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ABSTRACT

A wind turbine having a nacelle being rotatably disposed on a tower is
proposed. The nacelle has 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. The
first, second and third cavities communicates with one another. A rail-system has at
least one rail-element having a device for lifting and/or transporting. The device for
lifting and/or transporting is movable along the rail-system. The rail-system at ieast

partially extends through at least two adjacent cavities.
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RAIL SYSTEM IN A WIND TURBINE

INVENTION

FIELD OF TH

L)

The invention relates to a wind turbine comprising a nacelle being

rotatably disposed on a tower.

BACKGROUND OF THE INVENTION

The use of wind turbines to harness wind energy 1n order to generate
electrical power represents an essential part of incorporating
renewable energies 1n the energy-mix. A typical wind turbine 1is
known from US 7,431,567 Bl 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.

Maintenance of such wind turbines 1s a considerable factor in the
total cost and effort of any project. Heavy components in a wind
turbine such as vaw 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 turbiline 1s undergolng service 1nspection or repalr. 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.

Attempts for overcoming such problems have been proposed consilisting

in providing a crane fixed or detachably installed inside a nacelle

frame.

EP 1 291 521 Al 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.
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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.

US 2007/0200103 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 winch

is hoisted on the frame and removably mounted to it.

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.

SUMMARY OF THE INVENTION

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.

This is achieved by 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-

25 system, wherein the rail-system at least partially extends through at least two

adjacent cavities.
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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.

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 réil-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.

If longer distances for the transport of components may be necessary, it is preferred,
that the rail-system extends from the first through the second to the third cavity, that

IS
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through all cavities, thereby permitting the heavy components
to move over a maximum distance. Analogous, the rail-system
may ex-end partially or completely through the cavities,
although it is understood that the rail-system completely
extends through the second cavity, i.e. the cavity 1n the

middle _n this preferred embodiment.

The length of the rail-system may be 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 rall-system 1is
essentially defined by the length of the rail-elements
incorporated within the rail-system. The rail-elements may
differ 1n their lengths or have the same dimensions. The
rail-elements are connected or connectable by locking means
giving rise to a stable connectior even 1n cases of heavy
loading. Additionally or alternatively it 1s possible to
prolong the rail-system by a telescopic mechanism. The
telescoplc 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 1s disposed 1n or at

the nacelle and/or generator housing portion and/or the hub.

Loading openings facililitate or enable placement of heavy
components of the wind turbine 1into the nacelle, the
generator housing portion or the hub respectively depending
on where the loading openling 1s 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 positiconed at different or like
positions. The dimensions of a loading opening may differ,
even though 1t 1s understood, that the dimensions of a
loading opening permit to insert all relevant components of

the wind turbine into the according parts of 1t.
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It is of advantage, when the rail-system 1s extendable cr
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 1t 1s 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 nacélle to the
second cavity of the generator housing portion and 1f
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.

All loading openings are closable by a hatch 1n favour.
Hence, the loading openings may only be opened, when the wind
turbine is not operating, thereby avoiding undeslired ailr-
streams within the wind turbine. The hatch may be closable or
lockable by hand or by an automatic, for instance remote-

controiled closing and/or locking means.

The rail-system may have at least two different slopes along
its length. Consequently, the slope of the rail-system may
alternate along its length. For example, a first slope of the
rall-system may be provided with the raill-system extending
from the hub teo the end of the generatcor housing portion. A
second slope, different from the first slope of the rail-
system may be provided 1in the nacelle. Different slopes of
the rail-system give rise to a simple physical acceleration

or braking of components along different sections ¢r the

rail-system, respectively. Emanating from the nacelle for
example, negative slopes, that 1s decline of the rail-system
gives rise tTo an acceleration and easy movement of heavy
components towards the hub. Accordingly, such negative slopes
of the rail-system 1mpede movements from the hub towards the
nacelle. It 1s of advantage, when the slopes of the rail-
system 1s positive, that 1s the rail-system ascents towards

the endings of the rail-system, thereby avoidling components
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to slide off the rail-system or slide against other parts of the
wind turbine or external apparatuseé if need be. Of course more than

two different slopes along the length of the rail-system are also

possible.

Preferably, the means for lifting and/or transporting 1is
collapsible. Hence, the means for lifting and/or transporting 1s
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.

The means for lifting and/or transporting may be a hoilst and/or
crane. The hoist and/or crane is adapted to 1lift all heavy
components and securely transport them from an in;tial to a desired

end position.

According to one aspect of the present invention, there 1s provided
a wind turbine, comprising: a nacelle rotatably disposed on a tower
comprising a first cavity; a generator housing disposed upstream to
the nacelle comprising a second cavity; a hub disposed upstream to
the generator housing comprising a third cavity; a rotor blade
attached at the hub, a rail-system comprising a rail-element that at
least partially extends through at least two adjacent cavities of
the first, second and third cavities; and a device for lifting
and/or transporting that 1s movable along the rail-system, wherein
the first cavity, the second cavity, and the third cavity are
configured to communicate with one another, and wherein the rail-

system extends through the first cavity, the second cavity, and the

third cavity.

-

ESCRIPTION OF THE DRAWINGS

BRI

L]
B3
-,

In the following the invention 1s described in detail as reference

1s made to the figures, whereby
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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 ot
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.

