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DESCRIPTION

[0001] The present invention relates to a wind turbine arrangement and to method for aligning a wind turbine with the wind
direction.

[0002] The alignment of, for example, horizontal axis wind turbines into a particular wind direction is crucial in order to avoid high
structural loads and in order to produce optimal power. The wind direction is typically measured by use of a wind vane or by use
of a sonic wind sensor.

[0003] EP 1 559 910 A1 discloses a horizontal axis wind turbine of an upwind type. The wind turbine comprises a rotor for
rotating about a rotor axis extending in a horizontal direction. The rotor is turned in a horizontal plane according to a wind
direction. The wind turbine further comprises a nacelle having a symmetrical shape with respect to an imaginary plane including
the rotor axis and extending in a vertical direction. Two anemometers are disposed at positions at both side portions of the
nacelle. The positions are opposing each other across the imaginary plane. The wind turbine further comprises a controller for
controlling a yaw angle of the rotor based on wind speeds measured by the two anemometers.

[0004] In the document WO 97/22804 a yawing system for a wind turbine is provided. The system adjusts the wind turbine into a
required wind direction against the wind by turning the turbine about a yawing axis by means of at least one hydraulic motor. A
controllable throttle valve is disposed in a parallel line to the hydraulic motor. A regulator is capable of changing an opening
diameter of said throttle valve in accordance with a position of the nacelle in relation to the wind direction such that periodic
vibrations in the nacelle are utilized for turning the nacelle and correcting for changes in the wind direction during operation.

[0005] JP 2005 188455 A discloses a wind turbine with an anemometer, which is arranged in a nacelle. A plurality of pressure
sensors are arranged on a rotor head so that a peripheral directional position is made different by setting the same distance in
the radial line direction from its rotational center position. A data storage means is provided for storing wind direction data and
wind speed data measured by the anemometer and true wind direction data measured from a wind pressure valve of the
respective pressure sensors in the corresponding relationship.

[0006] In EP 1 429 025 A1 a structure of an upwind type wind turbine and the operating method thereof capable of preventing
the occurrence of damage of the blades by evading excessive irregular loads from acting on the blades in the slanting direction in
the event of power failure when strong wind blows, are provided.

[0007] In GB 2 067 247 A, a device for determining the wind energy in order to control wind generators, especially in order to
align the position of the plane of rotation of the rotor in relation to the air flow, is disclosed. The wind energy at the rotor plane is
controlled with the aid of a pressure difference measured by probes, wherein the pressure probes are arranged at the surface of
the rotor blades. If the measuring system registers unequal initial wind angles in the 90° and 270° rotor position, then the blades
have to be adjusted in the 0° and 180° position so that the rotor plane pivots about the tower axis so as to balance the difference
in the initial wind angles at 90° and 270° again.

[0008] It is an objective of the present invention to provide an improved method for aligning a wind turbine with the wind direction.
It is a further objective of the present invention to provide an improved wind turbine.

[0009] The first objective is solved by a method as claimed in claim 1, the second objective by a wind turbine arrangement as
claimed in claim 10. The depending claims contain further developments of the invention.

[0010] The inventive method for aligning a wind turbine with the wind direction comprises the steps of measuring at least a first
pressure at a first side of a wind turbine nacelle and determining the pressure difference between the measured first pressure
and a second pressure. The nacelle is then rotated in dependence or in response to the determined pressure difference.

[0011] The second pressure may be a reference pressure which is calibrated to correspond to correct alignment of the wind
turbine with the wind, or a pressure measured at a second side of the wind turbines nacelle which is located opposite to the first
side. In other words, the difference between the at least one pressure value measured at one side of the nacelle and the
reference pressure, or the difference between pressure values measured at both sides of the nacelle, is used by the wind turbine
control system to correct yaw misalignment of the wind turbine rotor.

[0012] By using the largest object available, namely the nacelle of the wind turbine, for the pressure measurements a very robust
measurement of the yaw misalignment of the wind turbine rotor can be achieved. With such robust detection of misalignments, a
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better alignment, i.e. a more precise alignment, can be achieved. Furthermore, an increase of structural loads and power
production losses due to misalignment can be avoided. For making the measurements even more robust, and hence yaw
misalignment detection, the measured first pressure and/or the measured second pressure may be integrated over time periods
before determining the pressure difference.

