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DESCRIPTION

[0001] The present invention relates to a method of damping tower vibrations of a wind turbine 
which is equipped with rotor blades, a pitch controller, and a pitch actuator system, in which the 
tower vibrations are damped by setting the pitch of the rotor blades. In addition, the present 
invention relates to an inclination control system for use in a wind turbine which is equipped 
with rotor blades and a pitch actuator system.

[0002] In wind turbines, tower vibrations will be excited by wind conditions in the wind field 
acting on the wind turbine. In land based wind turbines these tower vibrations are of high 
frequency and produce only small tower inclinations. However, e.g. wind turbines mounted on 
floating foundations of the so-called spar-buoy type can have, due to wind conditions, low 
vibrational frequencies of the tower and large inclinations of the tower and therefore large 
movements of the nacelle.

[0003] A combination of low tower frequency and negative thrust curve at high wind speeds 
can lead to high tower loads and large inclination variations of the nacelle if the turbine is 
constant power controlled. In constant power control the wind turbine is usually controlled to 
maintain approximately a constant rotor speed and the torque of the rotor is regulated by 
setting an appropriate pitch angle of the turbine blades so as to maintain an approximately 
constant power. High tower loads and large inclination variations in this power control mode 
may lead to instabilities and structural failure of the wind turbine. Until now, therefore, wind 
turbines have not been installed on towers with very low tower frequency (below 0.05 Hz).

[0004] InUS 6,891,280 B2 a method for operating off-shore wind turbine plants based on the 
frequency of their towers is disclosed. In this method, it is avoided to operate the plant in a 
frequency range in which the resonant tower frequency lies. To achieve this, the critical natural 
frequency of the plant and the speed of the rotor where the plant is excited in its critical natural 
frequency range are determined. Then, this speed range is avoided during operation of the 
wind tower plant by operating above or below said critical speed range and, if necessary, by 
rapidly passing through the critical speed range.

[0005] A method of damping tower vibrations of a wind turbine is disclosed in WO 
2007/053031 A1. In this method, tower eigenvibrations are damped by an angular increment 
Δβ which is added to the blade pitch angle. This increment is calculated on the basis of the 
tower velocities, in order to counteract the eigenvibrations.

[0006] A method for damping vibrations of a wind turbine tower is disclosed in US 
2006/0066111 A1. In this method the generator demand torque is modulated by providing a 
signal based on changes in the generator rotor speed.

[0007] EP 1 719 910 A1 describes a wind turbine generator and an active vibration damping 
method for the same. To achieve active damping, a modification value δΘ* is added to a blade­
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pitch-angle command to arrive at a resulting command for setting a pitch angle of the windmill 
blades so as to generate a thrust on the windmill blades which cancels out the vibrations of the 
nacelle.

[0008] GB 2 117 934 A describes damping of power vibrations by use of pitch angle control. In 
the control method, an additional blade angle reference command which causes incremental 
thrust variations predicted to be in phase with the velocity of the top of the tower is used for 
providing additional, positive aerodynamic damping of the tower

[0009] US 2006/0033338 A1 describes a wind turbine control system comprising a wind flow 
estimator to predict a wind flow, a tower position and a tower velocity which are then used to 
calculate a desired blade pitch angle.

[0010] WO 02/075153 A1 describes a method and a device for monitoring tower oscillations. It 
is mentioned that the pitch angle of the rotor blade can be changed if the tower oscillation 
exceeds a given limit.

[0011] WO 2007/089136 A2 describes a method for damping the vibrations of a wind turbine 
tower in which the pitch of the rotor blade is changed. When the tower is deflecting upstream, 
the blade pitch is changed towards stall, and when the tower is moving downstream the blade 
pitch is changed away from stall. In case a maximum acceleration at maximum downstream 
tower deflection exceeds a predetermined level damping pitch control is triggered and the pitch 
control for regulating the maximum power output is disabled or overridden.

[0012] With respect to the mentioned state of the art it is a first objective of the present 
invention to provide an improved method of damping tower vibrations of a wind turbine. It is a 
second objective of the present invention to provide an improved inclination control system for 
use in a wind turbine.

[0013] The first objective is solved by a method of damping tower vibrations of a wind turbine 
as claimed in claim 1, and the second objective is solved by an inclination control system for 
use in a wind turbine as claimed in claim 13. The depending claims contain further 
developments of the invention.

