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Abstract: Virtual synchronous generator (VSG) control scheme, which can be regarded as an extension of droop control, has
received much attention from researchers as the introduction of rotational inertia to inverters. This study discusses an active and
reactive power decoupling technique for VSGs in microgrid, as an important aspect of VSG. The traditional power decoupling
mechanism is initially analysed. Subsequently, the properties of the line impedance at different voltage degrees are compared.
Results indicate that the traditional power decoupling method is unsuitable for medium- and low-voltage microgrids. Thus, an
improved power decoupling method is proposed. By estimating the voltage at the point of common coupling and tracking their
reference values, the output active and reactive power of inverters can perform dynamic decoupling. Furthermore, the stability
of the new control structure and selection of relevant coefficients are analysed. The simulation and experimental results verify

the enhanced decoupling strategy for VSGs.

1 Introduction

Distributed generation, as the main form of renewable energy
power generation, plays an important role in solving the current
energy crisis and environmental problems. To promote the
integration of distributed power supply, some scholars have
proposed microgrids [1]. A microgrid is new network structure
comprising numbers of distributed generators, energy storage
devices, energy conversion devices, loads and protection devices.
Microgrids can flexibly implement self-control, self-protection and
self-management. They can also alleviate the effect of a large
number of distributed power supply accessing the grid by
interacting with the grid supplement. However, compared with the
synchronous generators (SGs) in a bulk power system, the power
electronic inverter of a microgrid presents significant distinction on
outer features, including lower capacity and output impedance.
Moreover, the inverter of microgrid exhibits poor anti-disturbance
capability because of the lack of system inertia. All these
drawbacks will exacerbate the instability of the power system [2,
3].

To date, droop control is the most frequently used control
method in microgrids. A microgrid inverter allocates active and
reactive power reasonably by tracking the reference voltage signals
generated by the droop controller. This method is similar to the
power sharing between parallel SGs and it allows the distributed
generators to realise a plug-and-play function and interconnect
without communication line. However, some drawbacks are still
present in its implementation process. Lacking rotational inertia,
the inverter with droop control cannot provide the necessary
frequency support and damping to a power system. To introduce
the ‘sync’ mechanism of SGs to inverters, some scholars have
proposed a new control named virtual synchronous generator
(VSG), which enables inverters to damp power oscillations by
simulating rotor motion equations and consequently enhance the
stability of the system. VSG integrates the advantages of both SGs
and inverters; thus, this new solution for inverters has been widely
studied since its proposal [4—11].

Various optimisations for VSG have been presented according
to different requirements. VSG actually uses the same power
decoupling control mechanism as that of the droop control in its
implementation process; this mechanism consists of an active
power sharing control loop (P—f) and a reactive power sharing
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control loop (QO-F) [12]. The line impedance in a microgrid
generally presents resistive or resistance-inductance property;
Consequently, a strong coupling exists between the control of
active and reactive power, and such coupling may influence the
stability and dynamic performance of the power system [13].
Scholars have proposed many power decoupling strategies for
droop control, which can be divided into three categories. A direct
decoupling method based on relative gain array is proposed in [14,
15]. In this method, a power transformation matrix with the system
impedance is constructed and a better control channel is selected
by estimating the coupling relationship between power and voltage.
Nevertheless, this scheme may become a voltage—active power (P—
V) and frequency-reactive power (Q—f) droop strategy in a resistive
line environment, which is incompatible with SGs of the existing
power systems. Meanwhile, it still requires a virtual inductor to
enable power decoupling. Second, virtual power decoupling
method based on coordinate transformation is proposed in [12, 16,
17]. Through introducing a coordinate rotation matrix composed by
the impedance angle of line, real power flows can be transformed
into decoupled virtual power flows. Although the method proposed
in [17] can guarantee the sharing of actual power if the distributed
line impedance angles of each DG are different, this method can
only avoid a large deviation from the control objective and it
cannot realise complete decoupling. Third, the virtual impedance-
based decoupling control is proposed in [18-21]. In this method, a
virtual impedance loop is implemented by subtracting its voltage
drop on the input side of the voltage loop and the impedance of
system is modified to be inductive. However, a high virtual
inductor is required in a resistive line environment and may
aggravate the bus voltage drop. Furthermore, the value of virtual
impedance is difficult to determine considering the dynamic
performance and stability of the system. In [21], a virtual negative
resistor is used to counteract the effect of the line resistance thus
ensuring a mainly inductive system impedance. The influence of
the resulting parameters on system stability is analysed. However,
a correcting unit is introduced in this paper to obtain the desired
decoupling effect; as a result, the complexity of the system is
increased.

