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DESCRIPTION

Field of invention

[0001] The present invention relates to an arrangement and to a method for determining an
operation parameter reference for controlling a generator side converter portion coupled to a
generator, in particular of a wind turbine. Further, the present invention relates to an electric
energy system comprising the arrangement and further relates to a wind turbine comprising
the electric energy system.In particular, the present invention relates to a control method
intended to improve the performance of a harmonic control in vector-controlled drives, namely,
the control of permanent magnet synchronous generators used in wind turbine applications.

Art Background

[0002] Harmonic control, in particular in permanent magnet generators, may be required in
order to control noise and vibration as well as to increase system efficiency. Harmonic control
may in particular be applied to direct drive generators which do not have a gearbox in the drive
train. Conventionally, a fundamental current controller and a harmonic current controller may
be utilized in a vector controlled drive. However, the coexistence of a fundamental current
controller (FCC) and a harmonic current controller (HCC) in a vector-controlled drive may bring
some control issues such as high control effort, poor dynamic performance, and instabilities.

[0003] Concerning harmonic current control, additional controllers may conventionally be
added in parallel with a fundamental current controller to provide the final control voltage to a
converter drive. However, good performance is not achievable for lower harmonic orders (for
example: 2f), showing very slow dynamics. This would have a negative impact to the turbine
performance when it goes through the variation in speed and power as wind changes.

[0004] It should be noted that the presence of 2f harmonic is common in a large generator with
segmented stator, and the 2f harmonic level can be significantly increased when the generator
is operated in a fault-tolerant mode. A common attempt to improve transient performance of a
controller is to add a feedforward path, which based on a machine model determines the
voltage demand to achieve a given current reference. This approach is difficult to realize for
harmonic current control because a large number of parameters depending on load and rotor
position need to be known accurately. Simulation results show that little improvement can be
achieved.

[0005] Thus, there may be a need for an arrangement and for a method for determining an
operation parameter reference for controlling a generator side converter portion coupled to a
generator, wherein at least some of the above-mentioned issues are addressed, wherein in
particular a simple solution having sufficient system stability is achieved. In particular
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improvements with focus on fast control of low harmonic frequencies may be desired.

Summary of the Invention

[0006] 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.

[0007] Embodiments of the present invention may in particular be applied for the harmonic
control in vector-controlled drives, namely the control of permanent magnet synchronous
generators used in for example wind turbine applications.

[0008] According to an embodiment of the present invention it is provided an arrangement for
determining an operation parameter reference for controlling a generator side converter
portion coupled to a generator, in particular of a wind turbine, the arrangement comprising: at
least one arithmetic element configured to derive at least one harmonic current error by
subtracting a generator output current from at least one harmonic current reference; at least
one harmonic current controller configured to determine at least one harmonic reference
current deviation based on the harmonic current error; another arithmetic element configured
to derive a fundamental current error by subtracting the generator output current from a sum
of a fundamental current reference and the at least one harmonic current reference; still
another arithmetic element configured to determine a modified fundamental current error as a
sum of the fundamental current error and the harmonic reference current deviation; a
fundamental current controller adapted to determine the operation parameter reference based
on the modified fundamental current error.

[0009] The arrangement may be part of a wind turbine controller, such as implemented in
software and/or hardware. The operation parameter reference may be a reference value of an
operation parameter of the generator. The operation parameter may at least partly define the
operation of the generator, for example regarding its electrical output, its mechanical or
electrical rotational speed, the generated torque or the like. In particular, the operation
parameter reference may be a voltage reference which may be supplied to the generator side
converter portion (of a for example AC-DC-AC converter) for actually controlling the generator
side converter portion, in particular after having determined, from the operation parameter
reference, pulse width modulation signals suitable for being supplied to gates of controllable
switches in the converter portion.

[0010] The generator output current may have been measured. The fundamental current
reference and also at least one harmonic current reference may be determined or defined in a
number of ways. The fundamental current reference and the harmonic current reference may
for example just be a constant or may be derived by looking up a look-up table or the like. In
other embodiments, the fundamental current reference and/or harmonic current reference may
depend on the operation parameter reference itself, may depend on the generator output
current and may also depend on a DC voltage of a DC link between the generator side
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converter portion and a grid side converter portion.

[0011] The converter may for example be or comprise a AC-DC-AC converter which may be
configured to convert a variable frequency output power provided by the generator to a
substantially DC power at the DC link and from the DC power to a fixed frequency AC output
power, for example having a frequency of 50 Hz or 60 Hz.

