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Method for determining an azimuth angle of a wind turbine

The invention relates to a method for determining an azimuth angle of a wind power
installation. The invention also relates to a wind power installation having a tower, a nacelle

and a rotor.

In wind power installations, in particular during their installation and commissioning and
when sizing prototype constellations, it is important to determine the azimuth angle of the
wind power installation. The azimuth angle of a wind power installation is also referred to
as the “installation viewing direction” and indicates, in degrees or angles, the compass
direction in which the rotor hub or a spinner of the wind power installation points. In order
to determine the azimuth angle, a bearing is taken of the wind power installation, usually
the rotor hub or the spinner, from a distance using a compass bearing during

commissioning of the wind power installation and the azimuth angle is derived therefrom.

In the priority application for the present application, the German Patent and Trademark
Office researched the following prior art: DE 20 2007 008 066 U1, EP 2 333 316 A2 and
KR 10 2014 0 054 680 A. EP 2 333 316 A2 describes a GPS receiver for determining an
azimuth angle. EP 2 202 407 A2 discloses a wind turbine comprising a sensor for indicating
a yaw direction. EP 2 063 112 A2 discloses a wind turbine comprising a receiver for
receiving a signal from a satellite-based navigation system and for determining position,
time and date information, and a communication device adapted to transmit the position,
time and date information. JP 2004 285 857 A shows a laser anemometer for controlling a

pitch angle of a blade and a yaw angle.

An object of the present invention is to improve the accuracy when determining the azimuth

angle.

According to a first aspect of the invention, this object is achieved by means of a method

according to claim 1.

The invention is based, inter alia, on the knowledge that the accuracy when determining
the azimuth angle of a wind power installation can be increased by carrying out the method
for determining the azimuth angle from the wind power installation, in particular from the
nacelle, rather than conventionally remotely taking a bearing of the wind power installation.

This also moreover applies to the solution according to the second aspect, as described
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further below. The accuracy can be increased by fitting at least two GNSS receivers or, as
described further below, a telescopic sight to the nacelle of the wind power installation and
determining the azimuth angle on the basis of reception signals of the GNSS receivers or
a bearing carried out by means of the telescopic sight since the positions of the GNSS
receivers or of the telescopic sight on the nacelle of the wind power installation are known.
With the methods according to the invention, a more accurate determination of the azimuth
angle cannot only be carried out during installation and commissioning and, for example,
when sizing prototype constellations, but can also be used to correct or readjust the

azimuth angle in existing wind power installations, for example.

It is important to accurately determine the azimuth angle of the wind power installation, in
particular, when optimizing power curves of prototypes. The wind direction correction
characteristic curves are designed in such a manner that the “installation viewing direction”
points as directly as possible into the wind since less power would be drawn from the wind
in the case of an oblique flow onto the wind power installation. Data relating to wind
properties are usually determined in a wind power installation on a wind measuring
supporting frame arranged on the nacelle, specifically usually using anemometers and
anemoscopes for the wind speed and/or wind direction. So that the wind direction indicator
or the anemoscope, in particular, does not provide any incorrect data relating to the wind
direction, the wind direction indicator or the anemoscope is usually oriented on the nacelle
in such a manner that the wind direction indicator points exactly in the installation viewing
direction, that is to say the installation viewing direction of the wind power installation points
directly into the wind. However, this applies only when the rotor of the wind power
installation is not rotating. During operation of the wind power installation, the air flow
swirled by the rotor blades results in the flow being influenced upstream of the wind
direction indicator or anemoscope and the wind direction indicator or anemoscope
therefore not measuring the real wind direction. The intensity of this influence is dependent,
inter alia, on the driven tip speed ratio. In order to compensate for this influence, a
correction function which orients the wind power installation directly into the wind again is
determined when optimizing the power curve, generally on prototypes. In this case, the
wind direction determined at the wind measuring mast is used as a reference. The
difference between the reference wind direction and the installation viewing direction
(azimuth angle) results in the values of the correction function. This wind direction
correction function is stored in the wind power installation controller and is a function of the
tip speed ratio. The aim of the wind direction correction function is to optimize the power
curve and the yield in kilowatt hours for the entire series of wind power installations. The
wind direction correction function is generally determined in the trial phase of prototypes of

