U ER TR

20254F 3 A

Electric Power Engineering Technology

Faak HFH2H 44

DOI:10.12158/j.2096-3203.2025.02.005

ZIRUPRA N 2 VSG 2R G000 R 4k 5 F 1 B

!, G EAY IME
(1. BV TR 2FHI TR 2= Be, i 200093;
2. [ i A A2 A H P 2 H TR S S =, R 200240)

i E: R E P &L b Au(virtual synchronous generator, VSG) 4% i 64 #) M A % 7 52 46 A #T AL R ST MR — 2 ) IR 2
FolB X 4%, R, VSGA=H LT AW A RSP AR LZARERY,, PEHARMEALE, 4555 &
VSG 3 P B 4 3 548650 T 3R R AR 5 69 % R AL R A MG AR, SUP AR B — A F o R 48849 £ VSG M R4
ML T i, SRS LB RSB R G, AR, 5HE VSGF Ry 485602, A THEL S
VSG Ml 2 a9 FLAAMEA, B7 % VSG T AME LR X AL IR REHF O MAREY . LR, RiEi—
T T B ARG B AR ok, R B oM AL AR T VSG B R EZ Hra e X, 123 5 AKIAE T £ VSG &
RAB TN RGBS L AN Y %Y, RG, £ PSCAD FH#E 3 & VSG 5 M A 4AEA, 5l id iy 345 A IiE

HO AT S F I

KB EAR L BA(VSG); MM A TR R ; o A8 [ARAER SRR ARG B4

B4y 2K TM464 XkFRERD: A

0 3lF

K" 5T, BE KOG R RE IR HLA 2 A
VT, PR DRABE I AN AR | R R A 3 S P R ) 55 1 )
WH 2% 8, A TR RG MR EET.
I, $2 4R X 8 R UL R] 25 & HL L (virtual synchronous
generator, VSG) IIHER . VSG BULA D & LAY 7%
FIBATHEE, ST R VR T 45 AL i 5% i 55 BHJE 32
PEUS BRI, 2 F) VSG RSB . Nk B AT
L. HL ) A U B A R B 52, VSG 5 il - 4k
DR TR, DR ) A A D=2, G
Ty ZEAH B 5, 3 25 38 18 ik A 6 L RE T 2 FR,
RGWRGY . BAN, TR, 2
VSG MG ALT, T RHA 23 il VSG A2 Bl jE
i 25 HABIT WL i, S EURG #E—B 9 1L, &
(TRAT P RS S = R

MHT VSG I P4 35 [n) 1 43 B KB oy 2 26
(1) ANZEIIFMA N VSG M ARGk . SCik
[11-12]9 8 % VSG I W R G 1R 2 B /ME S
R RIZ 5 T R ST o B R G S EOn
RGN . SCER13]5 R ST, &
3% VSG IFHK R Ge i A BB AL, R T REAE (8 B3
IIHT A SHON R G AR P RY S R, (H
Wi & I VSG £ 3G I, H R R 2R
WA B HA: 2024-11-13; 15 = B #1: 2025-02-25
AAR A Lk ARAI BT R R BAR B AR R IR
F G B Y ALE S 4 R AR A RHT R (22YF1429500)

N ERS:2096-3203(2025)02-0044-11

B, ARG R . SClk[14] 5] A B PLE AT E
IR GEBHGUERE, LIk B D R 5 5 60 B 1, 1
1A K FULBELBE 11 [ B 2 BR o A5 % 2% 2 1% i g
1o SCHRLISIHEAEGE ) VSG A Th-H 45 ) B i 1]
IS T A DT AMERR T, R T — R R
BOR R AU B 22 0] AR LR A, T BR T A DI AR S
i 2= A B 4R [ . STk [16-19]12 FIALHL FE 40
JFHR ST VSG I I B DA IR 3% 5 GBS A, 4 5
27 ) 5 ) 2R 40 B IR A I L R G S B Ak
FF 7= AR 38 B W i R . R SCHR AR 2T
VSG W [EA 24 1, 24 VSG TAEFESS LM
AERBEATTIN, The 2 [ AT B2 AE e hy ™ d A 2,
JE L ) RGN AR, TS R VSG
FELER R0 A R