[0013] The inventive method can be performed irrespective whether dynamic pressures or static pressures or combination
thereof are measured as the first pressure and/or the second pressure. Furthermore, more than one pressure may be measured
at the first side of the nacelle and/or more than one pressure may be measured at the second side of the nacelle. The pressures
measured at the first side of the nacelle are then combined and/or the pressures measured at the second side of the nacelle are
then combined before determining the pressure difference. Alternatively, more than one pressure difference is determined and
the determined pressure differences are combined before rotating the nacelle in dependence or in response to the combined
pressure difference. The pressures measured at the same side of the nacelle may result from the same kind of pressure
measurement or from different kinds of pressure measurements. By combining a number of pressure measurements at each side
of the nacelle the inventive method can be made even more robust. Note that in the following the terms "pressure difference" or
"determined pressure difference” shall also include the combined pressure difference without explicitly mentioning it.

[0014] Optionally, a maximum limit and/or a minimum limit for the pressure difference may be defined. The rotation of the nacelle
may then be started in case the pressure difference reaches or exceeds the defined maximum limit and/or the rotation of the
nacelle may be stopped in case the pressure difference reaches or falls under the defined minimum limit. The maximum limit and
the minimum limit may also be identical.

[0015] Moreover, the method may comprise a step of calibrating the pressure difference and/or the defined maximum limit and/or
the defined minimum limit according to wind speed and/or rotational speed of the wind turbine rotor. By this measure minor non-
symmetries induced into the air flow around the nacelle by the rotation of the rotor can be taken into account.

[0016] An inventive wind turbine arrangement comprises a nacelle with a first side and a second side being located opposite to
the first side. It further comprises a yaw alignment controller and a yaw drive connected to the yaw alignment controller. The yaw
alignment controller is designed to determine a misalignment of the wind turbine with the wind direction, i.e. a yaw error, and to
produce a control signal representing a turning of the wind turbine which leads to realignment of the wind turbine with the wind
direction. A yaw drive is connected to the yaw alignment controller for receiving the control signal. The yaw drive is designed to
align the wind turbine with the wind direction on the basis of the control signal. In the inventive wind turbine arrangement, at least
one first pressure gauge is located at the first side of the nacelle, the pressure gauge producing a first pressure signal.
Furthermore, the yaw alignment controller is connected to the at least one first pressure gauge for receiving the first pressure
signal. It is designed to determine the pressure difference between the first pressure signal and a second pressure signal, and to
output the control signal representing a turning of the nacelle in dependence or in response to the determined pressure
difference. The yaw alignment controller may be, or comprise, a PID-controller or a neuronal network or a fuzzy logic controller or
an adaptive controller.

[0017] The inventive wind turbine arrangement is adapted to perform the inventive method and, hence, achieves the advantages
already described with respect to the inventive method. In this respect, the turning may, in particular, be performed by using a
defined maximum limit for starting the rotation and/or a defined minimum limit for stopping the rotation.

[0018] In addition to the first pressure gauge, at least one second pressure gauge may be located at the second side of the
nacelle, the second pressure gauge producing the second pressure signal. In this case, the yaw alignment controller can be
connected to the at least one second pressure gauge for receiving the second pressure signal. Additionally or Alternatively to the
at least one second pressure gauge located at the second side of the nacelle, the wind turbine arrangement may comprise a
reference pressure repository containing a reference pressure which is calibrated to correspond to correct alignment of the wind
turbine with the wind. In this case, the yaw alignment controller can be connected to the reference pressure repository for
receiving the reference pressure as the second pressure signal.

[0019] In the inventive wind turbine arrangement, the location of the pressure gauges may be anywhere on the nacelle sides.
Furthermore, the yaw alignment controller may be located at a central control instance and be responsible for a number of wind
turbines. The signals of the pressure gauges of the individual wind turbines could then, for example, be transmitted to the yaw
alignment controller according to a time scheme. Preferably, an individual wind turbine may be equipped with a yaw alignment
controller of its own. The yaw alignment controller may be a part of or incorporated into the wind turbine controller

[0020] More than one pressure gauge may be located at the first side of the nacelle and/or more than one pressure gauge may
be located at the second side of the nacelle, each pressure gauge producing a pressure signal. The yaw alignment controller is
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then connected to all pressure gauges for receiving the respective pressure signals and designed to combine the pressure
signals from the pressure gauges located at the first side of the nacelle to a first combined pressure signal and/or to combine the
pressure signals from the pressure gauges located at the second side of the nacelle to a second combined pressure signal
before determining the pressure difference. Alternatively, the yaw alignment controller can be designated to determine more than
one pressure difference and to combine the determined pressure differences before it outputs the control signal representing a
turning of the nacelle in dependence or in response to the combined pressure difference. Measuring the pressures at more than
one location at a nacelles side allows for increasing robustness in determining of the yaw misalignment further.