[0014] In the inventive method of damping tower vibrations of a wind turbine which is equipped 
with rotor blades, a pitch controller, and a pitch actuator system, the damping is done by 
setting the pitch of the rotor blades. The pitch angle of the rotor blades is controlled according 
to a pitch reference value which represents a pitch to be set by the pitch actuating system. 
Determining the pitch reference value is done in the following way: A speed reference value for 
the rotor speed and a rotor speed value representing the actual speed of the rotor are 
provided. A modification value representing a modification to be done for taking into account 
the tower vibrations, in particular the tower vibrations at the tower top, for example, at the 
location of the nacelle, is provided. The modification value is then used to modify the speed 
reference value to establish a modified speed reference value. The pitch reference value is 
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then determined on the basis of at least the difference between the modified speed reference 
value and the actual rotor speed value.

[0015] While in the state of the art the pitch angle is calculated based on the difference 
between an unmodified speed reference value and the actual rotor speed value, and a 
modification is done to the pitch angle for damping tower vibrations, in the present invention 
the speed reference value is modified instead of the pitch angle. This allows for damping very 
slow tower frequencies which is not easily possible with the state of the art.

[0016] The modification value by which the speed reference value is modified represents the 
tower velocity caused by the tower vibrations, in particular by the tower vibrations at the tower 
top, for example at the location of the nacelle. The tower velocity value is then added to the 
speed reference value to establish the modified speed reference value. While in the state of 
the art the tower speed is incorporated into the pitch angle, it is incorporated into the speed 
reference value instead in the present implementation of the invention.

[0017] The tower velocity value may, for example, be calculated from an inclination value 
representing the inclination of the tower caused by the tower vibrations. Differentiating the 
inclination value easily leads to the tower velocity value. This inclination may for example be 
measured in the nacelle or at the nacelle of the wind turbine.

[0018] In a further development of the inventive method a fore-aft acceleration value, which 
represents the tower acceleration in the direction of the rotor axis and which is caused by the 
tower vibrations, is used to represent the inclination value. Establishing the change of 
inclination by use of this fore-aft acceleration value may be done by forming the derivative of 
the ratio of the fore-aft acceleration value to the gravity acceleration acting on the tower top. 
Even large inclination angles of the tower are relatively small compared to an angle of 90°. 
Therefore, the ratio of the fore-aft acceleration value to the gravity acceleration can be 
approximated by the inclination angle expressed in radiant, rather than the sine of the 
inclination angle. In other words, the fore-aft acceleration is approximately proportional to the 
inclination angle expressed in radiant for small angles. This offers the possibility to measure 
the inclination simply by using accelerometers at the tower top, for example at or in the nacelle.

[0019] For discarding contributions to the inclination value which are not caused by tower 
vibrations and which are usually higher in frequency than those contributions caused by tower 
vibrations the derivative of the inclination value may be filtered by a low-pass filter.

[0020] In a further development of the inventive method, the pitch reference value is 
determined on the basis of the modified speed reference value by establishing a speed 
difference value representing the difference between the rotor speed value and the modified 
speed reference value, calculating a an inclination reference value for the tower, in particular 
for the tower top, for example for the nacelle, from the speed difference value, establishing an 
inclination difference value representing the difference between the inclination value and the 
inclination reference value, and determining the pitch reference value on the basis of 
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inclination difference value. By determining the pitch reference value on the basis of the 
inclination difference value the inclination of the tower top can be counteracted by setting the 
pitch angle such as to reduce this difference. Furthermore, as the speed reference value is 
already modified so as to take into account the tower vibrations, not only the inclination is 
reduced but also the vibrations are damped, leading to a damping of fluctuations in the 
inclination value over time which in turn leads to damping the fluctuations in the inclination 
difference value. Hence, a rapid damping of the tower inclination can be achieved, which gives 
a more direct control of the tower movements and therefore makes it possible to get a stable 
control loop while having very low tower frequencies.

[0021] For calculating the inclination reference value from the speed difference value, a PID- 
controller (proportional integral differential controller) may be used. Such a controller may also 
be used for calculating the pitch reference value from the inclination difference value.

[0022] In a special embodiment of the inventive method the inclination reference value may be 
clamped to a given value. By this method it becomes possible to avoid large tower movements 
caused by wave loads from the sea. Such a given value may, for example depend on the wind 
speed.

[0023] Furthermore, the inventive method may be deactivated in case of very high wind 
speeds. This offers the opportunity to determine the pitch reference value on the speed 
reference value alone in order to avoid overspeed at high wind speeds.

[0024] In addition to the described method, the tower speed or the derived inclination could 
also be fed into the speed reference for a power controller in order to damp tower movements 
if the wind turbine runs below rated power. Furthermore it could be fed into the speed in a 
power/speed table which is used at speed below rated power for looking up a speed for a 
certain power.