[0012] The arrangement may be configured to control (in particular concurrently) at least one
or two or three or four or even more harmonics of a fundamental frequency of the operation
parameter by deriving multiple harmonic current errors (from generator current and respective
harmonic references) and providing multiple harmonic current controllers. All respective
harmonic reference current deviations (as derived by the respective harmonic current
controllers) may be added to the fundamental current error to derive the modified fundamental
current error which may then be supplied to the fundamental current controller.

[0013] All harmonic current references, regarding all different harmonics to be controlled, for
example a second, a fourth, a sixth, an eighth, and/or a twelfth harmonics may be considered.
For each of the harmonics to be controlled, a corresponding harmonic current controller may
be comprised in the arrangement which is configured to handle the particular harmonic, such
as e.g. a second, a fourth, a sixth, an eighth or a twelfth harmonic of the fundamental electrical
frequency of the generator.

[0014] The generator output current (or the current error) may be bandpass-filtered (passing
through the harmonics under consideration) before being subtracted from the respective
harmonic current reference.

[0015] In general, the fundamental current controller (and the harmonic current controller) may
comprise Pl-controllers which may be configured such that they produce output signals which,
when supplied as operational parameter reference to the converter portion, lead to a decrease
of the errors (i.e. the fundamental current error and the harmonic current error, respectively).
Thereby, the control may in particular be applied in the fundamental dg-frame within the
fundamental current controller and may be applied in the respective harmonic dg-frame in the
respective harmonic current controller. Embodiments of the present invention support a
respective control of the converter generator portion in order to eliminate one or more of
undesired harmonic(s) or may also enable to achieve particular levels of particular harmonics
at the output of the generator which levels may not be zero. Thereby, an effective control which
may be implemented in a simple manner and a reliable stable operation may be provided.

[0016] According to an embodiment of the present invention, the operation parameter
reference is a voltage reference or a power reference or a rotational speed reference or a
torque reference for controlling the generator side converter portion. Thereby, a voltage
control, a power control, a speed control, or a torque control may be applied. Thus,
conventional control methods may be supported by the arrangement.
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[0017] According to an embodiment of the present invention, the harmonic current reference
comprises an oscillation corresponding to N times a fundamental electrical frequency of the
generator, wherein N is a natural number larger than one, in particular being 2 or 4 or 6 or 8 or
12, wherein the harmonic current reference is in particular different from zero.

[0018] The fundamental electrical frequency of the generator may be derived based on the
rotational speed of the generator and taking into account the number of poles and/or number
of permanent magnets. Several different harmonics may be controlled by the arrangement by
providing for each harmonics to be controlled a respective harmonic current controller. Each of
the harmonic current controllers may receive as input a difference between the respective
harmonic current reference and the filtered (e.g. bandpass for the respective harmonic)
version of the generator output current. All outputs, i.e. the harmonic reference current
deviations for the different harmonics may later be summed and added to the fundamental
current error to arrive at the modified fundamental current error. Thus, a flexible control may
be provided.

[0019] According to an embodiment of the present invention, the operational parameter
reference and/or fundamental current error and/or harmonic current reference and/or
harmonic reference current deviation are given in a fundamental dg-frame rotating with the
fundamental electrical frequency of the generator. The fundamental dg-frame rotates with the
fundamental frequency of the generator. Thereby, processing the quantities may be performed
in a simple manner.

[0020] According to an embodiment of the present invention, the fundamental current
controller comprises two Pi-controller, to determine the operation parameter reference, using
for each of the d-component and the g-component of the modified fundamental current error in
the fundamental dg-frame one Pl-controller of the two Pi-controllers. The harmonic current
controller may be comprised of four Pl controllers, two for the positive sequence harmonic dg-
frame (rotating with the harmonic frequency in forward direction) as already mentioned, and
the other two for the negative sequence harmonic dg-frame (rotating with the harmonic
frequency in backward direction).

[0021] The Pl-controller(s) may each comprise a proportional branch and an integral branch
each receiving the respective current error as input. The outputs of the two branches are
respectively added together for each of the d-component and the g-component in the
fundamental dg-frame. Thereby, conventionally available controllers may be utilized in
embodiments according to the present invention.

