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DESCRIPTION

[0001] The invention concerns a wind turbine having a hollow, walkable generator shaft of a
generator assembly and a hollow hub attached to the generator shaft and having at least two
blades attached to it, wherein the hub is enterable from the generator shaft and the wind
turbine is stoppable in at least two predetermined maintenance positions of the blades. An
example of a wind turbine with such a configuration is disclosed in US2014050591 A1.

[0002] Wind turbines, in particular in larger sizes, have become common sources of electrical
energy. Often, the wind turbine comprises a tower carrying a nacelle, in which a generator of a
generator arrangement of the wind turbine may be located. Rotational energy for the generator
is provided by wind-driven blades connected to a rotor hub of the wind turbine, which, in turn,
is fixed to a generator shaft of the generator arrangement. Wind turbines with or without a gear
box have been proposed.

[0003] Increasing focus is laid upon the protection of service personnel working in a wind
turbine, in particular, since wind turbines increase in size. Wind turbines of a size where it is
possible to enter into the hub from a hollow generator shaft have already been proposed. In
this case, the safety of technicians who want to enter into the hub has to be ensured, in
particular when passing from the hollow generator shaft into the hollow hub. However, to
accommodate different service tasks, several possible, predetermined maintenance positions
of the blades (stop positions) have to be defined and used. For example, such predetermined
maintenance positions may comprise positions in which a certain blade points vertically
downwards, positions in which a certain blade points vertically upwards and/or a position in
which a certain blade points horizontal, either to the left or to the right. In a wind turbine having
three blades, these definitions provide a total of twelve different maintenance positions of the
blades and thus the rotor hub.

[0004] Since there is a considerable height difference between the generator shaft and the
interior wall of the hub, into which the technician has to enter, safety measures to prevent a
service technician from unintentionally falling into the hub would be expedient. These
measures should also provide a structure allowing safe entrance into the hub. However, a lot
of different predetermined maintenance positions have to be accommodated, resulting in
complex constructional approaches.

[0005] It is an object of the current invention to provide safety measures of an easy
construction between the rotor hub and the generator shaft, facilitating safe entrance into the
hollow hub.

[0006] To achieve this object, according to the current invention, a wind turbine as initially
described comprises a safety arrangement, in which a rotatably supported safety element
having a door is mounted covering the opening leading from the generator shaft into the hub,
wherein a locking arrangement for fixing the safety element in an entering position, in which
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the door is vertically oriented, is provided.

[0007] It is thus proposed to use a rotatable framework solution at the hub entrance such that,
due to the rotatability, the safety element may be turned, if necessary, to fit any of the
maintenance positions of the blades and thus the hub. The safety element of the safety
arrangement covers the opening into the rotor hub, such that protection for service technicians
is provided, in particular preventing them from falling into the hub unintentionally. A doorway is
implemented through which safe entrance into the rotor hub can take place. To further
increase safety for the service technician, the safety element may be fixed in the entering
position, such that unintentional rotation of the safety element, in particular during entering the
hub or vice versa, is prevented.

[0008] Advantageously, such a safety measure that can be adjusted to fit the actual
maintenance position will both save material and space compared to a fixed solution for each
maintenance position. Safety for persons working in the wind turbine is advantageously
increased.

[0009] In preferred embodiments, the safety element may comprise a fence-like structure, in
particular a metal structure, in which the door is provided. For example, aluminium or,
preferably thin, sheet metal may be used as a material for such a fence-like structure.
Preferably, as is the case with aluminium or an alloy comprising aluminium or thin sheet metal,
the safety element may be light-weight. Additionally, using metal as a material provides
stability, wherein the fence-like or grid-like arrangement reduces the material requirement
substantially and provides a good view into the hub from the generator shaft for the service
technician.

[0010] Preferably, the safety element, in particular a frame or outer part of the fence-like
structure, is rotatably supported using rollers mounted to the generator shaft and/or the hub.
For example, a circular frame or outer part, in particular a metal frame or outer part, may be
supported and guided on rollers provided circumferentially around the opening of the hollow
generator shaft into the hub. The rollers or wheels may comprise a central indentation into
which the frame or outer part engages for guiding and supporting the frame or outer part,
allowing movement only in a rotational direction.

