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DESCRIPTION

[0001] The present invention relates to a safety system for a wind turbine as well as a wind
turbine comprising a nacelle, a hub and a rotor blocking system with several rotor locks, each
engageable into a locked position for blocking a rotor of the wind turbine from rotating. Further,
the invention relates to a method for providing safety to a person in a wind turbine and in a hub
of the wind turbine, respectively.

[0002] As wind turbines are steadily increasing in size, there is need for more rotor clamping
and/or blocking force when technicians are working in a hub of the wind turbine. This clamping
and blocking force is given by a rotor blocking system comprising rotor locks distributed around
the main shaft. Rotor locks used in the wind turbine industry are typically mounted to the main
rotor shaft of the wind turbine, between gearbox and generator. The rotor blocking system is
activated by running lock bolts into a lock disc using hydraulic power. Today, each rotor lock
must be inserted manually by activating switches in different positions in the nacelle of the wind
turbine. With an increasing number of rotor locks, the work and time spent for applying these
tasks also increase. With a conventional rotor blocking system, a technician has to engage or
disengage each rotor lock manually by activating a switch. WWhen a rotor lock is engaged, a key
is released which can be used to open a gate to the hub. Since the key is only related to one
rotor lock, it is known that misuse of the system happens, by means of which only one of the
rotor locks is engaged, while the key is then used to enter the hub. Due to compromised
blocking capacity in this case, this could result in mechanical failure in the rotor lock, after
which the turbine could start to idle with the technician in the hub.

[0003] A prior art example is disclosed in DE102014218804A1.

[0004] It is an object of the present invention to address at least part of the above-mentioned
problems. In particular, it is an object of the present invention to provide a safety system and
related method for persons working in the wind turbine for safely, reliably and/or quickly locking
the rotor during maintenance works.

[0005] Aforesaid object is achieved by the subject-matters of the claims. In particular, the
object is achieved by a safety system according to claim 1, a wind turbine according to claim 5
as well as a method for providing safety according to claim 6 of the present application. Further
features and details of the invention result from the dependent claims, the description and the
figures. Features and details discussed with respect to the inventive safety system are also
correlated with the inventive wind turbine, the inventive method and the other way around.

[0006] According to a first aspect of the present invention, a safety system for a wind turbine is
provided, wherein the wind turbine comprises a nacelle, a hub and a rotor blocking system with
several rotor locks, each engageable into a locked position for blocking a rotor of the wind
turbine from rotating. The inventive safety system comprises a central switching unit
comprising one switch for each of the rotor locks for manually engaging a corresponding rotor
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lock into the locked position when activating the related switch and a feedback unit generating
from one central position and providing a safe-signal in a safe state of the hub, in which every
rotor lock is engaged into the locked position.

[0007] By introducing the present safety system, a technician can insert all rotor locks from a
central location in the nacelle while receiving the safe-signal when all rotor locks are in position.
Thus, the technician may recognize at a glance whether the hub is safe to work in or not. This
provides the desired safety for the technician in an easy and reliable manner. Moreover, the
inventive safety system can be easily adapted to present wind turbines without the need of
expensive modifications.

[0008] The switches for the rotor locks are configured to manually engage an accompanying
rotor lock into the locked position when activating the related switch. For example, a first switch
may belong to a first rotor lock, a second switch may belong to a second rotor lock, a third
switch may belong to a third rotor lock, etc. WWhen the first switch is activated and/or operated,
the first rotor lock will be engaged or released, depending on in which state the switch currently
is or which kind of switch is provided. When the second switch is operated, the second rotor
lock will be engaged or released. And when the third switch is operated, the third rotor lock will
be engaged or released. The switches can be operated manually by a technician. For
example, each switch may be provided as a button or a lever and can be pressed or shifted by
the technician for operating the same. Alternatively, each switch may be provided as a switch
that can only be operated by inserting and/or turning a key in it. Such a key may be a
mechanical and/or an electronic key.

