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DESCRIPTION

Description

Field of invention

[0001] The present invention relates to an arrangement and a method for determining a d-
component of a reference current, to a generator side controller for controlling a generator
side frequency converter of a wind turbine (e.g. having a permanent magnet synchronous
generator) and further to a wind turbine.

Art Background

[0002] The document US 2014/0021894 A1 discloses a torque ripple reduction of multiple
harmonic components, wherein a ripple reduction signal is generated in response to the torque
command that simultaneously cancels a first and a second ripple harmonic in the torque signal.

[0003] EP 2 043 255 A2 discloses a system and method for controlling torque ripples in
synchronous machines, wherein power and/or torque control signals are provided to the power
converter to regulate the fundamental power and/or torque produced by the machine.

[0004] EP 2 485 388 A1 discloses a method for controling the operation of an
electromechanical transducer, wherein a harmonic control signal is determined being indicative
for a harmonic operational behavior of the electromechanical transducer, wherein the
harmonic operational behavior is given by electric and/or mechanical oscillations having
frequency components being different from a fundamental frequency. Further, a modified drive
signal based on the determined harmonic control signal is generated and supplied to
electromagnetic coils of a stator of the electromechanical transducer.

[0005] Reduction of noise and vibration may be a common concern in high performance
applications employing permanent magnet machines, namely wind turbines using high power
permanent magnet synchronous generators in which spatial harmonics of inductance and
magnet flux may lead to high torque ripple.

[0006] Conventionally, this problem may be approached in the machine design phase.
However, due to manufacturing limitations, a noise/vibration-free machine may not be possible
to be manufactured. Thus, control strategies and solutions are mandatory in order to comply
with noise/vibration requirements.
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[0007] In the aforementioned prior art documents, the manipulation of torque or Iy command

may commonly be used in a torque ripple control. However, those techniques may require a
high bandwidth of the torque or current control system which may be difficult to be achieved in
high power applications. Alternatively, voltage harmonics may be injected in a conventional
system, directly into the command voltage for PWM modulation generation allowing for
extended bandwidth.

[0008] It has been observed, that vibration and/or noise of an electrical or mechanical
component of the wind turbine is not reduced in a sufficient manner or to a sufficient degree in
conventional systems. Thus, there may be a need for an arrangement for appropriately
controlling a wind turbine, such that noise/oscillations are effectively reduced during operation.
Furthermore, in order to construct such a control arrangement, there may be a need for an
arrangement for determining in particular a d-component of a reference current in a d-q
coordinate system which may eventually be used within the control arrangement, in particular
in a generator side controller for controlling a generator side frequency converter of a wind
turbine.

Summary of the Invention

[0009] 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.

[0010] The need may be satisfied by the subject-matter of the independent claims. In
particular, a feedback control method with respect to the d-component of the current is
proposed according to embodiments of the present invention, allowing the drive to operate at
reduced noise and vibration levels. Thereby, the arrangement and method may in particular be
applicable to reduce noise and vibrations in permanent magnet synchronous generators by
controlling the generator d-component of the current. Embodiments of the present invention
may be applied or employed for wind turbine applications, but it may also be applied to other
equipment with demanding noise/vibration requirements when employing permanent magnet
synchronous machines.

[0011] The term noise/vibration in different contexts may represent or mean noise and/or
vibration.

[0012] According to an embodiment of the present invention it is provided a noise control
arrangement for determining a d-component of a reference current in a d-q coordinate system
for reducing noise and/or vibration of a wind turbine, the arrangement comprising a
noise/vibration determination module for determining noise/vibration components of oscillations
of at least one wind turbine component, and a processing block for calculating a first type of
the d-component of the reference current based on the noise/vibration component output by
the noise/vibration determination module.
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[0013] The processing block comprises a noise/vibration processing module(such as e.g.
performing signal processing) for obtaining an actual characteristic of at least one
noise/vibration component of the determined noise/vibration components, a reference
determination module (such as e.g. comprising or using a LUT) for providing a reference
characteristic of the harmonic component, and a control module (e.g. a Pl controller) for
calculating a first type of the d-component of the reference current based on a difference
between the actual characteristic and the reference characteristic of the noise/vibration
component.

[0014] The arrangement may comprise hardware and/or software, in particular also including a
(programmable) processor. A d-q coordinate system may be a system which rotates
synchronously with the rotating rotor (or synchronously with an electrical rotation). The dqo
transformation can be thought of in geometric terms as the projection of the three separate
sinusoidal phase quantities onto two axes rotating with the same angular velocity as the
sinusoidal phase quantities. The two axes are called the direct, or d, axis; and the quadrature
or q, axis; that is, with the g-axis being at an angle of 90 degrees from the direct axis. The
reference current may also comprise a g-component which may be determined by a
conventional method.