[0011] In advantageous embodiments, the locking arrangement may comprise a locking lever,
in particular engaging the frame. The locking lever may have a handle to facilitate operation by
a service technician.

[0012] Generally, the locking arrangement may advantageously be in a locked position during
normal operation of the wind turbine, that is, with no maintenance works going on. Thus,
during normal operation of the wind turbine, the safety element rotates with the generator shaft
and the hub, reducing wear on bearing elements supporting the safety element and the safety
element itself, for example reducing wear exerted onto rollers. If a service technician wants to
enter the rotor hub for maintenance, they unlock the locking arrangement, turn the safety
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element into the entering position, and re-lock the locking arrangement to fix the safety
element in its current orientation corresponding to the entering position. They may now safely
use the door to enter and subsequently leave the hub.

[0013] Preferably, the door may comprise a lock controlled by a detection device such that the
door only opens when the safety element is in the entering position and/or fixed by the locking
arrangement. In this manner, safety may be further increased. For example, the detection
device may comprise a gravity sensor for detecting a predefined orientation of the safety
element corresponding to the entering position, in particular having the door in a vertical
position, such that the gravity sensor, usually an acceleration sensor, may for example have its
measuring direction along a longitudinal axis of the door. Regarding the locking arrangement,
a fixing sensor may be provided, as in principle known, to detect the locking state of the locking
arrangement. It is noted that it is also conceivable to implement such a detection device purely
using mechanical means, reducing the complexity of the safety arrangement. The detection
device is optional. Alternatively e.g. a manual locking mechanism could be used.

[0014] Advantageously, the door may be configured only to be opened towards the inside of
the generator shaft. That is, a design may be chosen, in which, for safety reasons, the door
can only be opened inwards to the generator shaft.

[0015] In this respect, it is also advantageous if the door is spring-loaded towards a closed
position of the door. Using such a spring-loading mechanism, the door will close by itself when
a person has passed. Additionally, unnecessary movement of the door during normal operation
of the wind turbine, in particular when the safety element rotates with the hub and the
generator shaft, may be prevented by such a spring-loading mechanism. It is noted that, of
course, an additional fixing means or the like may be provided to additionally hold the door in a
closed position, for example a magnetic fixing means.

[0016] Preferably, the safety arrangement may further comprise a climbing means, in
particular a ladder, wherein the climbing means and/or the safety element comprise
suspension means such that the climbing means may be removably suspended into the hub
from the threshold of the door. That is, when the access door provided by the safety element is
in the right position, that is, the entering position, a separate ladder or other climbing means
may be attached to the rotatable safety element, in particular to its frame, such that the service
technician can safely climb into the hub. Such a climbing means, in particular a ladder, may, for
example, be stored in the nacelle and be brought along by the service technician. The ladder
can be a separate component from the frame or integrated with the frame as a fixed
component.

[0017] Additionally or alternatively, at least one climbing aid may be fixedly installed in the hub.
Such climbing aids have, for example, been described in EP 2 837 821 A1 regarding a hub
accessible from the outside, but may also be used to facilitate maintenance work inside a hub
enterable from a hollow generator shaft as well as aiding the service technician in safely
entering the hub from the generator shaft.
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[0018] In especially preferred embodiments, the design of the separate climbing means, which
may be suspendedly arranged at the opening, and the design of climbing aids fixedly installed
in the hub may be matched to each other, wherein, in particular, the climbing means may be
dimensioned to meet a climbing aid of the hub in a corresponding maintenance position.
Additionally, if, for example, in a wind turbine having three blades, one of the blades points
vertically upward, the dimensions of the climbing means, in particular the ladder, may also
correspond to the distance to the interior hub wall between the two blades pointing diagonally
down.

[0019] In embodiments, the safety element may further comprise at least one hold at at least
one side of the door, extending into the hub, to further aid climbing into the hub by the service
technician and to further increase safety.

[0020] Further details and advantages of the current invention become apparent from the
following detailed description of concrete embodiments, taken in conjunction with the drawings,
in which:

Fig. 1
shows a wind turbine according to the current invention,
Fig. 2
is a view into the interior of the hub in a first position of the blades,
Fig. 3
is a view into the hub in a second position of the blades,
Fig. 4
is a close-up of a portion of a safety arrangement, and
Fig. 5
shows a closer view of the safety arrangement in a door area.

