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DESCRIPTION

[0001] The invention refers to a method to determine the yaw angle of a component a wind turbine, preferably to determine the
yaw angle of the nacelle, the blade or the hub.

[0002] The yaw angle of a nacelle of a wind turbine is needed for an exact analysis of the characteristics or properties of the
wind turbine (i.e. relevant data and parameters).

[0003] The yaw angle of the nacelle relates to a so-called and specified "yaw position" and is used as the relevant parameter for
the orientation of the nacelle in view to a given landmark or geographic orientation.

[0004] The yaw angle of the nacelle is even needed to perform a sector management control. The control refers mainly to the
wind direction, which is indicated by the yaw angle.

[0005] The control strategy of the dedicated wind turbine is even determined by adjacent wind turbines, which are positioned
close to the dedicated wind turbine. For example the adjacent wind turbines cause wake in view to a dedicated wind turbine as
they act as obstacles, too. Thus the control strategy may have to be adapted to this situation.

[0006] The sector management control is getting more important today as requirements for load-optimization, increased
electrical output-power generation, acoustic noise reduction, etc., are growing.

[0007] For an improved and proper sector management control the yaw position or yaw angle of the nacelle needs to be
calibrated accurately and periodically.

[0008] This sounds to be easy but very often the yaw position is not calibrated well enough or even not calibrated at all.
Additionally the calibration might get lost, thus the sector management control is influenced in a bad manner.

[0009] It is known to calibrate the yaw position or the yaw angle by service technicians. They may use a certain reference mark
to detect the direction of the nacelle and thus its yaw angle.

[0010] For example the spinner of the rotor hub of the nacelle is adjusted to point towards the geographical direction "North" by
using a compass. This direction is used as reference direction. With the nacelle heading in this direction the yaw angle is set to
the specific mark "0°" for example.

[0011] It is also known to use adequate landmarks to align the nacelle and thus to calibrate the yaw position. Especially for
offshore sites there are no appropriate landmarks to be used for this calibration purpose.

[0012] Sometimes the real location of the wind turbine is changed at short notice, thus actual planning documents (like maps)
might not be available for the calibration being done by the service technicians at the actual wind turbine site.

[0013] Even the alignment, being done by service technicians, may not be accurate enough. Sometimes the alignment is quite
difficult due to bad weather conditions like fog, snow or rain. Even simply errors by misinterpretation of working instructions may
occur by the service personal.

[0014] The calibration of the yaw position by the service personal is time extensive and is thus "high in price".

[0015] Another calibration approach is to use a magnetic compass. However the magnet compass may be interfered by magnetic
material of the wind turbine. Thus this approach shows the disadvantage of a more or less inaccurate yaw angle.

[0016] Even expensive optical tools or specific compass-equipment may be required by the service personal. Thus additional
costs are generated for the calibration.

[0017] Last but not least the calibration might get lost over time. With the methods described above the repeated check of the
alignment and thus of the yaw angle is not easy while the accuracy over time is not guaranteed.

[0018] Document EP 2 175 130 A2 describes "systems and methods involving wind turbine bearing detection and operation.
According to this method a signal from a satellite is received at a first and at a second antenna, which are disposed on a wind
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turbine. The positions of the first antenna and of the second antenna are determined based on the signal. A line of bearing is
calculated and an angle of the line of bearing relative to a reference bearing is determined.

[0019] Document US 2010 143 128 A1 describes a wind turbine, which comprises a sensor for determining a position indicative
of a yaw bearing of the wind turbine. The sensor is arranged on a blade of the wind turbine, close to its tip end. The sensor
determines the position when the blade is in a substantially horizontal configuration. The wind turbine further comprises a second
sensor, which is displaced from the other sensor, and which determines a second position indicative of a yaw bearing of the wind
turbine.

[0020] Document US 2011 0268 569 A1 describes a method for controlling a wind turbine. The wind turbine includes a movable
portion which is movable during operation of the wind turbine. The movable portion includes at least a transmitter or a receiver.
The transmitter or the receiver is disposed at the movable portion. From three reference points at least one signal is sent or
received by the transmitter or the receiver. Based on the signal operational parameter of the wind turbine are determined.