wind power installations. In order to determine the wind direction correction function, the
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reference wind direction which is measured at the wind measuring mast and the azimuth
angle must both be as accurate as possible. In particular, the azimuth angle, that is to say
the installation viewing direction of the wind power installation, must correspond as
accurately as possible to the real orientation of the wind power installation. An increase in
the accuracy of the azimuth angle of the wind power installation can contribute to improving
the wind direction correction function and can therefore also increase the wind yield by
virtue of it being possible to improve the orientation of the wind power installation with
respect to the wind. The wind direction correction function is subsequently implemented in

the series controller of the wind power installations in a series.

Wind power installation manufacturers often use wind meters which are a combination of
an anemometer and an anemoscope but are often referred to as anemometers for short
(even though they also have the function of an anemoscope).

Even independently of the wind direction correction function, the exact determination of the
azimuth angle of the wind power installation is very important, for example during the
sectorial curtailment of the wind power installation. For example, the wind power installation
can be operated with different operating parameters depending on the sector. If the wind
blows from a particular sector, the wind power installation can be operated with reduced
sound, for example, in order to protect residents. Furthermore, in a wind farm, the wind
power installations positioned upstream can run in a throttled manner depending on the
wind direction, as a result of which the turbulence and therefore the installation load are
reduced, in particular, in order to allow the wind power installations positioned downstream
“to see less turbulence”. A more accurate determination of the azimuth angle therefore

entails various advantages.

The abbreviation GNSS stands for Global Navigation Satellite System and is a collective
term for the use of existing and future global satellite systems such as GPS (Global
Positioning System), GLONASS (Global Navigation Satellite System), Galileo or Beidou
and various (satellite-based) augmentation or supplementary systems which improve the
position accuracy, for example DGPS (Differential Global Positioning System), RTK GPS
(Real Time Kinematics Global Positioning System) or Satellite Based Augmentation
Systems (SBAS). Regional navigation satellite systems (RNSS) are also understood as
being concomitantly included in the term GNSS herein. In particular, the relative position
between two receivers can by now be accurately determined to a few centimeters using
systems such as DGPS/RTK GPS.
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Comparing the reception signals of the at least two GNSS receivers makes it possible to
derive the azimuth angle of the wind power installation from the comparison result. In
particular, it is preferred for the two GNSS receivers to be fitted to the nacelle at a known
predetermined distance from one another, in which case a distance of more than 20 cm, in

particular more than 50 cm, preferably at least 1 or 2 m, is preferred.

The reception signals of the at least two GNSS receivers provide accurate data relating to
the respective position of the at least two GNSS receivers. The angle between the two
positions of the GNSS receivers and therefore the azimuth angle of the wind power

installation can be determined from the two different reception signals.

It is preferably also possible to provide three or more GNSS receivers which can increase
the reliability and/or measurement accuracy of the method. The at least two, three or more
GNSS receivers are preferably temporarily and/or releasably mounted on the nacelle, but
can alternatively also be permanently and/or non-releasably mounted on the nacelle. The
at least two GNSS receivers can be fitted to the nacelle of the wind power installation

separately from one another as individual elements.

The reception signals can be compared and the azimuth angle can be derived from the
comparison result as follows, for example. The angle of the receiver connecting axis with
respect to the satellite can be determined from the distance between the two receivers and
the phase shift of the different reception signals. The orientation of the connecting axis
between the GNSS receivers with respect to north can therefore also be determined using
the ephemerides of the satellite. The azimuth angle of the wind power installation can
therefore also be determined using the known arrangement of the GNSS receivers on the
nacelle of the wind power installation and therefore using the known position of the
connecting axis between the GNSS receivers on the wind power installation. This makes it
possible to achieve measurement accuracies in the range of a tenth to a hundredth of a
degree. Deviations from the real azimuth angle of at most +/-2°, preferably of at most +/-
1°, preferably occur with the method.

