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Abstract: As a black-start power supply, distributed generation exhibits higher flexibility in terms of structure, and
it is also more rapid in response speed. However, during the system restoration and construction process, the PV-storage
black-start power supply based on self-synchronous voltage source control may experience frequency fluctuations,
posing a risk of failure in the subsequent black-start process of power grid. To enhance the suppression effect on
frequency fluctuations during the construction process, an improved self-synchronous voltage source control strategy
for an interface inverter in the PV-storage black-start power supply is proposed. This improved control strategy
improves the stability of the PV-storage black-start power supply, laying a foundation for the smooth implementation of
subsequent black-start process. Meanwhile, simulation analysis and experimental verification were also presented,
providing a detailed validation of the proposed control strategy and theoretical results.

Keywords: Self-synchronous voltage source; inverter; PV-storage black-start power supply; frequency fluctuation;
stability

WA B 2025-02-06; fEEIHER: 2025-04-02, 2025-04-25, B " EARER AL, B )
2025-05-02; % A B #:2025-05-11; M & BH:2025-05-23 ARG KN, 78 “Wm” FHRTF, FUBNR
EEWMB: ExRHEM 1 ARRHEI H(52094023001W) Gif kg . ORI H 25 B2 4
This work is supported by the Science and Technology Project R - .

=Ry Q 4
of State Grid Shanghai Municipal Electric Power Company REBASF ARG TSR AL FRE, &
under the grant 52094023001W gugi/ e | BB, X RGBT



1

R, S T DGR RS S IR L fR G A (R R ) S 253

FG R, TS A, PRI AA S HL i
MR RSB ShE R H 252 2 E A

BRI SREIEE I RGBT T4 “R7
REE, SUERG A B SRE T iR 50,
W BNIC AR SR SRR, BT R RGN
Fil, ARG i e  1R5em X
()85 B HLIR 22 K EE AL SR S A Fa L
SR R s MR SRR S IR, A3t
A SRR S R IR, BRI R
B S EY RS ShZ BRIV, o 7 ot B A bl
WA, Fi A RS S F IR I AR, AR
BATRAFLAES S, £58 “X0k” His HE 2
o RS SRR AR RE R g, Hl 553
A AR AR Sh AL IS 5 RS St AR ik
RE ARG i Pt H AT 20k, REA R KOG H &
()% Bl 55 AT i s ) R8s 3 AT St R A1
ARBLE,

H T, £H0RE s IR b g R A Az
PR SR TS C A S 6 o i RE RGN AU
SRS RS S IR L R, 7o A
TR SRR E ML T L MRS A . SCHR[10-1114 R H]
H T AE A V/F (voltage/frequency 2 il FOAGRE R GeAE
JAFSEIES SRR E 3 T, 2 V/F #2
Tl FOBE e, 76 RS S r AL e A
801 4 S A R N T [R]20 R A R A At e
RGL. SCER(12]42 15 1 FhEE TG T I | [F 200
FEIEFE, TRz il R 15304 e IR i
RERGE, U7 ELA5 AR IIZ A AR R AU R 28 A Hu L
VSG(virtual synchronous generator)¥% il 7£ 22 7 3l
F YA e R A TSR AL SRR T . SR, Bk
R FEPE I G B TR R, A5 R T
VSG 1Y H A0 f s Il ATkt ml e — 204
THERIR S IR ARG E N . SCRR[13]0 24T VSG
(%) B[R]0 H Hs R il A T e, 7 IR b g m
/P N EEAEHIIAYY, IR TRUSABL, ek
(2R 5 Sl R AR EL AL 8E VSG #1025 s IRA
TR RIS R ) o AHZ RN HTE i =
U, RXPERE R GEHA TRl H A2 RE R GTE N

BRI, FAAERRYE, ARt —4RT 2]

BT LRI, ASCRE LUGH# RS S IR N
P FIFTE RS 4, R 1 Bl HT T S 30
P RO 422 0 28 45 9 Bl ) A0 v S D54 o 3R
W o XAk ARR S IR TU A BT, R elotb
[ Ak 1 T BE R L MDGAR BT, Ifad i B
B D5 BRSNS, S0k TRt A R AD A IR g
A7 25CH T D' ik RS Bl H RO S A v A AR
ezl

