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Abstract

This paper presents parallel-connected inverters to achieve accurate proportional power sharing. Due to line impedance
mismatch, reactive power cannot be distributed proportionally when using the conventional P-w and Q-F droop. In order to
realize reactive proportional power sharing, the ratio of the droop coefficients should be inversely proportional to their
power-sharing ratios. Meanwhile, the ratio of the line impedance should be inversely proportional to the desired power-sharing
ratio, which is very difficult to be met in practice. In order to deal with this issue, a practical control strategy is presented. By
measuring the PCC voltage and using the virtual impedance, the output impedance of individual inverters is reconstructed to
counteract the line impedance effect. In order to guarantee system stability, a low pass filter is designed to suppress the
bandwidth of the line compensation. Finally, the simulation and experimental results are given to verify the effectiveness of the

proposed control strategy.
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I. INTRODUCTION

Distributed generation (DG) has become a competitive
option when compared to conventional centralized power
systems due to its flexibility, low emission, low cost, and
high reliability. Distributed generation supported by a battery
storage system can stablize a microgrid system [1]-[4]. A key
problem for parallel inverters is shareing power among them.
The centralized control strategies can achieve equal [5] or
weighing power sharing [6]. In order to achieve plug-and-
play for redundancy considerations, decentralized control is
preferred. The most competitive control strategy among them
is droop control. The main advantage of droop control is that
it avoids communications among all of its constituent units.
However, it also has limitations such as P-Q coupling and
accurate power sharing.
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Power sharing relying on droop control has been
investigated in a number of studies [7]-[12]. The stability of
droop control depends a lot on line impedance characteristics.
In order to solve the P-Q coupling problem, a virtual
impedance is employed. Mismatch of the line impedance has
an impact on power sharing. When the virtual impedance is
much larger than the line impedance, the mismatch of the line
impedance can be negligible and the output power is equally
shared. Traditionally, inverter output impedance is designed
to be inductive. However, if output impedance is resistive, the
harmonic currents can be shared [10]. Therefore, a virtual
impedance behaving inductively at the fundamental frequency
but resistively in harmonics has been proposed [10].

When inverters work in the grid-connected mode, the
active and reactive power can be controlled by a PI controller
to track desired power set points. However, in the islanded
mode, the output power should meet the load demands.
Low-bandwidth communication has been applied in droop
control [13]-[17]. A mode adaptive control working in both
the grid-connected mode and the islanded mode is proposed
in [15], where the power set points can be changed with the
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aid of a low-bandwidth communication link to meet the
power requirements. Hierarchical control also relies on
low-bandwidth communication links to achieve power
management [16]. To improve reactive power sharing, the
reactive power control error can be estimated by injecting
small active power disturbances [17]. However, the control
strategy has to be activated by a low-bandwidth communication
link from its central controller. Although low-bandwidth
communication is widely used for microgrids and distributed
generations, it complicates the system design and lead to poor
reliability when communication fails.

When using P-w and Q-E droop control, reactive power
sharing is the key issue for islanded microgrids. Due to line
impedance mismatch, it is difficult to achieve accurate
reactive power sharing. An online estimation method can
realize accurate reactive power sharing [18]. However, the
inverter should estimate the droop coefficients in the
grid-connected mode first. Therefore, the approach is
complicated and not practical for islanded operation. To
overcome the load effects, an improved droop control was
proposed in [19], [20]. In [20], the condition for proportional
power sharing is illustrated and a control strategy is proposed.
However, a detailed demonstration is not given. In addition,
closed loop control implementation for the proposed strategy
is not given and the line impedance mismatch is not
considered. Power sharing is seriously affected by individual
line impedances. Furthermore, the line impedance has some
effects on the dynamic response [21], [22]. By designing
inverter output impedance properly, the steady state and
dynamic responses can be improved [23], [24]. Although
many recent works [25]-[27] for parallel connected inverters
can achieve accurate load power sharing, most of them did
not take the line impedance into account, especially for
proportional power sharing.

In this paper, accurate power sharing is investigated
considering line impedance mismatch. Most droop control
methods concentrate on equal power sharing. The contribution
of this paper is to design virtual impedances to achieve
accurate proportional power sharing by considering the
factors caused by line impedance. The voltage drop across the
line impedance is counteracted by inverter virtual impedance.
Therefore, the power quality at the PCC is improved. This
paper is organized as follows. Proportional power sharing
based on droop control is analyzed and the conditions for
accurate power sharing are illustrated in Section II. Section
IIT presents the proposed control strategy and analyses the
stability of the system. Simulation and the experimental
results are provided in Sections IV and V. Finally, some
conclusions are given in Section V1.

