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DESCRIPTION

FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modem wind turbine typically includes a tower, a generator, a gearbox, a nacelle, and one or
more rotor blades. The rotor blades capture kinetic energy of wind using known airfoil
principles. For example, rotor blades typically have the cross-sectional profile of an airfoil such
that, during operation, air flows over the blade producing a pressure difference between the
sides. Consequently, a lift force, which is directed from a pressure side towards a suction side,
acts on the blade. The lift force generates torque on the main rotor shaft, which is geared to a
generator for producing electricity.

[0003] For example, FIG. 1 illustrates a wind turbine 10. As shown, the wind turbine 10
includes a nacelle 14 that typically houses a generator. The nacelle 14 is mounted on a tower
12 extending from a support surface (not shown). The wind turbine 10 also includes a rotor 16
that includes a plurality of rotor blades 20 attached to a rotating hub 18. As wind impacts the
rotor blades 20, the blades 20 transform wind energy into a mechanical rotational torque that
rotatably drives a low-speed shaft 22 (Fig. 2). The low-speed shaft 22 is configured to drive a
gearbox 24 (Fig. 2) (where present) that subsequently steps up the low rotational speed of the
low-speed shaft 22 to drive a high-speed shaft 26 (Fig. 2) at an increased rotational speed.

[0004] The shaft 22 or 26 may be rotatably coupled to a generator of an electrical power
system. In some embodiments, for example, the generator is a doubly-fed induction generator
or DFIG. In other embodiments, the electrical power system is a full conversion system only
coupled to the stator of the generator. In either case, the electrical power system provides the
power generated by the wind turbine 10 to the power grid as electrical power in a suitable form
for use in the power grid.

[0005] One issue that needs to be addressed in power systems is the generation of reactive
power as requested by utility companies in addition to real power. Another issue that needs to
be addressed in power systems is harmonics. Power generation systems connected to a utility
grid must meet certain agency requirements for harmonics.

[0006] US2012/101643A1 describes reactive power controller for controlling reactive power in
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a wind farm;

[0007] US2017/025858A1 describes reconfiguration of the reactive power loop of a wind
power plant.

[0008] Accordingly, power systems which include features for increasing reactive power
generation while also reducing the harmonic currents being injected into the power grid,
particularly in view of agency harmonics requirements, would be advantageous.

BRIEF DESCRIPTION OF THE INVENTION

[0009] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.

[0010] In accordance with the invention, an electrical power system connectable to a power
grid according to claim 1 is provided.

[0011] These and other features, aspects and advantages of the present invention will become
better understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a perspective view of a portion of one embodiment of a wind turbine
according to conventional construction;

FIG. 2 illustrates a schematic diagram of one embodiment of an electrical power system for
use with a wind turbine in accordance with the present disclosure;

FIG. 3 illustrates a schematic diagram of one embodiment of a wind farm according to the
present disclosure, particularly illustrating a plurality of wind turbine power systems such as
those illustrated in FIG. 2 connected to a single sub-station transformer;

FIG. 4 illustrates a schematic diagram of another embodiment of an electrical power system for
a wind turbine according to the present disclosure;
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FIG. 5 illustrates a schematic diagram of another embodiment of a wind farm according to the
present disclosure, particularly illustrating a plurality of wind turbine clusters each connected to
the grid via a cluster transformer;

FIG. 6 illustrates a block diagram of one embodiment of a wind turbine controller according to
the present disclosure;

FIG. 7 illustrates a schematic diagram of another embodiment of an electrical power system for
a wind turbine according to the present disclosure;

FIG. 8 illustrates a schematic diagram of one embodiment of a reactive power compensation
inverter for use in an electrical power system according to the present disclosure;

FIG. 9 illustrates a schematic diagram of one embodiment of an active harmonic filter for use in
an electrical power system according to the present disclosure;

FIG. 10 illustrates a schematic diagram of another embodiment of a reactive power
compensation inverter for use in an electrical power system according to the present
disclosure; and

FIG. 11 illustrates a schematic diagram of another embodiment of an active harmonic filter for
use in an electrical power system according to the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment if such modifications and variations come within the scope of the
appended claims.

