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Stability Mechanism Analysis of Grid-forming Converter Connected to Low Impedance Grid

YAN Wenbo!2, HUANG Yunhui'2, FANG Zheng!?, WANG Dong!2, TANG Jinrui!?, ZHOU Keliang!>?
(1. State Key Laboratory of Waterway Traffic Control, Wuhan University of Technology, Wuhan 430070, China;
2. School of Automation, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The grid-forming converter has voltage source characteristics and has good stability under high-impedance
weak grid, but it may be unstable in low-impedance strong grid. Aiming at the stability problem of grid-forming converter
connected to low-impedance grid, that paper first establishes the state space model of grid-forming converter under low
impedance, and combines the characteristic root trajectory and participation factor to analyze the dominant mode and sta-
bility trend of the system under different grid strength and different control parameters. On the basis of the state space
model, the dynamic model of the grid converter connected to the AC power grid is established to characterize the dynamic
characteristics of the internal potential-inertia, damping component, and synchronous component. The stability mecha-
nism of grid-forming converter under low impedance is revealed by analyzing the evolution law of damping component
and synchronous component of grid-forming converter with the change of grid strength and control parameters. The anal-
ysis results show that the terminal voltage control loop of the grid-forming converter will introduce significant additional
negative damping components under low impedance, which reduces the stability of the system. By increasing the band-
width of the terminal voltage control loop, the negative additional damping can be reduced and the stability can be
improved. At the same time, reducing the inertia coefficient and increasing the damping coefficient can also increase the
damping component and improve the stability.

Key words: grid-forming converter; small-signal stability; dynamic characteristic; damping component; synchronous

components; low impedance grid
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Fig.3 Steady-state and unstable phasor diagram of

grid-forming converter



PEOCH, EEE, T7 IE, S5 ARFHPUT I B AR s A E PEN LR T 1447

A Un RO FEM i R AUE fH; Py BRI
W RN BIRIE A7 DT 3 X RonR g T, s
@)V LAE H, LR FHATHURCRIT, SCR 8/, HiM
TRFERGS; ZRESPHPUU/NE, SCR K, Hi 58
R .

WEFZNE TN 1.5, e 78 Dy N 20, H
fh RGE S HAEHI S E I 5 Co 7 Hria M AR IR
i L R P R K IN RGURHEAR AR AL, 45 3R
Kl 4 Flon. BEE H SR EE R M S K, fRE LA
BIFEAR Ay Ao, SEECRMIERR A5. W IRAAN TR
P Ze P, SEHURFIEAR A7 As BT BY R fill,
DA ERHMERR X RGAEMER AR N eI, RGE
SRGEAN 1se, RIE T RGWESE MRS
e, RAEIKIAJEFE, FRIRGE Lse 1B U
] Sl 1 E 2 Bl A% B R GU B n A FRE, 24 SCR &
N 5.4, F RGN s o BRI Rl N AT 211
YL ZE AR ZHCT RIS E MR PR L1 9 n=5.4.

Z 5K ot T3 IR s e
REZER TR, 2 558 P RSN A WG
FHIE A 245 3

UpVyp oo UV ot UV,
P=u,vy - ugvy vy,
_unlvnl univni unnvnn_

e w AT via 70 IR FERE A 102 AR AL [
FXTNKITEER: 5T Pomwavie RS kMRS
AREXT AR | N IRGIE A TTRR

IIMTRELER LEIE KN R G SR G 156 S
HHEFWME 1 Prn. mR 1ATDEL, AFEEHLEL
T R AIE S BN R IR G2 5 R 11
NT0.01, Ui B R RS EE A A AR, R ANE
PR T ARG PRGN DT B S5 H
SRR FPARE R E Awpses Apser Ax2 ]
ZHRTER, Ui 2R R AL, B IA
AR R G0 RGN TTIIR K, HBEIAA

DRI R f e MR CEIEA . thoh, mEE
1 AT DU IR, BEE R L3R, DI
5RETRE, BERNSE5EE LT, HIIFRRR
REZREIRE ST REM: AN, BT RELSER
Gt Ase MREESZHIE K, RAEMIRGIFESIN
K, FHIEELHN, ISR RGBS PERE .

