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DESCRIPTION

[0001] The invention describes a wind turbine hub; a method of operating an access hatch of a
wind turbine hub; and a wind turbine.

[0002] It is usually necessary to perform maintenance or repair work to components of a wind
turbine. Even with appropriate safety measures in place, such service procedures can be
hazardous and it may be that a person sustains injury. When the injured person is located in
the interior cavity of the wind turbine hub, rescue can be time-consuming and difficult. In prior
art wind turbine designs, the injured person may need to be transferred to the nacelle. From
there, the injured person can be transferred to a heli-hoist platform or can be lowered through
the tower interior. These manoeuvres can add to the severity of the injury, particularly in the
case of head or spinal injuries which are time-critical and generally require that the injured
person is moved as little as possible. In some designs, the hub includes a hatch to the outside.
However, if the hatch is not already in a suitable position through which the injured person can
be moved, it may not be possible to turn the rotor without risking further injury to the patient.
WO2009156243A2 describes an alternative approach in which a three-part cover is provided
for an aperture at the front of the hub or spinner. Each of the three aperture covers is
connected to the rim of the aperture by a hinge. To open the aperture, various fittings are
released to unlock the aperture covers, and the aperture covers are turned inwards. A
significant drawback of this design is that the size of the aperture is limited by the available
space inside the hub, since turning the aperture covers to open the aperture requires sufficient
room inside the hub. Furthermore, the curved shape of the aperture covers and the large
hinges may present a hindrance during an emergency rescue operation.

[0003] It is therefore an object of the invention to provide an improved way of transferring an
injured person from a wind turbine hub.

[0004] This object is achieved by the wind turbine hub of claim 1; by the method of claim 11 of
operating an access hatch of a wind turbine hub; and by the wind turbine of claim 13.

[0005] According to the invention, the wind turbine hub comprises a main body portion realised
for connection to a plurality of rotor blades and comprising an interior cavity dimensioned to
accommodate service personnel; a removable access hatch arranged at the front of the hub,
i.e. upwind of the main body portion; and a locking arrangement realised to lock the access
hatch in place on the hub and to release the access hatch from its locked state to expose an
access opening at the front of the hub; and wherein the access hatch and locking arrangement
are constructed to allow the released access hatch to be moved into the interior cavity of the
main body portion. This last feature shall be understood to mean that the access hatch can
only be moved in one principle direction, namely into the hub interior, and that it cannot be
moved to the hub exterior.

[0006] An advantage of the inventive wind turbine hub is that the locking arrangement can
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quickly and safely provide an access opening to the exterior. By providing an access opening
directly from the hub, the time taken to transfer an injured person out of the hub can be
significantly reduced. In addition, because the access hatch can simply be detached from the
hub to reveal the access opening, there is no need to turn the aerodynamic rotor into a specific
positon, as would be the case with a prior art hinged access hatch. Furthermore, since the
access hatch is detached and then moved into the interior cavity of the hub, there is no danger
of the access hatch falling outside the hub.

[0007] According to the invention, the method of operating an access hatch of such a wind
turbine hub comprises the steps of actuating the locking arrangement to release the access
hatch from its locked state to expose an access opening at the front of the hub, and
subsequently moving the released access hatch into the interior cavity of the main body
portion; or positioning the access hatch to close the access opening at the front of the hub and
subsequently actuating the locking arrangement to lock the access hatch in place on the hub.

[0008] An advantage of the inventive method is that the time taken to transfer an injured
person out of the hub interior can be significantly reduced. It is no longer necessary to transfer
the injured person into the nacelle, so valuable time can be saved. Not having to transfer the
injured person from the hub to the nacelle also means that the person need not be moved
about unnecessarily. It is particularly important to reduce the rescue time in case of head or
spinal injuries. Equally, for this type of injury, it is important not to move the patient
unnecessarily.

[0009] According to the invention, the wind turbine comprises - amongst other relevant
components - an aerodynamic rotor, which aerodynamic rotor comprises a number of rotor
blades mounted to an embodiment of the inventive wind turbine hub.

