190 DANMARK (10)  DK/EP 3356848 T3

(91)
(49)

(80)

(86)
(86)
(87)
(86)
(87)
(30)

(84)

(73)

(72)

(74)

(94)

(96)

(12) Overseettelse af
europeeisk patentskrift

Patent- g
Varemaerkestyrelsen
Int.Cl.: GO01S 13/00 (2006.01)

Oversaettelsen bekendtgjort den: 2020-10-19

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2020-09-16

Europaeisk ansggning nr.: 16747501.1

Europaeisk indleveringsdag: 2016-08-03

Den europaeciske ansggnings publiceringsdag: 2018-08-08
International ansggning nr.. EP2016068476

Internationalt publikationsnr.: WO2017054966

Prioritet:  2015-09-30 DE 102015116596

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver. Wobben Properties GmbH, Borsigstrasse 26, 26607 Aurich, Tyskland

Opfinder: RISTAU, Joachim, ¢c/o Arche Systeme GmbH, Banter Deich 16-18, 26382 Wilhelmshaven, Tyskland
STURENBURG, Erich, Preiselbeerweg 8A, 26605 Aurich, Tyskland
HARMS, Stephan, Stillhorn 1, 26529 Upgant-Schott, Tyskland

Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Alle 15, 2300 Kgbenhavn S, Danmark

Benaevnelse: Vindparkflylysmarkeringssystem og vindpark dermed og fremgangsmade til lysmarkering af en
vindpark

Fremdragne publikationer:
DE-A1-102013 004 463
US-A1- 2011 241 926
US-A1- 2014 327 569
US-B1- 8 742 977



DK/EP 3356848 T3



10

15

20

25

DK/EP 3356848 T3

Description

The Invention relates to a wind farm aircraft beacon system, i.e. to a system
for flight restriction beaconing for a wind farm, and to a wind farm having such
a wind farm aircraft beacon system. The invention furthermore relates to a

method for beaconing a wind farm.

Systems for flight restriction beaconing, also referred to below for brevity as
systems for aircraft beaconing or aircraft beacon systems, which are used for
beaconing the wind power installations of a wind farm, are known according to

the prior art.

The aircraft beaconing comprises one or more lights, which are arranged at
the wind power Installations and are used to make flying objects aware of wind
power Installations situated in the region of the flight path in poor visibility or

nighttime darkness.

A multiplicity of different aircraft beacon systems for wind farms are known.
According to a first system, for example, controlling of the lights of the aircraft
beacon system Is carried out In such a way that they are switched off during
the day In order to save energy. However, daytime-dependent control of the
aircraft beaconing entails the problem that poor visibility, for which it Is
necessary to switch the aircraft beaconing on, may also occur during the day.
Furthermore, continuous beaconing of the wind power installations during the

night Is a nuisance for residents Iin the vicinity of the wind power installations.

More refined proposals have therefore already been made for switching the
aircraft beaconing on when it is required. Such a requirement occurs when a
flying object Is approaching the vicinity of a wind power Installation or a wind

farm.

The approach of the flying objects Is identified according to these known

aircraft beacon systems, for example by means of passive secondary radars,
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which detect a transponder signal of a flying object and switch the lights on or
off as a function of the detection. These systems, however, are dependent on

external signals In this case the transponder signal of the flying object.

Furthermore, iIndependent systems are also known, In which a plurality of

active radars are provided at each wind power Installation of a wind farm, so
that 1t Is possible to dispense with a transponder signal of the flying objects.

Active radars, however, are very expensive.

Because of the high cost of active radars, other alternative systems have been
proposed which for example provide microphone arrays for detecting flying

objects by their emitted noise and therefore switching the lights on or off as a

function of the detection of noise.

Although various solutions for wind farm aircraft beacon systems are already
known, either these are very expensive to implement, or malfunctions cannot
entirely be ruled out. For example, In the case of passive radar systems,

transmission units of the flying objects, for emitting the transponder signal, may

fail.

It 1s therefore an object of the invention to find an alternative to the already
known systems, by which on the one hand malfunctions, for example due to

lack of transponder signals, are minimized, and on the other hand a favorable

and reliable wind farm aircraft beacon system Is provided.

The German Patent and Trademark Office has found the following prior art

searching the priority application of the present applications: DE 10 2011 086
990 A1 and DE 10 2013 004 463 A1.

Document DE 10 2013 004 463 A1 discloses a device and a method for
detecting of flying objects in an area in which wind turbines are operated. The
device comprises at least a radar sensor for monitoring the area and an

evaluation unit, with which signals determined by the radar sensor can be used
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for evaluation of detected flying objects. It is further disclosed that the device

and method Is also suitable for activating a warning beacon.

