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(57) Abstract: A power conversion system for providing power to an electrical grid is described. The power conversion system in-
cludes a power converter coupled to a power source and the electrical grid. The power conversion system also includes a converter
controller coupled to the power converter and configured to control operation of the power converter to actively cancel harmonic
current received at the power converter from the electrical grid.
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METHODS AND SYSTEMS FOR OPERATING A
POWER CONVERTER

BACKGROUND OF THE INVENTION

[0001] The embodiments described herein relate generaly to solar
power generation, and more specifically, to methods and systems for reducing
harmonic current transmitted from an electrical grid to apower generation system.

[0002] Solar energy has increasingly become an attractive source of
energy and has been recognized as a clean, renewable alternative form of energy.
Solar energy in the form of sunlight may be converted to electrical energy by solar
cells. A more genera term for devices that convert light to electrical energy is

photovoltaic (PV) cells.

[0003] In order to obtain a higher current and voltage, PV cells are
electricaly connected to form a PV module. In addition to aplurality of PV cells, the
PV module may also include sensors, for example, an irradiance sensor, atemperature
sensor, avoltage meter, a current meter, and/or apower meter. PV modules may aso
be connected to form a module string. Typicaly, the DC voltages output by the
module strings are provided to a power converter, for example, a DC to AC voltage
inverter. The DC to AC voltage inverter converts the DC voltage to three-phase
aternating current (AC) voltage or current. The three-phase AC output from the DC
to AC inverter is provided to a power transformer, which steps up the voltage to
produce athree-phase high-voltage AC that is applied to an electrical grid.

[0004] Ideally, an AC output voltage of the DC to AC inverter will
match the AC voltage on the electrical grid. For example, the AC output voltage of
the DC to AC inverter varies sinusoidally a a predefined frequency. When a linear
load is coupled to the DC to AC inverter, it draws a sinusoidal current a the same
frequency asthe voltage. However, when anon-linear load is connected to the DC to
AC inverter, it may draw a current that is not sinusoidal. The difference between the
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voltage and current waveforms may create a harmonic current that istransmitted from
the electrical grid to the output of the DC to AC inverter.

[0005] Power systems and electrical grids typically include high
power electronic loads that may create these harmonic currents. Harmonic currents
increase heat in motors, circuit breakers, and transformers, and may cause unwanted
equipment trips, circuit breaker trips, and a reduced power factor. As a result,
harmonic currents may cause financial losses from added maintenance costs and
production down-time. Solutions that passively reduce harmonic currents, for
example, alarge filter capacitor bank, may also cause undesirable grid resonance. To
dampen the resonance created by adding filter capacitors, resistors may be added in
series with the filter capacitors. However, an unwanted result of adding resistors is

power dissipation by the resistors.
BRIEF DESCRIPTION OF THE INVENTION

[0006] In one aspect, apower conversion system for providing power
to an electrical grid is provided. The power conversion system includes a power
converter coupled to a power source and the electrical grid. The power conversion
system aso includes a converter controller coupled to the power converter and
configured to control operation of the power converter to actively cancel harmonic
current received at the power converter from the electrical grid.

[0007] In another aspect, apower converter controller for controlling
a power converter is provided. The power converter controller includes an input
configured to receive a grid current feedback signal, the grid current feedback signal
comprising a grid current measurement including a plurality of harmonic current
components. The power converter controller also includes a control system that
includes a current regulator control loop configured to generate a least one voltage
reference command, and a harmonic current reduction control loop configured to
receive the grid current feedback signa and to generate at least one harmonic voltage
cancelation command. The control system is configured to combine the at least one
voltage reference command and the a least one harmonic cancelation voltage
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command to generate a least one adjusted voltage reference command that when
provided to the power converter, creates a cancelation current that cancels at least one
of the plurality of harmonic current components of the grid current. The power
converter controller aso includes an output configured to provide the at least one

adjusted voltage reference command to the power converter.

[0008] In yet another aspect, amethod for reducing harmonic current
transmitted from an electrical grid to a power generation system is provided. The
power generation system includes a power converter controller configured to control
operation of a power converter. The method includes generating, using the power
converter controller, a least one voltage reference command and receiving, at the
power converter controller, a grid current feedback signal. The method also includes
extracting a least one harmonic current component from the grid current feedback
signal, the at least one harmonic current component corresponding to a selected
harmonic. The method aso includes generating a least one harmonic cancelation
voltage command based & least partially on the at least one harmonic current

component.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure lisablock diagram of an exemplary embodiment of a

power conversion system.

