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1. Introduction

ABSTRACT

Microgrid has been recently used to produce electric energy w
more efficiency and greater advantages. However, it has sc
challenges. One of the main problems of microgrids that are wid
used in electric power systems is encountered in controlling
voltage, frequency, and loaghare balancing among invertebased
Distributed Generations (DGs) in the islanded mode. The dr
method performance is degraded when the feeder impedance:
the two DGs are different, and therefore, modification is needed
this paper, a new method based on virtual impedance a
compensating voltage is proposed, and simulation results show t
this method, in combination with droop control, results in balance
power sharing with negligible voltage and frequency dro
Simulation results extracted from the Simulink, MATLAB show tF
the proposed method has a satisfactory performance in equal Ic
sharing between the two DGs with different feeder impedanc
both in equal and in different droop gains, with different loads su
as norinear loads

Changing climate and consuming pattel
have a significant effect on electricit
generation methods. A considerable num
of countries have been focusing on reduc
greenhouse gases by 2020 Majumder [1].
terms of distribution levels, renewab
resoures such as photovoltaic, wind turbir
fuel cell, and other resources, can connect
main grid and produce a substantial amoun
electric energy and thus these resources
called Distributed Energy Resources (DEI
or DG. In present times, fuel castare
increasing and geographical problems prov
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a new opportunity to use DERs in electr
power systems. The microgrid is defined
the set of DERSs in the electric power syste
which includes DGs, storage systems a
linear, unbalanced, or nonlinear loads; the
can be connected to the main grid orytian
be islanded.

The presence of several DGs in tl
microgrid brings about certain challenges tf
affect system performance. When ti
microgrid is connected to the main grid, tt
voltage and frequency is supported by t
main grid. One of the main chahges of this
arrangement involves the frequency and 1
voltage control of microgrid in the islande
mode, especially when various loads ¢
connected or disconnected, and voltage
frequencydrop may be common in this
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arrangement, invhich voltage and frequenc
distortion cannot be avoided. The voltage ¢
frequency control of the microgrid wa
therefore, mainly considered in many pap
and researches.

The primary attribute of microgrid contr
is the stability of voltage and frequsn
which has been considered in many pap
Low frequency stability owing to powe
demand changes is  discussed
Vilathgamuwa et al. [2], whereby, Ilo
frequency displacement to a new status du
power demand changes has affected
relative stability of the system. Robus
stability of voltages and currents for island
DGs was analysed in Marwali et al. [3],
which discretdime slipping mode contro
was used. In Marwali et al. [4], small sigr
stability analysis was performed by
combination of doop control and the powe
averaging method for power sharing
several islanded DGs. Droop control is one
the most applicable and useful cont
methods based on the behaviour of
Synchron Generator of power systems. In
method, the control akal and reactive powe
sharing is adjusted using output frequency .
voltage adjustment, respectively. Dro
control does not need communication lin
Certain advantages (such as simplicity) e
disadvantages (such as compromis
between voltage adjusent and load sharing
of the droop method are discussed
Chandorkar et al., Guerrero et al., Guerrer:
al. [ 5£7]. In some researches, such as Katil
and lravani, Azim et al. [8, 9], the control
the real and the reactive power of electrer
interfaced DGs in the microgrid have be
investigated. Robust control with harmor
suppression in the islanding mode and po
control without coupling in the gridonnected
mode was discussed in Reza et al., Zhong
11]. The Load sharing using inheren
oscillatory droop control was improved by
control in Guerrero et al. [12].

Transient sharing was also improved &
resulted in frequency and current stability.
Paquette and Divan [13], transient pov
sharing was improved using virtu
impedance current limiting.

In the microgrid, it is desirable that all DC
respond similayl to the load steps in order-
avoid overload of certain lead or lag DC
When the impedances of the two invert
based DGs are not equal, the DG with sme
impedance has a quicker response to the
steps and picks up more power shared.
overcome lte droop control drawbacks in tt
load sharing ofdifferent DGs, modifications
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have been applied in certain studies.To

correct the compromise of voltage adjustm
and load sharing, feedback control in Kim
al.,, Katiraei et al. [14, 15], dynamic
coefficients in Diaz et al., Leet al.[16, 17],
and phase droop instead of frequency droo
Sao and Lehn [18] have been used.

