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DESCRIPTION

[0001] The invention relates to a nacelle for a wind turbine.
[0002] A wind turbine transforms wind energy into electrical energy.

[0003] The wind energy causes a rotation of the rotor of the wind turbine. The rotor of the wind
turbine comprises a hub and at least one rotor blade mounted to the hub. The hub is
connected rotatable to the nacelle. The nacelle comprises an electrical generator. The rotation
of the hub is transferred to the generator and the generator transfers the rotational energy into
electrical energy.

[0004] The loads of the wind acting on the rotor are transferred over one or more bearings to
a load-carrying structure. The load-carrying structure is a part of the nacelle and connects the
nacelle to the tower of the wind turbine. The loads and the weight of the components of the
rotor and the nacelle are transferred to the tower.

[0005] The load-carrying structure is connected to a tower in a way that the nacelle can be
rotated on the tower. A yaw system rotates the nacelle on the tower in a way that the rotor of
the wind turbine faces the direction of the wind.

[0006] A wind turbine comprises different systems and components that are necessary for the
operation of the wind turbine like a control system or a cooling system. The systems and
components are connected by electrical connections, hydraulic connections or fluid tight pipes
for example for the cooling system. Most of the systems and components are located in the
nacelle of the wind turbine.

[0007] Some of the systems and components, like the electrical system, are mounted on a
support structure. The support structure is connected to the load-carrying structure of the
nacelle.

[0008] The nacelle of a wind turbine proofs to be a critical part in respect of the operational
reliability and life-time of the wind turbine. The nacelles of wind turbines are produced in an in-
line-production in the factory to achieve a cost effective production and a high quality. The
nacelle is then shipped to the erection site of the wind turbine.

[0009] In recent year the effective electrical power generated with a single wind turbine
continuously increased. The components of the wind turbine, like the blades, the hub, the
nacelle and segments of the tower also increased in size and weight.

[0010] EP 2063119 concerns a module of a nacelle of a wind turbine, wich is separately
designed, manageable and comprises a housing part. The module is connectable to at least
one further module of the nacelle, which is also separately designed, manageable and has a
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housing part.

[0011] The size and weight of the single parts of the wind turbine are limited due to the
regulations for the transport of the parts on public roads. This is also the case for the nacelle of
the wind turbine.

[0012] The transport on public roads requires a certain maximum size of the components and
specialized transport vehicles. In addition a special heavy-load transport requires a long period
for planning and to get the required permission from the authorities.

[0013] It is the aim of the invention to provide a nacelle for a wind turbine that is easier to be
transported.

[0014] The aim is reached by the features of the independent claim. Preferred embodiments of
the invention are described in the dependent claims.

[0015] A Nacelle for a wind turbine comprises a generator, a load-carrying structure, a support
structure, an electrical system, a yaw system, a control system and a housing. The generator
comprises a rotating part and a stationary part and the stationary part is connectable to the
load-carrying structure.

[0016] The load-carrying structure comprises the yaw system and the control system. The
support structure comprises the electrical system and the support structure is connectable to
the load-carrying structure. The housing is segmented and is connectable to at least the load-
carrying structure.

[0017] The generator, the load-carrying structure and the support structure are separate
modules and the separate modules and the segmented housing are connectable at an
erection site of the wind turbine to build the nacelle.

[0018] The nacelle of a wind turbine comprises a load-carrying structure that is capable to
transfer the loads from the rotor of the wind turbine to the tower. When the turbine is erected,
the stator side of the generator is mounted to a first side of the load-carrying structure. The
second side of the load-carrying structure is rotatable mounted to the tower of the wind turbine.

[0019] The nacelle of a wind turbine comprises a support structure that carries systems and
components present in the nacelle. WWhen the turbine is erected, the support structure is
connected to the load-carrying structure of the nacelle.

[0020] Systems and components in the nacelle of the wind turbine can either be connected
directly to the load-carrying structure or indirectly for example via a support structure.

[0021] The electrical system of the wind turbine is at least partially located in the nacelle of the
wind turbine. These parts are for example the converter, the transformer or cabinets with
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electrical and electronic equipment.