[0025] An inventive inclination control system for use in a wind turbine which is equipped with 
rotor blades and a pitch actuator system comprises a pitch control unit, a rotor speed input, a 
speed reference input, an inclination signal input, a pitch reference output, and a modification 
unit. The pitch control unit is designed to establish a pitch reference signal representing a pitch 
to be set by the pitch actuator system. The rotor speed input and the speed reference input 
are designed for receiving a rotor speed signal representing the actual rotor speed and a 
speed reference signal for the rotor speed, respectively. The inclination signal input is designed 
for receiving a signal representing an inclination of the tower. The inclination signal can, in 
particular, represent the inclination at the tower top and can contain either a direct inclination 
value or a value from which the inclination can be derived. The pitch reference output is 
designed for outputting the pitch reference signal. The modification unit is connected to the 
speed reference input for receiving the speed reference signal and to the inclination signal 
input for receiving the inclination signal. It is designed to establish a modification signal on the 
basis of the inclination signal, to modify the speed reference signal by means of the 
modification signal, and to output a modified speed reference signal. The pitch control unit is 



DK/EP 2063110 T4

connected to the modification unit to receive the modified speed reference signal and is 
designed to establish the pitch reference value on the basis of at least the modified speed 
reference signal.

[0026] Modifying the speed reference signal allows for rapidly reducing oscillations in the rotor 
speed and, as a consequence, the tower movements. The inventive inclination control system 
allows for performing the inventive method and achieves the advantages associated with the 
inventive method.

[0027] In the inventive inclination control system, the modification unit is designed to establish, 
as the modification signal, a tower velocity signal on the basis of a signal representing an 
inclination of the tower. It is further designed to modify the speed reference signal by means of 
the tower speed signal and to output the modified speed reference signal.

[0028] In a special implementation, the modification unit comprises a differentiator for 
differentiating the signal representing an inclination of the tower. In addition, the modification 
unit is designed to establish the tower velocity signal on the basis of the differentiated signal. In 
this special implementation, the modification unit further comprises an adder which is 
connected to the speed reference input for receiving the speed reference signal and designed 
to add the tower velocity signal to the speed reference input for establishing the modified 
speed reference signal. Hence, the modified speed reference signal is the sum of the speed 
reference signal and the tower velocity signal. Since the tower velocity is oscillating due to the 
vibrations this sum represents an oscillating speed reference for the pitch controller. By use of 
this oscillating speed reference the difference between the (oscillating) actual rotor speed and 
the oscillating speed reference can be reduced in a control process. By this measure it 
becomes possible to rapidly damp oscillations in the rotor speed.

[0029] An effective damping of the tower inclination can be achieved by the special 
implementation if it further comprises a first subtraction unit which is connected to the 
modification unit for receiving the modified speed reference signal and to the rotor speed input 
for receiving the rotor speed signal, and which is designed to establish a speed difference 
signal representing the difference between the rotor speed signal and the modified speed 
reference signal. Moreover, the pitch control unit comprises a speed controller, a second 
subtraction unit, and an inclination controller. The speed controller is connected to the first 
subtraction unit for receiving the speed difference signal and designed to establish and to 
output an inclination reference signal based on the received speed difference signal. The 
second subtraction unit is connected to the speed controller for receiving the inclination 
reference signal and connected to the inclination signal input for receiving the inclination signal. 
It is designed to establish the difference between the inclination reference signal and the 
inclination signal, and to output an inclination difference signal. The inclination controller is 
connected to the second subtraction unit for receiving the inclination difference signal and 
designed to establish the pitch reference signal on the basis of the received inclination signal. 
In this development of the inclination control system the speed controller calculates an 
oscillating inclination reference signal on the basis of the oscillating speed reference from 
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which then the actual (oscillating) inclinations are subtracted. The subtraction result is fed into 
the inclination controller which determines a pitch reference signal on the basis of the 
subtraction result so as to reduce the difference. By this measure the difference between the 
inclination reference signal and the actual inclination can be reduced rather quickly which in 
turn leads to an effective damping of oscillations in the tower inclination.

[0030] The speed controller and/or the inclination controller may be implemented as PID- 
controllers.

[0031] In order to discard contributions in the modified speed reference signal which do not 
result from low frequency vibrations, the modification unit of the inventive inclination control 
system may comprise a low-pass filter which is connected to the differentiator for receiving the 
differentiated signal and designed to output a filtered differentiated signal.

[0032] Further features, properties, and advantages of the present invention will become clear 
from the following description of an embodiment of the invention in conjunction with the 
accompanying drawings.

Figure 1 shows an embodiment of the inventive inclination control system in form of a block 
diagram.

Figure 2 shows the pitch controller of the inclination control system.

Figure 3 shows the inclination of a wind turbine tower and the accelerations acting on the 
nacelle of a wind turbine.

Figure 4 shows the modification unit of the inclination control system.

Figure 5 shows the time dependency of various parameters in a wind turbine with an inventive 
inclination control system.

Figure 6 shows the time dependency of the parameters of figure 5 for a wind turbine without 
an inventive inclination control system.