harmonic load sharing correction, the mett
of extra loop for bandwidth in Sao and Le
[19] and virtual impedase in Marwali et al.,
Lee and Cheng., Vasquez et al., He et ak|
23] were proposed. In addition, cooperat
harmonic filtering was suggested in Li and
Li [24]. To control the degradation ¢
coupling inductors, the virtual impedan
method Marwali etal. [20], the variable
virtual impedance in Lee and Cheng, Vasq!
et al. [21, 22], and a method based on virt
power for active and reactive pow
decoupling for droogontrolled parallel
inverters were stated in Wu et al. [25]. °
mitigate the problenof feeder impedances, ¢
extra loop for grid impedance estimation w
used in Yao et al. [26]. With respect to t
issue of slow dynamic response, phase dr
Yazdani et al. [27], adaptive decentraliz
droop McGrath et al. [28], droop based

coupling fiter parameters Lee et al. [29], a
adaptive droop gains Yazdani and Iravani [
have been proposed. For the assembly
DGs, nonlinear droop control Lee and Che
[21], and a combination of droop contr

MPPT Li and W. Li [24], and powe
management oDGs Yazdani et al. [27] wer
applied.

Some studies apply integrated cont
strategies called hierarchical structures, wr
usually include primary, secondary, a
tertiary control Wu et al., Yao et al., Yazde
et al. [2%27]. Primary control is used ffdhe
stability of voltage and frequency. TI
secondary control, as a centralized control
is the compensator for voltage and frequel
oscillations. Tertiary control provides tt
optimal power flowing within the microgrids
Cooperative distributed hiarchical control
has also been proposed in McGrath et al. [.
which uses voltage, active and reactive po
regulators to adjust the voltage and
frequency of inverters.

In this paper, our purpose is to equalize
power sharing between two DGs |
controlling the voltage and the frequency
the test microgrid in the islanded mode. T
paper uses a new method that includes the
following steps: virtual impedance ar
compensating voltage. Virtual impedance
used for transient power  sharin
Compesating voltage stefs usedto model
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and estimate the relation of impedan
differences and the real and the react
powers; therefore, the voltage drop differer
is compensated in the steady state. T
approach thus equalizes the real and reac
power sharing between two inverters w
different feeder impedances. The simulat
results verify this method.

The remainder of this paper is organized
follows: in Section I, the test microgri
model is proposed and the proposed methc
discussed in Section Ill. In Section 1V, tl
simulationresults have been shown, while
Section V, the Total Harmonic Distortion
discussed. Finally, the conclusion is statec
the final section of this paper, Section VI.

2. System model

A simple microgrid model is assumed
figure 1. In this figure,two inverterbased
DGs with different feeder impedances
shown to feed the loads. Reference pul
produced from control unit of each DG &
injected to PWM of each inverter to adjust 1
output voltage and current of inverters. |
filter also has beensed for two DGs tc
eliminate the harmonics. To control tl
microgrid frequency and voltage, dro
control is used with below equations [38]:

w= y- mP D)
V=V -nQ (2
where m and n are the droop gains,is the
synchronous frequency, andy is the
magnitude of the reference output voltage
the inverter.]7 is the output voltage
frequency, and p and are the real and the
reactive powers of the inverter, respective
As a result of these equatmrthe frequency i
controlled by real power, and the voltage
controlled by the reactive power of DGs.
the feeder impedances of the two inverters
equal,’Q and"Q are equal as well, an
the power sharing is similar. But in gene
cases, the feeder impedances are differ

which has an impact on power sharing.

3. Roposed method

Inverterbased control can be designed in
phase abc or dg space. In theplase abc
space, the variables are sinusoidal, but in
dqg space, there are DC values and PI con
can be applied. To control of voltage a
frequency, first the phase abc space
converted to dg space to apply PI cont
Then for generating reference signal
PWM, dg space using PLL (getting the phe
or frequency) is used to be converted to
phase abc space.

I i
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The common droop method is one of i
most applicable and simplest methods
voltage and frequency control in
microgrid system, but the main defect of tf
method is its unbalanced initial load shari
between DGs when the load changes in
system. According to Fifj, the feedel
impedances of two DGs are not equal and
with smaller impedance picks up more pov
in relation to another DG with great
impedance. Certain studies suggest the us
transient droop or adaptive droop f
overcoming this effect, but these methc
degrade load sharing, voltage, and freque
in the steady state. Our purpose in this pe
is to suggest a method across bothe
transient and the stable mode, in which
load sharing will be equalized between f
two DGs, and the frequency and the volt:
drop will be negligible.