[0022] The nacelle of the wind turbine comprises a control system. The control system controls
for example the electrical system, the hydraulic system, the pitch of the rotor blades, the yaw
system of the nacelle, the brake of the rotor and the converter of the wind turbine.

[0023] The nacelle comprises a housing that is constructed to protect the systems and
components in the nacelle from the influence of the surrounding environment. The housing of
a larger nacelle is segmented for an easier transport.

[0024] The nacelle is prepared as separate modules. Those modules are transported to the
erection site of the wind turbine and are connected to build the nacelle of the wind turbine.

[0025] The modules are either connected before the nacelle is lifted up on the tower of the
wind turbine or the modules of the nacelle are lifted up separately and are then connected to
each other.

[0026] The modules can also be connected at an erection site of the wind turbine where the
nacelle is erected. This can be near a harbor for example. The nacelle is then transported to
the tower and lifted up onto the tower.

[0027] The modules are transported, thus they need to fulfill the requirements and limitations
of transportation. Thus the complete nacelle can be larger then the maximum size limited by
the transportation regulations. Thus more space is available in the nacelle.

[0028] Thus the systems and components can be arranged in a more useful way to optimize
cooling of the components. Thus the components can also be arranged in a way to optimize
service and maintenance work performed in the nacelle.

[0029] Thus the modules of the nacelle are lighter in weight then the whole nacelle. Thus the
modules are easier to transport and easier to handle. Thus the transportation vehicle can be a
normal transportation vehicle and does not need to be a special heavy-load vehicle. Thus the
transport of the modules is cheaper.

[0030] The transport of the modules can at least for some of the modules be performed as a
normal transport on public roads. Thus it is not necessary to arrange a special heavy-load or
wide load transport for those modules.

[0031] A system present in the nacelle of the wind turbine comprises connections to different
components. The cooling system for example comprises a pump and a control unit and is
connected to a heat exchanger and at least one heat source.

[0032] Connections need to be established from the module that comprises a part of the
system to the other modules that comprise other components of that system. The module to
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which the system is mounted is chosen in a way the number of connections that are needed
between the modules is minimized.

[0033] The load-carrying structure for example comprises the yaw system including the control
of the yaw motors. The yaw motors are connected to the load-carrying structure. Thus no
connections from one module to another module are needed to connect the yaw motors to the
control of the yaw motors.

[0034] The load-carrying structure comprises the control system of the wind turbine. The
control system needs to be connected to a lot of different components of the wind turbine. The
load carrying structure is the central module of the modules of the nacelle.

[0035] Thus by placing the control system in the load-carrying structure the number of
connections of the control system to the other modules is minimized.

[0036] Thus the number of connections that have to be made when the modules are
connected is minimized. Thus installation time is minimized. Thus also the possibility of a faulty
connection is minimized.

[0037] The connections that have to be established when the modules are connected are
prepared in a way that they are easily connectable. The connections can be prepared by
providing a connecting piece in the connection.

[0038] Thus the connections can be established fast when the modules are connected. Thus
no further installation material is needed at the erection site of the wind turbine to establish the
connection.

[0039] In a preferred embodiment the load-carrying structure comprises at least a part of a
cooling system.

[0040] The nacelle comprises a cooling system. The cooling system is constructed to transfer
the heat present in the components to a heat exchanger, where the heat is transferred to
another cooling medium like the ambient air.

[0041] A part of the cooling system is for example the pump of the cooling system, a valve of
the cooling system or a connection of the cooling system.

[0042] The part of the cooling system can also be the control of the cooling system. When the
control of the cooling system is located in the load-carrying structure the number of
connections that have to be established when the modules are connected is minimized.

[0043] Thus the connections to connect the parts of the cooling system are established very
quickly, and the risk of a faulty connection is minimized. Thus the installation time is minimized.
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[0044] In a preferred embodiment a radiator is provided connectable to the housing.

[0045] A radiator is used as a heat exchanger and is a part of the cooling system. The heat
from for example the generator is transported by a first cooling fluid. In the radiator the heat
from a first cooling fluid is transferred to a second cooling fluid. The second cooling fluid is for
example the ambient air.

[0046] The radiator is provided connectable to the housing. Thus the radiator can be
transported separate from the other modules to the erection site of the wind turbine.

