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A VARJABLE ROTOR SPEED WIND TURBINE, WIND PARK., METHOD OF TRANSMITTING
ELECTRIC POWER AND METHOD OF SERVICING OR INSPECTING A VARIABLE ROTOR

SPEED WIND TURBINE.

Background of the invention

The invention relates to a variable rotor speed wind turbine as specified in the
preamble of claim 1, a wind park and a method of transmitting electric power to a
utility grid from a variable rotor speed wind turbine as well as a method of servicing

or inspecting a variable rotor speed wind turbine.

Description of the Related Art

A wind turbine known in the art typically comprises a wind turbine tower and a wind
turbine nacelle positioned on top of the tower. A wind turbine rotor, comprising three
wind turbine blades, is connected to an AC generator in the nacelle, as illustrated on
figure 1. The AC generator is usually connected to an AC utility grid through a

utility step up transformer.

However, the AC generator may also be part of a variable rotor speed wind turbine
and consequently be connected to the utility grid through a power electronic

converter.

Wind turbines have over the last decade evolved from small and simple power
generating units with almost no impact on the utility grid to advanced miniature
power plants with substantial penetration into the utility grids. As a consequence, the
requirements to the performance and characteristics of the wind turbine and
especially the power components are getting more and more significant and

restrictive.

CONFIRMATION COPY
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Most of the power components of a previous generation wind turbine have to be
redesigned in order to cope with higher AC power ratings which results in an

increasing development time for each next generation wind turbines.

From JP-A 2003-88190 it is known a variable rotor speed wind turbine with an AC
generator connected to a utility grid through a power electronic converter. The
Japanese document suggests to use a transformer in conjunction with the power
electronic converter to dynamically raise the generated voltage output of the
generator when the wind speed drops below a limit which normally indicates that the
wind turbine must be disconnected from a utility grid because of low generator

voltage i.e. the ratio of the transformer is subsequently changed a-way from unity.

Further, it is known to use conversion from the initially described type of wind
turbine’s AC powrer into high voltage DC. DC power transmission provides certain
advantages over long distances e.g. a subsea cable from an offshore wind farm to the

shore.

An object of the present invention is to establish technologry which meets the
requirements to modern wind turbines and especially the powex components of the

wind turbines establishing an electric AC power to be transmitted into a utility grid.
A further object of the present invention is to establish technology which allows the
power components to be chosen more freely and especially withh more freedom from

the common restrictions between the power components.

An even further object of the present invention is to establish wind turbine system

which in some aspect may be inspected and maintained while still being in operation.

The invention
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The invention provides for a variable rotor speed wind turbine transmitting electric
power to arx AC utility grid wherein said wind turbine furthex comprises at least one
nominal output value transformer for transforming at least orne nominal output value
of said generator to at least one different nominal input value of said at least one

power electronic converter unit.

Hereby it is possible to establish technology which meets the requirements to
especially the power components of the wind turbines establishing an electric AC
power to be transmitted into a utility grid. The transformation allows the power
components to be chosen more freely and the common restrictions between the

components may largely be avoided.

Further, power components such as the generator and power electronic converter
may be chosen optimally in individual ratings and locations. The higher freedom in
ratings and locations allows a more reliable, maintainable and serviceable wind

turbine to be established.

The term “mominal value” should be uraderstood as the ratin g and/or number of the

power component as given by the manufacturer.

The term <“‘power component” should be understood as any electric component
associated -with power generation in the wind turbine e.g. the AC generator, the

power electronic converter units, switchgear and any transforrmer.

In an aspect of the invention, said AC generator is a lhigh voltage polyphase
synchronouxs or asynchronous AC generator e.g. an AC gener-ator with M times three
phases. The high voltage output from the AC generator reduces the losses in the

cable connection of the generator to the nominal output value transformer.
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The use of a synchronous AC generator establishes an effi cient power generation
system, and the use of an asymchronous or induction AC generator establishes a

simpler and more robust power generation system.

In aspects of the invention, said AC generator is a synchronouls generator magnetised
electrically or by permanent magnets. Hereby, it is possible to establish an efficient
(including an economical) and reliable power generation sy stem e.g. in connection

with a passive rectifier in the gemnerator side of the power electronic converter unit.