In order to apply the proposed method,
dg space is used. In a control unit of f
proposed algdthm, therefore, all the voltage
and currents should be transformed from .
to dg, and the real and the reactive po
must be calculated within this coordination.

The proposed method consists of two st
which are discussed below:

A. Virtual Impedance

In the first step, the voltage drop on DG w
smaller impedance must be modified. In ot
words, it is obvious that the voltage of C
with greater impedance cannot be redu
because this is not available. The impeda
of DG with smaller impedance catferefore,
be increased virtually in the control unit
equalize the voltage loss in the two DG fee
circuits. If there has been a method to equa
the impedances, the voltage drops will

equal; this ensures a similarity of the lo
sharing betweethe two DGs. The differenc
between the two impedances particule
affects reactive power sharing because
reactive power is justified by the voltage.
this paper, it is assumed that the impedanc
DGL1 is smaller. As mentioned previously, it
impossible to apply the real impedance in
feeder of DG1; therefore, virtual impedan
must be used to modify the difference of 1
voltage drops. The virtual impedance effec
more obvious in transient load sharing
less effective in the stable modeherefore, in
the first step of the proposed method,

virtual impedance can be used as shc
below Lee et al.,, Yazdani and lravani [z
30]:

DZ, =R+j Xp (3

Vd,VI = IRA lj - &I 'q (4)
Var = B+ R ®)

Theseequations are depicted in FE2g and
Fig.2b.

AR

_.. +
iy —h-c D ( j Vo
AX +
iy ——

(a)
AR +
AX » g |
[ g —

(k)
Fig. 2.Virtual impedance in a)-qxis and b) eaxis

For the stability of the proposed method
transient power sharing and the le
sensitivity to a change of feeder impedan
of the two inverters asvell as a change c
different loads, such as common line
unbalanced, and nonlineanbalanced loads
the coefficient of applied virtual impedance
updated due to equation below in the cast
equal droop gain:

DQ Q-Q (6)

This difference is thereafter controlled t
the PI controller to remain near to zero in f
transient mode as shown in Hg

It is noticeable that the values ¥ andY®
are only the initial values or initial guesses
the feeder impedance difference; the ex
values are not primarily considered. In fa
the real values of feeder impedances are
available Sao and Lehn [19]. This is of
concern because the feedbaskucture of
Figs 3a and 3b are sufficient for the stabili
and the convergence of the transient mod
the control circuit.

In the case of different droop gain, t
Eq.(6) differs as shown below (for exampl
the droop gain of Inverter 1 becomes deybl

DQ 2Q-Q (7)

This is a result of different power shari
between the two inverters and Inverter 1 pis
more power of load as double the load sha
capacity of Inverter 2.
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Fig.3. Block diagram for automatically adjusting virtual impedance in a) tagisjand b) the-@xis

The virtual impedance is calculate
proportional to the voltage drop owing tthe
above equations and directly decreases
voltage reference of the control unit
Inverter 1. With this approach, the transit
load sharing is improved between the t
DGs. This step has a significant effect on
proper transient load sharing of DG1 a
DG2, and reduces the voltage differences
shown in the next section. The modificati
of steady state load sharing will be perforn
in second step of the proposedalthm.

B. Compensating Voltage

In the second step, the aim is to achic
proper load sharing in the stable mode w
negligible voltage and frequency drop frc
the reference values. Owing to Lee ¢
Cheng, Vasquez et al. [21, 22], the fee
impedance difference between the tw
inverters is dependent on the powers and
feeder impedances as stated in the eque
below:

DRP + RQ 8)
N e
Therefore, in order to define tr
compensating voltage, and due to the volt
and current relatiom the inverter circuit, this
impedance can be multiplied lihe d and g

axis currents to produce the requir
compensating voltage in the two axes
shown below:

ART A Eq(iq i) (©)

This compensating voltage needs to
applied withthe deterministic values of th
real and the imaginary part of feec
impedances, but as stated before, these v
are not available Sao and Lehn [19]. Owinc
this fact and because the proposed contrc
must be independent of the feec
impedances, he compensating voltac
calculation is performed based on the reac
power differencesMv) as shown in gs. (10)
and (11), and implemented in Fig In
equations below, it is clear that the react
power difference must be near to zero in or
to balance power sharing; accordingly, t
gains o and B are chosen to updal
automatically using the PI controller axd.

L®

IV g.comp

adifk,(@ 0] kf QD)
a=Jiks( @ )] ki QD)

—) =)

(10)

—— =) =) —.
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i
[

By applying the PI controller, which is tr
same as virtual impedance, the weigh

Wk and @ can be automaticall
updated proportional to the new amount
feeders- impedance .