1 BESBRERZZH[EHRAK

FI I L PR IR SR s A 2 se g X, nT
AR RE IR & BT MR ) R SR Bl
R AR, Hidh, VSG Fil TR
NRGHHINHECH 12, AT VSG £
il EF XA RS S IR R FIRAIS . T VSG
1) [ [FD F R IR AR 2T RN 1 PR [
de v RSERCETRHIEIR; C, N EREE L
Leo Cp WURHUBRFIIE LS s e, MRS =4
B v A R FLTR 5 4 Sl 30728 2 1 i HE LA 5w
AR R LR 5w, IR

abc

———————————————————————————————

LCYEW \

2 abc Vab " H, [ :

L 1 pcc |

HOS O

fabe lcf Lane> Vab J

/:::: :::::::::::::E:::::::::::q

2]
e | Bk
WL 1|
i) PRCR po ey

________________________________

B 1 ETFVSGCHBRTEEREZHRIFMAT
Fig. 1 Topology of grid-connected self-synchronous voltage

sourceinverter based on VSG

VSG %11z 37 FEATJC I i 5 B 43 A

9o _Fa~k po-w,) (1)
dr !
E=E, +DQ(Qref -0) (2)

A JNEESHIRE; Pl VSG WIS %1 ;

ref



254 i, b

E 4 %524 %

P_NHRER LRGSR D B REG o NAREE
HAAHE; o NEMFELAEE; EH VSG 1Y
WSS E 8005 Dy AT R EG O
S VSG LU SZAA; O N VSG % th iy o
IR

(AR Q) VSG I HIRER A 2
FirR o

B2 VSGEHIEE
Fig. 2 Block diagram of VSG control

F )0 v s PR BT RE PR ) R0, By ml sy
AT R S FETRAGIL AL, B A A R PRk
SR, it A EESRAIE, IR AR GT
AR i 728 P, 5 5 B0 T L T e ) ) 2 At e
HLIR, FE R HURERS U [ J3 31 HAE 9 R 3l
FL RSB S L R PR, A SR AR PR 52 F <y
RBIIK o FT LU AT, mE T REET A R
FE P A4 RS Sl R IR OCHEBORATST , 4R T AL
RGBT ] SENE SR

2 AEEBFREIRILT

AL GG RGN & L SR H [R50 R
Tl DA R GEAE LI | 38 4 ) T SR 3 T A 5
SIHRES), HAE A A SIS 2 s, %)
H, O 1) SR DAL By
2.1 BRYPBEIRETIE RS

ARG R GRS B GIR G 51 g i
BRI B RS TE, SO f AR o AT
AR BRI S IR EE MPPT(maximum power
point tracking)¥& il XL n] DC-DC A8, T2k
U e R AR e LR Y PQ 5l DC-AC JFi
ARAS . SR, 4ET MPPT 2l J& T8z hiliung,
X R E TR R B iR FE s AT il e h in ¢
A WY S 45, A SR A BRI RS T

M BB TR T .

EEX IR, SCRR[I7HE T 1 #EET VSG
FERIFDCRBIT, ZARGE RN AR XS5, 175 VSG
P AT G AR RT , [R] 2w T XA S
PR BRTHA R DC-DC ARy, b —igit,
PO A RGREBAER M 5IFM 2 FhizfriiX
TR EBAT, I HADUR I T R4 A 2P
R S i O € o AW 5 RO 1 =5 W = 1)
MST Y DC-AC WiZAR g4 AR, R moe i
LR ARR SCAERE ST, AR A R0 H s g
il (R S IR EA A R0 H R IR, Rt
fitt PR Bl L IR B AR PRI J5 S H I R A B A
Tih
2.2 XtEEBIBIFENAE

BT 2.1 s, MR 3 TR DG R
SN 75, EAREEE RS . SGIRHIT.
RGutfa . sk, FHL. KL, Hip, Ot
REITRAHRE R G R VSG 5w

- ESRR P T
T e >
ﬁEJ@X@/ 1 wwan 0O
| S #f AL
| DC-AC :
|

|
L L K am | K
\;;g 5 WD -
| T iy
| DC-AC | P4

E 3 NXtAERNBIRARNAFE(H R RIEEER)
Fig. 3 Typical application scenario of PV-storage
black-start power supply(under self-synchronous

voltage source control)
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