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DESCRIPTION

[0001] The invention relates to a wind turbine comprising a nacelle being rotatably disposed on
a tower with the nacelle having a first cavity, a generator housing portion disposed upstream to
the nacelle having a second cavity, a hub disposed upstream to the generator housing portion
with attached rotor blades at it having a third cavity, whereby the first, second and third cavities
communicates with one another, and a rail-system comprising at least one rail-element having
a means for lifting and/or transporting, the means for lifting and/or transporting being movable
along the rail-system.

[0002] The use of wind turbines to harness wind energy in order to generate electrical power
represents an essential part of incorporating renewable energies in the energy-mix. A typical
wind turbine is known from US 7,431,567 B1 comprising a tower with a first cavity, a turret
pivotably attached to the tower with a second cavity, a spindle attached to the turret with a third
cavity, a wind rotor hub rotatably attached to the spindle with a fourth cavity, with the cavities
communicating with one another such that an average-size man can move through the
cavities.

[0003] Maintenance of such wind turbines is a considerable factor in the total cost and effort of
any project. Heavy components in a wind turbine such as yaw motors, hydraulic or brake
components, etc. are typically handled or replaced due to mal-function or age for instance.
Therefore, external cranes and hoist mechanisms are used when a wind turbine is undergoing
service inspection or repair. Such cranes are large and bulky, so that they are not sufficiently
efficient for lowering the parts from the nacelle frame of the wind turbine and hoisting them
back to the nacelle frame. Besides, these cranes are expensive so that only a small number of
the cranes are available for each wind turbine having parts to be handled.

[0004] Attempts for overcoming such problems have been proposed consisting in providing a
crane fixed or detachably installed inside a nacelle frame.

[0005] EP 1 291 521 A1 refers to a wind turbine whereby the nacelle is provided with an
overhead frame from which the generator is suspended and doors at the bottom of the nacelle.

[0006] EP 1 101 934 A2 depicts a wind turbine having a movable on-board crane on a
mounting, which has a load receiver. The mounting can move along the machinery casing,
carrying e.g. the generator or the transmission. There is an aperture in the bottom of the
machinery casing part projecting radially from the tower.

[0007] US 2007/0200103 A1, corresponding to WO 2007/096008 A1 refers to a wind turbine
with a nacelle frame and a first hoist permanently mounted to the frame being movable along
the nacelle frame by use of wheels or rails. The first hoist is adapted to hoist a second, more
powerful hoist and crane on the frame, with the second hoist and the crane being removably
mounted on the nacelle frame as well. Further, by using the second hoist and the crane, a
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winch is hoisted on the frame and removably mounted to it.

[0008] Another wind turbine and a method for replacing wind turbine equipment is known from
WO 2008/155983 A1. An ordinarily installed first winch provided in the nacelle hoists at least
one further reciprocating winch in the nacelle, which winch is used for replacing the wind
turbine equipment by using respective pulleys and wire for lowering a component from the
nacelle to the ground or lifting the component from the ground to the nacelle. This allows a
replacement of components without using other heavy equipment.

[0009] EP 1 101 936 A2 discloses a method for mounting main components in a nacelle of a
wind turbine. The nacelle is arranged on a tower, a hub is arranged at the nacelle. The nacelle
comprises upper side members having a trolley carrying a winch. The trolley maybe mounted a
different position along the length of the upper side members. The winch is used for hoisting
the respective components.

[0010] The systems known from prior art are either not flexible in terms of degrees of freedom
of movement of heavy components within the nacelle or the upper part of the wind turbine in
general or relatively complicated regarding their assembly.

[0011] It is an object of the present invention to provide a wind turbine capable of easily
moving heavy components over a wide range within a turbine housing having a simple built-up.

[0012] This is achieved by a wind turbine according to claim 1.

[0013] The inventive wind turbine facilitates moving heavy components through at least two
adjacent cavities communicating with one another by use of the rail-system comprising at least
one rail-element having a means for lifting and/or transporting. It is possible, that the first cavity
of the nacelle and the second cavity of the generator housing portion disposed upstream to the
nacelle comprise the rail-system. Thus, heavy components are easily and fast movable from
the first to the second cavity and reversely. Likewise, it is possible, that the rail-system extends
from the second cavity to the third cavity of the hub disposed upstream to the generator
housing portion. Accordingly, heavy components may be transported from the second to the
third cavity and reversely. The rail-system may partially or completely extend through one or
both of the cavities.

