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Abstract ; Aiming at the problem that when the virtual synchronous generator ( VSG) operates on medium
and low voltage lines, power coupling occurs, resulting in the limitation of the output capacity of the con-

verter. Firstly, the power coupling mechanism of the VSG was explored, and it is concluded that the
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cause lies in that the power angle 6 and the impedance angle 6, under medium and low voltage conditions
cannot meet the theoretical assumption conditions, leading to the existence of a coupling term in the out-
put power. Then, the control defects of the virtual inductance ( VI) were analyzed and improved. Mean-
while, considering the power angle disturbance and voltage changes, the magnitude of the required power
compensation was derived to correct the power loop, so as to eliminate the fluctuation of the reactive pow-
er output by the VSG when the system was disturbed. Finally, an enhanced power decoupling strategy of
the VSG based on adaptive current compensation (ACC) was proposed, which significantly improves the
degree of decoupling and further enhances the stability of the control system under non-ideal power grids.
Finally, simulations were carried out under various working conditions, demonstrating that the proposed
method can better deal with the power coupling problem.

Keywords : virtual synchronous generator; virtual inductance; power decoupling; power angle compensa-

tion; voltage compensation

0 51 §

BEAE “XUK” FARER T, T i T HEA
F, D ) XG55 ] P2 R T A i | LB RN
FEF W AR O S N T
o F1 S S I B o A L T X AR A v, T A2 AR I
SCHERE )i, S BOR B ) Z e 5 ARSI
FHJE 4, Rk, A4 TR] 25 & BB ML ( synchronous gen-
erator, SG ) 12 1705 A HE U R 25 & H ML ( virtual syn-
chronous generator, VSG) £t R 22z W, H
5 2016 4, R FRALXOLA% TR VSG AR,
DA SZ P A X e 1 A 158 e AR AR R FE R R L VSG
A By BA MR A T Re , BT 7R & AR I Bl Shy Ha 1
PRULBE . BT 6 VSG HEBE S A T e e
2 A FEAMBBE /NI AR R B/ N B BEL BT EE B
X TE i PRk AR 25 2 it 2 (B A A a0 A1 =X
L IR ARG PR R v 38 AR LSS, 5
HH BRIy AR MR B2 A8 A RN A 6 4 5 R S O
TS B0A o7 B0 81 1 4 A7 B B0 0 JC 2 B A B
Wi, B A A A . 24 VSG far th A Zh Eh R
PSR, JHC ) e, P A B W) TE B D R L B 2
A R L ) ZRGERY I 0T TR e K R i Y
HLRET I BE 1107 DRI, el i s — I 20 VSG
FR LI [A) S B ) P A ks ) 1= oA X
HL VR TS R AE AT A b R 2

VSG HARHE T 2007 4 RAEEE i, &
2 2010 4, PR B H R A A 1 R 28 & L
(BT A B AN L R M A A T 58 8 | [ A e
Xt VSG MRl i ot 4 e . B TR
PR TTVE KRBT A 2 28 Ho— I A AR AL #0512,

T VSG FEil [l B b g I AL R IR B R, IE
QSRR 2 ] 2R FH IR AME LI NS &, B RS A B
RAFBNGE i, 2 PR B BB A AE S WK FETE,
RS VSG RGuistTIEE, HAE M 451 T i
F R fEFRTEREQ AT BB AT S, SCHR[ 10 ] DA BRAH
I A, S PR S L AR %) DG SEETE T — 8 1 H kb
£ BARRME e JELAERf 15, SRR 11 13 5
N RE UL S LA (EL PR 5 SR o T 5 e, TR
SEBRIHAZ B, SCHER [ 12 ] 48 3 —Fh 2 T i 481 4t
RV, YA MEE PO R D7 05, R P R AP0 B 0 A T Bk s
FHATC LG (R/X) 5200, 38 48 e i 2 (317 2)
B IE , S S A (AR AL A T it — 20
P,