[0015] The generator 3-phase currents (in the stationary abc reference frame) are
transformed to the synchronous rotating dgO reference frame by using the following
transformation matrix:

EZ | cos (#)  cos {fr‘ -} cos {6+ %\j BES
|, | ~sin{f} —sin(f—F) ~sin{8+%) || z
=R 1/2 1/2 1/2 2,

where 06 is the rotor flux position. As a consequence, the d-axis is aligned with the rotor flux
space vector, and Id allows for flux weakening. lq may allow for torque control.

[0016] The d-component and the g-component of the reference current may then be supplied
to a current controller which may derive therefrom reference voltages which in turn may be
supplied to a modulator module which may generate pulse width modulation signals to be
supplied to gates of power transistors comprised in the generator side converter of the wind
turbine frequency converter.

[0017] The several modules (noise/vibration determination module, noise/vibration processing
module, reference determination module, control module) of the arrangement may comprise
hardware and/or software, in particular also including one or more processors and one or more
electronic data storages.

[0018] The noise/vibration determination module may determine noise/vibration components
of oscillations (electrical and/or mechanical oscillations) of at least one wind turbine component
(for example mechanical component and/or electronic/electric/magnetic component, in
particular the generator) in a number of ways. Thereby, electrical and/or mechanical signals
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may be measured, sensed or calculated. Noise of the wind turbine (or at least one wind turbine
component) may be associated with noise/vibration components or frequency components that
are undesired, e.g. certain harmonics multiples of the generator electrical frequency.

[0019] The noise/vibration processing module may process the noise/vibration components
(for example represented by analog signals, such as sinusoidal wave traces, or digital data,
such as amplitude and/or phase of the noise/vibration components). The characteristic of at
least one noise/vibration component may for example comprise amplitude and/or phase of this
particular vibration (or frequency) component. The noise/vibration processing module may also
obtain the actual characteristics of several noise/vibration components of the determined
noise/vibration components. The characteristic may also comprise a peak value of the
corresponding noise/vibration component. The noise/vibration processing module may for
example comprise a bandpass filter, a Fourier analysis module or a combination of the
aforementioned functionalities.

[0020] The reference determination module may be used to provide, for a particular
noise/vibration component, an expected reference characteristic and may for example involve
simulations and/or offline testing.

[0021] The control module (in particular a Pl-Controller or a resonant controller (A resonant
controller is a common alternative to a Pl controllers when reference signals are sinusoidal
signals instead of DC signals) may eventually calculate the first type of the d-component of the
reference current such that the difference between the actual characteristic and the reference
characteristic of the noise/vibration component ideally vanishes. Different types of controllers
may be employed for the control module, e.g. sliding mode controller or the like.

[0022] Thereby, according to embodiments of the present invention, a feedback control
method and feedback control arrangement of I (i.e. the d-component of the current to be

output by the generator of the wind turbine) is proposed which may allow operating at reduced
noise and vibration levels. Thus, application of the arrangement or the corresponding method
may lead to attenuation or noise/vibration components which are not desired, in particular
noise/vibration components having a frequency being equal to 6 times or to 12 times an
electrical frequency.

[0023] According to an embodiment of the present invention, the noise/vibration determination
module comprises a sensor for sensing noise and/or vibration, in particular microphone and/or
acceleration sensor, for measuring the noise/vibration components of oscillations of the at least
one wind turbine component.

[0024] The sensor may for example comprise an acoustic sensor, or an acceleration sensor, in
particular installed at plural locations of the wind turbine or in particular installed at a nacelle of
the wind turbine. Thereby, a reliable determination of the noise/vibration components of the
oscillations may be provided.
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[0025] According to an embodiment of the present invention, the noise/vibration determination
module comprises an estimation module for estimating the noise/vibration components of
oscillations of the at least one wind turbine component based on current, voltage output by a
generator of the wind turbine and based on rotational frequency and angular position of a rotor
of the generator.

[0026] The estimation module may comprise an arithmetic/logic processor. The inputs of the
estimation module may comprise electrical quantities of voltage and/or current output by the
generator. Thereby, one or more sensors may be dispensed with.

[0027] Furthermore, the arrangement may comprise a switch to selectively (alternatively)
supplying the noise/vibration components of oscillations of the at least one wind turbine
component as measured by the sensor or as estimated by the estimation module to the
noise/vibration processing module. Thereby, a high flexibility may be provided. For example,
the estimation of the noise/vibration component may be relatively reliable, in particular
operational ranges, but may not have sufficient accuracy in other operational ranges. For
those latter mentioned operational ranges, the noise/vibration components may be measured
using the sensor and vice versa.

[0028] According to the present invention, the reference determination module is adapted to
calculate the reference characteristic of the noise/vibration component based on a simulation
or off-line test using a rotational frequency and a torque of the generator as input.

[0029] A reference value or reference values may be essentially zero. However, according to
the invention, an ideally operating wind turbine may generate unavoidable frequency
components or noise/vibration components. Thus, a simulation (in particular involving a
physical/mechanical model of the wind turbine) may be required to obtain the reference
characteristic of the one or more noise/vibration components.

