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Droop Method for High-Capacity Parallel Inverters in Islanded Mode Using
Virtual Inductor
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Abstract

This paper investigates the droop control-based real and reactive power load sharing with a virtual inductor
when the line impedance between inverter and Point of Common Coupling (PCC) is partly and unequally resistive
in high—capacity systems. In this paper, the virtual inductor method is applied to parallel inverter systems with
resistive and inductive line impedance. Reactive power sharing error has been improved by applying droop control
after considering each line impedance voltage drop. However, in high capacity parallel systems with large output
current, the reference output voltage, which is the output of droop controller, becomes lower than the rated value
because of the high voltage drop from virtual inductance. Hence, line impedance voltage drop has been added to
the droop equation so that parallel inverters operate within the range of rated output voltage. Additionally, the
virtual inductor value has been selected via small signal modeling to analyze stability in transient conditions.
Finally, the proposed droop method has been verified by MATLAB and PSIM simulation.
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Fig. 2. Current-voltage control scheme for distributed
generation interfacing inverter.
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TABLE 1
SIMULATION PARAMETERS OF DISTRIBUTED
GENERATION SYSTEM FOR DROOP CONTROLLED
PARALLEL INVERTERS

Parameters Value
P, 1000k W]
Qref 6.6[k Var]
Ve 158[ V]
Frequency droop k,, —1x10"°[rad/w]
Voltage droop k, —5x1077[V/ Var]
Filter capacitor Cj 2100 [wF]
Filter inductance L, 15[uF]
DGI line impedance 0.02[£2], 0.08[m H]
DG2 line impedance 0.15[£2], 0.17[m H|
Switching frequency f, 8[kHz]
Virtual inductance 0.265[m Hj
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(a) without X,, (b) X, =0.1mH, (c) X, =0.265mH

,d
ox ot =
% o o
N
I

ox 2

i

o

N

j=d)
==

2L rr ok rf
)

Tt
T oot M
N
N
N

Mot

o
-

ofr
M= e

ox, o
o
f
>

12
ull
fols

an)
[>

L

jale
Fo&

_OL
N
X
o o
N
il
W I

Folr ol
2
)
N
)
Lo |o
iz

1

5
kD
X

o &

2 T

o

;L
e o
2o
Ju
~

o ey

s
i
1
>,
i
=,

o 2 ® Ho ol 2 ot FR PN

8wl

o,
ofN
=0}
2 Rl

/K - - - = L
| | |
WK -~ — = = = === === T ———————— r——————=--
150K |~ e Fe——— ===
100K ( ———————— : ———————— W J‘
50K ko — — — — — — — — J7 - = = = = - = = = = r ********
L — - - - = T |
BK [~ = = = = — === === + - == ==
@
4K T T T
| | |
P | __ - L ___
T L !
£O< | |
K N - - — = - -~ — === th’:'f, -—— - ————-
| ! |
K - — - o Lo Lo
| | |
0 05 1 15 2
Time (s)
(b)

Fig. 10. Proposed droop performances with resistive line
impedance (top: active power, bottom: reactive power) (a)

without X,, (b) X, =0.6mH

g1 iag2 (b)

-
:; g
Fig. 11. Proposed droop per(fzjmances with various virtual
inductance  (output ~current) (a)  without X,, (b)

X, =0.265mH, (¢)X, =0.8mH



The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 1, February 2015 89

2 oTE ‘B GAAHII Y DAY of
Y YUY MAUEAAY HWE $YE AT
Zimelu ok

References

[1] J. M. Carrasco, L. G. Franquelo, J. T. Bialasiewicz, E.
Galvan, R. C. P. guosado, M. A. M. Prats, J. 1. Leon,
and N. Moreno-Alfonso, “Power-electronic systems for
the grid integration of renewable energy sources: A
survey,” IEEE Trans. on Power Electron, Vol. 53, No.
4, pp. 1002-1016, Jun. 2006.

[21 F. Z. Peng, Y. W. Li, and L. M. Tolbert, “Control and
protection of power electronics interfaced distributed
generation systems in a customer—driven microgrid,” 7n
Proc. [EEE Power Eng. Soc. Gen. Meet, pp. 1-8, Jul.
20009.

[3] H L. Jou, W. ]J. Chiang, and J. C. Wu, “A simplified
control method for the grid—connected inverter with the
function of islanding detection,” /EEE Trans. on Power
FElectron., Vol. 23, No. 6, pp. 2775-2783, Nov. 2008.

[4] W. Yao, M. Chen, J. Matas, J. M. Guerrero, and Z. M.
Qian, “Design and analysis of the droop control method
for parallel inverters considering the impact of the
complex impedance on the power sharing,” IEEE
Trans. on Ind Electron, Vol. 58, No 2, pp. 576-588,
Feb. 2011.

[5] A. Tuladhar, H. Jin, T. Unger, and K. Mauch, “Parallel
operation for single phase inverter modules with no
control interconnections,” in Cont of Rec. IEEE APEC,
pp. 94-100, Feb. 1997.

[6] K. S. Parlak, M. Ozdemir, and M. T. Aydemir, “Active
and reactive power sharing and frequency restoration
in a distributed power system consisting of two UPS
units,” Electrical Power and Energy System, Vol. 31,
No. 5, pp. 220-226, Jun. 2009.