[0014] FIG. 2 illustrates an electrical power subsystem 27 in accordance with embodiments of
the present disclosure. In these embodiments, the high-speed shaft 26 is generally rotatably
coupled to a generator 28 (such as a doubly-fed induction generator or DFIG) so as to
rotatably drive a generator rotor 30. As such, a rotating magnetic field may be induced by the
generator rotor 30 and a voltage may be induced within a generator stator 32 that is
magnetically coupled to the generator rotor 30. The associated electrical power can be
transmitted from the generator stator 32 to a main three-winding transformer 34 that is typically
connected to a power grid via a grid breaker 36. Thus, the main transformer 34 steps up the
voltage amplitude of the electrical power such that the transformed electrical power may be
further transmitted to the power grid.
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[0015] In addition, as shown, the generator 28 is typically electrically coupled to a bi-directional
power converter 38 that includes a rotor-side converter 40 joined to a line-side converter 42 via
a regulated DC link 44. The rotor-side converter 40 converts the AC power provided from the
rotor 30 into DC power and provides the DC power to the DC link 44. The line side converter
42 converts the DC power on the DC link 44 into AC output power suitable for the power grid.
Thus, the AC power from the power converter 38 can be combined with the power from the
stator 32 via a converter power path 63 and stator power path 62 to provide multi-phase power
(e.g. three-phase power) having a frequency maintained substantially at the frequency of the
power grid (e.g. 50 Hz/60 Hz).

[0016] As shown in FIG. 2, the illustrated three-winding transformer 34 typically has (1) a 33
kilovolt (kV) medium voltage (MV) primary winding 33 connected to the power grid, (2) a 6
t013.8 kV MV secondary winding 35 connected to the generator stator 32 via stator power path
62, and (3) a 690 to 900 volt (V) low-voltage (LV) tertiary winding 37 connected to the line-side
power converter 42 via the converter power path 63.

[0017] Referring now to FIG. 3, individual power subsystems 27 of a plurality of wind turbines
10 may be arranged in a predetermined geological location and electrically connected together
to form an electrical power system 46. More specifically, as shown, the wind turbines 10 may
be arranged into a plurality of clusters 48 with each cluster separately connected to a main line
50 via switches 51, 52, 53, respectively. In addition, as shown, the main line 50 may be
electrically coupled to another, larger transformer 54 for further stepping up the voltage
amplitude of the electrical power from the groups 48 of wind turbines 10 before sending the
power to the grid. A cluster power path 60 may electrically connect the cluster 48 to the
transformer 54. The cluster power path 60 may, for example, extend for each subsystem 27
from the subsystem breaker 36 to the transformer 54, such as via main line 50.

[0018] Referring now to FIG. 4, a schematic diagram of another embodiment of an electrical
power subsystem 102 according to the present disclosure is illustrated. It should be
understood that the term "subsystem" is used herein to distinguish between the individual
power systems (e.g. as shown in FIG. 4 or FIG. 2) and the overall electrical power system 105
of FIG. 5 or 46 of FIG. 3 that includes a plurality of electrical power subsystems 102 or 27.
Those of ordinary skill in the art, however, will recognize that the electrical power subsystem
102 of FIG. 4 (or 27 of FIG. 2) may also be referred to more generically, such as a simply a
system (rather than a subsystem). Therefore, such terms may be used interchangeably and
are not meant to be limiting.

