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Description

The present invention relates to a method for feeding an electrical alternating current into an
electrical supply grid by means of a wind power installation and to a wind power installation
which comprises at least one inverter with an inverter output, which is coupled to an active

filter.

It Is particularly known for wind power installations to generate electrical alternating current by
using electrical inverters and to a feed electrical alternating current into the electrical supply

grid by means of electrical inverters.

For this purpose, wind power installation usually have at least one electrical generator for
generating an electrical alternating current. For feeding into the electrical supply grid, the
electrical alternating current generated by the generator is then rectified by means of at least
one inverter in such a way that the electrical alternating current generated by the generator

then meets the requirements of the electrical supply grid.

The electrical inverter is In this case usually of a multiphase form and, in wind power
Installations that have a high power output, is usually of a modular design, i.e. the inverter has

a multiplicity of inverter modules, which together form the electrical inverter.

However, electrical inverters also have a series of disadvantages, for example the electrical
alternating current provided by an electrical inverter has a high harmonic content, i.e. the
electrical alternating current or the electrical inverter current has a large number of harmonics

of different orders, which are undesired from the viewpoint of the electrical supply grid.

In order to minimize such, in particular undesired harmonics, active or passive filters for
example may be provided or arranged at the output of the electrical inverter, the object of

which is to filter out the undesired harmonic or to smooth the alternating current provided by

the electrical inverter.

In the simplest case, passive filters are formed by a combination of capacitances, impedances
and/or inductances. Passive filters therefore comprise a combination of passive components,

to be specific capacitors, resistors and/or coils. Usually, such passive filters are also

configured once for their area of use.
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Active filters additionally have at least one further active component, that is to say a component
which Is controllable and, in the case of an active filter, is also controlled. This active
component may for example be a power circuit-breaker, that is to say an IGBT or a MOSFET.
Moreover, active filters are initialized once for their area of use and appropriately re-configured
In the course of operation; their control is therefore continuously newly adapted to their area

of use.

A disadvantage of the previously known filters is, in particular, the restricted operating range
In the case of passive filters or the high signal transit times in the case of active filters, which
have the effect that, in spite of these precautions, the electrical alternating current generated
by the generator, rectified by the inverter and filtered by the filter has harmonics that do not
meet the requirements of the electrical supply grid, in particular in countries with high

requirements which in particular have a weak electrical supply grid, such as for example Brazil.

The German Patent and Trademark Office has searched the following prior art in the priority
application relating to the present application: DE 10 2012 203 015 A1, DE 10 2014 219 052
A1, US 2013 /0039 100 A1, US 5 831 842 A and JP 2003-209 973 A. Document D 10 2008

018 497 A1 discloses an inverter and an active filter.

The present invention Is therefore based on the object of addressing at least one of the
aforementioned problems. In particular, a solution that allows filtering of an electrical
alternating current or an electrical inverter current in a way suitable for wind power installations
IS to be proposed. At least, however, an alternative solution to previously known concepts is

to be proposed.

According to the invention, consequently, a method for feeding an electrical alternating current
Into an electrical supply grid by means of a wind power installation according to claim 1 is
proposed. Accordingly, the wind power installation comprises at least one inverter with an
inverter output for providing an electrical inverter current and an active filter coupled to the

iInverter output.

The inverter is consequently designed to provide or deliver an inverter current, in particular a

multiphase inverter current, at its inverter output.

The active filter is also designed to filter the inverter current provided at the inverter output, In
particular in order thereby to provide a filtered alternating current for feeding into the electrical

supply grid or to feed this alternating current into the electrical supply grid, preferably by means
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of a transformer. The active filter is consequently preferably arranged between the at least

one electrical inverter and the electrical supply grid.

Particularly preferably, the wind power installation has for this a full converter concept, a full
converter concept being supposed to be understood as meaning in particular that the entire
electrical current generated by the wind power installation is passed by way of an inverter or
an arrangement of a number of inverters or inverter modules in such a way that the entire
current fed into the electrical supply grid has been passed through this inverter or this

arrangement of a number of inverters or inverter modules.

In a first step, the electrical inverter thus provides an inverter current at its output by switching
actions of at least one switch. The inverter consequently rectifies the current generated by the
generator or part thereof, in order to provide or deliver an alternating current at the inverter
output. The inverter current thus provided at the inverter output Is in this case In particular a

three-phase alternating current.

For this, the electrical inverter is preferably of a three-phase form and has for generating the
electrical inverter current at least one upper switch and one lower switch for each of the
phases. The switches of the inverter may in this case be activated for example by way of a
tolerance band method, in order to generate the inverter current or provide it at the inverter

output.

Irrespective of the type of control method, in this case the control of the inverter or the control
of the switches of the inverter is undertaken by a controller, which activates the switches of
the inverter by means of activation signals in such a way that a corresponding inverter current

IS established at the inverter output.

