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DESCRIPTION

Field of invention

[0001] The present invention relates to a method and an arrangement of treating a bearing
system comprised in a wind turbine drive train during storage and/or transport, the drive train
comprising a rotor coupled to a generator. Furthermore, the present invention relates to a
method of storing and/or transporting a wind turbine arrangement comprising a drive train with
a rotor, a generator coupled to the rotor, a bearing system rotatably supporting at least one
component of the drive train and an auxiliary converter system.

Art Background

[0002] WO 2004/083630 A2 discloses a method of moving the rotating means of a wind
turbine during transportation or standstill. An auxiliary device is connected to the rotating
means of the wind turbine. The auxiliary device transfers energy to said one or more shafts of
the rotating means during transportation and moves thereby one or more shafts of the rotating
means. The auxiliary device is controlled with output signals of a control and monitoring system
in order to move the rotating means of the wind turbine during transportation or standstill.

[0003] A wind turbine comprises a number of movable parts that need to be rotatably
supported by one or more bearings. In particular, a drive train of the wind turbine comprises a
rotor at which plural rotor blades are connected and which rotor is coupled to the electric
generator. The rotor may for example be rotatably supported by a main rotor bearing, for
example between the hub at which the blades are connected and the generator. In general,
the drive train may comprise a number of bearing portions. A bearing system may thus
comprise several bearing portions supporting several components of the drive train. The drive
train may or may not comprise a gearbox which is connected to a (e.g. primary) rotor and
which is at an output section connected to another (e.g. secondary) rotor which may be
coupled to the generator.

[0004] Once a wind turbine is assembled, or partially assembled, the bearings which are a part
of the drive train are under a load which puts pressure on the contact points within the
bearings. The loading has multiple sources which can include the weight of the supported
components as well as geometrical constraints on the assembly as multiple components are
fastened together. The contact points can be between the elements of the bearing which may
include rollers and raceways in a roller bearing design or balls and raceways in a ball bearing
design. Other types of contact points within the bearings may exist. Generally, the pressure
between these points is increased once the bearings are a part of an assembly compared to
when they are unmounted.
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[0005] Due to this pressure between the contact points, the bearings are at risk of damage
during transportation and storage due to small vibrations which are inflicted upon the bearings
due to either the environment (wind and earth related motion) or due to transportation activity.

[0006] When small vibrations occur, the contact points within the bearings migrate through the
thin layer of lubricant (grease) which separates metal surfaces. These vibrations may then lead
to damage called "false-brinelling" which may be caused by the relative oscillating motion of
the metal surfaces when under contact pressure. Another common term for this type of
damage is "stand-still marks". This kind of damage may significantly reduce the lifetime of the
bearing. As a result, the bearing must be replaced before the lifetime of the wind turbine is
complete adding significant operational costs to a wind turbine operator. This problem arises
on wind turbines with multiple bearings or only a single generator bearing (e.g. rotor main
bearing). Also, on wind turbines equipped with a gearbox, a similar damage mode may occur
between the contact points on gear teeth. Again, stand-still marks may evolve and may lead to
failed components due to the same vibrations experienced during storage and transportation.

[0007] EP 2 909 472 B1 discloses the use of hydraulic pistons to exercise bearings and other
drive train components. A negative impact for large bearings or gearboxes which are mounted
with their rotating axis horizontally is that the back and forth motion may cause grease and oil
to settle in low areas due to gravity. This may remove lubricant from the upper parts of the
components and may lead to corrosion and other damage types.

[0008] Other systems of the prior art utilize rollers powered by electric motors which rotate the
generator or other part of the wind turbine. A disadvantage is that by the rollers, the surface of
the generator may be damaged. Furthermore, the system is expensive due to multiple moving
parts and motors.

[0009] Other systems employ multiple motors and rollers/gears to turn the heavy direct drive
generator.

[0010] US 2008/0181761 A1 discloses methods and systems for turning rotary components
within rotary machines, wherein a turning gear assembily is provided.

[0011] It has, however, been observed that the conventional systems and methods have
several drawbacks.