The general control unit of the propos
algorithm, including the voltage and tl
frequency control 6D "Q are shown in Figb.
The control uniof Inverter 2 is similar to tha
of Inverter 1, except that the virtu
impedance and compensating voltage will
be applied in this control circuit as it
assumed that the feeder impedance of Inve
1 is smaller than the feeder impedances
Inverter 2.

. and b) the block diagram 6f,

€

+ + + +
e
a (b h (bz R
0 )

@)

(b)
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Fig.5.Control unit of$ ' a) gqaxis voltage control
b) d-axis voltage control c) frequency control

Finally, the reference voltage sign@l, in
abc space, is produced and used a
command signal for the PWM of the invert
to control the voltage and frequency of e¢
DG.

The flowchart of the system and cont
unit is shown in thé&ig.6.

The proposed algorithm, as shown in !
next section, has a good performance in
and reactive power sharing in both, t
transient and the stable modes.

4. 9mulationresults

The proposed algorithm was simulated w
the Simulink of MATLAB, using he
simpower toolbox. The simulation paramet
are given in Table 1.

Before a discussion of thesults, it should

vre.f
o

£

-]
—

Abe

be noted that the values were stated in per
(P.U.).

In  the simulation results, first w
investigated power sharing between line
unbalanced, and nonlineanbalanced loads
separately, in different interval times. Then,
the case of the combination of these th
loads, which were simultaneously conrmst
to the test microgrid, power sharing w
analysed. In the following section, ti
simulation results of reactive power shari
are firstly discussed and thereafter the s
process is performed for real power sharing

A. Equal Droop Gain (1:1)
1) ReactivePower Sharing
1-1) Power Sharing with Virtuahipedance

Figure 7 shows the reactive power shar
with @ (Step 1 of the algorithm). As show
in this figure, it can be concluded that
affects transient power sharing and
applyingw , the transient part is balance
and the two inverters track each other with
any overshoot in the transient case.
addition, it can be seen that the steady s
part is not balanced because the fee
impedances are different, and this differel
causes atability error in steady state reacti
power sharing, even with the equal drc
gains of the two DGs.

I
g

Fig.6.The flowchart of system and control unit
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Table 1Simulation Parameters

Parameters Value
Frequency (Hz) 60
Voltage (Volt) 220
Frequencydroop slope ((rad/s)/0 ), & 2*pi
Voltage droop slopgw /0 & 0.05
"Q="Q ( PI proportional virtual impedance Gain, invl;q 1
axis and daxis, respectively)
Q (virtual impedance Gain, inv1,-gxis) 0.1
"Q (virtual impedance Gain, inv1,-dxis) 0.05
N=0(wy Plintegration Gain, invl, gxis and d 30
axis, respectively)
Q=0 (w; Pl proportional Gain, inv1, @xis) 2
0=Q (wy Pl proportional Gain, invl, gxis and d 500
axis, respectively)
Q =Q (wy Plproportional Gain, inv1, gxis) 2
"Q (P! proportional voltage Gain, inv1,-dxis) 0.95
Q =Q (output voltage Gain, invl,@xis and daxis, 0.1
respectively) '
Feeder impedance 1 1.1+1.5
Feeder impedance 2 1.6+j2.45
. C=15f,
RC filter R=20
0.2 T T T T
,’ ---------------- ]
0.15F =
£ o e
}? 01k ‘r' / Nonlinear - Unbalanced Load |
= H
& i 4
s | /
k= 0'05]’ Unbalanced Load 7
& i Linear Load
~ inverterl
0 === inverter2 -
0% 02 0.4 0.6 0.8 1 12 14 16 18

time(s)

Fig.7.Reactive power sharing using the virtual impedance

1-2) Power Sharing with Proposed Metho  track each other. Really although wil

different feeder impedances, the propo:

The reactive power sharing result using method by addition of thew has

proposed method (virtual impedance & compensated the voltage drop difference

compensating voltage) has beshown in  stability mode and the reactive power shar

Fig.8. Both transient and stable load shar is equalized as if the conditions of tv
are balanced between twdGs and inverters  inverterswere similar.