[0022] According to an embodiment of the present invention, the harmonic current controller
comprises: a transformation module configured to transform the harmonic current error in the
fundamental dg-frame into a harmonic dg-frame (e.g. in two separate positive and negative
directions), the harmonic dg-frame rotating with the respective multiple of the fundamental
frequency; two Pl-controllers configured to receive the components of the harmonic current
error in the harmonic positive sequence dg-frame as inputs; two other Pl-controllers configured
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to receive the components of the harmonic current error in the harmonic negative sequence
dg-frame as inputs; a backtransformation module configured to backtransform the outputs of
the Pl-controllers and the outputs of the other Pl-controllers into the fundamental dg-frame;
and an addition element for adding the transformed outputs of the Pl-controllers and the
transformed outputs of the other Pl-controllers to obtain the harmonic reference current
deviation.

[0023] The harmonic dg-frame rotates with the respective multiple of the fundamental
frequency corresponding to the harmonic to be controlled. After transforming the harmonic
current error into the harmonic dg-frame, the corresponding error may substantially be a DC
value. Thereby, calculations and the control may be simplified.

[0024] According to an embodiment of the present invention, the arrangement further
comprises an electrical speed estimator configured and connected to estimate an electrical
rotational speed and/or an electrical angle of the generator based on the generator output
current and in particular further based on the operation parameter reference such as reference
voltage.

[0025] Thus, measuring the mechanical speed/frequency may not be necessary, thereby
simplifying the method.

[0026] According to an embodiment of the present invention, the fundamental current
controller and/or the harmonic current controller receives as input the electrical rotational
speed (or frequency) and/or an electrical angle estimated by the electrical speed estimator.
The electrical rotational speed and the electrical angle may be required for performing the
control and in particular to perform a transformation into the harmonic dg-frame.

[0027] According to an embodiment of the present invention, the arrangement further
comprises at least one harmonic current reference calculation module configured to calculate
the harmonic current reference based on at least one current reference input; and/or a
fundamental current reference calculation module configured to calculate the fundamental
current reference based on at least one of the current reference input, wherein the current
reference input comprises: the operation parameter reference, in particular voltage reference,
and/or the generator output current, and/or a DC-link voltage, and/or an electrical frequency of
the generator, and/or an electrical angle of the generator, and/or a torque, and/or an
acceleration and/or a sound pressure.

[0028] The reference calculation modules are optional and may be missing in other
embodiments. The current references may be simply constants supplied to the arrangement.
Depending on which quantity is controlled (for example voltage, power, torque), the respective
current reference calculation modules may be configured differently, in particular regarding the
configuration, such as look-up tables or the like. For each harmonic to be controlled, a
respective harmonic current reference calculation module may be provided.
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[0029] According to an embodiment of the present invention, the arrangement further
comprises a dg-abc-transformation module configured to transform the operation parameter
reference given in the fundamental dg-frame into a stator frame; a modulator configured to
derive pulse width modulation signals based on the operation parameter reference given in the
stator frame and connected to supply the pulse width modulation signals to gates of
controllable switches comprised in the generator side converter portion. Thereby, conventional
pulse width modulation control methods are supported.

[0030] According to an embodiment of the present invention, the arrangement further
comprises an abc-dg-transformation module configured to transform the generator output
current in the stator frame into the fundamental dg-frame. Thereby, the output current of the
generator may conveniently be subtracted from the current references before supplying the
difference to the respective harmonic current controller and the fundamental current controller.

[0031] According to an embodiment of the present invention it is provided an electric energy
system, comprising: a generator; a converter comprising a generator side converter portion
coupled to the generator; and an arrangement according to one of the preceding
embodiments.

[0032] The converter may further comprise a grid side converter portion which may be
connected to a utility grid to which electric energy is output from the electric energy system.

[0033] Furthermore, a wind turbine comprising the electric energy system is provided which
may comprise a wind turbine tower, a nacelle provided on top of the wind turbine tower,
wherein the generator and the converter and also the arrangement may be arranged e.g.
within the nacelle or in another component of the wind turbine.

[0034] It should be understood that features, individually or in any combination, disclosed,
explained, provided or applied for an arrangement for determining an operation parameter
reference for controlling a generator side converter portion may also be applied, individually or
in any combination, to a method for determining an operation parameter reference for
controlling a generator side converter portion according to embodiments of the present
invention and vice versa.