In an aspect of the invention, said AC generator is a low-speed, high pole-number
synchronous generator. Hereby, it is possible to avoid a gear in the wind turbine i.c.

minimizing the number of mech.anical components in the wind turbine.

In an aspect of the invention, said AC generator is connected to said at least one
power electronic converter unit through said nominal output value transformer.

Hereby is an advantageous embodiment of the invention achieved.

In an aspect of the invention, said at least one power electronic converter unit include
more than one unit. Hereby it is possible to create a modulax and redundant parallel
construction wherein one failed unit may be replaced as a form of N-1 operation
without disconnecting or stopping the wind turbine. Further, inspection and
maintenance of a unit may also be performed while the other units continue their
normal functionality. Consequently, a wind turbine with a high availability may be

established as the power electronic converter is a less critical component.

In an aspect of the invention, said more than one power electronic converter unit all
have the same nominal values and/or are of the same type. Hereby, it is possible to
enhance the serviceability of the wind turbine and especially diminish the storage

number of necessary spate parts.
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In an aspect of the invention, said nominal output value transformer comprises a
fixed transformation ratio. Hereby is an advantageous exmbodiment of the invention

achieved.

In an aspect of the invention, said nominal output values transformer transforms the
nominal generator voltage rating and/or number of phases. Hereby it is possible to

use the different power components at their optimal valuess without restrictions.

In an aspect of the invention, said nominal output valuie transformer transforms a
nominal voltage output value of the AC generator to a different nominal voltage
input value of said at least one power electronic converter unit. Hereby it is possible
to use the different power components at their optirmal voltage values without

restrictions including in the acceptable distances between. the components.

In an aspect of the invention, said nominal output value transformer transforms a
high voltage to a lower voltage e.g. from a value rangings beyond 3.300 Volt AC to a
value less than 3.300 Volt AC of a power electronic coraverter unit such as a higher
voltage between 3.300 and 15.000 Volt of the AC gemnerator and a lower voltage

between 690 and 3.300 Volt per power electronic converter unit.

In a further aspect of the invention, said high voltage is chosen between the values
of: 3.300, 4.160, 6.600, 10.000, 11.000 and 13.200 Volt, and said lower voltage is
chosen between values of 690, 1.000, 2.200 and 3.300 Volt per power electronic

converter unit.

The high voltage of the AC generator and the lower v-oltage per power electronic
converter unit are advantageously matched such as 3.300/690 and 13.200/3.300 (AC
generator voltage/voltage of the power electronic comverter unit). The matched
values are preferably the lowest AC generator voltages to the lowest voltage of the

power electronic converter unit and vice versa. However, any relevant combinations
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of the mentioned AC generator voltage/voltage of the power electronic converter unit

values are possible.

The lower voltage level in the power electronic converter enables the converter
designer to overcome the limits of present power semiconductor technology. The
designer is especially allowed to use power semiconductors with lower nominal
voltage ratings instead of high voltage power semiconductors which are priced
significantly higher. The serviceability of the power electronic converter units are

also enhanced as the safety requirements are less rigorous at lower woltage levels.

In an aspect of the invention, said nominal output value transfoxmer transforms a
number of phases of the AC generator to a different number of pha ses of said at least
one power electronic converter unit. The converter designer is allowed to reduce the
content of harmonics in the power delivered to the AC generator by the different
number of phases. The harmonics may be reduced or cancelled by a carefully

selected angular displacement between the transformer phase windings.

In an aspect of the invention, said at least one power electronic c onverter unit is at
least one AC-DC-AC converter. Hereby is an advantageous ermbodiment of the

invention achieved.

In aspects of the invention, said at least one power electronic converter unit is
connected to the utility grid through at least one utility grid transformer and said at
least one utility grid transformer transforms the output voltage and/or number of

phases of said at least one converter unit to the utility grid.

The transformation allows the components of the power electronic converter units to
be chosen more freely and the wind turbine may thus be connected. to a utility grid of

a given high voltage value without restrictions.
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The number of utility grid transformer phases may be used to reduce the content of
harmonics in the power delivered to the utility grid by a carefully selected angular

displacement between the phases.