[0010] Figure 2 isacircuit diagram of the power conversion system

shown in Figure 1.

[0011] Figure 3is ablock diagram of a control system that may be

included within the power conversion system shown in Figure 1.

[0012] Figure 4 is an exemplary control diagram of converter

controller operation.
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[0013] Figure 5is aflow chart of an exemplary method for reducing
harmonic current transmitted from the electrical grid to the power converter shown in

Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0014] The methods and systems described herein facilitate reducing
a least one of a harmonic current and a harmonic voltage transmitted from an
electrical grid to a power generation system. More specifically, the methods and
systems described herein monitor the harmonic current and control a power converter
included within the power generation system to output a harmonic cancelation current
that is equal and opposite the harmonic current transmitted from the electrical grid.
By canceling the harmonic current and/or the harmonic voltage, the fundamental
frequency current is the only current component that is reflected back to the power
generation system from the electrical grid.

[0015] Technical effects of the methods and systems described
herein include a least one of: (a) generating, using a power converter controller, at
least one voltage reference command; (b) receiving, at the power converter controller,
agrid current feedback signal; (c) extracting at least one harmonic current component
from the grid current feedback signal, the a least one harmonic current component
corresponding to a selected harmonic; and, (d) generating a least one harmonic
cancelation voltage command based at least partially on the at least one harmonic

current component.

[0016] Figure lisablock diagram of an exemplary embodiment of a
power conversion system 10. In the exemplary embodiment, power conversion
system 10 includes a power converter 14 and a system controller 16. Power
conversion system 10 is configured to receive power from a direct current (DC)
power source 12. Although illustrated as a two-stage power converter, power
converter 14 may be a single-stage power converter, for example, aDC to alternating
current (AC) power inverter. System 10 is configured to provide an AC output
voltage 20 for delivery to aload, for example, but not limited to, a transformer or an
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electrical grid 22. Electrical grid 22 may include an electrical distribution grid, an
electrical transmission grid, or any type of electrical grid configured for delivering
electricity. DC power source 12 may include, but is not limited to, a photovoltaic
(PV) array that includes & least one PV cell (not shown in Figure 1), for example, a
least one solar cell. Typicaly, aplurality of solar cells are coupled to form a solar
array, aso referred to as a solar module, and multiple solar modules are coupled to
form a module string. The solar cells are arranged in this manner to increase the
voltage and current output by the solar array. DC power source 12 may also include
an energy storage device, for example, a battery or fuel cell, and/or any other source

of DC power that allows power conversion system 10 to function as described herein.

[0017] It should be noted that the embodiments described herein are
not limited to any particular system controller and/or processor for performing the
processing tasks described herein. The term "processor,” as that term is used herein,
is intended to denote any machine capable of performing the calculations or
computations necessary to perform the tasks described herein. The term "processor”
also isintended to denote any machine that is capable of accepting a structured input
and of processing the input in accordance with prescribed rules to produce an output.
It should also be noted that the phrase "configured to" as used herein means that the
processor is equipped with a combination of hardware and software for performing
the tasks of embodiments of the invention, as will be understood by those skilled in
the art. The term processor, as used herein, refers to central processing units,
microprocessors, microcontrollers, reduced instruction set circuits (RISC), application
specific integrated circuits (ASIC), logic circuits, and any other circuit or processor

capable of executing the functions described herein.

[0018] In the exemplary embodiment, power converter 14 includes a
DC to DC boost converter 24 and a DC to AC inverter 26. System controller 16 is

configured to independently control operation of boost converter 24 and inverter 26.