II. PROPORTIONAL POWER SHARING ANALYSIS
BASED ON DROOP CONTROL

With droop control, power sharing can be obtained without

E, sin(w,t +5,)

Fig. 1. Diagram of parallel-connected inverters.
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Fig. 2. Characteristic of P-w and Q-E droop control: (a) P-o
droop control; (b) O-E droop control.

communications. Due to its flexibility, it is widely used in
distributed generation. P-w and Q-F is employed when the
line impedance is inductive, while P-E and Q-w is employed
when the line impedance is resistive. In this paper, P-o and
O-F is taken as an example to analyze the control scheme.
The proposed control strategy in this paper is easily extended
to P-E and Q-w droop. A two parallel-connected inverters
system is shown in Fig. 1.

The control strategy of the P-w and Q-E droop for inverter
#i(i=1,2) is shown as follows:

@, Za’*—mﬁ
E =E -nQ, M

A. Active Power Sharing

As can be seen in Fig. 1, when the system operates in the
steady states, the angular speeds at different spots are the
same, i.e. w;=w,=w. The characteristics of the P-w control
are shown in Fig. 2(a). Therefore, in steady state, it is
possible to obtain:

mB =m,P, 2)

The active power ratio can be expressed as B_m_ N. The
5 om

active power ratio of the inverters is inversely proportional to

the droop coefficients. When m;=m,, the load active power is

equally shared. As can be seen in Fig. 1, assuming that the line
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impedance is purely inductive, where Z,, =j-X;=j-wL;, the
active and reactive powers of the inverter injected into the PCC
[28] are expressed as:

p="Vins < B,
X, X,
_EVcoss, V> _EV-V* &)
' X, X,
Substituting (3) into (2) yields:
Eo_ X .
EZ 52 XZ ( )

B. Reactive Power Sharing

Under steady states, the voltage amplitudes at different
spots are different due to a voltage drop across line
impedance. The characteristics of the O-E droop are shown in
Fig. 2(b). The dashed line shows the traditional droop. The
solid line illustrates the droop characteristic taking into
account the line impedances, where V;, ; is the voltage drop
of the line for inverter #i. Under steady states, the relationship
between the reactive power and the line impedance voltage

dl"Op IS glven by n‘lQ+ line_1 n’ZQZ line_2 -

impedance mismatch, even if the droop coefficients #; are the
same, the load reactive power cannot be shared equally.
As can be seen in Fig. 1, the PCC voltage is obtained as:

Due to the line

di .
Ve =B sin(@i +6) -1, 2 5)

The active and reactive powers are shared at the ratio of N
as follows:
RB_O _m_nm_y
PO m n
then E\=E, and i, ;=Ni, ,. Because ¢, and 6, are very small,
sind;=d;, sind2=4,, cosd;=1, and cosd,=1. According to (5), it
is possible to obtain:

di, | di,
Vece =Vpee =| £ 1 d; E, sin(w, 2 dt
6,+6, S,
=2E, cos(wt + T) sm( )—(NL, - L ) 6)
=2cos(wt + 1+ )[7&6‘1 ;Eﬁzj*

=0
Substituting (4) into (6) leads to:

NX, - X,
ZCOS(C()t + )(Z)(J 252
+§ E,6, di, ,
=| cos(wt + +—2)—22 (NL,-L,)=0
X, dt
Therefore, X _L % . According to (4) and E,=E,, when

2 2
the active and reactive powers are shared at the ratio of &, it
is possible to obtain: 6;=d, and X,=NX.

Conversely, suppose the following relationship is satisfied:

m. _n X 1

i B B i
m, n, X, N~

substituting this relationship into (4) leads to E8, = E,5, and
L,=NL,. The following is obtained as:

Therefore, the following is obtained as:
E—E,=0
ioil - M(LZ = O

According to (8), if the active power is shared at the ratio

=m0, =n0, ®)

of N, the reactive power can be shared at the same ratio of N
as long as the droop coefficients and the line reactance are
inversely proportional to the desired power ratio. If the droop
coefficients and the line reactance for all of the inverters are
identical, the load power can be shared equally.

III. PROPOSED CONTROL STRATEGY

A. General Control Strategy

In order to achieve accurate power sharing, the line
reactance values must be designed to be inversely proportional
to the desired power sharing ratio. In practice, this is very
difficult to implement.