[0021] Fig. 1 shows a principle drawing of a wind turbine 1 according to the current invention.
The wind turbine 1 comprises a tower 2 carrying a nacelle 3, in which a generator arrangement
4 comprising a generator 5 is housed. A hollow generator shaft 6, often also called main shaft,
is connected to a rotor hub 7. The rotor hub 7 is also hollow such that its interior 8 can be
accessed from the interior 9 of the hollow generator shaft 6. In this case, three blades 10 are
attached to the hub 7, from which, in fig. 2, only two are visible due to perspective.

[0022] To provide increased safety for a service technician who wants to enter the hub 7 from
the generator shaft 6, a safety arrangement generally indicated at 11 is provided, which is now
described in more detail regarding the figures 2 to 5.

[0023] Fig. 2 shows a view into the interior 8 of the hub 7 in a first maintenance position,
wherein a certain one of the blades 10 is in a vertical, upwards pointing orientation. The safety
arrangement 11 comprises a safety element 12 covering the opening from the generator shaft
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6 to the interior 8 of the hub 7, such that a service technician 13 cannot unintentionally fall in.
The safety element 12 comprises an outer, circular frame 14 made of metal, in particular
aluminium or an aluminium alloy or thin sheet metal, which is part of a fence-like structure 15
made of the metal. The safety element 12 further comprises a door 16 in the fence-like
structure 15.

[0024] The safety element 12 is rotationally supported on the generator shaft 6 by rollers 17.

[0025] A climbing means 18, in this case a ladder, is separately provided and may be
suspended from the frame 14 or another part of the fence-like structure 15 using
corresponding suspension means before the door 16 is opened. Alternatively the ladder could
be integrated with the frame 14 as a fixed component.

[0026] As can be seen, the hub 7 comprises additional climbing aids 19 and the climbing
means 18 is dimensioned to directly adjoin the climbing aid 19 when suspended from the
frame 14 in the shown maintenance position.

[0027] Fig. 3 shows another maintenance position in which a certain blade points vertically
downwards. In this case, the climbing means 18 ends on top of the interior wall 20 of the hub 7
corresponding to the certain blade 10.

[0028] The safety arrangement 11 further comprises a locking arrangement 21 to fix the
rotatably supported safety element 12 in a certain, predefined entering position in which the
door 16 is vertically oriented. Further, during normal operation of the wind turbine 1, the safety
element 12 is also fixed to the hub 7 and the generator shaft 6 such that it rotates with them. If
maintenance is required, once a certain maintenance position is achieved, for example one of
the maintenance positions shown in fig. 2 or fig. 3, the service technician 13 approaches the
safety arrangement 11 from inside the hollow generator shaft 6. If the safety element 12, in
particular the door 16, is not oriented in the entering position, they may unlock the locking
arrangement 21 and rotate the rotatably supported safety element 12 into the entering
position, where it can be fixed again using the locking arrangement 21. The service technician
13 can now suspend the climbing means 18 into the interior 8 of the hub 7 and open the door
16 to enter, as shown in fig. 3. As can be seen, the door 16 is configured to only open towards
the interior 9 of the generator shaft 6. The service technician 13 can now safely climb into the
interior 8 of the hub 7.

[0029] As can be seen from fig. 4, the locking arrangement 21 comprises locking lever 22
using the excenter principle to fix the rotational position of the safety element 12. As can also
be seen from fig. 4, the rollers 17 comprise indentations in which the frame 14 or outer part of
the fence-like structure 15 is guided.

[0030] The frame 14 is, preferably, integral with the fence-like structure 15, as can also be
seen in fig. 2 and fig. 3.
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[0031] Fig. 5 illustrates that the door 16 is coupled to the fence-like structure 15 by a spring-
loading mechanism 23 using a spring 24 such that the door 16 automatically closes and is kept
in a closed position by the corresponding restoring force of the spring 24.