[0019] An output 32 of boost converter 24 is coupled to an input 34

of inverter 26 by at least one conductor, for example, a DC bus 36. Power source 12
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is coupled to two-stage power converter 14 through at least one conductor 40, and
inverter 26 is coupled to electrical grid 22 through a least one conductor 42.
Alternatively, power source 12 may be directly coupled to inverter 26. Although
illustrated as single lines, conductor 40, conductor 42, and DC bus 36 may include
any number of separate conductors that alows system 10 to function as described
herein. For example, if system 10 is a single-phase system, conductor 40, conductor
42, and DC bus 36 may each include a single conductor. Alternatively, if system 10
is athree-phase system, conductor 40, conductor 42, and DC bus 36 may each include
three separate conductors, one for each phase. Furthermore, system 10 may include
any suitable number of phases. A DC bus voltage is controlled by inverter 26. More
specifically, system controller 16 controls operation of inverter 26 to control the DC
bus voltage. Furthermore, inverter 26 may be configured to control apower factor of
AC voltage 20 output by inverter 26 and provided to electrical grid 22.

[0020] Figure 2 is a circuit diagram of system 10 (shown in Figure
1). Components shared between Figures 1 and 2 are identified with identical
reference numerals. In the exemplary embodiment, system 10 includes a least one
current measurement device 52 configured to measure a current flowing through
conductor 42 (i.e., current output by power converter 14). Current measurement
device 52 provides system controller 16 (shown in Figure 1) with a converter output
current feedback signal corresponding to the measured output current. System 10 also
includes a DC bus voltage measurement device 56. DC bus voltage measurement
device 56 provides system controller 16 with a DC bus voltage feedback signal
corresponding to the measured DC bus voltage.

[0021] In the exemplary embodiment, system 10 also includes at
least one grid current measurement device 58 configured to measure a grid current.
Grid current measurement device 58 provides system controller 16 with agrid current
feedback signal corresponding to the measured grid current. Furthermore, in the
exemplary embodiment, system 10 includes a grid voltage measurement device 60

configured to measure a grid voltage. Grid voltage measurement device 60 provides
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system controller 16 with a grid voltage feedback signal corresponding to the

measured grid voltage.

[0022] Figure 3 is ablock diagram 70 of a control system 72 that
may be included within system 10 (shown in Figure 1). In the exemplary
embodiment, control system 72 is included within converter controller 16 (shown in
Figure 1). More specifically, in the exemplary embodiment, control system 72
provides inverter 26 (shown in Figure 1) with harmonic voltage cancelation
commands, that when executed by inverter 26, reduce the harmonic currents flowing

between electrical grid 22 (shown in Figure 1) and inverter 26.

[0023] In the exemplary embodiment, control system 72 includes a
grid-side current regulator control loop 78, a phase locked loop 80, and a harmonic
current reduction control loop 82. Current regulator control loop 78 receives a DC
bus voltage feedback signal 84 from, for example, DC voltage measurement device 56
(shown in Figure 2). Current regulator control loop 78 also receives a DC voltage
reference signal 86, which may be retrieved from a memory and/or provided by a
user. Current regulator control loop 78 also receives an inverter output current
feedback signal 88 from, for example, converter output current measurement device
52 (shown in Figure 2). Current regulator control loop 78 also receives a grid voltage
feedback signal 90 from, for example, grid voltage measurement device 60 (shown in
Figure 2). Current regulator control loop 78 also receives a grid current feedback
signal 92 from, for example, grid current measurement device 58 (shown in Figure 2).
Furthermore, current regulator control loop 78 may also receive a voltage-ampere
reactive (VAR) command signal 94, which may be retrieved from a memory and/or

provided by auser.

[0024] In the exemplary embodiment, control system 72 generates a
real voltage reference command 100 and a reactive voltage reference command 102,
which are based at least partially on signals 84, 86, 88, 90, 92, and 94.

[0025] In the exemplary embodiment, current regulator control loop

78 demodulates grid voltage feedback signal 90 into a real voltage feedback
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component 103 (shown in Figure 4) and areactive voltage feedback component 104.
Reactive voltage feedback component 104 isprovided to phase locked loop 80. Phase
locked loop 80 tracks the phase angle of reactive voltage feedback component 104.
Phase locked loop 80 is aso provided with a harmonic selection signal 105
corresponding to a specific harmonic of a plurality of harmonics included within grid
current feedback signal 92. For example, auser may select the harmonic current to be
canceled using control system 72. In a specific non-limiting example, the user may
select to remove harmonic current associated with the 10t harmonic. In the
exemplary embodiment, phase locked loop 80 outputs a phase angle 106 associated
with the harmonic frequency and a phase angle 108 associated with the fundamental

frequency.

