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DESCRIPTION

Technical Field

[0001] The invention relates to a wind turbine park comprising a group of similar wind turbines, wherein each wind turbine
comprises a tower supporting a nacelle with a number of blades.

Background

[0002] Wind turbine parks are commonly used for producing electricity. In particular large wind turbine parks are often located in
remote areas, such as offshore locations, mountainous locations or other areas. Remote areas are advantageous locations for
wind turbine parks due to the relatively undisturbed wind capacity. Remote locations, however, are difficult to access, which
makes installation, exploitation and/or maintenance of a remotely located wind turbine park relatively expensive. Also, transporting
the produced electricity from the remote location to a public electricity grid can be relatively expensive.

[0003] D1 (US 2003/126060) describes a system, method, and computer program product for enhancing commercial value of
electrical power produced from a renewable energy power production facility. The invention includes a communications
infrastructure and coordination mechanism for establishing a relationship with another power production facility. The publication is
using a wind farm as an example for the renewable power production facility.

[0004] D2 (WO 02/054561) is a further step following D1 detailing the approach including a time variable output power from a
renewable power facility, a reference against a predetermined minimum power level, and a power supplement from a (co-active)
converter including a reactive power compensation mechanism. Amongst wind turbines; it specifically mentions solar power, wave
power, tidal and ocean current power as examples of renewable power generating facilities. D3 describes the use of an extruded
HVDC power cable at a high DC potential relative to ground in AC-fed windings of electrical machines/transformers, the magnetic
flux carriers of which are at ground potential. Further D3 describes the composition of the HYDC cable in more detail. The use or
purpose of an HVDC system is not mentioned.

[0005] The invention contemplates a wind turbine park, wherein at least one of the above mentioned drawbacks is obviated.

Summary of the invention

[0006] The invention provides for a wind turbine park according to claim 1 comprising a group of similar wind turbines, wherein
each wind turbine comprises a tower supporting a nacelle with a number of blades, wherein each individual wind turbine is
transformerless and comprises a high voltage asynchronous generator for producing electricity in an alternating current mode,
wherein the wind turbine park comprises a transformer central to a group of similar transformerless wind turbines for transforming
the produced electricity to a higher voltage, a central control unit for optimizing the electricity production of the group of similar
transformerless wind turbines and a HVDC-system for transporting the produced electricity in a direct current mode towards a
public electricity grid.

Brief description of the drawings

[0007]
Fig. 1 shows a schematic overview of a wind turbine park according to the invention;
Fug. 2 shows a schematic perspective view of a wind turbine according to the invention; and

Fig. 3 shows a schematic perspective view of a nacelle according to the invention.

Description of the invention
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[0008] Wind turbine parks may comprise a group of similar wind turbines, e.g. six or eight similar wind turbines. Large wind
turbine parks may comprise more than one group of similar wind turbines, and may comprise in total e.g. more than 50 wind
turbines. All wind turbines in a group may be similar and each may comprise a tower supporting a nacelle with a number of
blades. Providing similar wind turbines in one group may make design and/or installation and/or exploitation and/or maintenance
of the wind turbine park simpler and more cost effective.

[0009] The wind turbines in the group may be connected in a local group electricity grid. The wind turbines may deliver their
produced electricity to this local group grid. The local grid may further be connected in a wind turbine park grid, together with
other local group grids. The wind turbine park grid may be connected to a further electricity grid, e.g. another wind turbine park
grid or the public electricity grid.

[0010] Each individual wind turbine of the group of similar wind turbines may be a transformerless wind turbine comprising a high
voltage asynchronous generator for producing electricity in an alternating current mode. Each wind turbine thus may comprise
fewer parts, rendering installation and/or maintenance more cost effective. By providing an asynchronous generator in the wind
turbine that may produce electricity at a relatively high voltage, a transformer for transforming the produced electricity to a higher
voltage may be omitted in the wind turbine. A transformer central to a group of wind turbines can then suffice to transform the
produced electricity from all the wind turbines of the group to a higher voltage at once. The voltage of the electricity produced by
the asynchronous generator may be larger than approximately 1 kV. Preferably, the voltage is between approximately 5 kV and
approximately 15 kV.