[0012] Thus, there may be a need for a method and an arrangement of treating a bearing
system comprised in a wind turbine drive train during storage and/or transport, wherein the
method and arrangement is simplified compared to the conventional methods and systems
and ensures a reliable and safe operation.

Summary of the Invention
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[0013] This need may be met by the subject matter according to the independent claims.
Advantageous embodiments of the present invention are described by the dependent claims.

[0014] According to an embodiment of the present invention it is provided a method of treating
a bearing system comprised in a wind turbine drive train during storage and/or transport, the
drive train comprising a rotor coupled to a generator, the method comprising: controlling the
generator (e.g. to operate as a motor) to deliver a driving torque causing the rotor to rotate
about at least one half or at least one revolution, in particular more than 100, or more than
1000 revolutions.

[0015] The wind turbine drive train may comprise portions of the hub at which plural rotor
blades may be connected, may comprise the rotor which is connected to the hub, may
comprise the generator and optionally also a gearbox installed between the hub and the
generator. Furthermore, the drive train comprises the bearing system. The bearing system is
adapted to support components of the wind turbine drive train, in particular to rotatably support
components of the drive train relative to static components. The bearing system may for
example comprise a rotor main bearing, i.e. a bearing which rotatably supports the rotor which
is connected to the hub and to the generator. The rotor main bearing may for example be
arranged between the hub and the generator. In case the drive train comprises a gearbox, a
primary rotor which is connected to the hub needs to be supported by a bearing portion as well
as a secondary rotor connected to an output section of the gearbox (and to the generator)
needs to be rotatably supported by a bearing portion. Furthermore, the gearbox itself may
comprise several gearbox bearing portions and also gear wheels comprising lubricant.
Furthermore, the bearing system may comprise a generator bearing, thus a bearing which
rotatably supports a generator rotor relative to a generator stator. An individual generator
bearing may in particular be present if the wind turbine drive train comprises a gearbox. In
case of a direct drive wind turbine (in which no gearbox is present), the generator bearing may
correspond to the rotor main bearing. Other configurations may be possible. The bearing
system may comprise one or more further bearing portions.

[0016] The bearing system may comprise all bearing portions which rotatably support
components which rotate due to the rotation of the main rotor. The bearing system may, during
storage and/or transport, be at risk to be damaged when standing still for a long period of time.

[0017] The generator may be controlled to deliver the driving torque by supplying to the
generator suitable driving signals or a driving (power) stream. Thereby, the generator operates
as a motor, thus consuming electric energy and generating mechanical energy, in particular
rotational energy. Since the rotor is part of the drive train, the whole drive train will be driven by
rotating the generator thereby also actuating the bearing system.

[0018] When the rotor is caused by the generator to rotate about at least one half or at least
one revolution, the lubricant or grease within bearing portions of the bearing system may be
distributed across functional surfaces comprised within the bearing portions, in order to reduce
damage which would otherwise occur during stand-still.
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[0019] Beside the (e.g. wind turbine main) generator, no further actuator may be needed to
perform the method, thereby simplifying the method. Merely, the generator needs to be
properly controlled or provided with driving signals. No mechanical installations of further
auxiliary equipment may be required, thus simplifying the method and a corresponding
arrangement and reducing costs.

[0020] When the rotor is caused to rotate about plural revolutions, such as more than 100 or
more than 1000 revolutions, the distribution of the grease and lubricant may become even
more even and also the load experienced over a period of time at different contact points
within the bearing portions may become substantially equal, thereby also equilibrating the
loads on the bearing portions.

[0021] According to an embodiment of the present invention, by rotating the rotor at least one
roller and/or ball is moved relative to a raceway of at least one component of the bearing
system, and/or wherein the generator generated driving torque continuously or/or in a stepwise
manner and/or in back and forth manner rotates the rotor during at least 20%, in particular
between 50% and 100%, of the transport time and/or storage time.