[0047] Thus the parts of the housing that need to be transported are smaller and the transport
of the housing of the nacelle is easier.

[0048] According to the invention the generator comprises a hydraulic unit mounted to the
stationary part of the generator.

[0049] A nacelle comprises a hydraulic system. The hydraulic system is used for example to
operate the brake and lock of the rotor of the wind turbine or to control the pitch of a rotor
blade.

[0050] A hydraulic unit is a pump of the hydraulic system. The hydraulic unit needs to be
connected to the brake and the hub of the nacelle. The hydraulic unit is mounted to the
stationary part of the generator.

[0051] Thus the number of connections needed to connect the hydraulic unit with the other
hydraulic components is minimized. Thus the connections can be established fast.

[0052] In a preferred embodiment the electrical system comprises a transformer and a
converter, to adapt the power of the generator to apply to a power grid condition of a power
grid.

[0053] The nacelle comprises an electrical system that transfers the electrical energy from the
generator to a connection to the power grid. This electrical system comprises a transformer
and a converter, which can be located in the nacelle.

[0054] The converter and the transformer are both located in the nacelle of the wind turbine.
Thus the connection between the converter and the transformer is short. Thus the connection
can already be installed when the module is prepared. Thus no separate connection has to be
established at the construction site.

[0055] In a preferred embodiment a platform to be used with a helicopter is provided that is
connectable to the housing.

[0056] A platform to be used with a helicopter is a heli-pad, a heli-drop zone or a heli-hoist
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platform for example.

[0057] Preferably it is a heli-hoist platform. A heli-hoist platform is a platform constructed to
lower parts or personnel from a helicopter to the platform or to hoist them up from the platform
to the helicopter.

[0058] The platform can be segmented. The platform is prepared separate from the housing of
the nacelle and is connected to the housing at the erection site.

[0059] Thus the parts of the housing that need to be transported are smaller and the transport
of the housing of the nacelle is easier.

[0060] In a preferred embodiment the electrical system is electrically connectable to the
generator and the power grid.

[0061] The electrical system of the wind turbine is prepared in a way that it can be connected
to the generator and the power grid. The connection is prepared by providing the cables that
are needed for the connection in the modules. The cables can be equipped with a connector or
they can be provided long enough to be guided into the adjacent module to be connected
directly to the concerning component.

[0062] Thus the connection can be established at the erection site of the wind turbine. Thus no
further installation equipment is needed at the erection site.

[0063] In a preferred embodiment a pipe or hose of the cooling system is connectable to the
radiator, the generator and/or the electrical system.

[0064] The cooling system transfers the excess heat from the components of the wind turbine
via a first cooling fluid to the heat exchanger. A typical source of excess heat can be the
generator, the main bearing, the converter, the transformer or the hydraulic system for
example.

[0065] The cooling system is connected to all heat sources that need to be cooled and to the
radiator acting as a heat exchanger.

[0066] A connection has to be established between the cooling system present in one of the
modules, the radiator and the units that need to be cooled.

[0067] A hose or pipe is provided as a connection between the cooling system and the radiator
or the cooling system and the units that need to be cooled. This hose or pipe is connectable to
the mentioned units in the different modules. So the connection can be established after the
modules are connected.

[0068] Thus the connection is already prepared. Thus the connection can be established in a
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quick and easy manner.

[0069] In a preferred embodiment at least the generator and the electrical system of the
support structure are constructed to be connected by an electrical connection.

[0070] The electrical connection is prepared and arranged in the modules before the modules
are connected.

[0071] After the modules are connected the electrical connection can be established by
connecting the prepared cables or busbars, or connecting a prepared plug and socket type
connection.

[0072] Thus the connection can be established very quickly. The preparation of the connection
can be performed in advance in a factory. Thus the installation time on the erection site of the
wind turbine is minimized. Thus the preparation can be performed independent of the weather
conditions.

[0073] In a preferred embodiment at least the cooling system in the load-carrying structure,
the generator and the electrical system of the support structure are constructed to be
connected by a connection for a cooling fluid.

[0074] Thus the cooling system can be connected to the generator and the electrical system.
Thus the generator or the electrical system can be cooled by the cooling system.