The two GNSS receivers are preferably oriented on the nacelle in such a manner that the
connecting axis of the two GNSS receivers is oriented in a manner parallel to or identical

to the installation viewing direction.

The at least two GNSS receivers are preferably fitted to the wind measuring supporting
frame, in particular the wind meter, by means of a holder. It is also preferred for the holder

to be designed to releasably accommodate an orienting apparatus, in particular a laser
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device, for orienting the wind measuring supporting frame, in particular the wind meter. It
is also preferred for the at least two GNSS receivers to be removed after determining the

azimuth angle.

One preferred development provides for the at least two GNSS receivers to be part of a
position determination apparatus fitted to the nacelle, in particular a GNSS compass. It is
preferred if the at least two GNSS receivers are structurally integrated in a position
determination apparatus and are fitted to the nacelle as part of this position determination

apparatus.

The position determination apparatus may be, for example, in the form of a bar, preferably
a telescopic bar. The at least two GNSS receivers can preferably be arranged at the two

ends of the bar.

However, the position determination apparatus is preferably in the form of a GNSS
compass which is also referred to as a GPS compass or satellite compass. A device which
comprises at least two GNSS receivers, which can receive reception signals and can use
them to determine an orientation of the receiver connecting axis or another reference axis
of the GNSS compass, in particular an orientation with respect to north, is referred to as a

GNSS compass, in particular.

In particular, it is preferred for the reception signals of the GNSS receivers to be compared
in the position determination apparatus, in particular in the GNSS compass. It is also
preferred for the azimuth angle to be derived in the position determination apparatus, in
particular in the GNSS compass. A GNSS compass can comprise an evaluation unit and/or

can be connectable to such an evaluation unit (in a wired and/or wireless manner).

Integrating the at least two GNSS receivers in a position determination apparatus, in
particular in a GNSS compass, and preferably also comparing the reception signals of the
GNSS receivers and/or deriving the azimuth angle in the position determination apparatus,
in particular in the GNSS compass, have the advantage that only a single integral structural
unit has to be fitted to the nacelle of the wind power installation and possibly has to be
connected or read (using signaling). In comparison with individually fitting at least two,
possibly three or more, GNSS receivers, integrating the GNSS receivers in a position
determination apparatus therefore considerably facilitates and simplifies the method and
possibly the evaluation of the signals. The reliability of the method can also be increased
in this manner and the susceptibility to faults can be reduced. Furthermore, the algorithms

or calculation steps for deriving the azimuth angle in the position determination apparatus
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can also be easily and reliably changed or improved, if necessary, by means of a central

software update in the position determination apparatus, for example.

According to a second aspect, a method for determining an azimuth angle of a wind power
installation, having the steps of fitting a telescopic sight to a nacelle of the wind power
installation, taking a bearing of a bearing object at a bearing angle using the telescopic
sight, deriving the azimuth angle from a comparison of the bearing angle with real
coordinates of the bearing object and/or of the wind power installation, in particular of the
telescopic sight, is described. Provision is also made for the telescopic sight to be fitted to

a wind measuring supporting frame, in particular a wind meter.