[0019] Further, as shown in FIG. 4, the electrical power subsystem 102 may correspond to a
wind turbine power system 100. More specifically, as shown, the wind turbine power system
100 includes a rotor 104 that includes a plurality of rotor blades 106 attached to a rotating hub
108. As wind impacts the rotor blades 106, the blades 106 transform wind energy into a
mechanical rotational torque that rotatably drives a low-speed shaft 110. The low-speed shaft
110 is configured to drive a gearbox 112 that subsequently steps up the low rotational speed of
the low-speed shaft 110 to drive a high-speed shaft 114 at an increased rotational speed. The
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high-speed shaft 114 is generally rotatably coupled to a doubly-fed induction generator 116
(referred to hereinafter as DFIG 116) so as to rotatably drive a generator rotor 118. As such, a
rotating magnetic field may be induced by the generator rotor 118 and a voltage may be
induced within a generator stator 120 that is magnetically coupled to the generator rotor 118.
In one embodiment, for example, the generator 116 is configured to convert the rotational
mechanical energy to a sinusoidal, three-phase alternating current (AC) electrical energy
signal in the generator stator 120. Thus, as shown, the associated electrical power can be
transmitted from the generator stator 120 directly the grid.

[0020] In addition, as shown in FIG. 4, the generator 116 is electrically coupled to a bi-
directional power converter 122 that includes a rotor-side converter 124 joined to a line-side
converter 126 via a regulated DC link 128. Thus, the rotor-side converter 124 converts the AC
power provided from the generator rotor 118 into DC power and provides the DC power to the
DC link 128. The line side converter 126 converts the DC power on the DC link 128 into AC
output power suitable for the power grid. More specifically, as shown, the AC power from the
power converter 122 can be combined with the power from the generator stator 120 via a
converter power path 127 and a stator power path 125, respectively. For example, as shown,
and in contrast to the systems illustrated in FIGS. 2-3, the converter power path 127 may
include a partial power transformer 130 for stepping up the voltage amplitude of the electrical
power from the power converter 122 such that the transformed electrical power may be further
transmitted to the power grid. Thus, as shown, the illustrated system 102 of FIG. 4 does not
include the three-winding main transformer described above. Rather, as shown in the
illustrated embodiment, the partial power transformer 130 may correspond to a two-winding
transformer having a primary winding 132 connected to the power grid and a secondary
winding 134 connected to the line side converter 126. Notably, the partial power transformer
may in some embodiments include a third auxiliary winding for auxiliary loads.

[0021] In addition, the electrical power subsystem 102 may include a turbine controller 136
configured to control any of the components of the wind turbine 100 and/or implement the
method steps as described herein. For example, as shown particularly in FIG. 6, the turbine
controller 136 may include one or more processor(s) 138 and associated memory device(s)
140 configured to perform a variety of computer-implemented functions (e.g., performing the
methods, steps, calculations and the like and storing relevant data as disclosed herein).
Additionally, the turbine controller 136 may also include a communications module 142 to
facilitate communications between the turbine controller 136 and the various components of
the wind turbine 100, e.g. any of the components of FIGS. 4 and 5. Further, the
communications module 142 may include a sensor interface 144 (e.g., one or more analog-to-
digital converters) to permit signals transmitted from one or more sensors 139, 141, 143 to be
converted into signals that can be understood and processed by the processors 138. It should
be appreciated that the sensors 139, 141, 143 may be communicatively coupled to the
communications module 142 using any suitable means. For example, as shown in FIG. 6, the
sensors 139, 141, 143 may be coupled to the sensor interface 144 via a wired connection.
However, in other embodiments, the sensors 139, 141, 143 may be coupled to the sensor
interface 144 via a wireless connection, such as by using any suitable wireless communications
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protocol known in the art. As such, the processor 138 may be configured to receive one or
more signals from the sensors 139, 141, 143.

[0022] As used herein, the term "processor” refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. The processor 138 is also configured to compute
advanced control algorithms and communicate to a variety of Ethernet or serial-based
protocols (Modbus, OPC, CAN, etc.). Additionally, the memory device(s) 140 may generally
comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatiie medium (e.g.,, a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magnetooptical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
device(s) 140 may generally be configured to store suitable computer-readable instructions
that, when implemented by the processor(s) 138, configure the turbine controller 136 to
perform the various functions as described herein.