[0075] In a preferred embodiment at least the hydraulic unit at the generator and the control
system of the support structure are constructed to be connected by a hydraulic connection.

[0076] Thus the hydraulic unit and the control system can be connected by a hydraulic
connection.
Thus the hydraulic system can be controlled by the control system.

[0077] In a preferred embodiment at least the hydraulic unit at the generator and a hydraulic
component outside of the nacelle are constructed to be connected by a hydraulic connection.

[0078] A hydraulic component outside of the nacelle is for example a hydraulic pitch system
located in the hub.

[0079] Thus also hydraulic components outside of the nacelle can be connected to the
hydraulic system. Thus the pitch system can be controlled hydraulically.

[0080] In a preferred embodiment at least the control system in the load-carrying structure, the
generator and the electrical system in the support structure are constructed to be connected
by an electrical connection.
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[0081] The electrical connection is prepared before the modules are connected. The
preparation is done in a factory and in thus independent from weather conditions at the
erection site of the wind turbine.

[0082] When the modules are connected the electrical connection can be established by
connecting prepared cables or connecting a prepared plug and socket connection.

[0083] Thus the connection can be established very quickly. Thus installation time at the
erection site of the wind turbine is saved.

[0084] In a preferred embodiment at least the control system and a component outside of the
nacelle are constructed to be connected by an electrical connection.

[0085] A component outside of the nacelle that is connected to the control system is for
example the hydraulic pitch system in the hub or the flight warning lights or the meteorological
instruments on top of the nacelle.

[0086] The electrical connection is established in advance before the modules are transported
to the erection site of the wind turbine. Thus establishing the connection is independent from
the weather conditions at the erection site of the wind turbine.

[0087] The electrical connection is established at the erection site of the wind turbine after the
modules are connected the connection can be achieved by connection the prepared electrical
cables or connection the cables by a prepared plug and socket connection.

[0088] A nacelle for a wind turbine is assembled, wherein the separate modules and the
segmented housing are connected at the erection site of the wind turbine by connecting the
stationary part of the generator to the load-carrying structure. And by connecting the support
structure to the load-carrying structure and connecting the segments of the housing at least to
the load-carrying structure.

[0089] The invention is shown in more detail by the help of figures. The figures show a
preferred configuration and do not limit the scope of the invention.

FIG 1 shows a block diagram of a nacelle and a hub of a wind turbine.
FIG 2 shows a schematic overview of an electrical power system.

FIG 3 shows a schematic overview of a cooling system.

FIG 4 shows a schematic overview of a hydraulic system.

FIG 5 shows a schematic overview of a control system.

FIG 1 shows a block diagram of a nacelle and a hub of a wind turbine.
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[0090] Three major modules of the nacelle 11, 12, 13 are connected to form the nacelle. A first
module 11 comprises a generator 3. A hydraulic pump 17 is located within the stationary part
of the generator 3. The generator 3 with a hydraulic module 17 is transported to an erection
site of the wind turbine separate from the other parts of the nacelle 2.

[0091] A second module 12 comprises a load-carrying structure 4. The load-carrying structure
comprises a yaw system 6, a control system 8 and a cooling pump 10. The load-carrying
structure with the yaw system 6, the control system 8 and the cooling pump 10 is transported
to an erection site of the wind turbine separate form the other modules of the nacelle.

[0092] A third module 13 comprises a support structure 5. An electrical system 7, comprising a
transformer 18 and a converter 19, is connected to the support structure 5.

[0093] The support structure 5 with the electrical system 7 is transported to an erection site of
the wind turbine separate form the other modules of the nacelle 2.

[0094] At the erection site of the wind turbine 1 the modules 11, 12, 13 are connected. The
module 13 is connected to the module 12, whereby the support structure 5 is connected to the
load-carrying structure 4.

[0095] The module 11 is connected to the module 12, whereby the generator 3 is connected to
the load-carrying structure 4.

[0096] A housing 9 of the nacelle is segmented. The segments are shown by the dotted lines
at the housing 9.

[0097] The segments of the housing 9 are transported to an erection site of the wind turbine
separate form the other modules of the nacelle 2.

[0098] At the erection site of the wind turbine 1 the segments of the housing 9 are mounted to
the modules 11, 12, 13 of the nacelle 2.