[0010] In the following, it may be assumed that the wind turbine hub is part of an aerodynamic
rotor comprising three rotor blades mounted to the hub, for example by means of pitch
bearings. To this end, the hub may be assumed to comprise an inner framework to provide the
necessary structural stability, particularly in the case of very long rotor blades, and an outer
housing with a smooth outer surface. The housing is generally referred to as the "spinner". The
housing may be assumed to terminate as a rounded cone or nose at the front of the hub. The
access hatch is arranged at the front of the hub and therefore comprises at least a portion of
the spinner "nose". In the following, without restricting the invention in any way, it may be
assumed that the access hatch has a rounded conical shape, i.e. the access hatch is bowl-
shaped or calotte-shaped.

[0011] The nose of the hub may be described as being "upwind" of the rest of the hub, since
the hub of a wind turbine is generally pointed to face into the wind. Similarly, anything located
behind the nose may be described as being "downwind" of the nose.

[0012] Since the purpose of the locking arrangement is to lock the access hatch in place but
also to allow the access hatch to be removed, the locking arrangement may equally well be
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referred to as a release mechanism, a locking mechanism, a lock/release mechanism, etc. in
the following.

[0013] The removable access hatch is preferably realised as the foremost portion of the wind
turbine hub, i.e. the most upwind portion of the wind turbine hub with respect to a rotational
axis of the hub and assuming the hub is facing into the wind.

[0014] The diameter of the access opening is preferably at least 50 cm, more preferably at
least 60 cm. An access opening with such a minimum diameter should be sufficient to allow an
injured person to be transferred out of the hub. Of course, a larger diameter is possible, for
example a diameter of about 1.0 m.

[0015] According to the invention, the locking arrangement comprises a first annular structure
arranged about the access hatch, and a second, complementary inward-facing annular
structure arranged on the main body portion. These annular structures may be regarded as
collars or flanges, and are preferably realised to match each other in width and size. The
annular structures may be made of any suitable material such as injection-moulded plastic,
and are preferably flexible to some extent.

[0016] Being in the form of a collar or flange, such an annular structure comprises an outer
diameter and a smaller inner diameter. Preferably, the outer diameter of the first annular
structure exceeds the diameter of the access opening. In this way, the access hatch cannot fall
out after being released from the main body portion of the hub. The first annular structure may
be referred to as the inner collar in the following, and the second annular structure may be
referred to as the outer collar.

[0017] In a preferred embodiment of the invention, the locking arrangement is accessible from
the interior cavity. This means that the locking arrangement can be operated by a person
inside the hub. In a further preferred embodiment of the invention, the access hatch is
equipped with one or more handles so that the operator can easily grasp these to draw the
access hatch backwards into the hub interior, where it can be safely stowed, for example
during a rescue operation.

[0018] There are various ways of obtaining a suitable locking arrangement that can be opened
from within, preferably by a single person and requiring at most a simple tool, and which will
allow the access hatch to be detached and moved into the hub interior. Another design
consideration is that a watertight seal should be provided about the access opening.

[0019] According to the invention, the locking arrangement comprises a number of two-part
locking devices, wherein the first part of a locking device is permanently mounted to the inner
collar, for example by riveting. Similarly, the second part of the locking device is permanently
mounted to the outer collar. In such an embodiment, a two-part locking device comprises a
release mechanism that can be opened to release the first part from the second part, so that
the inner collar can be detached from the outer collar (allowing the access hatch to be drawn
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into the hub interior). Similarly, the release mechanism can be closed to lock the first part to the
second part (effectively securing the access hatch in place at the front of the hub).

[0020] There are various ways of designing a release mechanism for connecting the inner and
outer collars. A release mechanism can be constructed in any suitable manner, for example to
function as a latch. In a particularly preferred embodiment of the invention, the release
mechanism comprises a moveable hook arranged in the first part to engage a pin positioned in
the second part. Preferably, the release mechanism is easily actuated, for example by a simple
hand-held Allen key. In such an embodiment, the hook may be provide with a hex socket, and
the hook can be moved by an Allen key inserted into the hex socket.

[0021] Because of the ease with which each lock feature pair can be opened, the access hatch
can be released very quickly. The access hatch can then be lifted into the hub interior, where it
can rest against a side wall or be suspended from a suitable hook arrangement, for example.

[0022] Preferably, the locking arrangement comprises at least three such release mechanisms,
preferably at least six such release mechanisms arranged equidistantly about the access
hatch.