Furthermore, US 8,742,977 B1 discloses a radar for detecting and tracking the
positions of birds In the vicinity of wind turbines, In order to prevent collisions
between the birds and the rotor blades of wind turbines by activating deterrent
devices such as flashlights, air cannons or noise generation depending on the
detected and tracked positions of birds. Documents US 2011/0241926 A1 and
US 2014/0327569 A1 disclose radar systems for wind turbines for detecting
flying objects.

The Invention achieves the object by the features of the independent claims.

The invention therefore provides a wind farm aircraft beacon system, 1.e. a
system for flight restriction beaconing of the wind power installations of a wind

farm.

The wind farm aircraft beacon system comprises according to the invention a
plurality of aircraft beacon devices which In particular have lights. The wind
farm aircraft beacon system furthermore comprises at least one transmission
station for emitting electromagnetic waves, In particular radar waves, and/or
emitting sound waves. Furthermore, at least two reception stations are
provided for receiving electromagnetic waves, In particular reflected radar

waves, and/or reflected sound waves.

The number of reception stations is at least a multiple, in particular at least an
Integer multiple, 1.e. at least two times particularly preferably at least three
times, the number of transmission stations. Accordingly, In the case of one
transmission station at least two reception stations are provided, in the case of
two transmissions at least four reception stations are provided, in the case of

three transmission stations at least six reception stations are provided, etc.
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A wind farm aircraft beacon system furthermore has an evaluation device by
means of which the positions of flying objects, I.e. flying object positions, can
be detected. The evaluation device detects the flying object positions by
evaluating the electromagnetic waves emitted by the transmission station and
recelved by the reception station, and/or by evaluating the sound waves
emitted by the transmission station and received by the reception station.
Preferably, to this end, a time-of-flight determination of the electromagnetic
waves or sound waves Is carried out. By means of at least one switching
device, at least one of the aircraft beacon devices Is switched on or off as a

function of the flying object positions detected by the evaluation device.

The Invention Is based on the discovery that, for a wind farm consisting of a
plurality of wind power installations, a plurality of radar systems respectively
consisting of a transmitter and a receiver are usually provided, in order to
ensure reliable monitoring of the airspace despite the "“shadowing’ of individual
radar receivers by the powers and the rotor blades of the wind power

INstallations.

Yet since the use of passive radars - as already described above - it IS not
possible entirely without errors and the use of a multiplicity of active radars Is
very expensive, the solution according to the invention represents a reliable

and at the same time economical alternative.

Specifically, only one transmission station is provided, or very few transmission
stations, for example two or three, with which electromagnetic waves or sound
waves are emitted, so that - In contrast to the passive radar solution - a
constant or controllable “source” of electromagnetic waves or sound waves IS
provided. In contrast to a failing flight transponder, failure of the transmission
station or transmission stations would immediately be noticeable. It would
therefore be possible to react immediately to the fault situation of a failing
transmission station, for example by switching the aircraft beacon devices on

permanently.
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Furthermore, besides the transmission station or stations, a plurality of
relatively favorable reception stations are used for recelving the
electromagnetic waves, In order to achieve good coverage of the air region to

be monitored.

To this end, the reception stations may be distributed In the wind farm as a
function of the positions of the wind power Installations of a wind farm. With
the evaluation device and the switching device, aircraft beacon devices are

then switched on or off as a function of the detected flying object positions.

According to one embodiment, flight paths of flying objects are identified in the
evaluation device by means of time-of-flight determination of the emitted and
recelved electromagnetic waves or sound waves. The flying objects may for
example be tracked accurately, so that not only can objects entering the region
of the wind farm and emerging therefrom be tracked accurately, but for
example iIncoming and outgoing flying objects may even be counted and the

numbers may be compared.

Furthermore, according to one preferred embodiment, it Is even possible that,
IN cases In which a flight path does not emerge again from the region of the
wind farm - which may for example be the case when a rescue helicopter lands
- the aircraft beaconing remains switched on until the helicopter has departed
from the region of the wind farm. According to another embodiment, however,
the aircraft beaconing remains switched on only for a predefined period of time,
for example one day, since the case may also be envisioned that a flying object
lands In the region of the wind farm and Is then transported away on the
ground, so that the flight path will never emerge from the region of the wind

farm.