[0021] In order to take account for minor non-symmetries in the air flow around the nacelle induced by the rotation of the rotor
the yaw alignment controller may comprise or may be connected to, a calibration unit which is designed to calibrate the difference
between the first pressure signal and the second pressure signal and/or a defined maximum limit and/or a defined minimum limit
according to wind speed and/or rotational speed of the rotor. In particular, the calibration unit may provide a table which defines
correction values to the be made to the determined pressure difference for given values of rotor rotational speeds and/or given
values of wind speeds. Instead, the correction could be done at the side of a defined pressure difference limit.

[0022] Various devices could be used as pressure gauges, for example Pitot tubes, strain gauges, Piezoelectric pressure
sensors, membrane pressure sensors, etc., or combinations thereof.

[0023] Further features, properties and advantages of the present invention will become clear from the following description of
embodiments of the invention in conjunction with the accompanying drawings.

Figure 1 shows a wind turbine of a first embodiment of the inventive wind turbine arrangement from above.

Figure 2 schematically shows, in form of a block diagram, the yaw alignment controller of the first embodiment.
Figure 3 shows a modification of the yaw alignment controller shown in figure 2.

Figure 4 shows a wind turbine of a second embodiment of the inventive wind turbine arrangement from above.
Figure 5 schematically shows, in form of a block diagram, the yaw alignment controller of the second embodiment.
Figure 6 shows a wind turbine of a third embodiment of the inventive wind turbine arrangement from above.

Figure 7 schematically shows, in form of a block diagram, the yaw alignment controller of the third embodiment.

[0024] Figure 1 shows a wind turbine of an inventive wind turbine arrangement as seen from above. The wind turbine comprises
a nacelle 1 located on top of a wind turbine tower. The tower itself is not visible in the figure since it is located below the nacelle 1.
The nacelle 1 houses an electrical generator the moving part of which is connected to the wind turbine rotor 5 by a shaft 3. The
rotor 5 comprises a rotor hub 7 from which, in the present embodiment, three rotor blades 9 extend radially outwards (only two of
three blades are visible in the figure). Note, that the number of blades may be different from three, for example two. However,
three-bladed rotors are the most common for the time being.

[0025] To achieve optimum conversion of wind power into electrical power the axis A of the shaft 3, i.e. the rotor axis, is to be
aligned with the wind direction. In order to achieve alignment of the axis A with the wind direction a yaw drive is located between
the tower top and the nacelle 1 (the yaw drive is not visible in figure 1). Furthermore, a yaw alignment controller is present which
produces control signals representing a turning of the wind turbines rotor axis A which leads the rotor axis A to align with the wind
direction. The yaw alignment controller and the yaw drive are schematically shown in figure 2.

[0026] In the present embodiment, the yaw alignment controller 11 is connected to a first Pitot tube 13 and a second Pitot tube
15 which are located at a first side 17 and a second side 19 of the nacelle, respectively. The second side 19 is located opposite
to the first side 17. Hence, the first Pitot tube 13 measures the dynamic pressure of the wind at a first side 17 of the nacelle 1
while the second Pitot tube 15 measures the dynamic pressure of the wind at the opposite side 19 of the nacelle 1. The first and
second pressure gauges produce first and second pressure signals, respectively. Note that Pitot tubes are only one possible kind
of pressure gauges which may be used with the present invention. Other pressure gauges, also such pressure gauges measuring
static pressure instead of dynamic pressure, may be used, as well. Examples of other pressure gauges are strain gauges,
Piezoelectric pressure sensors, membrane pressure sensors, efc.

[0027] In the yaw alignment controller 11 the first and second pressure signals produced by the first and second Pitot tubes 13,
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15 are received by a subtraction unit 21 which subtracts the first pressure signal from the second pressure signal, or vice versa
and outputs a difference signal representative of a difference between the first and the second pressure signal, i.e. representing
the pressure difference between both sides 17, 19 of the nacelle 1.