[0035] According to an embodiment of the present invention it is provided a method for
determining an operation parameter reference for controlling a generator side converter
portion coupled to a generator, in particular of a wind turbine, the method comprising: deriving
at least one harmonic current error by subtracting a generator output current from at least one
harmonic current reference; determining at least one harmonic reference current deviation
based on the at least one harmonic current error; deriving a fundamental current error by
subtracting the generator output current from a sum of a fundamental current reference and
the at least one harmonic current reference; determining a modified fundamental current error
as a sum of the fundamental current error and the harmonic reference current deviation;
determining the operation parameter reference based on the modified fundamental current
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error.

[0036] Furthermore, it is provided a method for controlling a generator side converter portion
coupled to a generator, comprising: performing a method for determining an operation
parameter reference according to the preceding embodiment and controlling the generator
side converter portion coupled to a generator based on the operation parameter reference.
Embodiments of the present invention are now described with reference to the accompanying
drawings. The invention is not restricted to the illustrated or described embodiments.

[0037] The aspects defined above and further aspects of the present invention are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment. The invention will be described in more detail
hereinafter with reference to examples of embodiment but to which the invention is not limited.

Brief Description of the Drawings

[0038]

Figure 1 schematically illustrates a wind turbine according to an embodiment of the present
invention comprising an arrangement according to an embodiment of the present invention;

Figure 2 schematically illustrates a block diagram of an arrangement according to an
embodiment of the present invention as comprised in an electric energy system according to
an embodiment of the present invention;

Figures 3, 4 illustrate graphs illustrating control performance as considered in an embodiment
of the present invention; and

Figures 5, 6 illustrate graphs illustrating control performance of a conventional system.

Detailed Description

[0039] 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.

[0040] The wind turbine 100 schematically illustrated in Figure 1 comprises a hub 101 at which
plural rotor blades 103 are connected. The hub is connected with a primary shaft 105 which is
mechanically connected to an (optional) gearbox 107. A secondary shaft 109 also
mechanically coupled to the gearbox 107 drives a generator 111 having a not illustrated stator
with one or more winding sets (in particular two winding set,) and having a rotor with
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permanent magnets being connected to the secondary shaft 109. Upon rotation of the
secondary shaft 109 and the rotor with the permanent magnets comprised in the generator
111, electric energy is generated by the generator 111 and is output by a three-phase power
stream 113, 115, 117. The power stream is a variable frequency power stream due to the
variable rotational speed of the rotation of the hub 101 including the rotor blades 103.

[0041] Therefore, the wind turbine 100 comprises an AC-DC-AC converter 119 which
comprises a generator side converter portion 121, a DC link 123 and a grid side converter
portion 125. The generator side converter portion 121 is in particular configured as an AC-DC
converter and the grid side converter portion 125 is configured as a DC-AC converter portion.
The conversions in the portions 121, 125 are achieved by controlling plural controllable
switches using pulse width modulation signals which are derived based on an operation
parameter reference 127 which is supplied from a wind turbine controller 129 which may
comprise an arrangement for determining an operation parameter reference for controlling a
generator side converter portion according to an embodiment of the present invention and
which will be described in more detail with reference to Figure 2 below.

[0042] The variable frequency output power 113, 115, 117 is converted by the generator side
converter portion 121 to a substantially DC output power at the DC link 123 and is then
converted to a fixed frequency output power 129, 131, 133 by the grid side converter portion
125. The output power is supplied to a (optional) transformer 135 which transforms the output
voltage to a higher voltage before supplying the output power to the utility grid 137. The wind
turbine 100 comprises the electric energy system 140 according to an embodiment of the
present invention. For controlling the converter 119 receives control signals 127, comprising an
operation parameter reference from the arrangement 129.

[0043] Figure 2 schematically illustrates an electric energy system 240 according to an
embodiment of the present invention comprising an arrangement 229 according to an
embodiment of the present invention (which may represent arrangement 129 in Fig. 1) for
determining an operation parameter reference for controlling a generator side converter
portion 221 coupled to a generator 211.

[0044] Thereby, the arrangement 229 comprises at least one harmonic current reference
calculation module 241 configured to calculate a harmonic current reference 243 (i*dgh) based
on at least one current reference input 245, for example a voltage reference v*dq, the
generator output current idg and the DC link voltage Vdc.