[0032] Optionally, the safety element 12 may also comprise a lock 25 which is controlled by a
detection device 26 such that the door 16 only opens when the safety element 12 is in the
entering position. In this example, the detection device 26 may comprise a gravity sensor 27
(acceleration sensor) to detect a predefined orientation of the safety element 12 corresponding
to the entering position. In other embodiments, the detection device 26 may further comprise a
fixing sensor for detecting the locking state of the locking arrangement 21; in this case, the lock
25 only opens if the safety element 12 is in the entering position and fixed in its rotational
position by the locking means 21. It would also be possible to not use a lock 25 or to use other
means for locking and unlocking the lock 25 then the discussed detection device 26, e.g. a
manual lock.

[0033] It is noted that the safety element 12 may also comprise handles or holds 28 at at least
one side of the door 16, further simplifying climbing into or out of the hub 7.

[0034] Although the present invention has been described in detail with reference to the
preferred embodiment, the present invention is not limited by the disclosed examples from
which the skilled person is able to derive other variations without departing from the scope of
the invention.
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Patentkrav

1. Vindmaglle (1) med en hul, betreedelig generatoraksel (6) af en generatoran-
ordning (4) og et hult nav (7), som er fastgjort til generatorakslen (6) og har
mindst to vinger (10) fastgjort dertil, hvor der fra generatorakslen (6) kan tree-
des ind i navet (7), og vindmallen (1) kan stoppes i mindst to forudbestemte
vedligeholdelsespositioner af vingerne (10), kendetegnet ved, at vindmgallen
(1) yderligere omfatter et sikkerhedsarrangement (11), i hvilket der er monteret
et roterbart understattet sikkerhedselement (12) med en der (16), som daekker
abningen, der ferer fra generatorakslen (6) ind i navet (7), hvor der er tilveje-
bragt et lasearrangement (21) til fiksering af sikkerhedselementet (12) i en ind-
treedningsposition, i hvilkken daren (16) er orienteret vertikalt.

2. Vindmaglle (1) ifelge krav 1, kendetegnet ved, at sikkerhedselementet (12)
omfatter en hegn-lignende struktur (15), iseer en metalstruktur (15), i hvilken
deren (16) er tilvejebragt.

3. Vindmalle (1) ifalge krav 1 eller 2, kendetegnet ved, at sikkerhedselemen-
tet (12) er roterbart understattet ved anvendelse af ruller (17), der er monteret
pa generatorakslen (6) og/eller navet (7).

4. Vindmelle (1) ifelge et af de foregaende krav, kendetegnet ved, at |asear-
rangementet (21) omfatter et lasegreb (22), som iseer gar i indgreb med den
ene ydre ramme (14) af den hegn-lignende struktur (15).

5. Vindmglle (1) ifelge et af de foregaende krav, kendetegnet ved, at deren
(16) omfatter en las (25), der styres af en detekteringsindretning (26), séledes
at deren (16) kun abner, nar sikkerhedselementet (12) er i indtraedningspositi-
onen og/eller fikseret af lasearrangementet (21).

6. Vindmalle (1) ifglge krav 5, kendetegnet ved, at detekteringsindretningen
(26) omfatter en tyngdekraftsensor (27) til detektering af en foruddefineret ori-
entering af sikkerhedselementet (12) svarende til indtreedningspositionen
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og/eller en fikseringssensor til detektering af lasetilstanden af lasearrange-
mentet (21).

7. Vindmglle (1) ifelge et af de foregaende krav, kendetegnet ved, at deren
(16) er udformet saledes, at den kun kan abnes mod indersiden af generator-
akslen (6).

8. Vindmaglle (1) ifelge et af de foregaende krav, kendetegnet ved, at deren
(16) er fjederbelastet hen imod en lukket position af daren (16).

9. Vindmaglle (1) ifalge et af de foregaende krav, kendetegnet ved, at sikker-
hedsarrangementet (11) yderligere omfatter et klatremiddel (18), iseer en stige,
hvor klatremidlet (18) og/eller sikkerhedselementet (12) omfatter ophaeng-
ningsmidler, saledes at klatremidlet (18) aftageligt kan opheenges i navet (7)
fra teersklen af deren (16).

10. Vindmalle (1) ifelge et af de foregéende krav, kendetegnet ved, at mindst
et klatrehjeelpemiddel (19) er installeret i navet (7) pa en fikseret made.
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