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Island microgrid power control
system based on adaptive virtual
Impedance

Hongsheng Su, Zhigiang Zhang* and Shaohua Wang

School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou, China

When the microgrid is in the islanding operation mode, affected by the line
impedance difference between the distributed power sources (DGs), the
traditional droop control strategy will lead to the fact that the reactive
power of the system cannot be reasonably distributed according to the
droop gain, which makes the power grid prone to failure. To solve this
problem, an improved sag control strategy based on adaptive virtual
impedance is proposed in this paper. The central controller calculates the
given power according to the capacity of each inverter and the total load
capacity of the line, and then sends it to each inverter, and the inverter
determines the value range of the virtual impedance according to the given
reactive power. A voltage compensation link is added to the control strategy to
compensate for the voltage drop difference caused by the line impedance
difference, thereby ensuring the stability of the output power and realizing the
power control of the microgrid. The MATLAB/Simulink simulation platform was
built to establish the microgrid simulation model in island mode. The simulation
results show that when the inverters with the same capacity are connected in
parallel, the output active power is the most stable, and the reactive power
maintains an equalized state; When inverters of different capacities are
connected in parallel, the output active power takes the shortest time to
stabilize, and the reactive power basically matches the rated capacity ratio.
Therefore, itis fully demonstrated that this method has a good control effect on
the power control and operation of the islanded microgrid.

KEYWORDS

island operation mode, adaptive virtual impedance, power control, voltage drop,
stable operation

1 Introduction

Large-scale development and utilization of renewable energy is an important means for
mankind to deal with energy crisis and environmental pollution. Therefore, the distributed
generation technology of various renewable energy sources has been widely concerned (Zeng
and Yang, 2018). The microgrid is composed of distributed generation DG (distributed
generation), energy storage devices, energy conversion devices, protection devices, loads and
other equipment, and can operate in grid-connected and islanded modes (Pei and Zhang,
2018). When the microgrid is connected to the grid, the voltage and frequency are determined
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by the system, and the power can be easily shared equally. In the
island-type microgrid, DG needs to proportionally distribute the
total load in the microgrid according to their respective capacities.
When the line impedance of each DG is inconsistent, reactive power
cannot be evenly divided according to the sag coefficient, and
reactive power circulation will occur between inverters, thus
affecting the power quality and system stability of the power grid
(Zhang et al., 2018). Therefore, the rational allocation of reactive
power is one of the hotspots in microgrid research.

Scholars at home and abroad have put forward a variety of
methods for the problem that the reactive power cannot be equally
divided due to impedance mismatch. Zeng Xiaoxu, studied the
influence of DG output changes on the AC bus voltage of the
microgrid, and proposed an overall control strategy for the SMES
system based on DG current feedforward to realize the stability
control of the voltage of the new energy grid (Zhang et al., 2021). Li
Hui, analyzed the control law of microgrid operation and proved
that the microgrid control model based on the PQ control method
can be used for the operation of microgrid, realizing the decoupling
control of active power and reactive power (Geng, 2020). Huang
Shuang, studied the microgrid layered control technology based on
multi-agent system, proposed a microgrid layered control
framework based on multi-agent system, and discussed the
structure function of MAS in microgrid and its coordinated
control strategy (Zhu et al, 2019). Although the above experts
have studied the power and operation control methods of new
energy microgrids. However, it can be found that there are still some
drawbacks in the traditional method. For example, when the DG is
connected to the power grid, it is difficult to control, causing the
voltage and frequency of the power grid to be offset, affecting the
safety and reliability of the power grid during operation. When the
PQ control method is used in the case of high penetration rate of
renewable energy in the microgrid, because the response speed of the
micro source and the time scale of system power fluctuation do not
match, it is easy to cause the phenomenon of system instability. The
multi-agent system control technology ignores the communication
speed and reliability between agents, and the traditional methods
generally ignore the impact of virtual impedance on the operation of
the microgrid, which makes it difficult to realize the combination of
distributed power sources at random locations and makes the
microgrid prone to accidents, resulting in the overall paralysis of
the microgrid (Tu et al,, 2018)~ (Liu et al,, 2018). The shortcomings
of traditional methods are summarized and it is found that the
reliability of new energy microgrid still needs to be improved. The
reliability of new energy microgrid plays a very important role in the
normal operation of power grid, so it is extremely urgent to improve
the reliability of new energy microgrid.