[0033] An embodiment of the inventive inclination control system is shown in figure 1. The 
system is to be used in a wind turbine which is equipped with rotor blades and a pitch actuator 
system. It comprises three inputs, namely a rotor speed input 1 which is designed for receiving 
a rotor speed signal representing the actual rotor speed value of the wind turbine's rotor, a 
speed reference input 3 which is designed for receiving a speed reference signal representing 
a speed reference value for the rotor speed, and an inclination signal input 5 which is designed 
for receiving a signal representing an inclination of the tower. The inclination control system 
further comprises a pitch reference output 7 which is designed to output a pitch reference 
signal to the pitch actuator system of the wind turbine. The pitch reference signal represents 
the pitch values to be set by the pitch actuator system.



DK/EP 2063110 T4

[0034] A modification unit 9 is connected to the speed reference input 3 for receiving the 
speed reference signal and to the inclination input 5 for receiving the inclination signal. A 
modification signal is established in the modification unit on the basis of the received inclination 
signal and used to modify the speed reference signal so as to establish a modified speed 
reference signal. This modified speed reference signal is then output by the modification unit 9.

[0035] A subtracter 11 is connected to the modification unit 9 for receiving the modified speed 
reference signal and to the rotor speed input 1 for receiving the rotor speed signal 
representing the actual rotor speed value. It subtracts the rotor speed signal from the modified 
speed reference signal to establish a speed error signal (speed difference signal) which is then 
output.

[0036] The pitch controller 13 is, in the present embodiment, connected to the first subtracter 
11 to receive the speed error signal and to the inclination input 5 to receive the inclination 
signal. On the basis of the received speed error signal and the received inclination signal the 
pitch controller establishes the pitch reference signal which represents an individual or a global 
pitch for each rotor blade to be set by the pitch actuating system of the wind turbine. The pitch 
reference signal is then output through the pitch reference output 7.

[0037] The pitch controller 13 is shown in more detail in figure 2. It comprises a speed 
controller 15, an inclination controller 17 and a second subtracter 19. Both the speed controller 
15 and the inclination controller 17 are implemented as proportional-integral-differential 
controllers (PID-contollers).

[0038] The speed controller 15 is connected to the first subtracter to receive the speed error 
signal. The PID-controller then establishes an inclination reference signal on the basis of the 
received speed error signal. This inclination reference signal is the output signal of the speed 
controller.

[0039] The second subtracter 19 is connected to the speed controller 15 to receive the 
inclination reference signal and to the inclination input 5 to receive the inclination signal. It 
subtracts the inclination signal from the inclination reference signal and outputs an inclination 
error signal (inclination difference signal), which represents the difference between the 
inclination reference and the actual inclination of the wind turbine.

[0040] The inclination controller 17 is connected to the subtracter 19 to receive the inclination 
error signal. The PID-controller establishes on the basis of the received inclination error signal 
the pitch reference signal which is then output to the pitch actuator system through the pitch 
reference output 7. The pitch difference signal represent the pitch angles to be set for the rotor 
blades in order to reduce the difference between the inclination reference and the actual 
inclination.

[0041] The inclination signal can be a signal which represents a direct inclination value 
measured by a suitable sensor. However, it is also possible to have an inclination signal which 
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not directly represents the inclination value but a parameter which allows for deriving the 
inclination value from it. Such a parameter is, for example, the fore-aft acceleration of the 
nacelle. How to derive the inclination value from the fore-aft acceleration will now be described 
in conjunction with figure 3.

[0042] Figure 3 shows a wind turbine 100 with a tower 101, a nacelle 103 at the tower at the 
tower top and a rotor 105 the shaft of which is carried by the nacelle 103. The wind turbine 100 
is subject to tower vibrations which in turn lead to an oscillating inclination Φ of the wind 
turbine. The oscillation also produces a fore-aft acceleration a_y of the nacelle, i.e. an 
acceleration of the nacelle in the direction of the rotor axis y. The inclination angle Φ is defined 
to be the angle between the fore-aft acceleration a_y of the nacelle 103 and the horizontal 
direction. In addition, gravity acceleration a-g is acting on the nacelle as well in a vertical 
direction.

