
 
Abstract—The control mode of microgrid is generally divided

into micro source level control, system level control and

dispatching level control. This paper mainly studies the

equivalent structure of the AC microgrid system, and proposes

the reactive power distribution strategy and droop control

method of the AC microgrid based on virtual impedance under

off-grid operation mode by analyzing the voltage relationship

between the reactive power output of the microgrid and the AC

bus. The droop control is used to realize the equal distribution

of reactive power. It is necessary to ensure that the product of

capacity and line impedance parameters of micro source

converter is constant. Due to inconsistent line impedance, when

the traditional droop control strategy is applied in the voltage

regulation, the reactive power can't be distributed according to

its capacity. So the microgrid droop control strategy based on

virtual impedance is proposed by introducing virtual

impedance controller. The control layer and the electrical layer

make the line impedance meet the conditions of the

proportional distribution of reactive power so as to achieve the

optimal regulation of the microgrid voltage. The simulation

results show that the reactive power distribution strategy and

droop control method based on virtual impedance can realize

the equal distribution of reactive power of each micro source

converter in off-grid operation mode, which can ensure that the

microgrid has a large voltage adjustment margin.

Index Terms—AC microgrid; Reactive power distribution;

Virtual impedance; Droop control

I. INTRODUCTION

NERGY is an important material basis for social

development, and reliable electricity supply is crucial to

support the construction of modern civilization. Electricity is

the most important secondary energy and sent to the user side
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by various substations, transmission and distribution

networks [1]. Currently, the global energy Internet promoted

by state grid corporation is becoming an important

comprehensive intelligent electrical platform for China to

promote energy industry upgrading, high-end power

equipment construction and advanced power grid control

optimization technology. Energy Internet not only contains

traditional power system, but also has advanced electronic

power system [2]. Considering the operation characteristics

of distributed power generation equipment, especially its

uncertainty and randomness, electromagnetic coupling of

power system, power flow calculation, load prediction and

relay protection will be the hot spots of future research [3].

The structure of the microgrid depends on how the distributed

generation devices and loads are connected to the AC and DC

bus of the microgrid system. Microgrid can be divided into

AC hybrid, DC hybrid, and AC-DC hybrid microgrid. In the

AC hybrid microgrid, various distributed generation units

and renewable energy units are connected to the AC bus

through their power interface converters [4-6].

For the operation of AC-DC hybrid microgrid, microgrid

control strategy and power management scheme are the most

important research directions [7]. AC hybrid microgrid

control strategies can be divided into grid-connected control

strategies and off-grid control strategies [8]. In

grid-connected mode, the power management strategy can be

divided into dispatching power mode and unassigned output

power mode. In the distributed output power mode, the

distributed generation units and renewable energy units

operate in the power control mode [9-10]. Power control can

be achieved by current control or voltage control. Current

control mode is the common used grid-connected operation

control mode at present, which controls the output current of

distributed generation units and renewable energy units so as

to track and determine the grid of reference power, output

voltage and frequency [11]. In the voltage control mode, both

the distributed generation units and the renewable energy

units can operate and control the output voltage, whose

regulating the output power of the distributed equipment is

similar to the synchronous generator in the power system [12].

In off-grid mode, the power management strategies of

microgrid mainly include voltage regulation, frequency

regulation, reactive power regulation and active power

regulation [13-14]. The secondary regulation of frequency

and voltage can bring the voltage and frequency of the

microgrid back to the stable operation range from the verge

of collapse, which can enhance the stability of the microgrid

[15]. The reactive power and active power regulation are the
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basis to ensure the stability of voltage and frequency of

microgrid [16]. In addition, the off-grid switching strategy is

also an important research point, which can ensure the

synchronization of voltage, frequency and phase between the

microgrid and the main grid [17]. General reactive power

sharing strategies can be divided into communication-based

reactive power regulation and non-communication-based

reactive power regulation [18-19].

The control modes of microgrid are generally divided into

micro-source-level control, system-level control and

dispatching level control [20-21]. This paper mainly studies

the reactive power distribution strategy and droop control

method of microgrid based on virtual impedance under

off-grid operation mode of AC microgrid in off-grid mode,

whose main purpose is to ensure the stable margin of

microgrid voltage regulation. The structure of the paper is

described as follows. Section 2 introduces the simplified

structure of muti-energy system of microgrid. Section 3

introduces the reactive power and voltage management of

microgrid. Section 4 is the droop control strategy based on

virtual impedance. Section 5 is the experimental simulation

and result analysis. Final section is the conclusion of the

paper.