According to one advantageous embodiment, the transmission station and the
reception station are configured to be arranged at or on a gondola of a wind
power installation. Such an arrangement of the transmission station and

reception stations increases the acceptance of the wind farm aircraft beacon
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system by the public, since the electromagnetic waves are emitted further
away from the ground below, so that a supposed effect on persons on the
ground by the electromagnetic waves Is reduced. Furthermore, the
‘'shadowing” of Individual reception stations by the tower per se Is
counteracted. Because of this "“shadowing’, It IS no longer necessary - as IS
currently usual - to arrange three radar receivers, arranged offset by 120

degrees, around the tower.

According to one advantageous embodiment, the transmission station
comprises two active radars arranged at a distance from one another. In this
way, It Is possible for emitted electromagnetic waves to be emitted redundantly
from two points. Obstruction of emitted electromagnetic waves by the rotor
blades of the wind power Installation at which the transmission station iIs
arranged, but also by rotor blades of other wind power installations of the wind
farm, Is therefore counteracted. The active radars are advantageously pulse
radars, which emit pulses for range measurement according to the time-of-

fhight principle.

According to another advantageous embodiment, each active radar
respectively comprises a transmitter with a horizontal aperture angle of 360
degrees for emitting electromagnetic waves, and advantageously also a
receiver with a horizontal aperture angle of 360 degrees for receiving

electromagnetic waves.

According to another embodiment, the transmitter of an active radar also
comprises a vertical aperture angle for emitting electromagnetic waves. The
recelver also has a vertical aperture angle for receiving electromagnetic
waves. [he vertical aperture angles are preferably preadjustable. According to
one preferred embodiment, a vertical aperture angle corresponds to an angle

of between 60 and 80 degrees.

The transmission station Is therefore used for emitting electromagnetic waves,

and In particular also for receiving emitted electromagnetic waves reflected
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from any direction onto the wind power installation at which the transmission

station Is for example arranged.

According to another embodiment, besides precisely one transmission station,
the aircraft beacon system comprises at least three reception stations. It Is
therefore possible to monitor an airspace around a wind farm, which i1s for
example arranged essentially square, with a relatively low cost outlay. To this
end, the reception stations are In particular configured to be arranged
respectively at one of the wind power Installations which has a corner position
IN the wind farm. The transmission station Is then configured to be arranged at
the wind power installation that is arranged in the region of the remaining fourth

corner of the wind farm, at which no reception station 1s provided.

Since, according to one embodiment, the transmission station 1s also used for
recelving electromagnetic waves, all four corners of the wind farm are
equipped with receivers for recelving electromagnetic waves. Flying object
positions from all directions can therefore be detected without being obstructed
by the wind farm itself. This takes place by the electromagnetic waves and/or
sound waves emitted by the transmission station being reflected at the flying
objects and the reflected electromagnetic waves and/or sound waves In turn

being received by the wind farm aircraft beacon system.

By the use of a single transmission station and a plurality of reception stations,

such a system Is very favorable and nevertheless very reliable.

Furthermore, according to another advantageous exemplary embodiment, at
least two or precisely two of the reception stations are configured to be
arranged with respect to one another with a height difference at different wind
power Installations. A height difference of the reception stations with respect
to one another Is preferably more than 5, 10 or 20 meters. A height difference
IS particularly advantageously from 40 to 60 meters. By such an arrangement,

the altitude of a flying object can easily be deduced In a straightforward fashion
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by comparing the time-of-flight difference of received electromagnetic waves

and/or sound waves.

According to another embodiment, the wind farm aircraft beacon system
respectively comprises precisely one reception station for each wind power
iInstallation of the wind farm. It Is therefore possible to switch the aircraft
beacon device of a wind power Installation on and off merely as a function of
the electromagnetic waves and/or acoustic waves recelved by the reception

station of this wind power installation.

To this end, according to one particular embodiment, each wind power
Installation also has its own evaluation device, with which the flying object
positions are detected merely with the aid of the with the respective reception
station, and its own switching device, with which the aircraft beacon device Is
switched on and off merely with the aid of the detected flying object positions

with the respective evaluation device.

The faillure of one reception station, one evaluation device or one switching
device of an Individual wind power Installation would therefore not lead to

fallure of the entire wind farm aircraft beacon system.

According to another embodiment, the reception stations respectively have
two passive radars arranged at a distance from one another. “Shadowing” of
Individual reception stations by the towers or rotor blades of the same wind
power Installation or other wind power installations of the same wind farm Is

therefore counteracted.