[0022] Each bearing portion of the bearing system may comprise at least one raceway relative
to which at least one roller or at least one ball moves when the raceway is rotated relative to
another raceway, wherein between the raceway and the other raceway, the at least one roller
or the at least one ball may be arranged. By rotating the roller or the ball relative to the
raceway, the load on the respective component of the bearing system may be equally
distributed and/or the lubricant or grease may be evenly distributed along the raceway. When
the rotor rotates during a relatively long fraction of the transport time or the storage time, the
likelihood that standstill marks will occur is reduced because there is more likely to be a film of
lubricant between contact surfaces.

[0023] The rotation may be performed continuously (without stand-still), in a stepwise manner
(including time periods of movement and stand-still) and/or back and forth depending on the
particular application. Stepwise rotation may reduce energy required for the rotation.

[0024] The rotation may be relatively slow, in particular at a predetermined rotational speed, in
particular between 0.1 rpm and 5 rpm, further in particular between 1 rpm and 2 rpm. Thereby,
effective equilibration of the loads and distribution of lubricant on different contact points within
the component of the bearing system may be achieved as well as a safe operation may be
ensured, while the energy need may be relatively small.

[0025] A driving power stream from an auxiliary converter system may be supplied to the
generator. The generator may, while performing the method, be decoupled, in particular
electrically disconnected, from any other circuitry to which it is connected during normal
operation to produce electric energy from wind energy. The auxiliary converter system may
exclusively be supplying the driving power stream to the generator when the generator
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together with the drive train (for example comprised in a nacelle) is stored or transported. The
auxiliary converter system may be a relatively small, inexpensive system having a relatively
small weight. The auxiliary converter system may act like a motor controller system, as is
known in the conventional art. By supplying the driving power stream to the generator, the
generator may be operated as a motor for generating the driving torque. During normal
operation while generating electric energy, the generator may be operated in a generator
mode, converting rotational energy (of hub and rotor) into electric energy.

[0026] According to an embodiment of the present invention, the auxiliary converter system
comprises an auxiliary frequency converter which is powered by an external power supply, in
particular a transport system power supply, further in particular a vessel power supply, wherein
in particular a three phase AC power stream having a predetermined frequency, further in
particular 50 Hz or 60 Hz, is supplied to the auxiliary frequency converter.

[0027] The external power supply may for example comprise a battery, an accumulator or a
diesel combustion engine coupled with a power supply generator, for example. The external
power supply may for example deliver 3 x 400 V, for example from a vessel energy supply
system. In other embodiments, the external power supply may provide less or more electric
phases at smaller or greater voltage. The auxiliary frequency converter may be configured to
convert the frequency of the external power supply to a desired frequency at which the
generator is desired to be operated. Thereby, the rotational speed at which the generator is
operated can be chosen on demand.

[0028] According to an embodiment of the present invention, the auxiliary frequency converter
comprises controllable switches connected between DC-terminals at an input section and
comprises further controllable switches connected between DC-terminals at an output section,
wherein conductance states of the controllable switches and the further controllable switches
are controlled by an auxiliary converter controller supplying control signals, in particular pulse
width modulation signals, to gates of the controllable switches and the further controllable
switches.

[0029] The controllable switches may comprise for example respective transistors, such as
IGBTs. The auxiliary converter controller may generate the pulse width modulation signals
such as to achieve a particular frequency and power and voltage at the output terminals of the
auxiliary frequency converter which terminals are connected to the generator.

[0030] According to an embodiment of the present invention, the auxiliary converter system is
different from (and e.g. additional to) a wind turbine converter or comprises at least one wind
turbine converter connectable to the generator and used during normal operation of the wind
turbine, to convert a variable frequency power stream, generated by the generator due to wind
impacting on rotor blade connected to the rotor, to a substantially fixed frequency power
stream to be delivered to a utility grid, in particular via one of more transformers, wherein the
auxiliary converter system has a capacity of between 1% and 20% of a capacity of each wind
turbine converter.
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[0031] Typically, the wind turbine converter has a relatively large capacity or power rating,
since it is designed for providing at its output terminal a high power stream to be delivered to a
utility grid. Compared to this relatively high capacity or rating, the capacity of the auxiliary
converter system may be relatively small, since it is only intended to cause a relatively small
rotation of the generator during transport and/or storage without requiring extensive power or
energy. Thus, it may be advantageous to provide an additional auxiliary converter system
additional and different from the at least one wind turbine converter.

