FA3 K F2M
202552 A

T REREJR

Renewable Energy Resources

Vol.43 No.2
Feb. 2025

B T B & M EE $60 BE $1 BY i 6 B 15 % #1 F BX
= I3 B = 1 5% B

Wk, AT, B

TP 110870)

R, KEA, IRk AEN°
(L F T e AT A ] i RREFIe, I0T Ve

110006; 2.0 TAlk K2¢ AR TR, L7

W OE: b &R, ZLBATUE N R RE R R GEAELE A RS I B RE S R G, S T
Mo 3 2R R S RS E B AT , SCEEHR I T —Fh 36 ootk 12 481 R 25 #54i] (Virtual Synchronous Generator, VSG ) B i
REHL S A L TPR ML Ty 2 1% R 560 A MBHUBEAT, TR R T BB R b S | & iR B i 3l , DA SR oy i
AEFL UG R GT AP BORHERL s AR5, BRI RE F il N Z2 A RE B TTIFIRINS , ph 2R BELATE A 52 R i A5 it RE 0T
FFECAI R, 387 1 Z2 At B B I IR A DAL G AR R , (15 08 3 R W83 s i) il i
Matlab/Simulink SE560-F- 75 FIR 05 ELCHG- 3 ST S0 34T , S0 i $2 SR (9 380k | BR B4R =y Rt e e Tk

R 25

KRR fAAEHLEE; VSC R, ML, PR RS

fE4S S . TK81; TM615

0 3515

ML RGEIE 10 & B e e IMRTT 10 & R,
BEA TR REIRRAEI, fdifs i ) RGeS
AITTEME XUSAR IHAFAE . R IUEARRE b ] DL e
JIR B REVE A AR E | BEAILYE | ] P S e 5 AT
AR g H BT RE I L RGN R0
Hs

fBRE L R G B T[] 0T o BUORC B, A7
125 AL BB , (F BRI FE T 22 5 7 AR
SrHTCI R SRR AR, SRR s
ARG, TS A AR (VSG) S Hs At
FEOr 5 REAS M A 25 5 | AR B BTDC PG R IR A A
2 WO AHRE R R GRS H A A e LA
AR AR L RERIR R, i A RE R i AS e
IBATH KRGS R 5 BB, B NS e
RE R D3R A AL ) R T R BRI SY . SCHR[ LR
TR RS AR B SRR Sh RN, X
PEAT TR, SCHRI2 PR REBC AN FH T Fi, o R
3 HAE ARSI, STRBE ) T —Fhid
FHTHREIR G RIS S, 98 T IR 4%
PER R R SR, B R AN ]
W52, SCHR[4 14 M2 4D BE BT 5 i 40 B 25 AR 45
WimBE . 2024-04-23,

EEWA . FEMIL TR A RAFRHEORITH (2023YF-87)

XERER: A XEHES.: 1671-5292(2025)02-0243-09

L PR TR Ie BT i R R L B
T TR AR I ) 2R Y VSG Ik LU
AR I B ESR , SCHR[S 1S, T — B R AL I
SrBOHEm, (RMEIFIRZ RARER LI L IR
Beih Bl ALK, STHRI6] M A RO TR E B
i RGP, 255 7% 1S IR A R
A TR R BR O, Sl R A ERE DBk i
Al AT R b SR, DR AR e TR T
VR RURRE M STHRI 710 Al R G U4 T AR
S5 R R RFEE R I ZRLIRDE, il 5E S REHoC T
YRR I Ul il sk, SCBls R mie e
WS RSP BC AT DR . SCRR[SIER ) T 36T
USRI i DGR SR A R BE R SE DM K
AR T ARG SRR E T, & Py
e TR REREMRI R ISR AR RETE LR RE , 4E
KAKRER G A, SCHR[9125 5 75 REE NI A 1
DU, MRS P A i Y LA P A T A
SR, VR R ROt R TR HE S T
BEHLUR, FESRIBCR T KM AT AU BEL S | AR
Ji, PREAK S BEL L s, LA A e B 1k
RGEETL, SCTIROO1E BRI TR ] T — Tt
B S 7 R R R R M A D DAk

BEEE: B ®(1997-), 5 AR A, FENFHREIIFMEARDITY , E-mail : 1741200667 @qq.com

. 243 .