[0011] By omitting the transformer in the nacelle, the environment in the nacelle may be an ambient temperature environment, so
that a climate control system for the nacelle may be left out. However, some components in the nacelle may require individual
climate control, independently the other components, so that individual climate control for the component may then be provided,
wherein the environment in the nacelle may be an ambient temperature environment. By omitting the nacelle climate control
system, fewer components may be provided in the nacelle. Thus, the nacelle may become more robust.

[0012] The wind turbine park may comprise a number of groups of wind turbines, in which case a further transformer central to
the number of groups of wind turbines may be provided. Each group of wind turbines may be provided with a central transformer.
This central transformer may for example transform the electricity produced by the high voltage generator to a higher frequency,
e.g. from approximately 10 kV to approximately 70 kV, for example about 66 kV. Further, the number of groups of wind turbines
may be coupled to a further transformer central to the number of groups of wind turbines. This further transformer may for
example transform the transformed electricity e.g. from approximately 70 kV, for example about 66 kV, to a higher voltage, e.g.
approximately 150 kV or approximately 130 kV, for example about 132 kV.

[0013] Further, the group of similar wind turbines may comprise a central control unit for optimizing the electricity production of
the group of similar transformerless wind turbines. By implementing a central control unit, optimal use may be made of the
asynchronous generator. The asynchronous generator may follow the frequency of the local group electricity grid.

[0014] Advantageously, the frequency of the local group electricity grid may be controlled by the control unit. The control unit
may use individual wind turbine parameters to adjust the local grid frequency. The individual wind turbine parameters, such as
wind velocity, wind direction, generator power consumption, wind turbine blades rpm (rotations per minute), generator power
output, air temperature, air humidity, may be measured and may be used by the control unit to optimize the grid frequency. The
asynchronous generator in each wind turbine may then follow the adjusted grid frequency. Depending on the individual wind
turbine parameters, the electricity production of the wind turbine group may be optimized. The electricity produced by the
asynchronous generators in the wind turbines may vary with the adjusted grid frequency depending on the collected individual
wind parameters, so that the wind turbines of the group may produce electricity in a relatively optimal mode.

[0015] Additionally, the central control unit may use local group grid data to adjust the local grid frequency. As local group grid
data the actual grid frequency and/or the voltage and/or the collective power production may be used.

[0016] For transporting the electricity produced by the wind turbine park from the remote location to e.g. a public electricity grid
an HVDC-system may be used. An HVDC-system (High Voltage Direct Current-system) may transport electricity at a relatively
high voltage in a direct current mode over a relatively large distance. The HVDC-system may comprise two substations, one
substation may be connected to the wind turbine park electricity grid, e.g. an offshore substation, and one substation may be
connected to the public electricity grid, e.g. an onshore substation. The electricity grid of the wind turbine park may be connected
to the offshore substation, where the produced electricity may be collected. The electricity may be produced in an alternating
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current mode. For transport to shore via the HVDC-system in a direct current mode, an ACDC-converter may be provided to
convert the produced electricity from an alternating current mode to a direct current mode. At the onshore substation, also an
ACDC-converter may be provided to convert the electricity from direct current mode to an alternating current mode for delivery to
a public electricity grid that may use an alternating current mode. The central control unit may instruct the offshore substation of
the HVDC-system to adjust the grid frequency of the local group electricity grid.

[0017] Also, a converter central to the group of similar wind turbines may be provided for converting the frequency of the
produced electricity. The asynchronous generators of the wind turbines may produce electricity at the frequency of the local
group grid frequency. When adapting the produced electricity for transport over a relatively large distance to shore for example,
the frequency of the produced electricity may be adjusted as well. By providing a central converter, the frequency of the produced
electricity may be converted at once.

[0018] The nacelle and the blades may be provided as a modular unit for mounting and/or demounting on the tower of a wind
turbine. By providing a modular unit, installation of the wind turbine and/or maintenance of the wind turbine at a remote location
may be rendered more cost effective. The nacelle and blades may be installed as one unit onto the tower, which may reduce the
time for installation and may reduce the actions during installation, thereby reducing the costs for installation. If maintenance of
the blades and/or nacelle is required, the nacelle and blade modular unit may be replaced in a cost effective way by another
modular unit with similar characteristics of nacelle and blades. The modular unit that requires maintenance may then be
transported to a location where the maintenance can be done in a relatively protected environment, e.g. a shore location or a
maintenance barge. The downtime of the wind turbine may become minimal, so that exploitation of the wind turbine park may
become more cost effective. The revised modular unit may then be used to replace another modular unit that may need
maintenance. The modular unit may be connected to the tower e.g. by bolting, screwing or other connection means.