Aiming at the above problems, a microgrid power control
method based on adaptive virtual impedance is proposed. In this
paper, virtual impedance is introduced and the function of virtual
impedance is analyzed, the value range of virtual resistance is
determined by the rated capacity ratio of inverter, which can
effectively guarantee the power quality of the output of microgrid.
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FIGURE 1
Equivalent circuit of micropower inverter running in parallel

The virtual impedance adaptive ability is poor in the traditional
method. Insufficient estimation of line impedance when multiple
inverters are connected in parallel, resulting in poor output power
matching. This paper uses the integral controller to calculate the
reference value of the output power. The central controller then
calculates the given capacity of each inverter based on the load
power and the inverter capacity. Finally, it is sent to the inverter for
local control, so as to adjust the virtual impedance value and realize
the accurate distribution of load power. The simulation results
verify the effectiveness of the proposed control strategy.

2 Traditional droop control and
reactive power distribution

The droop control principle and power transmission
characteristics are analyzed when the low-voltage microgrid
operates in island mode (Zhou et al, 2021). Taking the
parallel operation of two micro-power inverters as an
example, the DG is connected to the common load through
the inverter and transmission feeder, and the inverter is
equivalent to a voltage source. The equivalent circuit is shown
in Figure 1 (Li et al., 2017).

The output current of the micro-power inverter is shown in
Eq. 1:

. Es6i-V.0 E

\% o
i= 7.0, ZiL((Si -0)- Z‘A(_ei) (i=12) (1)

The complex power output by the micro-power inverter is
shown in Formula Eq. 2:

Si=Pi+jQi = V*ji
(El- cos d; + jE; sin §; —V)
=V

Z;cos0; + jZ;sin0;

1
=z (E:V cos 8; cos 0; — V* cos 0; + E;V sin & sin 6;)

1
+jz (EiV cosd;sinf; — V?sin 0; + E;V sin §; cos 6;) (i = 1,2)

2
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FIGURE 2

Traditional droop control structure.

According to Formula Eq. 1 and Eq. 2, the output active
power and reactive power of the inverter can be obtained as
shown in Formula Eq. 3:

1

P = I (E;V cos §; cos 0; — V* cos 0; + E;V sin §; sin 6;) (i = 1,2)

1
Qi = 7 (EV cos &;sin 6, - V*sin 0; + E;V sin §; cos ;) (i = 1,2)
(3)
Since the resistance value is much smaller than the reactance
value in the high-voltage system, it can be known that R <« X.

When the power angle is small, we know sind =&, cos§ = 1.
Then formula Eq. 3 can be transformed into formula Eq. 4:

_EV

Pi 6

Z;

EV V2 @)
R A

It can be known from formula Eq. 4 that the active power P;
and reactive power Q; output by the micro-power inverter can be
controlled by the power angle § and the voltage amplitude V'
respectively. Therefore, the mathematical model of traditional
P-f, Q-V droop control can be expressed by formula Eq. 5:

{f:f*—m(P—Pn) 5)

V=V'-m(Q-Qu)

In the formula, f and f* are the actual value and reference
value of the inverter output frequency respectively, the unit is Hz.
V and V* are the actual value and reference value of the inverter
output voltage amplitude respectively, and the unitis V. P and P,
are the actual value and rated value of the output active power of
the inverter, in unit W. Q and Q,, are the actual value and rated
value of the output reactive power of the inverter respectively, in
Var. m is active frequency droop coefficient, the unit is Hz/W; n is
the reactive voltage amplitude droop coefficient, the unit is
V/Var.

The traditional droop control structure represented by
Formula Eq. 5 is shown in Figure 2, where i, is the inverter
output filter inductor current, u, is the inverter output filter
capacitor voltage. w and U are respectively the voltage angular
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frequency and amplitude adjusted by the droop controller, which
are used to synthesize the reference voltage of the double-loop
control of voltage and current.