[0099] Additional components like a radiator 16 and a platform to be used with a helicopter 22
are connected to the housing 9.

[0100] A hub 14 is connected to the nacelle 2, whereby the hub 14 is connected to the rotating
part of the generator 3.

[0101] FIG 2 shows a schematic overview of an electrical power system.
[0102] FIG 2 shows a nacelle 2 of a wind turbine 1 on top of a tower 29. The wind turbine is

equipped with a hub 14 and rotor blades 15. On top of the nacelle is a radiator 16 of a cooling
system and a platform to be used with a helicopter 22. Connections of the electrical power
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system are shown in a schematic way.

[0103] The electrical power system comprises an electrical connection 23 from the generator 3
to the electrical system 7, which comprises the converter 19 and the transformer 18. An
electrical connection is leading from the electrical system 7 to the power grid 21.

[0104] FIG 3 shows a schematic overview of a cooling system.

[0105] FIG 3 shows a nacelle 2 of a wind turbine 1 on top of a tower 29. The wind turbine is
equipped with a hub 14 and rotor blades 15. On top of the nacelle is a radiator 16 of a cooling
system and a platform to be used with a helicopter 22. Connections of the cooling system are
shown in a schematic way.

[0106] The connections of the cooling system lead from a pump of the cooling system 10 to
the electrical system 7 comprising the transformer 18 and the converter 19.

[0107] Another connection is leading from the cooling pump 10 to a hydraulic pump 17 in the
generator and to the a bearing 20 of the wind turbine 1.

[0108] Even another connection is leading from the cooling pump 10 to the radiator 16 on top
of the nacelle 2 and to a cooling connection 24 of the generator 3.

[0109] FIG 4 shows a schematic overview of a hydraulic system.

[0110] FIG 4 shows a nacelle 2 of a wind turbine 1 on top of a tower 29. The wind turbine is
equipped with a hub 14 and rotor blades 15. On top of the nacelle is a radiator 16 of the
cooling system and a platform to be used with a helicopter 22.

Connections of a hydraulic system are shown in a schematic way.

[0111] A hydraulic pump 17 is located in the generator 3 of the wind turbine 1. A first hydraulic
connection is leading from the hydraulic pump 17 to the brakes 25 of the generator 3.

[0112] A second connection is leading from the hydraulic pump 17 to the control system 8,
which is controlling the hydraulic system.

[0113] A third hydraulic connection is leading from the hydraulic pump to a hydraulic system in
the hub 14 of the wind turbine 1. In this example this is the connection to a hydraulic pitch
system of the rotor blades 15.

[0114] FIG 5 shows a schematic overview of a control system.
[0115] FIG 5 shows a nacelle 2 of a wind turbine 1 on top of the tower 29. The wind turbine is

equipped with a hub 14 and rotor blades 15. On top of the nacelle is a radiator 16 of the
cooling system and a platform to be used with a helicopter 22.
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Connections of a control system are shown in a schematic way.

[0116] The control system 8 of the wind turbine 1 is located in the load-carrying structure. The
control system 8 has a connection to the yaw system 6, to the converter 19 and the
transformer 18.

[0117] Another connection goes from a control system 8 to the top of the nacelle 30, where
meteorological instruments and flight warning lights are connected.

[0118] The control system 8 further comprises a connection 26 to the generator 3, a
connection to the hydraulic pump 17 and connection to the brakes 25 of the generator 3.

[0119] Another connection leads from the control system 8 to a component 27 in the hub 14 of
the wind turbine 1. This component 27 is for example a hydraulic pitch system of the rotor
blades 15 of the wind turbine 1.
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Patentkrav

1. Nacelle (2) til en vindmealle (1) med en generator (3), en beerende konstruk-
tion (4), en stattekonstruktion (5), et elektrisk system (7), et krgjningssystem
(6), et styresystem (8) og et hus (9),

- hvor generatoren (3) omfatter en roterende del og en stationaer del, og den
stationaere del kan forbindes med den baerende konstruktion (4),

- hvor den beerende konstruktion (4) omfatter kr@jningssystemet (6) og styre-
systemet (8),