[0021] It is the aim of the invention to provide an improved method to detect the yaw-angle of a component of a wind turbine (like
nacelle, hub or even a blade) in an accurate manner and even in a long-time-valid manner.

[0022] This aim is reached by the features of claim 1.

[0023] Preferred configurations are addressed by the dependent claims.

[0024] The invention refers to a method to determine the yaw angle of a component of a wind turbine.

[0025] The method invented allows the determination of the yaw angle quite accurate and can be repeated quite easy, too.

[0026] The yaw angle can be evaluated and calibrated regularly without additional efforts. Even service personal is not needed
any more as the whole method can be done remote-controlled. For example relevant position-data of the sensor or sensors are
transferred to a controller, who might take care for all relevant proceedings in view to the yaw angle of the nacelle.

[0027] An accurate knowledge of the yaw angle of the nacelle is gathered by a simple installation and of at least one receiver.

[0028] The method invented allows the calibration and the check of the yaw angle automatically and even "off site". There is no
longer the need for experienced service technicians for a repeated calibration of the yaw angle for example.

[0029] The determination of the yaw angle position can be done if the wind turbine is in operation or not. Thus bad weather
conditions do not influence the yaw angle determination.

[0030] The method invented avoids human errors while the resulting yaw angle is as accurate as possible.

[0031] The invention is shown in more detail by help of figures. The figures show preferred configurations and do not limit the
scope of the invention.

FIG 1
shows a first preferred configuration to determine the yaw-angle according to the invention, and
FIG 2
shows an other configuration to determine the yaw-angle.
FIG 3
and FIG 4 show different "planes of rotation" resulting from the yaw angle determination as described by help of FIG 1, and
FIG 5
shows the determination of the yaw direction by help of a normal vector in view to FIG 3 and FIG 4.

[0032] FIG 1 shows a first preferred configuration to determine the yaw-angle according to the invention in different views.

[0033] FIG 1A and FIG 1B show one receiver REC of an automated and autonomous positioning system (for example a GPS-
system) is used to generate position-data POS of the receiver REC.
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[0034] The receiver REC is arranged at the hub HB of the wind turbine WT and is subjected to a yawing movement of the nacelle
NA of the wind turbine WT.

[0035] The nacelle NA is subject of a yawing-movement, thus the nacelle NA is turned around the centre-axis AT or the
longitudinal axis AT of the tower T by a specified range of angles.

[0036] During the yawing movement the position data POS of the receiver REC are monitored, thus at least a part of a circle CIR
is defined. The centre MID of the circle CIR is determined and used as reference point RP.

[0037] This reference point RP is used as "common point of intersection” of a first reference axis RA1 and a second reference
axis RA2.

[0038] After this calibration the nacelle NA is turned into the incoming wind as shown in FIG 1C.
[0039] The actual position-data APOS of the receiver REC are determined. This position-data APOS and the position data of the
reference point RP are used to define the first reference axis A1, which in turn defines an actual orientation of the nacelle NA in

reference to a geographic direction GD.

[0040] The second reference axis RA2 defines an orientation of the nacelle NAin reference to a predefined geographic direction
- in this case the geographic direction of "west" is used.

[0041] The first reference axis RA1 and the second reference axis RA2 meet at the common point of intersection RP.

[0042] The angle a between the first reference axis RA1 and the second reference axis RA2 is determined as yaw angle of the
nacelle NA.

[0043] FIG 2 shows an other configuration to determine the yaw-angle.

[0044] According to FIG 2A one receiver REC of an automated and autonomous positioning system (for example a GPS-system)
is used to generate position-data POS of the receiver REC..

[0045] The receiver REC is arranged at a turning blade BL of the wind turbine WT. Due to this specific location the receiver REC
is subjected to a yawing movement of the nacelle NA of the wind turbine WT.

[0046] The position data POS of the receiver REC are measured while the blade BL is turning thus a circle-area CA is defined by
the turning movement of the blade BL.

[0047] An axs is determined, which is perpendicular to the circle area CA and which comprises the center-point CP of the circle.
This axis is used as first reference axis RA1.

[0048] The first reference axis RA1 defines the actual orientation of the nacelle NA in reference to a geographic orientation.