[0045] Furthermore, the arrangement 229 comprises a fundamental current reference
calculation module 247 which is configured to calculate a fundamental current reference 249
(i*dgf) based on at least one of the current reference input 245. Alternatively, other inputs 245
may be provided. Furthermore, the current reference calculation modules 241 and 247 receive
the electrical frequency we and the electrical position ©e of the generator and/or may
optionally receive input 242 for torque and/or acceleration and/or sound pressure. The input
242 may be relevant when aiming to reach closed-loop control of torque ripple for instance.
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[0046] The arrangement 229 further comprises an arithmetic element 251 which is configured
to derive a fundamental current error 252 by subtracting an (unfiltered) generator output
current 253 (igq) from a sum of a fundamental current reference 249 and at least one harmonic

current reference 243.

[0047] Further, the arrangement comprises a fundamental current controller 254 adapted to
determine an operation parameter reference 262 (in this case a voltage reference v¥yq) based

on a modified fundamental current error 255 derived as described below.

[0048] The arrangement 229 further comprises at least one other arithmetic element 256
configured to derive at least one harmonic current error 257 by subtracting a generator output
current 253 from at least one harmonic current reference 243.

[0049] The arrangement 229 further comprises at least one harmonic current controller 259
configured to determine at least one harmonic reference current deviation 260 (Ai*4qn) based

on the harmonic current error 257.

[0050] Further, still another arithmetic element 261 is configured to determine the modified
fundamental current error 255 as a sum of the fundamental current error 252 and the
harmonic reference current deviation 260.

[0051] If more than one harmonic is to be controlled by the arrangement 229, the arrangement
comprises further harmonic current reference calculation module(s) and harmonic current
controller(s) for the different harmonics. The modified fundamental current error 255 is then
derived as a sum of the fundamental current error 252 and the all harmonic reference current
deviations as output from all harmonic current controllers.

[0052] In the illustrated embodiment, the operation parameter reference 262 relates to a
voltage reference. In other embodiments, a power reference, a rotational speed reference or a
torque reference may be derived within the arrangement 229.

[0053] As can be taken from the subscripts used in the method scheme or block scheme
illustrated in Figure 2, the electrical quantities are frequently given in components of a dg-
frame rotating with the fundamental electrical frequency of the generator. The fundamental
current controller 254 (as well as the harmonic current controller 259 each) comprises two PI-
controllers 263c, 263d (in other embodiments four PI controllers) for the d-component and the
g-component. The (each) harmonic current controller 259 comprises four Pl-controllers 263a,
263b, 263e, 263f.

[0054] In embodiments, both fundamental current controller and/or harmonic current controller
may have up to four Pl controllers, two for +dq (positive sequence) and two for -dq (negative
sequence). Furthermore, the harmonic current controller comprises a bandpass filter 258 (for
filtering out undesired frequencies) and a transformation module 264 which is configured to
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transform the (filtered) harmonic current error 257' given in the fundamental dg-frame into a
harmonic dg-frame and supplying the transformed signal to the two (in other embodiments
four, two for the dg+ sequence and two for the dg-sequence) Pl-controllers 263a, 263b for the
d- and g-components.

[0055] The PI controllers 263a, 263b, 263c, 263d, 263e, 263f for the harmonic current
controller and the fundamental current controller, respectively, may have the same structure,
but their parameter setting may be commonly different.

[0056] The harmonic current controller 259 further comprises a backtransformation module
265 configured to backtransform the outputs of the Pl-controllers 263a, 263b and the outputs
of the other Pl-controllers 263e, 263f into the fundamental dg-frame and to add all transformed
signals together, in order to determine the harmonic reference current deviation 260, Ai*dgh.

[0057] The arrangement 229 further comprises an electrical speed estimator 266 configured
and connected to estimate an electrical rotational speed wg and/or an electrical angle ©¢ of the

generator 211 based on the generator output current igpe (253) and further based on the
fundamental operation parameter reference 255 (v'yq) ¢ Also, the fundamental current

controller 254 and the harmonic current controller 259 both receive the electrical rotational
speed wg and the electrical angle ©¢ as inputs, as estimated by the electrical speed estimator

266.

[0058] The arrangement 229 further comprises a dg-abc-transformation module 267
configured to transform the operation parameter reference 262 given in the fundamental dg-
frame into a stator frame, i.e. into the quantity v*spc. Furthermore, a modulator 268 is provided

for deriving pulse width modulation signals 227 based on the operation parameter reference
V*apc OF based on the operation parameter reference in another frame, such as in the dg-frame

as 262 (v'yq). The modulator 268 is connected to supply the pulse width modulation signals

227 to gates of controllable switches comprised in the generator side converter portion 221.