[0023] In operation, alternating current (AC) power generated at the generator stator 120 by
rotation of the rotor 104 is provided via a dual path to the grid, i.e. via the stator power path
125 and the converter power path 127. More specifically, the rotor side converter 124 converts
the AC power provided from the generator rotor 118 into DC power and provides the DC power
to the DC link 128. Switching elements (e.g. IGBTs) used in bridge circuits of the rotor side
converter 124 can be modulated to convert the AC power provided from the generator rotor
118 into DC power suitable for the DC link 128. The line side converter 126 converts the DC
power on the DC link 128 into AC output power suitable for the grid. In particular, switching
elements (e.g. IGBTs) used in bridge circuits of the line side converter 126 can be modulated
to convert the DC power on the DC link 128 into AC power. As such, the AC power from the
power converter 122 can be combined with the power from the generator stator 120 to provide
multi-phase power having a frequency maintained substantially at the frequency of the grid. It
should be understood that the rotor side converter 124 and the line side converter 126 may
have any configuration using any switching devices that facilitate operation of an electrical
power system as described herein.

[0024] Further, the power converter 122 may be coupled in electronic data communication
with the turbine controller 136 and/or a separate or integral converter controller 154 to control
the operation of the rotor side converter 124 and the line side converter 126. For example,
during operation, the turbine controller 136 may be configured to receive one or more voltage
and/or electric current measurement signals from the first set of voltage and electric current
sensors 139, 141, 143. Thus, the turbine controller 136 may be configured to monitor and
control at least some of the operational variables associated with the wind turbine 100 via the
sensors 139, 141, 143. In the illustrated embodiment, the electric current sensors 139, 141,
143 may be electrically coupled to any portion of electrical power subsystem 102 that facilitates
operation of electrical power subsystem 102 as described herein.
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[0025] It should also be understood that any number or type of voltage and/or electric current
sensors may be employed within the wind turbine 100 and at any location. For example, the
sensors may be current transformers, shunt sensors, rogowski coils, Hall Effect current
sensors, Micro Inertial Measurement Units (MIMUs), or similar, and/or any other suitable
voltage or electric current sensors now known or later developed in the art. Thus, the converter
controller 154 is configured to receive one or more voltage and/or electric current feedback
signals from the electric current sensors 139, 141, 143. More specifically, in certain
embodiments, the current or voltage feedback signals may include at least one of line
feedback signals, line-side converter feedback signals, rotor-side converter feedback signals,
or stator feedback signals.

[0026] Referring particularly to FIG. 5, individual power systems (such as the power subsystem
102 illustrated in FIG. 4) may be arranged in at least two clusters 137 to form an electrical
power system 105. More specifically, as shown, the wind turbine power systems 100 may be
arranged into a plurality of clusters 137 so as to form a wind farm. Thus, as shown, each
cluster 137 may be connected to a separate cluster transformer 145, 146, 147 via switches
151, 152, 153, respectively, for stepping up the voltage amplitude of the electrical power from
each cluster 137 such that the transformed electrical power may be further transmitted to the
power grid. In addition, as shown, the transformers 145, 146, 147 are connected to a main line
148 that combines the power from each cluster 137 before sending the power to the grid. In
other words, the stator power circuit of all the wind turbines 100 share a common ground
reference provided by the neutral of the secondary winding of the cluster transformers 145,
146, 147 or alternately by a separate neutral grounding transformer. Each subsystem 102 may
be connected to the cluster 137 via a subsystem breaker 135, as shown. A cluster power path
170 may electrically connect the cluster 137 to the cluster transformer 145, 146, 147. The
cluster power path 170 may, for example, extend for each subsystem 102 from the subsystem
breaker 135 to the cluster transformer 145, 146, 147, such as to the winding of the cluster
transformer to which the subsystem 102 is connected.

[0027] Referring now to FIG. 7, another embodiment of an electrical power system 200 which
includes a single subsystem 202 is illustrated. In this embodiment, the subsystem 202 is a full
conversion subsystem rather than a DFIG subsystem, with only a single generator power path
210 from the stator 206 of a generator 204 (which also includes a rotor 208) through a power
converter 212 to a transformer 214. The transformer 214 in these embodiments is a two-
winding transformer which electrically couples the generator power path 210 to a grid power
path 216. The grid power path 216 provides a path for the flow of electrical power to the power
grid.

