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57 ABSTRACT

A power conditioner includes a power converter module, a
detector module and a control module. The power converter
module performs power conversion upon a three-phase AC
power input from a first microgrid based on a PWM output
to generate a three-phase AC power output for a second
microgrid. The detector module detects the three-phase AC
power input, and a first zero sequence current input that is
received by the power converter module from the second
microgrid. The control module generates the PWM output
based at least on a result of the detection, such that the power
converter module further receives, from the first microgrid,
a second zero sequence current input which is anti-phase
with the first zero sequence current input.

12 Claims, 7 Drawing Sheets
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1
POWDER CONDITIONER WITH REDUCED
CAPACITOR VOLTAGE RIPPLES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese Patent
Application No. 106107888, filed on Mar. 10, 2017.

FIELD

The disclosure relates to a power conditioner, and more
particularly to a power conditioner with reduced ripples in
capacitor voltages.

BACKGROUND

A conventional power conditioner is used to control
power flow between a first microgrid and a second micro-
grid. Each of the first and second microgrids has a neutral
terminal. The conventional power conditioner includes a
first power converter that is coupled to the first microgrid
and that performs AC (alternating current) to DC (direct
current) conversion, a second power converter that is
coupled to the second microgrid and that performs DC to AC
conversion, a DC bus circuit that is coupled to the first and
second microgrids, and other circuits. The DC bus circuit
includes two capacitors that are coupled to each other. A
common node of the capacitors is coupled to the neutral
terminals of the first and second microgrids.

When the second microgrid is in an abnormal state (e.g.,
the second microgrid encounters frequency fluctuation and/
or voltage sag), the second power converter transmits active
power and/or reactive power from the capacitors to the
second microgrid, so as to alleviate power disturbance of the
second microgrid. Meanwhile, the first power converter
transmits active power from the first microgrid to the
capacitors, so that a voltage across the capacitors can be
constant.

However, when the second microgrid provides three
unbalanced phase voltages, a zero sequence current input
received at the common node of the capacitors from the
neutral terminal of the second microgrid has a non-zero
amplitude, and therefore a voltage across each capacitor has
a ripple component, which accelerates aging of the capaci-
tors and may cause malfunction of the conventional power
conditioner.

There are two conventional ways to reduce the ripple
component of the voltage across each capacitor. The first
conventional way is to increase a capacitance of each
capacitor. The second conventional way is to include, in the
conventional power conditioner, a power supply that pro-
vides DC voltages respectively to the capacitors. However,
in the first conventional way, the capacitors would be
relatively bulky; in the second conventional way, the power
supply is required; and in each conventional way, the
conventional power conditioner has relatively high manu-
facturing costs.

SUMMARY

Therefore, an object of the disclosure is to provide a
power conditioner that can alleviate the drawbacks of the
prior art.

According to the disclosure, the power conditioner is used
to control power flow between a first microgrid and a second
microgrid. Each of the first and second microgrids has a
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neutral terminal. The power conditioner includes a power
converter module, a detector module and a control module.
The power converter module is used to be coupled to the first
microgrid for receiving a three-phase AC (alternating cur-
rent) power input therefrom, is used to be coupled further to
the second microgrid, further receives a PWM (pulse width
modulation) output, and includes two capacitors that are
coupled to each other. A common node of the capacitors is
used to be coupled to the neutral terminal of the first
microgrid, and is used to be coupled further to the neutral
terminal of the second microgrid for receiving a first zero
sequence current input therefrom. The power converter
module performs AC to DC (direct current) to AC conver-
sion upon the three-phase AC power input based on the
PWM output to generate a DC voltage across the capacitors,
and to generate a three-phase AC power output for the
second microgrid. The detector module is coupled to the
power converter module, detects voltages and current inputs
of the three-phase AC power input to generate a first
detection output, and further detects the first zero sequence
current input to generate a second detection output. The
control module is coupled to the detector module for receiv-
ing the first and second detection outputs therefrom, and is
coupled further to the power converter module. The control
module generates the PWM output for the power converter
module based at least on the first and second detection
outputs, such that the common node of the capacitors further
receives, from the neutral terminal of the first microgrid, a
second zero sequence current input which has a non-zero
amplitude and is anti-phase with the first zero sequence
current input when the first zero sequence current input has
a non-zero amplitude.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the disclosure will
become apparent in the following detailed description of the
embodiment with reference to the accompanying drawings,
of which:

FIG. 1 is a circuit block diagram illustrating an embodi-
ment of a power conditioner according to the disclosure;

FIG. 2 is a circuit diagram illustrating a first power
converter of the embodiment;

FIG. 3 is a circuit diagram illustrating a second power
converter of the embodiment;

FIG. 4 is a block diagram illustrating a control module of
the embodiment;

FIG. 5 is a timing diagram illustrating six phase voltages,
five current inputs, three current outputs, and voltages
respectively across two capacitors of the power conditioner
without current compensation under a first circumstance;

FIG. 6 is a timing diagram illustrating the phase voltages,
the current inputs, the current outputs, and the voltages
respectively across the capacitors of the embodiment under
the first circumstance;

FIG. 7 is a timing diagram illustrating the phase voltages,
the current inputs, the current outputs, and the voltages
respectively across the capacitors of the power conditioner
without current compensation under a second circumstance;
and

FIG. 8 is a timing diagram illustrating the phase voltages,
the current inputs, the current outputs, and the voltages
respectively across the capacitors of the embodiment under
the second circumstance.

DETAILED DESCRIPTION

Referring to FIG. 1, an embodiment of a power condi-
tioner according to the disclosure is used to control power
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flow between a first microgrid 11 and a second microgrid 12.
Each of the first and second microgrids 11, 12 is a three-
phase four-wire system, has a neutral terminal 110, 120, a
first terminal 111, 121, a second terminal 112, 122 and a third
terminal 113, 123, and provides three phase voltages (Val,
Vb1, Vcl, Va2, Vb2, Vc2) respectively at the first to third
terminals (111-113, 121-123) thereof. The power condi-
tioner of this embodiment includes a power converter mod-
ule 2, a detector module 3 and a control module 4.

The power converter module 2 includes a DC (direct
current) bus circuit 23, a first power converter 21 and a
second power converter 22. The DC bus circuit 23 includes
two capacitors 231, 232 that are coupled to each other, and
that have, for example, the same capacitance. A common
node (P) of the capacitors 231, 232 is used to be coupled to
the neutral terminal 110 of the first microgrid 11, and is used
to be coupled further to the neutral terminal 120 of the
second microgrid 12 for receiving a first zero sequence
current input (Io) therefrom. The first power converter 21 is
used to be coupled to the first to third terminals 111-113 of
the first microgrid 11 for receiving a three-phase AC (alter-
nating current) power input therefrom, and is further coupled
across the capacitors 231, 232. The second power converter
22 is coupled across the capacitors 231, 232, and is used to
be further coupled to the first to third terminals 121-123 of
the second microgrid 12. The first and second power con-
verters 21, 22 cooperatively receive a PWM (pulse width
modulation) output from the control module 4, and coop-
eratively perform AC to DC to AC conversion upon the
three-phase AC power input based on the PWM output to
generate a DC voltage (Vdc) across the capacitors 231, 232,
and to generate a three-phase AC power output for the
second microgrid 12.

Referring to FIGS. 2 and 3, in this embodiment, the PWM
output includes a first group of six PWM signals (S,;-S,,)
as shown in FIG. 2, and a second group of six PWM signals
(8,,-S,¢) as shown in FIG. 3. As shown in FIG. 2, the first
power converter 21 includes three inductors 211 and six
switches 212. Each switch 212 is operable between conduc-
tion and non-conduction based on a respective PWM signal
(8,,-S,¢) of the first group. As shown in FIG. 3, the second
power converter 22 includes six switches 221 and three
inductors 222. Each switch 221 is operable between con-
duction and non-conduction based on a respective PWM
signal (S,,-S,,) of the second group.

Referring back to FIG. 1, the detector module 3 is coupled
to the power converter module 2, detects voltages (i.e., the
phase voltages (Val-Vcl)) and current inputs (Ial, Ib1, Ic1)
of the three-phase AC power input to generate a detection
output (D1), detects voltages (i.e., the phase voltages (Va2-
Vc2)) and current outputs (Ia2, Ib2, Ic2) of the three-phase
AC power output to generate a detection output (D2), detects
the DC voltage (Vdc) to generate a detection output (D),
detects the first zero sequence current input (lo) to generate
a detection output (D,,), and detects voltages (V,, V,)
respectively across the capacitors 231, 232 to generate a
detection output (D).