[0028] The subtraction unit 21 can, for example, be realized as a differential amplifier. Note that, like all other units of the yaw
alignment controller 11, the subtraction unit 21 can, in principle, be realized in form of hardware as well as in form of software
running on a suitable hardware environment.

[0029] The difference signal is received by a comparator 23 which is connected to the subtraction unit 21 for receiving the
difference signal and which compares the difference signals with a defined maximum limit. In case the defined maximum limit is
exceeded a yaw misalignment has occurred that is out of acceptance limits. In this case the comparator determines the extends
by which the given maximum limit is exceeded and produces a comparation signal representing the extend by which the defined
maximum limit is exceeded.

[0030] The comparation signal is received by a control unit 25 which is connected to the comparator 23 and which produces, on
the basis of the comparation signal, a control signal representing a turning of the rotor axis A in horizontal direction in order to
realign the axis with the wind direction. This control signal is then output to the wind turbine's yaw drive 27.

[0031] In the present embodiment, the comparator 23 receives the defined maximum limit from a calibration unit 29 which is
connected to the subtraction unit 21, to a rotor speed sensor 31 and to a wind speed sensor 33. In addition, the calibration unit
29 is connected to a memory 35. The calibration unit 29 serves for calibrating the defined pressure difference maximum limit
according to wind speed and rotor speed in order to account for minor non-symmetries in the air flow around the nacelle 1 which
may be introduced by the rotation of the rotor 5. Such calibration can, for example, be repeatedly done in given time intervals or
as soon as certain changes in rotor speed and/or wind speed are detected.

[0032] In the calibration process, the calibration unit 29 produces corrective values for the defined maximum limit used in the
comparator. This correction values are stored in the memory 35, e.g. in form of a table assigning correction values to
measurement values of wind speed and/or rotor speed. After the calibration process, the calibration unit 29 then retrieves,
depending on the measured wind speed and/or rotor speed, a correction value corresponding to the measured wind speed
and/or rotor speed and corrects the defined maximum limit with the retrieved correction value before the defined maximum limit is
output to the comparator 23.

[0033] In this embodiment the difference signal is received from the subtraction unit 21 only for performing the calibration
process. However, instead of correcting the defined maximum limit it is also possible to correct the difference signal. In this case,
the comparator 23 would not be directly connected to the subtraction unit 21, as it is in embodiment shown in figure 2, but only via
the calibration unit 29. The calibration unit 29 would then correct the difference signal received from the subtraction unit 21 with
the correction value retrieved from the memory 35. Then the corrected difference signal would be output to the comparator 23.
The comparator 23 would, in this case, contain or receive an unmodified defined maximum limit which it would compare with the
corrected difference signal.

[0034] The yaw alignment controller 11 produces and outputs a control signal which leads to a yawing motion of the nacelle until
the defined maximum limit, whether modified or unmodified, is not exceeded anymore. Then, the yawing motion stops since the
rotor axis Ais realigned with the wind direction within acceptable limits. Although the defined maximum limit is used for starting and
stopping the rotation in the present embodiment, a different limit than the maximum limit could be used for stopping the rotation.
Such a limit called a minimum limit would, in particular, be smaller than the maximum limit.

[0035] A modification of the controller shown in figure 2 is depicted in figure 3. Elements of the modified controller 11" which do
not differ from the controller 11 of figure 2 are denominated with the same reference numerals and will not be described again to
avoid redundancies.

[0036] The modified controller 11' shown in figure 3 differs from the controller 11 shown in figure 2 in that the Pitot tubes 13, 15
are not directly connected to the subtraction unit 21. Instead, the first pressure senor 13 and the second pressure sensor 15 are
connected to a fist integrator 37 and a second integrator 39, respectively. These integrators integrate the received pressure
signals over a given time period for producing a first integrated pressure signal and a second integrated pressure signal,
respectively. The fist integrated pressure signal and the second integrated pressure signal are then further processed in the
same way as the fist pressure signal and the second pressure signal in the controller 11 shown in figure 2. By integrating the
pressure signals a more robust determination of the yaw misalignment of the rotor axis A is possible.
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[0037] A wind turbine of a second embodiment of the inventive wind turbine arrangement is shown in figure 4. The second
embodiment differs from the first embodiment in that additional pressure gauges 41, 43 are present on each side 17, 19 of the
nacelle 1. These additional pressure gauges 41, 43 may be pressure gauges of the same kind as the first pressure gauge 13 and
the second pressure gauge 15. However, different kinds of pressure gauges may be used as well. In other respects the second
embodiment does not differ from the elements of the first embodiment shown in figure 1. Therefore, elements which have already
been described with respect to the first embodiment and do not differ from elements in the second embodiment are denominated
with the same reference numerals and will not be explained again.