According to another embodiment, each passive radar respectively has a
recelver with a horizontal aperture angle of 360 degrees and Is used for
recelving electromagnetic waves from this aperture angle. In this way, It Is

possible to receive electromagnetic waves from any angle of incidence onto

the wind power installation.
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According to another embodiment, the receiver of the passive radar also
comprises a vertical aperture angle for receiving electromagnetic waves. The
vertical aperture angle Is preferably preadjustable. According to one preferred
embodiment, a vertical aperture angle corresponds to an angle of between 60

and 80 degrees.

According to another embodiment, the wind farm aircraft beacon system
comprises at least one receiver for receiving signals of mobile transmitters, In
particular radio flight transponders. The mobile transmitter 1s therefore, for
example, a radio flight transponder which may be arranged In flying objects
and emits an identifier, for example a 24-bit identifier, with which the flying
object can be identified uniquely, or at least the type of flying object can be
identified. The receiver of the wind farm aircraft beacon system receives this
signal and can therefore unigquely classify an object detected by the

transmission and reception station and track its flight path.

Flying objects which, for example, cross their flight path can therefore be

distinguished clearly from one another.

Furthermore, redundant identification of flying objects in the region of the wind
farm Is possible, since on the one hand the can be identified by means of the
signals of the mobile transponders and on the other hand the by means of the

evaluation apparatus flying objects entering the region of the wind farm.

According to another aspect of this exemplary embodiment, the flight paths of
flight objects which are detected by means of the signals of mobile transmitters
and also by means of the evaluation apparatus may be stored for

predetermined periods of time, for example one year or six months.

The stored data may be interrogated during a maintenance interval of the wind
farm aircraft beacon system, and are then used to verify correct functioning of
the wind farm aircraft beacon system. To this end, for example, the positions

detected for the same flying object in the different ways at the same times are
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compared. In the event of a match, a correctly functioning wind farm aircraft
beacon system Is assumed, while If there I1s not a match it is to be concluded

that there 1s a malfunction.

According to another embodiment, a sector can be defined In the switching
device for the wind farm. This sector corresponds, In particular, to the
aforementioned region of the wind farm. The switching devices then configured
to switch on, or leave switched on, at least one, a plurality or all of the aircraft
beacon devices when one or more flying object positions that lie inside the
predefined sector around the wind farm are detected by means of the

evaluation device.

According to another embodiment, the switching device Is furthermore
configured to switch off, or leave switched off, at least one of the aircraft
beacon devices when no flying object positions, 1.e. no flying objects with
positions, which lie inside the predefined sector around the wind farm are

detected by means of the evaluation device.

By the definition of a sector, a region around the wind farm Is therefore
established which, for example according to statutory regulations or
guidelines, Is defined as a region In which the presence of a flying object must
lead to the aircraft beacons of wind power installations being switched on. The
sector corresponds to a three-dimensional space or region, which 1s defined

for example by X, y and z coordinates In the switching device.

Such a sector therefore comprises, for example, a region or space whose
lower side Is defined by the ground surface on which the wind power
Installations of the wind farm are Installed. The upper side of the sector Is
formed by a surface which lies in its entirety at least several hundred meters
above the lower side, for example 600 meters above the lower side. The side
surfaces of the sector are furthermore defined in such a way that each of the

side surfaces lies at least a few kilometers, In particular four kilometers, away
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from a contour, defined by the outer-lying wind power installations, of the wind

farm n the horizontal direction.

By the side surfaces together with the upper side and lower side of the sector,
a three-dimensional space or region Is therefore defined, the horizontal extent
of which extends over the entire wind farm with a margin of at least several
Kilometers, In particular four kilometers, from the outer-lying wind power

installations of the wind farm.

If aircrafts enter this region, 1.e. the defined sector around the wind farm, the
aircraft beacon devices are switched on Iin order to warn the flying object. If
there are no longer any flying objects Iin the region, 1.e. the defined sector, the
aircraft beacon devices are switched off. Warning of flying objects at the
appropriate time Is therefore ensured, while additionally saving on energy

COSts.

According to another embodiment, each wind power installation of the wind
farm has precisely one aircraft beacon device, which comprises In particular
two lights, which preferably each emit over 360 degrees horizontally. A flying
object can therefore advantageously identify each individual wind power

iInstallation in poor visibility, and adapt the flight path accordingly.

According to another embodiment, a plurality of subsectors can be defined In
the switching device respectively for one or more wind power installations of
the wind farm. In particular, for each wind power installation, its own subsector
can be defined In the switching device. Each subsector corresponds to a three-
dimensional space or region, which 1s defined by X, y and z coordinates In the

switching device.