[0028] The power converter 212 may include a generator side converter 220, a line side
converter 222, and a DC link 224. Switching elements (e.g. IGBTs) used in bridge circuits of
the generator side converter 220 can be modulated to convert the AC power provided from the
generator stator 206 into DC power suitable for the DC link 224. The line side converter 222
converts the DC power on the DC link 224 into AC output power suitable for the grid. In
particular, switching elements (e.g. IGBTs) used in bridge circuits of the line side converter 222
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can be modulated to convert the DC power on the DC link 224 into AC power. It should be
understood that the generator side converter 220 and the line side converter 222 may have
any configuration using any switching devices that facilitate operation of electrical power
system 200 as described herein.

[0029] It should be understood that the turbine controller 136 and controller 154 as described
herein may be utilized with any suitable electrical power systems, subsystems, and power
converters thereof as discussed herein, such as any embodiments as discussed in FIGS. 2-7.

[0030] Referring now to FIGS. 2-11, an electrical power system 46, 105, 200 may include one
or more electrical power subsystems 27, 102, 202 as discussed herein. Further, an electrical
power system may include a reactive power compensation inverter 300 electrically coupled
within the electrical power system 46, 105, 200. The reactive power compensation inverter 300
may be operable to increase the reactive power level in the electrical current flowing to the
power grid, as discussed herein. Still further, in some embodiments an electrical power system
may include an active harmonic filter 320 electrically coupled within the electrical power system
46, 105, 200. The active harmonic filter 320 may be operable to reduce harmonics in the
electrical current flowing to the power grid, as discussed herein. Advantageously, the use of a
reactive power compensation inverter 300 and/or active harmonic filter 320 as discussed
herein may efficiently and cost-effectively increase the reactive power level and/or reduce the
harmonic current distortion in the electrical current being generated by the electrical power
system 46, 105, 200.

[0031] The reactive power compensation inverter 300 advantageously provides current at the
power grid fundamental frequency (i.e. 50 Hz or 60 Hz) to control the level of reactive power,
such as in some embodiments all reactive power and no real power. Because the reactive
power compensation inverter 300 operates at a relatively low frequency output current, the
reactive power compensation inverter 300 can utilize a relatively slow and cost-effective
switching frequency, such as in the range of 1 KHz to 5 KHz. As discussed herein, relatively
inexpensive |GBTs can thus be utilized in the reactive power compensation inverter 300.

[0032] The active harmonic filter 320 reduces or eliminates harmonic currents at frequencies
higher than the power grid fundamental frequency, such as harmonic frequencies from the 2nd
harmonic to the 50th harmonic. Because the active harmonic filter 320 operates at a relatively
high frequency output current, the active harmonic filter 320 must utilize a relatively high
switching frequency, such as in the range of 20KHz to 50KHz. As discussed herein MOSFETs
can thus be utilized as necessary to produce a relatively lower level of power (relative to that
produced by the reactive power compensation inverter 300).

[0033] FIG. 8 illustrates one embodiment of a reactive power compensation inverter 300. In
this embodiment, each phase of the inverter 300 includes a first switching element 302 and a
second switching element 304 in series with each other. Inverter 300 may additionally include a
capacitor 306, as shown. Switching elements 302 and 304 may be any suitable switching
devices. However, in exemplary embodiments, the first switching element 302 and second
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switching element 304 are insulated-gate bipolar transistors ("IGBTs"). Each IGBT may have a
gate, a collector, and an emitter, as shown. It should be noted that the present disclosure is not
limited to the above-described inverter 300 embodiment. Rather, other suitable embodiments,
such as having other topology configurations including for example three or more levels and/or
greater than or less than three phases, may be utilized.