TR ERETR

DRE 2R G0 R R I By (R ) A R R
FEE WG B, W R GG SOk
[L1]E T BT S SRS, K bR g Bk
55 | A2 (A3 738 e i S TE D D) R A 22, R el A R T
YR A B4

ASCLMHRE R S BT NS X4, SR ik
VSG 77 ¥ X i i L 3 & FEL 1) 23R 4 T ) R A 1 7
5. NHERER G K B AFT Kk B B
25 R 0 s IR A Bl e i, ST VSG R
RSP THE SRABDGIR A i D2 Bl K-
KRG FEN, fa, it Matlab/Simulink 525
T HE RO, HEFT SR AT, e el
VSG SR WS RENS A SR A G BE L 2k R 50 & FL 1) %
SyBC, T e R A B
1 fEEERGHIR

S5 EMEeEA A6 A0 L, SR
(VRB) BA iy MG A 78 T fg
U RS AT DR SR [ R SR,
AICHAT VRB RGEELITTEEAE, D58 W I F T A
LB LA | R Matlab #00F2> 5 4%
TRATEEER | O RS R A Bt RE R AR A AT
SEVERRR S MRS TE S e ml . VRB F7 2 = B
FIIREVBUNGE L b SR KB | B CR ) e R g
AR EE, AT, VRB BRI SE 3k 1
FFF7R o

1 LYRREBERSH

Table 1 Parameters of all vanadium flow battery module

24 Ul
BE 2/ Ah 1
FRFRZE I/ Ah 0.85
TR HLE/V 42
e/ NHLE/V 15
FEHLHLI/A 0.5
eI 99.5
B I0C Hh Jth 4 1200
JFI6 e b 300
BiE L E/V 3.6
BE 2/ Ah 1
PR A/ AR 0.85

FEXTE IR FLY VRB 25 it i R G kA7 i
FEFE, R T b RGN shid AR s
PRI ST TR B 2 3k I R 55, L R G Al i
ERE RS FE ML AR 48 T Wii&#8 BRK 45641
B, W 1R,

. 244 -

2025,43(2)

e DO
- BRK1 BRK3
AN
BRK2

B 1 ffRERI ARG EEIER

Fig.1 Overall block diagram of energy storage power

station system
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Fig.2 Parallel connection diagram of dual-machine VSG
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Multi machine parallel black start control strategy for energy
storage power plants based on adaptive virtual impedance

Xie Bing', Sun Guangyu', Yang Bin®, Liu Zhili', Wang Xiaodong®, Liu Yingming’
(1.Electric Power Research Institute of State Grid Liaoning Electric Power Co.,Ltd., Shenyang 110006, China;
2.School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract; In transmission lines, due to the influence of line impedance, it is difficult for energy
storage power station systems to allocate power reasonably according to capacity. In order to better
promote the stable operation of black start, this article proposes a battery power distribution
scheme for energy storage power plants based on improved Virtual Synchronous Generator (VSG).
This scheme first introduces virtual impedance to eliminate bus voltage fluctuations caused by line
impedance, in order to improve the accuracy of power allocation in energy storage power station
systems; Then, in response to the problem of uneven power distribution among multiple energy
storage units in parallel in an energy storage power station due to the influence of line impedance,
the power transmission and circulating characteristics of multiple energy storage devices in parallel
were analyzed to continuously improve the black start system. Finally, experimental analysis was
conducted using Matlab/Simulink and semi simulation platforms to verify the effectiveness of the
proposed strategy, which can improve the stability and economy of system operation.

Keywords: vanadium redox battery; VSG control; virtual impedance; power allocation; black

start
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