In this article, a new power decoupling method for VSG is
proposed based on voltage at the point of common coupling
(VPCC) estimator. Through tracking the reference value of VPCC,
the system impedance can be modified to meet the power
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Fig. 1 Block diagram of the VSG strategy

(a) Main circuit, (b) Structure of the power—frequency controller, (¢) Structure of the excitation controller, (d) Voltage control diagram

decoupling requirement. Different from traditional virtual
impedance method, the impact of line impedance on output power
can be eliminated completely rather than be weakened by applying
the proposed scheme. Meanwhile, the stability of new control
structure and selection of correlation coefficient are studied.

The rest of this paper is organised as follows. The VSG
algorithm model is established in Section 2. Power—frequency and
excitation controller are constructed by small signal analysis
method, respectively. The mechanism of power coupling is studied
and the conventional power decoupling method is introduced in
Section 3. Subsequently, the proposed decoupling method based on
VPCC estimator is fully analysed in Section 4. Finally, simulation
and experimental results are obtained.

2 Control strategy of the VSG
2.1 Structure of main circuit

The topology structure of the main circuit based on the VSG
control algorithm is shown in Fig. 1a. A direct current (DC) source
is used to instead of distributed power supply to simplify analysis.
The main circuit of the system consists of a DC source, a three-
phase voltage source inverter and ideal grid. According to the
microgrid structure, some active and reactive loads are generally
connected to the point of common coupling (PCC). R, and L, are
line impedances; R;, L and C are the resistance, filter inductor and
capacitor of the LC filter, respectively; u, and i, are the output
voltage and current of the inverter, respectively; i, is the current of
capacitor. The output powers are obtained by sampling u, and i,.
They are used to generate the voltage reference signal in the VSG
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controller. Similar to most DG control methods, the voltage loop
adopts quasi-PR controller to ensure tracking precision.

2.2 Power—frequency controller

The power—frequency controller of the VSG mainly simulates the
rotor motion equation of SGs, which adopts the traditional second-
order model of SGs in [22]:

dCl) Pm Pe
]E—Tm—Te—Td—FO—EO—D(O)—O)g)
dé W
T

where J is the rotational inertia, D is the damping torque, P, is the
mechanical power of SG, P, is the electromagnetic power and w
and wg are the reference angular velocity of the VSG and grid
synchronous angular velocity, respectively. Generally, wg can be
replaced by grid reference angular velocity .

To simulate the primary frequency modulation of SGs, the
governor is adopted in power—frequency controller, as shown in
Fig. 1b. The governor expressed as (2) can be regarded as an active
power and frequency droop control equation:

P

m

@)

=P+ kp(a)o —w)
where P is the active power reference. Let Kq= D + (kp/m), g

=woy and Aw = — w, then (2) can be Laplace transformed as
follows:
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Fig. 2 Simplified equivalent model
(a) Equivalent model of a microgrid, (h) Small-signal equivalent model of VSG

P+ kp(a)0 —w)— P,

¢ — D(w - w,) = JsAw 3)
w(}
Subsequently, a simplified equation can be derived as follows:
P—P,=(Js+K,)o,Aw )

According to (4), both the damping factor and frequency
modulation unit of the governor realise the function of damping
power oscillation. The value of 4, is restricted by grid standards,
and virtual inertia J causes the VSG to possess mechanical inertia,
similar to those of SGs. The phase information of the reference
voltage can be obtained from the power—frequency controller.

2.3 Structure of the excitation controller

Fig. lc shows the structure of excitation controller including
voltage and reactive power droop control and voltage regulator,
which can be expressed as

En=g f {[kV, - U)+ 0] - 0} +E, ®

where Q.r is the reactive power reference, E( is the no-load
voltage, U, is the RMS of terminal voltage, &, is the droop
coefficient of voltage and reactive power and k; is the integral
coefficient. Voltage and reactive power droop control equation can
make inverter realise primary voltage modulation. Amplitude value
of reference voltage can be obtained from excitation controller. By
synthesising the amplitude and phase information, the reference
voltage ey, is generated as input of the voltage loop, which can be
written as

€y = V2E,sin0

ey = \/ZEmsin(H - %ﬂ) (6)