[0014] The rail-system comprises at least one rail-element. The rail-element is adapted to host
the means for lifting and/or transporting. The means for lifting and/or transporting may be
detachably attached to the rail-system giving rise to a quick and easy detachment when the
wind turbine operates and further installation when needed as in case of service and repair.
Moreover, it is possible to easily switch between different means for lifting and/or transporting
in such a manner. Movement of the means for lifting and/or transporting along the rail-system
may be realised by manual or engine-driven driving means such as motors incorporating
wheels or gear-wheels for instance. The rail-element may be made of an appropriate iron-
based material for example and is securely mounted to the according cavities.
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[0015] If longer distances for the transport of components may be necessary, the rail-system
extends from the first through the second to the third cavity, that is through all cavities, thereby
permitting the heavy components to move over a maximum distance. Analogous, the rail-
system may extend partially or completely through the cavities, although it is understood that
the rail-system completely extends through the second cavity, i.e. the cavity in the middle in
this preferred embodiment.

[0016] The length of the rail-system is extendable by adding further rail-elements and/or by a
telescopic mechanism. An extension of the length of the rail-system may accordingly be
achieved by assembling a plurality of rail-elements forming the rail-system. Thus, the length of
the rail-system is essentially defined by the length of the rail-elements incorporated within the
rail-system. The rail-elements may differ in their lengths or have the same dimensions. The
rail-elements are connected or connectable by locking means giving rise to a stable connection
even in cases of heavy loading. Additionally or alternatively it is possible to prolong the rail-
system by a telescopic mechanism. The telescopic mechanism allows the movement of one
rail-element sliding out from another, thereby lengthening the rail-system from a rest or
collapsed state to an extended state.

Preferably, at least one loading opening is disposed in or at the nacelle and/or generator
housing portion and/or the hub. Loading openings facilitate or enable placement of heavy
components of the wind turbine into the nacelle, the generator housing portion or the hub
respectively depending on where the loading opening is disposed. Preferably, the wind turbine
comprises at least one loading opening for the nacelle, the generator housing portion and the
hub. The loading openings may be positioned at different or like positions. The dimensions of a
loading opening may differ, even though it is understood, that the dimensions of a loading
opening permit to insert all relevant components of the wind turbine into the according parts of
it.

[0017] It is of advantage, when the rail-system is extendable or extends outside the wind
turbine through a loading opening of the nacelle and/or a loading opening of the hub. In such a
manner with opened loading opening it is achievable that a component may be transported
along the rail-system from outside the wind turbine, that is for instance from outside the
nacelle, through the first cavity of the nacelle to the second cavity of the generator housing
portion and if necessary further to the third cavity of the hub and even outside the hub or vice
versa. Hence, heavy components may be moved over a distance from one end outside the
wind turbine to an opposite end outside the wind turbine representing an extraordinary long
distance of movement of these parts.

[0018] All loading openings are closable by a hatch in favour. Hence, the loading openings
may only be opened, when the wind turbine is not operating, thereby avoiding undesired air-
streams within the wind turbine. The hatch may be closable or lockable by hand or by an
automatic, for instance remote-controlled closing and/or locking means.

[0019] The rail-system may have at least two different slopes along its length. Consequently,
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the slope of the rail-system may alternate along its length. For example, a first slope of the rail-
system may be provided with the rail-system extending from the hub to the end of the
generator housing portion. A second slope, different from the first slope of the rail-system may
be provided in the nacelle. Different slopes of the rail-system give rise to a simple physical
acceleration or braking of components along different sections or the rail-system, respectively.
Emanating from the nacelle for example, negative slopes, that is decline of the rail-system
gives rise to an acceleration and easy movement of heavy components towards the hub.
Accordingly, such negative slopes of the rail-system impede movements from the hub towards
the nacelle. It is of advantage, when the slopes of the rail-system is positive, that is the rail-
system ascents towards the endings of the rail-system, thereby avoiding components to slide
off the rail-system or slide against other parts of the wind turbine or external apparatuses if
need be. Of course more than two different slopes along the length of the rail-system are also
possible.

[0020] Preferably, the means for lifting and/or transporting is collapsible. Hence, the means for
lifting and/or transporting is collapsed when not needed, thereby realising an optimised use of
space within the wind turbine. In terms of service and repair the means for lifting and/or
transporting is fully employed and in a not collapsed state.

[0021] The means for lifting and/or transporting may be a hoist and/or crane. The hoist and/or
crane is adapted to lift all heavy components and securely transport them from an initial to a
desired end position.

[0022] In the following the invention is described in detail as reference is made to the figures,
whereby

Fig. 1
shows a schematic view of a wind turbine according to an exemplary embodiment of the
invention;

Fig. 2
shows an enlarged principle cut view of the upper part of the wind turbine according to
an exemplary embodiment of the invention;

Fig. 3
shows an enlarged principle cut view of the upper part of the wind turbine according to
another exemplary embodiment of the invention; and

Fig. 4
shows an enlarged principle cut view of the upper part of the wind turbine according to
another exemplary embodiment of the invention.

