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Description

[0001] The present disclosure relates generally to electrical power systems
including a power converter for providing power to a power grid from, for
example, wind turbines, and corresponding methods.

[0002] Wind turbines have received increased attention as a renewable energy
source. Wind turbines use the wind to generate electricity. The wind turns multiple
blades connected to a rotor. The spin of the blades caused by the wind spins a
shaft of the rotor, which connects to a generator that generates electricity.

Certain wind turbines include a doubly fed induction generator (DFIG) to convert
wind energy into electrical power suitable for output to an electrical grid. DFIGs
are typically connected to a converter that regulates the flow of electrical power
between the DFIG and the grid. More particularly, the converter allows the wind
turbine to output electrical power at the grid frequency regardless of the

rotational speed of the wind turbine blades.

[0003] A typical DFIG system as e.g. described in CN 107 332 484 A includes a
wind driven DFIG having a rotor and a stator. The stator of the DFIG is coupled to
the electrical grid through a stator bus. A power converter is used to couple the
rotor of the DFIG to the electrical grid. The power converter can be a two-stage
power converter including both a rotor-side converter and a line-side converter.
The rotor-side converter can receive alternating current (AC) power from the rotor
via a rotor-side bus and can convert the AC power to a DC power. The line-side
converter can then convert the DC power to AC power having a suitable output
frequency, such as the grid frequency. The AC power is provided to the electrical
grid via a line-side bus. As e.g. described in CN 106 505 620 A, a transformer
may be used at the point of common coupling (PCC) between the DFIG and the
grid.

[0004] Various aspects and advantages of embodiments of the present disclosure
will be set forth in part in the following description, or may be learned from the
description, or may be learned through practice of the embodiments.
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[0005] The invention is set out in the appended set of claims.

[0006] Detailed discussion of embodiments directed to one of ordinary skill in the
art are set forth in the specification, which makes reference to the appended
figures, in which:

FIG. 1 is a perspective view of a wind turbine according to example embodiments
of the present disclosure;

FIG. 2 illustrates an electrical power system according to example embodiments
of the present disclosure;

FIG. 3 illustrates a schematic diagram of suitable components that may be
included within a controller of a wind turbine and/or electrical power system
and/or a controller of a power converter according to example embodiments of
the present disclosure;

FIG. 4 illustrates a schematic diagram of an example power converter suitable for
use with the wind turbine system according to example embodiments of the
present disclosure;

FIG. 5 illustrates an example overmodulation regime used to control one or more
control devices according to example embodiments of the present disclosure

FIG. 6 illustrates an example quasi-square wave signal that can be provided to a
rotor in accordance with example embodiments of the present disclosure.

FIG. 7 illustrates an example square wave signal that can be provided to a rotor in
accordance with example embodiments of the present disclosure.

FIG. 8 illustrates an example active filter suitable for use with a wind turbine
system according to example embodiments of the present disclosure.

FIGS. 9, 10, 11, 12, 13, and 14 depict example electrical power systems including
an active filter according to example embodiments of the present disclosure.

FIG. 15 illustrates an example method of operating an electrical power converter
for a doubly fed induction generator system according to example embodiments of
the present disclosure.
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[0007] Reference now will be made in detail to embodiments, one or more
examples of which are illustrated in the drawings. Each example is provided by
way of explanation of the embodiments, not limitation of the present disclosure.

[0008] Example aspects of the present disclosure are directed to systems and
methods for operating a power converter in a doubly-fed induction generator
(DFIG) system. A DFIG system includes a power converter having a line-side
converter and a rotor-side converter. A DC link is coupled between the line-side
converter and the rotor-side converter. The power converter converts an AC
power from a stator of the DFIG to a DC power for the DC link using the line-side
converter. The power converter converts the DC power on the DC link to an AC
signal for the rotor of the DFIG using the rotor-side converter. For instance, the
AC signal is provided on a rotor bus coupled between the rotor-side converter and
the rotor of the DFIG. The AC signal is used to, for example, control operating
characteristics of the DFIG.

[0009] According to embodiments of the present disclosure, the rotor-side
converter includes one or more switching elements. The switching elements can
be, in some embodiments, any variety of suitable switching elements, such as
insulated gate bipolar transistors (IGBTs), insulated gate commuted thyristors,
MOSFETs (e.g. Silicon or Silicon Carbide based MOSFETSs), bipolar transistors,
silicon controlled rectifiers, or other suitable switching elements. The switching
elements are controlled to convert a DC signal on the DC link to an AC signal for
the rotor of the DFIG, using, for instance, pulse width modulation. According to
embodiments of the present disclosure, the switching elements are controlled
according to an overmodulation regime to produce the AC signal on the rotor-side
converter.