Cre = \/iEmsin(H + %n)

2.4 Voltage control inner loop
In this article, the voltage loop adopts the widely used quasi-PR
controller. Its transfer function can be written as

2K ws

Gop(s) = K, + 1
PR(S) P 20,5 + a)ﬁ )

Table 1 Output power of inverter under different impedance

Aw

b

where K, K, and w, are the related control parameters, and wy is
the frequency benchmark value. In Fig. 1d, active damping inner
loop based on capacity current feedback is used to restrain
resonance and consequently prevent the oscillation generated by
the disturbance of input side under light or no load condition. L and
C represent the inductance and capacitance of the filter,
respectively. The voltage loop transfer function expression can be
expressed as follows, where Gj,,(s) is the transfer function of
voltage and Zj,,(s) represents the output impedance of the
controller.

GPR(S)prm

E
Cs+ GpgK o+ 1 ™

pwm
Ls I ®
0
Cs + Gpp(O)K o + 1

pwm

U =
O7 LCS + K, 4K

pwm

LGS + K K
= Ginv(s)Em - Zinv(S)IO

3 Power coupling analysis

Fig. 2a shows the output power expressions of the inverter, with
the line impedance considered. Subsequently, the active and
reactive power flows injected into the power grid can be written as

_ 3U[Ecos(a — 6) — Ucos a]
- VA

3U[Esin(a — §) — Usin a]
0= 7

P

©

where Ez0 and U«0 are the output terminal voltage and the
VPCC, respectively. R, X stands for the resistance and reactance of
distributed line. The impedance of the line is Zza =R + jX.

In different voltage grades of power system, line impedance
shows different characteristics. High-voltage overhead lines
generally appears absolutely inductive, whereas low-voltage
overhead lines appear resistive. Table 1 shows the output power
expressions with different system impedance angles a. [23]

When a=90° the active and reactive power can realise
independent control. In this case, changes in frequency can only
influence the output active power and changes in voltage amplitude
may affect the output reactive power. However, as mentioned
above, the power coupling mechanism in microgrids should be
discussed because of its resistive or resistance—inductance
environment.

Considering the output power deviation caused by disturbance
AE and Ad at quiescent point (Ej, J,), the following equations can
be expressed after linearisation: (see (10)) where K, K s, K, and

Impedance angle a Inductive, a=90°

Resistive, a=0°

Resistance—inductance, Z=R +jX

active power 3EU 3U(E — Ucos ) 3EU 302
—0 - cos(a — 8) — ——cosa
Z Z Z
reactive power 3U(E — Ucos ) -3EU 3EU . 3% .
-z 6 VA sin(a — ) — TSm a
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Fig. 3 Droop unit of VSG
(a) Principle of active power and frequency droop, (b) Principle of reactive power and
VPCC droop

K, are used to denote the proportion gains of the corresponding
variables. All of them can be calculated in a given system [14].

From (1), (4), (5) and (10), the small signal model of power
loop can be deduced as shown in Fig. 25 [9].

According to (10) and Fig. 2b, |K,,| and |K,4 gradually increase
with decreased impedance angle, which means that strong coupling
exists between active and reactive power controls. This coupling
may cause the appearance of a circumfluence in each loop and
affect the stability of the system. Therefore, the power decoupling
scheme for microgrid should be redesigned.

4 Power decoupling scheme for VSG

Each power decoupling method of a microgrid inverter presents
advantages and disadvantages. Power decoupling for VSG has
some new characteristics due to VSG's unique power loop circuit.

4.1 Active power and frequency independent control

Fig. 2b shows that the closed-loop transfer function expression of
active power can be written as follows:

o _ AP K,

PTAPy Jo + Ko+ K,

(1

According to (11), it is an I-type system [24]. Only if the control
unit is stable, output active power and rotor frequency can track
their reference signals accurately. Thus, VSG control strategy can
cause the output side of the inverter to present ‘sync’ mechanism of
SGs.

