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Abstract: [Objective] With the continuous increase in the
penetration of renewable energy generation, the grid-forming
(GFM ) converter, owing to their capability to actively
support voltage and frequency, are regarded as a key
technology for enabling the reliable integration and stable
operation of power systems with high shares of renewable
energy. However, due to the limited overcurrent withstand
capability of power semiconductor devices, when voltage sags
or other faults occur in the power grid, the GFM converter
prone to large power angle deviations, loss of
synchronization, and transient overcurrent, thereby posing
significant challenges to stable operation. [Methods] Aiming
at the above problems, based on the equivalent impedance
model of the GFM converter and combined with the vector
diagrams of system voltage and output current before and after
the fault, this paper systematically analyzed the generation
mechanism of overcurrent during the fault process and the
influence of voltage amplitude and power angle variations on
the fault current amplitude. On the basis of the above
analysis, a comprehensive control strategy that took into
account both transient synchronization stability and fault
overcurrent suppression was proposed. The proposed strategy
adaptively reduced the active power reference value to
enhance the power angle stability of the system. Meanwhile,
to achieve overcurrent mitigation throughout the entire fault

process, the strategy implemented fault current magnitude

constraints along with a combined control approach. This
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approach synergized internal voltage reference regulation for
steady state fault current management and virtual impedance
[ Results ] Finally, the

rationality and effectiveness of the proposed strategy were

for surge current suppression.

verified through comparative tests on an experimental
platform. The experimental results indicated that, compared
with conventional methods, the proposed strategy had
significant advantages in enhancing the transient performance
of the grid-forming converter. It was able to maintain the
power angle stability of the system under various grid fault
conditions, effectively suppress the fault current, and ensure
that both the surge current and the steady-state fault
overcurrent magnitude were below the preset thresholds.
[Conclusion] The comprehensive fault ride-through strategy
for the GFM converters considering current constraints
proposed in this paper takes into account both power angle
stability and overcurrent suppression, and can significantly
improve the operational reliability of grid-forming converters
under complex grid fault conditions.
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Fig.1 Structure diagram of the GFM converter

dw
JEZPH*[ _Po _Dp(w _wO)
(1)

Qi —0,=D(E-E) (2)
. g R LA 5 i, T 20 i A ) A g 1
PN R D, N AR TN ER 0 B
TR E NN EIESHE; 0, N REH
SESRPE ;D NIRRT EREGE, RGN
WUE EIRIE P 5 Q. 700 A2 S 88 1A T 2
RMILININRB A, P, 5 Q, 433 78 B ds i
SEBRA DR TC L T A
Q, M X} PCC & L R 5 U R AT R
B IR AR AL S5 8], P, 5 Q,
Sl

3, .
Pu = ?(vodlod + vuqlt)q)

3 (3)
Qo = ?( vuqiu(l - Uodioq)

K v, v, 7000 728 e a8 L R o AT ¢
Bhor i, 0, o3 BN AE AR S R ) d B g
oy,

h T R e e 0 72 48 25 7 B 3 BRI LU (Short
Circuit Ratio, SCR) W 5t i E >, A3
SR HE AU T 9 42 1)+ PT F5 T 245 45 ) R s v T XUBR
FEHAs e, Hrd RN TR AR B 2 %
LN R NS /DOE T v IR AN R SV € o i)
IR PLAE GG, LA 22 (55 (0 Pk iR
5, DTS 80T o FL D R B 152 2, A £ P U 8 285

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HALSHEHN A, 5535, B4

Electric Machines & Control Application, Vol. 53, No.7, 2026

647

NERE, HLIRH HE S 20 Park AR dg
MERR BRI 3 abe AR bR B, IR AR I BEA B AR R
PWM I3, VB IF A TAE T s T R ds
7, DA S BRAS AN 9 1E 5% A5 5 i

2 HEMBEESEHE

g I8 75 725 480 25 388 3 PN S o BB A 32 sl Al A
JE 54 R AE R G0 A v ] AE 0K A2 1 L R
W, EIEEBITECT, i — 5% B RS9 %
il , 2SRl L FAE N R Y5 5 e B 40 B
PUAHZS G IS HIE N, BET UL, ARG 58K
PTG IE] 2 i, Hoh R X, 230l s f s
TG LAY K A BE Bt b i B B AT L 0 40 L R, L X,
3590 2 7 L IO £k B 114 L BEL S R AT, v, 2R A
HLE