In a second step, according to the invention, the switching actions of the inverter are sensed.
Therefore, the switching actions of the individual switches of the inverter are monitored. This
may take place for example by directly sensing a switching state of the corresponding switch
or by picking off the activation signals that are transmitted from the controller to the switches.
If for example the controller sends an activation signal to a switch of the inverter, this signal is
picked off and in particular fed or transmitted to the active filter. Preferably, the active filter

consequently receives the same signals as the switches of the electrical inverter.
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sSubsequently, the active filter is controlled in dependence on the sensed switching actions, In
order to filter the inverter current provided by the inverter at the inverter output, in particular in

order thereby to obtain a filtered alternating current.

The alternating current thus obtained or filtered may then for example be superposed with
further alternating currents and fed by way of a transformer into a wind farm grid and/or an

electrical supply grid.

It iIs consequently proposed In particular that the active filter is controlled directly In
dependence on the activation signals for the switches of the inverter. The inverter or the
controller of the inverter therefore preferably provides the active filter with the activation signals
for the switches, for example directly with the same signal or more preferably indirectly by
picking off the activation signals. Such a procedure has the effect that there are almost the
same signal transit times between the controller of the inverter and the switches of the inverter
and between the controller of the inverter and the active filter. Such a construction or such a
procedure allows in particular a possibility of filtering an inverter current with which there are
no time delays in the control signals between the alternating current to be filtered and the
active filtering. The active filter is consequently designed to filter an inverter current provided

by an inverter without having to measure |t.

It Is particularly advantageous here furthermore that the active filter does not have to be
initialized and reconfigured as in the case of previously known methods or that the current has

to be continuously measured in order to sense the deviations from a setpoint value.

The method according to the invention consequently allows in particular an active filter to be
controlled in such a way that the harmonics of an inverter current are minimized, without the
alternating current provided by the inverter having to be measured or the active filter having
to be Initialized and reconfigured. Consequently, the proposed method at least creates a
possibility for filtering harmonics in the case of which the active filter only has to be initialized
once. Initialization should be understood here as meaning in particular the configuration of the

active filter for the first time in conjunction with the corresponding inverter or inverters.

Preferably, the controlling of the active filter takes place in such a way that the electrical
alternating current fed into the electrical supply grid has a reduced harmonic component as

compared with the electrical inverter current.
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The active filter is consequently controlled in such a way that the filtered alternating current
that is fed into the electrical supply grid has less harmonics than the inverter current provided
by the inverter. In this way, for example, all of the harmonics of the inverter current provided

or only certain harmonics of the inverter current provided may be minimized.

Consequently, a possibility of minimizing harmonics specifically and as and when required is
provided. For example, the active filter may be designed to filter harmonics of the third order;

accordingly, the harmonics of other orders are then the same and/or even greater.

The active filter is consequently preferably able to be configured and/or able to be initialized
In dependence on the electrical supply grid or the requirements of the electrical supply grid.
This is particularly advantageous with regard to different national or regional requirements,
since all that is required for setting up a wind power installation at any desired location Is for

the active filter to be Initialized once.

Preferably, the switching actions of the at least one switch have a switching frequency and the
sensing of the switching actions takes place with a sampling frequency, the sampling
frequency being at least twice, in particular at least five times, preferably at least ten times,

the switching frequency of the switching action to be sensed of the switch.

For providing the electrical alternating current at the inverter output, the switches of the
electrical inverter have for example a switching frequency of 2 kHz. The switches of the
iInverter consequently receive at least 2000 activation signals per second transmitted from the
controller of the inverter. The activation signals themselves are then sampled by means of a
sampling frequency or sent to the active filter with an increased or higher frequency, which is

at least twice the switching frequency, preferably ten times the switching frequency.

Preferably, the controlling of the active filter takes place depending on an activation signal
initiating the switching actions of the at least one switch and also or alternatively the controlling
of the active filter takes place depending on a control voltage initiating the switching actions of

the at least one switch.

Consequently, the active filter preferably senses the activation signals of the switches of the
inverter or the active filter receives the activation signals for the switches of the inverter
transmitted directly by the controller of the inverter. The active filter is consequently controlled

with the same signals as the switches of the inverter.
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Also or alternatively, the controlling of the active filter may also take place in dependence on
a control voltage of the switches, for example the gate voltage of the semiconductor may be

sensed or measured for this.

Preferably, the at least one inverter is activated by means of a tolerance band method in order
to provide the inverter current at the inverter output, and the active filter filters the current the
inverter current depending on the switching actions of the at least one switch that are

generated by the tolerance band method.

The electrical inverter is consequently activated in dependence on a tolerance band method

or controlled by a tolerance band method.