[0009] As soon as the switches are operated and/or activated and the rotor locks are engaged,
the feedback unit generates and provides the safe-signal, which can be directly or indirectly
recognized by the technician at the central switching unit. That is, the technician does not have
to move around in the nacelle in order to check whether all the rotor locks are engaged. This
saves time and thus money. As described above, the switches are centrally located at the
central switching unit. That is, the switches are arranged in a position in which the technician
can operate and/or monitor them without moving.

[0010] The rotor blocking system comprises several rotor locks like, two, three, four, five, six,
seven or eight rotor locks, wherein there are embodiments possible with even more rotor locks.
For safety reasons, it is preferred that each rotor lock can be operated by one related switch
only. However, it is also possible that the switches are configured to operate several rotor locks
each, like at least one switch is configured to operate two or three rotor locks at once. This
saves time and thus money while locking the rotor for maintenance work in the hub of the wind
turbine.

[0011] The central switching unit preferably comprises a housing to be mounted to an inner
wall of the nacelle, wherein the switches are mounted to be operated on one outer wall
member of the housing.
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[0012] Activating a switch preferably means operating the same in order to move the related at
least one rotor lock into the engaged position. Consequently, deactivating a switch preferably
means operating the same in order to move the related at least one rotor lock into a released
position, in which the at least one rotor lock does not block the rotor and the rotor may be able
to spin.

[0013] The safe-signal is particularly generated and provided to be perceived by a person like
a technician in the nacelle and in front of the central switching unit, respectively. In addition, the
safe-signal may be generated and provided to be received by a computer and/or a machine in
order to use the safe-signal for further safety measures. The safe-signal can be understood as
a signal which provides information about a safety state in the hub, i.e., whether it is safe for a
person to enter the hub or not.

[0014] According to the invention, the safety system may comprise a user communication unit
connected to the feedback unit for providing the safe-signal in terms of visually and/or
acoustically informing a person at the central switching unit in the nacelle about the safe state
when receiving the provided safe-signal by the user communication unit. That is, the user
communication unit is configured to provide the safe-signal in terms of a visual and/or acoustic
signal, which can be perceived by a person like a technician in the nacelle and at the central
switching unit. A visual and/or acoustic signal is an easy and cheap way to inform the
technician about the state in the hub, i.e., whether it is safe to work in there or not. The user
communication unit comprises a display for displaying the safe-signal on a display and/or a
loudspeaker for a suitable sound signal to inform the technician about the safe state. The
display and/or the loudspeaker can be arranged at the central switching unit, specifically, at a
housing of the central switching unit. This solution can be provided in a cheap and simple way
in particular on the ground that there has to be only one display and only one loudspeaker at
the central switching unit, i.e., not at different location as it was necessary in prior art systems.
The safe-signal can be displayed by means of a color code, like red for not safe and green for
safe, or by means of a suitable message, written and/or shown at the display.

[0015] Further, it is possible that the safety system according to the present invention
comprises a controller connected to the feedback unit for unlocking an access door from the
nacelle to the hub when receiving the provided safe-signal by the controller. This is an
additional safety measure and increases the safety for the technician, respectively. According
to the described embodiment, the access door will only be unlocked when the controller
receives the safe-signal. The access door can then be unlocked by means of the controller.
That is, the controller is configured to unlock the access door when receiving the provided
safe-signal. In other words, as long as there is no safe-signal received by the controller, the
access door will be locked and cannot be entered by a person.

[0016] Moreover, an inventive safety system may comprise a door signal unit for providing a
locked-signal in a locked state of a door lock of a door from the nacelle to the hub, and a
controller connected to the door signal unit for allowing to release any one of the rotor locks
only when receiving the locked-signal from the door signal unit. That is, a rotor lock can only be
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released by means of the switches when the access door is locked. This makes sure, that a
rotor lock can only be released when the technician left the hub, closed the access door and
then operates one of the switches, which are arranged at the central switching unit in the
nacelle, i.e., outside of the hub. Hence, by means of the inventive door signal unit, safety for a
person in the hub can be further enhanced.