[0030] Furthermore, the reference determination module may comprise a look up table (LUT)
which may comprise information for different working points (such as rotor frequency, torque
and/or generator power). Thereby, the calculation of the reference characteristic may be
achieved in a simple and fast manner without requiring extensive equipment.

[0031] According to an embodiment of the present invention, the noise/vibration processing
module outputs an amplitude and/or phase of the noise/vibration component, in particular
being associated with 6 times or 12 times an electrical frequency, as the actual characteristic,
and the reference determination module outputs a reference amplitude and/or phase of the
noise/vibration component, in particular being associated with 6 times or 12 times an electrical
frequency, as the reference characteristic.

[0032] By using the amplitude and/or phase as the characteristic, a very compact
representation is achieved.
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[0033] According to an embodiment of the present invention, the noise/vibration processing
module outputs a wave form signal of the noise/vibration component, in particular being
associated with 6 times or 12 times an electrical frequency, as the actual characteristic and the
reference determination module outputs a reference wave form signal of the noise/vibration
component, in particular being associated with 6 times or 12 times an electrical frequency, as
the reference characteristic.

[0034] The wave form may be output in an analog or a digital format. The wave form may
comprise the amplitude as well as the phase of the noise/vibration component. The wave form
may be a sinusoidal wave form.

[0035] According to an embodiment of the present invention, the arrangement further
comprises a subtraction element for calculating the difference between the actual characteristic
and the reference characteristic of the noise/vibration component being arranged to supply the
difference to the control module. Thereby, a conventional element may be employed.

[0036] According to an embodiment of the present invention, the arrangement further
comprises an MTPA module adapted to apply a maximum torque per ampere algorithm for
calculating a second type of the d-component of the reference current in a d-q coordinate
system for minimizing generator total current.

[0037] The maximum torque per Ampere algorithm may be a conventional algorithm known to
the skilled person. Thereby, a second type of the d-component of the reference current is
obtained.

[0038] Thereby, further flexibility for choosing either the first type or the second type of the d-
component (or a combination or derived quantity thereof) of the reference current is provided.

[0039] According to an embodiment of the present invention, the arrangement further
comprises a voltage control module adapted to calculate, for flux weakening under high speed
operation, a third type of the d-component of the reference current in a d-q coordinate system
for avoiding converter overmodulation.

[0040] The voltage control module may be a conventional module known to the skilled person.
It may be adapted to weaken the flux under a high speed operation, i.e. when the rotational
speed of the rotor supersedes a particular threshold. Thereby, a further flexibility is provided to
select the first, the second or the third type of the d-component of the reference current or to
obtain a combination, such as an average of the first, the second and/or the third type of the d-
component of the reference current, to be used in further downstream control equipment.

[0041] According to an embodiment of the present invention, the arrangement further
comprises a selection module for selecting the first type, the second type or the third type of
the d-component of the reference current as the d-component of the reference current,
wherein in particular the minimum is selected.
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[0042] When the minimum is selected, an overmodulation may be avoided such that in
particular the output voltage may be kept within acceptable limits. Furthermore, the selection
may be simplified.

[0043] According to an embodiment of the present invention it is provided a generator side
controller for controlling a generator side frequency converter of a wind turbine, the generator
side controller comprising an arrangement for determining a d-component of a reference
current according to one of the preceding embodiments, an (conventional) arrangement for
determining a g-component of a reference current, a current controller for determining a d-
component and a g-component of a desired voltage at the generator output, a modulator to
generate pulse width modulation signals for the generator side frequency converter based on
the d-component and the g-component of the desired voltage.

[0044] The frequency converter may comprise both a generator side controller and a grid side
controller. The generator side controller may substantially be or comprise an AC-DC converter,
while the grid side controller may substantially comprise or be a DC-AC converter for
converting a direct current power signal or power stream to a fixed frequency power stream.

[0045] The generator side frequency converter may comprise several power transistors, such
as IGBTs. In particular, three phases may be supported. The arrangement for determining a d-
component of a reference current may also be referred to as Id reference calculation module
and the arrangement for determining a g-component of a reference current may also be
referred to as Iq reference calculation module.

[0046] Thereby, the |4 reference calculation module may receive an input power and/or torque

(generated by the generator) and/or a modulation index (depth of the pulse width modulation)
and also the voltage at the output of the generator.

[0047] The |4 reference calculation module may receive as input a reference of a power and/or
a reference of a torque, the voltage at the output of the generator, the voltage at a DC-link
(between the generator side controller portion and the grid side controller portion), a rotational
frequency (electrical or mechanical) of the generator or the rotor, and a power and/or a torque
of the generator.