In the tolerance band method, a tolerance band that has a lower band limit and an upper band
limit is placed around a sinusoidal function, which corresponds to the desired output current
of the inverter. For carrying out the tolerance band method, furthermore, the generated output
current is sensed and compared with the tolerance band, that is to say the lower and upper
band limits. If the current is in the positive half-wave and reaches the lower band limit, a
switching pulse Is initiated by means of an activation signal and the corresponding switch of
the inverter changes the output current. If the sensed output current then reaches the upper
band limit, the switching pulse is ended by means of a further activation signal. If the current
IS In the negative half-wave and reaches the upper band limit, a switching pulse is initiated by
a further activation signal and the corresponding switch of the inverter changes the output
current. If the sensed output current then reaches the lower band limit, the switching pulse is
ended by means of a further activation signal. As a result, the current varies within the
tolerance band in a pattern that follows the prescribed, idealized sinusoidal waveform, the
switches of the inverter continually going on and off again. The switches have in this case a

variable switching frequency, which substantially depends on the width of the tolerance band.

It Is particularly advantageous when using a tolerance band method that the amplitudes
occurring of the harmonics of the inverter current lie below 1% with respect to the rated current,
and the active filter consequently has to filter far less great current peaks than for example Iin

the case of a pulse-width-modulated inverter current.

Consequently, particularly advantageous synergies are obtained for the method according to
the invention with respect to inverters that are controlled by means of a tolerance band
method. For example, an active filter with the same overall size can be used for filtering a

number of inverter currents generated by a tolerance band method.



10

15

20

25

30

DK/EP 3574561 T3

Preferably, the controlling of the active filter takes place without taking into account the inverter

current provided.

The active filter is consequently controlled independently of the inverter current generated.
The active filter therefore has no primary means for sensing the inverter current generated.
Also, the active filter preferably has no input of which the input variable is the generated
iInverter current. Nevertheless, the generated inverter current may be sensed for carrying out
the tolerance band method. However, it is then not passed on to the active filter for carrying

out the method according to the invention.

Preferably, the controlling of the active filter takes place in dependence on the sensed
switching actions in order to reduce at least one harmonic component of the first alternating
current, in particular to minimize a current harmonic component of the first alternating current,
preferably to reduce a current harmonic component selected from the list comprising: 1st

current harmonic to 60th current harmonic.

The active filter is consequently designed to reduce at least one harmonic component.
Moreover, the active filter is designed In such a way that it attenuates frequencies of a certain
spectrum, in particular harmonics up to the 60th current harmonic. Preferably, the active filter

IS consequently designed to filter harmonics up to 3 kHz, that is to say the 60th harmonic of a

fundamental frequency of 50 Hz.

This Is so because it has been recognized furthermore that the method according to the
invention or the construction of the filter according to the invention is particularly favorable for

the harmonics up to the 60th order.

Preferably, the electrical inverter comprises a number of inverter modules with an inverter
module output for providing an inverter module current, and the inverter module outputs are
iInterconnected in such a way that their inverter module currents are superposed to form the
iInverter current, a collective evaluation device being provided for sensing and evaluating
activation signals of the number of inverter modules, and the collective evaluation device

activating the active filter for filtering the inverter current.

The inverter is consequently constructed from a number of modules. The modules themselves

may In turn be formed by a complete inverter, so that at least one inverter should be

understood as also meaning a multiplicity of inverters.
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Moreover, the active filter is designed to filter an inverter current superposed from a number
of inverter currents. Provided for this in particular is a collective evaluation device, which
receives the activation signals of all the inverters or inverter modules to be filtered. For
example, three inverters or three inverter modules are filtered by an active filter. If each inverter
has 6 switches, the collective evaluation device receives 18 activation signals. The activation
signals are then evaluated within the collective evaluation device, for example by means of a
look-up table, in order to activate the active filter correspondingly in order that it filters the
overall current. Preferably, for this the collective evaluation device senses the switching states

of the individual switches of the inverter modules.

Preferably, the active filter is controlled in dependence on the sensed switching actions and
at least additionally in dependence on a DC link voltage of the at least one inverter and/or a

current setpoint value for the at least one inverter.

Consequently, the active filter additionally senses the DC link voltage and preferably the
current setpoint value for the at least one inverter. In this way it iIs made possible in particular
by means of the active filter to react more specifically to ripple currents and/or to tune the

active filter more specifically to the at least one inverter.

Also proposed according to the invention is a wind power installation, comprising at least one
inverter with an inverter output for providing a first alternating current and an active filter
coupled to the inverter output for filtering the inverter current, in order to create a filtered
alternating current for feeding into the electrical supply grid, the active filter being designed to
be controlled in dependence on a sensed switching action of at least one switch of the inverter,

In order to filter the first alternating current and thereby create the filtered alternating current.

The wind power Installation according to the invention consequently has at least one inverter,
which provides an inverter current, which is generated for example by means of a tolerance
band method. At the output of the inverter there is also arranged an active filter, which is
designed to filter the alternating current provided at the output of the inverter in dependence

on the switching actions of the switches of the inverter.