[0059] The arrangement 229 further comprises an abc-dq transformation module 269
configured to transform the generator output current iz, in the stator frame into the

fundamental dg-frame as signal 253 (igq).

[0060] The electric energy system 240 may for example be comprised in the wind turbine 100
as illustrated in Figure 1 as energy system 140.

[0061] The arrangement 229 is adapted to perform a method for determining an operation
parameter reference for controling a generator side converter portion according to an
embodiment of the present invention.

[0062] Methods and arrangements according to embodiments of the present invention are
capable to be applied to both single and multiple harmonic current controller loops, i.e. control
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of multiple current harmonic orders.

[0063] Accordingly, harmonic reference current may be expressed as I*dgh = I*dgh1 + [*dgh2
+ ... + I*dghn, wherein h1 to hn stand for the harmonic order of interest (typically, second,
fourth, sixth, eighth and twelfth harmonics). Consequently, the harmonic current controller
block may be composed of multiple control loops in the respective reference frames which is
not explicitly shown in Figure 2 for sake of clarity.

[0064] The fundamental current references as derived by the fundamental current reference
calculation module 247 may typically be calculated by means of controllers or look-up tables,
some examples may be speed, power, torque, flux, and voltage controllers, and maximum
torque per ampere methods. Such controllers may provide i*dgf which are usually DC signals
during steady-state operation.

[0065] The harmonic current reference calculation module 241 may target to control harmonic
levels in given quantities (torque, power, voltage, flux, sound pressure, accelerations) and its
output may be a sinusoidal signal varying at given frequency or a combination of sinusoidal
signals with different frequencies (idgh). It may be composed of a variety of controllers (PI,
search algorithms, etc.) and/or LUTs, i.e. look-up tables.

[0066] The fundamental current controller 254 may be composed of two Pl-controllers in the
positive synchronous reference frame and decoupling feedforward terms. Optionally, a pair of
negative sequence current controllers may be included too, whose implementation details are
not shown for the sake of simplicity.

[0067] The harmonic current controller 259 may be implemented by means of Pl-controllers in
harmonic reference frame, proportional-resonant controllers in fundamental reference frame,
or any other suitable method.

[0068] The transformations between the abc frame and the synchronous dq frame, i.e. module
267, may apply the well-known inverse Park transformation and module 269 may apply the
Park transformation.

[0069] The voltage modulator 268 may use the reference voltages in the abc frame for
generating pulse width modulation patterns or signals. The pulse width modulation signals may
then be used to control power electronic switches (such as IGBTs) in the generator side
converter 221.

[0070] The speed observer 266 may typically be or comprise a back-emf based observer,
allowing to estimate rotor position and speed.

[0071] The bandpass filter 258 may be tuned for the specific harmonic frequencies which are
to be controlled or which are of interest. The filter may be used to attenuate/remove undesired
harmonics from measured currents and fundamental reference voltages, for instance, adaptive
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notch filters. The bandpass filter 258 is specific for the considered harmonic, in order to
attenuate frequency components different from the considered harmonic.

[0072] According to an embodiment of the present invention it is proposed to modify the
control structure in order to have the harmonic current controller (HCC) in series with the
fundamental current controller (FCC) (see Fig. 2), instead of HCC in parallel with FCC. This
change is possible while keeping the implementation of all core control strategies unchanged,
and the validated parameters for fundamental control retained. Differently from the parallel
implementation of HCC, the series HCC generates additional harmonic current references
instead of voltages references. This functions to compensate for the delay and/or attenuation
introduced by the FCC when FCC attempts to control a given harmonic in the fundamental
synchronous reference frame. In the series HCC control scheme, the HCC and FCC controllers
are working together, and the risk of possible negative interactions between them as in the
parallel HCC method is minimised.

[0073] As a consequence, the dynamic performance in both reference tracking and
disturbance rejection will be improved, and additionally the control effort of HCC will be
lowered. Moreover, the series HCC generates dq currents which as opposed to dq voltages
are decoupled, aiding to the further improvement of transient performance with lack of need for
decoupling loops.

[0074] Frequency domain analysis of the series HCC shows that the closed-loop poles are
shifted more negatively in the left half plane. This will not only enhance the control stability
margin, but also improve the dynamic performance of harmonic control, i.e., better reference
tracking and disturbance rejection.