[0017] In accordance with a further embodiment of an inventive safety system, the feedback
unit can be integrated into the central switching unit. Thus, the safety system can be provided
with a space saving design, which is important in a wind turbine, where saving space is always
an issue. The feedback unit can be integrated into a computer and a controller, respectively.

[0018] According to another aspect of the invention there is provided a wind turbine with a
nacelle, a hub, a rotor blocking system comprising several rotor locks, each engageable into a
locked position for blocking a rotor of the wind turbine from rotating, and a safety system
according to any one of the above described embodiments. Therefore, the inventive wind
turbine brings up the same advantages that have been discussed in detail with respect to the
inventive safety system. The wind turbine may be configured as an onshore and an offshore
wind turbine.

[0019] A further aspect of the present invention relates to a method for providing safety to a
person in a wind turbine with a safety system according to any one of the above described
embodiments. The method comprises the steps of recognizing a safe state of the hub, in which
every rotor lock is engaged into the locked position, and generating as well as providing a safe-
signal in said safe state of the hub, in which every rotor lock is engaged into the locked
position. Hence, the inventive method also brings up the advantages that have been discussed
in detail with respect to the inventive safety system.

[0020] The method can be carried out by a computer program product and/or a computer
program product can be configured to carry out the method when installed on a memory
and/or a computer. In another embodiment of the present invention the computer program
product comprises computer readable program means initiating a computer to carry out the
prescribed method.

[0021] According to the present invention, the safe-signal is provided in terms of visually
and/or acoustically informing a person at the central switching unit in the nacelle about the safe
state by means of a user communication unit connected to the feedback unit when receiving
the provided safe-signal by the user communication unit. Further, the inventive method may
comprise the step of unlocking an access door from the nacelle to the hub by means of a
controller connected to the feedback unit when receiving the provided safe-signal by the
controller. Moreover, the method according to the present invention may comprise the steps of
providing a locked-signal in a locked state of a door lock of a door from the nacelle to the hub
by means of a door signal unit, and allowing to release any one of the rotor locks only when
receiving the locked-signal from the door signal unit by means of a controller connected to the
door signal unit.
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[0022] The present invention is discussed in more detail with respect to the accompanying
drawings, in which

Fig. 1
shows a block diagram for explaining a safety system according to a preferred
embodiment of the present invention,

Fig. 2
shows a flow chart for explaining a method according to a first embodiment of the
present invention,

Fig. 3
shows a flow chart for explaining a method according to a second embodiment of the
present invention, and

Fig. 4
shows a wind turbine with an inventive safety system.

[0023] Fig. 1 shows a safety system 1 for a wind turbine 2 with a nacelle 3, a hub 4 and a rotor
blocking system 5 with three rotor locks R1, R2, R3, each engageable into a locked position for
blocking a rotor 6 of the wind turbine 2 from rotating. The wind turbine 2 with its components is
shown in Fig. 4.

[0024] The safety system 1 of Fig. 1 is shown in the form of a block diagram to simplify the
explanation of the same. As shown in Fig. 1, the safety system 1 includes a central switching
unit 7 comprising one switch S1, S2, S3 for each of the three rotor locks R1, R2, R3 for
manually engaging a corresponding rotor lock R1, R2, R3 into the locked position when
activating the related switch S1, S2, S3. According to Fig. 1, a first switch S1 belongs to a first
rotor lock R1, a second switch S2 belongs to a second rotor lock R2, and a third switch S3
belongs to a third rotor lock R3. When the first switch S1 is operated, the first rotor lock R1 will
be engaged or released. When the second switch S2 is operated, the second rotor lock R2 will
be engaged or released. And when the third switch S3 is operated, the third rotor lock R3 will
be engaged or released. The switches S1, S2, S3 are configured to be operated manually by a
technician. Specifically, each switch S1, S2, S3 can only be operated by means of a specific
activation key.

[0025] The safety system 1 further comprises a feedback unit 8 generating and providing a
safe-signal in a safe state of the hub 4, in which every rotor lock R1, R2, R3 is engaged into
the locked position. As can be drawn from Fig. 1, the feedback unit 8 is integrated into the
central switching unit 7.

