adds a damping to tower top oscillations without increasing the
overall yaw activity or the number of yaw reversals. In other words, with the described yaw strategy it may not be necessary to
increase the number of yaw starts and yaw stops or the number of yaw direction changes.

[0069] In other words, a scheduled or coordinated yaw movement can be used to damp fore-aft tower oscillations. This can be
done effectively by using a sinusoidal yaw offset signal and/or updating the existing control law which will not cause additional yaw
activity.

[0070] It should be noted that the term "comprising" does not exclude other elements or steps and the use of articles "a" or "an"
does not exclude a plurality. Also elements described in association with different embodiments may be combined. It should also
be noted that reference signs in the claims should not be construed as limiting the scope of the claims.
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Patentkrav

1. Fremgangsmade til deempning af en svingende bevaegelse af den overste
del af et tarn (120) af en vindmglle (100), hvilken fremgangsmade omfatter
rotation af en rotor (110), som er roterbart forbundet med en nacelle (122) af
vindmgllen (100), med en rotationshastighed og krgjning nacellen (122) af
vindmgllen (100) om en akse, som flugter med laengdeaksen af tarnet (120),
med en krgjningshastighed,

hvor en krgjningsbeveegelse, som er tilordnet krajningen af nacellen (122),
koordineres med den svingende bevaegelse pa en saddan made, at et gyro-
skopisk drejningsmoment, som skyldes (i) rotation af rotoren (110) og (ii)
krgjning af rotoren (110), deemper den svingende beveegelse af den gverste
del af tarnet (120).

2. Fremgangsmade ifalge det foregaende krav, yderligere omfattende

maling af en bevaegelse af tarnet (120) og

bestemmelse af den svingende beveegelse af den gverste del af tarnet (120)
baseret pa den malte bevaegelse af tarnet (120).

3. Fremgangsmaéade ifglge et af de foregdende krav, hvorved

den svingende bevaegelse af den overste del af tarnet (120) af vindmellen
(100) har en periodisk tidsafhaengighed, og tegnet pa den svingende bevae-
gelse &ndres periodisk, og

krojningsbevaegelsen har en periodisk tidsafhaengighed, og retningen af
krojningen af rotoren (110) aendres periodisk, séledes at det resulterende
gyroskopiske drejningsmoment har en periodisk tidsafhaengighed, og tegnet
pa det gyroskopiske drejningsmoment aendres periodisk.

4. Fremgangsmade ifglge det foregaende krav, hvorved

den periodiske tidsafhaengighed af den svingende bevaegelse af den gverste
del af tarnet (120) er i det mindste tilnsermelsesvist sinusformet, og

den periodiske tidsafheengighed af krojningsbevaegelsen og det resulterende
gyroskopiske drejningsmoment er i det mindste tilnaermelsesvist sinusformet.

5. Fremgangsmaéade ifglge det foregaende krav, hvorved
(a) den periodiske tidsafhaengighed af kragjningsmomentet og
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(b) den periodiske tidsafhaengighed af den svingende bevaegelse er i modfa-
sethed i forhold til hinanden.

6. Fremgangsmade ifolge et af de foregéende krav, hvorved

krgjning af nacellen (122) af vindmegllen (100) udferes for at justere rotati-
onsaksen (110a) af rotoren (110) i det mindste tilnaermelsesvist efter en fak-
tisk retning af en vind, som driver vindmgllen (100), hvor krgjningsaktiviteten
er tidskoordineret med en periodisk forude- og agterude-beveegelse af den
gverste del af tarnet (120).

7. Styreindretning til deempning af en svingende bevaegelse af den gverste
del af et tarn (120) af en vindmglle (100), hvilken styreindretning (160) omfat-
ter

en behandlingsenhed (160), som er indrettet til at koordinere

(i) en krgjningsbevaegelse, som er tilordnet en krgjning af en nacelle (122) af
vindmellen (100), med en krgjningshastighed om aksen, som flugter med
lzengdeaksen af tarnet (120), med

(i) den svingende beveaegelse af den gverste del af tarnet (120) pa en sédan
méde, at

et gyroskopisk drejningsmoment, der skyldes (a) rotation af rotoren (110)
med en rotationshastighed og (b) krgjningen af rotoren (110), deemper den
svingende beveegelse af den ogverste del af tarnet (120).

8. Vindmaglle til frembringelse af elektrisk energi, hvilken vindmglle (100) om-
fatter

en rotor (110) med mindst en vinge (114), hvor rotoren (110) er roterbar om
en rotationsakse (110a), og

den i det mindste ene vinge (114) streekker sig radialt i forhold il rotationsak-
sen (110a),

en generator (128), som er mekanisk tilkoblet rotoren (110), og

en styreindretning (160) ifelge det foregdende krav.

9. Computerprogram til deempning af en svingende beveegelse af den gver-
ste del af et tarn (120) af en vindmglle (100), hvilket computerprogram, néar
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det udfgres af en dataprocessor, er tilpasset til at styre og/eller gennemfore
fremgangsmaden ifolge et af krav 1 il 7.
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