The traditional droop control is proposed under the
condition that the sum of inverter output impedance and line
impedance is inductive. Low-voltage transmission lines are
usually used in microgrids, and the line impedance in low-
voltage microgrids is mainly resistive. If traditional droop
control is used, the adjustment of voltage amplitude will affect
the adjustment of active power, reactive power and frequency,
and even cause the coupling of active power and reactive power,
affecting the stability of the system. Therefore, decoupling of
active and reactive power is usually achieved by adding virtual
impedance, so that the droop control method expressed in
Equation Eq. 5 can continue to be used.

3 Improved droop control strategy
based on virtual impedance

3.1 Principle of virtual impedance

The key to microgrid power control is to control the output
power of the inverter to match the rated capacity (Li et al., 2021).
In practical situations, the line impedance has a very close
relationship with the path, length, etc. However, due to the
lack of accurate measurement, it is difficult to realize the
power control of the new energy microgrid, so the virtual
impedance analysis microgrid power control method is
introduced. Virtual impedance is a form to simulate the
impedance of microgrid by adding a feedback loop to the
current loop and voltage loop of microgrid. The purpose of
voltage and current double loop control is to make the output
voltage of inverter track the ideal voltage of microgrid completely
(Cui and Peng, 2018; Chang, 2019; Wu and Luo, 2021).

The ideal circuit diagram and the actual equivalent circuit
diagram before adding the virtual impedance are shown in
Figure 3.

Figure 3A is equivalent circuit diagram under ideal
conditions. But in general, the equivalent output impedance of
the inverter is changed to G(s) due to the voltage gain in the
voltage double loop control link. And the effect of the equivalent
output impedance Z(s) of the inverter should be considered.

In Figure 3B, the output voltage of the inverter is:

Uy (5) = G (et (5) = Zo (5) - 0 (3) (6)

After the virtual impedance is introduced, the output voltage
of the inverter is:

Uo (8) = G (S)tret (5) = [Z (S)G () + Zo ()] -io () (7)

Therefore, the total output impedance of the inverter after
the introduction of virtual impedance is:
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Equivalent circuit diagram under actual conditions

Ideal and actual equivalent circuit diagrams before adding virtual impedance.(A) Equivalent circuit diagram under ideal conditions (B) Equivalent

circuit diagram under actual conditions
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FIGURE 4
Equivalent circuit diagram after adding virtual impedance.
Z,(8)=Zy ()G ()+Z, (s) (®)

The equivalent circuit diagram after adding the virtual
impedance is shown in Figure 4.

3.2 Add virtual impedance

The coordinate system of the microgrid inverter in this study
is the rotating coordinate system dq0, in which the virtual
impedance control loop expression as:

* . .

refd = Urefd™ Ryirlo virto

Urefd = Urefd— Ryirloq + WLyird q (9)

* . .
Urefq = Urefq™ Rvir’oq + vairloq

In formula (9), ttrerq and urerq represent the d axis component
and g axis component of the reference value of the outer loop of
the output voltage respectively; trerq and u:efq represent the d axis
component and g axis component of the reference voltage
respectively; Ry; represents the virtual resistance; ioq and ioq
respectively represent the d axis component and g axis
component of the output current reference value; w is the
angular frequency of the rotating coordinate system; Luyi
represents the virtual inductance.
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FIGURE 5
Controller structure with virtual impedance added.

The structural block diagram of the virtual impedance
controller is shown in Figure 5.

In Figure 5, tlog and u,q respectively represent the d axis and
q axis components of the output voltage;K,, represents the
voltage loop ratio; Ky; is the integral coefficient of the voltage
loop; s represents the inverter capacity; i; and i; respectively
represent the d axis and q axis components of the reference value
of the current loop.

According to the structure diagram of the controller, the
transfer function of the equivalent output impedance of the
inverter can be described as Equation Eq. 10.

Z, () = G()Zy(8) + Zo (5)

 (KKpymCs® + KKy Kpn§ + KK iKpn) Zo (s) + 57 (10)
8+ KKpumCs® + (1 + KKy Kpym )s + KKyiK pym

In formula Eq. 10, Z_(s) represents the total equivalent
output impedance of the inverter; G(s) represents the voltage
gain; Z, (s) represents the pure inductive virtual impedance;
Zo(s) represents the pure resistive virtual impedance; K
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FIGURE 6
Bode diagram of inverter output impedance.

represents the droop coefficient of the inverter; Kpm represents
the influence factor of the resistance value in the virtual
impedance; C represents the determinant factor of the droop
factor of the inverter.