[0034] FIG. 9 illustrates one embodiment of an active harmonic filter 320. In this embodiment,
each phase of the filter 320 includes a third switching element 322 and a fourth switching
element 324 in series with each other. Filter 320 may additionally include a capacitor 326, as
shown. Switching elements 322 and 324 may be any suitable switching devices. However, in
exemplary embodiments, the third switching element 322 and fourth switching element 324 are
metal-oxide-semiconductor field-effect transistors ("MOSFETs"). Further, in accordance with
the invention, the MOSFETs are silicon carbide MOSFETs. In alternative embodiments, the
third switching element 322 and fourth switching element 324 are IGBTs. It should be noted
that the present disclosure is not limited to the above-described filter 320 embodiment. Rather,
other suitable embodiments, such as having other topology configurations including for
example three or more levels and/or greater than or less than three phases, may be utilized.

[0035] As further illustrated in FIG. 8 and 9, in some embodiments an auxiliary energy source
308 and/or 328 may be included. For example, FIG. 8 illustrates an auxiliary energy source
308 electrically connected to the inverter 300, and FIG. 9 illustrates an auxiliary energy source
328 electrically connected to the filter 320. In embodiments wherein the inverter 300 and filter
320 are at the same location, a single auxiliary energy source may be electrically connected to
both the inverter 300 and the filter 320. The auxiliary energy source 308, 328 may, for
example, be a solar array or battery, and in some embodiments may include a separate
DC/DC converter. Such auxiliary energy source may advantageously facilitate an additional
power flow to the inverter 300 and/or filter 320 in addition to the control of reactive power and
the reduction in harmonics.

[0036] In some embodiments, as illustrated in FIGS. 10 and 11, the inverter 300 or filter 320
may be configured as one or more H-bridges. FIGS. 10 and 11 each illustrate an embodiment
wherein each phase of the inverter 300 (FIG. 10) or filter 320 (FIG. 11) utilizes multiple H-
bridges connected in series. Alternatively, however, only a single H-bridge may be utilized for
each phase.

[0037] Referring again to FIGS. 2-5 and 7, the reactive power compensation inverter 300 and
active harmonic filter 320 may be electrically coupled within the electrical power system 46,
105, 200 at various suitable locations. More specifically, the reactive power compensation
inverter 300 and active harmonic filter 320 may be coupled at particular locations along one or
more power paths within an electrical power system 46, 105, 200. In some embodiments, the
reactive power compensation inverter 300 and active harmonic filter 320 are electrically
coupled at the same location within the electrical power system 46, 105, 200. In these
embodiments, the same bus or wiring may connect the reactive power compensation inverter
300 and active harmonic filter 320 to a power path of the electrical power system 46, 105, 200.
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Further, in particularly advantageous embodiments, the reactive power compensation inverter
300 and active harmonic filter 320 may be packaged together as a single unit using, for
example, a common cooling system and common controls. Alternatively, however, the reactive
power compensation inverter 300 and active harmonic filter 320 may be electrically coupled at
different locations within the electrical power system 46, 105, 200.

[0038] Various locations are identified in FIGS. 2 through 5 and 7 at which one or both of the
reactive power compensation inverter 300 or active harmonic filter 320 may be electrically
coupled to the electrical power system 46, 105, 200. Referring to FIG. 2, in some
embodiments, one or both of the reactive power compensation inverter 300 or active harmonic
filter 320 may be electrically coupled to the stator power path 62, such as at a location 340
between the stator 32 and winding 35 as illustrated. Additionally or alternatively, one or both of
the reactive power compensation inverter 300 or active harmonic filter 320 may be electrically
coupled to the converter power path 63, such as at a location 342 between the power
converter 38 and winding 37 as illustrated. Additionally or alternatively, one or both of the
reactive power compensation inverter 300 or active harmonic filter 320 may be electrically
coupled to the power path between winding 33 and breaker 36, such as at a location 344 as
illustrated.

