DOI: 10. 7500/ AEPS20250617002

L F X R R

Automation of Electric Power Systems

RM-MERXEREEMRESHERSHMRMAKL T E

BEAT, 2EX, & A, H#HLa
(PHZ A2 MR F A TSP, BEviE % 710049)

WE: AR REEL L TFAEBATZHNBTEANRAAGRG RN FEKRRTERE,
MRABEABSRETENRBRAAMEEME L 2R 4R EHFRLTI ENAHEX LSS A,
BRXTEEREMREEAEE, Hi, L PRE—Fr a4 RIS TR 5T
ABEMT TSR BRAMKALT £, A MELLSDNTHRATEZEN AFELLRREELEWER
PRy % 25 RAELK M ERFRACER KGR A T H B AHH o 8 E DR E Ao TR 6 2k Ak
WA, RE, A TAHEERDE B TR A R00h HOE AR X, W 3E R F 1k 24040 9] 4 4510
H T EAAR R B LT I, R a3 A T AR W R 6912 Bk B & o KR 4Rt
KRR, APRERR TR ELEMAATABEALE KT ERANRAADE S

Vol. 50 No. 15 Aug. 10,2026

FEHEERETHRIEIRI D THAZE, ARACEREXEHAR TRERT &,
KR MMBLTRE,; EMRE; ME; £EERSDEL; PTRRBRIM,; AELrk

0 518

T8 XURsR H bRl R e I R b s DU fE IR
N FEREGE B R G K OGRS T AR A
BT AL R O 3k R ] T ) TR
i B4 i ) 4 T R A o SR B 2 A% St ) B L
2 A e By R S B R AR, (A B SR 5 XU 1
PP RE J7 R RES . I ARk & A R IR 9- 287
(RN QN SRR < S L 4 el PN T B
PR 1 87 fif 5 S A S i TR RE RIS 1B R
Frge TR ST RGBS e K T REC R
MR R G [F) ARG E VE AR 22 PR B R

a0 B (GEM) 22 3 # i ot A58 400 7] A0 % v pIL 3%
TIBd R A BT AL e Y BRI AL (GFL) 728 3 s B
o TSR Y R0 R R T Bl SR RE L R B R
PR 5 L e 280 RO R0 7R R T O &
G Fe g M 7 T R HE A OCHEE T BRI, RGLE
AR A5 78 AL A B RE D05 A BEL e 2 B TR I A7 A
LR G KRR, P — S RO B 5EZZ 55
A N ) T B A, 2 BOE BN 2 W B R
P D RAR G AR E LA TR A B AR IR K
F14 B BIL 2 3l 1k L Is AT 00 A AN B E M BRI R S
BHJE I8 19 55 vk HL A v R B g A0l D 1k e B R
PRV UL, T 2 GFM AR 3t 4% 8] 7 i 4 i

KAG B . 2025-06-17; 5@ B 4. 2025-11-07,
L ® 8. 2026-02-09,
Rl WA PR ) A HCR B (5100-202355385A-2-3-XG ) o

238

BELJE Bib W) A0 Ak 5 W AR 5, T A e T A 56 28 4 1 7 R
B4 ) B, A 50 T /N T G 1) A5 B e i, A B 5 L 431
el I RE R s iTHAEEE L,

R G 58 U 45 KR DL 5 BELJE P R Ak 2 T
TTZWESE, A0 A ST 5E U ik 3R A 9 ok e
WK m AR EER L SORE S 2K 3K, ik
L) iy e R Y T S E BB VA S s, i
Bang-Bang i il "' 45 507k 70 IR S B Ak A AR Lk
SE AT, {EL 12 208 505 v A0S N G S BUHE I i, LA AE
ZALRE W Z 56 Z WP HL PR R RE S M, R &
AN R Y B L= B SN =0 i < B/ S R (<K
R oAl AL AR B 4wl A Y AR AT
K EMBEFM . X T BN A A4 2 ) R
RSB E TS E N Fh R 28 A R 25
S0 T RURR M DA B v R

A2 R RS 23 (81 28 7 ik DR AT ot 2 0 L B
WAR R 583, U0 4 Ok O 3 W A W98 s . i35
R E e 3 S, Hod 5 1R Oy S i
i A o N - Bk A -2 R G R
#, 45 A Nyquist F 95 88 3 5 (8 28 8 1k 2 50
B (EAZ T 1 R e e A R A i LA I 2R
Gk E e Mis TR Z TR . HA
2 il 7 AL B 7 B3R RN S i vk . BT
5L AME S R R A 2 1) 3 A =R T A S PR A A
[ By B 3 D R A5 28 8] 5 5 2) 38 1 Lyapunov pf 50 1
AT R GERAE Mk AV 2 IE E LRI 5 3) 3 T
BT R AR RIT B & R EE S S 2 5N TR



U5 ALRE I RS ik . BRI R, B iR 2N
5 R A B e R AR A8 B T AR B Tz
Mo SCHR[27-28 ] 5 T YRS 25 ] 4 2 1 Z i
(i) R AS Y 3 ) R A (B AR B0 43 BT S 8O0 R 42
B A HEVE RS 5 SCERL 29 ] WK & GEM ZZ Jii 2% &
G oy R A 5 S b s, O 4 — O T AR U
HE S B R mg . A, STk [ 30-311 43 51 A1 A
Radau H: 85 5575 #1151 A Lyapunov 8 & pR %19 77 X
Fa o H A pRER, 38 o 8 I R A A B A S A
ENGE/RSIESE 2 4 WSOk R A SR NS A LIS Ve Syie
FIRI A8 3 - 1k R R A5 R T 1R R M B AN A
AF AR L. (B2, BRIk ER 22 5
AT PR SRR A AT DR M A TR (R w22 L D SHfe i
2 Y PR REF b T AE W Az B

B X bR Pk % A SCHRE S — b A A Bl B
W5 2B AALE B9 GFM 28 i %5 K 2L 15 & S5 B e
WA H Ak J7 ¥k, 3R 78 IEEE 39 95 SR B R 4 T R
BOE M S O B E . AR SC B TAE S A8 A
wr .

D LS % IR G /DT DR vk 3
BRI A W) B PR 22 Ak B 24 oA R 2R 1k B R A
B RAEERIE R SHEAEZ AREE T E R
AU X 22 G0 M BB 1Y ol ML o

2) H 2 B A R T AN A Ak SR i Y UL
L ENER ) R R G 2 7N R A R s
BT B 5 B A Ak IR 5 3 A P AR s B I
I S R A AE X 2 B0 Bl 0 RO f b X AR T
B4 2 57 G Ak T BB A SR — 3R 90 45 A AT E R B IR
RS E 7T i 1 ey BB 4 M )

3) 4 I TR AR (B S 5 R B A R AR Y
{5 R 38 R E TR W, S B AD K T AR R R 2
i 1 Bl AT, A AR T AR S AR B AR e S
S

4) X 2R B VD 3 26 o AR AR T R AR AR N A
IO UE T A SCH e PR 2 2 Z 0L R G b 13 Bk
ARNE IEA SO RS PR R R T R A
B — I TR R A .

1 7 88 5 R BX 3 &t A #1522 A0 FR B RO R
53 1 5 i) 23 B i

BN 1A 1R 7S A A M TG oK H S5 AL A i DR
SCHEEZMETR iR BE VR R R G GFL AR R A% A
GFM 78 it 4% I Wk i i R R &R 48 . Hevh, GFL 72
UL s 8 e AVURH B S I BRI L I R R AR A O i
ROREEAANELINIR . GFM AL & W
TR A5 d MLAN R, 2 Bl 7 &R 48 L T 5 R 52
5 ) 7 2 S b o)A K AU B S R LR 2

UTATT , A5 IR Do) -y o YR IR R 8 e ARL I ek 5 B2 2 B 6] 48 Ak 5 1%

B, RGP R G A FEE NI 2 A [ 5 T Y
YRR ENER K .
GFMZZ i

GFLZS it

E1 BERSHIREE
Fig.1 Schematic diagram of hybrid system topology
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Fig.2 Schematic diagram of GFM controller and its
grid-connected structure
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Fig.3 Schematic diagram of GFL controller and its grid-connected structure
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Fig. 7 Optimization process of small-signal stability for
Southeastern Xizang case of China
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Collaborative Optimization Method for Virtual Inertia and Damping Parameter of

Grid-following/Grid-forming Hybrid Systems

ZHAO Boyan, QIN Yuwen, DUAN Chao, BIE Zhaohong
(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The high proportion of renewable energy connected through power electronic equipment significantly weakens the
oscillation damping capability and overall inertia level of the power system. Although grid-forming converters can actively provide
system inertia and damping support, their security and stability characteristics are influenced by nonlinear coupling of multi-
machine parameters, increasing the difficulty in configuring device inertia and damping. To address this, this paper proposes a
multi-converter virtual inertia and damping collaborative optimization method integrating the matrix perturbation theory and
alternating optimization mechanism. First, a multi-constraint nonlinear and nonsmooth optimization model is constructed,
encompassing small-signal synchronous stability, frequency security, and device physical limits. Subsequently, an alternating
update mechanism is employed to decompose it into independent optimization problems for virtual inertia and damping. Then,
based on the matrix perturbation theory, the sensitivity expressions of eigenvalues to parameters are derived, transforming the
nonsmooth independent optimization problem into a iteratively solvable sequence of linear subproblems. Additionally, a trust-
region adaptive step size strategy based on eigenvalue second-order sensitivity is proposed to enhance convergence efficiency and
stability. Case studies demonstrate that the proposed method significantly improves small-signal stability under various robustness
challenges, including changes in grid-forming converter connection locations, quantities, and power flow fluctuations, with both
optimization effectiveness and efficiency surpassing traditional methods.
This work is supported by State Grid Corporation of China (No. 5100-202355385A-2-3-XG).
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