L-J

DETAILED DESCRIPTION OF THE INVENTION

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

direct-drive wind turbine having a reduced number of
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components and thus a less complex built-up as 1t
particularly does not comprise a gear box. Direct-drive wind
turbines have a direct mechanical coupling between the wind
rotor hub 8 and the generator {(not shown) so that the wind
drives the wind rotor blades 2 and the rcoctor within the

generator together s a unit.

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 i1t having a third cavity 9. The first,
second and third cavitlies 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 generatcr housing
portion 6 bullding an 1nternal duct-like structure of
appropriate height. Dashed lines indicate, that the rail-
system, etc. 1s placed 1nside the upper part of the wind
turbine 1. The rail-system 10 1s mounted to a frame-like
structure (not shown) within the nacelle 3 extending through
the generator housing portion 6. A hatch 14 1s positicned at
the rear (left) end of the nacelle 3.

To the rail-system iO or the rail-element 11 respectively 1is
a means for lifting and/or transporting 12 in the shape of a
crane attached, which i1s 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.
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Fig. 2 shows an enlarged principle cut view of the upper part
of the wihd turbine 1 according to an exemplary embodiment of
the invention. It can be scen, that the rail-system 10 1i.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 1s disposed at the rear end of the

nacelle 3, which may be closed via a pivotable hatch 14.

Fig. 2 shows the wind turbine 1 in case of maintenance e.g.
service or repalir works are executed. Here, a pitch actuator
15 originally located 1in the hub 8 1is 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 1s freely moved or carried by the means for lifting
and/or transporting 12 along the rail-system 10 from its

o~

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 1n order to
transport the pitch actuator 15 or any other component 1s

required during removal or i1nstallation of components.

Tt 1s discernible that the rail-system 10 has different
slopes along 1ts 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 effectg’&uring
movement of the actuator pitch 15 from right to left 1.e.
from the generator housing portion 6 towards the rear ending
of the nacelle 3. Hence, 1t 1s assured, that even 1f 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 1s achieved tnrough the ascent of the rail-system
10 towards the rear (left) end of the nacelle 3.

The means fcor lifting and/or transporting 12 is collapsible.
Consequently, the means for lifting and/or transporting 12 1is

1n 1ts collapsed state during operation of the wind turbine 1
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and 1in 1ts non-collapsed state during maintenance works or
the like.

Fig. 3 shows an enlarged principle cut view of the upper part
of the wind turbine 1 according to another ekemplary
embodiment of the invention. In comparison to fig. 2 the
rall-system 10 comprises three rail-elements 11, 16, 17
giving rise to an enhancement of length of the rall-system
10. The rail-system 10 extends through all cavities 5, 7, 9
1.e. components can be moved from the nacelle 3 through the
generator housing portion © to the hub 8. Regarding the rear

(leftt) 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 1.e. plvoted 1n an upper position

in this case.

Tt 1s 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.

g—

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 1t reaches 1ts final prolonged state (see arrow 23).
The extension of the length of the rail-system 10 into the
hub 8 1s achleved by mounting rail-element 17 to rall-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 i1nvention. 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 gererator housing portion ©
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being connectable to the rail-system 10. The crane and hoist
system 18 may communicate wilith 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
holsted or lifted component are increased. The crane and
holst system 18 may be detachably attached to a rail-system
19 allowing axial movements (see arrow 22) of the crane and
holst system 18 on the outer surface of the wind turbine 1,
that 1s the nacelle 3 and the generator housing portion 6.
Consequently, 1t i1s possible to attach the crane and hoist
system 18 only 1n cases of maintenance of the wind turbine 1.
As loading opening 13 1s closable by hatch 14, loading
opening 20 1s closable by a pivotably movable hatch 21.
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1. A wind tu

a nacelle

first cavity;
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rbine, comprising:

rotatably disposed on a tower comprising a

a generator housing disposed upstream to the nacelle

comprlsing a second

cavity;

a hub disposed upstream to the generator housing

comprising a third

a rotor b
comprising a rall-e
through at least tw

third cavities; and

a device
movable along the r
second cavity, and

communicate with on

wherein t

cavity, the second

2. The wind
device for lifting

to the rail-systemn.

3. The wind
length of the rail-

rail-elements and/o

cavity;

lade attached at the hub, a rail-system
lement that at least partially extends

F

o adjacent cavities of the first, second and

for lifting and/or transporting that is

ail-system, wherein the first cavity, the

the third cavity are configured to

e another, and

he rall-system extends through the first

cavity, and the third cavity.

turbine as clalmed 1in claim 1, wherein the

and/or transporting is detachably attached

turbine as claimed in claim 1, wherein a
system i1is extendable by adding a further

r by a telescopic mechanism.
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4, The wind turbine as claimed in claim 1, wherein a
loading opening is disposed in or at the nacelle, and/or the

generator housing, and/or the hub.

S. The wind turbine as claimed in claim 4, wherein the

loading opening 1s closable by a hatch.

o . The wind turbine as claimed in claim 1, wherein the

rail-system is extendable outside the wind turbine through a

e

loading opening of the nacelle and/or-a loading opening of the

hub.

7. The wind turbine as claimed in claim 1, wherein the

rail system comprises at least two different slopes.

3 . The wind turbine as claimed in claim 1, wherein the

device for lifting and/or transporting is collapsible.

9. The wind turbine as claimed in claim 1, wherein the
device for lifting and/or transporting is a hoist and/or a

crarie.

10. The wind turbine as claimed in claim 1, wherein a

crane and/or a hoist system is disposed on an outer surface of

the nacelle and/or an outer surface of the generator housing

and 1s connectable to the rail system.
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FIG 4
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