With the globalisation and transitivity of the frequency in a
microgrid, namely, wysg; = @g (1= 1, 2...), as shown in Fig. 3a, the
output active power reference values of each VSG are all the same
under the condition of same droop coefficients. Therefore, on the
premise of system stability, the different output reactive powers of
each VSG cannot affect their respective output active power,
despite the mode (grid-connected or island) they are running in. In
other words, VSG strategy can independently realise active power

Qref

U

Fig. 4 Improved excitation controller
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L ReH{(@Lo)(s+o)] e

(a=6)AE =K, A5 + K, AE
(10)

cos(a — 5,)A8 + 3—Usin(a - 8)AE =K, A5+ K AE

and frequency decoupling control. The physical significance is also
definite. The frequencies of each inverter are clamped by a
microgrid in grid-connected mode, and they are equal to network
frequency in island mode. This feature causes the inverters to
allocate the active power on the basis of droop coefficients.

4.2 Reactive power and voltage decoupling control

The coupling between reactive power and voltage is different from
that in previous section. The output voltage of each micro-source
should be consistent to achieve power independent control from the
output voltage and reactive power droop equation in Fig. lc.
Nevertheless, as a result of the existence of line voltage drop,
output voltages are not same when the output active powers of
micro-sources change, which may affect the output reactive
powers. Traditional decoupling control mainly focuses on
compensating line voltage drop. Although its physical significance
is explicit, the implementation process is complicated and requires
complex design and calculation. Moreover, system stability is a
limiting factor. In this paper, based on the decoupling principle of
previous section, an independent variable can be obtained through
introducing the voltage feedback of PCC, which is unaffected by
the line voltage drop. In other words, as shown in Fig. 35, VPCC
can help inverters obtain the independent control of output reactive
power [5].

However, different from the output voltage of inverter, the
flexible geographical location of distributed generation renders
VPCC difficult to obtain. Although communication is used in a
microgrid to exchange message, the control principle of inverters is
preferred to implement basic functions independently. Therefore,
according to output voltage, current and line impedance, an
improved structure with VPCC estimator for excitation controller
shown in Fig. 4 is proposed. This scheme can be expressed as
follows:

di

. 0
u, — Iegl0 - LgE

Mpcc_calcu]ale = U, (12)

In Fig. 4, Ry and Lg are the parameters of line impedance, w./(s
+ ) is the low-pass filter that suppresses high-frequency noises
and k, is the voltage adjustment coefficient. The VPCC can be
obtained approximately by improving the excitation controller.
Thus, the independent control of the output reactive power can be
implemented, similar to previous section. This method essentially
changes the impedance environment of the system and can be
regarded as a deformation of virtual impedance. However, the
influence of line impedance on output power can be almost
counteracted with proposed method. Furthermore, reactive power
sharing can be achieved by controlling the calculated VPCC to
track its reference value, and this method is an improvement of the
traditional virtual impedance decoupling method.

Upccﬁcalculme
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4.3 Stability analysis and parameter selection

The stability issues of the system can be divided into two
categories. The first factor is the stability of the power loop,
including the active power loop and reactive power loop. With the
appropriate parameters, the power loop can exhibit good stability
and dynamic performance at the double fundamental frequency [9].
The other factor focuses on the output current and voltage of the
inverter at the non-fundamental frequency. The response of the
system is the superposition of the responses at all frequency bands,
and any instability in the response current may affect the entire
system. In this section, the second factor of the stability issues is
studied. According to Fig. 4 and (8), the transfer function between
the feedback current and the output voltage can be written as
follows:

Au _ k,G, (s)(Rg + (a)CLgs/(s +®.)))

ZpelS) = F7 = kG () + 1 (13)

Thus, the integrated impedance with line parameters can be derived
as

Z(s)=2Z._(s)+Z

inv pcc(s) + SLg + Rg (14)
As can be seen from (14), the integrated impedance of the inverter
Z(s) consists of three parts: inverter output impedance, equivalent
VPCC estimator impedance and line impedance. From Fig. 2a and
(8), the output current of the inverter can be written as

AE, (5)G,y(s) — AU(s)

70) (15)

Ai(s) =

The numerator of (15) is stable when the voltage loop is correctly
designed. Thus, the stability of the system admittance, 1/Z(s),
should be analysed to ensure the stability of the entire system.
According to the root-locus method, the system is stable if 1/Z(s)
has no poles in the right-half s-plane [24]. The system admittance,
1/Z(s), can be expressed as

Ynum(s )
B Yden(s) ( ! 6)

1 1
%zz. )+Z (s)+ng+Rg

inv pce

In this study, let Ygen(s) =0. Subsequently, the root locus of this
characteristic equation can be plotted by changing the voltage
adjustment coefficient, k,. The system parameters are shown in
Table 2.