In an aspect of the invention, said nominal output value transformer transforms three
phases of the AC generator to a three phases of the utility grid through at deast two
parallel three-phase power electronic converter units such as three three-pha se power
electronic converter units. Paralleling of a plurality of power electronic converter
units makes the power electronic converter highly redundant and allows service
during operation at reduced power in case one power electronic converter uruit should

fail.

In an aspect of the invention, said nominal output value transformer transforms M
times three phases of the AC generator to three phases of the utility grid tharough at
least two parallel three phase power electronic converter units, such as a nine-phase
AC generator to three three-phase power electronic converter units. Hereby it is
possible with the number of phases to reduce or avoid harmonics in the genesrator and

consequently achieve a higher torque density in the generator.

The phrase “parallel ... power electronic converter units” is to be undewxrstood as
power electronic converter units connected directly in parallel or conraected in

parallel through winding connections of one or more transformers.

In aspects of the invention, the connection between the AC generator and said
nominal output value transformer comprises a minimum cable or busbar distance
enabling the connection to extend out of the nacelle and at least said at least one
power electronic converter unit is positioned outside the nacelle. The locatE on of the
power electronic converter unit outside the nacelle, gives a substantially recluction in
weight and size of the nacelle and thus a reduction in the costs of aassembly.

Removing the power electronic converter from the nacelle allows the maraufacturer



10

15

20

25

30

WO 2007/003183 PCT/DK2005/000455

to produce the wind turbine itself independent of local grid conditioms as the layout

of the nacelle is unaffected by changes in the electrical system.

In an aspect of the invention, at least said at least one power electronic converter unit
is positioned in the tower of the wind turbine e.g. at a lower part of the tower such as
at or in proximity of the tower foundation. The width of the tower at the foundation

allows easy installation of the power electronic converter units.

In an aspect of the invention, at least said at least one power electronic converter unit
is located outside the nacelle and tower of the wind turbine. Hereby, it is possible to
locate the power electronic converter units in a separate place on the ground with an
optimized environment for the units e.g. a place with more space and better climate
control. Further, the ground location may reduce the price of the transformer and the
power electronic converter units because these power components d.o not need the

same mechanical stability as if they were placed in the nacelle.

The separate place also enhances the serviceability of the wind tuxbine by being

easier to access by service personnel.

It shall be emphasised that other places outside the nacelle may be chosen for the
relevant power components beyond the abovementioned places. The power
components may for example be positioned or suspended on the outside surface of

the nacelle or on the tower surface above ground level.

In an aspect of the invention, the organization and location of the power electronic
converter umnits enables redundancy in said wind turbine by N-1 operation. The
established wind turbine is thus more reliable, maintainable and serviceable as the N-
1 converter units may continue to transfer power while the last unit is being

inspected, maintained or replaced if it has malfunctioned.
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In an aspect of the invention, each of said at least ome power electronic converter unit
includes switchgear such as first switchgear in the connection before each unit and
second switchgear in the connection after each unit. Hereby it is possible to inspect,
maintain or replace the unit if it has malfunctioned while any remaining units may
continue to transfer power. The nominal output value transformer and utility grid
transformmer may allow the use of lower voltage switchgear in relation to the AC
generator and the utility grid. Consequently, inspection, maintenance or replacement
of the power electronic converter units may be performed by workers under less

rigorous precautionary measure.

In an aspect of the invention, at least one nominal output value transformer, at least
one power electronic converter unit and at least ome utility grid transformer form a
power module. Each power module may be manufactured and delivered to the site of
the wind turbine in one single container custom made to fit the local utility grid

conditions.

In a further aspect of the invention, the number (N) of power electronic converter
units is between 2 and 10 parallel units. Hereby, it is possible to establish redundancy
in said wind turbine by N-1 operation as well as control of transmitted power per

power electronic converter unit.

The invention also relates to a wind park such as an offshore wind park, said park
comprising at least two variable rotor speed wind turbines according to any of claims
1 to 26 and in an aspect, power electronic converter units of different wind turbines
are located in a common housing. The central housing of power electronic converter
units further enhances the serviceability of the wixad turbine by being easy to access

by service personnel.

The invention also relates to a method of transmitting electric power to an AC utility

grid from a variable rotor speed wind turbine, sai<d method comprising the steps of:
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generating AC power with at least one AC generator, transforming at least one
nominal value of said AC generator to at least one different nominal input value of at
least one power electronic converter unit with at least one nominal output value
transformer, and converting the power to said A C utility grid with said at least one

power electronic converter unit.