II. SIMPLIFIED STRUCTURE OF MULTIPLE ENERGY

SYSTEM OF MICROGRID

The key to the stable operation of the microgrid system is

to ensure that the voltage and frequency at the AC Bus are

within a stable range, the general frequency fluctuation range

is 0.5 zH± , and the voltage fluctuation range is 10%± . To

ensure the stable operation of the microgrid is to ensure the

system power balance, that is to say that the power provided

by the micro source and the load demand power remain stable

so that the voltage and frequency at the AC bus will remain

stable. The operation mode of AC microgrid is divided into

grid-connected operation and off-grid operation. Under

grid-connected, the AC bus is connected to the distribution

network through circuit breakers, and the voltage and

frequency at the AC bus are controlled by the distribution

network.

Under the off-grid operation, the circuit breaker of the AC

bus is disconnected, and the voltage and frequency at the AC

bus are adjusted by each micro source in the microgrid. When

the microgrid is switched from grid-connected operation

mode to off-grid operation mode, the circuit breaker at the

AC bus is disconnected, and the AC microgrid is operated in

off-grid mode. When the microgrid is switched from off-grid

operation mode to grid-connected operation mode, the

voltage and frequency at the AC bus should be adjusted to

keep it consistent with the distribution network. The circuit

breaker can be closed to make it work in the grid-connected

operation mode.

The simplified structure of AC microgrid is shown in Fig.

1. When n micro-sources are connected to the AC bus by

independent micro-source converters, the output power of

micro-source 1 is [ ]1 1 1a b c
v v v and [ ]1 1 1a b c

i i i ，The line

impedance is 1
Z , and so on, the output power of micro source

n is [ ]an bn cn
v v v and [ ]an bn cn

i i i ， and the line

impedance is n
Z .

Suppose the output voltage of distributed generation unit is

[ ]a b c
v v v and [ ]a b c

i i i ，then the output power of the

distributed generation unit is calculated by:

a a b b c c
S P jQ v i v i v i= + = + + (1)

Eq. (1) is the power calculation method of distributed

power generation unit in the static coordinate system, but this

calculation method is relatively complex. The output voltage

and current are sinusoidal functions, and there is an Angle

difference. Therefore, the active and reactive power of

distributed generation units are generally calculated in the

rotation coordinate system. The power calculation of

three-phase micro-source converter in the rotating coordinate

system requires the following steps:

L

Z1

AC 

BUS

CMicro-

source 1

[ ]1 1 1a b c
v v v [ ]1 1 1a b c

i i i

GND

L

Zn

CMicro-

source n

[ ]an bn cn
v v v [ ]an bn cn

i i i

GND

… … 

DC/AC converter

DC/AC converter

Fig. 1 The simplified architecture of AC microgrid.
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1) Voltage and current parameters are converted to the

two-phase static coordinate system.

0

1 1
1

2 2

3 3
= 0

2 2

1 1 1

a

b

c

v v

v v

v v

α

β

 − − 
    
    −    
       
 
  

(2)

0

1 1
1

2 2

3 3
= 0

2 2

1 1 1

a

b

c

i i

i i

i i

α

β

 − − 
    
    −    
       
 
  

(3)

2) Voltage and current parameters are converted to the

two-phase rotating coordinate system.

cos sin

sin cos

d

q

v v

v v

α

β

θ θ
θ θ

    
=    −    

(4)

cos sin

sin cos

d

q

i i

i i

α

β

θ θ
θ θ

    
=    −    

(5)

After the above transformation, the apparent output power

of the distributed generation unit can be expressed as:

( ) ( )3 3

2 2
d d q q q d d q

S P jQ v i v i j v i v i= + = + + − (6)

III. REACTIVE POWER AND VOLTAGE MANAGEMENT OF

MICROGRID

Fig. 2 shows the control structure diagram of each micro

source in AC microgrid under off-grid operation mode, in

which each micro source is represented by micro source 1,

micro source 2 and micro source n , and the line impedance

of each micro source to the AC bus is represented by 1
X , 2

X

and n
X , while each micro source adopts the droop control

strategy. The active power i
P and reactive power i

Q of each

micro source in the microgrid can be expressed as:

( )

( )

2

2

1
cos cos cos + sin sin

1
cos sin sin + sin cos

i i i i i i i

i

i i i i i i i i

i

P EV E EV
Z

Q EV E EV
Z

θ ϕ ϕ θ ϕ

θ ϕ ϕ θ ϕ

 = −

 = −


(7)

Simplify Eq. (7) to obtain:

2

i

i i

i

i

i

i

EV
P

X

EV E
Q

X

θ =



− =


(8)

Therefore, the droop characteristics of each micro source

can be expressed as:

AC 

BUS

Micro-

source 1

Micro-

source n

… … 

DC/AC converter

DC/AC converter

Load

Droop control

Droop control

X1

Xn

Fig. 2 The simplified structure of AC microgrid in island operation.
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( )
( )

i n i i ni

i n i i ni

f f m P P

V V n Q Q

= − −


= − −
(9)

In the microgrid, the capacity, sag coefficient and line

impedance parameters of each micro-source are not

consistent, so there are many problems in the integrated

control of the system. For the stability of microgrid system, it

is expected to output the active and reactive power in

proportion to its own capacity in the control of each

micro-source. Therefore, each micro source will have almost

the same margin to participate in the regulation of microgrid

voltage and frequency stability. According to the national

standard, the fluctuation range of power grid voltage is 10%

and the frequency fluctuation range is 0.5 Hz. The output

voltage and frequency range of each micro source in the

microgrid are specified by reference to national standards.

Therefore, the droop parameters m and n corresponding to

micro sources with large capacity are relatively small, while

droop parameters m and n corresponding to micro sources

with small capacity are relatively large. In order to ensure that

each micro source has the same margin to regulate the grid

voltage, the following relationship should be satisfied for

each micro source in the microgrid.

1 1 2 2 n n
n Q n Q n Q= = =⋯ (10)

Considering the reactive power equation, Eq. (10) can be

expressed as:

2

i

i i

i

i

EV E
n Q

X

n

−
= (11)

In Eq. (11), 2

i
EV E− of each micro source are consistent.

Therefore, if Eq. (10) is satisfied, it needs:

1 1 2 2 n n
X Q X Q X Q= = =⋯ (12)

However, because the distance between each micro source

and the AC bus is not consistent, it is difficult to maintain the

proportional distribution, so that the output power of each

micro source cannot be distributed in a proportional way, and

the node voltage of each micro source is not consistent. In the

case that the impedance of each micro source does not match,

the impedance of the circuit is usually matched by

introducing virtual impedance [21]. After virtual impedance

is introduced, Eq. (12) can satisfy the proportional

distribution, that is:

( ) ( ) ( )1 1 1 2 2 2v v n vn n
X X Q X X Q X X Q+ = + = = +⋯ (13)

IV. DROOP CONTROL BASED ON VIRTUAL IMPEDANCE

Fig. 3 shows the structure of the micro source converter

based on the based on virtual impedance droop control. On

the basis of the droop controller, the introduction of virtual

impedance control links can adjust the output voltage and

frequency reference of the droop controller so that the

proportional distribution of reactive power of the micro

source can ensure that the AC bus voltage achieves the

consistent equilibrium value [22].

[ ]a b c
v v v

[ ]a b c
i i i

d d q q

q d d q

P v i v i

Q v i v i

= +

= −

Pn Qn

Uref

( )
( )

n n

n n

f f m P P

V V n Q Q

= − −


= − −

Vn fn

P

Q

ai

bi

ci

L

DC

C

X

E

AC BUS

1a
v

1b
v

1c
v

[ ]a b c
v v v Virtual 

impedance 

control

×
Voltage and 

current 

double loop 

control

PWM

[ ]1 2 3 4 5 6
S S S S S S

v

1
i

Fig. 3 Block diagram of droop control based on virtual impedance.
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Fig. 3 is mainly divided into two parts. The upper part is

the micro source converter, which is equivalent to the DC

voltage source, the line filtering parameters are L and C, and

the line inductive reactance parameters are X. The equivalent

output voltage before filtering inductance is [ ]1 1 1a b c
v v v ,

the equivalent voltage at the filter capacitor is [ ]a b c
v v v ,

the filter inductance current is [ ]1 1 1a b c
i i i , the actual

output current of the micro source converter is [ ]a b c
i i i ,

and the voltage at the AC bus is [ ]a b c
e e e . The lower part

is the control link. According to the droop controller based on

virtual impedance, there are three control links: droop

controller, virtual impedance controller, and voltage and

current double-loop controller. The droop controller provides

the basic voltage and frequency reference values, which are

modified by the virtual impedance controller, and then the

reference voltage is generated by the voltage-current

double-loop controller. After PWM processing, the control

signal of the micro-source converter is obtained as

[ ]1 2 3 4 5 6
S S S S S S .