The control module 4 is coupled to the detector module 3
for receiving the detection outputs (D1, D2, Dy, D, D)
therefrom, is coupled further to the power converter module
2, and further receives a target voltage value (V) and two
target power values (P, Q,.). The control module 4
generates the PWM output for the power converter module
2 based on the detection outputs (D1, D2, D,,.. D, D,), the
target voltage value (V) and the target power values (P,
Q,.) such that: (a) the DC voltage (Vdc) is stabilized at the
target voltage value (V,,); (b) the common node (P) of the
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capacitors 231, 232 further receives a second zero sequence
current input (Io") from the neutral terminal 110 of the first
microgrid 11; and (c) active power and reactive power of the
three-phase AC power output are respectively stabilized at
the target power values (P, Q,.). When the first zero
sequence current input (Io) has a non-zero amplitude, the
second zero sequence current input (Io') has a non-zero
amplitude and is anti-phase with the first zero sequence
current input (Io). When the amplitude of the first zero
sequence current input (Io) is zero, the amplitude of the
second zero sequence current input (Io') is also zero. The
first and second zero sequence current inputs (lo, Io') are
combined at the common node (P) of the capacitors 231, 232
into a compensated zero sequence current input.

Referring to FIGS. 1 and 4, in this embodiment, the
control module 4 includes a first control circuit 41, a second
control circuit 42 and a PWM circuit 43.

The first control circuit 41 is coupled to the detector
module 3 for receiving the detection outputs (D1, Dy, Dy,
D) therefrom, further receives the target voltage value (V)
and generates a first control output (C1) based on the
detection outputs (D1, Dy, D,,, D,) and the target voltage
value (V9.

The second control circuit 42 is coupled to the detector
module 3 for receiving the detection output (D2) therefrom,
and further receives the target power values (P,,; Q,.. The
second control circuit 42 determines whether the second
microgrid 12 is encountering unbalanced voltage sag or not
based on the detection output (D2) and a predetermined
phase voltage value, and generates a second control output
(C2) based on the detection output (D2), the target power
values (P,.; Q,.) and a result of the determination.

In this embodiment, the predetermined phase voltage
value equals a rated amplitude (e.g., a rated peak amplitude)
of each phase voltage (Va2-Vc2) and the second microgrid
12 is determined as encountering the unbalanced voltage sag
when each of some (i.e., at least one but not all) of the
voltages (Va2-Vc¢2) of the three-phase AC power output as
indicated by the detection output (D2) has an amplitude
(e.g., a peak amplitude) that is less than the predetermined
phase voltage value. When the second microgrid 12 is
determined as encountering the unbalanced voltage sag, the
second control output (C2) is generated in a way as disclosed
in FIG. 10 and Equations 33-35 of “Power Controllability of
a Three-Phase Converter With an Unbalanced AC Source”
by Ke Ma et al., IEEE Transactions on Power Electronics,
vol. 30, no. 3, pp. 1591-1604, March 2015; otherwise, the
second control output (C2) is generated in a similar way,
except that Equations 33-35 are modified as the followings:

o= % ) Pres ’ Equations 33’
3 v
oo 2 Oy
773
ig =0,
i, =0 Equations 34
iREOZO,
i7,0=0. Equations 35’

The PWM circuit 43 is coupled to the first and second
control circuits 41, 42 for receiving the first and second
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control outputs (C1, C2) respectively therefrom, is coupled
further to the power converter module 2, and generates the
PWM output for the power converter module 2 based on the
first and second control outputs (C1, C2). In this embodi-
ment, the PWM output is generated using sinusoidal PWM
(SPWM) techniques, the PWM signals (S,,-S,,) (see FIG.
2) thereof are generated based on the first control output
(C1), and the PWM signals (S,,-S,¢) (see FIG. 3) thereof are
generated based on the second control output (C2).

In this embodiment, the first control circuit 41 includes a
command generator 411, a target generator 412, three cal-
culators 413, 415, 417, a proportional resonator 414 and a
frame transformer 416.