Abbas Ketabi et al./ Energy Equip. Sys. / Vol. 5/No.2/June 2017

2) Real Power Sharing

2-1) Power Sharing with Compensatil
Voltage

Real power sharing, with the application
Step 2 of the algorithm (compensati
voltage), has been shown in Fig.9. By us
the compensating voltage, the steady s
mode becomes balanced. The compense
voltage has thus affected the steady s
modein real power sharing. Figure 9 sho
that only the transient power sharil
degraded, especially for linear and nonlire
unbalanced loads due to the impeda
differences between the two DGs. Inverte
overshoots when the load is connected
picks moe power off the loads. As transie

123

2-2) Power Sharing with the Propos
Method

In Fig.10, it is shown that using the propos
method (virtual impedance and compensat
voltage), both transierstnd stable real powe
sharing have been balanced and the two [
track each other with equal droop gains ¢
different feeder impedances. It can
concluded that virtual impedance has
effects on the transient mode and
compensating voltage has affeets on the
stability mode.

B. Different Droop Gains (2:1)

In this section, the behaviour of the tt
microgrid under different feeder impedanc

time passed, the load sharing w and different droop gains is discussed. In
approximately equalized. simulation results, it has been showat the
0.2 T T T T T T T
0.15|- / .
g /S
E 0.1} Nonlinear-Unbalanced Load-|
=
& Unbalanced Load
@ Linear Load
S 0.05- .
o
é — inverterl
===inverter2
1] -
005 02 0.4 0. 0.3 1 12 14 1.6 1.8
time(s)
Fig.8.Reactive power sharing using the proposed algorithm
0.2 T T T T
0.15
=
E 01
]
é Nonlinear-Unbalanced Load
= 0.05 -
o
& Linear Load
Unbalanced Load —inverterl
0 ===inverter2 E

0.8 14 1.6 1.8

. time(s)
Fig.9.Real power sharing with compensating voltage

0.2 0.4 0.6 1 1.2
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active and the reactive power is shar
between the two DGs proportional to t
relation of droop gains in the propos
method. The simulation parameters are
same as those depicted in Table 1.

1) Power Sharing Accuracy

To investigate the accuracy of povefraring
of the proposed method in different droop
gains, the accuracy error parameter is defir
and analysed as shown below:

Qref' Q)

accuracy errofb=-—"-—=23100

ref

(12)

The accuracy error percentage is shown in
figures with different droop gains. It can |
seen that when the various loads a
connected to the microgrid without t
proposed method, the accuracy error
increased. By applying the proposed meth
however, the accuracy of power sharing is
degraded and it is bound to a small value r
zero.

2) Reactive Power Sharing
2-1) Power Sharing with Virtual Impedanc

The reactive power sharing with applicati
of the first step of the proposed meth
(virtual impedance) has been shown in.Fig
in which the droop gains ratio is 2:1. Frc
this figure, t can be concluded that tt
transient sharing of the two inverte
approximately track each other. In steady s
mode, however, reactive power shari
between the two DGs is not divide
proportionally to the droop gains and t
accuracy error is high.

0.2 T T T T

The accuracy error of Inverter 1 for line:
unbalanced, and nonlineanbalanced load
are 18.42%, 22.4%, and 8.63%, respectiv
and it is, respectively;-36.84%, —44.79%,
and—17.25% for Inverter 2.

2-2) Power Sharing with Proposed Metho

The reactte power sharing result using tl
proposed method (virtual impedance &
compensating voltage) has been shown
Fig.12. Both, transient and stable Io
sharing, are balanced between the two [
and the inverters track each other proportic
to their drop gains. Even with differen
feeder impedances, therefore, 1
compensating voltage influences steady s
sharing and improves it.

The addition ofw to virtual impedance
modifies the voltage drop difference and f
reactive power sharing is shared relative to
droop gains as if the conditions of the t
inverters were similar, and each inver
shared a part of the load proportional to
droop gén. The accuracy error of Inverter
for linear, unbalanced, and nonline:
unbalanced load is 1.8%, 0.33%, and 0.(
respectively; for Inverter 2, it is 0.9%, 0.1¢
0.0%, respectively.