To this end, each subsector comprises, for example, a region or space whose
lower side Is defined by the ground surface on which the wind power
Installation assigned to the respective subsector or the wind power installations

assigned to the respective subsector are installed. The upper side of each
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subsector Is respectively formed by a surface which lies in its entirety at least
several hundred meters above the lower side of the respective subsector, for
example 600 meters above the lower side. The side surfaces of each sector
are defined In such a way that they lie at least a few kilometers, In particular
four kilometers, away from the wind power installation or each of the wind
power Installations assigned to the respective subsector in the horizontal
direction. Accordingly, each subsector corresponds to a three-dimensional

space, although the subsectors may naturally also overlap.

The switching device Is furthermore configured to switch on, or leave switched
on, the aircraft beacon device of the wind power Installation or wind power
Installations when one or more flying object positions which lie inside the
subsector defined for the respective wind power installation or wind power

Installations are detected by means of the evaluation device.

According to another embodiment, the switching device Is furthermore
configured to switch off, or leave switched off, the aircraft beacon device of the
wind power Installation or wind power Installations when no flying object
positions which lie inside the subsector defined for the respective wind power
Installation or wind power installations are detected by means of the evaluation

device.

Selective switching of the aircraft beacon devices of the wind power
iInstallations on and off is therefore possible. This is particularly advantageous
for very large wind farms, which for example have a propagation direction of
several kilometers. In such wind farms, it i1s therefore important to switch the
aircraft beacon devices of the wind power installations on only when a flying

object enters the subsectors of the respective wind power installations.

It Is thus possible, In a wind farm which for example has an extent from west
to east of 10 kilometers and which a flying object is approaching in the region
of the western boundary of the wind farm, Initially to switch on only the westerly

lying wind power installations, which are for example at a distance of about 4
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to 5 kilometers from the flying object. The aircraft beacon devices lying further
to the east may Initially remain switched off, so as to save energy for the

operation of these aircraft beacon devices.

According to another embodiment, a topology of objects and geodata can be
stored In the switching device. Preferably, the topology of objects and geodata

of a defined sector and/or of defined subsectors of the wind farm can be stored.

Furthermore, the evaluation device Is configured for detecting object positions
and geodata by evaluating the emitted and/or received electromagnetic waves
or sound waves and for transmitting the detected object positions and geodata
to the switching device. Furthermore, the switching device Is configured for
generating a topology of objects and geodata, In particular of a defined sector
and/or of defined subsectors of the wind farm, by observing the time variation
of the transmitted data, or in particular by referencing the time-invariant data.
These objects and geodata are therefore not flying objects, the position of

which would naturally change when observed over the course of time.

Topological data are therefore stored in the switching device, with the aid of
which data it Is then possible to verify before switching the aircraft beacon on
or off whether the flying object detected by the evaluation device Is actually a
flying object. For example, road or freeway routes may be taken from the
topological data, and objects moving in the region of the road or freeway routes

may be verified definitively as objects which are not actually flying objects.

Furthermore, the topological data are used to verify the wind farm aircraft
beacon system itself. According to one embodiment, it IS possible to check or
verify whether the wind farm aircraft beacon system Is functioning correctly, by
the topological data detected by the evaluation device matching with stored
topological data. In this way, for example, It Is also possible to detect fog, hall
or lightning, for example by establishing that the detected topological data do

not match with the stored topological data.
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The Invention furthermore relates to a wind farm having a wind farm aircraft

beacon system according to one of the embodiments above.

The Invention furthermore relates to a method for beaconing, 1.e. aircraft
beaconing, a wind farm. According to the method, electromagnetic waves
5 and/or sound waves are emitted by a transmission station. Furthermore,
electromagnetic waves and/or sound waves are recelved by at least one
reception station and/or the transmission station, and positions of flying
objects, 1.e. flying object positions, are detected by evaluating the emitted
and/or received electromagnetic waves and/or sound waves with an evaluation

10 device.

Furthermore, at least one of the aircraft beacon devices iIs switched on and/or
off as a function of the positions of the flying object positions detected by the

evaluation device.

Exemplary embodiments of the present invention will be explained in more

15  detall by way of example below with reference to the appended figures, In

which
Fig. 1 shows a wind power Installation,
Fig. 2 shows a wind farm having an exemplary embodiment of a wind farm
aircraft beacon system,
20 FI1g. 3 shows a gondola of a wind power Installation with a reception
station, and
Fig. 4 shows a gondola of a wind power Installation with a

transmission station.