B EIR BT AT AT, A RS0 LU KR, R4t
eSS, IO LRI IR S R ST E
PEE B -

22 MHEEARHBXHMELRFZESRANFM

WERE N 3, B J N1, e REE
kNG, RGP 5 Fras. HE S
ATEL, RRAEAR Ay Ao JUPAAR; SREURHIEAR Asy A4
TESEH ERs), (RIRAAL T E VIR /20 Rk
R A7y Asim R, DL ERHIEARDN RG R € ) L
BRI, FRIRGHN s U8 RS2 K PH ey
P, Bt BB BB, As.6 SefE 5 Sl A RS
WFeR), FEmRAFBEMEANG YT, AR
KAd, s e R EL Dp=10.

e RBCEES, i ERIRGEANS S
RFARENL, g0k 2 s, Ho A fgE
BHEACREEZE S SR FIRZ/NT 0.01, X
AFHIH . B3R 2, HEHE R, &
Gt 1 FIRGAL A Z DAL KPR UM B K. IR
BDER Aopsc NS 5T TR, IRELE An 25
7 ETb, XEWIREERLJE RECHG R, ThERIAXS
KRG T FIRGEAFZECDN, TR ERN R4+

B4 JR LRI R SRR

Fig.4 System characteristic root trajectory when SCR changes
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Tablel Participation factor of the dominant characteristic root of the system when SCR changes

SCR FFRG A Rhsdl i) ,%&%@
Awpse Apse Axi Axy Ax3 Axy Aigy Aiy
2.0 —2.897+19.312i 0.420 7 0.4730 0.037 4 0.1250 0.000 2 0.001 2 0.004 7 0.003 0
3.0 —1.757+£22.169i 04133 0.464 8 0.026 0 0.1554 0.000 1 0.001 4 0.005 7 0.002 3
4.0 —0.943+23.879i 0.410 6 0.462 2 0.020 8 0.173 3 0.000 1 0.001 4 0.006 4 0.002 0
5.0 —0.374+25.040i 0.409 7 0.461 4 0.017 7 0.185 1 0.000 1 0.001 4 0.007 1 0.002 3




1448 i LR AR

2025, 51(3)

SRGE ARG [FR, 4FHJE REEUNE,
5D ARNREZENSSHFHEST5H
JERF RPPREA . HAh, HEHJe RER/ T,
T 32 SARPAEAR () R S0 K, DRt RS R 4
RWIKR, FFRHERS i migR, SEE
PRI,

H_ER TR, MRS REDR/ N, R
GiREMEALSS, IS Dy Z [R5 PR by L PR TH
S 5 40 3 TR A I DG s i A 1
23 IRERBINE R SR E SEXIF

T B AR s A5 B R J AN A TR SR D K
RN EY R &), HS80E 3 HERE, B
SRR E R T s B WAL 3,
FHJE RECH 30, Wi RE J IZEHE K, REGFHE
RN WE 6 Frs. HE 6 Al%l, FFEMR A A2 JL
TAAR, SEEURFIEAR A3 A UGN T &P 222
T, FEAEAR A7, As I ESREH, DL RAFAEAR XS R4t
EMELTRA R EFRGEN Ase BEPER
B OB IE SR S, 24 J=T7 IR it
NP SRS R .

WERELUN R E R IRGENSS5R
TR 3 Fvn, BT H A A GE D BB R PIRAS
BEZ 5RFIRZRIC, FIARYIH. BERE
BUNS, ThERERIPRELES SR T RET
BRI, REGFEFIRGHEZ DRI EWER; 4
R RBIG KN, 5N EIRA RHPIRE R
BHZ5E R RN e, BT 3 SRR
B IR, R R G R R RN, (H2
F FRHEAR S Sl B e Aok, T S B0 T &
ER NS

i by, URGME RO KR, Rafew
PEAZSS, LIS B D) Z R A L R 2 R G
SHES7 S

3 ETHAEHMRARBETREREN
IkE S

3.1 RPER T HAME RSN N ER
BT 2 EoaMTAT LG H, MM AR RS
) SR G AR A S DI SR AR, 1 &R
SRR e TEN 3 RIRG A E, X EWE )%
fﬁlﬂ?'ﬁﬂ HL S PR 0 R G AR E S S B VR T
% 2 FPAAPRS A A R BRI 7 R 9
FE BELJE 28 Bt & R BRI R GiAeE TR AR

K5 BHJE RBORALK RGURFERR LI
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coefficient changes
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Table 2 Participation factor of the dominant characteristic root

of the system when the damping coefficient changes

Dy ESHRGHL hsdl g
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30 7.19+23.02i 0.407 0547 0037 0227
60 9.66+14.37i 0.194 0588 0067  0.403
90 8.66+10.55i 0.091 0546 0075 0434
120 8.02+8.51i 0.057 0546 0.083  0.459
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Fig.6 System characteristic root trajectory when the inertia

coefficient changes
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Table 3 Participation factor of the dominant eigenvalue of the

system when the inertia coefficient changes

J o ESRHER R R
Awpse A@pse Ax Ax;
0.5 —14.144+22 951 0.375 0.713 0.058 0.382
1 —7.194+23.021 0.407 0.547 0.037 0.227
1.5 —4.15+20.891 0.402 0.495 0.031 0.189
2 —2.64+19.111 0.401 0.473 0.029 0.173
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