[0010] Modulation of the switching elements is achieved by comparing a
modulating wave to a carrier wave and modulating the switching elements based
on that comparison. The switching elements are toggled whenever the carrier
wave and modulating wave intersect. In an overmodulation regime, the maximum



10

15

20

25

30

DK/EP 3484007 T5

amplitude of the modulating wave is greater than the maximum amplitude of the
carrier wave. This can result in some pulses of the carrier wave not being
intersected by the modulating wave. In some embodiments, the modulating wave
can be a periodic, constant-amplitude sinusoidal signal and the carrier wave can
be a periodic triangle wave, but other suitable waveforms for both the modulating
and carrier waves can be used in accordance with the present disclosure, such as
sinusoidal waves, symmetric triangle waves, asymmetric triangle waves including
sawtooth waves, square waves, quasi-square waves, and other suitable
waveforms.

[0011] In some embodiments, the rotor-side converter is operated in an
overmodulation regime such that the output of the rotor-side converter is a quasi-
square wave AC signal. For instance, a line-to-line voltage waveform at the rotor
can be a six-step quasi-square wave having a region of low voltage and a region
of high voltage with a region of intermediate voltage, such as a reference or zero
voltage, in between the region of low voltage and the region of high voltage.

[0012] Operating the rotor-side converter in an overmodulation regime can have
several advantages. For instance, in some embodiments, the voltage gain from
the DC link to the rotor can be increased relative to a non-overmodulated regime.
In some embodiments, this can contribute to an increased RPM operating range of
the generator. Additionally, operating the rotor-side converter in an
overmodulation regime can result in a decrease in the switching frequency of the
switching elements. This can reduce energy lost during modulation of the
switching elements, and can additionally reduce wear and/or allow higher currents
on the switching elements. Other advantages may include extended higher limit of
the continuous operating grid voltage, improved controllability and/or reduced
stress during transient grid voltages and/or high-voltage-ride-through (HVRT),
extended overspeed limits for a wind turbine system, lower DC Link regulation by
the line-side converter during low grid voltage conditions, and/or higher generator
speeds.

[0013] Operating the rotor-side converter in an overmodulation regime can
contribute to increased harmonics in the generator. In some instances, the
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increased harmonics can propagate to other elements in the power system, such
as a connected power grid. Additionally, the harmonics with the largest increase
can have similar frequencies to the fundamental frequency (i.e. the power output
of the generator), such as the third, fifth, seventh, or other lower-order
harmonics. Filtering these harmonics is typically more difficult than higher-order
harmonics (e.g., the fiftieth harmonic) due to their magnitude and/or closeness to
the fundamental frequency.

[0014] An active filter is provided to counteract or reduce the harmonic
contributions from operating the rotor-side converter in the overmodulation
regime. The active filter is activated whenever harmonic contributions in the
system do not satisfy a threshold, such as an industry standard, for example, to
conserve resources within the system and/or prevent wear on the active filter. For
instance, it may be possible to activate the active filter when the lower-order
harmonics exceed grid requirements. For example, the active filter can provide
active power at the same frequency as a harmonic but at opposite phase to near-
entirely or entirely cancel the harmonic.

[0015] The active filter can be provided at different locations within the electric
power system. For instance, the active filter can be provided at an electrical line
between the power converter and the power grid or between the stator of the
generator and the power grid. In some embodiments, a transformer (e.g. a three-
winding transformer), is electrically coupled to the power grid, the stator of the
generator, and/or the power converter. The active filter can be provided at, for
instance, an electrical line between the power converter and the transformer, or
between the power grid and the transformer, or between the stator and the
transformer.