[0075] Transient performance according to embodiments of the present invention was
evaluated in the time domain as shown in Fig. 3 and 4 (curves for the d- and the g-component
of the respective error are shown) that can be compared with performance according to a
conventional parallel architecture shown in Fig. 5 and 6. Thereby abscissas 70 denote time,
while ordinates 72 denote error in P control in Fig. 3, 5 and in N control in Fig. 4, 6.

[0076] Time domain simulation results for step response introduced at t=4s are shown,
controller input errors for positive and negative sequences (2f control): Fig. 5, 6 show the
results for parallel HCC with settling time of 4 s; Fig. 3, 4 show results for series HCC with
settling time of 0.8 s.

[0077] As can be taken from Fig. 3 to 5, a drastic reduction of the settling time of the errors
from 4 s to 0.8 s is achieved, when the parallel HCC is replaced with the series HCC control
according to embodiments of the present invention.
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Patentkrav

1. Indretning (229), som er konfigureret til at bestemme en driftsparameterre-
ference (262) til styring af en generatorsideomformerdel (221), der er tilkoblet
en generator (211), iseer af en vindmalle (100), hvilken indretning er
kendetegnet ved:

mindst et aritmetisk element (256), der er konfigureret til at udlede mindst en
harmonisk stremfejl (257) ved subtraktion af en generatoroutputstrem (253)
fra mindst en harmonisk stremreference (243);

mindst en harmonisk stremstyreenhed (259), som er konfigureret til at be-
stemme mindst en harmonisk referencestremafvigelse (260, Ai*dgh) baseret
pa den harmoniske stremfejl (257);

et andet aritmetisk element (251), som er konfigureret til at udlede en grund-
streamfejl (252) ved subtraktion af generatoroutputstremmen (253) fra en sum
af en grundstremreference (249) og den mindst ene harmoniske stremrefe-
rence (243);

endnu et andet aritmetisk element (261), der er konfigureret til at bestemme
en modificeret grundstreamfejl (255) som en sum af grundstremfejlen (252) og
den harmoniske referencestremafvigelse (260, Ai*dgh);

en grundstremstyreenhed (254), der er indrettet til at bestemme driftsparame-
terreferencen (v*dq, 262) baseret pa den modificerede grundstremfejl (255).

2. Indretning ifelge det foregaende krav, hvor driftsparameterreferencen (262)
er en speendingsreference (v*qq) til styring af generatorsideomformerdelen.

3. Indretning ifelge et af de foregaende krav, hvor den harmoniske stremrefe-
rence (243) omfatter en svingning svarende til N gange en elektrisk grundfre-
kvens af generatoren, hvor N er et naturligt tal sterre end 1, iseer er 2 eller 4
eller 6 eller 8 eller 12,

hvor den harmoniske streamreference (243) iseer er forskellig fra nul.

4. Indretning ifelge et af de foregaende krav, hvor driftsparameterreferencen
(v*dq, 262) er givet i en dg-grundramme, der roterer med den elektriske grund-
frekvens af generatoren.
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5. Indretning ifelge et af de foregéende krav, hvor grundstremstyreenheden
(254) omfatter to Pl-styreenheder (263c, 263d), til bestemmelse af driftspara-
meterreferencen ved anvendelse af en Pl-styreenhed af de to Pl-styreenheder
for hver af d-komponenten og g-komponenten af den modificerede grund-
streamfejl (255) i dg-grundrammen.

6. Indretning ifelge et af de foregaende krav, hvor den harmoniske stremsty-
reenhed (259) omfatter:

et transformationsmodul (264), der er konfigureret til at transformere den har-
moniske stremfejl i dg-grundrammen til en harmonisk dg-ramme, hvor den har-
moniske dg-ramme roterer med det respektive multiplum af grundfrekvensen;
to Pl-styreenheder (263a, 263b), som er konfigureret til at modtage kompo-
nenterne af den harmoniske stremfejl i den harmoniske positive sekvens-dg-
ramme som inputs;

to andre Pl-styreenheder (263e, 263f), som er konfigureret til at modtage kom-
ponenterne af den harmoniske stremfejl i den harmoniske negative sekvens-
dg-ramme som inputs;

et tilbagetransformationsmodul (265), som er konfigureret til at tilbagetransfor-
mere outputtene fra Pl-styreenhederne (263a, 263b) og outputtene fra de an-
dre Pi-styreenheder (263e, 263f) til dg-grundrammen; og

et additionselement til tilfgjelse af de transformerede outputs fra Pl-styreenhe-
derne (263a, 263b) og de transformerede outputs fra de andre Pl-styreenhe-
der (263e, 263f) for at opna den harmoniske referencestremafvigelse (260,
Ai*dgh).