Fig. 1 shows a wind power Installation 100 having a tower 102 and a gondola

25 104. A rotor 106 having three rotor blades 108 and a spinner 110 Is arranged
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on the gondola 104. During operation, the rotor 106 I1s set In a rotational

movement by the wind and thereby drives a generator in the gondola 104.

The wind power installation 100 of Fig. 1 may also be operated in conjunction
with a plurality of other wind power installations 100 in a wind farm, as will be

described below with reference to Fig. 2.

Fig. 2 represents a wind farm 112 having by way of example four wind power
Installations 100a to 100c. The four wind power installations 100a to 100d may
be the same or different. The wind power Installations 100a to 100d are
therefore representative of, in principle, an arbitrary number of wind power
Installations 100 of a wind farm 112. The wind power installations 100 provide
their power, 1.e. In particular the current generated, via an electrical farm
network 114. In this case, the respectively generated currents or powers of the
iIndividual wind power installations 100 are added up, and a transformer 116 1s
usually provided, which steps up the voltage in the farm In order to feed it into

the supply network 120 at the feed point 118, which Is also generally referred
to as a PCC.

Fig. 2 1t 1s only a simplified representation of a wind farm 112, which for
example does not show any power control, even though there will naturally be
power control. The farm network 114 may for example also be configured
differently, for example by there also being a transformer at the output of each
wind power Installation 100, to mention only one different exemplary

embodiment.

An exemplary embodiment of the wind farm aircraft beacon system Is
furthermore represented. In detail, the wind power Installations 100a to 100c
each have a reception station 20. The wind power Installation 100d comprises

a transmission station 22.

Electromagnetic waves are emitted by the transmission station 22, and are

then for example reflected by flying objects. The reflected electromagnetic
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waves are then received by one or more of the reception stations 20, and sent

to an evaluation device 24.

At least two of the reception stations 20 have a height difference with respect
to one another of about 50 meters. This height difference Is not represented In
Fig. 2 for better clarity. The height difference Is, for example, achieved by one
of the reception stations 20 being arranged on a wind power Installation 100
standing on an elevation, while another reception station 20 is arranged on
another wind power Installation 100 which stands lower, for example In a

depression.

The evaluation device 24 Is part of a control 26 of the wind farm aircraft beacon
system. With this control 26, for example, the transmission station 22 for

emitting the electromagnetic waves Is also driven.

Flying object positions, 1.e. the positions of flying objects are detected In the
evaluation device 24 by evaluating the emitted and received electromagnetic
waves. To this end, according to one exemplary embodiment, measurement
of the time-of-flight difference from the time of emission of particular
electromagnetic waves by the transmission station 22 until the reception of the

reflected electromagnetic waves by the reception station 20 Is recorded.

Using the known propagation speed of the electromagnetic waves and the
recorded time-of-flight, It Is possible to determine a distance of a flying object
at which the electromagnetic waves have been reflected, with the evaluation
device 24. The flying object positions can therefore subsequently be

determined from these distances.

A switching device 28 Is furthermore provided, which In this case by way of
example i1s likewise a component of the control 26. With the switching device
28, aircraft beacon devices 30 which are arranged on the gondola 104 of each

wind power Installation 100a to 100d can be switched on and off. The aircraft
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beacon device 30 I1s switched on or off as a function of the flying object

positions which have been determined by the evaluation device 24.

Whether an aircraft beacon device 30 Is switched on or off depends on the
precise position of the flying object. To this end, a sector 32 1s defined In the
switching device 28. This sector 32 Is represented two-dimensionally by way
of example In Fig. 2, although it usually has three-dimensional dimensions, 1.e.
for example a width, a height and a depth, the wind power installations 100a

to 100d being located essentially at the center of the sector 32.

The sector 32 I1s also represented very close to the wind power installations
100a to 100d In Fig. 2, although the outer boundary of the sector 32 may
usually have a distance of several kilometers from the wind power installations

at least in the horizontal direction.

If a position of a flying object, 1.e. a flying object position, inside this sector 32
IS now detected by the evaluation device 24, then according to this exemplary
embodiment the aircraft beacon devices 30 are switched on, or remain
switched on If another flying object has already been detected beforehand In

the sector 32.

In the case In which there Is no flying object (no longer a flying object) In the
sector 32, I1.e. no flying object position Is detected inside the sector 32, the

aircraft beacon devices 30 are switched off, or remain switched off.

Here, a sector 32 which “frames” the entire wind farm 112 i1s represented.
According to another exemplary embodiment (not represented here), It Is
however also possible respectively to define an individual subsector for each
wind power Installation 100a to 100c, which Is then monitored separately by

the evaluation device 24.