In order to decouple the P-Q coupling, virtual impedance has
been used in [19]. The output impedance of the inverters can be
programmed to reach desired values. The general expression of
the virtual impedance is written as:

. . di, ;
Ve i = E;sin(o1) = [Rvilui -L,, dt] )

where v,.; is the voltage reference of the inverter #i, R, is the
virtual resistance, and L, is the virtual inductance. If R, is
equal to zero, the output impedance is mainly inductive.
Meanwhile, if L, is equal to zero, the output impedance is

Vpce =~ Vreee = (El sin(o,

di
= E,sin(w,t)cos &, + E, cos(@,t)sin d, — L, jl

d
=(E, - E,)sin(wt) + (E\0, — E,0,)cos(wt) — L,

. d(@i, ,—Ni, ,)
=(E, —Ez)sm(a)t)—LlT: 0

— — F, sin(w,t) cos &, — E, cos(w,

di, E, sin( di, ,
— |- sin(w - =
1 t 2 2 2 2 dt

d
Ni, ,) ™

T
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mainly resistive. In order to satisfy the P-w and Q-E droop
control, the output impedance is designed to be inductive.
Assuming that the inverter voltage control loop bandwidth is
high enough to achieve high-precision voltage tracking, the
output voltage of the inverter #i is expressed as:

. di, ,
v, =E;sin(wt)—| Rji, ,— L, —=
- dt

di (10)

_ E*— . N-lR i —L 0 i
(" =nQ)sin(w) [ o i =Lt j
According to (10), the output voltage expression can be

transferred into the Laplace domain as follows:

2
V[(S):Ei%_Gv ()i,
§sT+ w,; - -
:(E —nin)ﬁ—G‘,J(s)i
ST+

i

o_i

where G, (s) is the virtual impedance. Thus, the PCC voltage
in the Laplace domain is expressed as:

vpcc (S) = VI(S) _Zlineii(s) : l’aii
CE 1)~ (G, ) 2 ), 12
s+, - - -

As long as G, (5)*Zj. (s) is inductive and inversely
proportional to the desired power ratio, accurate power
sharing can be obtained. Therefore, the output impedance of
the inverter #i G, (s) can be designed as sL, -Z;, (s), and
the PCC voltage is expressed as:

2

. o,
Ve 8)=(E —n0,)—5—"—-5sL, i, ;.
)= (B =1 Q)T =slL i,
If the inverter output impedance offsets the line impedance,
the load reactive power can be proportionally shared. In this
case, the voltage reference for the inverter is expressed as:

2
,

V,.@,J(S) = (E* _niQi)

L (L .—Z, )i .
S2+a)i2 ( v_i ImeJ) o_i (13)
Nevertheless, the line characteristic is unknown and the
line impedance value is hard to obtain in practice. As can be
seen in Fig. 1, the voltage drop across the line impedance is
equal to v-v,.. Therefore, voltage reference shown in (12)

can be written as:

2
a)i

Ve ()= (E' - n,0)

. (1)
R —SL‘,f,"loJ*H”w O =v,)  (14)

where o, is the cut-off frequency of a low pass filter. The low
pass filter can filter out high frequency noises and maintain
system stability. From (14), in order to achieve accurate
reactive load sharing, each of the inverters should measure
the PCC voltage. The line impedance of the inverter can be
compensated by itself. In order to achieve equal power
sharing, especially equal reactive power sharing, the droop
coefficients for all of the inverters must be designed to be the
same and the output impedance can be reconstructed by the
virtual impedance including line impedance compensation.
Generally, in order to achieve proportional power sharing, the

Line impedance

a P-o droop
compensation

‘Three-phase

1S

Vi
Voltage control loop = =
L Current control loop
Line impedance
CO]TIPCHSZ]UOH

Fig. 3. Control diagram for the three-phase inverter.

virtual inductive reactance and the droop coefficients of the
inverters should be designed to be inversely proportional to
the power sharing ratio. Taking two inverters as an example,
Lv 1

if the system meets mom a1 , the power can be
my n, L, N

sharedas 4 -9 _y .