The command generator 411 is coupled to the detector
module 3 for receiving the detection outputs (D1, D,.)
therefrom, and further receives the target voltage value
(V,.p)- Each of the voltages (Val-Vcl) and the current inputs
(Ial-Ic1) of the three-phase AC power input includes a
positive sequence component, a negative sequence compo-
nent and a zero sequence component. The command gen-
erator 411 generates, based on the detection outputs (D1,
Dy,.) and the target voltage value (Vg,), first control
command (V, ) that is associated with the positive and
negative sequence components of the voltages (Val-Vcl)
and the current inputs (Ial-Ic1) of the three-phase AC power
input. The command generator 411 further generates, based
on the detection output (D1), a zero axis voltage value (V°)
that is associated with the zero sequence components of the
voltages (Val-Vcl) of the three-phase AC power input, and
a zero axis current value (I°) that is associated with the zero
sequence components of the current inputs (Ial-Ic1) of the
three-phase AC power input.

In this embodiment, the command generator 411 includes
two frame transformers 4111, 4113 and an operator 4112.

The frame transformer 4111 is coupled to the detector
module 3 for receiving the detection output (D1) therefrom,
and performs stationary frame to synchronous frame trans-
formation (e.g., Park’s transformation) upon the voltages
(Val-Vcl) and the current inputs (Ial-Ic1) of the three-phase
AC power input as indicated by the detection output (D1),
s0 as to generate a transformation output (S1), the zero axis
voltage value (V°) and the zero axis current value (I°). In this
embodiment, the transformation output (S1) includes a first
direct axis voltage value and a first quadrature axis voltage
value (which are associated with the positive sequence
components of the voltages (Val-Vcl) of the three-phase
AC power input), a second direct axis voltage value and a
second quadrature axis voltage value (which are associated
with the negative sequence components of the voltages
(Val-Vcl) of the three-phase AC power input), a first direct
axis current value and a first quadrature axis current value
(which are associated with the positive sequence compo-
nents of the current inputs (Ial-Ic1) of the three-phase AC
power input), and a second direct axis current value and a
second quadrature axis current value (which are associated
with the negative sequence components of the current inputs
(Ial-Ic1) of the three-phase AC power input).

The operator 4112 is coupled to the frame transformer
4111 and the detector module 3 for receiving the transfor-
mation output (S1) and the detection output (D) respec-
tively therefrom, further receives the target voltage value
(V,.p), and generates an operation output (S2) based on the
transformation output (S1), the detection output (D) and
the target voltage value (V,.). In this embodiment, the
operation output (S2) includes a first output portion (which
is associated with the positive sequence components of the
voltages (Val-Vcl) and the current inputs (Ial-Ic1) of the
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three-phase AC power input), and a second output portion
(which is associated with the negative sequence components
of'the voltages (Val-Vcl) and the current inputs (Ial-Ic1) of
the three-phase AC power input). The operator 4112 calcu-
lates, based on the DC voltage (Vdc) indicated by the
detection output (D,,.) and on the target voltage value
(V,.p), a first target current value that corresponds to the first
direct axis current value. The operator 4112 generates the
first output portion based on the first direct axis voltage
value, the first quadrature axis voltage value, the first direct
axis current value, the first quadrature axis current value, the
first target current value, and a predetermined second target
current value (which corresponds to the first quadrature axis
current value, and which is, for example, zero). The operator
4112 generates the second output portion based on the
second direct axis voltage value, the second quadrature axis
voltage value, the second direct axis current value, the
second quadrature axis current value, and a predetermined
third target current value and a predetermined fourth target
current value (which respectively correspond to the second
direct axis current value and the second quadrature axis
current value, and which are, for example, zero).

The frame transformer 4113 is coupled to the operator
4112 for receiving the operation output (S2) therefrom, and
performs synchronous frame to stationary frame transfor-
mation (e.g., inverse Park’s transformation) upon the opera-
tion output (S2) to generate the first control command
(V .5)- In this embodiment, the first control command (V ,.)
includes a first command portion that is generated based on
the first output portion of the operation output (S2), and a
second command portion that is generated based on the
second output portion of the operation output (S2).