[0023] Fig. 1 shows a schematic view of a wind turbine 1 according to an exemplary
embodiment of the invention. The wind turbine 1 is a direct-drive wind turbine having a
reduced number of components and thus a less complex built-up as it particularly does not
comprise a gear box. Direct-drive wind turbines have a direct mechanical coupling between the
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wind rotor hub 8 and the generator (not shown) so that the wind drives the wind rotor blades 2
and the rotor within the generator together as a unit.

[0024] The wind turbine 1 comprises a nacelle 3 being rotatably disposed on a tower 4 with the
nacelle 3 having a first cavity 5, a generator housing portion 6 disposed upstream to the
nacelle 3 having a second cavity 7, a hub 8 disposed upstream to the generator housing
portion 6 with attached rotor blades 2 at it having a third cavity 9. The first, second and third
cavities 5, 7, 9 communicate with each other. A rail-system 10 (dashed) comprising a rail-
element 11 (dashed) partially extends from the first cavity 5 of the nacelle 3 to the second
cavity 7 of the generator housing portion 6 building an internal duct-like structure of
appropriate height. Dashed lines indicate, that the rail-system, etc. is placed inside the upper
part of the wind turbine 1. The rail-system 10 is mounted to a frame-like structure (not shown)
within the nacelle 3 extending through the generator housing portion 6. A hatch 14 is
positioned at the rear (left) end of the nacelle 3.

[0025] To the rail-system 10 or the rail-element 11 respectively is a means for lifting and/or
transporting 12 in the shape of a crane attached, which is movable along the rail-system 10 in
axial direction. The means for lifting and/or transporting 12 may be detachably attached.
Attachment of the means for lifting and/or transporting 12 may only be required in terms of
maintenance of the wind turbine 1. During operation of the wind turbine 1 the means for lifting
and/or transporting 12 may be detached giving rise to an optimised use of space within the
upper part of the wind turbine 1. That means that only components being essential for
operation of the wind turbine 1 may be installed in these times.

[0026] Fig. 2 shows an enlarged principle cut view of the upper part of the wind turbine 1
according to an exemplary embodiment of the invention. It can be seen, that the rail-system 10
i.e. the rail-element 11 begins almost at the rear (left) ending of the nacelle 3 and extends
through the first cavity 5 to the adjacent second cavity 7 of the generator housing portion 6. A
loading opening 13 is disposed at the rear end of the nacelle 3, which may be closed via a
pivotable hatch 14.

[0027] Fig. 2 shows the wind turbine 1 in case of maintenance e.g. service or repair works are
executed. Here, a pitch actuator 15 originally located in the hub 8 is to be removed. The pitch
actuator 15 has already been lifted by a crane represented by the means for lifting and/or
transporting 12 and is freely moved or carried by the means for lifting and/or transporting 12
along the rail-system 10 from its position of removal towards the rear ending of the nacelle 3.
The means for lifting and/or transporting 12 are driven by an electric motor (not shown). No
manual lifting in order to transport the pitch actuator 15 or any other component is required
during removal or installation of components.

[0028] It is discernible that the rail-system 10 has different slopes along its length. In particular,
the rear (left) end of the rail-system 10 has a greater slope than the rest of the rail-system 10
giving rise to decelerating effects during movement of the actuator pitch 15 from right to left i.e.
from the generator housing portion 6 towards the rear ending of the nacelle 3. Hence, it is
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assured, that even if the pitch-actuator 15 or any other component being lifted by the means
for lifting and/or transporting 12 would slide towards the rear end of the nacelle 3 deceleration
of the sliding component is achieved through the ascent of the rail-system 10 towards the rear
(left) end of the nacelle 3.

[0029] The means for lifting and/or transporting 12 is collapsible. Consequently, the means for
lifting and/or transporting 12 is in its collapsed state during operation of the wind turbine 1 and
in its non-collapsed state during maintenance works or the like.

[0030] Fig. 3 shows an enlarged principle cut view of the upper part of the wind turbine 1
according to another exemplary embodiment of the invention. In comparison to fig. 2 the rail-
system 10 comprises three rail-elements 11, 16, 17 giving rise to an enhancement of length of
the rail-system 10. The rail-system 10 extends through all cavities 5, 7, 9 i.e. components can
be moved from the nacelle 3 through the generator housing portion 6 to the hub 8. Regarding
the rear (left) end of the nacelle 3 rail-element 16 even extends to the outside of the wind
turbine 1. It is understood, that the hatch 14 has to be opened i.e. pivoted in an upper position
in this case.