2 QZ

B. Implementation for Three-Phase Inverters

Fig. 3 shows a control diagram of the proposed control
strategy for the three-phase inverter #i, which is implemented
in the synchronous rotating d-q frame. The controllers of the
voltage control loop and the inner current control loop are the
PI controller. v, ; and v, ; are the output voltage transformed
in the d-q frame; i, ; and i, ; are the output current in the d-q
frame; and v,..s and v,.., are the PCC voltage in the d-g frame.
The voltage drop across the virtual inductor can be expressed
as:

Vvt!'rap :(idii +j'l.q7i)'j'Xv7i =X, '+j.XV7ii¢I'7i (15)

v_iq_i

where X, ; is the impedance of the virtual inductive reactance.
Therefore, the voltage reference of the inverter in the d-g
frame is written as:

o =0*-mF,

* . [0)
vth"/ﬁii = V _niQi +Xviilqii + s 00)0 (vdii _vp(‘cd) (16)

. ,
vqrg/"fi = O_Xviildii + s +a)0 (vq,i -

Vpeeq )

The virtual impedance in the d-q frame is more robust than
that in the stationary frame, because the virtual reactance
does not vary with the frequencies. In order to achieve
accurate power sharing, X, ; for the inverters should be
inversely proportional the power sharing ratio.

C. Stability of the Control Strategy

Small-signal analysis has been widely used for analyzing
droop control. The designs of the droop coefficients and the
virtual impedance have been discussed in [4], [17], [20]. This
subsection concentrates on a stability analysis of the line



Accurate Power Sharing in Proportion for Parallel Connected ... 1755

impedance compensation. The voltage drops across line
impedance in the d-g axes are expressed as:

{vdi Vs = SL 1)y + oL,

L, - S (17)
tii vpccq - (SLi + ’:’)lqii a)Lildii

where L; and r; are the inductance and resistance of the line
impedance. Therefore, the output current can be obtained as:

idii — E vdﬁi _Vpccd
iq_i L Vo i T Vpeeq (18

E = 1 sL,+r, oL,
TT(sL +1) +(oL) | —oL,  sL 4+

where:

The output currents variations according to output voltage
disturbances are given by:

Aidil. E AVdJ-
A | T Ay, (19)

The output active and reactive powers are expressed as:

1)
P=—=W, i, +v i .
i S+a)c ( d_itd_i q_i qJ)
(20)

a)C

Qi:

sta, (tiiidii - Vdﬁiiqii)

where @, is the cutoff frequency for the power calculation.
Substituting (17) into (19), the power variations according to
the output voltage are given by:

Av,
AR =F|
Av, ;

Av, | 21)
AQ,‘ = Gi|:Av - :|

q_i
where:

F :sfcwﬁ (|:Vd,/ Vq,i]Ef +|:ld—‘ l"f"])

GtV Y JE [ 1))

(22)

According to (16), the dynamic performance of the inverter

can be obtained as:
A AV([_i 0
|7 (23)

i

where:

10 _ani 0 Xv i [0) 10
Al_ = — _ — Ei _ 0
0 1] | 0py | |-X,, O s+o,[0 1

The performance of the inverter can be evaluated by the
root locus of the characteristic equation of matrix 4;. The root
locus with different cutoff frequencies w, is shown in Fig. 4.
When o, is very small, the system is determined by the
dominant poles 4; and 4,. When w, is equal to zero, the
control strategy is the conventional droop method. When o,
increases, 43 and 4, move to the left side of the plane, and /4,

4000

2000¢

-409&10 -G(llﬂ =400 -200 0 200 400
Fig. 4. Root locus of the inverter with 0<w,<1000.

and 4, move toward the right side of the plane. Meanwhile, 4,
and 1, become the dominant poles with an increase of w,.
When w, is too large, the system becomes unstable.

As shown in (15), when o, is too large, the line impedance
compensation can be viewed as having no low pass filter. In
this case, the voltage control loop errors are written as:

. .
Va err i = Varer i " Va i ™ I:V -n0, + Xviilq?i + (vdii - V,;m/):l “Va i

=(V - ”iQ + Xviilqii) “Voced

(24)

Vo err_i = Varer i " Vg i = [0 - X\viildii + (tii - V/m.,):' Vi
:(0 - Xviildii ) T Vpeeq

As can be seen in (23), the PCC voltage works as the
feedback of the voltage control loop. Each inverter generates
its voltage amplitude reference. However, the PCC voltage is
the voltage feedback for all of the inverters. The coupling
among all of the inverters makes the system unstable. A low
pass filter is necessary for the line impedance compensation.
On the one hand, w, should be selected small enough for
stability considerations. On the other hand, w, should be large
enough to not generate a phase delay or amplitude attenuation
in the fundamental frequency performance, which corresponds
to DC components in the d-q frame. Therefore, w, is chosen
as 300rad/s (47.7Hz) in this paper. Due to the low pass filter,
high frequency voltage variations can be filtered out. It
should be pointed out that for nonlinear loads, the
instantaneous voltage drop across the line impedance cannot
be calculated with the control strategy. Therefore, the
proposed control strategy is not suitable for accurate power
sharing in facing nonlinear loads.