As described above, this variant of the method is likewise based on the knowledge that the
accuracy can be increased by carrying out the method from the wind power installation, in
particular from the nacelle. In this variant of the method, a telescopic sight is preferably
temporarily and/or releasably mounted on the nacelle and a bearing is taken of a bearing
object using the telescopic sight. The real coordinates of the bearing object are preferably
known or were previously measured or determined in another manner. The angle between
the installation orientation and the telescopic sight/bearing object extension is the bearing
angle. The azimuth angle of the wind power installation can be derived from this bearing
angle and the real coordinates of the bearing object and from the real coordinates of the
wind power installation, that is to say the location of the wind power installation, in particular
the real coordinates of the telescopic sight. The bearing angle between the straight line
between the wind power installation or the position of the telescopic sight and the bearing
object and the north axis can be determined by means of a vector calculation, for example.
If the method is intended to be used to correct an azimuth angle of a wind power installation,
the step of deriving the azimuth angle can also be carried out and/or modified as follows.
The bearing angle can be added to or subtracted from the existing azimuth angle of the
installation to be corrected and the resulting angle is referred to as angle A. The angle
between the installation orientation and the north axis, which results or is calculated from
the real coordinates of the bearing object and the wind power installation or the telescopic
sight, is referred to as angle B. A so-called offset of the azimuth angle of the wind power
installation, by which the existing azimuth angle of the wind power installation is to be

corrected, results from the difference between these two angles A and B.

According to a third aspect of the invention, the object mentioned at the outset is achieved
by means of a method for determining an azimuth angle of a wind power installation, having
the steps of: fitting a GNSS receiver to a nacelle of the wind power installation, rotating the
nacelle of the wind power installation about its own axis and comparing the reception
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signals of the GNSS receiver from different positions of the rotation, deriving the azimuth
angle from the comparison result. Provision is also made for the at least one GNSS receiver

to be fitted to a wind measuring supporting frame, in particular a wind meter.

Like the first two aspects, this variant of the method is likewise also based on the knowledge
that the accuracy can be increased by carrying out the method from the wind power
installation, in particular from the nacelle. In this variant of the method, only one GNSS
receiver is required (but two, three or more receivers can also be used). In order to
determine the azimuth angle, the nacelle with the GNSS receiver, which is fitted thereto,
preferably at a fixed position which is known with respect to the center axis and the pivot
point, is rotated, preferably about a vertical axis and also preferably through a full 360
degrees. During this rotation of the nacelle, the GNSS receiver receives reception signals
preferably continuously, but at least at intervals of time or in angular spacings, from which
reception signals the coordinates can be derived. The azimuth angle can be determined by

comparing these data obtained at different positions of the rotation.

It is preferred, in particular, for the GNSS receiver to be fitted outside the pivot point of the
nacelle on a substantially horizontal longitudinal axis of the nacelle and for the process of
deriving the azimuth angle to comprise orienting the nacelle according to the northernmost
coordinate of those coordinates which have been determined from the reception signals of
the GNSS receiver received during the rotation. This makes it possible to orient the

installation viewing direction to the north in a particularly simple manner.

According to another preferred development, the method, in particular the method
according to the first and/or second and/or third aspect, can be developed by virtue of the
at least one GNSS receiver, preferably the at least two GNSS receivers, in particular the
position determination apparatus, and/or the telescopic sight being fitted to a wind

measuring supporting frame, in particular a wind meter.

As an alternative or in addition to being fitted to the nacelle of the wind power installation,
the at least one GNSS receiver, preferably the at least two GNSS receivers, in particular
the position determination apparatus, and/or the telescopic sight can be fitted to a wind
measuring supporting frame, in particular a wind meter. A wind meter is generally arranged
on the nacelle of the wind power installation, for example on a wind measuring supporting
frame. The fitting to a nacelle of the wind power installation comprises fitting to a wind
measuring supporting frame. The fitting to a nacelle of the wind power installation therefore
also comprises fitting to a wind meter which is generally arranged on a wind measuring

supporting frame on the nacelle. The wind meter can be, for example, an anemometer for
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determining the wind speed or an anemoscope or a wind direction indicator for determining
the wind direction. Ultrasonic anemoscopes and/or ultrasonic anemometers can preferably

be used, in particular.

According to one preferred development of the method, provision is made for the at least
one GNSS receiver, preferably the at least two GNSS receivers, in particular the position
determination apparatus, and/or the telescopic sight to be fitted to the wind measuring
supporting frame, in particular the wind meter, by means of a holder. It is also preferred for
the holder to be designed to releasably accommodate an orienting apparatus, in particular

a laser device, for orienting the wind meter.

