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Voltage support strategy for parallel VSG systems in islanded microgrids based on
adaptive voltage compensation
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Abstract: Voltage control of traditional virtual synchronous generator (VSG) employs a droop characteristic, which leads
to steady-state voltage deviations. Moreover, due to the lack of voltage support from large power grids, parallel VSG
systems in islanded microgrids are prone to voltage deviations or even exceeding limits when subjected to load
disturbances. To address this issue, a bus voltage support control strategy for parallel VSGs in islanded microgrids based
on adaptive voltage compensation is proposed. By introducing an additional voltage compensation control and an adaptive
voltage compensation coefficient into the traditional VSG reactive power control loop, multiple VSGs can autonomously
coordinate and cooperate in a fully decentralized manner without requiring extra measurement devices or communication
links. The proposed control method improves the steady-state voltage control accuracy and effectively suppress bus
voltage fluctuations caused by load disturbances. Furthermore, key control parameters are designed through stability
analysis. Finally, the effectiveness of the proposed control method is verified through simulation and experiments.
This work is supported by the Youth Fund of Natural Science Foundation of Hunan Province (No. 2024JJ6172).
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Fig. 11 Nyquist plot of open-loop transfer function of output

reactive power in VSG parallel system
4 {REYIE

NG E A ST RTR E OFVEA SE, fE
MATLAB/Simulink /i A& TP & VSG JEEE
ARG, AT AL S VSG 1) 51k
Sl ks oA s H T .
ZHNFE 1 s B, WIEHA il 30 kW,
VI TC T ffai N 15 kvar.

=1 RGEFESH

Table 1 Main parameters of system

ZH VSG1 VSG2
H IR A E/KW 20 10
ToThte 4 {8 /kvar 10 5
e J 0.4 0.2
FHJE R %L D, 10 5
T Rk R D, 2000 1000
TN R B K, 400 200
RS X, 0.2 0.2
P& B LR M R EVIE Ko 1.56 1.56
HIER T o 7x107° 7x107°

4.1 BWEXRIMAERETR

W 1 s I 15 kW A5 T3 A1 7.5 kvar BT
fifr. 2RHAES VSG &My, gt Rk 12
Fione 12 TTA0, WIGERRES T IRELE fUE 5 8
F R 2 [BIAFAE-0.016 pou. (e A2 s 24 R Y0k 5T
(FaAET, BRI R WA 0.052 pu., BEEFERES
T ZE W i — B TR £2-0.068 p.u., Fazs R34k
FEANN 93.23%, BEZE B2 i 2 P AA 1R
0.017 p.u [ HL R, Ieh BRER R 54002 LR 2
V1) F4) e R s B Al 22 5 211-0.085 pLu

MR LR A IEHIR, RS R WK 13 Fix.
WIEFaAS FHBRZ R 550 R 2 AR
= 0.75 s WA R & A B S,
B Y ARG, REUsiT LS Ma s



FH, 5%

S A& H M LB TR VSG I F Gt HL IS SCEE SR

- 111 -

PR LS VSG 5 HI I T A —5, Kk, 0.75 s
S B4 L4 SRR 12 A4 B4k e A — 3,

1.05

1.00

0.984 p.u.

PCCHLJ/p.u.

0.95r

0.90 . .
0.5 1.0 1.5 2.0

N
& 12 fARrsRIE T RARS VSG 1£H8T PCC B ERFE
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when load increases suddenly
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when load increases suddenly

KA SR EHIIEN A A Rl 15 pir
Ne WIEERSAS T IR S e AUE R E, H

BRI AR 28 D S gir R4 5 2 e I T ) A
&, AP AEN RIS, BRI SHUE
P 22 T PR e A P L s s 22 P25 E - 1.8%~0. 24
RGULBIHIRSASNS, B MIZEDY 0.015 pu.,
s o R RS E A 1] 98.50%. X 2B T $ 4% il
7 R AT R g A SR 1S 1Y B 2k i IR A
A, AW A R 5 R S B .

1.05
=S 1p.u. 0.015 p.u
& 10— 5 0.985 p.u.
]ii[ ,,,,,,,
by
g
- 0.95¢

0.90 L

0.5 1.0 1.5 2.0

N [ /s
15 FAfrsIE TR A iR HIRT PCC BB 2
Fig. 15 PCC voltage waveform with the proposed control

when load increases suddenly

4.2 BWEXRMATEREB IR

WE 1s B8R 15 kW AN Fl 7.5 kvar Jo1)
fifif. 2 RKAES VSG =Hilnf, Wik 16 Friw, 1F
UAf SIRAT, FIUGFRAS IR R S580E k2
[AA7E-0.016 pu. A2 ; U RAIEBH RS
i, BEZEEEE A FRAS 0.05 pu., BEEREEHE S
RE LR 2 (B S ZE N 0.035 pu., FRSHER
RS REAN 96.55%, BRZEH KBTS R A 7E
0.04 p.u. 1) HELE I, LGBy BR2E HE R 5 400 L 2 (]
1) B R R A FL S (i 2235 81) 0.075 pou., L REZR LR
IR BN 96.6%

1.10

1.035 p.u.

PCCHLJ/p.u.

0.984 p.u.

0.95 . L
0.5 1.0 1.5 2.0

I /s

B 16 TafTsm TRA %S VSG 25I8F PCC HBEK A
Fig. 16 PCC voltage waveform with the traditional VSG

control when load decreases suddenly

ZER G AR, AR WA 17 fros.
0.75 s IR AEME R, B RGN B AR S 2
[BITCIE(E, 66 AR KIRR LS VSG 121, &
G TOLATE 16 Fros i THLHEA —5. i,
0.75 s Ja I BLAE AN 16 17 B 4h A A —5L.



W) R GRS B s

-112 -
1.10

=

E‘f" 1.035 p.u.

B

@)

4

2.0
I Ji)/s
17 SAfar s TR A& P RIEHIET PCC BERFZE

Fig. 17 PCC voltage waveform with centralized control
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when load decreases suddenly
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when load decreases suddenly
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control method when load decreases suddenly
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