[0026] In the exemplary embodiment, harmonic current reduction
control loop 82 receives grid current feedback signal 92, phase angle 106, and phase
angle 108, and generates a real harmonic cancelation voltage command 110 and a
reactive harmonic cancelation voltage command 112. Based on grid current feedback
signal 92 and phase angle 106, real harmonic cancelation voltage command 110 and
reactive harmonic cancelation voltage command 112 add a harmonic cancelation
current associated with the selected harmonic that is equal and opposite the harmonic
current received from electrical grid 22. More specificaly, control system 72
combines rea voltage reference command 100 and real harmonic cancelation voltage
command 110 to generate an adjusted real voltage reference command 120. Control
system 72 aso combines reactive voltage reference command 102 and reactive
harmonic cancelation voltage command 112 to generate an adjusted reactive voltage
reference command 122. Adjusted real voltage reference command 120 and adjusted
reactive voltage reference command 122 are provided to inverter 26 to regulate an
output of inverter 26. In other words, control system 72 causes inverter 26 to operate
as an active harmonic cancelation filter. Harmonic current reduction control loop 82
may also facilitate canceling harmonic current a& multiple selected harmonics. By
canceling the harmonic current components, the true fundamental frequency current is

the only current component that isreflected back to power converter 14.
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[0027] Figure 4 is an exemplary control diagram 150 executed by
control system 72 (shown in Figure 3). For example, control system 72 may be
configured to operate in accordance with control diagram 150. In the exemplary
embodiment, harmonic current reduction control loop 82 receives grid current

feedback signal 92 from grid current measurement device 58 (shown in Figure 2).

[0028] In the exemplary embodiment, grid current feedback signal
92 is demodulated into areal grid current feedback signal 160 and a reactive grid
current feedback signal 162. More specifically, a specific frequency of grid current
feedback signal 92 is demodulated into rea grid current feedback signa 160 and
reactive grid current feedback signal 162. The specific frequency corresponds to
phase angle 106 provided to harmonic current reduction control loop 82 by phase
locked loop 80 (shown in Figure 3). As described above, phase angle 106 is

associated with a selected harmonic.

[0029] In the exemplary embodiment, real grid current feedback
signal 160 is provided to a signal sign inverter 164 that changes a sign of the
magnitude of rea grid current feedback signal 160 and provides the opposite polarity
of real grid current feedback signal 160 to a current regulator 166. For example, if
real grid current feedback signal 160 is a sine wave having an amplitude of 1 Ampere
and a phase angle of 0°, signal sign inverter 164 will output a sine wave having an
amplitude of 1 Ampere and a phase angle of 180° (i.e,, -1 Ampere). Resactive grid
current feedback signal 162 is provided to a signal sign inverter 168 that changes a
sign of the magnitude of reactive grid current feedback signal 162 and provides the
opposite polarity of reactive grid current feedback signal 162 to a current regulator
170. Current regulator 166 generates areal voltage cancelation reference command
172 and current regulator 170 generates a reactive voltage cancelation reference
command 174. Real voltage cancelation reference command 172 and reactive voltage
cancelation reference command 174 are provided to a rotator/demodulator 176 that
generates real harmonic cancelation voltage command 110 and reactive harmonic
cancelation voltage command 112. Although described above as generated by

rotator/demodulator 176, real and reactive harmonic cancelation voltage commands
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110 and 112 may be generated using other trigonometric functions, including, but not
limited to, a sine and/or cosine of phase angles 106 and/or 108. For example, it may
be more efficient for aprocessor to rotate by N*Angle and counter-rotate by 1*Angle

than to calculate the sine and/or cosine of (N-I)*Angle.

[0030] As described above, current regulator control loop 78
generates real voltage reference command 100 and reactive voltage reference
command 102. Real voltage reference command 100 is combined with real harmonic
cancelation voltage command 110 a a summing point 190. An output of summing
point 190 is adjusted real voltage reference command 120. Reactive voltage reference
command 102 is combined with reactive harmonic cancelation voltage command 112
a asumming point 192. An output of summing point 192 is adjusted reactive voltage
reference command 122. Real voltage reference command 120 and reactive voltage
reference command 122 are provided to DC to AC inverter 26 and inverter 26

operates in accordance with commands 120 and 122.