P-V droop control is more suitable for low voltage microgrid.
However, the line resistance-inductance ratio is very high under
low-voltage microgrid conditions. The existence of line
inductance may cause power coupling and even affect the
stable operation of the microgrid system (Cui and Peng, 2018;
Li, 2020; Liu and Zhao, 2022). Therefore, the introduction of
virtual resistance can change the equivalent output impedance of
the inverter. After introducing the virtual resistance, the Bode
diagram of the output impedance of the microgrid inverter is
obtained as shown in Figure 6.

Figure 6 reflects the change of the output impedance of the
inverter when the virtual resistance value R increases from 0 Q to
1 Q. After the research and analysis in Figure 6, it can be seen that
the equivalent output impedance of the original inverter is close
to the inductive characteristic at a frequency of 50 Hz, and its
amplitude is approximately equal to zero. After the introduction
of the virtual resistor, the inverter impedance is close to the
resistive characteristic when the frequency is 50 Hz, and the
output voltage amplitude and the resistance value have a
significant positive correlation, which is beneficial to the
decoupling of the inverter output power. From the above
analysis, it can be seen that the output impedance of the
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inverter in the microgrid changes significantly after the virtual
impedance is added, which greatly reduces the coupling degree of
the inverter output power.

3.3 The value range of the virtual
resistance is determined

In order to accurately control the power of the new energy
microgrid, it is necessary to determine the value range of the
virtual resistance for the microgrid after introducing the virtual
impedance.

Set the rated active power and rated reactive power of the
microgrid inverter as P and Q respectively, and the no-load active
power and no-load reactive power as Py and Qy respectively,
then the inverter output power satisfies the following formula:

(11)

P>Py
Q=Qn

As the sag control of the inverter has certain limits on the
reference voltage tifthe reference voltage is set lower than m
times the reference voltage u*, where the value range of m is
(1,1.1). The existing literature research shows that the range of
the phase angle 6 between the output voltage of the inverter and
the coupling point is extremely small, and the maximum value 6,
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is set to 10°. According to the above conditions, the rated active
power and rated reactive power of the inverter are taken as
objective functions, and taking the phase angle and the output
voltage amplitude as variables to obtain the partial derivative, we
can get:

OP*  thre (Rijne + Ry)V sin 0 + V Xy cos 0]

20 (Rine + Ry)" + Xpo
aQ* _ u:ef[ (Rline + RV)V cos 6 + VXline sin 9]
90 Rine + R + X2
J ( 1 ) line (12)

OP*  2utref(Ripne + Ry) + V Xjne sin 6 — V cos 6
(Rline + RV)2 + Xlzine

0Q*  —(Rjne + Ry)V sin O — XjjV cos 0
Ottres (Riipe + R)* + X2

line

auref

In formula Eq. 12, Ry, represents the real-time impedance of
the inverter; V' represents the bus voltage; Xjne represents the
inductance value.

When the rated capacity relationship of the two inverters is
Si = kS), the relationship between the virtual resistances can be
expressed as:

va ﬂ

1
== 13
sz My k ( )

In the formula, k represents the ratio of the rated capacity of
the inverter. The value range of virtual resistance is determined
by the rated capacity ratio of the inverter so as to achieve the
accurate distribution of output power of the parallel inverter.

3.4 Voltage drop difference

Although the virtual resistance can make the output
impedance of the inverter meet the power matching
conditions, it will also cause a short-term drop in the inverter
voltage, resulting in a decrease in the quality of the output power
of the microgrid (Liu, 2020)~(Deng et al.,, 2018). In order to
obtain better power quality, it is necessary to calculate the output
voltage of the microgrid.

The relationship between the output voltage of the inverter
and the bus voltage is expressed as:

{Ed:V+AVd:V+IdR+IdX (14)

Eq=-I,R+I,X

In formula Eq. 14, Eq and Eq represent the d axis and q axis
components of the inverter output voltage; AV 4 represents the d
axis component of the bus voltage; X represents the reactance
value in the output line; 14 and I represent the d axis and g axis
components of the inverter output current; R represents the
resistance value in the line impedance. Then the output voltage
amplitude of the new energy microgrid inverter is
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In the low-voltage microgrid, the line resistance and
inductance are relatively high, so the inductive component
can be ignored. Equation Eq. 15 translates into:

Combine Equation Eqs 15, 16 to obtain:

. . R
V= Eref_ VluP = Eref_ (nE + V)P (17)

In formula Eq. 17, Epgrepresents the reference voltage
amplitude; n, represents the droop coefficient of voltage
and active power at PCC point; ng represents the droop
coefficient of the output voltage and active power of the
microgrid inverter.