[0016] Referring now to the figures, FIG. 1 illustrates a perspective view of one
embodiment of a wind turbine 10. As shown, the wind turbine 10 includes a tower
12 extending from a support surface 14, a nacelle 16 mounted on the tower 12,
and a rotor 18 coupled to the nacelle 16. The rotor 18 includes a rotatable hub 20
and at least one rotor blade 22 coupled to and extending outwardly from the hub
20. For example, in the illustrated embodiment, the rotor 18 includes three rotor
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blades 22. However, in an alternative embodiment, the rotor 18 may include more
or less than three rotor blades 22. Each rotor blade 22 may be spaced about the
hub 20 to facilitate rotating the rotor 18 to enable kinetic energy to be transferred
from the wind into usable mechanical energy and, subsequently, electrical energy.
For instance, the hub 20 may be rotatably coupled to an electric generator 120 of
FIG. 2 positioned within the nacelle 16 to permit electrical energy to be produced.
The wind turbine 10 may further include a turbine controller 26 utilized to control
yaw adjustment of the wind turbine 10, pitch adjustment of the rotor blades 22,
and/or torque adjustment of the generator 120 of FIG. 2. The turbine controller
26 may interface with components within the wind turbine 10, such as the
converter controller 140 of FIG. 2.

[0017] Referring now to FIG. 2, a schematic diagram of one embodiment of a
DFIG wind turbine system 100 is illustrated in accordance with aspects of the
present subject matter. It should be appreciated that the present subject matter
will generally be described herein with reference to the system 100 shown in FIG.
2.

[0018] As shown, a generator 120, e.g. a DFIG 120, is coupled to a stator bus
122 and a power converter 130 via a rotor-side bus 124. The stator bus 122
provides an output multiphase power (e.g. three-phase power) from a stator of
DFIG 120 and the rotor-side bus 124 provides an output multiphase power (e.g.
three-phase power) of the rotor of DFIG 120. The power converter 130 has a
rotor-side converter 132 and a line-side converter 134. The DFIG 120 is coupled
via the rotor-side bus 124 to the rotor-side converter 132. The rotor-side
converter 132 is coupled to the line-side converter 134 which in turn is coupled to
a line-side bus 138. The rotor-side converter 132 and the line-side converter 134
is coupled via a DC link 135 across which is the DC link capacitor 136.

[0019] In addition, the power converter 130 is coupled to a converter controller
140 in order to control the operation of the rotor-side converter 132 and the line-
side converter 134. For instance, the converter controller 140 is configured to
operate the rotor-side converter 132 in an overmodulation regime. The converter
controller 140 may include any number of control devices. In one embodiment,
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the control devices may include a processing device (e.g. microprocessor,
microcontroller, etc.) executing computer-readable instructions stored in a
computer-readable medium. The instructions, when executed by the processing
device, may cause the processing device to perform operations, including
providing control commands (e.g. switching frequency commands) to the
switching elements 142 of the power converter 130. For instance, the instructions
may include providing control commands to the switching elements 142 of FIG. 4
of the rotor-side converter 132 to operate the rotor-side converter 132 (e.g. by
the switching elements 142) in an overmodulation regime.

[0020] As illustrated, the system 100 includes a transformer 160 coupling the
wind turbine system 100 to an electrical grid 190. The transformer 160 can be a
three-winding transformer that can include a high voltage (e.g. greater than 12
KVAC) primary winding 162 e.g. coupled to the electrical grid, a medium voltage
(e.g. 6 KVAC) secondary winding 164 e.g. coupled to the stator bus 122, and/or a
low voltage (e.g. 575 VAC, 690 VAC, etc.) auxiliary winding 166 e.g. coupled to
the line-side bus 138. It should be understood that the transformer 160 can be a
three-winding transformer as shown, or alternatively may be a two-winding
transformer having only a primary winding 162 and a secondary winding 164;
may be a four-winding transformer having a primary winding 162, a secondary
winding 164, an auxiliary winding 166, and an additional auxiliary winding; or
may have any other suitable number of windings.