[0038] The yaw alignment controller 111 of the second embodiment is schematically shown in figure 5. The controller differs from
the controller shown in figure 2 in that combination units 45, 47 are present. In other respects the yaw alignment controller 111
does not differ from the yaw alignment controller 11 of figure 2. Elements which are identical with those of the yaw alignment
controller of figure 2 are denominated with the same reference numerals as in figure 2 and will not be explained again.

[0039] The first combination unit 45 is connected to the pressure gauges 13, 411...41 at the first side 17 of the nacelle. The
second combination unit 47 is connected to the pressure gauges 15, 431...43 at the second side 19 of the nacelle. The

combination units 45, 47 are used for combining the pressure signals of all pressure gauges at one side of the nacelle 1 and to
output a first combined pressure signal and a second combined pressure signal, respectively, to the subtraction unit 21.

[0040] Combining the pressure signals measured at one side 17, 19 of the nacelle 1 can be done in various ways which depend
on the kinds of pressure gauges used for producing the pressure signals. In case all pressure gauges are of the same kind a
mean value or a weighted mean value can be used as combined pressure signal. The weights may, e.g., depend on the location
of the respective pressure gauges on the side of the nacelle 1.

[0041] The first and second combined pressure signals resulting from combining the pressure signals of the pressure gauges
are then further processed in the same way as the first and the second pressure signals in the yaw alignment controller 11 shown
in figure 2.

[0042] Although not shown in figure 5, the yaw alignment controller 111 may further comprise integration units as they have been
described with respect to figure 3. Such integration units may be located before or after the combination unit 45, 47. If they are
located after the combination units 45, 47 only one integrator would be needed for each side of the nacelle 1. In the other case,
an integrator would be needed for each single pressure signal which is to be integrated. Note that it would generally be possible
to locate the integrators before the combination units 45, 47 but not integrating each single pressure signal. In particular, if
different kinds of pressure gauges are used at a side of the nacelle 1 it may be advantageous to integrate the signals produced
by some kinds of pressure gauges while not integrating the signals of other kinds of pressure gauges, i.g. because some kinds of
the used pressure gauges already produce integrated signals.

[0043] In a modification of the controller 111 in figure 5 individual difference signals can be produced for pressure signals
delivered by corresponding pressure gauges at the first and second side of the nacelle 1. The individual difference signals are
then combined to form a combined difference signal that will be compared to the defined limit. In this case, a number of
subtraction units would be present which are located between the pressure gauges and a single combination unit. The
combination unit would be further connected to the comparator 23, the calibration unit 29, and the control unit 25.

[0044] A wind turbine of a third embodiment of the inventive wind turbine arrangement is shown in figure 6. The third embodiment
differs from the first embodiment in that only the pressure gauge at the first side 17 of the nacelle 1 is present. In other respects
the second embodiment does not differ from the elements of the first embodiment shown in figure 1. Therefore, elements which
have already been described with respect to the first embodiment and do not differ from elements in the second embodiment are
denominated with the same reference numerals and will not be explained again.

[0045] The yaw alignment controller 211 of the third embodiment is schematically shown in figure 7. The controller differs from
the controller shown in figure 2 in that the subtraction unit 21 is connected to a reference pressure repository 22 containing a
reference pressure which is calibrated to correspond to correct alignment of the wind turbine with the wind. The reference
pressure is then used instead of the pressure measured by the second pressure gauge of the first embodiment for determining
the difference signal. In other respects the yaw alignment controller 211 of the third embodiment does not differ from yaw
alignment controller 11 of the first embodiment. Note that the yaw alignment controller 211 of the third embodiment may comprise
an integrator as it has been described with respect to figure 3 for integrating the pressure signal from the pressure gauge 13 over
a given time period.
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[0046] The calibrated reference pressure may depend on the kind of wind turbine and on the location of the wind turbine.
Therefore, a calibration procedure is preferably carried out for each wind turbine after erection. However, if wind turbines of the
same kind are used at locations which are expected to show identical wind flow conditions a common reference pressure may be
established for such wind turbines, by a single calibration procedure. The calibration procedure for a single wind turbine or a
group of similar wind turbines may be repeated from time to time or if wind flow conditions at a wind turbine location have
changed, for instance due to newly constructed buildings or new wind turbines in a wind farm which may lead to a wake changing
the flow conditions.