[0039] Referring to FIG. 3, in some embodiments, one or both of the reactive power
compensation inverter 300 or active harmonic filter 320 may be electrically coupled to the
cluster power path 60, such as at a location 346 between the breaker 36 and switch 51, 52, 53
as illustrated. Additionally or alternatively, one or both of the reactive power compensation
inverter 300 or active harmonic filter 320 may be electrically coupled to the main line between
switch 51, 52, 53 and transformer 54, such as at a location 348 (before a breaker for
transformer 54) or location 350 (after the breaker for transformer 54) as illustrated. Additionally
or alternatively, one or both of the reactive power compensation inverter 300 or active
harmonic filter 320 may be electrically coupled to the line leading from the transformer 54 to
the power grid, such as at a location 352 as illustrated.

[0040] Referring to FIG. 4, in some embodiments, one or both of the reactive power
compensation inverter 300 or active harmonic filter 320 may be electrically coupled to the
stator power path 125, such as at a location 360 between the stator 116 and breaker 135 as
illustrated. Additionally or alternatively, one or both of the reactive power compensation inverter
300 or active harmonic filter 320 may be electrically coupled to the converter power path 127,
such as at a location 362 between the power converter 122 and winding 134 as illustrated.

[0041] Referring to FIG. 5, in some embodiments, one or both of the reactive power
compensation inverter 300 or active harmonic filter 320 may be electrically coupled to the
cluster power path 170, such as at a location 364 between the breaker 135 and switch 151,
152, 153 as illustrated. Additionally or alternatively, one or both of the reactive power
compensation inverter 300 or active harmonic filter 320 may be electrically coupled to the main
line between switch 151, 152, 153 and cluster transformer 145, 146, 147, such as at a location
366 as illustrated.
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[0042] Referring to FIG. 7, in some embodiments, one or both of the reactive power
compensation inverter 300 or active harmonic filter 320 may be electrically coupled to the
generator power path 210, such as at location 370 as illustrated. Additionally or alternatively,
one or both of the reactive power compensation inverter 300 or active harmonic filter 320 may
be electrically coupled to the grid power path 216, such as at location 372 as illustrated.

[0043] This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention. The patentable
scope of the invention is defined by the claims, whose scope

may include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the invention if they do not deviate from the subject-matter
of the claims.
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KRAV

1. Et elektrisk effektsystem (46, 105) der kan forbindes til et elnet, omfattende:

en klynge (48, 137) af elektriske effektundersystemer (27, 102), hvor hvert af de elektriske
effektundersystemer (27, 102) omfatter en effektomformer (38, 122) elektrisk koblet til en
generator (28, 116) med en generatorrotor (32, 118) og en generatorstator (30, 120), hvor
hvert af de elektriske effektundersystemer (27, 102, 202) definerer en statoreffektvej (62,
125) og en omformereffektvej (63, 127) til levering af effekt til elnettet, hvor hvert af de
elektriske effektundersystemer (27, 102) yderligere omfatter en transformer (34, 130);

en undersystemafbryder (36, 135) konfigureret med hvert af de elektriske
effektundersystemer (27, 102);

en klyngeeffektvej (60, 170), der streekker sig fra hver undersystemafbryder (36, 135), til
forbindelse af klyngen (48, 137) af elektriske effektundersystemer (27, 102) til elnettet; og
en kompensationsvekselretter (300) til reaktiv effekt, elektrisk koblet i det elektriske
effektsystem (46, 105), hvor kompensationsvekselretteren (300) til reaktiv effekt kan betjenes
til at gge det reaktive effektniveau i den elektriske effekt der flyder til elnettet;

hvor det elektriske effektsystem yderligere omfatter et aktivt harmonisk filter (320) elektrisk
koblet inden i det elektriske effektsystem (46, 105), hvor det aktive harmoniske filter (320)
kan betjenes til at reducere harmoniske i den elektriske effekt der flyder til elnettet;

og hvor hver fase af det aktive harmoniske filter (320) omfatter et tredje omskifterelement
(322) og et fjerde omskifterelement (324) i serie med hinanden eller en H-bro;

hvor det tredje omskifterelement (322) og det fjerde omskifterelement (324) er metaloxid-
halvlederfelteffekttransistorer som er tilpasset til at producere et relativt lavere effektniveau i
forhold til det der produceres af kompensationsvekselretteren til reaktiv effekt (300);

og hvor metaloxid-halvlederfelteffekttransistorerne er siliciumcarbidmetaloxid-
halvlederfelteffekttransistorer til opndelse af en relativt hgj omskifterfrekvens, sdsom i
omradet 20 kHz til 50 kHz.