The target generator 412 is coupled to the detector module
3 for receiving the detection outputs (D,,_, D) therefrom, and
generates a target current value (I*) based on the detection
outputs (D;,, D,.) and a predetermined threshold voltage
value (V). In this embodiment, first, the target generator
412 determines whether a minimum of the voltages (V,, V,)
respectively across the capacitors 231, 232 as indicated by
the detection output (D,) is greater than the predetermined
threshold voltage value (V,), and obtains a compensation
factor (k) based on a result of the determination and the
detection output (D). When the minimum of the voltages
(Vy, V,) respectively across the capacitors 231, 232 as
indicated by the detection output (D,) is determined to be
greater than the predetermined threshold voltage value (V)
(e.g., V,=V,x110%, where V. denotes a rated peak
amplitude of each phase voltage (Val-Vcl, Va2-Vc2)), the
compensation factor (k) is set to a predetermined constant
that is greater than zero and that is less than or equal to one
(i.e., 0<k=1). When the minimum of the voltages (V,, V,)
respectively across the capacitors 231, 232 as indicated by
the detection output (D) is determined to be not greater than
the predetermined threshold voltage value (V,), the com-
pensation factor (k) is obtained according to the following
equation:

i 2X(Vp = Vimin) Equation 1
where V, .. denotes the minimum of the voltages (V,, V,)

respectively across the capacitors 231, 232 as indicated by
the detection output (D), and V, , denotes a difference
between a maximum and a minimum of the voltage (V,, V,)
across one of the capacitors 231, 232 as indicated by the



US 9,929,668 B1

7

detection output (D). Second, the target generator 412
obtains the target current value (I*) based on the compen-
sation factor (k) and the detection output (D,,) according to
the following equation:

T¥=—fxi®,

where i° denotes the first zero sequence current input (Io)
indicated by the detection output (D).

The calculator 413 is coupled to the frame transformer
4111 and the target generator 412 for receiving the zero axis
current value (I°) and the target current value (I¥) respec-
tively therefrom, and calculates a difference between the
zero axis current value (I°) and the target current value (I")
to generate a difference current value (Is). In this embodi-
ment, Is=I*-1°.

The proportional resonator 414 is coupled to the calcu-
lator 413 for receiving the difference current value (Is)
therefrom, and generates a first voltage value (Vs1) based on
the difference current value (Is).

The calculator 415 is coupled to the frame transformer
4111 and the proportional resonator 414 for receiving the
zero axis voltage value (V°) and the first voltage value (Vs1)
respectively therefrom, and calculates a second voltage
value (Vs2) based on the zero axis voltage value (V°) and
the first voltage value (Vs1). In this embodiment, Vs2=V°+
Vsl.

The frame transformer 416 is coupled to the calculator
415 for receiving the second voltage value (Vs2) therefrom,
and performs synchronous frame to stationary frame trans-
formation (e.g., inverse Park’s transformation) upon the
second voltage value (Vs2) to generate a second control
command (Vs3).

The calculator 417 is coupled to the frame transformers
4113, 416 for receiving the first and second control com-
mands (V,,_, Vs3) respectively therefrom, is coupled further
to the PWM circuit 43, and calculates a sum of the first and
second command portions of the first control command
(V ».) and the second control command (Vs3) to generate
the first control output (C1) for the PWM circuit 43.

An example of parameters of the power conditioner of
this embodiment and the first and second microgrids 11, 12
are shown in the following Table 1.

TABLE 1
a rated power of each of the first 5 kVA
and second power converters 21, 22
a rated root mean square amplitude 220V
of each phase voltage (Val-Vel,
Va2-Ve2)
the target voltage value (V) 700 V
an inductance of each inductor 211, 2 mH
222 (see FIGS. 2 and 3)
a switching frequency of each PWM 20 kHz

signal (S;-S;6 S51-So¢) (see FIGS.
2 and 3)

Assuming that the power conditioner of this embodiment
and the first and second microgrids 11, 12 have the param-
eters shown in Table 1, and that the predetermined constant
is one, FIGS. 5 and 6 respectively illustrate a simulation
result of the power conditioner without current compensa-
tion (e.g., the elements 412-416 are omitted) and a simula-
tion result of the power conditioner of this embodiment
under a first circumstance (where the target power values
(P, Q,p are respectively 1.5 W and 0 kVar, where the
capacitance of each capacitor 231, 232 is 3.3 mF, and where
the amplitude of the phase voltage (Va2) is less than the
predetermined phase voltage value), and FIGS. 7 and 8
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respectively illustrate a simulation result of the power con-
ditioner without current compensation and a simulation
result of the power conditioner of this embodiment under a
second circumstance (where the target power values (P,,;
Q,. are respectively 5 kW and 0 kVar, where the capaci-
tance of each capacitor 231, 232 is 1.65 mF, and where the
amplitude of the phase voltage (Va2) is less than the pre-
determined phase voltage value).