FEARARE X7 T, AR SO E IR E 2 % E
5 d i —2, ik 6 BN HBEIESE
A7 0 F, X Pl A 87 =2 [ (4 A 67 22, B 6= 6-6,, FE
H 6 5 6, 535 AR L 22 L I L Y AR
fiff

B2 MWIEHRIRENRE
Fig.2 Equivalent model of the GFM converter
P 3 45 1 R o S 3 g A TE R T 00
T PR R XS LA, i 3(a) Al L, 241
P AR e AR AE W AB AT AR AR kg A
VMR AE 1, 18 W WA AR RS S R 1, A3 [
WL ARIE T RGEERRAS T A2 s AT 5 i s
AT
SRTAT, 25 QL o A R, RSB A TR
A AR R D) R T T R P R e A
PBHFOLT o DEEE PR REAS 4R il i B E
MINTRRIES B E AL, B E=E, ILRF, AT
6 A TISE A4 2 A A R T R, 2L 40 23 000 B2 T
P FEL UL , AT 53 S5 P M (LA R P i) A 2 R4
e 4 L O T R B T 2 A HL U R R A S
fih g i AR S AN 3 () FR e
Je B R LU R 07 e, IR DX i )

B3 BMBEEREIENEXEE
Fig.3 Comparative vector diagrams before and

after grid voltage sag
AR A g o) T A 48 g 1) A4S RE TR R H S R TR
FEAERIDCER , AT S M A s R 5 K0 2
B IE ST

PR
2
XyEV,sin 8 + R (EV,cos 8 = V2) + R (E* - EV,cos 8)
R + X3
4)
3
Q.=
(X, = X,)EV,cos 8 = RyEV,sin & + X, E* - X V2
R + X3
(5)
Ry Xy 70900 A0 BT AR B
Ry =R, +R,
(6)
Xy =X, +1X,

BT R, P TR
PR AT B S A R 2, IR 4 s, %
£k REAS LWL S WA ri 1o vt AR A 25 PF R, TR
Wt Zh i i sh A AL R

AR I f it e mT 45 B M A v, R
Difath 2R B P RS, R G0l 1L i i Bk 2
RGN, 1 00 R P R AR A, A
V,=1.0 pultf, AL S A INESE P, 1
SERA a b P, H o O FRE A T b A,
ATEE A 10, X DI 09 o 8, 6,5 2 H
Pk Az — e P B S A R R R Y, =
0.6 p.u.if, D pZAS IR P, A7 AL PIAS - a5
a, by XTSRS, F S, 5 SR, 22 H ) i
AR, SR R R B TR Y, =
0.2 p.u. i, T M k54 D1 R B % A7 AE L
A5 RAAEAERG A S0 1, I R G2 A 25 A

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



SCHRT 45 25 DR L AL 24 SR A A 0 A e e 25 3 AL o 2 SR

Wen Junyu, et al; A Comprehensive Fault Ride-Through Strategy for Grid-Forming Converters Considering Current

648 Constraints
ARG, B A I7 252 T B S 70

4 AEBEMNBETHINAFEMZ
Fig. 4 Power-angle characteristic curves under
different grid voltages

ST LR 2 8 F LRI N T P SRR
R AR 2 W R LA 2 AN T DR A 37 A
B b AU FE BT PRI AVE T . TEX —fikik
R A R LI G AR AT LA AL, R A e e
Ja RN 5 Bs

Bs5 HEEELEEE
Fig.5 Simplified vector diagram after fault
TEX (4) T (5) LAl b, 455 S5 S HTA A
SRR AT SH P A o 2 5 J6 25 14 i 11 Dl A 3Rk
AR
3 EV,sino
T2 X,
3 E* - EV,cos 6
Qo = ? T
BeAh, FE TP 3 (a) FIEL S, Al — 2 4E T i A
P P00 25 A R i 1 78 40 i 14 P VA R L 10 f BT
ik

(7)

, f/; +E’ - 2V,Ecos &
' (Xy)*

o f/; + E} - 2V E cos 5,
T (Xs)”
A2 (8) AT, i H A HL I (R S R 42
iR P 4 UM S, TR) A A 37 31 28 s BB 2 50
AR RS R L FE s, HE— 2D, WA 6

(8)