[0023] In an alternative embodiment of the invention, a release mechanism can comprise a
recessed portion formed in the outer collar, and a complementary projecting portion formed in
the inner collar and shaped to fit inside the recessed portion. The recessed portion may be
regarded as a "shoe", while the complementary projecting portion may be regarded as a "foot".
These features are preferably secured to each other in such a way that the inner collar will not
detach from the outer collar, i.e. the access hatch will not detach, unless a person deliberately
opens the release mechanism. In such an embodiment, the means of engaging the first and
second lock features may comprise a rotatable bar shaped to lock the projecting portion in the
recessed portion. A person inside the hub can turn each rotatable bar by the required amount
(e.g. a quarter turn) to open (or close) the release mechanisms. In this embodiment, actuating
the locking arrangement can be performed manually by a single person without the need for
any tools.

[0024] The wind turbine spinner can be designed so that it comprises a main body portion and
the access hatch. In such an embodiment, the second annular structure or outer collar is
formed about a circular opening at the front of the main body portion. Alternatively, a wind
turbine spinner can be designed to comprise a main body portion and a two-part nose or front
portion. In such an embodiment, the two-part nose comprises the circular access hatch and an
annular adapter realised for mounting between the access hatch and the main body portion. In
this case, the second annular structure or collar is formed about a circular opening at the front
or upwind end of the annular adapter. The downwind end is designed to attach to a
corresponding opening at the front of the main body portion. The advantage of this design is
that a single access hatch design can be used with different spinner designs, simply by
providing appropriate annular adapters. Equally, a simple nose without any other function can
be replaced by a nose that also serves as an access hatch.
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[0025] In a preferred embodiment of the invention, the wind turbine hub is designed and
constructed to accommodate a rescue arrangement, which rescue arrangement can be
temporarily or permanently installed in the interior cavity of the hub, and comprises a means of
moving a horizontal stretcher through the access opening; a hoist rope adapted for connection
to the stretcher; and a winch configured to lower the stretcher to a level below the hub, e.g.
towards ground level or to the deck of a waiting marine vessel. Equally, a rescue arrangement
may be realised to transfer a stretcher outwards from the access opening, for example using a
pair of rails or similar, so that a helicopter can connect to the stretcher. Other objects and
features of the present invention will become apparent from the following detailed descriptions
considered in conjunction with the accompanying drawings. It is to be understood, however,
that the drawings are designed solely for the purposes of illustration and not as a definition of
the limits of the invention.

Fig 1 shows a cross-section through an embodiment of the inventive wind turbine hub;
Fig 2 shows a front view of the wind turbine hub of Fig 1;

Fig 3 shows a simplified cross-section through the upwind portion of a further embodiment of
the inventive wind turbine hub;

Fig 4 shows an embodiment of an inner collar about an access hatch in an embodiment of the
inventive wind turbine hub;

Fig 5 shows a cutaway view through mated inner and outer collars in an embodiment of the
inventive wind turbine hub;

Figs 6 and 7 show an alternative realisation of a locking arrangement;

Fig 8 shows a stage during a rescue procedure carried out in an embodiment of the inventive
wind turbine hub;

Fig 9 shows a release mechanism as used in Figs 4 and 5.

[0026] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0027] Fig 1 shows an embodiment of the inventive wind turbine hub 2. Maintenance work can
be carried out by service personnel P in the interior cavity 210 of the hub 2. The hub 2
comprises a main portion 21 and a two-part nose or front portion 1, 11. The two-part front
portion 1, 11 comprises an annular ring 11 that is fixed relative to the main portion 21, and a
removable access hatch 1. Fig 2 shows a front view of the same wind turbine hub 2 after
release of the removable access hatch 1, giving a view through an access opening E (with
diameter Dg) into the interior 210 of the hub 2. The removable access hatch 1 may be

assumed to be stowed in the interior 210 of the hub 2.
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[0028] Fig 3 shows a simplified cross-section through the upwind portion of an alternative
embodiment of the inventive wind turbine hub 2, showing the wind turbine hub 2 in its "closed"
state (on the left-hand side) and in its "open" state (on the right-hand side). On the left-hand
side, the diagram shows an upwind removable access hatch 1 connected to the downwind hub
portion 21 by means of complementary annular structures 10, 20 in the form of flanges or
collars, and a lock/release mechanism (not shown). The diagram serves to illustrate the inward
displacement of the removable access hatch 1 into the interior cavity 210 of the hub 2 in the
direction indicated by the arrow. This is facilitated by the orientation of the annular collars 10,
20. By releasing the removable access hatch 1 and pulling it into the interior cavity 210, an
access opening E with a diameter Dg is revealed. An injured person can be placed on a

stretcher and comfortably transferred through the exit opening from the hub to the outside.