[0032] In other embodiments, however, the (already existing) wind turbine converter may be
utilized to also drive the generator to operate in the motor mode for rotating the generator,
thereby moving parts of the drive train for appropriately treating the bearing system. In this
embodiment, only conventional hardware of a conventional wind turbine may be required. Only
the wind turbine converter may be needed to be appropriately controlled by a respective
control algorithm, such as a control program.

[0033] According to an embodiment of the present invention, the bearing system comprises at
least one of: a primary and/or secondary rotor main bearing; a gear box bearing; a generator
bearing. The bearing system may comprise more portions. Thereby, all kinds of movable
portions of the bearing system may advantageously be treated during transport and/or
storage, for increasing the lifetime of the bearing system.

[0034] According to an embodiment of the present invention, the method is performed during
transport of a nacelle loaded on a transport frame, the nacelle comprising the generator, the
rotor, the drive train and the bearing system, the auxiliary converter system being in particular
arranged in or at the nacelle or at the transport frame.

[0035] The nacelle may comprise, beside the auxiliary converter system, all components
needed to perform the method. In other embodiments, only a generator may be stored or
transported, wherein also the generator may comprise the generator bearing and is part of the
drive train. Thus, very complex and cost-extensive parts of the wind turbine may be stored and
transported, while taking care of the bearing system.

[0036] According to an embodiment of the present invention, the nacelle further comprises: at
least one wind turbine converter, in particular multiple wind turbine converters in case of a
multiple winding set generator, each one of the wind turbine converters connectable to the
generator.

[0037] The wind turbine converter or wind turbine converters may be configured to convert a
variable frequency power stream output by the generator during normal operation of energy
production to a substantially fixed frequency (for example 50 Hz or 60 Hz) power stream to be
supplied to a utility grid.

[0038] According to an embodiment of the present invention, each one of the wind turbine
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converters is connectable to the generator via a respective generator breaker (e.g. a switch),
wherein during the method the (in particular all) generator breakers are opened.

[0039] During performing the method, the generator breakers are open such that the
generator coupled to the auxiliary converter system is decoupled and disconnected from all
other circuitries to which the generator is connected during normal operation while producing
electric energy. Thereby, this further circuitry is not damaged (and/or does not interfere) during
transport and/or storage and during performing the method.

[0040] According to an embodiment of the present invention, the generator is a single winding
set generator or a multiple winding set generator, wherein in case of a multiple winding set
generator, the auxiliary converter system is connected to only one winding set of the generator.
When the auxiliary converter system is connected to only one winding set of the generator, the
complexity of the method and the respective arrangement may be reduced, while the bearing
system is taking care of in a reliable manner.

[0041] According to an embodiment of the present invention, the generator is a permanent
magnet synchronous generator, in particular having an outer rotor with plural permanent
magnets, or is an induction generator. Thereby, multiple types of generators may be
supported.

[0042] According to an embodiment of the present invention it is provided a method of storing
and/or transporting a wind turbine arrangement comprising a drive train with a rotor, a
generator coupled to the rotor, a bearing system rotatably supporting at least one component
of the drive train, and an auxiliary converter system, comprising performing a method
according to one of the preceding embodiments. Thereby, the wind turbine arrangement may
securely be stored or/and transported thereby reducing risk of damage of the bearing system.

[0043] It should be understood, that features, individually or in any combination, disclosed,
described or explained with respect to a method of treating a bearing system comprised in a
wind turbine drive train during storage and/or transport are also applicable, individually or in
any combination, to an arrangement for treating a bearing system comprised in a wind turbine
drive train during storage and/or transport according to embodiments of the present invention
and vice versa.

[0044] According to an embodiment of the present invention it is provided an arrangement for
treating a bearing system comprised in a wind turbine drive train during storage and/or
transport, the drive train comprising a rotor coupled to a generator, the arrangement
comprising: a driving system, in particular an auxiliary converter system, connected to control
the generator, in particular to operate as a motor, to deliver a driving torque causing the rotor
to (e.g. slowly and/or e.g. continuously) rotate for/about at least one half or at least one
revolution, the arrangement in particular comprising a nacelle, the driving system in particular
comprising an auxiliary converter system.
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[0045] Furthermore, a wind turbine including the entire arrangement is provided.