[0043] The fore-aft acceleration a_y depends on the second time derivative of the nacelle's 

location in the direction of the rotor axis, dy/d2t and the sine of the inclination angle Φ multiplied 
by the gravity acceleration a_g, i.e. the projection of the gravity acceleration onto the dirtection 
of the rotor axis. Even in case of an inclination angle as large as 20°, the sine function of this 
angle is very well approximated by this angle itself if the angle is expressed in radiant instead 
of degrees. The error by replacing the sine of the inclination angle Φ by the inclination angle Φ 
itself in radiant is only about 2 percent for angles as large as 20°. For smaller angles the error 
becomes even smaller. This means that the inclination angle can be well approximated by the 
ratio of the fore-aft acceleration a_y to the gravity acceleration a_g. In other words, since the 
gravity acceleration is constant, the inclination angle can be assumed to be proportional to the 

fore-aft acceleration value a_y. Furthermore, it can be assumed that the acceleration dy/d2t 
caused by the vibrations can always be neglected compared to the projection of the gravity 
acceleration onto the direction of the rotor axis. Please note in this context that the projection 
of the gravity acceleration as well as the acceleration caused by the low frequency vibrations 
are the highest for the highest inclination angles Φ, and that the acceleration due to low 
frequency vibrations is considerably small compared to gravity acceleration. Therefore, the 
fore-aft acceleration value a_y can be used to represent the inclination angle Φ in the 
modification unit 9.

[0044] Figure 4 shows the modification unit 9 in more detail. In figure 4 it is assumed that the 
inclination signal is given by a fore-aft acceleration signal which represents the fore-aft 
acceleration value measured by, e.g., an accelerometer at or in the nacelle 103. However, the 
modification unit 9 would work as well with an inclination signal representing directly the 
inclination angle rather than the fore-aft acceleration value.

[0045] The modification unit 9 comprises a differentiator 21, a low-pass filter 23, an amplifier 
25, a limiter 27, and an adder 29. The differentiator 21 is connected to the inclination input 5 
for receiving the fore-aft acceleration signal. It forms the time-derivative of the fore-aft 
acceleration signal which then is the output signal of the differentiator. As has been explained 
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before, the fore-aft acceleration signal can be assumed to be proportional to the inclination 
angle Φ. Hence, the time derivative of the fore-aft acceleration signal is also proportional to the 
time derivative of the inclination angle, which in turn is proportional to the tower speed. Hence, 
the time derivative of the fore-aft acceleration signal is a good approximation for the tower 
speed. Therefore, this derivative can be regarded as being a tower speed signal.

[0046] The low-pass filter 23 is connected to a differentiator 21 to receive the tower speed 
signal, i.e. the time derivative of the fore-aft acceleration signal. The output signal of the low- 
pass filter 23 is a filtered tower speed signal from which high frequency components, which are 
not caused by low frequency tower vibrations, are removed.

[0047] The amplifier 25 is connected to the low-pass filter 23 to receive the filtered tower 
speed signal. In the amplifier 25 the received tower speed signal is amplified and output as an 
amplified filtered tower speed signal.

[0048] The limiter 27 is connected to the amplifier 25 for receiving the filtered and amplified 
tower speed signal. It drives the filtered and amplified tower speed signal into saturation if a 
certain margin of the signal amplitude is reached. By this measure the filtered and amplified 
tower speed signal is prevented from becoming too large in its absolute value.

[0049] The output of the limiter 27 is the modification signal which is received by the adder 29 
that is connected to the limiter 27 and to the speed reference input 3. In the adder the 
modification signal is added to the speed reference signal and the sum is output as the 
modified speed reference signal.

[0050] Although figure 4 has been described with respect to the fore-aft acceleration signal as 
the inclination signal, the modification unit would work with an inclination signal representing 
the actual inclination of the tower rather than its fore-aft acceleration, as well. In this case the 
differentiator would form the time derivative of the inclination angle rather than the fore-aft 
acceleration.

[0051] In case the fore-aft acceleration is used for representing the inclination the fore-aft 
acceleration may also be used in the pitch controller 13. However, it is also possible to use the 
inclination angle instead of the fore-aft acceleration in the modification unit 9 as well as in the 
pitch controller 13. It is also possible to use the inclination angle in one unit and the fore-aft 
acceleration in the other. However, in this case the inclination control system would need to 
have four inputs, namely a rotor speed input, a speed reference input, a fore-aft acceleration 
input and an inclination angle input. Therefore, it is preferable to use the same input signal in 
the modification unit 9 and in the pitch controller 13.

[0052] The effect of the inventive inclination control system can be seen in figures 5 and 6 
which show the time behaviour of the wind speed, the output power of the wind turbine, the 
rotor speed, the pitch angle, the fore-aft acceleration, and the inclination for a wind turbine with 
an inventive inclination control system (figure 5) and without such a system (figure 6). Both 
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figures show the reaction of the output power, the rotor speed, the pitch angle, the fore-aft 
acceleration, and the inclination to a wind step, i.e. to a sudden increase in the wind speed 
from 14 to 18 m/s. In both cases the output power of the wind turbine stays constant except for 
a small wobble immediately after the wind step. This constancy is due to the fact that the wind 
turbine is operated in rated power mode.