FEA T, RT3 463 75 45 DR 258 0 i Bt L 3
HOAULPKE 8

6 ARESHXHE BRI
Fig. 6 Influence of different parameters on output current

1 (8) i I, FE R FFH AR S B L 19 5%
PR MIBES % B S0 ELFE v, W S
TRAE 1, ML — 20, ik 6 Fon, 4
IR AL TR/ NG R BEE PR 0 E A AR o
FLJAL A4 L S B T e 1 > D) Al 4 R 3 —
FERE S5, W2 B L AH Bz i) 22 AR MU BIVFR TR R B
B I IR A B98N, BeAh, 7R R R FFE E
AR 0TS, i L P A I 473 it £ 7 ) 22 A i 52 B
WFEPE, X — LR T IR E TR
SR Z A B AR O & WAEAR AR B 1
A S0 1) L O ) MR AR I 2 SR s T L TR
{ELS DA A L TR O e P AR B R0

3 ESMEERITRRE

S HIEE A7, A SCHE T — s )
P 5 T 5 A B B s P R T4
SR N VRN SEBL B VA B o 1
RIS S IR A R e TR T e
s ol T o 0 2 A I R 38 7 A, I
HEBLANPE 7 7. MM B A = AN BR Y B
5 i AR A R S (R R S
R b s F 2RI T F 25 B S AT ol e
B IEBI AR 28 v, LAAE R R b
SEHERE 7B 5 52 B A 200 o ik
J5i 3 AR P A L ) B
VSIS R4, 3 5 B ol 3 o R 2
VA A

UL 7 B3 o 10 F P 6 I B 30 £
TR % SCR FH 6 4 Hh L U 3 B 045 30

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HALSHEHN A, 55345, B 74

Electric Machines & Control Application, Vol. 53, No.7, 2026

649

7 ENMERT R ERIERE
Fig.7 Opverall strategic framework for enhancing

transient performance

SRR ARG BITE L R R AR P PCC A
(BRI AR BE XA D DR S (H AT S SRR, 8
11205 2, W ORIE R GE MR IS e - A, DT
TRAED) Mk v, Rk m A DRy 25 P,
A N RER

Padj = : = ( 9 )

o

43 0 Sk R RS A ) PCCOH, R

K.y, fil V pca
&

WA, AN 6 Pz, e R 1] 14 3 it e P AN
32 30 R, 10 P, T R (LAY S M 3 5 8 4G 2 Y A RS E
S5 H LA OIMOG . 21k e 30] a] F 3 e
BEPR I 2 PR AR 1, I, SRR S 2 i R ik ]
BH

, /V; + E} - 2V Ecos 8,
" (X,)?
e, =0 (10) A S A5 20 A BRI 24 R
YEHIT RGBT AR LA BT RIA R
(Ve + Ef - I}, X3)°
£ — (11)
AV E;
[FIRE b, BT Ak 5 P D R AL R O R (7)),
AP 2 5 R A S MY IE X
PRECC R, HTIE N

(10)

2
cos 0 =

sin’d = — —— (12)

a1 R (12) IR EA = M5
3 sin’S+cos 8= 1, A LAIE— 25 X e s 2 i it (L 3
IRAHEATHIET , DA F % 2 #7428 2 08 HB, 00 1 1Y

SN

4 Pxs (Vg +Ef-BX5)° (13)
9 Vi 4VEE?
X (13) PSR
E' —mE* +m, =0 (14)
Hort m, m, S5 FE.
my = 2(1, X3 + V2)
{mz = (Ve - LX) + ?Pﬁxg (15)

H1 T AL R R RV, 2 AN R GEAR 1 2
JCim 1 AR e B S PN AR AT, DY AR B
S HE I R L Y R L A A A5 o) A R T
MREES% E A i, RSO B e s h
FIARREIA &V, il s BB IE AR RS
% SN SO L R A R 2R, FErp Y R
PR AT (14) A A3

m, +./m; - 4m,
2

Vadj = k\

FEETR T m, m, SR 50
FEIR(E V., B IIHE AOAESCRRIE AT, V., B
77— DR A D R T B4
il ASCHESR AT PCC RUFE V,, Mg B ft it L)
SR AT S B ik, IR, 31 A R 8
e, SRS KRR PRI R A B 22 0 A M, BT 5
B PR B AT I 5 138 RS

B AE RO I 22, RS 2
SRR TR I B (R R RO s,
SR HL R R B R T S AR
PO T, % 1 b R R BB YRR
RIS

(16)

-
sin(wyt +a —¢) +Ce 7

w0
(17)
.o NHEEEHYA; o BRI AEN A, B t=0
B AR FR 7 o EH A = U TRl 8, € R
BB, AR S e

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



SCHRT 45 - 25 DR LA 24 SR A 0 A e e £ 3 AL o 2 SR

Wen Junyu, et al; A Comprehensive Fault Ride-Through Strategy for Grid-Forming Converters Considering Current