[0046] The aspects defined above and further aspects of the present invention are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment. The invention will be described in more detail
hereinafter with reference to examples of embodiment but to which the invention is not limited.

Brief Description of the Drawings

[0047]

Fig. 1 schematically illustrates an arrangement for treating a bearing system comprised in a
wind turbine drive train during storage and/or transport according to an embodiment of the
present invention;

Fig. 2 schematically illustrates a nacelle during storage or transport at which a method of
treating a bearing system comprised in a wind turbine drive train is performed according to an
embodiment of the present invention;

Fig. 3 illustrates in a schematic manner an auxiliary converter system which may be employed
in methods or arrangements according to embodiments of the present invention; and

Fig. 4 illustrates a graph for selecting a rotational speed to be applied for rotation of the rotor
during storage and/or transport according to an embodiment of the present invention.

Detailed Description

[0048] Embodiments of the present invention protect the bearing portions of a bearing system
and other parts of the drive train by using the wind turbine's own generator to rotate. During
storage or transport, power is delivered to the generator so that it acts as a motor. This power
is used to rotate the drive train slowly and for example continuously in order to ensure that the
lubrication film is always present between contact surfaces within the bearing or between the
teeth of a gearbox. The power may be delivered through a frequency converter to the
synchronous permanent magnet generator. The frequency converter may control the
frequency of the power delivered to ensure a slow and continuous rotation. In particular, a
stand-alone frequency converter may be used which plugs directly into the electrical
connection to the generator. Electrical breakers may prevent any of the electrical voltage or
current from being delivered to other parts of the wind turbine.

[0049] During storage or transport, parts of the wind turbine's electrical system may not be
completed or commissioned. It may therefore be necessary in this configuration to make sure
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that power is only delivered to the generator. This interface between the frequency converter
and the generator can either be temporary or a permanent part of the wind turbine design.

[0050] The turning tool may be used either occasionally or continuously or in a stepwise
manner from the time the drive train is assembled until installation takes place, including road
and/or sea transportation. This may ensure that a lubrication film is always present and will
significantly reduce the development of stand-still marks in the bearings and other parts of the
drive train.

[0051] By using the generator of the wind turbine to rotate the bearings and other parts of the
drive train, there is no need for a mechanical tool or interface to the rotating part of the drive
train. This may reduce the cost of producing the wind turbine, since there is no need to design
an interface (such as mounting positions for a rotation tool or gear teeth on rotating parts).

[0052] Furthermore, the cost of the frequency drives has gone down significantly in the last 20
years which may enable them to be purchased at a low cost for this application. By using a
frequency converter, the output frequency can be controlled and the rotational speed of the
generator can therefore be adjusted as needed. Thus, a slow, energy-efficient and safe
rotational speed can be adjusted. Because the system also consists of a frequency converter it
is very simple to maintain by just replacing one unit with another one.

[0053] For a conventional mechanical solution there are multiple moving parts which may wear
or fail. This conventional solution may require maintenance. Because maintenance may not
always take place when needed, the result may be that bearings or other parts of the drive
train may suffer from damage. The cost of replacing a damaged direct drive generator bearing
offshore is extraordinary expensive.

[0054] Embodiments of the present invention are applicable for direct drive train wind turbines
but also for wind turbines which use a different generator design or drive train configuration
(for example an inductive machine with a gearbox). The turning tool would work in the same
way and be connected directly to the generator and powered externally. The auxiliary
converter system may be powered either by an external supply or could use batteries to
provide power to the frequency converter.

[0055] Conventional methods may have used the generator for "rotor positioning”, thus to
achieve a target position of the wind turbine rotor. However, these methods and arrangements
are different from embodiments of the present invention, since the purpose and use of the
generator is here not for positioning of the rotating part of the turbine at a particular angle, but
instead in particular for continuous rotation for the purpose of protecting the bearing during
transport and storage. In particular, at least one half or at least one revolution is turned in
order to ensure equal distribution of lubricant within the bearing components.