[71 Y. W. Li and C. N. Kao, “An accurate power control
strategy for power-electronics-interfaced distributed
generation units operation in a low voltage multibus
microgrid,” [EEE Trans. on Power Electron., Vol. 24,
No. 12, pp. 2977-2988, Dec. 2009.

[8] K. D. Brabandere, B. Bolsens, J. V. Keybus, A. Woyte,
J. Driesen, and R. A. Belmans, “A voltage and
frequency droop control method for parallel inverters,”
IEEE Trans. on Power Electron., Vol. 22, No. 4, pp.
1107-1115, Jul. 2007.

[9] J. M. Gurrero, L. G. Vicuna, J. Matas, M. Castilla, and
J. Miret, “A wireless controller to enhance dynamic
performance of parallel distributed
generation systems,” /EEE Trans. on Power Electron,
Vol. 19, No. 5, pp. 1205-1213, Sep. 2004.

[10] J. M. Gurrero, L. G. Vicuna, J. Matas, M. Castilla, and
J. Miret, “Output impedance design of parallel-

inverters  in

connected UPS inverters with wireless load-sharing
control,” [EEE Trans. on Ind. Electron, Vol. 52, No.
4, pp. 1126-1135, Aug. 2005.

[11] J. He and Y. W. Li, “Anaysis, design, and
implementation of virtual impedance for power
electronics interfaced distributed generation,” IEEE
Trans. Ind Appl, Vol. 47, No. 6, pp. 2525-2538, Nov.
2011.

[12] K. B. Lim and J. H. Choi, “Droop Control for Parallel
Inverters in Islanded Microgrid Considering Unbalanced
Low—-Voltage Line Impedance,” Transactions of Korean
Institute of Power Electronics, Vol. 18, No. 4, pp.
387-396, Aug. 2013.

[13] N. Pogaku, M. Prodanovic, and T. C. Green,
“Modeling, analysis and testing of autonomous
operation of an inverter-based microgrid,” [EEE
Trans. on Power Electron., Vol. 22, No. 2, pp 613-625,
Mar. 2007

[14] Z. Guo, D. Sha, and X. Liao, “Wireless paralleled
control strategy of three-phase inverter modules for
islanding distributed generation systems,” Journal of
Power Electronics, Vol. 13, No. 3, pp. 479-486, May
2013.

[15] Q. C. Zhong and Y. Zeng, “Can the output impedance
of an inverter be designed capacitive?,” in Conf of
Rec. IECON, pp. 1220-1225, Nov. 2011.

[16] Q. C. Zhong and Y. Zeng, “Control of inverters via a
virtual capacitor to achieve capacitive output
impedance,” /EEE Trans. on Power Electron., Vol. 29,
No. 10, pp. 5568-5578, Oct. 2014.

[17]1 Y. Chen, A. Luo, J. Zhou, L. Bai, and C. Tu, ‘“Rapid
reactive power control method for parallel inverters
using resistive-capacitive output impedance,” in Conf
of Rec. IFEEC, pp. 98-102, Nov. 2013.

[18] C. K. Sao and P. W. Lehn, “Autonomous load sharing
of voltage source converters,” IEEE Trans. on Power
Delivery, Vol. 20, No. 2, pp. 1009-1016, Apr. 2005.

[19] Y. A. L. Mohamed and E. F. El-Saadany, “Adaptive
decentralized droop controller to preserve power
sharing stability of parallel inverters in distributed
generation microgrid,” [EEE Trans. on Power
FElectron., Vol. 23, No. 6, pp. 2806-2816, Nov. 2008.

[20] G. F. Franklin, J. D. Powell, and A. Emami—Naeini,
Feedback —control of dywmamic  systems (6"ed),
Prentice-Hall, 2010.

[21] H S. Kim, S. C. Shin, H. J. Lee, C. H. Jung, D. W.
Han, and C. Y. Won, “Control Method for Reducing
Circulating Current in Parallel Operation of DC
Distribution ~ System for Building  Applications,”
Transactions of Korean Institute of Power Electronics,
Vol. 18 No. 3, pp. 256262, Jun. 2013.

[22] U. K. Jo, J. S. Yim, and S. K. Sul, “A Study on
Parallel Operation of PWM Inverters for High Speed
and High Power Motor Drive System,” Zransactions of
Korean Institute of Power Electronics, Vol. 15, No. 3,
pp. 244-251, Jun. 2010.



90 EyPed

1967 3% 1194, 2013 S0 M
2oist MYIBatE B 20159 B S
Chshel R7IBBHR AALHY

9

2 & Hil (P A )

19851 128 1924, 2011 S50 MAE
Hofst Molses £ 201839 S ot
Holssks ZU(MAD. 20159 X S Of

=
Shel TI|BoHe SAITE,

J&'m

dASE(&RM)
19881 128 202N, 2014 F=0f MAHY
Jate B 20154 M 5

7|EF MAtEHY.

2y 19794 Mt 3 ™
. 1981d = st MI|5E
. 19894 & sk ™MY|IE
. 19814 ~1983d &S
MAZAL 19833 ~3HA &
S0 M7|S&F w1993, 19984, 2003, 20094
University of Toronto Z{@lmls. 20024 Aalborg University
Danfoss 24l 200544 ~20081 & &3 £3|& 20094 ~

20113 Journal of Power Electronics(JPE) Editor-in-Chief. 2012

g g = sl

oI
Ok

18°] O.I
=

sod b AGHE B8

£

3]
L

o8

[e)
o

Bl

E

3

=]

[e)
=R

Z

Qs

o