Consequently proposed in particular is a wind power installation which is designed to carry out

a method described above or below for feeding in an electrical alternating current.

Preferably, the wind power installation also has a wind power installation transformer, which

Is designed to step up the alternating current filtered by the active filter to a supply grid voltage
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or wind farm grid voltage. For example, the inverter current has a voltage of 1 kV and the wind
farm grid voltage is 10 kKV. The transformation ratio of the wind power installation transformer
Is then 1:10.

Preferably, the wind power installation has a controller for activating the inverter, in order to

carry out a method described above or below.

The wind power installation consequently comprises a controller which is designed to activate
the Iinverters and in particular the switches, preferably the upper and lower switches, of the

inverters, in order to provide an inverter current at the inverter output.

For this purpose, the controller transmits in particular activation signals to the inverter or the
switches of the inverter or of the inverter modules, the activation signals preferably likewise
being transmitted to the active filter, in order to filter the inverter current of the inverter or of
the inverter modules provided at the inverter output and thereby create the filtered alternating

current.

Preferably, the at least one inverter has at least 6 switches, two switches respectively, in

particular an upper switch and a lower switch, providing a current for a phase in each case of

the Inverter current.

The inverter or the inverter modules are consequently designed to provide a three-phase

alternating current at the output, two switches being respectively provided for a phase.

Preferably, the at least one switch of the inverter or the switches of the inverter is/are formed
as |IGBTs or MOSFETSs.

The switches of the inverter are consequently designed to operate with particularly high
switching frequencies, In order to provide an inverter current that corresponds substantially to
an idealized sinusoidal waveform or the deviations of which from an idealized sinusoidal

waveform are on average less than 5% with respect to the rated current.

The Inverter is consequently also designed to be activated by means of a tolerance band

method, the switches of the inverter having for example a switching frequency of up to 20 kHz.
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Preferably, the at least one inverter is activated by means of a tolerance band method and the
active filter filters the inverter current depending on the switching actions of the at least one

switch that are generated by the tolerance band method.

Preferably, the inverter is a power inverter, in particular a power inverter that is designed to be

used in a full converter concept of a wind power installation.

The inverter is consequently designed to rectify electrical power outputs particularly of up to 8
MW. Forthis, the inverter is for example constructed in a modular manner, i.e. it has a number
of inverter modules, which are preferably interconnected parallel to one another in order to
provide an inverter current. This inverter current, provided in this way, Is then filtered with the
active filter. Preferably, the wind power installation has precisely one active filter. However, it
IS also concelvable for there to be a number of active filters, for example If the wind power
installation has a number of structurally identical inverters which are respectively
accommodated in a power cabinet. Then, alternatively, each power cabinet has an active filter.
Preferably, the number of active filters is chosen such that the alternating current fed into the

electrical supply grid from the wind power installation meets the requirements of the electrical

supply grid.

Preferably, the active filter has at least one active component, in particular at least one IGBT
or one MOSFET, preferably at least one silicon-carbide IGBT or one silicon-carbide MOSFET,
which is designed to operate with a clocking frequency which is preferably greater than the
switching frequency of the at least one switch or which is greater than the switching frequency

of the switches multiplied by the number of inverter modules of the inverter.

The clocking frequency of the active component is consequently adapted to the number of

switches of the inverter or of the inverter modules, the inverter current of which the active filter

IS Intended to filter.

It has been recognized here that the clocking frequency must be increased both with the
switching frequency of the switch and with the number of switches of the inverter, in order to

generate a filtered alternating current that meets the requirements of the electrical supply grid.

In particular, it is proposed for this that the clocking frequency of the active component must

be greater than the switch frequency of the switches multiplied by the number of inverter

modules.



10

15

20

25

DK/EP 3574561 T3

11

Preferably, for this purpose the switch or switches of the active filter is/are formed by silicon-
carbide |IGBTs or silicon-carbide MOSFETs or other transistors which can In particular be
operated with clocking or switching frequencies above 20 kHz. If, for example, the active filter
IS responsible for 5 inverters, the switches of which are respectively operated at 20 kHz, the
active filter, in particular the switch of the active filter, has a clocking or switching frequency of
greater than 100 kHz. The switching frequency of the active filter consequently corresponds

to at least N times the switch frequency of the N inverters.

Preferably, the electrical inverter comprises a number of inverter modules with an inverter
module output for delivering an inverter module current, and the inverter module outputs are
interconnected in such a way that their inverter module currents are superposed to form the
iInverter current, a collective evaluation device being provided for sensing and evaluating
activation signals of the inverter modules, and the collective evaluation device activating the

active filter for filtering the inverter current.

The wind power installation consequently has a number of inverters or a number of inverter

modules of which the output currents are filtered by means of an active filter.

Provided for this purpose is a collective evaluation device, which senses and evaluates all of

the activation signals of the corresponding inverters or inverter modules.