The orienting apparatus may be, for example, a laser device. For example, provision may
be made for the wind meter to be oriented relative to the nacelle by means of an orienting
apparatus which is releasably fastened to the wind meter by means of a holder. It is
therefore particularly advantageous if the same holder can be used to fit the at least one
GNSS receiver, preferably the at least two GNSS receivers, in particular the position
determination apparatus, and/or the telescopic sight to the wind meter, preferably likewise
in a releasable manner. This makes it possible, on the one hand, to reuse the holder and,

on the other hand, to select a simple fitting which protects the wind meter using this holder.

According to one particularly advantageous embodiment, it is preferred for the at least one
GNSS receiver, preferably the at least two GNSS receivers, in particular the position
determination apparatus, and/or the telescopic sight to be removed after determining the

azimuth angle.

In this development, provision is made for the at least one GNSS receiver, preferably the
at least two GNSS receivers, in particular the position determination apparatus, and/or the
telescopic sight to be only temporarily and/or releasably mounted on the nacelle, in
particular on the wind meter. This has several advantages. On the one hand, this is a
particularly cost-effective variant since the at least two GNSS receivers, in particular the
position determination apparatus, and/or the telescopic sight can be used for a multiplicity
of wind power installations, the azimuth angles of which are determined or ascertained in
succession, and which therefore do not need to remain on a wind power installation over
the service life of the latter. Even if it is necessary to check and/or correct the azimuth angle
during the service life of a wind power installation, the at least two GNSS receivers, in
particular the position determination apparatus, and/or the telescopic sight can be fitted to
the nacelle, in particular the wind meter, (again) for this check or correction and the azimuth

angle can be determined (again). Furthermore, it is generally necessary to determine the
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azimuth angle for the wind direction correction function only for a prototype and/or a small
number of individual wind power installations in a wind power installation series and not for

the entire series.

Alternatively, provision may also be made for the at least one GNSS receiver, preferably
the at least two GNSS receivers, in particular the position determination apparatus, and/or
the telescopic sight to be mounted on the nacelle, in particular on the wind meter, in a

permanent and/or non-releasable manner.

According to another aspect, the object mentioned at the outset is achieved by means of a

wind power installation according to claim 11.

The wind power installation according to the invention and its possible developments have
features which make it suitable, in particular, for carrying out an above-described method
according to the invention in accordance with the various aspects and their various

developments.

With respect to the advantages, embodiment variants and embodiment details of the wind
power installation and its possible developments, reference is made to the preceding

description of the corresponding method features.

According to another aspect, the object mentioned at the outset is achieved by means of
the use of at least one GNSS receiver, preferably at least two GNSS receivers, in particular
a position determination apparatus, and/or a telescopic sight on a wind power installation
to determine an azimuth angle by detachable arrangement at a wind measuring supporting

frame, in particular a wind meter, by means of a holder.
With respect to the advantages, embodiment variants and embodiment details of this
further aspect and its possible developments, reference is likewise made to the preceding

description of the corresponding method features.

Preferred embodiments of the invention are described by way of example on the basis of

the accompanying figures, in which:

figure 1: shows an exemplary embodiment of a wind power installation according to

the invention;

figure 2: shows an exemplary embodiment of a method according to the invention;
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shows a further exemplary embodiment of a method according to the

shows a third exemplary embodiment of a method according to the invention;

shows a schematic illustration of a nacelle of a wind power installation with

a position determination apparatus fitted thereto;

shows a plan view of a first exemplary embodiment of a position

determination apparatus;

shows a side view of a second exemplary embodiment of a position

determination apparatus;
shows a three-dimensional view of an ultrasonic wind meter;

shows a three-dimensional view of a holder for use with a wind meter, in

particular with a wind meter according to figure 7;

shows a schematic illustration of the bearing operation according to the

method shown in figure 3,
shows a further schematic illustration of a bearing operation, and

shows a three-dimensional view of a wind measuring supporting frame with
an ultrasonic wind meter arranged thereon and with a holder which is

arranged thereon and has an orienting apparatus, and

shows a three-dimensional view of a further embodiment of a wind
measuring supporting frame with an ultrasonic wind meter arranged

thereon.