[0048] The current controller may receive, besides the Id and Iq references from the Ig
reference calculation module and the I, reference calculation module, as its input three phase

components of the generator current (of coils of the generator), an angular position of the
generator and the rotational speed of the generator.

[0049] Furthermore, the generator side controller may comprise a transformation module
which transforms from a d-q coordinate system to an a-b-c coordinate system corresponding
to three electrical phases. The modulator may receive as an input, besides the voltages for the
three phases, the voltage at a DC link.
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[0050] The converter may be connected with the generator.

[0051] Thereby, an effective control of a wind turbine with respect to noise reduction may be
achieved.

[0052] According to an embodiment of the present invention, it is provided a wind turbine
which comprises a generator, a generator side frequency converter (furthermore also in
particular a DC-link and a grid side frequency converter), and a generator side controller
according to one of the embodiments as described above which is coupled to control the
generator side frequency converter.

[0053] It should be understood that features which have been individually or in any
combination disclosed, described, provided or applied to an arrangement for determining a d-
component of a reference current may also be applied to a method for determining a d-
component of a reference current according to an embodiment of the present invention and
vice versa.

[0054] According to an embodiment of the present invention it is provided a method for
determining a d-component of a reference current in a d-q coordinate system for reducing
noise of a wind turbine, the method characterized by: determining at least one noise/vibration
component of oscillations of at least one wind turbine component; and calculating a first type of
the d-component of the reference current based on the noise/vibration component output by
the noise/vibration determination module, the calculating comprising: obtaining an actual
characteristic of at least one noise/vibration component of the determined noise/vibration
component; calculating a reference characteristic of the noise/vibration component based on a
simulation or off-line test using a rotational frequency and a torque of the generator as input;
and calculating the first type of the d-component of the reference current based on a difference
between the actual characteristic and the reference characteristic of the noise/vibration
component.

[0055] The method may partly be implemented in hardware and/or software.

[0056] It has to be noted that embodiments of the invention have been described with
reference to different subject matters. In particular, some embodiments have been described
with reference to method type claims whereas other embodiments have been described with
reference to apparatus type claims. However, a person skilled in the art will gather from the
above and the following description that, unless other notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters, in particular between features of the method type claims
and features of the apparatus type claims is considered as to be disclosed with this document.

[0057] 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
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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

[0058]

Fig. 1 schematically illustrates a wind turbine according to an embodiment of the present
invention comprising an arrangement for determining a d-component of a reference current
according to an embodiment of the present invention;

Fig. 2 schematically illustrates a block diagram of a control method comprising a method for
determining a d-component of a reference current according to an embodiment of the present
invention;

Fig. 3 schematically illustrates a block diagram of a method for determining a d-component of
a reference current according to an embodiment of the present invention;

Fig. 4 schematically illustrates a block diagram of a method for determining a d-component of
a reference current according to an embodiment of the present invention; and

Fig. 5 illustrates noise measurements for illustrating effects of methods and arrangements
according to embodiments of the present invention.

Detailed Description

[0059] The illustration in the drawings is in schematic form. It is noted that in different figures,
similar or identical elements are provided with the same reference signs or with reference
signs, which are different from the corresponding reference signs only within the first digit.

[0060] It should be understood that features in the different figures are labeled with reference
signs which differ only in the first digit, if these features share similarities in structure and/or
function. Thus, a description of a feature not explicitly explained in a particular embodiment or
figure may be taken from the description of the corresponding feature in another embodiment
or figure.

[0061] Fig. 1 schematically illustrates a wind turbine 150 according to an embodiment of the
present invention comprising an arrangement 100 for determining a d-component of a

reference current according to an embodiment of the present invention.

[0062] The wind turbine 150 includes rotor blades 151 which are connected via a hub 153 to a
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primary rotor shaft 155 which rotates when wind impacts on the rotor blades 151. An optionally
gearbox 157 is coupled to the primary shaft 155 and transforms the rotation of the primary
shaft 155 to a secondary shaft 159 which rotates within the generator 161. In other
embodiments, the gearbox 157 can be dispensed with so that the wind turbine 150 may be
configured as a direct drive wind turbine.

[0063] The generator 161 comprises not illustrated coils wound around stator cores and
further comprises a rotor comprising plural magnets, for example permanent magnets that
rotate relative to the stator. Upon rotation of the secondary shaft 159 having the permanent
magnets attached thereto, the coils of the generator 161 generate currents by induction which
are output in three phases 163, 165, 167. In other embodiments, more or less than three
phases may be output by the generator 161. Thereby, an energy stream is provided to the AC-
DC-AC converter 169.

[0064] Thereby, the converter 169 comprises a generator side frequency converter 171, a DC-
link 173 coupled at an output of the generator side frequency converter 171 and a grid side
frequency converter 175 that is coupled to the DC-link 173. The generator side frequency
converter 171 generates or converts the variable frequency alternating current power stream
received from the generator 161 to a substantially direct current power stream at the DC-link
173, while the grid side frequency converter 175 converts the direct current power stream to a
fixed frequency power stream which is output in three phases 177, 179, 181.