- hvor stgttekonstruktionen (5) omfatter det elektriske system (7), og stattekon-
struktionen (5) kan forbindes med den baerende konstruktion (4),

- hvor huset (9) er segmenteret og kan forbindes med mindst den baerende
konstruktion (4),

- hvor generatoren (3), den baerende konstruktion (4) og stattekonstruktionen
(5) er separate moduler (11, 12, 13),

- hvor de separate moduler (11, 12, 13) og det segmenterede hus (9) kan for-
bindes ved et opstillingssted af vindmeallen (1) for at bygge nacellen (2), og

- hvor generatoren (3) omfatter en hydraulisk enhed (17), som er en pumpe,

der er monteret til den stationaere del af generatoren (3).

2. Nacelle (2) til en vindmalle (1) ifalge krav 1,
hvor den baerende konstruktion (4) omfatter mindst en del af et afkalingssy-
stem (10).

3. Nacelle (2) til en vindmalle (1) ifalge krav 2,
hvor en kaler (16) er tilvejebragt og er forbundet med huset (9).

4. Nacelle (2) til en vindmalle (1) ifalge et af de foregéende krav, hvor det elek-
triske system (7) omfatter en transformer (18) og en konverter (19), for at til-
passe effekten af generatoren (3) til at anvendes til en forsyningsnetbetingelse
af et forsyningsnet.

5. Nacelle (2) til en vindmalle (1) ifalge et af de foregaende krav, hvor en plat-
form, der skal bruges til en helikopter (22), er tilvejebragt og forbundet med
huset (9).
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6. Nacelle (2) til en vindmalle (1) ifelge et af de foregaende krav, hvor det elek-
triske system (7) kan forbindes elektrisk med generatoren (3) og forsynings-
nettet.

7. Nacelle (2) til en vindmaelle (1) ifalge et af de foregéende krav, hvor et rer
eller en slange af afkalingssystemet kan forbindes med kaleren (16), genera-
toren (3) og/eller det elektriske system (7).

8. Nacelle (2) til en vindmaelle (1) ifalge et af de foregaende krav, hvor mindst
generatoren (3) og det elektriske system (7) af stattekonstruktionen (5) er kon-
strueret til at forbindes med en elektrisk forbindelse.

9. Nacelle (2) til en vindmelle (1) ifalge et af de foregaende krav, hvor mindst
afkalingssystemet (10) i den baerende konstruktion (4), generatoren (3) og det
elektriske system (7) af stattekonstruktionen (5) er konstrueret til at forbindes
med en forbindelse til en kalefluid.

10. Nacelle (2) til en vindmalle (1) ifalge et af de foregaende krav, hvor mindst
den hydrauliske enhed (17) ved generatoren (3) og styresystemet (8) af stat-
tekonstruktionen (5) er konstrueret til at forbindes med en hydraulisk forbin-
delse.

11. Nacelle (2) til en vindmelle (1) ifelge et af de foregaende krav, hvor mindst
den hydrauliske enhed (17) ved generatoren (3) og en hydraulisk komponent
(28) uden for nacellen (2) er konstrueret til at forbindes med en hydraulisk for-
bindelse.

12. Nacelle (2) til en vindmalle (1) ifelge et af de foregaende krav, hvor mindst
styresystemet (8) i den baerende konstruktion (4), generatoren (3) og det elek-
triske system (7) i stattekonstruktionen (5) er konstrueret til at forbindes med
en elektrisk forbindelse.

13. Nacelle (2) til en vindmalle (1) ifelge et af de foregaende krav, hvor mindst
styresystemet (8) og en komponent (27) uden for nacellen (2) er konstrueret
til at forbindes med en elektrisk forbindelse.
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14. Fremgangsmade til samling af en nacelle (2) til en vindmalle (1) ifalge krav
1, hvor de separate moduler (11, 12, 13) og det segmenterede hus (9) er for-
bundet ved opstillingsstedet af vindmallen (1), omfattende falgende trin

- forbinde den stationaere del af generatoren (3) med den baerende konstruk-
tion (4),

- forbinde stettekonstruktionenen (5) til den beerende konstruktion (4),

- forbinde segmenterne af huset (9) med mindst den baerende konstruktion (4).
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