In aspects of the invention, at least one of said at 1east one power electronic converter
unit is connected or disconnected with switchgear, and the transmitted power per unit
of the remaining power electronic converter units is controlled e.g. controlled to a
value close to a nominal power rating of said unit. Hereby it is possible to inspect or
service a disconnected unit and maintain transmission of power from the xemaining
power electronic converter units e.g. by units controlled to a value close to a nominal

power rating of the units.

The invention also relates to a of servicing or inspecting a variable rotor syppeed wind
turbine transmitting electric AC power to a utility grid, said method comporising the
steps of: transforming at least one nominal value of said AC generator to a't least one
different nominal input value of at least two pow~er electronic converter units with at
least one nominal output value transformer, transforming at least one nomuinal value
of said at least two power electronic converter units with at least one wtility grid
transformer, disconnecting one converter unit umder servicing or inspection of said
unit from the nominal output value and utility grid transformers with switchgear, and
operating the remaining umits of the wind turbine in N-1 operation. Hexeby is an
advantageous embodiment of the invention obtained in relation to sexvicing or

inspecting a variable rotor speed wind turbine.

Figures

The invention will be described in the following with reference to the figures in
which
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11

illustrates a large modern wind turbine,

illustrates the AC generator of the wind turbine connected to power

compponents placed outside the nacelle according to the invention,

illustrates the wind turbine of the invention with an accompanying

curve showing the nominal volttage transformation,

illustrates the wind turbine of the invention with an accompanying

curve showing the number of phase transformation, and

illustrates schematically the wtility grid connection of the wind

turbine according to the invention,

illustrates schematically a first preferred embodiment of the wind

turbine including a plurality of power electronic conver-ter units,

illustrates schematically a second preferred embodiment of the
wind turbine including a mmulti-phase nominal output value

transformer,

illustrates schematically a third preferred embodiment of the wind

turbine including a multi-phase utility grid transformer .,

illustrates in more details a preferred embodiment of the wind

turbine according to the invention, and

illustrates a fourth preferred embodiment including & plurality of

wind turbines with power mod-ules in a common housizg.
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Detailed description

Fig. 1 illustrates a modern variable rotor speed wind turbine 1 with a tower 2 and a
wind turbine nacelle 3 positioned on top of the tower. The wind tuxbine rotor 4,
comprising three wind turbine blades 5, is connected to at least one AC generator

located in the nacelle 3 through a shaft that extends out of the nacelle front.

As illustrated in the figure, wind beyond a certain level will activate the wind turbine
rotor due to the lift induced on the blades and allow it to rotate in a perpendicular

direction to the wind.

The rotation movement is converted to electric power in the AC generator. From the
AC generator in the nacelle 3 the electric power is fed trough a po~wer electronic
converter and transmitted to a utility grid. The wind turbine may be a full scale or

double fed converter type of wind turbine with or without a gear.

The power generation in the wind turbine may be performed with more than one AC

generator such as between two and four A C generators.

Fig. 2 illustrates the invention wherein the AC generator 7 of the wirad turbine 1 is
connected to a number of further power components. The power comp-onents include
a nominal output value transformer 10 and at least one power electronic converter
unit 11 including switchgear. The transformer 10 may for example transform a
nominal voltage or number of phases of the AC generator 7 to a different nominal

voltage or number of phases of the power electronic converter unit or wnits 11.

The figure also illustrates that the power electronic converter unit is connected to the

utility grid 13 through a utility grid transformer 12. The utility grid transformer may
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for example transform a nominal v-oltage or number of phases of the pow~er electronic

converter unit to a different nomin al voltage or number of phases of the wutility grid.

The figure further illustrates three distances in between the wind turbime 1 and the

utility grid 13.

The first distance, distance I, is the distance between the AC generator of the nacelle
3 and the primary windings of the nominal output value transformer 10. The first
distance is a minimum cable or busbar distance which at least extends out of the

nacelle 3.

The second distance, distance II, is the distance between the secondary- windings of
the nominal output value transforrmer 10 and the primary windings of thie utility grid

transformer 12.

The third distance, distance II1, is the distance between the secondary windings of the

utility grid transformer 12 and the utility grid 13.