[0029] Fig 4 shows an embodiment of the inner collar 10, i.e. the collar or flange formed about
the access hatch 1. The diagram indicates a possible complex shape of the inner collar 10,
with raised and recessed portions that will provide a form-fit with a complementary inward-
facing collar 20 (shown in Fig 3) formed about the access opening at the front of the hub. This
diagram also shows a number of release mechanism parts 30 attached to the inner collar 10.
Each release mechanism first part 30 has a latch hook 31 that will engage a pin of a release
mechanism second part 30B. This is illustrated in Fig 5, which shows a cutaway view through
the mated or locked inner and outer collars 10, 20. The diagram shows a number of two-part
release mechanisms 30, one in cutaway view, showing a latch hook 31 of a first part 30A
engaged with a pin 32 of a second part 30B. The diagram also indicates a hex socket 33. An
Allen key can be inserted into the hex socket 33 and turned to either open the release
mechanism or to close it.

[0030] Several such release mechanisms 30 are provided about the circumference of the
access opening. While three can be sufficient to hold the removable access hatch 1 in place, it
may be preferred to provide more, for example six, nine, or twelve such release mechanisms.

[0031] Figs 6 and 7 show an alternative realisation of a locking arrangement. Here, Fig 6
shows a section of the first annular collar 10 arranged about the removable access hatch 1.
The diagram also shows a projecting structure 100 of the lock/release mechanism, shaped as
a flat "foot". The projecting structure 100 has sloped side faces. Fig 7 shows a section of the
second annular collar 20 arranged to face inwards to the interior cavity of the hub. This annular
collar 20 can be part of the main body portion of the hub for attaching to the access hatch, or
can be part of a two-part nose which is mounted to the main body portion of the hub. The
diagram also shows a recess 200 of the lock/release mechanism, shaped with slanted side
faces to accommodate the projecting structure 100 of the first annular collar 10 of Fig 6. This
second collar 20 is shaped to lie against the first collar 10 when the foot rests inside the shoe.
The "foot" may be regarded as a male part of a form-fit connection, while the "shoe" may be
regarded as a female part.

[0032] Fig 8 shows a stage during a rescue procedure. An injured person has been placed on
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a stretcher 4 which can be moved through the access opening E. A hoist rope (not shown) may
be assumed to be connected to the stretcher 4, and a winch (not shown) is provided in the hub
interior to lower the stretcher 40 to a level below the hub 2.

[0033] Fig 9 shows a release mechanism 30 as used in the embodiment described in Figs 4
and 5. The diagram shows the two-part release mechanism 30 comprising a first part 30A and
a second part 30B. Each of these can be bolted riveted or otherwise fastened to the inner
collar 10 and outer collar 20 respectively. The diagram also shows a moveable hook 31 which
is shaped to engage with a pin positioned inside the second part 30B. To move the hook 31, a
hex socket 33 is provided. An Allen key 5 is used to rotate the hex socket in one direction to
release the hook 31 from the pin, or to rotate the hex socket in the opposite direction to
engage the hook 31 with the pin.

[0034] Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of the
invention as defined by the appended claims.

[0035] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this
application does not exclude a plurality, and "comprising” does not exclude other steps or
elements.
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PATENTKRAV
1. Vindmgllenav (2), der mindst omfatter

- en hovedkropsdel (21), som er udfert med henblik pa forbindelse med en
flerhed af rotorblade (3) og omfatter et indre hulrum (210), der er dimensioneret til

at rumme servicepersonale (P);
- en aftagelig adgangsluge (1), der er anbragt pa forsiden af navet (2);