Moreover, the collective evaluation device is designed to control the active filter in dependence

on the sensed activation signals in such a way that the inverter current filtered by the active

filter has fewer harmonics than the inverter current provided by the inverter.

This may take place for example by means of a look-up table or a control table that has been

initialized once while taking into account the number of inverters or inverter modules.

Preferably, the active filter is interconnected with the inverter output in parallel in such a way
that the active filter is designed to filter, in particular to reduce, at least one current harmonic

of the first alternating current.

The active filter is consequently designed to filter current harmonics.

The present invention is now explained in more detail below, by way of example, on the basis

of exemplary embodiments with reference to the accompanying figures:
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Fig. 1 shows a schematic view of a wind power installation according to the invention

according to one embodiment,

FIg. 2 shows a schematic construction of an electrical section of a wind power installation
according to the invention for feeding in an electrical alternating current according to

one embodiment,

FIg. 3 schematically shows the construction of an inverter for providing an inverter current

by means of a tolerance band method,

Fig. 4 schematically shows the coupling of the active filter to the switches of a number of

Inverter modules and

FIg. 5 schematically shows a control table of a collective evaluation device according to the

iInvention.

Fig. 1 shows a wind power installation 100 for feeding electrical alternating current into an

electrical supply grid.

For this purpose, the wind power installation 100 has a tower 102 and a nacelle 104. An
aerodynamic rotor 106 with three rotor blades 108 and a spinner 110 is arranged on the
nacelle 104. The rotor 106 is caused to rotate by the wind during operation and thereby drives
a generator in the nacelle 104, the generator preferably being in the form of a 6-phase ring

generator.

Fig. 2 shows, In a simplified manner, an electrical section 200 of a wind power installation

according to the invention shown in Fig. 1.

The electrical section 200 has a 6-phase ring generator 210, which is caused to rotate by the
wind by way of a mechanical drive train of the wind power installation in order to generate a

6-phase electrical alternating current.

The 6-phase electrical alternating current is transferred from the generator 210 to the rectifier

220, which is interconnected with the 3-phase inverter 240 by way of a DC voltage link 230.

The 6-phase ring generator 210, which is in the form of a synchronous generator, is electrically

excited in this case by way of the excitation 250 from the DC voltage link 230.
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The electrical section 200 consequently has a full converter concept, in which the grid 270 is
fed by means of the 3-phase inverter 240. This grid 270 is usually a wind farm grid, which
feeds into an electrical supply grid by way of a wind farm transformer. However, feeding
directly into the electrical supply grid instead of the farm grid 270 also comes into

consideration.

Furthermore, a transformer may also be provided for feeding into the grid 270.

To generate the three-phase current |4, |2, I3 for each of the phases U, V, W, the inverter 240
IS controlled with a tolerance band method. In this case, the control takes place by way of the
controller 242, which senses each of the three currents I1, 12, |3 provided or generated by the

iInverter 240 at the inverter output 246 by means of a current sensing 244.

The controller is consequently designed to control each phase of the inverter individually by
means of the current sensing 244. For this purpose, the controller 242 may prescribe a current
setpoint value Isoll, in dependence on which the currents |4, |2, |3 are controlled. The current
setpoint value Isoll is preferably individually calculated and prescribed for each phase U, V, W
internally in the installation. The currents |4, Iz, Is thus generated are also referred to as an

Inverter current or inverter currents.

The inverter 240 is also coupled at its inverter output 246 to an active filter 260, in order to
filter the Inverter current |y, Iz, I3 provided at the inverter output 241 and thereby provide a

filtered alternating current |y, I, I'; for feeding into the electrical supply grid.

For this, the active filter 260 is controlled in dependence on the sensed switching actions of
the switches of the inverter 240. That the active filter 260 is controlled in dependence on these
switching actions is indicated by the signal line 262, which transfers the activation signals of

the controller 242 to the switches of the inverter 240 also to the active filter 260.

Also provided Is a collective evaluation device 264, which Is designed to sense the activation
signals by means of the signal line 262 and further signal AS, such as for example the DC link
voltage Upc and the current setpoint value lsqi, and evaluate them. The collective evaluation
device 264 then activates the active filter 260 Iin dependence on the activation signals thus

sensed and evaluated and further signals AS.
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In order In particular to filter current harmonics up to the 60th order, the active filter 260 has
low-pass characteristics, the active filter 260 being controlled by means of the activation

signals for the switches of the inverter 240.

Fig. 3 schematically shows the construction 300 of an inverter for providing an inverter current

by means of a tolerance band method. In particular, Fig. 3 shows part of the electrical section

that is shown In Fig. 2.

The construction 300 has a DC voltage link 330 which is connected by way of a rectifier to the
generator of a wind power installation. The DC voltage link 330 has a first potential Upc+ and
a second potential Udc- with a center tap M. Also respectively arranged between the center
tap M and the two potentials Upc+, Upc IS @ capacitor with the capacitance C4, Co, In order to

store energy in the DC voltage link 330 and smooth the DC voltage 2Upc correspondingly.