Referring to FIGS. 5 and 6, under the first circumstance,
the amplitude of the first zero sequence current input (Io) is
non-zero. As shown in FIG. 5, without current compensa-
tion, the second zero sequence current input (Io') is not
generated, the voltage (V,, V,) across each capacitor 231,
232 (see FIG. 1) has a ripple component, and the minimum
of the voltages (V,, V,) respectively across the capacitors
231, 232 (see FIG. 1) is greater than the predetermined
threshold voltage value (V) (i.e., 342V). In this embodi-
ment, the second zero sequence current input (Io") is gen-
erated. Initially, the minimum of the voltages (V,, V,)
respectively across the capacitors 231, 232 (see FIG. 1)
equals that of the power conditioner without current com-
pensation as shown in FIG. 5, and is greater than the
predetermined threshold voltage value (V,) (i.e., 342V).
Therefore, the compensation factor is set to the predeter-
mined constant of one. Thereafter, as shown in FIG. 6, the
second zero sequence current input (lo') is non-zero in
amplitude, is substantially equal to the first zero sequence
current input (Io) in amplitude, and is substantially opposite
to the first zero sequence current input (Io) in phase; and the
ripple component of the voltage (V,, V,) across each
capacitor 231, 232 is reduced to nearly zero as compared to
that of the power conditioner without current compensation.

Referring to FIGS. 7 and 8, under the second circum-
stance, the amplitude of the first zero sequence current input
(Io) is non-zero. As shown in FIG. 7, without current
compensation, the second zero sequence current input (Io')
is not generated, the voltage (V,, V,) across each capacitor
231, 232 (see FIG. 1) has a ripple component, and the
minimum of the voltages (V, V,) respectively across the
capacitors 231, 232 (see FIG. 1) is less than the predeter-
mined threshold voltage value (V) (ie., 342V). In this
embodiment, the second zero sequence current input (Io') is
generated. Initially, the minimum of the voltages (V,, V,)
respectively across the capacitors 231, 232 (see FIG. 1)
equals that of the power conditioner without current com-
pensation as shown in FIG. 7, and is less than the predeter-
mined threshold voltage value (V,) (i.e., 342V). Therefore,
the compensation factor obtained according to Equation 1 is
less than one. Thereafter, as shown in FIG. 8, the second
zero sequence current input (Io') is non-zero in amplitude, is
less than the first zero sequence current input (Io) in ampli-
tude, and is opposite to the first zero sequence current input
(Io) in phase; and the ripple component of the voltage (V,
V,) across each capacitor 231, 232 is reduced as compared
to that of the power conditioner without current compensa-
tion.

Referring to FIGS. 1 and 4, in view of the above, the
power conditioner of this embodiment has the following
advantages:

1. By virtue of the control module 4 that causes the first
microgrid 1 to generate the second zero sequence current
input (Io"), when the phase voltages (Va2-Vc2) are unbal-
anced, the ripple component of the voltage (V,, V,) of each
capacitor 231, 232 can be reduced. Therefore, aging of the
capacitors 231, 232 can be slowed down, and malfunction of
the power conditioner can be prevented.
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2. By virtue of the control module 4 that causes the first
microgrid 1 to generate the second zero sequence current
input (Io"), an increase in capacitance of each capacitor 231,
232 is not required, and a power supply that provides DC
voltages respectively to the capacitors 231, 232 is not
required. Therefore, the capacitors 231, 232 can be relatively
compact, and the power conditioner can have relatively low
manufacturing costs.

It should be noted that, since the first and second power
converters 21, 22 are identical in this embodiment, the
power conditioner of this embodiment can be modified such
that, the first microgrid 11 provides power to the second
microgrid 12 through the modified power conditioner when
the second microgrid 12 is in an abnormal state, and that the
second microgrid 12 provides power to the first microgrid 11
through the modified power conditioner when the first
microgrid 11 is in an abnormal state. In one example of the
modified power conditioner, the detector module 3 further
detects the second zero sequence current input (Io') to
generate a detection output (D,,,), and control logic that
causes the following operations is included: (a) the first
control circuit 41 receives the detection outputs (D1, D)
when the second microgrid 12 is in the abnormal state, and
receives the detection outputs (D2, D;,) when the first
microgrid 11 is in the abnormal state; (b) the second control
circuit 42 receives the detection output (D2) when the
second microgrid 12 is in the abnormal state, and receives
the detection output (D1) when the first microgrid 11 is in
the abnormal state; (c) the first power converter 21 receives
the PWM signals (S,,-S,,) (see FIG. 2) of the first group
when the second microgrid 12 is in the abnormal state, and
receives the PWM signals (S,,-S,4) (see FIG. 3) of the
second group when the first microgrid 11 is in the abnormal
state; and (d) the second power converter 22 receives the
PWM signals (S,,-S,5) (see FIG. 3) of the second group
when the second microgrid 12 is in the abnormal state, and
receives the PWM signals (S;,-S;¢) (see FIG. 2) of the first
group when the first microgrid 11 is in the abnormal state.