The second distance is usually the shorter distance as the voltage wating of the

distance is lower than the first distance and/or the third distance.

Fig. 3 illustrates the wind turbine 1 with an accompanying curve showing the
nominal voltage transformation over the distance of the wind twrbine power
components. The curve illustrates the changing nominal voltage levels of the power
components from the AC generator 7 to connection point of the wind turbine on the

utility grid 13.

The nominal voltage value of the AC generator 7 may be in the range of 3.300 to
15.000 Volt AC e.g. 3.300, 4.160, 6.600, 10.000, 11.000 or 13.200 Volt in a

preferred embodiment.
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The nominal voltage value of the power electronic converter umits may be less than
3.300 Volt AC e.g. in a range of approximately 690 to 3.300 V olt AC in a preferred
embodiment such as 690, 1.000, 2.200 or 3.300 Volt per power electronic converter

unit.

The nominal voltage value of the utility grid may be in the ramage from 10 to 36kV
AC such as 10 kV, 11 kV, 20 kV, 22 kV, 24 kV, 30 kV, 33KV or 36kV AC at a
utility grid frequency of 50 or 60 Hz.

Consequently, the curve initially shows the AC generator voltage, a voltage step
down at the converter unit to a final voltage step up at the wind turbine connection to

the utility grid.

Fig. 4 illustrates the wind turbine 1 with an accompanying curve showing the number
of phases transformation over the distance of the wind turbine. The curve illustrates
the changing number of phases of the power components from the AC generator 7 to

the utility grid 13.

The phase number of the AC generator 7 is at least three e.g. three or nine phases in a

preferred embodiment.

The phase number of the power electronic converter units is three phases per unit in a

preferred embodiment.

The phase number of the utility grid is usually three phases, but could be two times
three phases.

Fig. 5 illustrates schematically the utility grid connection of the wind turbine

according to the invention.
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The power components are illustrated with the AC generator 7 of the wind turbine
being connected to the nominal output value transformer 10 and a power electronic
converter uinit 11. The power electronic converter unit 11 is connected to the utility

grid 13 through the utility grid transformer 12.

The power electronic converter unit 11 is illustrated as a plurality of parallel power
electronic converter units (11a, 11b, ..., 11N) i.e. at least two units. Each unit is

further illustrated as comprising switchgear.

The figure further illustrates high voltage switchgear 25a, 25b at the AC generator 7
and the utility grid 13 e.g. to enable disconnectiora of the AC generator or the utility
grid.

Fig. 6 illustrates schematically a first preferred embodiment of the wind turbine

including a plurality of power electronic converter units 11.

The number of power electronic converter units 1 1a, 11b is schematically illustrated
as two parallel units each including switchgear 19a, 19b and common connections to
the nominal output value transformer 10 and utilits/ grid transformer 12, respectively.
The first switchgear 19a of a unit is located in the connection to the nominal output
value transformer 10 and may connect or disconmect the unit from the transformer
10. The second switchgear 19b is located in the commnection from the unit to the utility
grid transformer 12 and may connect or disconnect the unit from the transformer 12.
The switchgear 19a, 19b allow each power electronic converter unit 11a, 11b to be
electrically” connected to or disconnected from thes other power components and thus
establish or terminate the power transmission through the power electronic converter

unit.
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The transformers are connected to the AC generator 7 and the utility grid 13. The
connection distance between the AC generator 7 and nominal output value

transformer 10 is illustrated as significant e.g. at least beyond the nacelle limits.

Further parallel power electronic converter units may be used e.g. to enhance the
redundancy of the converter systerm as well as to limit the power rating of each unit.
The number of parallel converter units may for example be between 2 and 10

wherein the units together establishies the same power rating as one large converter.

Even further, the parallel convertexr units may be connected and disconnected in ord er

to enhance the utilization of each tnit in relation to the power rating of the unit.

Fig. 7 illustrates schematically a second preferred embodiment of the wind turbime

including a multi-phase nominal output value transformer 10.

The number of primary windings of the transformer is schematically illusirated as
three three-phase windings transforming the AC power to two three-phase secondary
windings on the power electromnic converter side. Each secondary winding is
connected to a power electronic converter unit with independent connections. The
two parallel units 11a, 11b have a common connection to the utility grid transform er

12 as illustrated in fig. 6.