Figure 1 shows a wind power installation 100 having a tower 102 and a nacelle 104. A rotor

106 having three rotor blades 108 and a spinner 110 is arranged on the nacelle 104. During

operation, the rotor 106 is caused to rotate by the wind and thereby drives a generator in

the nacelle 104.
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The compass direction in which the spinner 110 is oriented is referred to as the azimuth
angle or viewing direction of the wind power installation 100. So that the nacelle 104 and,
with the latter, the rotor 106 are always oriented in the wind direction as far as possible,
that is to say the spinner 110 and therefore the installation viewing direction point directly
into the wind, a wind measuring supporting frame 160 (see figure 11), on which an
ultrasonic wind meter 170 (see figures 7 and 11) which is in the form of a combined
anemometer and anemoscope and here has four arms 171 is arranged, is usually arranged

on the nacelle 104.

In order to increase the accuracy when determining the azimuth angle which is important
both for determining the wind direction correction function and for the sectorial curtailment
of the wind power installation 100, the methods according to figure(s) 2 and/or 3 are
preferred, for example.

According to figure 2, an exemplary method for determining an azimuth angle of a wind
power installation comprises step 201: fitting at least two GNSS receivers to a nacelle of
the wind power installation, step 202: comparing the reception signals of the GNSS
receivers, step 203: deriving the azimuth angle from the comparison result, and preferably
optional step 204: removing the at least two GNSS receivers after determining the azimuth

angle.

According to figure 3a, an exemplary method for determining an azimuth angle of a wind
power installation comprises step 211: fitting a telescopic sight to a nacelle of the wind
power installation, step 212: taking a bearing of a bearing object at a bearing angle using
the telescopic sight, step 213: deriving the azimuth angle from a comparison of the bearing
angle with real coordinates of the bearing object and/or of the wind power installation, in
particular of the telescopic sight, and preferably optional step 214: removing the telescopic

sight after determining the azimuth angle.

According to figure 3b, an exemplary method for determining an azimuth angle of a wind
power installation comprises step 221: fitting a GNSS receiver to a nacelle of the wind
power installation, 222: rotating the nacelle of the wind power installation about its own axis
and comparing the reception signals of the GNSS receiver from different positions of the
rotation, and 223: deriving the azimuth angle from the comparison result, in which case the
GNSS receiver is preferably fitted outside the pivot point of the nacelle on a substantially
horizontal longitudinal axis of the nacelle, and the process of deriving the azimuth angle

comprises orienting the nacelle according to the northernmost coordinate of those
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coordinates determined from the reception signals of the GNSS receiver received during

the rotation.

Figure 9 illustrates the step of taking a bearing, denoted 212 in figure 3, in more detail.
Figure 9 schematically illustrates that a telescopic sight 700 is releasably arranged on a
holder 600 (described in more detail below) and is used to take a bearing of a remotely

positioned bearing object, here another wind power installation 710, at a bearing angle a.

Figure 10 illustrates the operation of taking a bearing of a wind power installation 100 with
respect to a bearing object P. The telescopic sight is not illustrated in figure 10. The angle
between the installation orientation and the telescopic sight/bearing object extension is the
bearing angle B. The azimuth angle of the wind power installation can be derived from this
bearing angle B and the real coordinates of the bearing object and the real coordinates of
the wind power installation, that is to say the location of the wind power installation, in

particular the real coordinates of the telescopic sight.