Accordingly, the aircraft beacon 30 of a wind power Installation 100a to 100c

IS switched on In the case In which a flying object enters the respective
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subsector of a wind power Installation 100a to 100c, or Is detected In this
subsector of the wind power installation 100a to 100c. Selective switching of
Individual aircraft beacon devices 30 on as a function of flying object positions
IS therefore possible. Particularly in large wind farms which extend over an
area of several kilometers, it Is therefore possible for aircraft beacon devices
30 to be activated only In the part of the wind farm 112 which may actually

represent a hazard for a flying object.

Fig. 3 shows the front view of a gondola 104 of a wind power installation 100
IN an enlarged representation. An antenna carrier 34 I1s arranged on the
gondola 104 and is firmly connected to the gondola 104. The antenna carrier
34 has two recelvers 36, respectively of a passive radar, which together
correspond to a reception station 20. The recelvers are used to collect

electromagnetic waves and have a horizontal aperture angle of 360 degrees.

Furthermore, two lights 38 are provided, which together form an aircraft
beacon device 30 of the wind power Installation 100. By the separated
arrangement of the lights 38 on the one hand, and of the receivers 36 on the
other hand, the systems are duplicated, so that error-free function of the wind
farm aircraft beacon system is still ensured despite the partial shadowing by
the rotor blades 108.

Figure 3 therefore represents an enlarged representation of the gondola 104

of one of the wind power Iinstallations 100a to 100c of Fig. 2.

Fig. 4 corresponds essentially to Fig. 3, although In this case, besides the
receivers 36 of the passive radars, two transmitters 40 emitting
electromagnetic waves are also provided. Accordingly, the transmitters 40 and
the recelivers 36 together correspond to a transmission station 22. Figure 4 Is
therefore the enlarged representation of the gondola 104 of the wind power
iInstallation 100d of Fig. 2.
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A wind farm 112 equipped with a wind farm aircraft beacon system comprising
a plurality of reception stations 20 and a single transmission station 22 there-
fore allows control of the aircraft beacon devices 30 of the wind farm 112 which
IS Independent of transponder signals and other transmission signals, the wind
farm aircraft beacon system at the same time obviating a multiplicity of active

radars and therefore being substantially more favorable than already known

solutions.
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Patentkrayv

1. Vindparkflylysmarkeringssystem til en vindpark (112), omfattende:

- flere flylysmarkeringsindretninger (30),

- mindst en sendestation (22) til at udsende elektromagnetiske balger og/eller
lydbwalger,

- mindst to modtagestationer (20) til modtagelse af elektromagnetiske balger
og/eller lydbwmlger, hvor antallet af modtagestationerne (20) udger mindst en
flerdobling af antallet af sendestationer (20),

- en analyseindretning (24) til detektering af flyobjektpositioner ved analyse af
de udsendte og/eller modtagne elektromagnetiske balger og/eller lydbalger,
Iseer ved lebetidsbestemmelse, og

- mindst en koblingsindretning (28) til til- eller frakobling af mindst en af flylys-
markeringsindretningerne (30) afhaengigt af flyobjektpositionerne, der detekte-
res med analyseindretningen,

hvor der for hvert af vindparkens (112) vindenergianleeg (100) | hvert tilfeelde
er tilvejebragt nejagtig en flylysmarkeringsindretning (30),

kendetegnet ved, at

der | koblingsindretningen (28) til flere eller hvert vindenergianleeg (100) af
vindparken (112) | hvert tilfeelde kan defineres en delsektor, og koblingsindret-
ningen (28) er Indrettet til at tilkoble flylysmarkeringsindretningen (30) af det
vindenergianlaeg (100) eller de vindenergianlaeg (100), der er tilknyttet til den
pageeldende delsektor, eller lade dem veere tilkoblet, nar der detekteres en
eller flere flyobjektpositioner ved hjeelp af analyseindretningen (24), hvilke fly-
objektpositioner ligger inden for delsektoren, der er defineret for vindenergian-
laegget (100) eller vindenergianleeggene (100).

2. Vindparkflylysmarkeringssystem ifelge krav 1, hvor sendestationen (22)
og/eller modtagestationerne (20) er indrettet til at blive anbragt pa eller ved
nacellen (104) af et vindenergianlaeg (100).

3. Vindparkflylysmarkeringssystem ifelge krav 1 eller 2, hvor sendestationen
(22) omfatter to aktive radarer, iseer impulsradarer, der er anbragt med afstand
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til hinanden.