[0065] The output power stream is transformed by the transformer 183 to a medium voltage or
optionally by one or more additional transformers, in particular wind park transformers, in order
to be supplied to a utility grid 187.

[0066] In order to form a power stream at the output 177, 179, 181, the wind turbine converter
169 is controlled by the controller 189 which provides pulse width modulation signals 191 to the
generator side frequency converter 171 and which may optionally also provide pulse width
modulation signals 193 to the grid side frequency converter 175.

[0067] Thereby, the converter controller 189 comprises an arrangement 100 for determining a
d-component of a reference current in a d-q coordinate system according to an embodiment of
the present invention.

[0068] Fig. 2 schematically illustrates a converter controller 289 according to an embodiment
of the present invention as controlling a converter which is connected to the generator 261.
The generator side frequency converter 271 is controlled by the pulse width modulation signals
291 which are output by the generator side controller 289.

[0069] Thereby, the generator side controller 289 comprises an arrangement 200 for
determining a d-component of a reference current according to an embodiment of the present
invention. In particular, the arrangement 200 receives as an input power P and/or torque T and
further receives as an input a modulation index Ml and/or a voltage Ugep, at the output 262 of
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the generator 161. According to a method for determining a d-component of a reference
current according to an embodiment of the present invention, the arrangement 200 determines
the d-component of the reference current Iy and provides it to a current controller 201.

[0070] Thereby, the current controller also receives a g-component of a reference current |t
which is output by an I, reference calculation block 203. Thereby, the I, reference calculation
block 203 receives as an input a reference of a power and/or torque P,¢/T s, @ generator
voltage Ugen, @ DC-link voltage Uy, an electrical rotational frequency we and power and/or

torque P/T.

[0071] The current controller 201 further receives the three phase currents |, Iy, I, of the coils
of the generator 261, the rotational position 6, of the generator and the rotational frequency
(electrical or mechanical) we of the generator 261 or the primary shaft 155 or the secondary
shaft 159. The current controller 201 outputs a d-component of a voltage (Vg and a g-
component of a voltage (V) and provides it to a transformation module 204 which transforms

the voltages in the d-q coordinate system to voltages of a three phase coordinate system.

[0072] The thereby formed three phase voltages Vg, Vy,, V. are provided to a modulator unit
205 which further receives the DC-link voltage Uy, and generates pulse width modulation

signals 291 based on the received voltages and provides these pulse width modulation signals
291 to the generator side frequency converter 271.

[0073] The current controller 201 in Fig. 2 may perform a closed-loop regulation of generator
currents in the d-q frame with measured 3-phase current as a feedback source. The output of
the current controller 201 is used by the modulator module 205 for generating PWM (pulse
width modulation) signals 291. The PWM signals 291 are used to control power electronic
switches (such as IGBTs) in the generator side converter 271.

[0074] The arrangement 200 for determining a d-component of a reference current may be
configured in different manners.

[0075] One example of the arrangement 200 illustrated in Fig. 2 is illustrated in Fig. 3 as an
arrangement 300 for determining a d-component of a reference current. Thereby, the
arrangement 300 comprises an arrangement 400 for determining a d-component of a
reference current which is also illustrated in Fig. 4 and will be described in detail below.

[0076] The arrangement 300 comprises the arrangement 400 which outputs a first type 307
(I*4, Nc) of the d-component of the reference current. The arrangement 300 further comprises

a maximum torque per Ampere (MTPA) module 309 which calculates and outputs a second
type 311 (I*y, mTpa) Of the d-component of the reference curve. The arrangement 300 further

comprises a voltage control module 311 which outputs a third type 313 (I*y vc) of the d-

component of the reference current.
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[0077] From the first type 307, the second type 311 and the third type 313 of the d-component
of the reference current, a processing or selection module 315 determines the minimum or a
particular combination or a derived quantity, such as an average, from the first type, the
second type and the third type 307, 311, 313 of the d-component of the reference current and
outputs the final reference of the d-component of the reference current 317 (I*y).

[0078] The d-component of the reference current lgef in Fig. 2 or the quantity I*4 (317) in Fig.

3 is the generator current reference in the d-q rotating frame which rotates synchronously with
the primary or secondary shaft 155, 159 or with the electrical rotation.

[0079] There may be a number of methods that can be used as the arrangement 200 for
determining the d-component of the reference current. For example, for generating the Iy

reference current, the state-of-the-art solution MTPA, as implemented in the module 309
illustrated in Fig. 3 may be used. Thereby, the current or generator voltage controller for flux
weakening may be implemented.