It can be seen from the above formula that if the value of the
virtual impedance is large, the inverter will be unstable, so it is
necessary to comprehensively consider the relationship between
the output voltage and power.

3.5 Power control

In order to improve the precision of power control of new
energy microgrid, an integral controller is designed. It makes the
value of the virtual impedance resistance adaptively change, so
that the output power of the inverter approaches a given value
and remains stable, and finally realizes the power control of the
new energy microgrid.

There is an obvious inverse proportional relationship
between the line impedance and the output active power of
the inverter. In order to realize the adaptive virtual impedance,
the reference value of the output power is first calculated by the
integral controller. The central controller is then connected to the
inverter via a low broadband line. Finally, use the power
information to correct the virtual resistance value of the
inverter (Zhang et al., 2022)~(Huang et al., 2022).

The formula for calculating the reference value of the inverter
output power is:

" 1 1 1
Pg= —x 1/ —+ — 4+
ny m ny

In formula Eq. 18, Pj.represents the output power of the

1 N
+ a)) X ;Pj (18)

j — th inverter; n represents the harmonic value; N represents the
maximum value range of the number of inverters.
The formula for calculating the output active power of the

inverter is
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The root locus of the characteristic equation of the system.

/2
Pi=r j (i (Ode (i = 1,2,--n) (19)
—(T/2)

In formula Eq. 19, T represents the period of the periodic AC
signal; u (t) represents the instantaneous voltage; i (f) represents
the instantaneous current.

According to the calculation results of formula Eq. 18 and
formula Eq. 19, the value range of the adaptive virtual impedance
can be obtained as follows:

Ki »
Rvn = ? (P1 - Pred) (20)

In formula Eq. 20, Ry, represents the value of the adaptive
virtual impedance; K; represents the parameter of the integral
controller.

According to the above algorithm, two inverters with the
same capacity are taken as the research object, which are
connected in parallel. Initially, the two inverters have different
line impedances, resulting in a low degree of output power
matching. The output power reference value Pj.obtained by
the integral controller becomes the control target of the inverter,
and the specific control realization process is shown as follows.

When the output active power of inverter 1 is less than the
reference power, it is denoted as P; < Pys The output of the
adaptive virtual impedance is negative after being adjusted by the
integral controller, then the virtual impedance gradually
decreases and the active power output of inverter 1 increases.
When the output active power of inverter 2 is greater than the
reference power, it is denoted as P, > Py After the adaptive
virtual impedance is adjusted by the integral controller, the
output is positive, which reduces the active power output of
inverter 1. Finally, when P, = P, = Pj,the output power of the
two inverters remains stable and the integral controller stops
working.

When multiple inverters are connected in parallel, the
integral controller adaptively adjusts the virtual impedance
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value according to the reference power until the output power
of the paralleled inverters is equal to the reference power, and
keeps the output power of the inverters stable (Hou et al., 2015)
~(Pham and Lee, 2020).

The above process realizes the power control of the new
energy microgrid by introducing adaptive virtual impedance. It
not only ensures the stability of output power, but also improves
the quality of electric power, providing an effective means to
ensure the safety of power grid operation and the quality of
power consumption of users.

3.6 Stability analysis of improved control
strategy

In order to analyze the stability of the improved control
strategy, a small signal model was established by linearization
near the static operating point (Chen et al.,, 2017; Wu et al,
2017; Liu et al., 2019; Huang et al., 2020; Ge et al., 2021). The
power of DG flowing into the transmission line can be
expressed as:

R.U? - R.UE cos ¢+ X.UEsing

pP=
R+ X?
(21)
Q- X .U? - X.UE cos ¢ +RUEsin ¢
- R+ X?

Where, U and E are the output voltage of the inverter and the
voltage at PCC respectively. R., X is the line impedance after
adding the virtual impedance, and R. = R+ Ly, X. = X + L,.