[0056] The arrangement 1 illustrated in Fig. 1 for treating a bearing system 3 comprised in a
wind turbine drive train 5 during storage and/or transport according to an embodiment of the
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present invention comprises a driving system 7, in particular an auxiliary converter system 9,
connected to control the generator 11, in particular to operate as a motor, to deliver a driving
torque causing the rotor 13 to rotate about at least one half revolution. Thereby, the rotor 13 is
rotatably supported by the bearing system 3, in particular comprising a rotor main bearing 4.
The rotor 13 is mechanically connected to the hub 15 at which plural rotor blades 17 are
connected.

[0057] The generator 11 is in the illustrated embodiment configured as a two winding set
generator having independent (in particular three-phase) winding sets 19 and 21 which lead to,
via generator circuit breakers 23, 25, respective wind turbine converters 27, 29 which are
configured as AC-DC-AC converters. The output power streams of the wind turbine converters
27, 29 are supplied, respectively, to reactors 31, 33 followed by harmonics filters 35, 37,
wherein charging resistor 39, 41 are connected in parallel. Furthermore, several breakers,
such as a main circuit breakers 43, 45, respective auxiliary circuit breakers 47, 49 allow
interruption of the respective power streams.

[0058] Furthermore, the output power streams are transformed to a higher voltage using
respective converter transformers 51, 53 and additionally a wind turbine transformer 55. The
output power stream is delivered to a utility grid 57, in particular via a point of common
coupling and one or more additional wind park transformers. Furthermore, a diesel generator
inlet 59 as well as an auxiliary motor controller input 61 allow to supply external energy to the
wind turbine 1.

[0059] In particular, the arrangement 1 is configured as a wind turbine. Different from a
conventional wind turbine or nacelle or generator, the arrangement 1 comprises the driving
system 7 which is configured to control the generator 11 to deliver a torque causing the rotor
13 to rotate for at least one half revolution. Thereby, the driving system 7 is configured as an
auxiliary converter system 9 which outputs a three-phase AC power stream 63 which causes
the generator 11 to act as a motor rotating at a predetermined rotational speed. The auxiliary
converter system 9 is powered by the external power supply 65 which delivers a three-phase
AC power stream 67, for example at a frequency of 50 Hz or 60 Hz.

[0060] The auxiliary converter system 9 comprises an auxiliary converter controller 14
supplying control signals to not illustrated controllable switches for controlling their
conductance states.

[0061] As can be seen from Fig. 1, the auxiliary frequency converter 9 is different and
additional to the (wind turbine) frequency converters 27 and 29. The bearing system 3
comprises in the illustrated embodiment a rotor main bearing 4 rotatably supporting the main
rotor 13 at which the hub 15 and the rotor blades 17 are connected. In other embodiments,
there may be a gearbox connected between the hub 15 and the generator, wherein the
gearbox may include further components of the bearing system which are also rotated by
rotating the shaft 13 connected to the generator 11 according to embodiments of the present
invention.
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[0062] Fig. 2 schematically illustrates a nacelle 101 as an example of the arrangement 1
illustrated in Fig. 1 during transport. The nacelle 101 is loaded on a transport frame 102, while
a method according to an embodiment is performed. Thereby, the nacelle may for example
comprise all elements illustrated in Fig. 1 except the wind turbine transformer 55 and the utility
grid 57 and in some embodiments except the driving system 7. Furthermore, the nacelle does
not comprise the rotor blades 17 illustrated in the Fig. 1. The driving system 7 may be placed
at another loading area of the transport frame 102 or may, in other embodiments, placed
inside the nacelle 101.

[0063] Fig. 3 schematically illustrates a driving system 7 configured as a frequency converter 9
which may be utilized in the arrangement 1 illustrated in Fig. 1. The driving system 7 comprises
a delivery cable 8 for delivering energy for example from an external energy supply.
Furthermore, the driving system 7 comprises an output cable 10 configured to output an AC
power stream having a desired or predetermined frequency and to be connected vie the
connection interface 64 leading to the generator 11 (see for example Fig. 1).