[0080] The arrangement 400 (also referred to as noise control module) generates the Ig

current command 307 that can reduce noise and vibration of the wind turbine 150. There are
other |y commands generated according to another target, such as MTPA or voltage controller

(flux weakening controller). A deterministic logic 315 is then used (represented as the
processing or selection module 315) to decide or to derive the final 4 current command 317

according to the generator voltage and the inputs of the three different sources. One possible
deterministic logic may be to find or select the minimum value of the different types 307, 311,
313 of the d-component as determined by the modules 400, 309 and 312. In other
embodiments, another logic may be implemented in the module 315.

[0081] The arrangement 400 illustrated in Fig. 3 may be implemented or constructed in a
number of ways. One possible solution is shown in Fig. 4. Fig. 4 schematically illustrates a
block diagram of the arrangement 400 for determining a d-component of a reference current
as may be used in the arrangement 300 illustrated in Fig. 3.

[0082] The arrangement 400 thereby comprises a noise/vibration determination module 419
for determining noise/vibration components 421 of oscillations of at least one wind turbine
component. Thereby, the oscillations may comprise mechanical and/or electrical oscillations.
[0083] The arrangement 400 further comprises a processing block (402) for calculating a first
type (407) of the d-component of the reference current based on the noise/vibration
component (421) output by the noise/vibration determination module (419).

[0084] The processing block (402) may be configured in a number of ways.

[0085] In one embodiment, as illustrated in Fig. 4, the processing block (402) comprises a
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noise/vibration processing module 423 for obtaining an actual characteristic 425 of the at least
one noise/vibration component of the determined noise/vibration components 421. The
characteristic may for example include an amplitude and/or phase of the at least one
noise/vibration component or it may include an analog (or digitally encoded) sinusoidal signal
representative of the at least one noise/vibration component. Furthermore, a number of
different noise/vibration components (differing in the frequency) may also be processed by the
noise/vibration processing module 423 to obtain an actual characteristic of plural
noise/vibration components.

[0086] The arrangement 400 or the processing block (402) further comprises a reference
determination module 427 for providing a reference characteristic 429 of the at least one
noise/vibration component or the several noise/vibration components. The characteristics 429,
425 output by the reference determination module 427 and the noise/vibration processing
module 423 are of the same type.

[0087] The arrangement 400 or the processing block (402) further comprises a subtraction
element 431 which determines the difference 433 between the reference characteristic 429 of
the noise/vibration component and the actual characteristic 425 of the noise/vibration
component and which provides the difference 433 to the control module 437 which outputs a
first type 407 of the d-component of the reference current (I"y nc), as is also depicted in Fig. 3

and labeled there with reference sign 307.

[0088] The noise/vibration determination module 419 comprises an estimation module 439 for
estimating the noise/vibration component of oscillations of the at least one wind turbine
component based on current Iy, I, voltage Vy, Vg output by the generator 161, 261 and based

on rotational frequency wg and angular position 684 of the rotor 1535 or 159 of the generator

161, 261. The estimation module 439 outputs the estimated noise/vibration components 440.
Thereby, a sensorless methodology may be employed in the arrangement and method.

[0089] Furthermore, the noise/vibration determination module 419 comprises a sensor module
441 for sensing noise and/or vibration for measuring the noise/vibration component of
oscillations of the at least one wind turbine component and outputting measured
noise/vibration components 442,

[0090] The arrangement 400 or the processing block (402) further comprises a switch 443 that
is arranged and connected to selectively supply the noise/vibration components of the
oscillations of the at least one wind turbine component as measured by the sensor module 441
or as estimated by the estimation module 439 to the noise/vibration processing module 423.

[0091] The reference determination module 427 may for example comprise a look up table
comprising information for different working points of the wind turbine or in particular the

generator 161, 261.

[0092] The feedback noise/vibration 442, 440 may have a lot of harmonics. The noise/vibration
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processing module 423 may for example comprise a bandpass filter that may attenuate all
frequencies not interested in to be attenuated. Only the harmonic component of an interesting
frequency (desired to be damped) may pass the bandpass filter. Thereby, the typical
interesting frequency may be 6 times the electrical frequency and/or 12 times the electrical
frequency of the generator 161, 262. Thereby, electrical frequency is the frequency of the
generator phase current. The command of noise and vibration at different load points may be
saved within the look up table within the reference determination module 427. The command
and processed feedback signal 425 may be used to calculate a regulation error 433. The
control module 437 may for example be configured as a Pl controller (proportional integral
controller) which is used to generate the |4 current command 407.

[0093] The feedback source, in particular the noise/vibration component 442 output by the
sensor module 441 may be measured using a microphone and/or an accelerometer in the
sensor-based option. The estimation module 439 may for example be configured as a torque
ripple and radial force observer in the sensorless option. According to the chosen feedback
source (either 442 or 440), a suitable signal processing algorithm may be required in the
noise/vibration processing module 423. Therefore, the resultant error 433 may be input to the
proportional-integral (Pl) controller which generates a reference for I4 in order to reduce

noise/vibrations. Finally, Iy nc may be supplied to the current controller 201 (see Fig. 2)

responsible for generating command voltages for a voltage modulator. The present invention
may be integrated in a conventional vector controlled drive or other alternatives.