In the description above, for the purposes of explanation,
numerous specific details have been set forth in order to
provide a thorough understanding of the embodiment. It will
be apparent, however, to one skilled in the art, that one or
more other embodiments may be practiced without some of
these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of various inventive aspects.

While the disclosure has been described in connection
with what is considered the exemplary embodiment, it is
understood that the disclosure is not limited to the disclosed
embodiment but is intended to cover various arrangements
included within the spirit and scope of the broadest inter-
pretation so as to encompass all such modifications and
equivalent arrangements.

What is claimed is:

1. A power conditioner used to control power flow
between a first microgrid and a second microgrid, each of
the first and second microgrids having a neutral terminal,
said power conditioner comprising:

a power converter module used to be coupled to the first

microgrid for receiving a three-phase AC (alternating
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current) power input therefrom, used to be coupled
further to the second microgrid, further receiving a
PWM (pulse width modulation) output, and including
two capacitors that are coupled to each other, a com-
mon node of said capacitors being used to be coupled
to the neutral terminal of the first microgrid, and being
used to be coupled further to the neutral terminal of the
second microgrid for receiving a first zero sequence
current input therefrom, said power converter module
performing AC to DC (direct current) to AC conversion
upon the three-phase AC power input based on the
PWM output to generate a DC voltage across said
capacitors, and to generate a three-phase AC power
output for the second microgrid;

a detector module coupled to said power converter mod-
ule, detecting voltages and current inputs of the three-
phase AC power input to generate a first detection
output, and further detecting the first zero sequence
current input to generate a second detection output; and

a control module coupled to said detector module for
receiving the first and second detection outputs there-
from, and coupled further to said power converter
module, said control module generating the PWM
output for said power converter module based at least
on the first and second detection outputs, such that said
common node of said capacitors further receives, from
the neutral terminal of the first microgrid, a second zero
sequence current input which has a non-zero amplitude
and is anti-phase with the first zero sequence current
input when the first zero sequence current input has a
non-zero amplitude.

2. The power conditioner of claim 1, wherein:

said detector module further detects the DC voltage to
generate a third detection output; and

said control module further receives the third detection
output from said detector module, further receives a
target voltage value, and generates the PWM output
based further on the third detection output and the
target voltage value such that the DC voltage is stabi-
lized at the target voltage value.

3. The power conditioner of claim 2, wherein said control

module includes:

a first control circuit coupled to said detector module for
receiving the first to third detection outputs therefrom,
further receiving the target voltage value, and generat-
ing a first control output based at least on the first to
third detection outputs and the target voltage value; and

a PWM circuit coupled to said first control circuit for
receiving the first control output therefrom, coupled
further to said power converter module, and generating
the PWM output for said power converter module
based at least on the first control output.

4. The power conditioner of claim 3, each of the voltages
and the current inputs of the three-phase AC power input
including a positive sequence component, a negative
sequence component and a zero sequence component,
wherein said first control circuit includes:

a command generator coupled to said detector module for
receiving the first and third detection outputs there-
from, and further receiving the target voltage value,
said command generator generating, based on the first
and third detection outputs and the target voltage value,
a first control command that is associated with the
positive and negative sequence components of the
voltages and the current inputs of the three-phase AC
power input, said command generator further generat-
ing, based on the first detection output, a zero axis
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voltage value that is associated with the zero sequence
components of the voltages of the three-phase AC
power input, and a zero axis current value that is
associated with the zero sequence components of the
current inputs of the three-phase AC power input;

a target generator coupled to said detector module for
receiving the second detection output therefrom, and
generating a target current value based at least on the
third detection output;