Different combinations and numbers of transformer windings may be used e.g. to

reduce the harmonic content in po-wer supplied to the utility grid.

Fig. 8 illustrates schematically a third preferred embodiment of the wind turbime

including a multi-phase utility grid transformer.

The number of primary windings of the transformer is schematically illustrated as

two three-phase windings transforming the AC power to three three-phase secondary
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windings. Each primary winding is connected to a power electronic converter unit
with indeperndent connections. Each secondary winding is conmected to the utility
grid 13 e.g. ‘with a magnetic configuration to obtain angular di splacement between

phases.

As mentioned above, further parallel power electronic convertex units may be used
e.g. to enhance the redundancy of the converter system as well &s to limit the power

rating of each unit.

Fig. 9 illustrates in more details a preferred embodiment of the invention including
the coupling. of the AC generator 7, the first transformer 10, the power electronic

converter units 11 and the utility grid transformer 12.

The AC generator 7 may be an eight-pole, three times three-phase high voltage
squirrel cage induction generator, but could also be another number or type of

generator e.. at least two induction generators.

The power electronic converter unit 11 is subdivided in three parallel AC/DC/AC
three-phase power electronic coriverter units, to process the generated power, each
power electronic converter unit having a generator side active rectifier 21a, a DC link

and a utility grid side inverter 21b.

The nine phases from the AC generator is by means of the cable 14 connected to
separate sets of windings on the primary side of the nominal output value transformer
10. The secondary side of the tramsformer 10 is connected to the generator side of the

three parallel three-phase power electronic converter units 11.

The primary” side of the transformer has nine phases obtained by a proper angular

displacement of the primary winding sets.
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On the secondary side of the transforrmer, three three-phase AC/DC/AC converter

power units are used to process the generated power.

In another preferred embodiment the 9 phase AC generator is replaced by a 3 phase
AC generator with corresponding nurmber of phases on the pxrimary side of the

nominal output value transformer 10.

Fig. 10 il1ustrates fourth preferred embodiment including a plurality of wind turbines

with power modules in a common housing.

Each wind turbine is constructed as described above with the pow er components: An
AC generator 7, a nominal output valuie transformer 10, power electronic converter
units 11, and a utility grid transformer 12. Every power component of the wind
turbine beyond the generator is positioned in proximity of each other as a power
module 21a and preferably together writh similar power module 21b of other wind
turbines in a common housing 23. The wind turbines and the cormmon housing may

be part of a wind park 24 transmitting AC power to the utility grid 13.

The invention has been exemplified above with reference to specific examples.
However, it should be understood that the invention is not limited to the particular
examples described above but may be used in connection with a wide variety of
applications including applications comprising different coxmbinations of the

illustrated embodiments.
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)

10.

11.
11x.
12.
13.
14.

15.

16.

17.

18.
19x.

19

Variable rotor speed wind turbine

Wind turbine tower

Wind turbine nacell € including an AC gemerator

Wind turbine hub

Wind turbine rotor with a wind turbine hwb and a number of wwind turbine
blades

Rotating blades

AC generator

Power electronic converter

Nominal output value transformer for transforming at least One nominal
output rating value or number of the AC generator to at least one
different nominal imput rating value or ntamber of the converter unit
Power electronic converter and switchgear unit

Power electronic converter and switchgear units

Utility grid transformer

Utility grid

Connection between the AC generator and the nominal output value
transformer

Nominal output value transformer for transforming the nominal voltage
output rating of the AC generator to a different voltage input rating of the
power electronic converter unit

Connection between the nominal output value transformer arad the power
electronic convertexr unit

Connection between the power electronic converter unit @and the AC
utility grid transformmer

Connection between the utility grid transsformer and the AC wtility grid
Switchgear for connecting/disconnecting power electronic converter

units
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21a, 21b.

22,
22x.
23.
24.

25a,25b.

n.

M.

N.