Set ¢, Up and Ej as the stable operation points of the system,
according to the droop control Eq. 5 and Eq. 21, the related small
signal equation can be obtained as:

ow
Aw = —a—PAP
oUu
AU = —A
oQ Q
1ap=Pru+ a—PA(p + a—PALV (22)

oU 99 " OL,

_9Q Q o
AQ = %AU + ﬁA(P + aLV

K;
AL, = —AP
S

AL,

Equation Eq. 22 can be simplified as:
[ Aw = —-mAP
AU = -nAQ
1 AP =k, AU + ko Ag + kAL,
AQ = kquAU + kgyAp + kAL,

(23)

K;
AL, = —AP
L s
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Simulation model of islanded microgrid.
in, TABLE 1 Simulation parameters.
( kpo = 2RU — R:E EOS (p2+ X Esing Parameter Numerical value
’ R+ X7
ko = 2X .U — X_E cos ¢ - R.Esin ] DC side voltage/V 800
a Rz + Xg Filter inductor/mH 6
- R.UEsing + X .UE cos ¢ Filter capacitor/uF 25
(S Rg + Xz Impedance of DG 1 Line/Q 0.1 +j0.013
h X.UEsin ¢ - RUE cos ¢ (24) Impedance of DG 2 Line/Q 0.2 +j0.026
k — C C
@ R+ X7
P —-2(R.+ X.)P +U? —~UEcos ¢ + UEsin ¢
pl = 2 2
R+ X7 in,
L ~2(R.+ X.)Q+U? ~UEcos ¢ + UEsin ¢
q = 2 2
L R +X? A= iz
wC
The power in droop control is obtained by passing the B2 kg kqK;
measured instantaneous power through a first-order low-pass we 0
filter, so Eq. 23 can be transformed into: 4 mk 2k K;
1 C=1+—2 4 pky, - 92
Aw(s) = ——2< [k, A Kop A kAL : ‘
wie)=-7 [kpuAU (5) + kpp A (5) + kAL, (s)] S
c D = mky, + nmkq.kp, — nmkpukq — ke Ki — T + T
__ NP . .
AU(s) = - o [kquAU (s) + kqpAp (5) + kAL, (5)]  (25) E = —mkgKikyy + mkyke,Ki
(27)

AL, (s) = K? [puAU (5) + Ky A (5) + ki AL ()]

where ¢_ is the cutoff frequency of the low-pass filter, and

Aw(s) =sA@(s). Simplifying Equation Eq. 25, the
characteristic equation of the system can be obtained as:
As*+Bs’+Cs* +Ds+E=0 (26)
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Analyze the system stability by taking the root locus of the
characteristic equation of the above system (Chen et al., 2017; Liu
et al,, 2019; Huang et al., 2020; Zhou et al., 2020; Ge et al., 2021;
Gao, 2022). Figure 7 shows the root locus distribution
corresponding to the change of K; from 0.001 to 0.010 when
other control parameters are fixed. The direction of the arrow in
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Simulation results of traditional droop control. (A) Active power output by DG (B) Reactive power output by DG. (C) DG output voltage.

Figure 7 is the direction in which the corresponding parameter
increases.

In the root locus diagram, the characteristic roots close to
the virtual axis have the greatest influence on the stability of
the system and are generally defined as the dominant poles. In
Figure 7, Ay and A, have a greater impact on the system
stability. As the integral coefficient K; increases within the
specified range, the real parts of the two pairs of conjugated
virtual roots are all less than 0, indicating that the system can
run stably. During the increase of K;j, the distance of the
eigenvalue from the real axis does not change much,
indicating that the change of K; has little effect on the
damping characteristics of the system. When K; increases,
the dominant poles A; and A, get closer and closer to the
imaginary axis, and the system stability decreases. Therefore,
the value of the integral coefficient K; cannot be too large,

Frontiers in Energy Research

09

otherwise the stability will be affected. The value of K; in the
text is 0.005.

4 Simulation analysis

The island-type microgrid simulation model shown in
the MATLAB/Simulink
simulation platform to verify the effectiveness of the improved

Figure 8 is built on software
droop control. The simulation model consists of two DGs
operating in parallel to supply linear loads. And the load
parameter is Py = 20kW, Q; = 20kVar; P, = 10kW,Q, =
10kVar.