[0031] Figure 5isaflow chart 200 of an exemplary method 210 for
reducing harmonic current transmitted from an electrical grid, for example, electrical
grid 22 (shown in Figure 1), to a power conversion system, for example, power
conversion system 10 (shown in Figure 1). As described above, power conversion
system 10 includes power converter controller 16 (shown in Figure 1) configured to
control operation of power converter 14 (shown in Figure 1). In the exemplary
embodiment, method 210 includes generating 220 a least one voltage reference
command. Power converter controller 16 may generate 220 areal voltage reference
command, for example, real voltage reference command 100 (shown in Figure 3), and
a reactive voltage reference command, for example, reactive voltage reference

command 102 (shown in Figure 3).

[0032] In the exemplary embodiment, method 210 also includes
receiving 222 agrid current feedback signal. Converter controller 16 may receive 222
agrid current feedback signal, for example, grid current feedback signal 92 (shown in
Figure 3). Method 210 also includes extracting 224 a least one harmonic current

-10-



WO 2013/090670 PCT/US2012/069652

component from grid current feedback signa 92. Method 210 may also include
receiving 226 a harmonic selection signal, for example, harmonic selection signal 105
(shown in Figure 3), that identifies a selected harmonic. Converter controller 16
extracts 224 a least one harmonic current component associated with the phase angle
of the selected harmonic. Method 210 also includes generating 228 & least one
harmonic cancelation voltage command based at least partialy on the a least one
harmonic current component. For example, converter controller 16 may generate real
harmonic cancelation voltage command 110 and reactive harmonic cancelation

voltage command 112.

[0033] In the exemplary embodiment, method 210 also includes
combining 230 the a least one harmonic cancelation voltage command and the at
least one voltage reference command to generate a least one adjusted voltage
reference command. For example, the a least one adjusted voltage reference
command may include adjusted rea voltage reference command 120 (shown in
Figure 3) and adjusted reactive voltage reference command 122 (shown in Figure 3).
Method 210 also includes providing 232 the a least one adjusted voltage reference

command to power converter 14.

[0034] More specificaly, generating 228 a least one harmonic
cancelation voltage command includes receiving the grid current feedback signal and
the harmonic selection signal, for example, a converter controller 16. Converter
controller 16 demodulates grid current feedback signal 92 to generate a rea grid
current feedback signal, for example, real grid current feedback signal 160 (shown in
Figure 4), and a reactive grid current feedback signal, for example, reactive grid
current feedback signal 162, a a phase angle associated with the selected harmonic.
Converter controller 16 changes the signs of the magnitudes of real grid current
feedback signal 160 and reactive grid current feedback signal 162 to generate areal
grid current cancelation signal and a reactive grid current cancelation signal.
Converter controller 16 generates, for example, using current regulator 166 (shown in
Figure 4), real voltage cancelation reference command 172 from the real grid current

cancelation signal and reactive voltage cancelation reference command 174 from the

-11-
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reactive grid current cancelation signal. Furthermore, in the exemplary embodiment,
arotator and a demodulator, for example, rotator/demodulator 176 (shown in Figure
3) generates the a least one harmonic cancelation voltage command based on real
voltage cancelation reference command 172 and reactive voltage cancelation

reference command 174.

[0035] Furthermore, one or more computer-readable media having
computer-executable components, may be configured for controlling operation of a
power converter. The computer-executable components may include: an interface
component that, when executed by at least one processor, causes the a least one
processor to receive a grid current feedback signal and a selected harmonic phase
angle signal; a memory component that, when executed by at least one processor,
causes the a least one processor to store a least one algorithm for determining
reactive harmonic cancelation voltage commands, and an analysis component that,
when executed by at least one processor, causes the at least one processor to generate

operating signals that control operation of the power converter.