In Fig. 5a, according to the viewpoint of automatic control
theory [24], all branches of the root locus are located in the left-
half s-plane, which means that the system is always stable
regardless of the change in k. There are three dipoles in the root-
locus plot. Thus, their influence on the system performance can be
ignored. Accordingly, the fifth-order system can be simplified into
a second-order system. The other two dominant poles moving
along the direction of the arrows are a pair of conjugate complex
roots. In accordance with the design principle of the optimal
second-order system, we select k,=55.8 to achieve a damping
ratio of 0.707 for the system. Consequently, the Bode diagram of

Table 2 Parameter settings for the VSG algorithm

Parameters Values Parameters Values
L 2mH Ve 800V
c 500 pF Kp 4

RL 0.050Q Ky 100

Rg 05Q Os 0.07
Xg 0.83Q we 6.5

wo 314 rad/s U;cc 220V
Es 235.7V we 5000 rad/s
J 0.45
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the system admittance can be generated. In Fig. 5b, at the
fundamental frequency (314 rad/s), the system admittance is 1122
—0.27° S, which indicates that the system impedance presents
inductive, and its amplitude is so small that can be neglected.
Furthermore, the open-loop cut-off frequency of the system
admittance is 2.72 x 10° rad/s, and the corresponding phase margin
is 66°. These results show that the selected parameters comply with
the design requirement.

4.4 Selection of droop coefficient

The previous section states that the selection of proportionality
coefficient &, and reactive droop coefficient &, are dependent on
grid standards. According to GB/T12325-2008 and GB/
T15945-2008, the deviation of three-phase power supply voltage
under 20 kV is £7% of nominal voltage and the fluctuation range
of grid frequency is £0.5 Hz. This paper defines that the change of
100% active power (15 kW) corresponds to the change of 1% grid
frequency, while the change of 100% reactive power (3 kVar)
corresponds to the 7% change in the grid nominal voltage.
Consequently, the following equation is obtained:

k, = AP 4777, k, = A
T Aw »Ta T AU,

max

~ 195 (17)

5 Simulation and experimental analysis
5.1 Simulation analysis

When the microgrid is running in grid-connected mode, the grid
can support the frequency and voltage of the microgrid. Then the
fluctuation of load cannot result in the change of frequency or
voltage, which is the primary cause of power coupling. So, all of
following simulation verification are based on islanded microgrid.
Furthermore, it needs to be stressed that all of output power
waveforms are measured at PCC to show the decoupling effect
more clearly and visualised.

The proposed power decoupling scheme has been verified in
MATLAB/Simulink. In Fig. 6a, a microgrid platform with two 30
kVA DGs, 30kW/6 kVar public load Zj4q;, 10kW active
fluctuating load Zp 4, and 2 kVar reactive fluctuating load Z; 4 is
employed. According to above analysis, the circuit breaker QF is
always open. With the same power rating, the two DGs should
share the load equally. The corresponding parameters of the DGs
are listed in Table 2. To get a more realistic case, the line
impedance of two DGs is different: Z; 1 =0.5+j0.83 Q, Z;,=0.7+
j0.41 Q.

5.1.1 Performance of the VSG control: The performance of
VSG control method is illustrated in Fig. 7. The power reference
values are Pef] = Prety = 15 kW, QOrefi = Orer» =3 kVar. The control
parameters are Kgysgl =20, Kqysgr =20, kg1 = kg =195, ki1 =10,
kip =5. The switch S; and S, are closed at 0.4 s and opened at 0.8 s
simultaneously. In Fig. 7a, the active power sharing is always
accurate. However, due to the existence of line impedance, there
are obvious errors in reactive power sharing. On the other hand, as
can be seen in Fig. 7b, decreasing frequency of the system and
VPCC are associated with increased active power and reactive
power, which shows the droop characters of the output power.
However, the increased power cannot match the fluctuating loads,
which means the coupling between active and reactive power is
existed.