[0053] Due to the low frequency tower oscillation that is introduced through the wind step the 
rotor speed experiences oscillations. While these variations are counteracted in the inventive 
inclination control system through the modification signal added to the speed reference signal, 
no measures are taken in the wind turbine shown in figure 6. As a consequence, the speed 
error is controlled to become zero rather quickly with the inventive control system so that the 
oscillations in the rotor speed are damped while long-term stable oscillations occur in the wind 
turbine without the inventive control system. At the same time, the inclination reference signal, 
which is a fore-aft acceleration reference signal in the present case, also contains the 
oscillations from the modified speed reference signal. Due to the damping of the oscillations in 
the rotor speed the inclination error signal, i.e. the difference between the fore-aft acceleration 
reference and the actual fore-aft acceleration is controlled to become zero rather quickly so 
that, as a consequence, the amplitudes in the inclination angles are damped. On the other 
hand, in the wind turbine without the inventive inclination control system, the long-term stable 
oscillations of the rotor speed can also be seen in the fore-aft acceleration of the nacelle and, 
as a consequence, in the inclination angle. In other words, the low frequency oscillations are 
damped effectively with the inventive inclination control system while they continue almost 
undamped in the wind turbine without the inventive control system. Therefore, the inventive 
inclination control system provides a suitable measure for damping low frequency oscillations, 
as they, for example, would occur in wind turbines with floating foundations.
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Patentkrav

1. Fremgangsmåde til dæmpning af tårnvibrationer af en vindmølle (100), som 
er udstyret med rotorvinger, en pitchstyreenhed (13) og et pitchaktuatorsy- 
stem, ved indstilling af rotorvingernes pitch, hvilken fremgangsmåde omfatter 
trinnene:
- tilvejebringelse af en omdrejningstalsreferenceværdi (3) for rotoromdrej­
ningstallet;
- tilvejebringelse af en rotoromdrejningstalsværdi (1), der angiver omdrejnings­
tallet af rotoren (105); og
- fastlæggelse af en modifikationsværdi, der angiver en modifikation, der skal 
foretages på omdrejningstalsreferenceværdien (3), således at der tages højde 
for tårnvibrationerne;
- anvendelse af modifikationsværdien til modifikation af omdrejningstalsrefe­
renceværdien (3) til fastlæggelse af en modificeret omdrejningstalsreference­
værdi;
- bestemmelse af en pitchreferenceværdi (7), der angiver en pitch, der skal 
indstilles ved hjælp af pitchaktuatorsystemet på basis af i det mindste differen­
cen mellem den modificerede omdrejningstalsreferenceværdi og rotoromdrej­
ningstalsværdien;
- styring af rotorvingernes pitchvinkel i overensstemmelse med pitchreferen- 
ceværdien (7),
hvorved
modifikationsværdien er en tårnhastighedsværdi, som angiver tårnhastighe­
den forårsaget af tårnvibrationerne, og tårnhastighedsværdien tilføjes til om­
drejningstalreferenceværdien til fastlæggelse af den modificerede omdrej­
ningstalsreferenceværdi.

2. Fremgangsmåde ifølge krav 1, hvorved tårnhastighedsværdien beregnes 
ud fra en hældningsværdi, der angiver tårnets hældning forårsaget af tårnvi­
brationerne.

3. Fremgangsmåde ifølge krav 2, hvorved en for-agter-accelerationsværdi, der 
angiver tårnaccelerationen i rotoraksens retning forårsaget af tårnvibratio­
nerne, anvendes til at angive tårnets hældning.
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4. Fremgangsmåde ifølge krav 2 eller krav 3, hvorved pitchreferencesignalet 
bestemmes på basis af den modificerede omdrejningstalsreferenceværdi ved
- fastlæggelse af en omdrejningstalsdifferenceværdi, der angiver differencen 
mellem rotoromdrejningstalsværdien og den modificerede omdrejningstalsre­
ferenceværdi;
- beregning af en hældningsreferenceværdi for tårnet ud fra omdrejningstals­
differenceværdien;
- fastlæggelse af en hældningsdifferenceværdi, der angiver differencen mel­
lem hældningsværdien og hældningsreferenceværdien; og
- bestemmelse af pitchreferencesignalet på basis af hældningsdifferencevær­
dien.

5. Fremgangsmåde ifølge krav 4, hvorved der anvendes en PID-styreenhed til 
beregning af hældningsreferenceværdien ud fra omdrejningstalsdifference­
værdien.

6. Fremgangsmåde ifølge krav 4 eller krav 5, hvorved der anvendes en PID- 
styreenhed til beregning af pitchreferenceværdien ud fra hældningsdifference- 
værdien.