[0047] Note that, in the third embodiment, the difference signal does not represent the difference between pressures at both
sides of the nacelle but the difference between the pressure at a single side of the nacelle and a pressure representing correct
alignment of the wind turbine with the wind.

[0048] More than one pressure gauge may be used at the first side 17 of the nacelle 1 also in the third embodiment. In this case,
the yaw alignment controller 211 would comprise a combination unit as it has been described with respect to the yaw alignment
controller 111 of the second embodiment. One or more integrators for integrating one or more of the pressure signals might also
be present.

[0049] The present invention as described exemplary with respect to the embodiments allows for a robust detection of yaw
misalignments so that an improved alignment can be achieved. A better alignment leads to decreasing structural loads and to
avoiding power reduction losses due to yaw misalignments.
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Patentkrav

1. Fremgangsmade til at justere en vindmaglle efter vindretningen,
kendetegnet ved

trinnene:

- at méle mindst et forste tryk pa en forste side (17) af vindmgllens nacelle
(1);

- at bestemme trykforskellen mellem det mélte farste tryk og et andet tryk;

- 0g at rotere nacellen (1) afheengigt af den bestemte trykforskel.

2. Fremgangsmade ifalge krav 1,

kendetegnet ved, at

det andet tryk méales pa en anden side (19) af vindmegllens nacelle (1), som
er anbragt over for den forste side (17).

3. Fremgangsmade ifalge krav 1,

kendetegnet ved, at

det andet tryk er et referencetryk, som kalibreres, sa det svarer til korrekt ju-
stering af vindmgllen efter vinden.

4. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 3,
kendetegnet ved

at integrere det malte forste tryk og/eller det mélte andet tryk over tidsrum fgr
bestemmelse af trykforskellen.

5. Fremgangsmade ifolge et hvilket som helst af kravene 1 til 4,
kendetegnet ved, at

mere end ét tryk males pa den farste side (17) af nacellen, og/eller mere end
ét tryk males pa den anden side (19) af nacellen, og de tryk, der males pa
den forste side af nacellen, kombineres, og/eller de tryk, der méles pa den
anden side af nacellen, kombineres far bestemmelse af trykforskellen.

6. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 5,
kendetegnet ved, at

mere end ét tryk males pa den forste side (17) af nacellen (1), og/eller mere
end ét tryk males pa den anden side (19) af nacellen (1), mere end én tryk-



10

15

20

25

30

35

DK/EP 2182205 T3

forskel bestemmes, og de bestemte trykforskelle kombineres, for nacellen (1)
roteres afhaengigt af den kombinerede trykforskel.

7. Fremgangsmade ifolge et hvilket som helst af kravene 1 til 6,
kendetegnet ved, at

rotationen af nacellen (1) afhaengigt af trykforskellen eller den kombinerede
trykforskel startes, hvis trykforskellen eller den kombinerede trykforskel nar
eller overstiger en defineret maksimumsgraense.

8. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 7,
kendetegnet ved, at

rotationen af nacellen (1) afhaengigt af trykforskellen eller den kombinerede
trykforskel stoppes, hvis trykforskellen eller den kombinerede trykforskel nar
eller falder til under en defineret minimumsgraense.

9. Fremgangsmade ifolge et hvilket som helst af kravene 1 til 8,
kendetegnet ved, at

den omfatter et trin med kalibrering af trykforskellen og/eller den definerede
maksimumsgraense og/eller den definerede minimumsgraense i henhold til
vindhastigheden og/eller rotationshastigheden af vindmagllens rotor (5).

10. Vindmglleanordning, der omfatter:

- en nacelle (1) med en fgrste side (17) og en anden side (19), som er an-
bragt over for den forste side (17);

- en krgjningsjusteringsstyreenhed (11, 11', 111, 211), som er indrettet til at
bestemme en fejljustering af vindmellen efter vindretningen og til at frembrin-
ge et styresignal, der repraesenterer en drejning af vindmgllen, hvilket farer til
genjustering af vindmgllen efter vindretningen;

- 0og et krgjningsdrev (27) forbundet med krgjningsjusteringsstyreenheden
(11, 11, 111, 211) til modtagelse af styresignalet, som er beregnet til at juste-
re vindmellen efter vindretningen pa basis af styresignalet;

kendetegnet ved, at

- mindst en farste trykmaler (13) er anbragt pa den forste side (17) af nacel-
len (1), hvilken forste trykmaler (13) frembringer et forste tryksignal;

- krgjningsjusteringsstyreenheden (11, 11', 111, 211) er forbundet med den
mindst ene farste trykmaler (13) til modtagelse af det forste tryksignal og ind-
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rettet til at bestemme trykforskellen mellem det forste tryksignal og et andet
tryksignal og til at afgive styresignalet, der repraesenterer en drejning af
vindmgllen afhaengigt af den bestemte trykforskel.