Ugrid
Uconverter

Ugenerator

Yowd

20

Nomin.al output value transformer for transforming a phase number of
the AC generator to a different phase number of the power electronic
converter unit

Generator side passive or active rectifier, DC link and utility grid side
inverter of the power electronic converter unit

Power module

Power modules

Housing for power modules

Wind park

High v oltage switchgear such as AC generator and utility grid switchgeax
Phase mumber

Integer value

Number of power electronic converter and switchgear units

Nomirxal utility grid voltage

Nominal voltage of the power electronic converter unit

Nominal voltage of the AC generator

PCT/DK2005/000455
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Claims

1. A variable rotor speed wind turbine (1) transmuitting electric AC power to a tility

grid (13), said wind turbine comprising

at least one AC generator (7), and

at least one power electronic converter unit (11),

characterised in that

said wind turbine further comprises at least one nominal output value transformer
(10, 15, 20) for transforming at least one nomina 1 output value of said generatox to at
least one different nominal input value of said at least one power electronic con-verter

unit.

2. A variable rotor speed wind turbine (1) according to claim 1 characterised
in that said AC generator (7) is a polyphas e synchronous or asynchronouis AC

generator.

3. A variable rotor speed wind turbine (1) accordling to claim2 characterised
in that said AC generator (7) is a synchronous generator magnetised electxrically

or by permanent magnets.

4, A variable rotor speed wind turbine (1) according to claim 2 or 3
characterised in that said AC generator (7) is a low-speed, high. pole-

number synchronous generator.

5. A variable rotor speed wind turbine (1) accorcling to any of the proceeding <laims

characterised in that said AC generator is connected to said at least one

PCT/DK2005/000455
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power electronic converter unit (10) through said nominal output value transformer

(10, 15, 20).

6. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that said at least one power electronic converter unit

(11) include more than one unit (11a, 11b).

7. A variable rotor speed wind turbine (1) according to claim 6 chara cterised
in that said more than one power electronic converter unit (11a, 1 1b) have the

same nominal ratings or number and/or are of the same type.

8. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that said nominal output value transformex (10, 15, 20)

comprises a fixed transformation ratio.

9. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that said nominal output value transformex (10, 15, 20)

transforms the nominal generator voltage and/or number of phases.

10. A variable rotor speed wind turbine (1) according to claim 9
characterised in that said nominal output value transformer (15)
transforms a nominal voltage output value of the AC generator (7) to a different

nominal voltage input value of said at least one power electronic converter unit (11).

11. A variable rotor speed wind turbine (1) according to claim 10
characterised in that said nominal output value transformer (15)
transforms a high voltage to a lower voltage e.g. from a value ranging bbeyond 3.300
Volt AC to a value less than 3.300 Volt AC such as a high voltage between 5.000
and 15.000 Volt of the AC generator and a lower voltage between 690 and 3.300

Volt per power electronic converter unit (11a, 11b, 11N).
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12. A variable rotor speed wind turbine (1) according to claim 11

charact erised in that said high voltage is chosen between the values of:

3.300, 4.160, 6.600, 10.000, 11.000 and 13.200 Volt, and said lower voltage is

chosen betvween values of

690, 1.000, 2.200 and 3.300 Volt per power electronic converter unit.

13. A variable rotor speed wind turbine (1) according to any of the proceeding claims
charact erised in that said nominal output value transformer (20)
transforms a number of phases of the AC generator (7) to a different number of

phases of saiid at least one power electronic converter unit (11).

14. A variable rotor speed wind turbine (1) according to any of the proceeding claims
charact erised in that said at least one power electronic converter unit

(11) is at least one AC-DC-AC converter (21a-21c).

15. A variable rotor speed wind turbine (1) according to any of the proceeding claims
charact erised in that said at least one power electronic converter unit

(11) is conmected to the utility grid (13) through at least one utility grid transformer
(12).

16. A wvariable rotor speed wind turbine (1) according to claim 15
characterised in that said nominal output value transformer (20) and
said utility grid transformer (12) transform three phases of the AC generator (7) to
three phases of the utility grid (13) through at least two three-phase ppower electronic
converter tnits (11) such as three three-phase power electronic conv-erter units (11a,
11b, 11IN).
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17. A variable rotor speed wind turbine (1) according to claim 15
characterised in that said norminal output value transformer (20) and
said utility grid transformer (12) transform M times three phases of the AC generator
(7) to three phases of the utility grid (13) through at least two three-phase power
electronic converter units (11, 11a, 11b) stach as a nine-phase AC generator to three

three-phase power electronic converter units (11a, 11b, 11N).