[0064] The driving system may be configured in a simple manner only having an on-off switch
12 enabling to turn on the driving system or to turn off the driving system. During transport
and/or storage of a wind turbine portion comprising a bearing coupled directly or indirectly to
the rotor, the driving system may be turned on.

[0065] Fig. 4 illustrates a graph 18 in a coordinate system having an abscissa 14 indicating the
rotational speed w in units of rpm and having an ordinate 16 indicating the torque T required to
achieve the respective rotational speed. At a rotational speed w at about 2 rpm, the torque T
required for turning the generator is smallest. For safety reasons, still a smaller rotational
speed of about 1 rpm is chosen for turning the rotor using the generator 11 during transport
and/or storage. The predetermined rotational speed may be determined based on the
particular application and need.

[0066] The driving system, in particular frequency converter 7, 9, may be placed in an easily
accessible location within the nacelle or at or on the transport frame 102. The frequency
converter 9 may be powered by the external power supply 65 which may for example supply 3
x 400 V from a vessel supply system. The frequency converter 9 is connected to the terminals
20 of one winding set 19 of the generator 11 through a quick connect interface 64 at one side
of the generator circuit breaker 23. When activated using the switch 12 for example, the
frequency converter 7 delivers a low frequency AC power sufficient to rotate the generator
slowly and steadily for example at 1 rpm. In other embodiments, the driving system or
frequency converter 7 may include an emergency stop button and speed select button or
wheel.

[0067] It should be noted that the term "comprising” does not exclude other elements or steps
and "a" or "an" does not exclude a plurality. Also elements described in association with
different embodiments may be combined. It should also be noted that reference signs in the
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claims should not be construed as limiting the scope of the claims.
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PATENTKRAV

1. Fremgangsmade til behandling af et lejesystem (3), der er omfattet i et
vindmelledrivtog (5), under opbevaring og/eller transport, hvor drivtoget (5)
omfatter en rotor (13), som er koblet til en generator (11), hvilken fremgangsmade

omfatter:

styring af generatoren (11) med henblik pa at levere et drivmoment, der far
rotoren (13) til at rotere om mindst én halv omdrejning eller mindst én omdrejning,

iseer mere end 100 eller mere end 1000 omdrejninger,
hvor styring af generatoren omfatter:

tilfersel af en driveffektstream (63) fra et hjeelpeomformersystem (7, 9) til

generatoren (11).
2. Fremgangsmade ifelge det foregaende krav,

hvor mindst én valse og/eller kugle ved rotation af rotoren (13) beveeges |

forhold til en Isbering i mindst én komponent af lejesystemet (3), og/eller

hvor det generatorgenererede drivmoment kontinuerligt og/eller trinvist
og/eller reciprokerende roterer rotoren under mindst 20 %, iseer mellem 50 % og

100 %, af transporttiden og/eller opbevaringstiden.

3. Fremgangsmade ifelge et af de foregaende krav, hvor det
generatorgenererede drivmoment roterer rotoren (13) med en forudbestemt
rotationshastighed, iseer mellem 0,1 o/m og 5 o/m, yderligere isaer mellem 1 o/m

og 2 o/m.

4. Fremgangsmade ifelge et af de foregaende krav, hvor
hjeelpeomformersystemet (7) omfatter en hjaelpefrekvensomformer (9), der
stremforsynes ved hjeelp af en ekstern streamforsyning (65), iseer en

transportsystemstremforsyning, yderligere iseer en fartgjsstremforsyning,

hvor iseer en trefaset vekselstremseffektstream (67) med en forudbestemt

frekvens, yderligere isaer 50 Hz eller 60 Hz, tilfares hjeelpefrekvensomformeren

9).
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5. Fremgangsmade ifelge et af de foregaende krav, hvor
hjeelpefrekvensomformeren (9) omfatter regulerbare omskiftere, der er forbundet
mellem jeevnstremsklemmer i et indgangsafsnit, og omfatter yderligere regulerbare
omskiftere, der er forbundet mellem jeevnstremsklemmer i et udgangsafsnit, hvor
konduktanstilstande af de regulerbare omskiftere og de yderligere regulerbare
omskiftere styres med en hjeelpeomformerstyreenhed (14), der leverer
styresignaler, iseer impulsbreddemodulationssignaler, til porte i de regulerbare

omskiftere og de yderligere regulerbare omskiftere.