a first calculator coupled to said command generator and
said target generator for receiving the zero axis current
value and the target current value respectively there-
from, and calculating a difference between the zero axis
current value and the target current value to generate a
difference current value;

a proportional resonator coupled to said first calculator for
receiving the difference current value therefrom, and
generating a first voltage value based on the difference
current value;

a second calculator coupled to said command generator
and said proportional resonator for receiving the zero
axis voltage value and the first voltage value respec-
tively therefrom, and calculating a second voltage
value based on the zero axis voltage value and the first
voltage value;

a first frame transformer coupled to said second calculator
for receiving the second voltage value therefrom, and
performing synchronous frame to stationary frame
transformation upon the second voltage value to gen-
erate a second control command; and

a third calculator coupled to said command generator and
said first frame transformer for receiving the first and
second control commands respectively therefrom,
coupled further to said PWM circuit, and calculating a
sum of the first and second control commands to
generate the first control output for said PWM circuit.

5. The power conditioner of claim 4, wherein the target

current value is obtained according to the following equa-
tion:

I*=—kxi°,

where 1" denotes the target current value, k denotes a
compensation factor, and i° denotes the first zero
sequence current input indicated by the second detec-
tion output.

6. The power conditioner of claim 5, wherein:

said detector module further detects voltages respectively
across said capacitors to generate a fourth detection
output;

said target generator further receives the fourth detection
output from said detector module, and generates the
target current value based further on the fourth detec-
tion output and a predetermined threshold voltage
value.

7. The power conditioner of claim 6, wherein:

when a minimum of the voltages respectively across said
capacitors as indicated by the fourth detection output is
determined to be greater than the predetermined thresh-
old voltage value, the compensation factor is set to a
predetermined constant that is greater than zero and
that is less than or equal to one.

8. The power conditioner of claim 6, wherein:

when a minimum of the voltages respectively across said
capacitors as indicated by the fourth detection output is
determined to be not greater than the predetermined
threshold voltage value, the compensation factor is
obtained according to the following equation:
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P 2X(Vp = Vi in)
B Vi ’

where V, denotes the predetermined threshold voltage
value, V, ,,, denotes the minimum of the voltages respec-
tively across said capacitors as indicated by the fourth
detection output, and V,  denotes a difference between a
maximum and a minimum of the voltage across one of said
capacitors as indicated by the fourth detection output.

9. The power conditioner of claim 4, wherein said com-
mand generator includes:

a second frame transformer coupled to said detector
module for receiving the first detection output there-
from, and coupled further to said first and second
calculators, said second frame transformer performing
stationary frame to synchronous frame transformation
upon the voltages and the current inputs of the three-
phase AC power input as indicated by the first detection
output to generate the zero axis current value for said
first calculator, the zero axis voltage value for said
second calculator, and a transformation output that is
associated with the positive and negative sequence
components of the voltages and the current inputs of
the three-phase AC power input;

an operator coupled to said second frame transformer and
said detector module for receiving the transformation
output and the third detection output respectively there-
from, further receiving the target voltage value, and
generating an operation output based on the trans
formation output, the third detection output and the
target voltage value; and

a third frame transformer coupled to said operator for
receiving the operation output therefrom, coupled fur-
ther to said third calculator, and performing synchro-
nous frame to stationary frame transformation upon the
operation output to generate the first control command
for said third calculator.

10. The power conditioner of claim 3, wherein:

said detector module further detects voltages and current
outputs of the three-phase AC power output to generate
a fourth detection output;

said control module further includes a second control
circuit that is coupled to said detector module for
receiving the fourth detection output therefrom, that
further receives two target power values, and that
generates a second control output based at least on the
fourth detection output and the target power values; and

said PWM circuit is coupled further to said second control
circuit for receiving the second control output there-
from, and generates the PWM output based further on
the second control output such that active power and
reactive power of the three-phase AC power output are
respectively stabilized at the target power values.

11. The power conditioner of claim 10, wherein said
second control circuit further determines whether the second
microgrid is encountering unbalanced voltage sag or not
based on the fourth detection output and a predetermined
phase voltage value, and generates the second control output
based further on a result of the determination.

12. The power conditioner of claim 11, wherein the
second microgrid is determined to be encountering the
unbalanced voltage sag when each of some of the voltages
of the three-phase AC power output as indicated by the
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fourth detection output has an amplitude that is less than the
predetermined phase voltage value.
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