7. Fremgangsmåde ifølge et af kravene 4 til 6, hvorved 
hældningsreferenceværdien tilknyttes en given værdi.

8. Fremgangsmåde ifølge krav 7, hvorved den givne værdi afhænger af vin­
den.

9. Fremgangsmåde ifølge krav 3 og et af kravene 4 til 8, hvorved 
hældningsværdien afledes af for-agter-accelerationsværdien ved dannelse af 
afledningen af forholdet mellem for-agter-accelerationsværdien og tyngdeac­
celerationen.

10. Fremgangsmåde ifølge et af kravene 2 til 9,
hvorved

tårnhastighedsværdien fastlægges ud fra en lavpasfiltreret afledning af hæld­
ningsværdien.
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11. Fremgangsmåde ifølge et af kravene 1 til 10, hvorved 
fremgangsmåden deaktiveres ved meget høje vindhastigheder.

12. Fremgangsmåde ifølge et af kravene 1 til 11, hvorved 
hældningsværdien fastlægges på basis af en hældningsmåling eller en acce­
lerationsmåling øverst på tårnet.

13. Hældningsstyresystem til anvendelse i en vindmølle (100) med rotorvinger 
og et pitchaktuatorsystem, hvilket hældningsstyresystem omfatter:
- en pitchstyreenhed (13), som er udformet til at fastlægge et pitchreference­
signal, der angiver en pitch, som skal indstilles ved hjælp af pitchaktuatorsy- 
stemet;
- en rotoromdrejningstalsindgang (1), som er udformet til at modtage et rotor­
omdrejningstalssignal, der angiver omdrejningstallet af rotoren;
- en omdrejningstalsreferenceindgang (3), som er udformet til at modtage et 
omdrejningstalsreferencesignal for rotoromdrejningstallet;
- en hældningssignalindgang (5), som er udformet til at modtage et signal, der 
angiver en hældning af tårnet;
- en pitchreferenceudgang (7), som er udformet til at udsende pitchreference- 
signalet;
kendetegnet ved
- en modifikationsenhed (9), som er forbundet med omdrejningstalsreference­
indgangen (1) til modtagelse af omdrejningstalsreferencesignalet og med 
hældningssignalindgangen (5) til modtagelse af hældningssignalet, hvilken 
modifikationsenhed (9) er udformet til at fastlægge et modifikationssignal på 
basis af hældningssignalet, til at modificere omdrejningstalsreferencesignalet 
ved hjælp af modifikationssignalet og til at udsende et modificeret omdrej­
ningstalsreferencesignal;
- at pitchstyreenheden (13) er forbundet med modifikationsenheden (9) til mod­
tagelse af det modificerede omdrejningstalsreferencesignal og udformet til at 
fastlægge pitchreferencesignalet i det mindste på basis af differencen mellem 
det modificerede omdrejningstalsreferencesignal og rotoromdrejningstalssig­
nalet; og
modifikationsenheden (9) er udformet til at fastlægge som modifikationssigna­
let et tårnhastighedssignal på basis af det signal, som angiver en hældning af 
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tårnet, til at modificere omdrejningstalsreferencesignalet ved at tilføje tårnha­
stighedssignalet til omdrejningstalsreferencesignalet til fastlæggelse af det 
modificerede omdrejningstalsreferencesignal og til at udsende det modifice­
rede omdrejningstalsreferencesignal.

14. Hældningsstyresystem ifølge krav 13, kendetegnet ved, at
- modifikationsenheden (9) omfatter en differentiator (21) til differentiering af 
signalet, som angiver en hældning af tårnet; og
- modifikationsenheden er udformet til at fastlægge tårnhastighedssignalet på 
basis af det differentierede signal.

15. Hældningsstyresystem ifølge krav 14, kendetegnet ved, at 
modifikationsenheden (9) omfatter en adder (29), som er forbundet med om­
drejningstalsreferenceindgangen (3) til modtagelse af omdrejningtalsreferen- 
cesignalet og udformet til at tilføje tårnhastighedssignalet til omdrejningstals­
referencesignalet til fastlæggelse af det modificerede omdrejningstalsreferen­
cesignal.