In order to derive the virtual impedance controller, the

voltage and current double loop controller and droop

controller are designed, and then the virtual impedance

controller is introduced. The voltage and current double-loop

controller is generally based on the voltage and current

feedback at the LC filter, with the inductance current

feedback as the current inner loop and the capacitor voltage

feedback as the voltage outer loop [23]. Before designing the

controller, the mathematical model of the converter should be

established. The general mathematical model of micro source

converter is the filter mathematical model in the

low-frequency mode, namely:

1 1

1 1

1 1

a a a

b b b

c c c

i v v
d

L i v v
dt

i v v

     
     = −     
          

(14)

1 1

1 1

1 1

a a a

b b b

c c c

u i i
d

C u i i
dt

u i i

     
     = −     
          

(15)

After the rotation transformation on Eq. (14) and Eq. (15),

the new mathematical model of micro source converter can

be expressed as:

1 1 1

1 1 1

0

0

d d d d

q q q q

i v v iLd
L

i v v iLdt

ω
ω

        
= − +        −        

(16)

1

1

0

0

d d d d

q q q q

u i i uCd
C

u i i uCdt

ω
ω

        
= − +        −        

(17)

Therefore, the mathematical model structure of the micro

source converter in the rotating coordinate system is shown in

Fig. 4.

A. Current Loop Controller

The current loop control of the voltage double-loop

controller is based on the inductive current feedback.

−
+

+
1

Ls

1

Cs

dv

1qv

qv

1di

1qi

Lω Cω

Lω Cω

−+
−

+1

Ls

1

Cs

1dv

−

+ +

−

dv

qv

di

qi

Fig. 4 The math model of micro-source converter.

The mathematical model of the inductive current can be

expressed as:

1

1 1

1

1 1

d

d d q

q

q q d

di
L v v Li

dt

di
L v v Li

dt

ω

ω

 = − +

 = − −


(18)

According to the mathematical model, it can be seen that

the micro-source converter has a coupling relationship

between d axis and q axis in the rotating coordinate system,

so how to eliminate the coupling term should be considered

in the design of the current loop [24]. Therefore, the current

loop control equation is constructed in the controller as

follows:

( )
( )

1 1 1 1

1 1 1 1

d dref d d q

q qref q q d

v k i i v Li

v k i i v Li

ω

ω

 = − + −


= − + +
(19)

Generally, as the dynamic response speed of the current

loop is relatively high, and the integral link in the PI regulator

has an impact on the dynamic response, a single P regulator is

generally considered [25]. The control block diagram of the

current decoupling controller can be shown in Fig. 5.

The current control block diagram after decoupling can be

obtained through Fig. 5, which is shown in Fig. 6, where the

current coupling term and voltage coupling term have been

eliminated. τ is the sampling signal cycle time. At the same

time, the simplified decoupling block diagram of current loop

needs to consider the delay effect generated by PWM signal,

and 0.5 times the sampling cycle time is generally taken.

The open-loop transfer function of the current loop is

expressed as:

( )
1

1 1 0.5 1 1.5

pwm pwm

oi

k kkk

s s Ls s Ls
φ

τ τ τ
= ≈

+ + +
(20)

The sampling frequency of micro source converters is

generally 15kHz, so the sampling period is 66.7us. Assuming

that the DC voltage is 700V, the general calculation of the

PWM modulator pwm
k is realized by:

700 0.866 / 3 350
pwm

k = × = (21)
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−
+

+
1

Ls

1

Cs

dv

1qv

qv

1di

1qi

Lω Cω

Lω Cω

−+
−

+1

Ls

1

Cs

1dv

−

+ +

−

dv

qv

di

qi

+

+

+

−

−

−

qrefi

qrefi

1

1 sτ+

1

1 sτ+

Fig. 5 The control block of current loop.