[0036] The embodiments described herein embrace one or more
computer readable media, wherein each medium may be configured to include or
includes thereon data or computer executable instructions for manipulating data. The
computer executable instructions include data structures, objects, programs, routines,
or other program modules that may be accessed by a processing system, such as one
associated with a general-purpose computer capable of performing various different
functions or one associated with a special-purpose computer capable of performing a
limited number of functions. Aspects of the disclosure transform a general-purpose
computer into a special-purpose computing device when configured to execute the
instructions described herein. Computer executable instructions cause the processing
system to perform a particular function or group of functions and are examples of
progran code means for implementing steps for methods disclosed herein.
Furthermore, aparticular sequence of the executable instructions provides an example
of corresponding acts that may be used to implement such steps. Examples of

computer readable media include random-access memory ("RAM"), read-only

-12-
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memory ("ROM"), programmable read-only memory ("PROM"), erasable
progranmable read-only memory ("EPROM"), electrically erasable programmable
read-only memory ("EEPROM"), compact disk read-only memory ("CD-ROM"), or
any other device or component that is capable of providing data or executable
instructions that may be accessed by aprocessing system.

[0037] A computer or computing device such as described herein has
one Orf more processors or processing units, system memory, and some form of
computer readable media. By way of example and not limitation, computer readable
media comprise computer storage media and communication media. Computer
storage media include volatile and nonvolatile, removable and non-removable media
implemented in any method or technology for storage of information such as
computer readable instructions, data structures, program modules or other data
Communication media typically embody computer readable instructions, data
structures, program modules, or other datain amodulated data signal such as a carrier
wave or other transport mechanism and include any information delivery media.
Combinations of any of the above are aso included within the scope of computer
readable media.

[0038] The above-described embodiments facilitate efficient and
cost-effective operation of a power generation system. The control system described
herein controls operation of the power converter to actively cancel harmonic current

received a apower converter from the electrical grid.

[0039] Exemplary embodiments of a power generation system that
includes a power converter are described above in detail. The methods and systems
are not limited to the specific embodiments described herein, but rather, components
of the systems and/or steps of the methods may be utilized independently and
separately from other components and/or steps described herein.

[0040] Although specific features of various embodiments of the
invention may be shown in some drawings and not in others, this is for convenience

only. In accordance with the principles of the invention, any feature of a drawing

-13-
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may be referenced and/or claimed in combination with any feature of any other

drawing.

[0041] 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, including making and using any devices or systems and
performing any incorporated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that occur to those skilled in
the art. Such other examples are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the

literal language of the claims.

-14-
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WHAT ISCLAIMED IS:

1 A power conversion system for providing power to an electrical

grid comprising:

a power converter coupled to a power source and the electrical grid;

and,

a converter controller coupled to said power converter and configured
to control operation of said power converter to actively cancel harmonic current
received a said power converter from the electrical grid.

2. A power conversion system in accordance with clam 1,
wherein said converter controller is configured to provide at least one adjusted voltage
reference command to said power converter that when executed actively cancels
harmonic current received at said power converter from the electrical grid.

3. A power conversion system in accordance with claim 1, further
comprising at least one grid measurement device configured to measure agrid current
and to generate a grid current feedback signal corresponding to the measured grid

current.

4, A power conversion system in accordance with clam 3,
wherein said converter controller is configured to receive the grid current feedback
signal and to extract a harmonic current component from the grid current feedback

signal.

5. A power conversion system in accordance with claim 4,
wherein said converter controller includes a harmonic current reduction control loop
that generates at least one harmonic cancelation voltage command based a least
partially on the harmonic current component of the grid current feedback signal.

6. A power conversion system in accordance with claim 5,

wherein said harmonic current reduction control 1oop:

-15-
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receives the grid current feedback signal and a harmonic selection

signal corresponding to a selected harmonic;

demodulates the grid current feedback signal to generate a real grid
current feedback signal and a reactive grid current feedback signal a a frequency
associated with the selected harmonic;

changes the sign of the magnitude of the real grid current feedback

signal to generate areal grid current cancelation signal;

changes the sign of the magnitude of the reactive grid current feedback
signal to generate areactive grid current cancelation signal;

generates, using a least one current regulator, a rea voltage
cancelation reference command from the real grid current cancelation signal and a
reactive voltage cancelation reference command from the reactive grid current
cancelation signal; and,

generates, using arotator and a demodulator, the a least one harmonic

cancelation voltage command.

7. A power conversion system in accordance with claim 5,
wherein the a least one harmonic cancelation voltage command comprises a real
harmonic cancelation voltage command and a reactive harmonic cancelation voltage

command.

8. A power conversion system in accordance with claim 5,
wherein said converter controller includes a current regulator control loop configured

to generate at least one voltage reference command.