3) Real Power Sharing

3-1) Power Sharing with Compensatil
Voltage

Figure 13 shows the real power sharil
including only the Step 2 of the propos
method. As shown and expected, when
transient time had passed, the compense
voltage had aeffect on the stable mode of

E ’3’--‘-*""""———--——-...___
R | -
= | e —a A ———
[=1
-
2
T 0.05H Nonlinear-Unbalanced Load-
g Linear Load
o Unbalanced Load
Uy —— inverterl A
===inverter2
o 1 1 1 1 1 1 1 1
0'050 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
time(s)

Fig.11.Reactive power sharing with virtual impedance in droop gain 2:1
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0.16 f ¥ T J T f NS Sy ———— |
P
h
0.14f H -
_______________ L) i
s~ Ay i
012 / i e e e e —inverterl| -
- { ===inverter2
= 01 ] s
k=4 i
£ !
p?‘ 0.08- .' / =
A
£ 0.6l N~ .
s i
E 0.04\-} Nonlinear-Unbalanced Load |
Linear Load
0.02) Unbalanced Load .
D -
_0‘02 L 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8
time(s)

Fig.12.Reactive power sharing using the proposed method with droop gain 2:1

0.3 T T T T

i o

N,

-
e

Real Power(pu)

Linear Load

-----

Unbalanced Load

= inverterl
===inverterl

et g
-
-

Nonlinear-Unbalanced Load|

1 1 1 1

-0,05 1 1 1 1

0.8

1 18

time(s)

Fig.13.real power sharing with using compensating voltage in droop gain 2:1

real power sharing, and it was approximatt
divided in the ratio of 2:1. In addition, we ci
see that the transient power sharing \
degraded due to the impedance differe
between the two DGs. In fact, DC
overshoots in the time load connected :
picks mage power to support the load as
result of smaller impedance. The accur:
error of Inverter 1 for the linear, unbalance
and nonlineaunbalanced load was12%,
—0.31%, and 0.8%, respectively; for Inver
2, it was 0.06%, 0.15%, and-0.44%,
respectivey.

3-2) Power Sharing with the Propos
Method

In Fig.14, it is shown that using the propos
method, both the transient and the stable
power is shared accurately due to droop ¢
ratio of 2:1. It can be seen that with differe
feeder impedances, the two inverters tri
each other in such a way thavémter 2 picks
double the power in comparison to Inverter

In addition, by the addition of virtue
impedance, the transient part of Hig was
modified and the result was improved: t
accuracy error of Inverter 1 for linee
unbalanced, and nonlineanbalanced loac
was—0.03%,-0.1%, and-0.1%, respectively
for Inverter 2, it was 0.06%, 0.36%, al
0.23%, respectively.

C. Investigationof the Feeder Impedanc
Change on Power Sharing:

1) Reducing Feeder Impedance of Invel
1 (20 Percent)

The purpose of this section is to test -
robustness of the proposed method ur
conditions of greater difference between
feeder impedances othe two inverters.
Therefore, the feeder impedance of Inverte
with smaller impedance is reduced by ab
20 percent from its first value, while tf
feeder impedance of Inverter 2 is ke
unchanged. The impedance difference of tv
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inverters is, therefore, increased and t
results are shown in Fig&5 and 16, whict
depict reactive and real power, respective
In Fig.15, the accuracy error of Inverter 1 f
the linear, unbalanced, and nonline
unbalanced load is 0.06%0.08%, and 0.0%
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respectively; for Inverter 2, it is 0.0%
—0.08%, and 0.0%, respectively.

The accuracy error of Inverter 1 in Fi§ for
linear, unbalanced, and nonlinaartbalancec
load is —0.2%, 0.0%, and —0.56%,
respectively; for Inverter 2, it is 0.12%, 0.0¢

and0.28%, respectively.
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Fig.14.Real power sharing using

the proposed method in droop gain 2:1
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Fig.15.Reactive power sharing using the proposed method with 20 percent reduction in feeder impedance of inverter 1
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Fig.16.Real power sharing using the proposed method with 20 percent reduction in feeder impedance of inverter 1
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As seen from these figures, the propo:
method has a good performance in this cas
well and the two inverters track each othet
the case of réand reactive power.

3) Increasing Feeder Impedance of Invel
2 (20 Percent)

In this test case, the impedance feeder
Inverter 2 is increased up to 20 percent wi
the feeder impedance of Inverter 1 is fix¢
The results are shown in Figk7 and 18, in
which the proposed

feeder impedance changes can be observe

5. Conclusion

In this paper, we have suggested a met
that consists of two steps. Virtual impedar
and compensating voltage are applied
balance the real and the reactive po
sharing between the two DGs with differe
feeder impedances, and with equal

different droop gains. Thesimulation results

¢
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show that the proposed algorithm
noticeably improved the transient and sta
reactive power sharing. In fact, the react
power is controlled by the voltage, and t
proposed method uses the compensa
voltage to compensate the voltage di
differences; in consequence, the real and
reactive power sharing are balanced betw
the two DGs.
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