+ 1

Ls

1di−
qrefi 1

1 sτ+ 1 0.5

pwmk

sτ+

Fig. 6 Simplified block diagram of current control.

As the current open-loop transmission function is a typical

I-type control system, the damping ratio of the system is

generally selected to be 0.707 in the parameter design of the

proportional link, so obtain:

1.5
0.5

pwm
kk

L

τ
= (22)

It is assumed that the parameter of the filter inductor is

3.3mH, so the proportional parameter k is 0.0471. Therefore,

the current closed-loop transmission function is expressed as:

( )
1

1 1 1.5 1 3

pwmoi

i

oi pwm

kk

s Ls kk s

φ
φ

φ τ τ
= = ≈

+ + + +
(23)

B. Voltage Loop Controller

Voltage loop control is based on capacitor voltage

feedback. The mathematical model of capacitor voltage is

expressed as:

1

1

d

d d q

q

q q d

du
C i i Cu

dt

du
C i i Cu

dt

ω

ω

 = − +

 = − −


(24)

According to the mathematical model, it can be seen that

there is a coupling relationship between d axis and q axis in

the rotating coordinate system of micro source converter.

Therefore, how to eliminate the coupling term should be

considered in the design of voltage loop. Therefore, the

following voltage loop control equation is constructed in the

controller.

( )

( )

1

1

i

dref i dref d d q

i

qref i qref q q d

k
i k u u i Cu

s

k
i k u u i Cu

s

ω

ω

  = + − + −   


  = + − + +   

(25)

Generally, since the dynamic response speed of the voltage

loop is lower than that of the current inner loop, and the

output value of the voltage is the reference value of the

current inner loop, a better steady-state error is required, so

the PI regulator is selected to achieve a small static error

through the integration link. The control block diagram of the

voltage decoupling controller can be shown in Fig. 7. If the

simplified structure of the current loop is consistent, the

simplified transfer diagram of the voltage loop is shown in

Fig. 8. According to the simplified voltage loop control block

diagram, the transfer function of the voltage loop can be

expressed as Eq. (26), and the simplified link of the capacitor

loop and the sampling delay link can also be simplified.

( ) 2
1 4

p i

ov

k s k

s Cs
φ

τ

+
=

+
(26)

It can be seen from the open-loop transmission function of

the voltage loop that it is a typical type II control system.

Generally, it is required to cross the amplitude-frequency

characteristic curve with 20dB/dec at the cut-off frequency

[26], so the intermediate frequency bandwidth h of the

open-loop transmission function is calculated by:

( ) 2 2

/ 4

/ 1 /16

p i

i

h k k

k C h h

τ
τ

=
 = +

(27)
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+ 1
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1di
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Cω

−
+ 1
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+

−

dv
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+

+

+

−

−

−
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qrefu

1

1 sτ+

1

1 sτ+

+
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Fig. 7 The control block of voltage loop.

+ 1

Cs

du
−

drefu 1

1 sτ+
1

1 3 sτ+
i

p

k
k

s
+

Fig. 8 Simplified block diagram of voltage control.

Generally, the intermediate frequency bandwidth value is

5 and the capacitance value is 10uF. After putting into the

above equation, the PI parameters can be obtained by:

2

3 / 20 0.225

3 / 25 18740

p

i

k C

k C

τ
τ

= =
 = =

(28)

Therefore, the closed-loop transfer function of the voltage

loop can be expressed as:

( ) 2
1 4

p i

v

p i

k s k

s Cs k s k
φ

τ

+
=

+ + +
(29)

C. Droop Controller Based on Virtual Impedance

Due to the inconsistency of line impedance, the reactive

power of each micro source does not match, which affects the

voltage control at the AC bus. Therefore, the virtual

impedance link needs to be introduced to match the

impedance of each micro source through the virtual

impedance controller [27]. The virtual impedance controller

modifies the voltage reference value generated by the droop

controller by introducing the voltage drop of virtual

impedance and load current, namely:

_ _ref ref droop v ref droop v
v v v v i Lω= + = + (30)

It is converted under dq coordinate system as:

_ _

_ _

dref dref droop dv dref droop v d

qref qref droop qv dref droop v q

v v v v L i

v v v v L i

ω
ω

= + = −
 = + = +

(31)

After the virtual impedance controller is introduced, the

structure of the voltage and current double-loop controller is

shown in Fig. 9. After the virtual impedance correction, the

voltage reference value is obtained as dref
v and qref

v . Then a

new PWM reference value ref
U is generated by

voltage-current double-loop controller, which can adjust the

system output reactive power matching.