[0031] It is possible that an alternate loading opening (not shown) may be disposed at the free
ending of the hub 8 as well giving a rise to a prolongation of the rail-system 10 from outside
one ending of the upper part of the wind turbine 1 through the hub 8, the generator housing
portion 6 and the nacelle 3 to the opposite ending of the wind turbine 1.

[0032] The extension of the length of the rail-system 10 is achieved by a telescopic
mechanism letting the rail-element 16 slide from a rest position within the rail-element 11
towards the rear end of the nacelle 3 and further outside the nacelle 3 until it reaches its final
prolonged state (see arrow 23). The extension of the length of the rail-system 10 into the hub 8
is achieved by mounting rail-element 17 to rail-element 11 building a stable connection. Screws
or welding can guarantee a secure connection of the rail-elements 11, 17. Fig. 4 shows an
enlarged principle cut view of the upper part of the wind turbine 1 according another exemplary
embodiment of the invention. In comparison to the figures 1, 2 and 3 an additional crane and
hoist system 18 is disposed on the outer surface of the nacelle 3 and the generator housing
portion 6 being connectable to the rail-system 10. The crane and hoist system 18 may
communicate with the means for lifting and/or transporting 12 over loading opening 20 thereby
enhancing the degrees of freedom such as the directions of movement of a hoisted or lifted
component are increased. The crane and hoist system 18 may be detachably attached to a
rail-system 19 allowing axial movements (see arrow 22) of the crane and hoist system 18 on
the outer surface of the wind turbine 1, that is the nacelle 3 and the generator housing portion
6. Consequently, it is possible to attach the crane and hoist system 18 only in cases of
maintenance of the wind turbine 1. As loading opening 13 is closable by hatch 14, loading
opening 20 is closable by a pivotably movable hatch 21.
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Patentkrayv

1. Vindmelle (1), som omfatter en nacelle (3), der er roterbart anbragt pa et
tarn (4) med

- nacellen (3), som har et farste hulrum (5),

- et generatorhusafsnit (6), der er anbragt opstrgms til nacellen (3), som har et
andet hulrum (7),

- et nav, der er anbragt opstrems til generatorhusafsnittet med derpa fastgjorte
rotorvinger (2) med et tredje hulrum (9),

hvor det fgrste, andet og tredje hulrum (5, 7, 9) er forbundet med hinanden, og
- et skinnesystem (10), der omfatter mindst et skinnesystem (11), som har et
middel til Igftning og/eller transportering (12), hvilket middel til Igftning og/eller
transportering (12) er bevaegeligt langs skinnesystemet (10), kendetegnet
ved, at skinnesystemet (10) i det mindste delvist straekker sig gennem mindst
to naboliggende hulrum (5 -7, 7 - 9), og hvor leengden af skinnesystemet (10)
kan forleenges ved tilfgjelse af yderligere skinneelementer (17) og/eller ved en
teleskopisk mekanisme.

2. Vindmglle ifalge krav 1, hvor midlet til Igftning og/eller transportering (12) er
aftageligt fastgjort til skinnesystemet (10).

3. Vindmaglle ifglge krav 1 eller 2, hvor skinnesystemet (10) straekker sig gen-
nem det fgrste (5), andet (6) og tredje (7) hulrum.

4. Vindmglle ifglge et af de foregaende krav, hvor mindst en laesseabning (13,
20) er anbragt i eller pa nacellen (3) og/eller generatorhusafsnittet (6) og/eller
navet (8).

5. Vindmaolle ifelge et af de foregaende krav, hvor skinnesystemet (10) kan
forlaenges eller straekker sig uden for vindmellen (1) gennem en laesseabning
(13) af nacellen (3) og/eller en lzesseabning af navet (8).

6. Vindmglle ifglge krav 4 eller 5, hvor laesseabningen (13, 20) kan lukkes med
en luge (14, 21).
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7. Vindmolle ifglge et af de foregaende krav, hvor skinnesystemet (10) har
mindst to forskellige haeldninger.

8. Vindmglle ifglge et af de foregaende krav, hvor midlet til lgftning og/eller
transportering (12) er sammenklappeligt.

9. Vindmglle ifelge et af de foregaende krav, hvor midlet til lgftning og/eller
transportering (12) er et hejsevaerk og/eller en kran.

10. Vindmglle ifglge et af de foregaende krav, hvor der er anbragt mindst en
kran og/eller et hejseveerksystem (18) pa den ydre overflade af nacellen (3)
og/eller generatorhusafsnittet (6), som kan forbindes eller er forbundet med
skinnesystemet (10).
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DRAWINGS

FIG 1
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FIG 2
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FIG 4