4. Vindparkflylysmarkeringssystem if@alge krav 3, hvor hver aktiv radar | hvert
tilfeelde omfatter en sender (40) med en horisontal abningsvinkel pa 360 gra-
der til at udsende elektromagnetiske balger og fortrinsvis hver i1seer omfatter
en modtager (36) med en horisontal abningsvinkel pa 360 grader til at modtage
elektromagnetiske balger.

5. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor vind-
parkflylysmarkeringssystemet omfatter mindst tre modtagestationer (20).

6. Vindparkflylysmarkeringssystem ifalge krav 5, hvor mindst to af modtage-
stationerne (20) er Iindrettet til at blive anbragt med en heajdeforskel | fornold til
hinanden, iseer en hejdeforskel pa mere end 5, 10 eller 20 meter, fortrinsvis
med en hojdeforskel pa 40 til 60 meter i forhold til hinanden.

7. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor der til
hvert vindenergianleeg (100) af vindparken (112) er tilvejebragt n@jagtig en
modtagestation (20), og/eller til en eller flere vindparker (112) er tilvejebragt
n@jagtig en sendestation (22).

8. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor mod-
tagestationerne (20) hver 1seer omfatter to passive radarer, der er anbragt med
afstand til hinanden.

9. Vindparkflylysmarkeringssystem ifelge krav 8, hvor hver passiv radar | hvert
tilfeelde omfatter en modtager (36) med en horisontal abningsvinkel pa 360
grader til at modtage elektromagnetiske balger.

10. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor vind-
parkflylysmarkeringssystemet omfatter mindst en modtager til at modtage sig-
naler af en mobil sender, 1s&er en flyradiotransponder.

11. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor der
| koblingsindretningen (28) til vindparken (112) kan defineres en sektor (32),
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og koblingsindretningen (28) er indrettet til at tilkoble mindst en af flylysmarke-
ringsindretningerne (30) eller lade den veere tilkoblet, nar en eller flere flyob-
|ektpositioner detekteres ved hjeelp af analyseindretningen (24), hvilke flyob-
jektpositioner ligger inden for den pa forhand definerede sektor (32) omkring
vindparken (112).

12. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor der
| koblingsindretningen (28) for flere eller hvert vindenergianlaeg (100) af vind-
parken (112) kan defineres en delsektor, og koblingsindretningen (28) er Ind-
rettet til at frakoble die flylysmarkeringsindretningen (30) af det vindenergian-
leeg (100) eller de vindenergianlaeg (100), der er tilknyttet til den pageeldende
delsektor, eller lade dem veere frakoblet, nar der ikke detekteres nogen flyob-
jektpositioner ved hjeelp af analyseindretningen (24), hvilke flyobjektpositioner
ligger inden for delsektoren, der er defineret for vindenergianleegget (100) eller
vindenergianlaeggene (100).

13. Vindparkflylysmarkeringssystem ifalge et af de foregaende krav, hvor der
| koblingsindretningen (28) kan gemmes en topologl af objekter og geodata,
Iseer en defineret sektor og/eller definerede delsektorer af vindparken, og/eller
analyseindretningen (24) er Indrettet til at detektere objektpositioner og
geodata ved analyse af de udsendte og/eller modtagne elektromagnetiske bal-
ger eller lydbalger og til at overgive de detekterede objektpositioner og
geodata til koblingsindretningen (28), og koblingsindretningen (28) er indrettet
til ved betragtning eller identificering af de tidsmeessigt ikke varierende objekt-
positioner og geodata af de overferte data at generere en topologi af objekter
0g geodata, 1seer en defineret sektor og/eller definerede delsektorer af vind-
parken.

14. Vindpark med et vindparkflylysmarkeringssystem ifelge et af kravene 1 til
13.

15. Fremgangsmade til lysmarkering af en vindpark med et vindparkflylysmar-
keringssystem ifelge et af kravene 1 til 13, med trinnene:

- at udsende elektromagnetiske bwalger og/eller lydb@lger med mindst en sen-
destation (22),
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- at modtage elektromagnetiske balger og/eller lydbalger med mindst en mod-
tagestation (20) og/eller sendestationen (22) og

- at detektere flyobjektpositionerne ved analyse af de udsendte og/eller mod-
tagne elektromagnetiske bwalger og/eller lydbalger med en analyseindretning
(24) 0g

- at til- eller frakoble mindst en af flylysmarkeringsindretningerne (30) af-

haengigt af positionerne af flyobjektpositionerne, der detekteres med analyse-
Indretningen (24), med en koblingsindretning (28).
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Fig. 4
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