In order to compare and analyze the effect of virtual

impedance on the output characteristics of inverter, the bode

diagram of current loop and voltage loop without virtual

impedance is firstly analyzed. According to the current

open-loop transmission function shown in Eq. (20), the data

are fend to obtain the open-loop bode diagram shown in Fig.

10. The corresponding phase margin at the cut-off frequency

is 57 degree, so the system is stable. At the same time, the

system crosses the medium frequency band with 20dB/dec,

which has good dynamic performance. According to the

voltage open-loop transmission function described in Eq.

(26), the data are fed to obtain the open-loop bode diagram

shown in Fig. 11. The corresponding phase margin at the

cut-off frequency is 40 degree, so the system is stable. At the

same time, the system crosses the medium frequency band

with 30dB/dec and has good dynamic performance.

Before virtual impedance is introduced, the output voltage

equation of the controller can be expressed as:

d dref v d i
u u i Zφ= − (32)

where,
i

Z is the output impedance of micro source converter.
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Fig. 9 The voltage and current control based on virtual impedance.
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Fig. 10 The bode diagram of current loop.
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Fig. 11 The bode diagram of voltage loop.
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So the impedance equation can be expressed as:

( )
( ) 2

1 4

1 4
i

p i

s s
Z

s Cs k s k

τ
τ

+
=

+ + +
(33)

According to the bode diagram of the output impedance

i
Z shown in Fig. 12, it can be seen that the output impedance

shows impedance characteristics under the power network

frequency rate, so the regulation of system voltage requires

both active power and reactive power. Therefore, under the

premise of ensuring voltage stability, it is impossible to

realize the average distribution of reactive power. The

transfer block diagram of voltage and current loop with

virtual impedance is shown in Fig. 13.

According to Eq. (20), Eq. (26) and Fig. 11, the output

voltage equation of the controller based on virtual impedance

can be deduced as follows:

( )
( )

_

_

d dref droop v d v d i

dref droop v d v v i

u u L i i Z

u i L Z

ω φ

φ ω φ

= − −

= − +
(34)

Since the virtual impedance term is equivalent to the

disturbance term for the control loop, it does not affect the

transfer functions of the voltage loop and current loop, but the

output impedance equation of the system changes. The

virtual impedance equation can be expressed as:

( ) ( )
( ) 2

1 4

1 4

p i v

vi v v i

p i

k s k L s s
Z L Z

s Cs k s k

ω τ
ω φ

τ

+ + +
= + =

+ + +
(35)

Suppose that the introduced virtual impedance is 3.3mH,

then the amplitude-frequency characteristics of the virtual

impedance is shown in Fig. 14. According to the bode

diagram of output impedance i
Z , it can be seen that the

output impedance exhibits inductive reactance characteristics

under the power network frequency, so the regulation of

system voltage is only related to reactive power [28].

Therefore, the reactive power can be equally divided by

virtual impedance, and the output characteristics of reactive

power and voltage can be guaranteed at the same time.

Therefore, after the introduction of the virtual impedance,

the equivalent circuit of the micro-source is shown in Fig. 15,

where the line keep pure emotion. Introducing the virtual

impedance at the same time satisfies the proportional

distribution of reactive power shown in Eq. (13), which

ensures that each micro-source system has the voltage

stability margin for AC bus-bar and enhances the stability of

the microgrid operation [29].
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Fig. 12 The bode diagram of output impedance Zi.
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Fig. 13 Block diagram of voltage current loop transfer with virtual impedance.

IAENG International Journal of Applied Mathematics, 50:3, IJAM_50_3_27

Volume 50, Issue 3: September 2020

 
______________________________________________________________________________________ 



10
0

10
1

10
2

10
3

10
4

10
5

10
6

-50

0

50

Bode Diagram

10
0

10
1

10
2

10
3

10
4

10
5

10
6

-100

-50

0

50

100

Frequency(rad/sec)
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Fig. 15 The equivalent circuit of micro source with virtual impedance.