IV. SIMULATION VERIFICATION

The simulations are done with Matlab/Simulink to verify
the proposed control strategy. The system is composed of two
three-phase inverters. The specifications of the system are
shown in Table I. In order to verify the proposed control
strategy under extreme conditions, the line impedances of the
inverters are purposely set to be dramatically different.

Fig. 5 and Fig. 6 show simulation results of equal power
sharing when the proposed control strategy is activated at
0.4s. Fig. 5 shows the output power response, where
m=m,=0.0004, n,=n,=0.008 and X, =X, ,=2Q. Before 0.4s,
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TABLEI
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RO s

SYSTEM SPECIFICATIONS g 2o Y\ 1
e -
Items Value Items value ;‘»’E \/
Nominal Rated power of 3 = P 1’ ]
line-to-line voltage 380V/50Hz 4y d 2kW-500kvar f"ﬁz 025 03 035 04 045 05 05 06 08 07
Line impedance of Line impedance - : ‘ . ‘ ‘
the inverter #1 > +2mH of the inverter #2 0.10+1.2mH § or (e \ 1
. . Filter inductor of vz 200 -
Filter capacitor 60uF the inverter 2mH §v4"° Oa /
W, 300rad/s . 62.8rad/s = B 0z 03 0 04 045 05 055 06 08 07
Switching 10kHz Fig. 5. Simulation results of power sharing when the proposed
frequency:fu, control is activated at 0.4s.
4 !
E‘-\
£<o
5
-2

_y
035/ 04

oh
[\

i 1 i
0.45 0.5 0.55 0.6

1
0.25 03
4

Ipg1 Topl  Tocl

‘ i-ml fum' fucz
K

oésl 0.7

inbl lrr(‘l !a“]

RS

loa2 lop2 loc2

036 037 038 039

Fig. 6. Simulation results of the currents equal sharing.

the conventional droop control with virtual impedance is
implemented. Although active power can be shared equally
between the two inverters, reactive power sharing is not
obtained due to line impedance mismatch. After 0.4s, reactive
power can be shared by the two inverters with the proposed
control strategy. The inverter output impedance counteracts
the line impedance. Therefore, the magnitude of the PCC
voltage is raised after 0.4s. As a result, the active powers of
the two inverters increase. Fig. 6 shows the currents of the
two inverters. As can be seen from the extended figure,
before 0.4s, although the droop coefficients for the two
inverters are the same, the instantaneous values of their
respective phase currents are different due to line impedance
mismatch. In addition, circulating currents circulate between
the two inverters in this case. However, after 0.4s, the two
inverters share the load current equally under the steady state.
As can be seen from the extended figure, the phase currents
of the two inverters have the same instantaneous values.

Fig. 7 and Fig. 8 show simulation results of proportional
load power sharing when the proposed control strategy is
activated at 0.4s. Fig. 7 shows the power response of the two
inverters, where m;=0.0008, m,=0.0004, 7n,=0.016, 17,=0.008,
X, =4 and X, ,=2. For the two inverters, the ratio of the
droop coefficients is 2. Therefore, the ratio of the output
power is desired to be 1:2. As can be seen from the extended
figure, before 0.4s, Pi=675W, P,=1350W, Q,=-296Var and
(0,=-155Var. The ratio of the active power is 1:2. However,

0.4 64.65 066 067 068 069 07
680 1260 ) 630 - | 1380
1355 1375
675 ettt 1350 1370,

JWWFWR%W‘QW“%T [T T

Active lf'ower

Reactive Power

T 038 058 Pes 056 068

| :
0.47"%sa 066

035 038
Fig. 7. Simulation results of proportional power sharing when the
proposed control is activated at 0.4s.

the ratio of the reactive power is 1:0.52 due to the line
impedance mismatch. After 0.4s, the proposed control strategy
is activated. From the extended figures, it can be seen that
P=685W, P,=1370W, Q,=-152Var and Q,=-306Var. The
ratio of the active power is still 1:2, and the ratio of the
reactive power is 1:2.01, which is nearly equal to 1:2. Fig. 8
shows the output currents of the two inverters. Before 0.4s,
there is a phase error between the currents of the inverters,
which can be seen from the zero crossing points of the currents.
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Fig. 8. Simulation results of the currents proportional sharing.