[0026] Moreover, the safety system 1 comprises a user communication unit 9 connected to the
feedback unit 8 for providing the safe-signal in terms of visually informing a person at the
central switching unit 7 in the nacelle 3 about the safe state when receiving the provided safe-
signal by the user communication unit 9. According to Fig. 1, the user communication unit 9
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comprises a display to show the technician or any other user the safety state of the hub, i.e.,
whether it is save to work in there or not. In addition to the display, there may also be arranged
a loudspeaker at the central switching unit 7 to inform a user about the safety state in the hub
acoustically, for example.

[0027] Furthermore, the safety system 1 comprises a controller 10 connected to the feedback
unit 8 for unlocking an access door from the nacelle 3 to the hub 4 when receiving the provided
safe-signal by the controller 10.

[0028] In addition, the safety system 1 of Fig. 1 comprises a door signal unit 11 for providing a
locked-signal in a locked state of a door lock L1 of a door from the nacelle 3 to the hub 4, and
a controller 10 connected to the door signal unit 11 for allowing to release any one of the rotor
locks R1, R2, R3 only when receiving the locked-signal from the door signal unit 11.

[0029] Fig. 2 shows a flow chart to explain a method for providing safety to a person in a wind
turbine 2 with the above described safety system 1. In step S10, the routine starts. In step S20,
a safe state of the hub 4 is recognized by determining whether the rotor locks R1, R2, R3 are
engaged into the locked position or whether at least one of them is released from said safe
position. When it is determined that the rotor locks R1, R2, R3 are not yet engaged into the
locked position, the routine returns to step S10 for a new start. When it is determined that
every rotor lock R1, R2, R3 is engaged into the locked position, the routine proceeds to step
S22, in which the safe-signal is generated and provided. In a subsequent step S30 the safe-
signal is output as a visual and/or acoustical signal by means of the user communication unit 9.
While outputting the safe-signal, the access door from the nacelle 3 to the hub 4 will be
unlocked by means of the controller 10, which is connected to the feedback unit 8.

[0030] Fig. 3 shows a flow chart to explain a method for providing additional safety to a person
in a wind turbine 2 with the above described safety system 1. In step S40, the routine starts. In
step S50, a signal is provided by means of the door signal unit 11 whether the door lock L1 of
the door from the nacelle 3 to the hub 4 is locked or not. VWhen it is detected that the door is
locked, an allowing-signal will be released by the controller 10 at step S51 to allow releasing
any one of the rotor locks R1, R2, R3 by means of the related switches S1, S2, S3. When it is
detected that the door is unlocked, a prohibiting-signal will be released by the controller 10 at
step S52 to prohibit releasing of any one of the rotor locks R1, R2, R3.

[0031] The controller 10 of the safety system 1 may be configured as a computer comprising a
computer program for carrying out any one of the above described methods.

[0032] Fig. 4 shows the wind turbine 2 with the nacelle 3, the hub 4, the rotor blocking system
5 comprising three rotor locks R1, R2, R3, each engageable into the locked position for
blocking the rotor 6 of the wind turbine 2 from rotating, and the above described safety system
1.

[0033] The aforesaid description of the accompanying drawings is only by the way of detail
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and example. Specific features of each aspect of the present invention and the figures can be
combined which each other if of technical sense.
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Patentkrav