V. SIMULATION EXPERIMENTS AND RESULTS ANALYSIS

Parameters and conditions of MATLAB simulation model

using virtual impedance are shown in Table 1. There are three

micro-source converters in the microgrid, which are called

DG1, DG2 and DG3 respectively, and their capacity ratio is

1:2:3. At the same time, three groups of loads were set, and

their capacities were respectively S1=9kW+ j4.5kvar, S2=

6.75kw + j2.25kvar, and S3= 6.75kw + j4.5kvar. Load S1 is

connected to the microgrid at the initial moment, load S2 is

connected to the microgrid at 0.2s, and load S3 is connected

to the microgrid at 0.4s. Fig. 16 shows the load power curve

at the micro source AC bus. It can be seen that load power

changes when load S2 and S3 are connected at 0.2s and 0.4s.

Fig. 17 is a peer-to-peer control mode, and the traditional

droop control strategy is adopted to obtain the reactive power

waveform by each distributed micro-source. According to the

waveform, the reactive power by each micro-source

converter is not effectively distributed according to its

capacity when the load is increased.

In order to realize the proportional distribution of reactive

power, a virtual impedance controller is introduced. By

adjusting the line impedance parameters, the reactive

capacity and line impedance parameters of each micro source

are kept at a fixed value, so as to realize the proportional

distribution of reactive power.

TABLE 1. SIMULATION MODEL PARAMETERS

Parameter Value Parameter Value

PI parameters of
voltage loop

Kp=0.2
Ki=200

PI parameters of
current loop

Kp=0.0471

AC reference

voltage
400V

Reference

frequency
50Hz

DG1 frequency
drop coefficient

6e-5
DG1 voltage sag

factor
3e-4

DG2 frequency
drop coefficient

4e-5
DG2 voltage sag

factor
2e-4

DG3 frequency

drop coefficient
3e-5

DG3 voltage sag

factor
1.5e-4

DG1 capacity
P=6kW

Q=3kVar
DG1 impedance 9mH

DG2 capacity
P=9kW

Q=4.5kVar
DG2 impedance 7.3mH

DG3 capacity
P=12kW

Q=6kVar
DG3 impedance 5.8mH

DG1 virtual
impedance

3mH
DG2 virtual
impedance

0.7mH

DG3 virtual
impedance

0.2mH DC bus voltage 700V
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As shown in Fig. 18, after adopting the virtual impedance

controller, when the load changes, the reactive power output

of micro source DG1, DG2 and DG3 is distributed according

to its own capacity, and the distribution ratio is 1:1.5:2. At

load S1, the output power of DG1 is 1kVar, the output power

of DG2 is 1.5kvar, and the output power of DG3 is 2kVar.

When loading S2, the output power of DG1 is 1.5kvar, the

output power of DG2 is 2.5kvar, and the output power of

DG3 is 3.5kvar. For load S3, the output power of DG1 is

2.5kvar, the output power of DG2 is 4kVar, and the output

power of DG3 is 5.5kvar. By comparing the simulation

results, it can be seen that the droop control strategy based on

virtual impedance can realize the proportional analysis of

reactive power.

The established MATLAB models are mainly to verify in

the microgrid with muti-converter parallel connection, the

inconsistent line impedance will make the peer-to-peer

control based on traditional droop method not realize the

proportional equalization of reactive power output of each

converter in the microgrid. The droop control method based

on the virtual impedance can adjust the output impedance

characteristics to realize the matching of reactive power

output for each converter and the stability of voltage

regulation in microgrid.
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Fig. 16 The power curves of AC load.
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VI. CONCLUSION

This paper mainly studies the voltage relationship between

the reactive power of microgrid and the AC bus in off-grid

operation mode. Due to the inconsistency of line impedance,

the reactive power cannot be distributed according to its

capacity when the traditional droop control strategy is

adopted in the voltage regulation. Therefore, a microgrid

droop control strategy based on virtual impedance is adopted.

By introducing a virtual impedance controller and combining

the control layer and the electrical layer, the line impedance

satisfies the condition of proportional distribution of reactive

power, so as to realize the optimal regulation of microgrid
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voltage. Finally, MATLAB simulation results are used to

verify the reactive power distribution strategy of microgrid

based on the virtual impedance proposed in this paper.
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