7. Indretning ifalge et af de foregaende krav, yderligere omfattende:

en elektrisk hastighedsestimator (266), som er konfigureret og tilsluttet til at
estimere en elektrisk rotationshastighed (we) og/eller en elektrisk vinkel (Be)
af generatoren (211) baseret pa generatoroutputstremmen (253) og isaer yder-
ligere baseret pa driftsparameterreferencen (v*dq, 262).

8. Indretning ifelge et af de foregéende krav, hvor grundstremstyreenheden
(254) og/eller den harmoniske stremstyreenhed (259) modtager som input den
elektriske rotationshastighed og/eller en elektrisk vinkel, der er estimeret af
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den elektriske hastighedsestimator (266).

9. Indretning ifalge et af de foregaende krav, yderligere omfattende:

mindst et harmonisk stremreferenceberegningsmodul (241), som er konfigu-
reret til at beregne den harmoniske stremreference (243) baseret pa mindst et
stremreferenceinput (245); og/eller

et grundstremreferenceberegningsmodul (247), som er konfigureret til at be-
regne grundstremreferencen (249) baseret pa mindst et af stremreferencein-
puttet (245),

hvor stremreferenceinputtet omfatter:

driftsparameterreferencen (262), iseer speendingsreferencen (v*dq), og/eller
generatoroutputstrammen (idq) og/eller

en DC-link-spaending (Vdc) og/eller

en elektrisk frekvens af generatoren og/eller

en elektrisk vinkel af generatoren og/eller

et drejningsmoment og/eller

en acceleration og/eller

et lydtryk.

10. Indretning ifalge et af de foregaende krav, yderligere omfattende:

et dg-abc-transformationsmodul (267), som er konfigureret til at transformere
driftsparameterreferencen (262, v*qq) givet i dg-grundrammen til en stator-
ramme;

en modulator (268), som er konfigureret til at udlede pulsbreddemodulations-
signaler (227) baseret pa driftsparameterreferencen givet i statorrammen og
tilsluttet til at sende pulsbreddemodulationssignalerne til porte af styrbare kon-
takter omfattet i generatorsideomformerdelen (221).

11. Indretning ifalge et af de foregaende krav, yderligere omfattende:
et abc-dg-transformationsmodul (269), der er konfigureret til at transformere
generatoroutputstremmen i statorrammen til dg-grundrammen.

12. Elektrisk energisystem (140, 240), omfattende:
en generator (111, 211);
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en omformer (119) omfattende en generatorsideomformerdel (121, 221), som
er tilkoblet generatoren; og
en indretning (129, 229) ifelge et af de foregaende krav.

13. Vindmglle (100), omfattende det elektriske energisystem (140) ifalge det
foregaende krav.

14. Fremgangsmade til bestemmelse af en driftsparameterreference (262) til
styring af en generatorsideomformerdel (221), som er tilkoblet en generator
(211), iseer af en vindmelle (100), hvilken fremgangsmade er kendetegnet
ved:

udledning af mindst en harmonisk stremfejl (257) ved subtraktion af en gene-
ratoroutputstrem (253) fra mindst en harmonisk stremreference (243);
bestemmelse af mindst en harmonisk referencestremafvigelse (260, Ai*dgh)
baseret pa den mindst ene harmoniske stremfejl (257);

udledning af en grundstremfejl (252) ved subtraktion af generatoroutputstrem-
men (253) fra en sum af en grundstremreference (249) og den mindst ene
harmoniske stremreference (243);

bestemmelse af en modificeret grundstremfejl (255) som en sum af grund-
stremfejlen (252) og den harmoniske referencestremafvigelse (260, Ai*dgh);
bestemmelse af driftsparameterreferencen (261, v*uq) baseret pa den modifi-
cerede grundstremfejl (255).

15. Fremgangsmade til styring af en generatorsideomformerdel (221), som er
tilkoblet en generator (211), omfattende: gennemfaerelse af en fremgangsmade
til bestemmelse af en driftsparameterreference (262) ifelge det foregaende
krav og

styring af generatorsideomformerdelen (121, 221), der er tilkoblet en genera-
tor, baseret pa driftsparameterreferencen (262).
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