[0019] The coupling between the nacelle and the tower may be of the soft yaw type. By adjusting the yaw angle, the wind turbine
blades may be oriented more in the wind direction in order to more optimally benefit from the wind. By using a soft yaw coupling,
the nacelle with wind turbine blades may follow the wind direction relatively passively. The yaw motors may be used rather
sparsely, which may lead to less power consumption by the yaw motors and less wear and tear of the yaw motors. The yaw
motors instead may provide damping for smooth operation and may reduce loads and/or oscillation in the tower structure. Thus,
relatively expensive yaw brakes may be omitted.

[0020] Further, the blades may be arranged on the tower in a downwind configuration with respect to the tower. When the blades
are part of the modular unit, together with the nacelle, the configuration of the modular unit may be such that, when installed, the
blades have a downwind configuration with respect to the tower. In a downwind configuration, the blades are behind the tower with
respect to the wind direction, so that the wind may first meet the tower and nacelle and then the blades.

[0021] The wind turbine tower may comprise a truss tower which may for example be anchored directly to the seabed. A truss
tower may also be known as a lattice tower and/or a jacket. Typically, a truss tower may comprise slender truss members that are
connected at joints, usually by welding. A truss tower may be anchored to the seabed by for example foundation piles, or a gravity
based structure.

[0022] Further, the blades may be of the soft blade type. Wind turbine blades of the soft blade type may also be known as
flexible blades or flex-blades. In a downwind configuration, soft blades may be used. Soft blades may bend at higher wind speeds.
In a downwind configuration, there may be less risk that the soft blades sweep against the tower in case of sudden reduction of
wind speed. Soft blades may be constructed relatively light and may reduce the forces directed to the tower construction,
because soft blades may absorb part of the load, which may result in a lighter tower construction.

[0023] Also, the blades may be of the active stall type. By providing blades of the active stall type, the blade design can become
relatively simple. At too high a wind speed, a blade of the active stall type may increase its angle of attack in order to create a
stalled condition of the blade, thereby preventing too high a load on the nacelle and/or tower. Due to the active stall
characteristics of the blades, a pitch control system may be programmed such that the time interval for adjusting the pitch angle
of the blades may become larger, thus reducing possible wear and tear of the pitch adjustment system. By adjusting the pitch
angle of the blades, more optimal use may be made of the active stall characteristics of the blades. By providing blades of the
active stall type, the power output of the wind turbine may be controlled more accurately, so as to avoid overshooting the rated
power of the wind turbine at the beginning of e.g. a gust of wind. Also, the wind turbine may produce approximately at or about
rated power at most high wind speeds. In particular, in combination with a downwind configuration and a flexible blade, a blade of
the active stall type may be advantageous since the blade may not sweep back against the tower in case of very high wind
speeds and/or sudden loss or reduction of wind speed.
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[0024] In an advantageous embodiment, each wind turbine of the group of similar wind turbines may be provided with two blades.
Providing two blades may reduce the manufacturing costs, but may also reduce the transport costs. Transporting two blades
instead of e.g. three blades to a remote location may be more cost effective. Also, transport, mounting and/or demounting of a
modular unit comprising a nacelle and two blades may be relatively simpler and/or less time consuming.

[0025] Further, the invention also relates to a wind turbine for use in a wind turbine park.

Example

[0026] It is noted that the drawings are only diagrammatic and schematic representations of an embodiment of the invention. The
embodiment is given by way of non-limiting example. In the figures, the same or corresponding parts are represented with the
same reference numerals.

[0027] Fig. 1 illustrates a wind turbine park 1 comprising a group 2 of similar wind turbines 3. The group 2 here comprises two
similar wind turbines 3. In this embodiment the group 2 of wind turbines is the same as the wind turbine park 1, however, a wind
turbine park 1 may also comprise a plurality of groups 2 of wind turbines. The wind turbines 3 of the group 2 of wind turbines are
preferably similar, i.e. the wind turbines may have the same or more or less the same tower, nacelle, blades and/or other
components.