- en laseanordning (10, 20, 30), som er udfert med henblik pa at lase
adgangslugen (1) pa plads og at frigive adgangslugen (1) fra den laste tilstand for
at eksponere en adgangsabning (E) pa forsiden af navet (2), idet laseanordningen
(10, 20, 30) omfatter: en ferste ringformet struktur (10), der er anbragt omkring
adgangslugen (1), en anden ringformet struktur (20), der er anbragt pa
hovedkropsdelen (21), og et antal todelte laseindretninger (30), hvor den farste del
(30A) af en laseindretning (30) er monteret pa den ferste ringformede struktur
(10), og hvor den anden del (30B) af laseindretningen (30) er monteret pa den
anden ringformede struktur (20), og hvor en todelt laseindretning (30) omfatter en
frigivelsesmekanisme (31, 32, 33), der kan abnes med henblik pa at frigive den
forste del (30A) fra den anden del (30B) eller lukkes med henblik pa at fastlase
den ferste del (30A) til den anden del (30B); og hvor

adgangslugen (1) og laseanordningen (10, 20, 30) er konstrueret med
henblik pa at muliggere, at den frigivne adgangsluge (1) kan aftages og kun

bevaeges ind i hovedkropsdelens (21) indre hulrum (210).

2. Vindmgllenav ifalge krav 1, hvor den aftagelige adgangsluge (1) er udfert

som den forreste del af vindmagllenavet (2).

3. Vindmgllenav ifelge krav 1 eller krav 2, hvor laseanordningen (10, 20, 30)
er tilgeengelig fra det indre hulrum (210).

4. Vindmgllenav ifalge et hvilket som helst af de foregaende krav, hvor hver
ringformet struktur (10, 20) omfatter en udvendig diameter og en mindre indvendig
diameter, og hvor den farste ringformede strukturs (10) udvendige diameter (D1o0)

overstiger adgangsabningens (E) diameter (D).
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5. Vindmgllenav ifelge et hvilket som helst af de foregéende krav, hvor
frigivelsesmekanismen omfatter en krog (31), der er anbragt i den ferste del (30A)
med henblik pa at ga i indgreb med en tap (32), der er anbragt i den anden del
(30B).

6. Vindmgllenav ifelge et hvilket som helst af de foregaende krav, hvor
frigivelsesmekanismen er konstrueret med henblik pa at blive aktiveret ved hjeelp

af en unbrakongagle (5).

7. Vindmgllenav ifelge et hvilket som helst af de foregaende krav, hvor
laseanordningen omfatter mindst tre, mere fortrinsvis mindst seks,

laseindretninger (30), der er anbragt eekvidistant omkring adgangslugen (1).

8. Vindmgllenav ifelge et hvilket som helst af de foregaende krav, hvor
adgangsabningens (E) diameter (De) er mindst 0,5 m, mere fortrinsvis mindst
06 m.

9. Vindmgllenav ifelge et hvilket som helst af de foregaende krav, der
endvidere omfatter en ringformet adapter (11), som er udfert til montering mellem
adgangslugen (1) og hovedkropsdelen (21), hvilken ringformede adapter (11)

omfatter elementer (20, 200) af Iaseanordningen.

10. Vindmgllenav ifelge et hvilket som helst af de foregaende krav, der er

tilpasset til at rumme en redningssamling, hvilken redningssamling omfatter

- et middel til fastgarelse af en bare (4), der beveeges gennem

adgangsabningen (E);
- et hejsetov til forbindelse med baren (4); og

- et hejseveerk, der er konfigureret til at nedseenke baren (4) til et niveau

neden under navet (2).

11. Fremgangsmade til betjening af en adgangsluge (1) i et vindmeallenav (2)
ifalge et hvilket som helst af kravene 1 til 10, hvilken fremgangsmade omfatter

felgende trin:
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- abning af laseanordningen (10, 20, 30) med henblik pa at frigive
adgangslugen (1) fra den laste tilstand for at eksponere en adgangsabning (E) pa
forsiden af navet (2) og efterfelgende beveegelse af den frigivne adgangsluge (1)

ind i hovedkropsdelens (21) indre hulrum (210); eller

- positionering af adgangslugen (1) med henblik pa lukke adgangsabningen
(E) pa forsiden af navet (2) og efterfalgende lukning af Iaseanordningen (10, 20,
30) med henblik pa at lase adgangslugen (1) pa plads pa navet (2).

12. Fremgangsmade ifalge krav 11, hvor trinnet til abning og lukning af

laseanordningen (10, 20, 30) udferes med en handholdt unbrakonagle (5).

13. Vindmeglle, der omfatter en aerodynamisk rotor (2, 3), hvilken
aerodynamiske rotor omfatter et antal rotorblade (3), som er monteret pa et nav

(2) ifelge et hvilket som helst af kravene 1 til 10.
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