16. Hældningsstyresystem ifølge et af kravene 13 til 15,
kendetegnet ved, at
- en første subtraktionsenhed (11), som er forbundet med modifikationsenhe­
den (9) til modtagelse af det modificerede omdrejningstalsreferencesignal og 
med rotoromdrejningstalsreferenceindgangen (1) til modtagelse af rotorom­
drejningstalssignalet, og som er udformet til at fastlægge et omdrejningstals­
differencesignal, der angiver differencen mellem rotoromdrejningstalssignalet 
og det modificerede omdrejningstalsreferencesignal;
- at pitchstyreenheden (13) omfatter en omdrejningstalsstyreenhed (15), en 
anden subtraktionsenhed (19) og en hældningsstyreenhed (17);
- at omdrejningstalsstyreenheden (15) er forbundet med den første subtrakti­
onsenhed (1) til modtagelse af omdrejningstalsdifferencesignalet og udformet 
til at fastlægge og til at udsende et hældningsreferencesignal på basis af det 
modtagne omdrejningstalsdifferencesignal,
- at den anden subtraktionsenhed er forbundet med hældningssignalindgan­
gen (5) til modtagelse af signalet, som angiver hældningen, og at den anden 
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subtraktionsenhed (19) er udformet til at fastlægge differencen mellem hæld­
ningsreferencesignalet og signalet, som angiver hældningen, og til at udsende 
et hældningsdifferencesignal; og
- at hældningsstyreenheden (17) er forbundet med den anden subtraktionsen­
hed (19) til modtagelse af hældningsdifferencesignalet, og at hældningsstyre­
enheden (17) er udformet til at fastlægge pitchreferencesignalet på basis af 
hældningsdifferencesignalet.

17. Hældningsstyresystem ifølge krav 16, kendetegnet ved, at 
omdrejningstalsstyreenheden (15) er en PID-styreenhed.

18. Hældningsstyresystem ifølge krav 16 eller krav 17, 
kendetegnet ved, at
hældningsstyreenheden (17) er en PID-styreenhed.

19. Hældningsstyresystem ifølge krav 14 og et af kravene 15 til 18, 
kendetegnet ved, at
- modifikationsenheden (9) omfatter et lavpasfilter (23), som er forbundet med 
differentiatoren (21) til modtagelse af det differentierede signal og udformet til 
at udsende et filtreret differentieret signal.



DK/EP 2063110 T4

DRAWINGS

FIG 1



DK/EP 2063110 T4

FIG 4

a_y



DK/EP 2063110 T4

FIG 5
In

cl
in

at
io

n [
de

g]
 ay 

Pi
tc

h [
de

g]
 speed [rpm] 

Po
w
er

 [k
W

] Wind [m/s] 300 310 320 330 340 350 360 370 380 390 400

!
... . I--—.-. . J--- - .---.

I

-- --.-..I...- .... J___  ... _______ -—J.___
... .

■ 4
J I..... : 1 , - — ΐ ■ —----- 41—------- 4----  ....I-----:------

25Oo4-t—-4—[---4--4—i---4t f » . > > t I

2000-1—i------- 1--------i--------i-------- i-------- i-------- )------- i-------- i------- i—-
300 310 320 330 340 350 360 370. 380 390 400

1800

1600

1400

20

10-

0

0

-0.4

; ------Speed Reference
ί ------Speed
Ί*·“·---- -j.------ -.

300 310 320 330 340 350. 360 370 380 390 400

+·

-0.2

300 310 320 330 340 350 360 370 380 390 400

i·-. i t
i U / : : ---- 1----- -4------ j------ -------- i—--- i——-

[ : j ------äy reference

J—J----------- ------------i----------- 1
: : : --- Sy : :---- L_--- j---- f---- i-- 1—j----- 1-- --

300 310 320 330 340 350 360 370 380 390 400

0 -------- ,--------,---- ------------1------ -J--------,-------- ;-------- .-------- 1-----------

-1 - —I--------4--4^--4------- ---------

I I I 1 · » I l < · ·

-2-1—i---------- i----- i------- 1------- i------- i--------i--------ϊ-------- i--------i-------
300 310 320 330 340 350 360 370 380 390 400

Time [s]



DK/EP 2063110 T4

FIG 6 , , . '...................
184—1.J—' I ■..4—ψ—i  i i i ' μ '
16----------- 4------- ΐ---------- <—;--h—f- [—........ [-------- i-------j--------

—i------- I------- i——i--------t--------- ί-------- i—------i-------- 1-------- i--------
300 310 320 330 340 350 360 370 380 390 400

In
cl

in
at

io
n [

de
g]

 ay[m/sz] 
Pi

tc
h [

de
g]

 speed [rpm] 
Po

w
er

 [k
W

] Wind [m/s] •—■I--------j.-------1------- |-------- j.------- j------- |-------- -------- p....... -..........

——IX---- I—------- i. i - i—■—<—....j----- i----------- 1-------- i-------- i--------

300 310 320 330 340 350 360 370 380 390 400

1700

1400J—----- t------ 1---------- 1--------1-——ί——I----- i----------- 1-------- i--------
300 310 320 330 340 350 360 370 380 390 400

• >>>(11 > ‘ >

U 300 310 320 330 340 350 360 370 380 390 400

-0.4 J—i-------- 1--------r---- -t--------- ί----- I——r——ί----------- r------- 1-----
300 310 320 330 340 350 360 370 380 390 400

0

’2 300 310 320 330 340 350 360 370 380 390 400 

Time [s]