11. Vindmglleanordning ifglge krav 10,

kendetegnet ved, at

- mindst en anden trykmaler (15) er anbragt pa den anden side (19) af nacel-
len (1), hvilken anden trykmaler (15) frembringer det andet tryksignal,

- krgjningsjusteringsstyreenheden (11, 11', 111) er forbundet med den mindst
ene anden trykmaler (15) til modtagelse af et andet tryksignal og indrettet {il
at bestemme trykforskellen mellem det forste tryksignal og det andet tryksig-
nal og til at afgive styresignalet, der repreesenterer en drejning af vindmgllen
afhaengigt af den bestemte trykforskel.

12. Vindmglleanordning ifglge krav 11, kendetegnet

- ved en referencetrykindretning, der indeholder et referencetryk, som er ka-
libreret, sa det svarer til korrekt justering af vindmgllen efter vinden; og

- ved at krgjningsjusteringsstyreenheden (211) er forbundet med reference-
trykarkivet (22) til modtagelse af referencetrykket som det andet tryksignal.

13. Vindmglleanordning ifalge et hvilket som helst af kravene 10 til 12,
kendetegnet ved, at

- mere end én trykmaler (13, 41, 15, 43) er anbragt pa den forste side (17) af
nacellen (1), og/eller mere end én trykmaler (15, 43) er anbragt pa den an-
den side (19) af nacellen (1), idet hver trykmaler (13, 41, 15, 43) frembringer
et tryksignal,

- krojningsjusteringsstyreenheden (111) er forbundet med alle trykmalerne
(13, 41, 15, 43) til modtagelse af de respektive tryksignaler og indrettet til at
kombinere tryksignalerne fra trykmalerne (13, 41) anbragt pa den forste side
(17) af nacellen (1) til dannelse af et farste kombineret tryksignal og/eller til
kombinering af tryksignalerne fra trykmalerne (15, 43) anbragt pa den anden
side (19) af nacellen (1) til dannelse af et andet kombineret tryksignal for be-
stemmelse af trykforskellen.

14. Vindmglleanordning ifglge krav 13,
kendetegnet ved, at
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- mere end én trykmaler (13, 41) er anbragt pa den forste side (17, 19) af
nacellen (1), og/eller mere end én trykmaler (15, 43) er anbragt pa den an-
den side (19) af nacellen (1), idet hver trykmaler (13, 41, 15, 43) frembringer
et tryksignal,

- krgjningsjusteringsstyreenheden (111) er forbundet med alle trykmalerne
(18, 41, 15, 43) til modtagelse af de respektive tryksignaler og indrettet til at
bestemme et antal trykforskelle, til at kombinere de bestemte trykforskelle til
dannelse af en kombineret trykforskel og til at afgive styresignalet, der re-
preesenterer en drejning af vindmgllen afhzengigt af den kombinerede tryk-
forskel.

15. Vindmglleanordning ifglge et hvilket som helst af kravene 10 til 14,
kendetegnet ved, at

krgjningsjusteringsstyreenheden (11, 11, 111, 211) omfatter eller er forbun-
det med en kalibreringsenhed (29), som er indrettet til at kalibrere forskellen
mellem det forste tryksignal og det andet tryksignal og/eller en defineret
maksimumsgraense for at starte rotationen af nacellen (1) og/eller en define-
ret minimumsgraense for at stoppe rotationen af nacellen (1) i henhold til
vindhastigheden og/eller rotorens rotationshastighed.

16. Vindmglleanordning ifalge et hvilket som helst af kravene 10 til 15,
kendetegnet ved, at

krgjningsjusteringsstyreenheden (11, 11', 111, 211) er eller omfatter en PID-
regulator eller et neuronalt netveerk eller en fuzzy logic-styreenhed eller en
adaptiv styreenhed.
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