If the method is intended to be used to correct an azimuth angle of a wind power installation,
the step of deriving the azimuth angle can also be carried out and/or modified as follows.
The bearing angle B can be added to or subtracted from the existing azimuth angle a of the
installation to be corrected and the resulting angle is referred to as angle A. The angle
between the installation orientation and the north axis N, which results or is calculated from
the real coordinates of the bearing object and the wind power installation or the telescopic
sight, is referred to as angle B (y). A so-called offset of the azimuth angle of the wind power
installation, by which the existing azimuth angle of the wind power installation is to be

corrected, results from the difference between these two angles A and B.

As can be seen in figure 4, the at least two GNSS receivers 300 may be part of a position
determination apparatus which is fitted to the nacelle 104 and is in the form of a bar 400.
The distance between the two GNSS receivers 300, which is denoted X, is preferably
approximately two meters. As illustrated in figures 4 and 5, the position determination
apparatus may be in the form of a simple bar 400, at the respective ends of which the at
least two GNSS receivers 300 are arranged. The position determination apparatus is
preferably in the form of a telescopic bar. It can also be seen in figure 5 that the position
determination apparatus 400 is releasably fastened to a holder 600 (described in more

detail below).

Figure 6 illustrates that the two GNSS receivers 300 may also be part of a position

determination apparatus in the form of a GNSS compass 500 or satellite compass. Such a
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GNSS compass 500 may likewise be fitted to the nacelle orto a wind measuring supporting
frame of the wind power installation. The two GNSS receivers are preferably likewise
arranged at ends of the GNSS compass 500 which are spaced as far away from one
another as possible.

As can be seen in figure 11, a holder 600 (also illustrated again in figure 8) can be fitted to
the wind meter 170 fitted to the wind measuring supporting frame 160. On its underside,
the holder 600 has four recesses 601, into which the four arms 171 of the wind meter 170
can engage. The holder 600 also has a projecting holding plate 602 on which an orienting
apparatus can be releasably arranged. As illustrated in figure 11, a laser device 800, for
example, can be releasably fastened to the projecting holding plate 602. The orienting
apparatus in the form of a laser device 800 can be used, for example, to orient the wind
meter 170 on the wind measuring supporting frame 160 exactly in the installation viewing
direction. The holder 600, in particular the projecting holding plate 602, can also be used,
after removing the orienting apparatus, to fasten the at least two GNSS receivers, in
particular the position determination apparatus, and/or the telescopic sight to the wind

meter, for example the wind meter 170 or the wind measuring supporting frame 160.

Figure 12 illustrates another embodiment of a wind measuring supporting frame 160’ with

an ultrasonic wind meter 170’ arranged thereon.

The inventive concept of shifting the determination of the azimuth angle to the wind power
installation 100 itself, and thereby considerably increasing the accuracy when determining
the azimuth angle in comparison with conventional methods in which the azimuth angle of
a wind power installation is determined by remotely taking a bearing, therefore entails
various advantages. On the one hand, the wind yield can be increased by optimizing the
wind direction correction function. On the other hand, the noise pollution and, in particular,
the turbulence load and therefore the material load of the installations can be reduced by
sectorially curtailing the wind power installation and the wind yield can likewise be
increased in wind farms. As a result of the fact that the elements used to determine the
azimuth angle can be released and reused, the method can also be carried out in an
efficient and cost-effective manner.
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Patentkrav

1. Fremgangsmade til bestemmelse af en azimutvinkel for et vindenergianleeg
(100) omfattende et vindmaleapparat, med trinnene

- anbringelse af mindst to GNSS-modtagere (300) pa en nacelle (104) af vind-
energianleegget,

- sammenligning af GNSS-modtagernes (300) modtagelsessignaler,

- udledning af azimutvinklen ud fra sammenligningsresultatet;

- kendetegnet ved, at de mindst to GNSS-modtagere (300) anbringes pa et
vindmalebeerestel eller vindmaleapparatet (170) ved hjeelp af en holder, og

- holderen er udformet til frigarligt at optage en orienteringsindretning til orien-
tering af vindmaleapparatet (170).