LTI A R 2 AR TR T 205k BRI
FLHLJE% (virtual inductance , VI) #E47T DR @Al i
FIA VIR VSG a1 RAS (i H AN T 3585 515 0L,
AJFIEAE VSG HY TR TR A8 5 5 A 1 R/ Y
PP, DIHBR IR G IS, TR 13 ] 2T
VI i 3 G0 558 1 S s, B F a eb r o (A
F 5t R TE) - i B L R 2 2 (3R AT 18 0 DL A
P RRE A )8, {0 VSG Zh 25 P BE I AN BE W AL 5
Pro >R o SCHR[ 10 ] [A] i) DA F s AM22 £ B AR 58 A fiE
S INGE AR S PR TE T AMERRE A 2 BRI R R
0 q e oAb BT AL S8 VI 7 ik ATkt 2%
PE AR . EX AT AR b A i i Bl O
ANEEARLF A, SCHk [ 14 ] 38t 51 A 6 B L 2538
W, I R AR R E Y RS s AR $E TN
SARFERE ST o HIE S R HULFB 2 BT A A 0k
B4 THL RIS BN RE 1 SR B, ANl T LR AL
W SCHER[ 15 ] 41 X0 g £ T H, e Al 22 707 R 19 S 2)



554

RENRNGE LT IS DR AMEERY VSG 1 55 D A M RR A 1 SR 5T 75

AP gy, >R A 3 07 HU0ELA7C e 1 SR e R AT i 25
FE B Y R SO BEL T R A AR A, B IH AT
TE TR B R B . 25 1,1 AP VSG &
295 el SR A 455 A 80 L R AR T vk (LR
AMEEER VI AMEAR) | B0 S L) S e S
] 3 75 AT A7 B sh A TERE R TH B

ASCHSEHET VSC FEHI R GRS, E il ME S
BT DA TC DR & L EAT 20 B, 2R T IR AR
TR EHIL, SRIGEE XL SE VI 5 i S g rh A7
TERY 2 DA TE/ME T IR A AT dg Bl i
DAAMEE DI BR D500 G 52 ) 2t —Fh T 3
I 4D £ ((adaptive current compensation, ACC ) F
VSG S350 D) SR A AR W, U [l U /N 5 A5 2
SSRAFT # H0 Bh A2 AR e Sl /bR Y T 5 R
2, IEXS LR R S R GE R AR E RN sh SRR IERY
JIT B R SR 1) D0 A Ay e R A o A A At ST 4 it
ISR . HZR FH MATLAB F- 5 45 80 HAR R
SOV JIT S 428 T SR s 0 A A8k 5 AT AT

1 VSG #=HIREEREESHIESH

1.1 VSG #EHIERFEE

B 1R AL R VSG RGN R E, V,,
R B IE 20 i RE A B 5 A i I8, A BF 5T v
A B S, VSG DRl s T

!

B SG 1 il i 4 ol e AR A% . AP L (CoR L,
G931 DAy 7 s 00 P S 2 O P A K B HRL R R A
R0 07 g Ml L SR Z S s R, T L, A
R EZGRIEPAE XA R AN Rt
S WA WS, 1, 7 A R O 8 0 L 5 1
N VSG IR ; U, MRV, N IE A
HLE (VSG Hith i %) .

S ¢ - ZEAEM
: Lf Rf :Vabc Lg Rg Uabc :
F L~ N0 |
Vd : J@ L~ -t Nm_:_@ :
L YN} T M 3—Q :
: Iabr. Cr T -r: Igabc |

[§

E1 R VSG RENAFS
Fig.1 Typical VSG system application scenarios

K2 fs A G VSG 6l &, Hd. 0,
P, 5 A B WA D IR )R S %
D, D, .J FJ 53 A SR TC D el i T 2 R A
FREAEE 288 U AN V40590 SRy 5 oL R R S s A
HHLRAE ; o, A1 o 53 318 852 #4705 70 S B £ A
R F IR 5 A E R A R B VSG R Gik i
(52 R, 3 3k B 005 7 R A ) T R H P AR
1 TC) )R L R MR IR R Rk 28 Fi e FL YA XL
PHERIE B, 1 R HL R 2 2 {1 i 31 748 0 2% A T
e

15"’“ —|abc

abe —pp dq

SVPWM
P

B2 f&4% VSG =HI R R BEITEZER

Fig.2 Traditional VSG control strategy and voltage calculation module
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