6. Fremgangsmade ifelge et af de foregaende krav, hvor
hjeelpeomformersystemet (9) er forskelligt fra (som supplement til) eller omfatter
mindst én vindmglleomformer (27, 29), der kan forbindes med generatoren (11) og
under normal drift af vindmeallen anvendes til at omdanne en variabel
frekvenseffektstream, genereret af generatoren pa grund af vind, der indvirker pa et
rotorblad, der er forbundet med rotoren, til en i det veesentlige fast
frekvenseffektstram, som skal leveres til et forsyningsnet, iseer via én af flere

transformere,

hvor hjeelpeomformersystemet (9) har en kapacitet pa mellem 1 % og

20 % af en kapacitet af hver vindmalleomformer (27, 29).

7. Fremgangsmade ifalge et af de foregaende krav, hvor lejesystemet (3)

omfatter mindst én af:
et primeert og/eller sekundeert rotorhovedleje (4);
et gearkasseleje;
et generatorleje.

8. Fremgangsmade ifalge et af de foregaende krav, hvor fremgangsmaden
udferes under transport af en nacelle (101), der er laesset pa en transportramme
(102), hvor nacellen omfatter generatoren (11), rotoren (13), drivtoget (5) og

lejesystemet (3),

hvor hjeelpeomformersystemet (9) iseer er anbragt i eller pa nacellen eller

pa transportrammen.



10

15

20

25

30

DK/EP 3824181 T3

3

9. Fremgangsmade ifelge det foregaende krav, hvor nacellen yderligere

omfatter:

mindst én vindmglleomformer (27, 29), iseer multiple vindmglleomformere i
tilfeelde af en multiviklingssaetgenerator, idet hver af vindmalleomformerne kan

forbindes med generatoren (11).

10. Fremgangsmade ifelge det foregaende krav, hvor hver af
vindmalleomformerne (27, 29) kan forbindes med generatoren via en tilherende
generatorafbryder (23, 25), hvor generatorafbryderne under fremgangsmaden er

abnet.

11. Fremgangsmade ifglge et af de foregaende krav, hvor generatoren er en
enkeltviklingssaetgenerator eller en multiviklingsseetgenerator (11), hvor
hjeelpeomformersystemet (9) i tilfeelde af en multiviklingssaetgenerator kun er

forbundet med ét viklingssaet (19) af generatoren (11).

12. Fremgangsmade ifglge et af de foregaende krav, hvor generatoren er en
permanentmagnetsynkrongenerator, isaer med en ydre rotor med flere

permanentmagneter eller en induktionsgenerator.

13. Fremgangsmade til opbevaring og/eller transport af et
vindmegllearrangement (1, 101), der omfatter et drivtog (5) med en rotor (13), en
generator (11), som er koblet til rotoren, et lejesystem (3), der roterbart
understatter mindst én komponent af drivtoget, og et hjeelpeomformersystem (7,
9), hvilket omfatter udferelse af en fremgangsmade ifalge et af de foregéende

krav.

14. Arrangement (1) til behandling af et lejesystem (3), der er omfattet i et
vindmelledrivtog (5), under opbevaring og/eller transport, hvor drivtoget omfatter

en rotor (13), som er koblet til en generator (11), hvilket arrangement omfatter:

et drivsystem (7), der omfatter et hjeelpeomformersystem (9), som er
forbundet med henblik pa at styre, ved tilfarsel af en driveffektstrem (63) til
generatoren (11), at fungere som en motor, at levere et drivmoment, der far
rotoren (13) til at rotere om mindst én omdrejning, hvilket arrangement iseer

omfatter en nacelle (101).
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FIG 4

Torque [kKNm]
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