[0094] In a vector controlled permanent magnet generator drive, the |4 reference may be

generated by a maximum torque per Ampere (MTPA) algorithm and/or a voltage controller for
flux weakening control under high-speed operation. When adding a noise/vibration controller,
three distinct reference values for |y may be required to be managed, i.e. the reference values

307, 311 and 313, as is illustrated in Fig. 3. A selection may be performed by choosing the
lowest one. Alternatively, a higher priority might be attributed to either noise control or MTPA,
according to the application needs.

[0095] Fig. 5 illustrates a graph including curves, wherein an abscissa 545 indicates a
frequency in Hertz and an ordinate 547 designates a sound pressure in dBa. The curve 549
illustrates the case g =-800 A and the curve 551 illustrates the situation for |4 =0 A. The wind

turbine runs at 13 RPM and outputs a power of 2800 kW.

[0096] As can be seen, embodiments of the present invention provide a reduction of 6 dBa in
6f (6 times the generator electrical frequency) tonality by changing I4 from 0 A to -800 A.

Reduction of the 12f tonality is also visible in Fig. 5. The 6f tonality here corresponds to 6 x n x
p/60Hz=70.2Hz, where n represents generator mechanical rotational speed in revolutions per
minute (rpm)and p represents the number of generator pole pairs, as an example n=13 rpm
and p=54. In accordance with the invention, the |4 reference may be determined automatically,

according to noise/vibration requirements. Embodiments of the present invention may provide
for a solution for automatic noise/vibration control in a permanent magnet generator drive.
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Embodiments further may provide for reduced acoustic noise and vibration in a permanent
magnet generator drive. Furthermore, two alternative feedback sources for the described
control apparatus are possible.
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Patentkrav

1. Anordning (100, 200, 300, 400), som er konfigureret til at bestemme en d-
komponent (ldref, I*d) af en referencestrom i et d-g-koordinatsystem til reduk-
tion af stgj/vibration pa en vindmelle (150), hvilken anordning er kendetegnet
ved:

en stoj-vibrationsbestemmelsesmodul (419), som er konfigureret til at be-
stemme mindst en stgj-/vibrationskomponent (421) af svingninger af mindst en
vindmgllekomponent; og

en processeringsblok (402), som er konfigureret til at beregne en farste type
(407) af d-komponenten af referencestrammen baseret pa stej-/vibrations-
komponenten (421) udsendt af stej-/vibrationsbestemmelsesmodulen (419),
hvor processeringsblokken (402) omfatter:

en staj-/vibrationsprocesseringsmodul (423), som er konfigureret til at opna en
faktisk karakteristik (425) af mindst en stoj-/vibrationskomponent af den be-
stemte mindst ene stgj-/vibrationskomponent;

en referencebestemmelsesmodul (427), som er konfigureret til at tilvejebringe
en referencekarakteristik (429) af stgj-/vibrationskomponenten; og

en styremodul (437), som er konfigureret til at beregne den forste type (407)
af d-komponenten af referencestremmen baseret pa en forskel (433) mellem
den faktiske karakteristik (425) og referencekarakteristikken (429) af stoj-/vi-
brationskomponenten,

hvor referencebestemmelsesmodulen (427) er tilpasset til at beregne referen-
cekarakteristikken (429) af stgj-/vibrationskomponenten baseret pa simulering
eller off-line-test ved anvendelse af en rotationsfrekvens (mg) og et drejnings-
moment (Te) af generatoren (161) som input.

2. Anordning ifelge krav 1, hvor stgj-/vibrationsbestemmelsesmodulen omfat-
ter:

en sensormodul (441) til detektering af stgj og/eller vibration, isaer mikrofon
og/eller accelerationssensor, til maling af stej-/vibrationskomponenterne (442)
af svingninger af den mindst ene vindmgllekomponent.

3. Anordning ifglge et af kravene 1 til 2, hvor stgj-/vibrationsbestemmelsesmo-
dulen omfatter:
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en estimeringsmodul (439) til estimering af stgj-/vibrationskomponenterne
(440) af svingninger af den mindst ene vindmgllekomponent baseret pa stram
lg), speending (Vd, Vq) udsendt af en generator (161,261) af vindmgllen
150) og baseret pa en rotationsfrekvens (mg) og vinkelposition (8g) af en rotor
159) af generatoren (161).
4. Anordning ifglge et af kravene 2 eller 3, hvor stgj-/vibrationsbestemmelses-
modulen omfatter:
en kontakt (443) til selektivt, alternativt at afgive staj-/vibrationskomponenterne
af svingninger af den mindst ene vindmgllekomponent som malt af sensoren
eller som estimeret af estimeringsmodulen il stej-/vibrationsprocesseringsmo-
dulen (423).