[0049] As shown in FIG 2B the first reference axis RA1 meets a second reference axis RA2 in a "common point of intersection" or
reference point RP.

[0050] The centre CT of the tower T as seen from above might be used as "common point of intersection” or reference point RP.
The position data of this centre CT may be well known or might be fixed by help of an appropriate GPS-receiver or the like.

[0051] The second reference axis RA2 defines an orientation of the nacelle NA in reference to a predefined landmark or in
reference to a predefined geographic direction - in this case the geographic direction of "west" is used.

[0052] The first reference axis RA1 and the second reference axis RA2 meet at the reference point RP.
The angle a between the first reference axis RA1 and the second reference axis RA2 is determined as yaw angle of the nacelle
NA.

[0053] FIG 3 and FIG 4 show different "planes of rotation” resulting from the yaw angle determination as described by FIG 1.

[0054] The plane of rotation as shown in FIG 3 results from a position-measurement-circle with a radius of 5 meter. Thus the
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receiver is arranged at a distance of 5 m from the rotor centre and towards the blade tip.
The plane of rotation is defined by the positions measurements which are marked as "x" in FIG 3.

[0055] The plane of rotation as shown in FIG 4 results from a position-measurement-circle with a radius of 20 meter. Thus the
receiver is arranged at a distance of 20 m from the rotor centre and towards the blade tip.
The plane of rotation is defined by the positions measurements which are marked as "X" in FIG 4.

[0056] The "X" in FIG 3 and FIG 4 visualizes even position-datapoints being collected during 1 minute of operation. They are
sampled each second, while the rotor shows a speed of 16 rotations per minute.

[0057] The plane of rotation as shown in FIG 4 is more accurate than the plane of rotation as shown in FIG 3. The accuracy of
the yaw angle determination is improved or increased by a widened spatial span.

[0058] Based on the "X' marked data points the slope of the plane of rotation is determined - shown as continuous line.

[0059] The yaw direction is determined by simply determining the normal vector to the plane of rotation (the continuous line).
This is illustrated in FIG 5.
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Patentkrav

1. Fremgangsmade til at bestemme krgjningsvinklen af en nacelle af en
vindmglle,

- hvor nacellen (NA) udseettes for en foruddefineret krgjningsbevaegelse, sa-
ledes at nacellen (NA) drejes omkring leengdeaksen (AT) af tarnet (T) af
vindmgllen med et fastlagt vinkelinterval,

- hvor en modtager (REC) af et automatiseret og autonomt positioneringssy-
stem er anbragt ved navet (HB) af vindmgllen (WT), saledes at modtageren
udseettes for krajningsbevaegelsen af nacellen (NA),

- hvor modtageren (REC) anvendes til at generere positionsdata (POS) af
modtageren (REC), séledes at positionsdataene (POS) af modtageren (REC)
overvages under krgjningsbeveegelsen, som definerer mindst en del af en
cirkel (CIR),

- hvor midten (MID) af cirklen (CIR) bestemmes og anvendes som et referen-
cepunkt (RP), hvor referencepunktet (RP) anvendes som et felles skaerings-
punkt af en forste referenceakse (RA1) og en anden referenceakse (RA2),

- hvor nacellen (NA) drejes ind i den indgéende vind efter denne kalibrering,

- hvor faktiske positionsdata (APOS) af modtageren (REC) bestemmes,

- hvor de faktiske positionsdata (APOS) og positionsdataene af reference-
punktet (RP) anvendes til at definere den forste referenceakse (RA1), mens
den forste referenceakse (RA1) definerer den faktiske orientering af nacellen
(NA) i forhold til den anden referenceakse (RA2), mens den anden referen-
ceakse (RA2) definerer orienteringen af nacellen (NA) i forhold til en forudbe-
stemt geografisk retning, og

- hvor vinklen mellem den forste referenceakse (RA1) og den anden referen-
ceakse (RA2) bestemmes som krgjningsvinkel af nacellen (NA).

2. Fremgangsmade ifglge krav 1, hvor positionsdata af en GPS-modtager
eller en GLONASS-modtager eller en GALILEO-modtager anvendes.

3. Fremgangsmade ifglge krav 1 eller 2, hvor bestemmelsen af krgjningsvink-
len gentages automatisk.
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FIG 2A
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