2. Elektrisk effektsystem (46, 105) ifglge krav 1, hvor kompensationsvekselretteren (300) til reaktiv
effekt omfatter en fgrste omskifter (302) og en anden omskifter (304) i serie med hinanden.

3. Elektrisk effektsystem (46, 105) ifglge krav 2, hvor den fgrste omskifter (302) og den anden
omskifter (304) er bipolaere transistorer med isoleret gate.
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4. Elektrisk effektsystem (46, 105) ifglge krav 1, hvor kompensationsvekselretteren (300) til reaktiv
effekt og det aktive harmoniske filter (320) er elektrisk koblet pd det samme sted i det elektriske
effektsystem (46, 105).

5. Elektrisk effektsystem (46, 105) ifglge krav 1, hvor kompensationsvekselretteren (300) til reaktiv
effekt og det aktive harmoniske filter (320) er elektrisk koblet pd forskellige steder i det elektriske
effektsystem (46, 105).

6. Elektrisk effektsystem (46, 105) ifalge krav 1, hvor mindst én af kompensationsvekselretteren
(300) til reaktiv effekt og det aktive harmoniske filter (320) er konfigureret som en H-bro.

7. Elektrisk effektsystem (46, 105) ifglge et hvilket som helst af kravene 1-6, yderligere omfattende
en klyngetransformer (145, 146, 147) til at forbinde hver klynge (137) af elektriske
effektundersystemer (102) til elnettet og en klyngeomskifter (150, 151, 152) konfigureret med
klyngetransformeren (145, 146, 147);

8. Elektrisk effektsystem (46) ifglge et hvilket som helst af kravene 1-6, hvor transformeren (34) for
hvert elektrisk effektundersystem (27) er en trevindet transformer mellem statoreffektvejen (62),
omformereffektvejen (63), og klyngeeffektvejen (60).



DK/EP 3619785 T3

DRAWINGS

S

FiG. 1
PRIOR ART



DK/EP 3619785 T3

10 POWER
GRID

: ;
) 4 : :
= o= |
i ™
i H
e ., i
B i = §
r I 3 ~
: i L
& \\m..: Ps I
B j .. g
AN g
N ' -5
: —{ 5
) 1
! 1
i ;
: Sad i
| £ :
; L
) Sendd :
i <K !
‘ H
! ;




DK/EP 3619785 T3




DK/EP 3619785 T3

T0 POWER
GRID




DK/EP 3619785 T3

FIG. 5




(ONTROLLER

PROCESSOR(S)

MEMORY
DEVICE(S)

COMMUNRICATIONS MODULE

SENSOR INTERFACE

|
139 || 141 ] 143

FiG. 6

DK/EP 3619785 T3



DK/EP 3619785 T3

200
702 '4 yil
70 /I
\ 218 /

k
e 10 POWER
JGENERATOR _LF | UME T ! §§ GRID
T|(ONVERTER| “T-. | (ONVERTER)| LINE

O ES G T
74

|

4
—
o
i
y
=

34
-




DK/EP 3619785 T3

S
BC
VOLIAGE
SOURCE

AC
g

+
1]
YOLTAGE
SOURCE

+
B(
VOLTAGE
SOURCE




o]

o

Y
176 J
+
e RS
VOLTAGE )
SOURCE \
"' P
- ]
0 4 B
VOLTAGE .
SOURCE
3 J i J ]
= -
¥ J - J H
il 4 C
YOLTAGE -
SOURCE

A
g

DK/EP 3619785 T3



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS

