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Control strategy for power-frequency stability of grid-forming inverter in
photovoltaic and energy storage systems based on parameter cooperative adaptive

JIANG Santao', LI Jingsong® , GONG Lijiao*" ,ZHANG Xin>* ,ZHONG Yuan’,DU Xiaochen*
(1 College of Mechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832003, China; 2 Xinjiang Tianfu
Energy Co. , Ltd. , Shihezi, Xinjiang 832000, China; 3 School of Energy and Materials, Shihezi University, Shihezi, Xinjiang
832003, China; 4 Institute of Bingtuan Energy Development Research, Shihezi University, Shihezi, Xinjiang 832003, China)

Abstract: Aiming at the insufficient transient and steady-state regulation capability of grid-forming photovoltaic-storage inverters based
on virtual synchronous generator control under complex and variable disturbances, this paper proposed a coordinated adaptive power-
frequency stability control strategy for virtual inertia and virtual damping with fine interval division. Firstly, a nonlinear function-based
virtual inertia adaptive regulation mechanism was designed, which maps the angular velocity change rate and its variation to the
adjustment of the virtual inertia coefficient and divides fine regulation intervals to optimize the system stability during dynamic power-
frequency regulation. Secondly, considering system stability under frequency disturbances, a first-order lead-lag link was introduced
into the damping control loop to realize dynamic adaptive switching between transient damping and steady-state damping, thereby
reducing the steady-state output power error under grid-side frequency disturbances. Finally, verification results show that under active
power disturbance, the maximum power response overshoot of the proposed coordinated adaptive parameter control strategy, the
traditional control strategy, the traditional adaptive control strategy, and the RBF neural network adaptive control strategy are 3.2% ,
6% ,5.3%, and 3. 5%, respectively, the proposed control strategy has favorable adaptability under grid frequency disturbances, grid
voltage disturbances, and weak grid conditions.

Key words: virtual inertia;virtual damping;coordinated adaptive control;virtual synchronous generator; power-frequency stability

%5 H #3:2025-10-21

EEWMAB framA r= gk AR TR H (2024AA004)

YEF BN 2 =8 (1999—) B L5 AR LB 5E 5 1) 2 37 Be U5 JF P As e #8 il H K | e-mail :20222009042@ stu. shzu. edu. com,
« BASIES BRI (1978—) Lo 3082 W28 S, Ll W53 J 1) Sy 7 725 RE TR R FH 4 AR A RE Ht 4 £ R | e-mail : glj_mac@

shzu. edu. cn,



E

LV GF T SR ) A R B O A A IR 2R I % T A A S 4 o SR 173

PR 'S A E R AN ) B S /NN A T
A BE R AY O 00 25 d 4 B2 B9 ISR R HL ) R S8 A
N TR/ NI SN ER:Wa <R e a r  ( B  A ERa
REUR 5 L RS AZ O 11 B4, IR S 1% SE v I
1) P, g F - e I AR, DA ) R
T o S BT Y E ) R 0 B B AR A A 5 BHLE
B A TR A G () 20 e e L 32 ) R T —
FESRAL O 75 1 5 B BH JE A A s AT 8 5 /Y e
T N TR RGN RE B AT, R R
JE TR 2 S 44 (44 4 ) 280 ( Grid Forming , GFM ) 7% Jiit #%
P B ARz R, B B ) R G E s
(FLOE SR S

FERAIR A & HLHL ( Virtual Synchronous Generator,
VSG) e AR S A 1o A s o 4 A ) BORLAR TR T AR
K, HUGEIE T VSG 2 9 I W 0 AR SR e BT vE S
B 250 N7 T AN R AR 2 S BN VSG I E
WA EH AR RIF T — RAVWE5T, B4 = e A
BCIE T — R UL 5 e 5 B JE 2R SO F R
MG B E AL T RS Sh SR RE AL T AL fE
Li %7 42 4 32 ] Bang-Bang B X% VSG 1 B #2115
SEEAT B R SR T T T A B O 5 &
BB & A 2R X R GE RS E A8 AT M R TE Y
S 5 25 R AR BT — bR OB LI A
T3 %8 K B e i BOEL 55 150 8 K A ke o A AR 4R T T
F U 1 B A R 5 A VR T AR AR S A R AR ML
AR R IRA i 22 B2 ) TR S AR R A 0 N AR (ER
20 i AL A Y 8 Al R D R G B S B i I
W5 Elwakil 450 & 7 5 ) F 6 6 390 9 & 48 i
VSG H i B 7 vk A R T T IR B R G/ S
TR E P R A A AR T JF K VSG
KSR 1470 B 7 125, (%007 15 5 2UE 1)
5 5 BELJE 2 BO7E 23 IXC 8] A 22 BAS 34 2 1Y) 73 A
B er % P T RBF B9 VSG H i B 5 i 0K
W B T VSG R B A TR RS B T
JD K, =Z 80 [a) F S A A ek, %07 1A RO
T RGELENP S T T W E M ; Wang EE
T — R UL R A BE R B A 3 R A
il T IR

FESETE VSG B AR E My i AR IS 45
BT R AR RGN ) SR R RE A AR
ThAHR A S T e R EBH e 2R HAY it OO
7% s Wang 55111 43T 1 LIS 2 1 PR 1R 4% 4 VSG
BRI AL BORE0E |, 48 HAR I G R T g By
AR AT T T A8 S 25 (R AT LR AR AN T P 1 XL

ZEEPTERAE VSG R G000 £l o AR R AR 1k
FRR R M e A, 48T T A R
SEME 3 Sun 50 T — b % TR A s o W 3 Ak
A U4 A A B A 4 i A el s o S AR e

Zi Lk B I VA A K SO R Y
% % | Bang-Bang SEBE o BT s, B A G
SRS BAFAE AL ARG, B T XA BB
Hite T EL7E BH JE 42 b e LA S ot g 25 2o 2 00 i i )
RGN SN REE, TR T
VSG 45 il 1) b [ 28 390 A8 25 %) D) 23 3l 25 Pk B e B
ANT ARG E MR A R E 1, AR AR Hh— R 2 5
() 1 3 17 4 o) R | HOAZ O A T o K HRUBE R 4 R
BT AR L R B Y 3 22 A T AL G 0 A AR
B R 72 Al A< RS 28 DX T) 3 23 o S BF- 1 OE I 3
T, I A6 R UL BELJE P 1 v s i 5 1A — Bl - S B
A, AL T & 48 sl A W B AR S B e A JdE N
D48, 101 A f7 R A 00 (L U045, DT A 4 Ak 1 o BELJE
RN E TR, AR L TAEWT . 556,
I TR 4 ok B0y R DU & B 3 7 3 5 AL
T o 73 DX TRDHS 4 1 6 SO0 i 28 K, DA Al 15t ik 9
oA LU, A K DL RE JE 4 i) 20 rh i i — B i i
TR AT S A B AR A B 19 sh A B A& N
4, LA ATR 000 ) 451 5 6 2l i A D Dy R AR A iR 22 5 e
J&i il 2 R A A X L IR IE | 98 UE 2 5K ik 7E £ T
D fith Ay o) 2 306 A4 25 Th AR S 42 o A E A M

1 ETEMES & B #HF X
R EH

1.1 REEHMEIEAR

FT VSG 16 I W 2R B0 1) & 1A 30 0 25+ &
WA 1R RGNS R o S eIk R
R4 A MAERE OB AERE 3 T REM A,
FEARSCHIR BB e LA b, D BE 20 T 4nF . 48 el Ji P
JCE BN DT RG TR0 5 P g S
T 5T AR R R A R HUE H 4 ] 5 R
HFEET PR 28 AP 36 57 22, B0 DL B R BE R HL R
B R 25 7 U B FE R 5 SE PR DU AL 1) 25
AZE PPl g b 0 7= A B AN G S, SE i R
R R E S . 403 B IR FE LR B A 1E B 1
il P LI Bk S A A R U R D) 7R AR 3 2% AT LA
BATF VSG BExU, 2 5 B B 8 0k #) D) TR0 AR 0 2
AR LCL JE U 48 U8 U 5 , 1o iy i R B E e B R
TR, 1 b LCL BUpE R AR g IR L, L, ,
ISR C R, RIBM B L, AW, R,



174 A TR 2R (A SRBEE IR

i 44 4

BELJE P B i 4 2 1 L BEL A L4 30K R, R L,

PRI s O R el
L FE BLS LI 2 % (3 o FE A SR ) e o
P 24 %2 ) 2% Bk Ik 9 R R 5 8 6 M FR
A SRR AT 5 T 30 TR FR 15 43 50 440
3 MBI G T3 ) 2 07 B 5 6 o F A L i %
it AR I L T S % (L 4

LN ENCRE CRE TOE =2 AV S|
D, 433913 % — Y VAR B AL R O 0L L
JE R KD, KT T E T A 8 b I B 30 P R
SR PL ) Hh S B 00 it 2 A R 5 1 o 0 00
BR5 5:% 1 ;P e, 0P B 9 3 £ 085 4 D
SCERH 0 AR R A | 2L 2 ) 26 K S 9 o) 2
e IR B 5 T o T 4 638 P A

Jel TS GEE Paria
5 ) . DODCA T@l—@:iﬁ%’%_‘, ‘ ZT‘WJ‘H_R» iRl
r v Vov i L R ua ity g . Ly Uga
z : 2 o
3 - L Jib i it ,‘m
_ Ude Cad —| > Y
& ¥ ' A

—

DC/DCHE # s

B1 BT VSGHABHMAEHEERBIEN

Figure 1

1.2 EMNERSEZENNHFER
A1 PR Sy B AR FN A5 A, VSG A T
PR R W T HAR AU A e T 5 B JE R AR, TE AR

SCHIF 5T i T A Y 45 2 R AT I A R VSG B T

BEHTTRE
2 MBS HINE BIE = H R

2.1 ENRERMMEMUBERREAN RS
45 M S o A

HESZ N VSG 2 HE 9 B 45 200 12T (P 2) 0
MG AT AR T VSG I M &R GE 7 5 5K 1 R 8l 4%
PFF Z Gk A D By A 00 3l 25 B

EZ5 R L L UZLOR, [ K
1 2 g

L

B2 VSG 3 W % 45 % %0 i B
Figure 2 Equivalent circuit diagram of the VSG

grid-connected system

Overall topology of the grid-connected photovoltaic and energy storage system based on VSG
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