18. A variable rotor speed wind turbine (1) according to any of claims 15 to 17
characterised in that said at least one utility grid transformer (12)
transforms the output voltage rating and/or number of phases of said at least one

power electronic converter unit (11) to the utility grid (13).

19. A variable rotor speed wind turbine (1) according to any of claims 15 to 18
characterised in that said at least one utility grid transformer (12) steps

up the nominal output voltage of said at least one power electronic converter unit

.

20. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that the connection (14) between the AC generator (7)
and said nominal output value transformer (10, 15, 20) comprises a minimum cable

or busbar distance (distance I) enabling thie connection to extend out of the nacelle

Q).

21. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that said at deast one power electronic converter unit

(11) is located outside the nacelle (3).

22. A variable rotor speed wind turbine (1) according to any of the proceeding claims

characterised in that said at least one power electronic converter unit
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(11) is located in the tower (2) of the wind turbine e.g. at a lower part of the tower

such as at or in proxiimity of the tower foundation.

23. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that said at least one power electronic converter unit

(11) is located outside the nacelle (3) and tower (2) of the wind turbine.

24. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that the organization and location of the power
electronic converter units (11) enables redundancy in said wind turbine by N-1

operation.

25. A variable rotor speed wind turbine (1) according to any of the proceeding claims
characterised in that each of said at least one power electronic
converter unit (11) includes switchgear (19) such as first switchgear (19a) in the
connection (16) before each unit and second switchgear (19b) in the connection (17)

after each unit.

26. A variable wrotor speed wind turbine (1) according to <laim 25
characterised in that atleast one mominal output value transformer (10,
15, 20), at least one power electronic converter unit, switchgear (19, 19a, 1 9b) and at

least one utility grid transformer form a power rmodule (22, 22a, 22b).

27. A variable rotor speed wind turbine (1) according to any of the proceed ing claims
characterised in that the number (IN) of power electronic conv-erter units

(11, 11a, 11b, 1IN) is between 2 and 10 paralle1 units.

28. Wind park (24) such as an offshore wind park, said park comprising a-t least two

variable rotor speed wind turbines (1) according to any of claims 1 to 27.
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29. Wind park (24) according to claim 28 ¢ haracterised in tkhat power
electronic converter units (11) of different vwind turbines are located i a common

housing (23).

30. Method of transmitting electric power to an AC utility grid (13) froxm a variable

rotor speed wrind turbine (1), said method comprising the steps of:

generating AC power with at least one AC generator (7),

transforming at least one nominal value of said AC generator (7) to at least one
different nominal input value of at least one power electronic converter unit with at

least one nominal output value transformer (1 0, 15, 20), and

converting the power to said AC utility gxrid (13) with said at least one power

electronic corwverter unit (11).

31. Method of transmitting electric power to an AC utility grid (13) aaccording to
claim 29 with a variable rotor speed wind turbine (1) according to any oX claims 1 to

27.

32. Method o©f transmitting electric power to an AC utility grid (13) aaccording to
claim 30 or 3 1, where at least one of said at Least one power electronic converter unit
(11) is conne cted or disconnected with switchgear (19) in the connections (16, 17) to

said unit.

33. Method of transmitting electric power £o an AC utility grid (13) aaccording to
claim 32, where the transmitted power per unit of the remaining power electronic
converter units is controlled e.g. controlled to a value close to a nominal Ppower rating

of said unit.
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34. Method of servicing or inspecting a variable rotor speed wind turbine (1)
transmitting electric AC power to a utility grid (13), said method comprising the

steps of:

transforming at least one nominal value of said AC generatox (7) to at least one
different nominal input value of at least two power electronic converter units (11,

11a, 11b, 11N) with at least one n.ominal output value transformer (10, 15, 20),

transforming at least one nomimnal value of said at least twwo power electronic

converter units with at least one utility grid transformer (12),

disconnecting one converter unit under servicing or inspection of said unit from the
nominal output value and utility grid transformers (10, 12, 15, 20) with switchgear
(19), and

operating the remaining units of the wind turbine in N-1 operation.

35. Method according to claim 3 4 where said wind turbine is a variable rotor speed

wind turbine (1) according to any of claims 1 to 27.
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