[0028] The wind turbines 3 are schematically illustrated by blades 4, a gearbox 5 and a generator 6. The gearbox 5 and
generator 6 are housed in a nacelle 7, as shown in Fig. 2 and Fig. 3.

[0029] The generator 6 may be a high voltage asynchronous generator, producing electricity at a relatively high voltage.
Preferably, the voltage is higher than approximately 1 kV and more preferably the voltage is between approximately 5 kV and
approximately 15 kV. The asynchronous generator 6 may for example produce electricity at approximately 10 kV. The gearbox 5
may convert the high torque power from the blades 4 to a low torque power for the generator 6. The gearbox may also be
omitted, and gearbox-less solutions may be provided in the nacelle 7 of the wind turbines 3, such as e.g. a direct drive generator.
The asynchronous generator 6 may produce electricity in an alternating current mode.

[0030] The generator 6 operates in the nacelle 7 in an ambient environment, i.e. there is no climate control system for the
nacelle 7. Possibly, components in the nacelle 7 may need their own individual climate control, but this may be arranged in the
component itself and not in the whole nacelle.

[0031] As can be seen in Fig. 1 and Fig. 3, the wind turbine 3 is transformerless, i.e. there is no transformer in or near the wind
turbine. There is only provided a central transformer 9. The high voltage electricity produced by the asynchronous generator 6 is
delivered directly to a local electricity grid 8. The electricity of the local electricity grid 8 therefore may have approximately the
same voltage as the electricity produced by the generator 6.

[0032] In Fig. 1 it is illustrated that the group 2 of wind turbines 3 has one central transformer 9 for transforming the voltage of
the electricity of the local electricity grid to a higher voltage for transport over a large distance.

[0033] For transport over a large distance an HYDC-system may be used, which transports electricity at a relatively high voltage
in a direct current mode, as shown in Fig. 1. The HYDC-system 10 comprises two substations 11 and 12, of which the substation
11 may be located offshore near the wind turbine park and the substation 12 may be located onshore for connection to e.g. a
public electricity grid. Between the offshore substation 11 and the onshore substation 12 there is usually a large distance,
approximately 30 km or more. The HVDC-system transports electricity over a relatively large distance in a direct current mode at a
relatively high voltage, approximately 100 kV or higher. The electricity produced by the wind turbines 3 is usually in an alternating
current mode, therefore the offshore substation 11 usually comprises an ACDC-converter to convert the produced electricity from
an alternating current mode to a direct current mode.

[0034] In Fig. 1 there is schematically shown a central control unit 13. The control unit 13 is central to the group 2 of wind
turbines for optimizing the electricity production of the group 2 of wind turbines. The central control unit 13 uses individual wind
turbine parameters to adjust the local grid frequency. For adjusting the local grid frequency, use may be made of the offshore
substation 11. At each wind turbine 3 wind turbine parameters may be measured and collected by the control unit 13. The control
unit 13 then processes these data to calculate a local grid frequency that may be optimal to the collected data. The asynchronous
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generator 6 of the wind turbines 3 acts like a 'slave' to the local electricity grid 8 and follows the frequency of the local electricity
grid 8 adjusted by the central control unit 13. The electricity production by the group 2 of wind turbines may thus be optimized.

[0035] Fig. 2 illustrates a wind turbine 3 comprising a tower 14, a nacelle 7 and blades 4. The tower 14 in this embodiment is a
truss tower which may be anchored to the sea bed. The wind turbine 3 shown in Fig. 2 has two blades 4. The blades 4 are
arranged in a downwind configuration with respect to the wind direction on the tower. The blades 4 are then behind the tower
when viewed in the direction of the wind. The blades 4 may be of the soft blade type and/or of the active stall type. The soft blade
type is relatively flexible and may reduce the loads on the tower because of a high load absorption capacity due to the flexible
design. The blades 4 may be of relatively flexible designs, so that when arranged in a downwind configuration, they will not tend to
sweep back against the tower in case of a sudden loss of wind for example. The blades 4 may also be of the active stall type.

[0036] In Fig. 3 it is illustrated that the nacelle 7 and the blades 4 are connected to the tower 14 as a modular unit. Preferably,
bolts may be used as connection means, but other connection means are also possible, such as screws.