9. A power conversion system in accordance with clam 8,

wherein said converter controller is configured to:
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combine the a least one harmonic cancelation voltage command and
the a least one voltage reference command to generate the a least one adjusted

voltage reference command; and,

provide the a least one adjusted voltage reference command to said

power converter.

10. A power converter controller for controlling a power converter,

said power converter controller comprising:

an input configured to receive a grid current feedback signal, the grid
current feedback signal comprising a grid current measurement including a plurality

of harmonic current components;
acontrol system comprising:

a current regulator control loop configured to generate at least

one voltage reference command, and

a harmonic current reduction control loop configured to receive
the grid current feedback signal and to generate a least one harmonic cancelation

voltage command,

wherein said control system is configured to combine the a least one
voltage reference command and the a least one harmonic cancelation voltage
command to generate at least one adjusted voltage reference command that when
provided to the power converter creates a cancelation current that cancels at least one

of the plurality of harmonic current components of the grid current; and,

an output configured to provide the a least one adjusted voltage

reference command to the power converter.

11. A power converter controller in accordance with claim 10,
wherein the a least one voltage reference command comprises a real voltage

reference command and areactive voltage reference command.
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12. A power converter controller in accordance with claim 10,
wherein the a least one harmonic cancelation voltage command comprises a real
harmonic cancelation voltage command and a reactive harmonic cancelation voltage

command.

13. A power converter controller in accordance with claim 10,

wherein said harmonic current reduction control 1oop:
receives the grid current feedback signal and a selected harmonic;

demodulates the grid current feedback signal to generate a rea grid
current feedback signal and a reactive grid current feedback signal a a frequency
associated with the selected harmonic;

changes the sign of the magnitude of the real grid current feedback
signal to generate areal grid current cancelation signal;

changes the sign of the magnitude of the reactive grid current feedback
signal to generate areactive grid current cancelation signal;

generates, using a current regulator, a real voltage cancelation
reference command from the real grid current cancelation signal and a reactive
voltage cancelation reference command from the reactive grid current cancelation
signal; and,

generates, using arotator and a demodulator, the a least one harmonic

cancelation voltage command.

14. A power converter controller in accordance with claim 13,
wherein said input is further configured to receive a harmonic selection signal

corresponding to the selected harmonic of the plurality of harmonic components.

15. A method for reducing harmonic current transmitted from an
electrical gridto apower conversion system that includes apower converter controller
configured to control operation of apower converter, said method comprising:

18-
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receiving, a the power converter controller, a grid current feedback

signa;

extracting a least one harmonic current component from the grid
current feedback signal, the at least one harmonic current component corresponding to
a selected harmonic; and,

generating at least one harmonic cancelation voltage command based

a least partialy on the at least one harmonic current component.

16. A method in accordance with claim 15, further comprising

receiving aharmonic selection signal identifying the selected harmonic.

17. A method in accordance with claim 16, wherein generating the

a least one harmonic cancelation voltage command comprises:

receiving the grid current feedback signal and the harmonic selection

signa;

demodulating the grid current feedback signal to generate areal grid
current feedback signal and a reactive grid current feedback signal a a phase angle
associated with the selected harmonic;

changing the sign of the magnitude of the real grid current feedback

signal to generate areal grid current cancelation signal;

changing the sign of the magnitude of the reactive grid current

feedback signal to generate areactive grid current cancelation signal;

generating, using a current regulator, a rea voltage cancelation
reference command from the real grid current cancelation signal and a reactive
voltage cancelation reference command from the reactive grid current cancelation

signal; and,
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generating, using a rotator and a demodulator, the a least one

harmonic cancelation voltage command.

18. A method in accordance with clam 17, further comprising

determining the phase angle of the selected harmonic using a phase locked loop.
19. A method in accordance with claim 15, further comprising:

generating, using the power converter controller, a least one voltage

reference command; and,

combining the at least one harmonic cancelation voltage command and
the at least one voltage reference command to generate at least one adjusted voltage

reference command.

20. A method in accordance with claim 19, further comprising
providing the a least one adjusted voltage reference command to the power converter,
wherein the power converter is operated in accordance with the at least one adjusted
voltage reference command to create a cancelation current that cancels a least one of

the plurality of harmonic current components of the grid current.
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