[0021] On the stator bus 122, sinusoidal multi-phase (e.g. three-phase)
alternating current (AC) power can be provided from the stator of the generator
120 to the stator bus 122, and from the stator bus 122 to the transformer 160,
e.g. to the secondary winding 164 thereof. Various circuit breakers, fuses,
contactors, and other devices, such as grid circuit breaker 158, stator bus circuit
breaker 156, switch 154, and line-side bus circuit breaker 152, can be included in
the system 100 to connect or disconnect corresponding buses, for example, when
current flow is excessive and can damage components of the wind turbine system
100 or for other operational considerations. Additional protection components can
also be included in the wind turbine system 100.
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[0022] Referring now to FIG. 3, there is illustrated a block diagram of one
embodiment of suitable components (e.g., one or more control devices) that may
be included within the turbine controller 26 and/or the converter controller 140 in
accordance with aspects of the present subject matter. As shown, the controller
26/140 may include one or more processor(s) 60 and associated memory
device(s) 62 configured to perform a variety of computer-implemented functions
(e.g., performing the methods, steps, calculations and the like disclosed herein).
Additionally, the controller 26/140 may also include a communications module 64
to facilitate communications between the controller 26/140 and the various
components of the wind turbine 10. For instance, the communications module 64
may serve as an interface to permit the turbine controller 26 to transmit control
signals to one or more pitch adjustment mechanisms to, for instance, control the
pitch of the rotor blades 22. The communications module 64 may additionally
and/or alternatively serve as an interface to permit the turbine controller 26 to
transmit signals (e.g. control signals or status signals) to the converter controller
140. The communications module 64 may additionally and/or alternatively serve
to permit the converter controller 140 to provide control signals to the power
converter 130. Moreover, the communications module 64 may include a sensor
interface 66 (e.g., one or more analog-to-digital converters) to permit input
signals transmitted from, for example, various sensors, to be converted into
signals that can be understood and processed by the processors 60.

[0023] Referring now to FIG. 4, a schematic diagram of an example embodiment
of the power converter 130 shown in FIG. 2 is illustrated in accordance with
aspects of the present subject matter. As shown, the rotor-side converter 132
includes a plurality of bridge circuits, with each phase of the rotor-side bus 124
input to the rotor-side converter 132 being coupled to a single bridge circuit. In
addition, the line-side converter 134 may also include a plurality of bridge circuits.
Similar to the rotor-side converter 132, the line-side converter 134 also includes a
single bridge circuit for each output phase of the line-side converter 134. In other
embodiments, the line-side converter 134, the rotor-side converter 132, or both
the line-side converter 134 and the rotor-side converter 132 may include parallel
bridge circuits without deviating from the scope of the present disclosure.
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[0024] Each bridge circuit may generally include a plurality of switching elements
(e.g. IGBTs) 142 coupled in series with one another. For instance, as shown in
FIG. 4, each bridge circuit includes an upper switching element 144 and a lower
switching element 146. In addition, a diode may be coupled in parallel with each
of the switching elements 142. In alternative embodiments, parallel switching
elements 142 and diodes may be used to increase the current rating of the
converter. As is generally understood, the line-side converter 134 and the rotor-
side converter 132 may be controlled, for instance, by providing control
commands, using a suitable driver circuit, to the gates of the switching elements
142. For example, the converter controller 140 may provide suitable gate timing
commands to the gates of the switching elements 142 of the bridge circuits. The
control commands may control the switching frequency of the switching elements
142 to provide a desired output. It should be appreciated by those of ordinary skill
in the art that the power converter 130 may include any suitable switching
elements 142, such as insulated gate bipolar transistors (IGBTs), insulated gate
commuted thyristors, MOSFETs (e.g. Silicon or Silicon Carbide based MOSFETS),
bipolar transistors, silicon controlled rectifiers, or other suitable switching
elements.

[0025] FIG. 5 illustrates a graphical representation of an example
overmodulation regime 200 used to control switching devices within a power
converter according to example embodiments of the present disclosure. Those
skilled in the art, using the disclosures provided herein, will understand that a
variety of suitable overmodulation regimes and/or configurations may be used
without departing from the scope of the present disclosure defined in the claims.

[0026] According to the overmodulation regime 200, a modulating wave 202 is
compared to a carrier wave 204. The modulating wave 202 is illustrated as a
constant amplitude, constant frequency sinusoidal signal, but may be any of a
variety of suitable waveforms including sinusoidal waves, sinusoidal waves with
harmonic additions, square waves, quasi-square waves, and other suitable
waveforms. The carrier wave 204 is illustrated as a constant amplitude, constant
frequency symmetric triangle wave but may be any of a variety of suitable
waveforms including sinusoidal waves, symmetric triangle waves, asymmetric
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triangle waves including sawtooth waves, square waves, quasi-square waves, and
other suitable waveforms. In addition, the frequency and/or the amplitude of the

modulating wave 202 and/or the carrier wave 204 may be varied as a function of
time.

[0027] Switching elements (e.g. switching elements 142) are controlled based on
the overmodulation regime 200. For instance, the switching elements (e.g.
switching elements 142) are toggled, e.g. by sending control signals from a
controller (e.g. converter controller 140) to bias voltage across the gates of the
switching elements 142, whenever modulating wave 202 and carrier wave 204
intersect, e.g. at intersections 208. The modulating wave 202 may correspond to
only one switching device or may correspond to several switching elements. A
plurality of modulating waves 202 and/or carrier waves 204 may be provided. For
example, a plurality of modulating waves 202 may be compared to a single carrier
wave 204 wherein each modulating wave 202 in the plurality of modulating waves
202 corresponds to one or more switching elements. The plurality of modulating
waves 202 may be in phase or out of phase (e.g. out of phase by 60 degrees, 120
degrees, 180 degrees, etc.). Alternatively, multiple pairs of modulating waves 202
and carrier waves 204 may be provided wherein each pair of modulating waves
202 and carrier waves 204 corresponds to one or more switching elements. Other
suitable control schemes may be used, e.g. based on the configuration and/or
type of switching elements.

[0028] The amplitude of the modulating wave 202 is larger than the amplitude of
the carrier wave 204, resulting in overmodulation regions 206 wherein the
modulating wave 202 does not intersect the carrier wave 204. In other words,
there are "dropped pulses" of the carrier wave 204 that are not used to control
the switching elements. Generally, the larger the difference in amplitude between
the modulating wave 202 and carrier wave 204, the larger the overmodulation
region 206. For instance, if the difference in amplitude between the modulating
wave 202 and carrier wave 204 is large enough, the modulating wave 202 may
intersect the carrier wave 204 only twice during one period of the modulating
wave 202.
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[0029] Switching devices (e.g. switching devices 142) are controlled in
accordance with an overmodulation regime (e.g. overmodulation regime 200) to
produce a time-varying AC signal. The time-varying AC signal can be, for
instance, the quasi-square wave 210 shown in FIG. 6. The quasi-square wave 210
may be a line-to-line voltage between two lines in an AC bus, such as rotor-side
bus 124. The quasi-square wave 210 may represent other configurations as well.
As can be seen in FIG. 6, the quasi-square wave 210 has a region of intermediate
voltage 212 between a region of high voltage 214 and a region of low voltage
216. The region of intermediate voltage 212 may be at zero volts, or may be at
some non-zero reference voltage. The edges 218 may correspond to toggling of
switching elements. The edges 218 are shown to be ideal, i.e. instantaneous, but
those skilled in the art, using the disclosures provided herein, will understand that
the edges 218 may be slightly uneven or diagonal.

[0030] The time-varying AC signal produced from an overmodulation regime
(e.g. overmodulation regime 200) if viewed from the power converter line to a
reference such as the negative DC link (137 of FIG. 4) can be the square wave
220 shown in FIG. 7. The square wave 220 may be a line-to-refence voltage
between a line in an AC bus, such as rotor-side bus 124, and a reference, such as
the negative side 137 of DC link 135. The square wave 220 may represent other
configurations as well. As can be seen in FIG. 7, the square wave 220 has edges
218 directly between regions of high voltage 214 and regions of low voltage 216
(i.e. without a region of intermediate voltage 212). The edges 218 may
correspond to toggling of switching elements. The edges 218 are shown to be
ideal, i.e. instantaneous, but those skilled in the art, using the disclosures
provided herein, will understand that the edges 218 may be slightly uneven or
diagonal. In some embodiments, an active filter, such as parallel active filter 250
illustrated in FIG. 8, is provided in an electrical power system (e.g. electrical
power system 100) to reduce or cancel harmonics caused by operating a rotor-
side converter in an overmodulation regime (e.g. rotor-side converter 132). For
instance, the active filter 250 reduces or cancels harmonics to satisfy one or more
grid requirements for harmonics. The active filter 250 may provide current at
about the same frequency and/or amplitude as the harmonics and at an opposite
phase, i.e. about 180 degrees out of phase. The active filter 250 can provide this
power with a high degree of precision to cancel harmonics, even harmonics close
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to the fundamental frequency, with reduced or no impact on the power at the
fundamental frequency. The active filter 250 (e.g. a parallel active filter 250) may
take at least a portion of one or more currents from the system (e.g. a portion of
the fundamental current on a bus) as input to offset losses associated with
operation of the active filter 250. Other suitable active filters may be used without
departing from the scope of the present disclosure.

[0031] Referring now to FIGS. 9 - 14, example implementations of an active
filter used to reduce harmonics, such as harmonics caused by operating a rotor-
side converter in an overmodulation regime, are illustrated. A simplified version of
the electrical power system shown in FIG. 2 is used for the purpose of illustration.
Components illustrated in FIG. 2 that are not illustrated in FIGS. 9-14, along with
other suitable components, may still be present in embodiments of the present
disclosure.

[0032] For instance, as shown in FIGS. 9 and 10, an active filter 250 can be
provided on the line-side bus 138, i.e. between the power converter 130 and
transformer 160. The active filter may take as input Is, i.e. the current on the
stator bus 122, and/or line, i.e. the current on the line-side bus 138. In some
embodiments, such as the embodiment shown in FIG.10, a transformer 260, e.g.
a dual-winding transformer 260, may be provided between the active filter 250
and the line-side bus 138.

[0033] Additionally and/or alternatively, an active filter 250 can be provided on
the stator bus 122, such as shown in FIGS. 11 and 12. For instance, the active
filter 250 may be provided between the switch 154 and the transformer 160 or in
other suitable configuration between the switch 154 and the grid 190.
Additionally, the active filter 250 may be provided between the generator 120 and
the switch 154. The active filter may take as input Is, i.e. the current on the stator
bus 122, and/or liine, i.e. the current on the line-side bus 138. In some
embodiments, such as the embodiment shown in FIG. 12, a transformer 260, e.g.
a single-winding transformer 260, may be provided between the active filter 250
and the stator bus 122.
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[0034] Additionally and/or alternatively, an active filter 250 can be provided
between the grid 190 and the transformer 160, such as shown in FIGS. 13 and
14. The active filter may take as input Is, i.e. the current on the stator bus 122,
Line, i.e. the current on the line-side bus 138, and/or Imy, i.e. the current flowing
to the grid 190. In some embodiments, such as the embodiment shown in FIG.
14, a transformer 260, e.g. a single-winding transformer 260, may be provided
between the active filter 250 and the grid 190. Referring now to FIG. 15, a flow
diagram of one embodiment of a method 300 for operating a power generation
system is illustrated in accordance with aspects of the present subject matter. In
general, the method 300 will be described herein as being implemented using a
wind turbine system, such as the DFIG wind turbine system 100 described above
with reference to FIG. 2.

[0035] At (302), the method 300 includes converting an AC power at a line-side
converter to a DC power for a DC link. For instance, the line-side converter is part
of a power converter, such as the line-side converter 134 of the AC-AC power
converter 130 and the DC link may be the DC link 135. The AC power may be
three-phase AC power on an AC bus such as the line-side bus 138. The AC power
may be converted, for instance, using a plurality of bridge circuits. Other suitable
systems for performing AC to DC conversion can be used in accordance with the
present method.

[0036] At (304), the method 300 includes receiving, at a rotor-side converter,
the DC power from the DC link. For instance, the rotor-side converter may be the
rotor-side converter 132. The DC power may include a DC link voltage, such as
across a DC link capacitor. The rotor-side converter may include a plurality of
bridge circuits.

[0037] At (306), the method 300 includes operating the rotor-side converter in
an overmodulation regime to convert the DC power to an AC signal. For example,
the rotor-side converter 132 can be operated according to the overmodulation
regime 200 using the converter controller 140. For example, the converter
controller 140 provides control signals to the gates of switching elements 142
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within the rotor-side converter based on the intersections 208 of a modulating
wave 202 and a carrier wave 204, wherein the amplitude of the modulating wave
202 is greater than the amplitude of the carrier wave 204.

[0038] At (308), the method 300 includes providing the AC signal to a rotor of a
doubly-fed induction generator. For instance, the rotor can have electrical
windings with an input terminal or connection used to bias the windings. The AC
signal can be provided by an AC bus, such as rotor-side bus 124. The AC signal
can be a quasi-square wave (e.g. quasi-square wave 210) produced by controlling
the switching elements 142 in the rotor-side converter 132.

[0039] At (310), the method 300 includes providing output from an active filter
to reduce at least one harmonic caused by operating the rotor-side converter in
the overmodulation regime. For instance, the active filter can be parallel active
filter 250 or other suitable active filter. The active filter can be provided on the
line-side bus 138, the stator bus 122, at the grid 190, or other suitable location.
The active filter can provide power, such as AC power, at about the same
frequency as the at least one harmonic and at about opposite phase to reduce or
cancel the at least one harmonic with minimal or no impact on the power at the
fundamental frequency. In some embodiments, a passive filter may be used in
addition to an active filter.
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KRAV

1. Et elektrisk effektsystem (100), omfattende:

en effektomformer (130) omfattende:
en linjesideomformer (134);
et DC-link (135); og
en rotorsideomformer (132) omfattende et eller flere omskiftningselementer (142), hvor
rotorsideomformeren (132) er konfigureret til at omforme en jaevnspaending pd DC-linket
(135) til et vekselspaendingssignal (AC-signal) for en rotorbus (124);
et styresystem (140) omfattende en eller flere styreanordninger, idet den ene eller flere
styreanordninger er konfigureret til at styre det ene eller flere omskiftningselementer (142) i
et overmodulationsregime for at tilvejebringe AC-signalet til rotorbussen (124), hvor styring
af det ene eller flere omskiftningselementer (142) i overmodulationsregimet omfatter
sammenligning af en modulerende bglge med en baerebalge, hvor en maksimal amplitude af
den modulerende bglge er stgrre end en maksimal amplitude af beerebglgen, og hvor
styresystemet (140) vyderligere er konfigureret til at omskifte det ene eller flere
omskiftningselementer (142) ndr baerebglgen og den modulerende bglge skeerer hinanden;
en transformer (160) der er elektrisk koblet til et elnet (190) og effektomformeren (130);
en dobbeltfadet induktionsgenerator (120) (eng: doubly-fed induction generator, DFIG)
omfattende en stator elektrisk koblet til transformeren (160) via en statorbus (122) og en
rotor elektrisk koblet til rotorsideomformeren (132) via rotorbussen (124); og
et aktivt filter (250) der er elektrisk koblet til transformeren (160) og konfigureret til at
reducere mindst én harmonisk fordrsaget af styring af det ene eller flere
omskiftningselementer (142) i overmodulationsregimet, og som kun er aktiveret nar den
mindst ene harmoniske ikke opfylder en teerskel.

2. Elektrisk effektsystem (100) ifglge krav 1, hvor den ene eller flere styreanordninger er
konfigureret til at styre det ene eller flere omskiftningselementer (142) i overmodulationsregimet for
at generere et kvasi-firkantbglge (210) (eng: quasi-square wave) output.

3. Elektrisk effektsystem (100) ifelge et hvilket som helst af de foregdende krav, hvor det aktive
filter (250) er konfigureret til at tilvejebringe aktiv effekt ved samme frekvens som mindst én
harmonisk, men med modsat fase for naesten helt eller fuldsteendig at ophaeve den mindst ene

harmoniske.
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4. Elektrisk effektsystem (100) ifglge et hvilket som helst af de foregdende krav, hvor det aktive
filter (250) er koblet mellem elnettet (190) og effektomformeren (130).

5. Elektrisk effektsystem (100) ifglge et hvilket som helst af kravene 1 til 3, hvor det aktive filter
(250) er koblet mellem elnettet (190) og generatorens (120) stator.

6. Elektrisk effektsystem (100) ifglge et hvilket som helst af kravene 1 til 3, hvor det aktive filter
(250) er koblet mellem transformeren (160) og effektomformeren (130).

7. Elektrisk effektsystem (100) ifglge et hvilket som helst af kravene 1 til 3, hvor det aktive filter
(250) er koblet mellem transformeren (160) og generatorens (120) stator.

8. Elektrisk effektsystem (100) ifglge et hvilket som helst af kravene 1 til 3, hvor det aktive filter
(250) er koblet mellem elnettet (190) og transformeren (160).

9. Elektrisk energisystem (100) ifglge et hvilket som helst af de foregdende krav, hvor den ene eller
flere styreanordninger er konfigureret til pulsbreddemodulation.

10. Fremgangsmdde til styring af en elektrisk effektomformer (130) til et dobbeltfadet
induktionsgeneratorsystem (100), hvilken fremgangsmade omfatter:
omformning af en vekselspeendingseffekt (AC-effekt) ved en linjesideomformer (134) af
effektomformeren (130) til en jeevnspaendingseffekt (DC-effekt) for et DC-link (135);
modtagelse, ved en rotorsideomformer (132) omfattende et eller flere omskiftningselementer
(142), af DC-effekten fra DC-linket (135);
styring, ved anvendelse af én eller flere styreanordninger, af det ene eller flere
omskiftningselementer (142) af rotorsideomformeren (132) i et overmodulationsregime for at
omforme DC-effekten til et AC-signal, hvor styring af det ene eller flere omskiftningselementer
(142) i overmodulationsregimet omfatter sammenligning af en modulerende bglge med en
baerebglge, hvor en maksimal amplitude af den modulerende bglge er stagrre end en maksimal
amplitude af baerebglgen, og omskiftning af det ene eller flere omskiftningselementer (142)
nar baerebglgen og den modulerende bglge skeerer hinanden;
tilvejebringelse af AC-signalet til en rotorbus (124) i det dobbeltfadede
induktionsgeneratorsystem (100); og
tilvejebringelse af output fra et aktivt filter (250) der er elektrisk koblet til transformeren (160)
for at reducere mindst én harmonisk fordrsaget af styring af det ene eller flere
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omskiftningselementer (142) i overmodulationsregimet, hvor det aktive filter (250) kun er
aktiveret ndr den mindst ene harmoniske ikke opfylder en teerskel.

11. Fremgangsmade ifglge krav 10, hvor det ene eller flere omskiftningselementer (142) styres i
overmodulationsregimet for at generere en kvasi-firkantbglge (210) som output.

12. Fremgangsmade ifglge et hvilket som helst af kravene 10 til 11, yderligere omfattende
modtagelse af mindst én af en strgm (Is) pa en statorbus (122) til elektrisk kobling af transformeren
(160) og en stator i en dobbeltfgdet induktionsgenerator (120) i systemet (100), en strem (Tine) pa
en linjesidebus (138) til elektrisk kobling af transformeren (160) og linjesideomformeren (134), og
en strom (Imv) der lgber fra transformeren (160) til et elnet (190) som input til det aktive filter
(250).



DK/EP 3484007 T5

Drawing

14/>/// //////

FIG. 1



DK/EP 3484007 T5

100 13
60 ',/
164 156 P 70
90 158 7
S 162
[
\
138 124
/26
136 135
CONTROLLER {&J_(
134 132
T Ny
\
140 437
130—"

FIG. 2



DK/EP 3484007 T5

26/140 CONTROLLER

60
\ \] PROCESSOR(S)

\ MEMORY
DEVICE(S)

\ COMMUNICATIONS MODULE

SENSOR INTERFACE

J

66

FIG. 3



DK/EP 3484007 T5

>

¥ 'Old
\II
o MITIONLNOD
\ 4
¥3LFANOD 3AIS HOLoY | “EMN I y3183AN0D 3a1S INIT

=1
O

=
L
——

WD

=
<| o

N
-—

Zvl
\ 00
S
_ Wi
@mNu Y oV
gel
vl
add
261~

ge _‘L
ve Tb

ocl






DK/EP 3484007 T5

214\

—210
212

218

&216

FIG. 6



DK/EP 3484007 T5

214

) 220
218

216

FIG. 7



DK/EP 3484007 T5

250'\

]
o=
2=
e
?:

FIG. 8



100
f//

5160

r/—122

N
-}

FIG. 9

~—124

DK/EP 3484007 T5



DK/EP 3484007 T5

N
-

100
/
(=
154 122
—122
<=
k 130 N 124
138
&l
<

FIG. 10



-

DK/EP 3484007 T5

&

b
I

<=
14 ’/—122

160 f122
IIine

{=

k 130 — 124
138

FIG. 11



N>
o

160

5 B

&
<:lline
100
5 v
=
154 ./122
122
IIine
<=
& 130 — 124
138

FIG. 12

DK/EP 3484007 T5



—
(@]

160 122
I 2
<=

<=
154 r—122
<|I_£e
k 130 ~— 124
138

:
il

FIG. 13

DK/EP 3484007 T5



FIG. 14

DK/EP 3484007 T5



3007 T

Convert an AC power at a line-side
converter to a DC power for a DC link

Receive at a rotor-side converter the DC
power from the DC link

Operate the rotor-side converter in an
overmodulation regime to convert the DC
power to an AC signal

Provide the AC signal to a rotor of a
doubly-fed induction generator

Optionally provide output from an active
filter to reduce at least one harmonic
caused by operating the rotor-side
converter in the overmodulation regime
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