5. Anordning ifglge et af de foregaende krav, hvor referencebestemmelsesmo-
dulen (427) iseer omfatter en opslagstabel omfattende informationer for for-
skellige arbejdspunkter.

6. Anordning ifelge et af de foregaende krav, hvor
stgj-/vibrationsprocesseringsmodulen (423) udsender en amplitude og/eller
fase af stoj-/vibrationskomponenten, som iseer er associeret med 6 gange eller
12 gange en elektrisk frekvens, som den faktiske karakteristik, og
referencebestemmelsesmodulen (427) udsender en referenceamplitude og/el-
ler fase af stoj-/vibrationskomponenten, som isaer er associeret med 6 gange
eller 12 gange en elektrisk frekvens, som referencekarakteristikken.

7. Anordning ifelge et af de foregaende krav, hvor
stoj-/vibrationsprocesseringsmodulen (423) udsender et bglgeformsignal fra
stgj-/vibrationskomponenten, som isaer er associeret med 6 gange eller 12
gange en elektrisk frekvens, som den faktiske karakteristik, og
referencebestemmelsesmodulen (427) udsender et referencebglgeformsignal
fra stgj-/vibrationskomponenten, som isaer er associeret med 6 gange eller 12
gange en elektrisk frekvens, som referencekarakteristikken.



10

15

20

25

30

35

DK/EP 3076542 T4

8. Anordning ifelge et af de foregaende krav, hvor anordningen (400) endvi-
dere omfatter:

et subtraktionselement (431) til beregning af forskellen (433) mellem den fak-
tiske karakteristik (425) og referencekarakteristikken (429) af stgj-/vibrations-
komponenten, som er anbragt til afgive forskellen (433) til styremodulen (437).

9. Anordning ifelge et af de foregaende krav, endvidere omfattende:

en MTPA-modul (309), som er tilpasset til at anvende et maksimalt drejnings-
moment pr. ampere algoritme for at beregne en anden type (311) af d-kompo-
nenten af referencestremmen i et d-g-koordinatsystem for at minimere den
samlede generatorstroam.

10. Anordning ifglge et af de foregaende krav, endvidere omfattende:

en speaendingsstyremodul (312), som er tilpasset til at beregne, til
fluxsvaekkelse ved hgjhastighedsdrift, en tredje type (313) af d-komponenten
af referencestrammen i et d-g-koordinatsystem for at undga omformerovermo-
dulation.

11. Anordning ifglge et af de foregaende krav 9 til 10, endvidere omfattende:
en udveelgelsesmodul (315) til udveelgelse af den forste type, den anden type
eller den tredje type af d-komponenten af referencestrommen som d-kompo-
nenten af referencestrammen, hvor isaer minimummet (317) er udvalgt.

12. Generatorsidestyreenhed (189) til styring af en generatorsidefrekvensom-
former (171) af en vindmelle (150), hvilken generatorsidestyreenhed omfatter:
en anordning (100) til bestemmelse af en d-komponent af en referencestram
ifolge et af de foregaende krav;

en anordning (203) til bestemmelse af en g-komponent af en referencestrom;
en stramstyreenhed (201) til bestemmelse af en d-komponent og en g-kom-
ponent af en gnsket spaending ved generatorudgangen;

en modulator (205) til generering af pulsbreddemodulationssignaler for gene-
ratorsidefrekvensomformeren baseret pa d-komponenten og g-komponenten
af den onskede spaending.
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13. Vindmglle (150), omfattende:

en generator (161);

en generatorsidefrekvensomformer (171); og

en generatorsidestyreenhed (189) ifelge krav 12, som er koblet til at styre ge-
neratorsidefrekvensomformeren.

14. Fremgangsmade til bestemmelse af en d-komponent af en referencestrgm
i et d-g-koordinatsystem for at reducere stoj fra en vindmglle, hvilken frem-
gangsmade er kendetegnet ved, at:

der bestemmes mindst en stgj-/vibrationskomponent (421) af svingninger af
mindst en vindmgllekomponent; og

der beregnes en farste type (407) af d-komponenten af referencestrammen
baseret pa stoj-/vibrationskomponenten (421) udsendt af stgj-/vibrationsbe-
stemmelsesmodulen (419), hvilkken beregning omfatter:

at opna en faktisk karakteristik (425) af mindst en stgj-/vibrationskomponent af
den bestemte stgj-/vibrationskomponent;

at beregne en referencekarakteristik (429) af stej-/vibrationskomponenten ba-
seret pa simulering eller off-line-test ved anvendelse af en rotationsfrekvens
(mg) og et drejningsmoment (Te) af generatoren (161) som input; og

at beregne den forste type (307, 407) af d-komponenten af referencestrgam-
men baseret pa en forskel (433) mellem den faktiske karakteristik (425) og
referencekarakteristikken (429) af stoj-Aibrationskomponenten.
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