[0037] Fig. 3 shows yaw motors 15, which may be used as damping units due to the soft yaw coupling between the nacelle with
wind turbine blades and the tower. The nacelle and blades follow the wind direction relatively passively, thereby adjusting the yaw
angle relatively smoothly. The yaw motors may then provide damping for a smooth adjustment of the yaw angle.

[0038] It should be noted that the above-described embodiment illustrates rather than limits the invention, and various
alternatives are possible without departing from the scope of the appended claims.
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Patentkrav

1. Vindmellepark (1) omfattende en gruppe (2) af tilsvarende vindmeller (3), hvor hver
vindmelle (3) omfatter et tarn (14), der baerer en nacelle (7) med et antal vinger (4), hvor hver individuel
vindmelle (3) er uden transformer og omfatter en asynkron hegjspendingsgenerator (6) til produktion af
elektricitet i en vekselstramsmodus, hvor vindmelleparken (1) omfatter en transformer (9) midt i en
gruppe af tilsvarende transformerfrie vindmeller (3) til omdannelse af den producerede elektricitet til en
hgjere spaending, en central styreenhed (13) til optimering af elektricitetsproduktion fra gruppen af
tilsvarende transformerfrie vindmeller (3) og et HVDC-system (10) til transport af den producerede
elektricitet i en jevnstromsmodus til et offentligt elektricitetsnet, kendetegnet ved, at den endvidere
omfatter en omformer midt i en gruppe (2) af tilsvarende transformerfrie vindmeller (3) til omdannelse

af frekvensen af den producerede elektricitet.

2. Vindmellepark ifelge krav 1, hvor HVDC-systemet (10) omfatter to understationer (11, 12), en
offshore-understation (11), der er forbundet med vindmelleparkens elektricitetsnet, og en onshore-
understation (12), der er forbundet med det offentlige elektricitetsnet (12), hvor en ACDC-omformer er

tilvejebragt pa offshore-understationen (11).

3. Vindmellepark ifelge krav 1, hvor styreenheden (13) er konfigureret til at justere frekvensen af
et elektricitetsnet (8) for gruppen af tilsvarende transformerfrie vindmeller (3) ved anvendelse af

individuelle vindmelleparametre.

4. Vindmellepark ifelge krav 2 eller krav 3, hvor nacellen (7) og vingerne (4) er tilvejebragt som

en modulenhed til montering og afmontering pé tarnet (14) af en vindmelle (3).

5. Vindmellepark ifolge et hvilket som helst af de foregdende krav, hvor vingerne (4) er placeret pa

tarnet (14) af en vindmelle (3) 1 en medvindskonfiguration i forhold til tdrnet (14).

6. Vindmellepark ifelge et hvilket som helst af de foregdende krav, hvor vingerne (4) pa en

vindmelle (3) er af den blede vingetype.

7. Vindmellepark ifolge et hvilket som helst af de foregdende krav, hvor hver vindmelle (3)

omfatter to vinger (4).

8. Vindmellepark ifolge et hvilket som helst af de foregdende krav, hvor tarnet (14) af en vindmelle

(3) omfatter et gittertarn.

9. Vindmellepark ifelge et hvilket som helst af de foregdende krav, hvor koblingen mellem nacellen

(7) og térnet (14) er af den blade giringstype.

10. Vindmellepark ifglge et hvilket som helst af de foregéende krav, hvor nacellen (7) er konfigureret
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til drift af hejspandingsgeneratoren (6) i et omgivende luftmiljo ved at udelade et nacelle-

klimatiseringssystem.

11. Vindmellepark ifolge et hvilket som helst af de foregdende krav, hvor nacellen (7) af en
vindmelle (3) endvidere er forsynet med en gearkasse (5), der er placeret mellem vingerne (4) og

hgjspaendingsgeneratoren (6).

12. Vindmellepark ifslge et hvilket som helst af de foregdende krav, hvor vingerne (4) af en

vindmelle (3) er af den aktive stall-type.

13. Vindmellepark ifolge et hvilket som helst af de foregdende krav, hvor hgjspendingsgeneratoren

(6) genererer elektricitet med en spaending, der er hgjere end ca. 1 kV.

14. Vindmellepark ifelge krav 13, hvor hgjspandingsgeneratoren (6) genererer elektricitet med en

spending mellem ca. 5 kV og ca. 15 kV.
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FIG. 3
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