(2) ZEINFRHE N VSG HMAGR . X
HR[2318# 57 2 VSG IF M R SE 1 P/ Q-0/V “ 447 15
R, S AR VSG ] R G0 2R | SR AR R (3R 3%
FEPE, PRI ER [ 25 HhOCEE SO0 D) R G R
R 5 ), EE 2 8T DR R B A BRI,
K452 VSG I M R GEAETIRH A T X MR
P2 3% MLEE . Sk (24151 A AH XT38 25 J6 BF (rela-
tive gain array, RGA ) 2 1t 73 AT 5 48 DB i S 806
AR AR R . SCHR [25] 2 37 DR A 1
% VSG FYAE R, (H L 200 T JC T By 3 119 A5 £k %t
AN A 52, ASBERS 0 28 £ VSG [H] D)%
FAREE . SCHR[26-27] 82 HY T 2R Ao o s ok 1 Bk
TR IR M 2 18] AR, DL i 2R 4 00 Bl A5 o g


https://doi.org/10.12158/j.2096-3203.2025.02.005
https://doi.org/10.12158/j.2096-3203.2025.02.005
https://doi.org/10.12158/j.2096-3203.2025.02.005

45 PR SE: FIEIIFRR G AINALZ VSG ARG IR R

fE, HALE XL VSG If N RS AT 508, RIFFRZ
VSG I P Dy R M G HLEE . Rt A X £
VSG YRG5 BN 1 AR IR 5 Rt R AT A
3T

T, P LIRS VSG IR IR 4, 1
XF DR A /M LA A L, T AR RO
THIMIEN I o-P/QFIE . HIK, FIFHBHPURE
RIS 22 VSG IF W R G0 BHAT LAY, #5573
KNG A H. 12 VSG i #3005 1 A% 338 R U
[, R FH 3h 25 4H X 14 25 %6 % (dynamic relative gain
array, DRGA) & i 53 1T R K S BB AL £ VSG A
() 47 1) 388 3 () 1) DIy 3R 5 S i AR B, IR A% 3 bR
B ORI A 2 H T 2 VSG RS0 IR
Rtk RO AR . Fe s, 8 O B FL IR IR
T ]2 2R G S B W 43 BT B HERR P

1 VSG hERBEHLHI S

1.1 VSG I{ERIE

VSG I M ARG HFMNE 1 s oA 2 HL R
(distributed generation, DG ) Fl| HAZ i #5482 RLC I
F, % TR 28 i BH 0 42 A2 23% 32 45 (point of common
coupling, PCC)SEH M . Kl 1 H, R, L,. C, 53l
J n 5 VSG I BRI AL BH | & FURR . BT
HLZY; V, N5 n 5 VSG fi th F R AE; U, 348 =4
LR Ly R, 4300 4 FEL IO FJ% . FLRHL

R LV, PCC
+,\N\,_Nm__l_—
n i
- L R
R, L, V, S Y
DG _%W_NV“__I_——M\_IVV\’_@
[I=S< = e
R, L, 7V,
B o — i

B 1 VSG HMRZHT
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Fig.3 Equivalent circuit of grid-connected converter
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Analysis of frequency oscillation characteristics in grid-forming multi-VSG systems
considering power coupling

LI Wei', MA Meiling'?, SUN Weiqing'

(1. School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Key
Laboratory of Control of Power Transmission and Conversion (SJTU), Ministry of Education, Shanghai 200240, China)
Abstract: Grid-forming converters controlled by virtual synchronous generator (VSG) provide a certain amount of inertia and
damping support for new energy sources to be connected to the grid. However, the power coupling generated by the VSG
control link causes system frequency oscillation, which can seriously threaten the system safety. To solve the unclear
mechanism of power coupling interaction on frequency oscillation when multi-VSGs are connected to the grid, a method of
impedance modeling of multi-VSG grid-connected system considering power coupling is proposed. The frequency oscillation
characteristics are analyzed by combining with parameters changes. Firstly, the power coupling mechanism of single VSG is
analyzed. Then the impedance model of multi-VSG grid-connected system is established which reveals that output angular
frequency under multi-VSGs is mainly affected by three parts: its own power, interacting power and grid angular frequency. In
addition, a method based on the dynamic relative gain array is proposed to quantitatively analyze the laws of system parameter
variations on the interaction effects among VSGs. The study reveals the impact trends of parameter variations in multi-VSG
systems on system coupling interactions across high-frequency and low-frequency bands. Finally, the accuracy of the
theoretical analysis is verified by time-domain simulation of a three-VSG grid-connected system model constructed in PSCAD.
Keywords: virtual synchronous generator (VSG); grid-forming converters; power coupling; impedance model; frequency

oscillation; dynamic relative gain array
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