5.1.2 Verification of proposed power decoupling method: In
this part, the power reference values are Pper) = Prepp =15 kW and
Orefl = Orep =3 kVar. The control parameters are Kgyse1 = 20,
Kdvng =40, kql = qu =0.005, ki =kip =06, ky1 =kyp, =56. Different
Ks are used to vary the output active power of two inverters. The
time duration of simulation is 1 s. Two VSGs run in islanded mode,
and switch S is closed at 0.5 s. Fig. 8 shows a comparison results
with and without decoupling control.
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Fig. 6 Microgrid structure with two VSGs
(a) The microgrid simulation diagram, () Microgrid experiment platform

The results shown in Fig. 8a show that, under the disturbance of
fluctuating active load, different output active power affects the
reactive power sharing. Furthermore, the total reactive power
decreases by increasing the active power. Fig. 85 shows that
although the active power of two inverters is changed, the output
reactive power of two VSGs still tracks their reference values,
which verifies that VSG with VPCC estimator can obtain good
effect of power decoupling.

Then, the influence of fluctuating reactive load is verified. The
time duration of simulation is 1 s and switch S, is closed at 0.5 s.

The power reference values are Pyef) = Prepy = 15 KW, Orefl = Orer2
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=3 kVar. The control parameters are Kgysg1 =20, Kaysg2 = 20, kg1 =
kg =195, ki1 =10, kip =5, ky1 = kyo = 56. Different k;s are used to
vary the output reactive power of two inverters. Fig. 9 shows the
comparison results with and without decoupling control.

The results in Fig. 9a show that, before integrating the
decoupling control, the disturbance of a fluctuating reactive load
may result in a decrease in the output active power. However,
owing to the strong disturbance-resisting capability of the second-
order system and the small coupling component based on (10), the
difference in the output reactive power does not result in the
degradation of the quality of the active power sharing. Fig. 9b
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(a) Waveforms of active and reactive power without decoupling control, (b) Waveforms of active and reactive power with decoupling control

verifies that the change in the output reactive power cannot affect

the output active power.

5.2 Experimental analysis

This paper uses an existing microgrid experimental platform for the
experimental verification, as shown in Fig. 6b. The platform has
same topological structure and parameters with the simulation part.
The DC power supply adopts AGP1030. The main circuit of the
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inverter adopts the integration module CCS050M12CM2 from
CREE. The driving circuit for the switch tube uses the integration
module CGD15FB45P. The main controller of the system adopts
the DSP chip (TMS320F28335) from TI Company. MS/RS30
programmable power supply of AMETEK is used to simulate the
grid frequency fluctuation and deviation of voltage amplitude.

Both two VSGs run in grid-connected mode and VSG1 adopts
improved scheme and VSG2 uses traditional method. Their power
reference values are P =Prepp=10kW and Qi = Orepp =5
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(a) Output response waveforms under abrupt voltage change, (b) Output response waveforms under abrupt frequency change

kVar. The control parameters are Kqysg1 = 20, Kqysgr = 20, kg1 = kg2
=0.005, kjj=kp=6, ky=56. Fig. 10 shows the response
waveforms after the grid voltage decreases by 0.05 p.u., and
frequency increases 0.2 Hz suddenly.

Fig. 10a illustrates that VSG control scheme can realise primary
voltage regulation, namely, changes output reactive power of

IET Power Electron., 2017, Vol. 10 Iss. 4, pp. 462-470
© The Institution of Engineering and Technology 2017

inverter against voltage deviation of grid side. Its voltage-
regulating ability depends on reactive power droop coefficient .
The difference in the reactive power of two VSGs after decreasing
grid voltage by 0.05 p.u. is generated by changes in output current.
This difference can be eliminated through adjusting the reactive
power droop coefficient k,. Obviously, the output active power
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tracks its reference value and is unaffected by the change in
reactive power.

Fig. 10b shows that VSG can realise primary frequency
regulation function. According to (4), the output active power
decreases K woAw (about 7800 W) when frequency increases by
0.2 Hz. Subsequently, the output reactive power of VSGI can still
track its reference value, whereas VSG2 cannot. Corresponding
output current of VSG1 decreases more than that of VSG2 to
ensure the same output active power.

6 Conclusion

An improved power decoupling scheme for VSG is proposed in
this article. Active power and reactive power independent controls
are discussed by analysing the power coupling mechanism of VSG
in medium- and low-voltage microgrids. Only when the system is
stable can VSG realise active power and frequency independent
control. In addition, an improved excitation controller for reactive
power independent control is presented. Compared with traditional
virtual impedance method, the new strategy requires no complex
design and calculation and can enable better power decoupling
effect. The stability analysis and parameter selection are also
provided. Consequently, the proposed decoupling strategy is a
significant supplement for VSG in microgrids. Finally, simulation
and experimental results are presented to verify the effectiveness of
the proposed method.
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