1. Sikkerhedssystem (1) til en vindmaglle (2), hvor vindmeallen (2) omfatter en
nacelle (3), et nav (4) og et rotorblokeringssystem (5) med flere rotorlase (R1,
R2, R3), der hver isaer kan ga i indgreb i en last position for at blokere en rotor
(6) pa vindmellen (2) i at rotere,

hvor

en central omskiftningsenhed (7), der omfatter en kontakt (S1, S2, S3) for
enhver af rotorlasene (R1, R2, R3) til manuelt at aktivere en tilsvarende ro-
torlas (R1, R2, R3) i den laste position ved aktivering den pageeldende kontakt
(81, S2, S3) og en tilbagemeldingsenhed (8), der genererer og giver et sik-
kerhedssignal i en sikker tilstand af navet (4), hvor hver rotorlas (R1, R2, R3)
er aktiveret i last position,

kendetegnet ved

en brugerkommunikationsenhed (9), der er forbundet med tilbagemeldingsen-
heden (8) for at tilvejebringe sikkerhedssignalet ved visuelt og/eller akustisk at
informere en person ved den centrale omskiftningsenhed (7) i nacellen (3) om
den sikre tilstand ved modtagelse af det tilvejebragte sikkerhedssignal af bru-
gerkommunikationsenheden (9), hvor brugerkommunikationsenheden (9) om-

fatter et display til visning af sikkerhedssignalet.

2. Sikkerhedssystem (1) ifelge krav 1,

kendetegnet ved

en styreenhed (10), der er forbundet med tilbagemeldingsenheden (8), til at
lase en adgangsder op fra nacellen (3) til navet (4) ved modtagelse af det

tilvejebragte sikkerhedssignal af styreenheden (10).

3. Sikkerhedssystem (1) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved
en dersignalenhed (11) til at tilvejebringe et lasesignal i en |ast tilstand af en

derlas (L1) af en der fra nacellen (3) til navet (4), og en styreenhed (10), der
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er forbundet til dgrsignalenheden (11) for kun at tillade at udi@se en hvilken
som helst af rotorlasene (R1, R2, R3), nar lasesignalet modtages fra dersig-

nalenheden (11).

4. Sikkerhedssystem (1) ifelge et hvilket som helst af de foregaende krav,
kendetegnet ved, at

tilbagemeldingsenheden (8) er integreret i den centrale omskiftningsenhed (7).

5. Vindmaglle (2) med en nacelle (3), et nav (4) og et rotorblokeringssystem (5)
omfattende flere rotorlase (R1, R2, R3), der hver iseer kan ga i indgreb i en last
position for at blokere en rotor (6) af vindmeallen (2) fra at rotere,
kendetegnet ved

et sikkerhedssystem (1) ifelge et hvilket som helst af de foregaende krav.

6. Fremgangsmade til at tilvejebringe sikkerhed til en person i en vindmaille (2)
med et sikkerhedssystem (1) ifalge et hvilket som helst af kravene 1 til 4,
kendetegnet ved

genkende en sikker tilstand af navet (4), hvor hver rotorlas (R1, R2, R3) er i
indgreb i den laste position, og genererer savel som tilvejebringer et sikker-
hedssignal i den sikre tilstand af navet (4), hvor hver rotorlads (R1, R2, R3) er i
indgreb i den laste position,

kendetegnet ved, at

sikkerhedssignalet tilvejebringes ved visuelt og/eller akustisk at informere en
person ved den centrale omskiftningsenhed (7) i nacellen (3) om den sikre
tilstand ved hjeelp af et display pa brugerkommunikationsenheden (9), der er
forbundet med tilbagemeldingsenheden (8), nar den modtager det tilveje-

bragte sikkerhedssignal af brugerkommunikationsenheden (9).

7. Fremgangsmade ifalge krav 6,

kendetegnet ved
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at oplase en adgangsder fra nacellen (3) til navet (4) ved hjeelp af en styreen-
hed (10), der er forbundet med tilbagemeldingsenheden (8), nar den modtager

det tilvejebragte sikkerhedssignal fra styreenheden (10).

8. Fremgangsmade ifalge krav 6 eller 7,

kendetegnet ved

at tilvejebringe et lasesignal i en last tilstand af en derlas (L1) i en der fra na-
cellen (3) til navet (4) ved hjeelp af en darsignalenhed (11) og kun tillade at
frigere en hvilken som helst af rotorlasene (R1, R2, R3), nar lasesignalet mod-
tages fra dersignalenheden (11) ved hjeelp af en styreenhed (10), der er for-

bundet med dgrsignalenheden (11).
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