Example 1 is a comparative analysis of the influence of the
traditional control strategy and the improved control strategy on

the power distribution and voltage amplitude of the microgrid
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Simulation results of improved droop control when two DGs have the same capacity. (A) Active power output by DG. (B) Reactive power output

by DG. (C) DG output voltage.

when the capacity of the two DGs is the same. Example
2 simulation verifies the accuracy of the load distribution of
the inverter using the improved control strategy when the DG
capacity is different. The simulation parameters are shown in
Table 1.

4.1 Simulation example 1

Two DGs with the same capacity run in parallel. Before the
1s, only load 1 is put into operation, and the active power and
reactive power are 20 kW and 20 kVar respectively. At the 1 s,
load 2 is also put into operation, and the active power and
reactive power of the system become 20 kW and 20 kVar
respectively after the steady-state operation of the system.
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At the 2 s, the load 2 is out of operation, and the active power
and reactive power become 30 kW and 30 kVar after the
steady-state operation of the system, and the simulation
time is 3's. When both DGs use traditional droop control,
the DG output power and voltage waveforms are shown in
Figure 9.

Since DG 1 and DG 2 have the same capacity, in order to
allocate reactive power reasonably, it is necessary to make the
allocation of reactive power to each DG equal when the
system is in a stable state. It can be concluded from
Figure 9 that two DGs with the same capacity are operated
in parallel using the traditional droop control method. Before
and after the load changes, the DG can share the active power
equally according to the active droop coefficient. However,
due to the existence of line impedance difference, there is a
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certain deviation in the output voltage amplitude of the two
DGs after stabilization. A small output voltage amplitude has
a certain deviation after stabilization, and a small output
voltage deviation will cause a large power distribution
deviation. Since the line impedance of DG 2 is larger than
that of DG 1, DG 2 allocates less reactive power, which leads
to the fact that the reactive power cannot be divided equally
according to the droop coefficient.

When both DGs adopt the improved droop control strategy,
the output power and voltage waveforms of DG1 and DG2 are
shown in Figure 10.

It can be seen from Figure 10 that when two DGs with the
same capacity are operated in parallel using the improved
droop control strategy, before and after the load changes, the
DG can divide the active power equally according to the
active power droop coefficient. And the adaptive virtual
impedance is added to the droop control to compensate
the voltage drop difference caused by the line impedance
difference. The difference between the output voltage
amplitudes of the two DGs is small after stabilization.
When the line impedance is different, the reactive power
can also be accurately distributed according to the droop
coefficient.

4.2 Simulation example 2

DG1 and DG2 run in parallel, and the rated capacity ratio is
2:1. Using the improved droop control strategy, the simulation
process is the same as that of Example 1, and the output active
and reactive power waveforms of the inverter are shown in
Figure 11.
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To achieve reasonable power distribution, the power
distribution ratio of DG 1 and DG 2 should be 1:2. It can
be seen from Figure 11A that the active power output by the
inverter can be distributed according to the DG capacity ratio
before and after the load power factor changes, and the ratio
of the distributed power between DG 1 and DG 2 is 2:1. It can
be seen from Figure 11B that with the improved droop
control strategy, the output reactive power of the inverter
meets the requirement of 2:1. In the 1s and 2s, the load
increases and decreases respectively, and the reactive power
of the inverter can still be distributed in proportion to the DG
capacity. The transition process is smooth and the time is
short.

5 Conclusion

The mechanism that the traditional droop control cannot
realize the reasonable distribution of reactive power due to the
difference in the impedance of each DG line is analyzed. It is
concluded that the fundamental reason for the unreasonable
distribution of reactive power is the voltage drop difference
caused by the inconsistent impedance of each DG line. The
improved droop control strategy proposed in this paper is
suitable for island-type microgrids. It does not need to
the It
automatically adjust the virtual impedance value according to

measure line impedance parameter value. can
the load power, eliminate the voltage drop difference caused by
the line impedance difference, so that the distribution of reactive
power is not affected by the inconsistent line impedance, and
finally realize the equal distribution of reactive power. Through

the comparative simulation analysis of the traditional droop
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control and the improved control strategy in this paper, it can be
seen that the improved control strategy can realize the accurate
distribution of reactive power, which verifies the effectiveness of
the method.
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