The inverter 340, which Is interconnected with the DC voltage link 330, generates respectively
for each of the three phases U, V, W a separate current |4, I2, Iz at the output 346 of the inverter
340. The inverter 340 respectively has for this, for each of the three phases U, V, W, an upper
switch T4, T3, Ts and a lower switch T2, T4, Te, the upper and lower switches Tq, T2, Ts, T4, Ts,
Ts being activated in particular by way of the controller 342 by means of a tolerance band

method.

The controller 342 itself operates with a current-controlled tolerance band method. For this,
the controller 342 senses the currents |4, Io, | generated or provided by the inverter 340 at the
output 346 of the inverter 340 by means of a current sensing 344. The currents |y, Iz, Iz thus
sensed are compared with a setpoint value Isoll, in order to determine the activation signals
OB11, UB11, OB12, UB12, OB13, UB13 for upper and lower switches T4, Tz, T3, T4, Ts, Te.

Fig. 4 schematically shows the coupling 400 of the active filter 460 to the switches OB, UB14,
OB21, UB21, OB3¢, UB31 of a number of inverter modules 410, 420, 430, the inverter module
currents |11, l12, l13 of which are superposed to form the inverter current |4 of the phase U. Fig.
4 therefore shows a single-phase view of the phase U of a three-phase system, comprising
the phases U, V and W.

The inverter modules 410, 420, 430 are respectively connected on the DC side to a DC voltage

link, which is indicated by the clamping voltage Upc-, Upc..
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For providing the inverter module currents |4, l12, l13, the individual inverter modules 410, 420,
430 are activated by means of the activation signals A11, A21, Az1. The activation signals Aqq,
Az21, Az1 In this case prescribe a corresponding switching state to the upper switches OB,
OB->1, OBs1 and the lower switches UB4, UB>¢, UBsj.

The inverter module 410 is in this case the switching state +1, i.e. the upper switch OB Is

active and the lower switch UB14 IS Inactive.

The inverter module 420 has in this case the switching state -1, I.e. the upper switch OBz Is

Inactive and the lower switch UB-1 IS active.

The inverter module 430 has In this case the switching state -1, I.e. the upper switch OB34 IS

Inactive and the lower switch UBs1 IS active.

The activation signals A11, A21, Az1 and also the DC link voltage Upc and the current setpoint
value lson for the inverter modules 410, 420, 430 are fed to the collective evaluation device
464, which transfers them to the control unit 468 of the active filter 460. The activation signals
A11, A21, Aar are transferred to the collective evaluation device 464 as switching states, to be
specific in the instantaneous state that is given by way of example as the three switching states
+1, -1 and -1.

The collective evaluation 464 is preferably designed for reproducing both the individual

switching states of the individual inverter modules 410, 420, 430 and a collective switching
state 2 of all of the inverters 410, 420, 430.

In the present case, in the instantaneous state that is given by way of example the collective
switching state 2 is -1. On the basis of the collective switching state 2, the control 468 of the
active filter can then determine the rise of the corresponding flanks of the tolerance band
method of the inverter modules 410, 420, 430 and correspondingly activate the switches of
the active filter by means of the activation signal Sk in such a way that the filtered alternating

current Iz has less harmonics than the inverter current |;.

For this, the control unit 468 controls the switches 1G4, 1G> of the active filter 460 In
dependence on the three switching states +1, -1 and -1 and also the DC link voltage Upc and
the current setpoint value Isoll by the activation signal SF, which likewise prescribes a

switching state +1 for the switches 1G4, |Gz of the active filter 460. The active filter 460
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generates from this by means of a DC voltage source Ck a filter current |z, which is superposed

with the inverter current |1 to form a filtered alternating current I'4.

The control of the switches 1G4, G2 of the active filter 460 may take place for example by
means of a look-up table, in which the switching states of the switches 1G4, 1G42 of the active
filter 460 In dependence on the switching states of the upper and lower switches OB4¢, OB.1,
OBs1, UB11, UB21, UB3¢ of the inverter modules 410, 420, 430 are stored.

The look-up table may in this case be stored either in the collective evaluation device 464 or
In the control 468 of the active filter 460. Such a look-up table, which is also referred to as a

control table, is represented by way of example below in Figure 5.

Fig. 5 schematically shows a control table 500 of a collective evaluation device according to
the invention. In particular, Fig. 5 shows here a control table of a collective evaluation device

shown in Fig. 4.

Entered in the top row 510 are the activation signals Aqq, Az1, Az Of the upper and lower

switches, the collective switching state 2 and the activation signal Sk of the active filter.

The individual columns 520, 530, 540, 560 also have the corresponding switching states of
the activation signals A1, A2i, Az, Sr. The column 550 reproduces the corresponding

collective switching state 2.

Corresponding to Figure 4, the row 570 shows that the activation signals A1, Az1, As1, which
comprise the switching states +1, -1 and -1, have the effect that the switching state +1 is

transmitted to the switches of the active filter.

For a simplified representation, it has been assumed here that the DC link voltage Upc and
the current setpoint value lso are constant and have no influence on the values of the table.
In a preferred embodiment, however, they are taken into account, which is indicated by
Sr(Upc, lson). The control table would then have to be correspondingly supplemented by

adding the columns for the DC link voltage Upc and the current setpoint value lson
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Patentkrav

1. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, 1*2, 1*3) til et
elektrisk forsyningsnet ved hjaelp af et vindenergianlaeg (100), og

- vindenergianlaegget (100) omfatter mindst en vekselretter (340) med en vek-
selretterudgang til tilvejebringelse af en elektrisk vekselretterstram (4, 12, [3) 0g
- den mindst ene vekselretter (340) er ved sin vekselretterudgang koblet med
et aktivt filter (460) for at filtrere vekselretterstrammen (l1, l2, 13), der tilvejebrin-
ges ved vekselretterudgangen, og derved tilvejebringe en filtreret vekselstrem
(I*1, I*2, [*3) til Indfadning | det elektriske forsyningsnet,

omfattende de felgende trin:

- at tilvejebringe den elektriske vekselretterstrem (l1, 12, 13) ved vekselretterud-
gangen ved hjeelp af koblingshandlinger af mindst en kontakt af vekselretteren
(340),

kendetegnet ved

- atregistrere vekselretterens (340) koblingshandlinger ved at registrere styre-
signaler,

- at styre det aktive filter (460) afhaengigt af de registrerede koblingshandlinger
for at filtrere vekselretterstrammen (l1, I2, 13), der tilvejebringes ved vekselret-
terudgangen, og derved skaffe den filtrerede vekselstram (1*1, 1*2, [*3).

2. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, [*2, I*3) ifalge
krav 1, kendetegnet ved, at

- styringen af det aktive filter (460) sker saledes, at den elektriske vekselstram
(I*1, 172, 1*3), der indfedes | det elektriske forsyningsnet, har en reduceret over-
svingningsandel | fornold til den elektriske vekselretterstram (l1, 2, 13).

3. Fremgangsmade til indfadning af en elektrisk vekselstram (I*1, 1*2, I*3) if@lge
krav 1 eller 2,

kendetegnet ved, at

- den mindst ene kontakts koblingshandlinger har en koblingsfrekvens og

- registreringen af koblingshandlingerne sker med en tastfrekvens, hvor
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- tastfrekvensen mindst er dobbelt sa stor, isaer mindst fem gange sa stor, for-
trinsvis mindst ti gange sa stor, som koblingsfrekvensen af kontaktens kob-
lingshandling, der skal registreres.

4. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, 1*2, 1*3) if@lge
et af de foregaende krav,

kendetegnet ved, at

- styringen af det aktive filter (460) sker afhaengigt af et styresignal, der udigser
den mindst ene kontakts koblingshandlinger, og desuden eller alternativt at

- styringen af det aktive filter (460) sker afhaengigt af en styrespasnding, der
udigser den mindst ene kontakts koblingshandlinger.

5. Fremgangsmade til indfadning af en elektrisk vekselstram (I*1, 1*2, I*3) if@lge
et af de foregaende krav,

kendetegnet ved, at

- den mindst ene vekselretter (340) styres ved hjaelp af en tolerancebandfrem-
gangsmade for at tilvejebringe vekselretterstrammen (l4, 12, 13) ved vekselret-
terudgangen, og det aktive filter filtrerer vekselretterstrammen (l4, 12, 13) af-
haengigt af den mindst ene kontakts koblingshandlinger, der genereres af to-
lerancebandfremgangsmaden.

6. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, [*2, I*3) ifalge
et af de foregaende krav,

kendetegnet ved, at

- styringen af det aktive filter (460) sker uden hensyntagen til den tilvejebragte
vekselretterstram (l41, l2, |3).

7. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, [*2, I*3) ifalge
et af de foregaende krav,

kendetegnet ved, at

- styringen af det aktive filter (460) sker afhaengigt af de registrerede koblings-
handlinger for at reducere mindst en oversvingningsandel af vekselretter-
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strammen (l1, I2, I3), 1Isaer for at minimere en stremoversvingningsandel af vek-
selretterstreammen (l1, I2, I3), fortrinsvis for at reducere en streamoversving-
ningsandel, der er valgt fra listen, der omfatter:

- 1. harmoniske stremoversvingning til

- 60. harmoniske stremoversvingning.

8. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, [*2, I*3) ifglge
et af de foregaende krav,

kendetegnet ved, at

- den elektriske vekselretter (340) omfatter flere vekselrettermoduler med en
vekselrettermoduludgang til tilvejebringelse af en vekselrettermodulstram, og
vekselrettermoduludgangene er koblet saledes, at deres vekselrettermodul-
stremme overlapper hinanden til vekselretterstrammen, hvor

- en samlet analyseindretning er tilvejebragt til registrering og analyse af sty-
resignaler af vekselrettermodulerne, og den samlede analyseindretning styrer
det aktive filter (460) til filtrering af vekselretterstrammen (l1, I2, 13).

9. Fremgangsmade til indfadning af en elektrisk vekselstram (1*1, [*2, I*3) ifalge
et af de foregaende krav,

kendetegnet ved, at

- det aktive filter (460) endvidere styres afhaengigt af mindst en mellemkreds-
spaanding (Upc) af den mindst ene vekselretter (340) og/eller en stramindstil-
lingsvaerdi til den mindst ene vekselretter (340).

10. Vindenergianlaeg (100) omfattende mindst en vekselretter (340) med en
vekselretterudgang til tilvejebringelse af en f@rste vekselstrem (l1, I2, 13) og et
aktivt filter (460), der er koblet til vekselretterudgangen, til filtrering af veksel-
retterstremmen (l1, l2, |3) for at skaffe en filtreret vekselstream (I*1, [*2, [*3) til
Indfadning | det elektriske forsyningsnet, kendetegnet ved, at

- det aktive filter (460) er indrettet til at blive styret afhaengigt af en koblings-
handling, der registreres ved registrering af styresignaler, af mindst en kontakt
af vekselretteren (340) for at filtrere vekselretterstrammen (l4, 2, 13) 0g derved
skaffe den filtrerede vekselstram (1*1, [*2, 1*3).
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11. Vindenergianlaeg (100) ifelge krav 10,

kendetegnet ved, at

vindenergianlaagget (100) har en styreenhed til styring af vekselretteren (340)
for at udfere en fremgangsmade ifalge et af kravene 1 til 9.

12. Vindenergianlaeg (100) ifelge krav 10 eller 11,

kendetegnet ved, at

- den mindst ene vekselretter (340) har mindst seks kontakter, hvor der hver
Isaer er udformet to kontakter, isaer en over- og en underkontakt, for at tilveje-
bringe en strem til hver isaer en fase af vekselretterstreammen.

13. Vindenergianlaeg (100) ifelge et af kravene 10 til 12,

kendetegnet ved, at

- den mindst ene kontakt af vekselretteren (340) eller vekselretterens (340)
kontakter er udformet som IGBTs eller MOSFETSs.

14. Vindenergianlaeg (100) ifelge et af kravene 10 til 13,

kendetegnet ved, at

- den mindst ene vekselretter (340) er udformet til at blive styret ved hjaelp af
en tolerancebandfremgangsmade, og det aktive filter (460) er udformet til at
flltrere vekselretterstrammen (l1, 12, I3) afhaengigt af den mindst ene kontakts
koblingshandlinger, der genereres af tolerancebandfremgangsmaden.

15. Vindenergianlaeg (100) ifelge et af kravene 10 til 14,

kendetegnet ved, at

- vekselretteren (340) er en effektvekselretter, 1saer en effektvekselretter, der
er Indrettet til anvendelse | et fuldomformerkoncept af et vindenergianlaeg
(100).

16. Vindenergianlasg (100) ifelge et af kravene 10 til 15,

kendetegnet ved, at

- det aktive filter (460) omfatter mindst en aktiv komponent, isa&er mindst en
|GBT eller en MOSFET, fortrinsvis mindst en siliciumcarbid-IGBT eller en sili-
ciumcarbid-MOSFET, der er indrettet til at arbejde med en taktfrekvens, der
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fortrinsvis er starre end koblingsfrekvensen af den mindst ene kontakt eller er

sterre end koblingsfrekvensen af kontakterne ganget med antallet af veksel-
retterens vekselrettermoduler.

17. Vindenergianlaeg (100) ifelge et af kravene 10 til 16,

kendetegnet ved, at

- den elektriske vekselretter (340) omfatter flere vekselrettermoduler med en
vekselrettermoduludgang til afgivelse af en vekselrettermodulstrem, og vek-
selrettermoduludgangene er koblet saledes, at deres vekselrettermodul-
stremme overlapper hinanden til vekselretterstrammen, hvor

- en samlet analyseindretning er tilvejebragt til registrering og analyse af sty-
resignaler af vekselrettermodulerne, og den samlede analyseindretning (264)
er udformet til at styre det aktive filter (460) til filtrering af vekselretterstrammen

(I1, I2, 13).

18. Vindenergianlaeg (100) ifelge et af kravene 10 til 17,

kendetegnet ved, at

- det aktive filter (460) er parallelkoblet med vekselretterudgangen saledes, at
det aktive filter (460) er indrettet til at filtrere, 1saer reducere, mindst en strem-
oversvingning af den farste vekselstram.
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