2. Fremgangsmade ifglge det foregéende krav, kendetegnet ved, at oriente-
ringsindretningen er et laserapparat.

3. Fremgangsmade ifelge mindst et af de foregéende krav, kendetegnet ved,
at de mindst to GNSS-modtagere (300) afmonteres efter bestemmelsen af azi-
mutvinklen.

4. Fremgangsmade ifelge mindst et af de foregaende krav, kendetegnet ved,
at de mindst to GNSS-modtagere (300) er del af en pa nacellen (104) anbragt
positionsfastleeggelsesindretning (400, 500), iseer et GNSS-kompas.

5. Fremgangsmade ifelge krav 4, kendetegnet ved, at sammenligningen af
GNSS-modtagernes (300) modtagelsessignaler udferes i positionsfastleeggel-
sesindretningen (400, 500), iseer i GNSS-kompasset.

6. Fremgangsmade ifalge mindst et af kravene 4-5, kendetegnet ved, at ud-
ledningen af azimutvinklen udfares i positionsfastleeggelsesindretningen (400,
500), iseer i GNSS-kompasset.

7. Fremgangsmade til bestemmelse af en azimutvinkel for et vindenergianleeg
(100) omfattende et vindmaleapparat, med trinnene
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- anbringelse af en GNSS-modtager (300) pa en nacelle (104) af vindenergi-
anleegget,

- drejning af vindenergianleeggets nacelle omkring dens egen akse og sam-
menligning af GNSS-modtagerens (300) modtagelsessignaler fra forskellige
positioner af drejningen,

- udledning af azimutvinklen ud fra sammenligningsresultatet,

- kendetegnet ved, at GNSS-modtageren (300) anbringes pa et vindmale-
beerestel eller vindmaleapparatet (170) ved hjeelp af en holder, og

- holderen er udformet til frigarligt at optage en orienteringsindretning til orien-
tering af vindmaleapparatet (170).

8. Fremgangsmade ifelge det foregaende krav, kendetegnet ved, at GNSS-
modtageren (300) er anbragt uden for nacellens (104) drejepunkt pa en i det
veesentlige horisontal langsgaende akse af nacellen, og udledningen af azi-
mutvinklen omfatter orienteringen af nacellen i henhold til den nordligste koor-
dinat af de koordinater, der er blevet fastlagt ud fra GNSS-modtagerens (300)
modtagelsessignaler, som blev modtaget under drejningen.

9. Fremgangsmade ifelge et af de foregaende krav 7-8, kendetegnet ved,
at orienteringsindretningen er et laserapparat.

10. Fremgangsmade ifalge mindst et af de foregaende krav 7-9, kendetegnet
ved, at GNSS-modtageren (300) afmonteres efter bestemmelsen af azimut-
vinklen.

11. Vindenergianleeg (100) med et tarn, en nacelle (104) og en rotor (106) og
et vindmaleapparat, kendetegnet ved, at der pa nacellen (104), nemlig pa et
vindmalebeerestel eller vindmaleapparatet (170), er anbragt mindst en GNSS-
modtager (300), fortrinsvis mindst to GNSS-modtagere (300), iseer en positi-
onsfastleeggelsesindretning (400, 500), til fastleeggelse af vindenergianleeg-
gets azimutvinkel ved hjeelp af en holder, som er udformet til frigerligt at optage
en orienteringsindretning til orientering af vindmaleapparatet (170).

12. Anvendelse af mindst en GNSS-modtager (300), fortrinsvis af mindst to
GNSS-modtagere (300), iseer af en positionsfastlaeggelsesindretning (400,
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500), pa et vindenergianleeg (100) omfattende et vindmaleapparat til fastleeg-
gelse af en azimutvinkel for vindenergianleegget ved anbringelse pa et vind-
malebeerestel eller vindmaleapparatet (170) ved hjeelp af en holder, som er
udformet til frigerligt at optage en orienteringsindretning til orientering af vind-
maleapparatet (170).
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