Fig. 9. Experimental setup.

Therefore, circulating currents exist between the inverters.
After 0.4s, there is no phase error with the control strategy.
The circulating currents between the two inverters have been
suppressed and eliminated. Section II B has demonstrated
that there is no phase error for the individual output currents
once the load active and reactive powers are shared
proportionally with the same ratio. The simulation results
agree well with the previous analysis.

V. EXPERIMENTAL VERIFICATION

A laboratory prototype composed of two three-phase
inverters was built to verify the effectiveness of the proposed
control strategy. A photo of the experimental setup is shown
in Fig. 9. The line impedance for inverter #1 is 5+70.628
(5Q+2mH), and the line impedance for inverter #2 is
0.1470.377 (0.1Q+1.2mH). The rated load power is 2kW-
500var. The controllers of the two inverters are both
implemented by a TMS320F2812 DSP.

Fig. 10 shows the line-to-line PCC voltage v,, and phase-a
currents of the two inverters, where m;=m,=0.0004,
n=n,=0.008 and X, =X, ,=2Q. Before f,, the inverters are
controlled by the conventional droop control with the same

van (T50V/div)

"«"E“;
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%
%
=
=
=
-__;’——";
=
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: | |<—t|
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M

WV 'UNAF""?:"."”:*:““

G KR

'H

il

-

a1 Iy 2
\VAVAVAVAV/\VAVAVAVAV/
10 ms/div 10 ms/div

Fig. 10. Current response for equal sharing when the proposed
control strategy is activated.

virtual impedance. As can be seen from the extended figure,
there is phase error between the currents due to line
impedance differences, which illustrates that the reactive
power is not equally shared. After ¢, the proposed control
strategy is activated. The two currents coincide perfectly.
Therefore, the load power, including the active and reactive
power, is equally shared by the inverters.

Fig. 11 shows experimental results of the proportional
power sharing between the two inverters, where 7,=0.0008,
m,=0.0004, n,=0.016 and 7n,=0.008. Therefore, the load
power is desired to be shared by inverters with a ratio of 0.5.
Fig. 11(a) shows experimental results when the control strategy
is implemented without line impedance compensation but with
the same virtual impedance. Fig. 11(b) shows experimental
results when the control strategy is implemented without line
impedance compensation but with proportional virtual
impedance. Fig. 11(c) shows experimental results when the
control strategy is implemented with line impedance
compensation and the same virtual impedance. Because the
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Fig. 11. Current waveforms for the proportional power sharing when the ratio of the droop coefficients is 2: (a) Without line impedance
compensation and with X, =X, ,=2Q; (b) Without line impedance compensation but with X, ;=4Q andX, ,=2Q; (c) With line
impedance compensation and X, =X, ,=2Q; (d) With line impedance compensation and X, |=4Q, X, ,=2Q.

total inverter output impedance, including the line impedance,
is not proportional to the droop coefficients, there is a phase
error between the two currents, which indicates that the load
reactive power is not shared proportionally. Fig. 11(d) shows
experimental results when the control strategy is implemented
with line impedance compensation and proportional virtual
impedance. As can be seen, the peak value of i, ; is 2A, and
the peak value of i, , is 4A. Meanwhile, there is no phase
error between the two currents. Therefore, the load currents
are proportionally shared by the two inverters. The load
power is also proportionally shared by the inverters. The
harmonic current in Fig. 10 is caused by the nonlinearity of
the filter inductors.

VI. CONCLUSION

This paper proposes a control strategy to achieve equal
power sharing in the presence of line impedance mismatch.
Based on virtual impedance reconstruction, the parallel-
connected inverters have the same output impedance. Inaccurate
reactive power sharing due to line impedance mismatch is
reduced. Moreover, the proposed control strategy can be
extended to conditions where proportional power sharing is
required. If the ratio of the droop coefficients and that of the
impedance of the inverters at the PCC are the inverse of the
desired power-sharing ratio, the inverters can proportionally
share the load power by overcoming the mismatch of the line
impedance. The stability of the line impedance compensation
has been analyzed. The design of the cutoff frequency of the

low pass filter for the line impedance compensation is given.
The effectiveness of the proposed control strategy is verified
by simulation and experimental results.
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