650 Constraints
C FRRAN
cC=1(0) - sin(wyt +a — @)

JR + X3
(18)
HEC(17) AT LAE Y 7RSI () 5 | 40 H.
YU Z, REMe A AN HIR G B . AT Z, it
B, e B A X de ™ EE YRR T R AT T, D
1,(0)=0 H a-¢=3m/2, LLAA -4 i 45 ms 78 5% i
SN TR A AT EEE, FE B AT, X (17) v %
R
VR + X3
e (19) B R YA 2 SE i SR e ik
B KAE 1,0,

[ei‘% - cos(wyt)] (19)

iol(t) =

3 E,
]uImax =5 (2())
2 R+ X2

R, AR H T 8 L SR BRAE 7, , 79 1, =
Iy, AT HE— 2P AT 20 AL 12 BR A 2R BT 75 (9
LRI I BHYLE 2, eoh, o 1 AR A i
1) BACRp I I 17 A 4 ) 52 307 20, AR SO g 4L REL
Pt Z, Bt s e,

4 KL LEIE

Ry T i — 20 B IR AT SCELE A B I IR A P, A
SCHE T 4 7E 2R ( Hardware-in-the-Loop , HIL) ~F
B TR gk, HA R s 8 o, 5
RSt Jr AR L, HIL R RE 98 AE PR IR IR 30 2 4 1k
AT ST 4 i) B v ) S Bk AN (2L
AR ) RGP R AT A | 3 BE M8 AE AN K Th
R B A I 25 B S e il 55 H g LT
RGN AL H. %V G A SO H S0 1Y
PEREVEAG SR ML T A RO . TRilse i Bg o, B
DL HL 5 5E R 1300 V Fa NG LC s ds
DA v A0 I8 At e R A S AR i =
¥yl rR LD,

SRy B AIE AR SC i B4 ] SR B A ROME S
PE RS — 4 5 M RE RN CInTEl 1 s ), XA
[F) 4 Tl SR W (R A2 AT RE AT 1 i g X Lb 43 By, B
HBR I (S — 1 E A 1.5 pou., B9 HTEHLIN
HUEFRFE R 0.2 pou. 55 7F T, GFM 2245 83 7E A [F]
) SRS T e 3 2 i iy F G2 2R

B8 REFEFEE
Fig.8 Schematic of the experimental platform
F1 MRETRR/OEHSH

Tab.1 Control parameters of the GFM converter

SRR ZHE
R s v, /v 690
DIRILHEME P, /KW 200
FRIEAA 1,/ p-u. 1.5
ehiigia 5
H I BB B L 0.1
WU A I Po/p.u. 1
WUER T BT Qy/pou. 0
AR d v 1 HURRE L/ H 0.000 2
AR MR 1 L AE C/mF 10
FHLAS T L R IR ARV, /Y 1 300
HE S BEATCHL A X, /p.u. 0.2
HEADBELAC RELRE e 0.01

P& 9 (a) X I A SR FH AT o] il e 25 o 422 o] 5 s
IEIE , AT WSS, TR M R, B T R4
= A2 A TAE S, GFM AR 4028 1) i H A D T %
RARIRYG & BT EY R R FR,
RGP A AUE R R g, R,
AR R G AR RIS T AR SRR E M, W
FIAE 24 A A 4 ) 5 R A o SR, 18 9 (b)
LGN P, W5 B 5 8 8h 2500 B
SELRIA M R 1 pou SR E 0.2 poul i),
ARG B ARARIL KA GFM A2 #5255 i i
KENT 2.3 pouo I H., FERGRRIIN AT S
ik 3.8 p.u. TR FL U , 2R BH A — D)) 3 5 SR A
e i FL S DI B R ATS AR R IR AW A R i [R) A, 3
— M, AN 9 () AR, 4R A SCER HE 0 255
P SR s, 7R [ A R VR S5 T, RGEAL

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HALSHEHN A, 5535, BT

Electric Machines & Control Application, Vol. 53, No.7, 2026

651

B9 HEEHKEZEO0.2 p.ubiiEbiEE
Fig.9 Output waveforms during voltage

sag to 0.2 p.u.
R DA ] 20 AR e, [] IR b VR 9 Pl U S R 2
A R HIAE 1.5 pou AT, B3R T
GFM 2248l i (4 3 e 25 B BE T PR BE

FRECT I 9, 181 10 7R 1 1 At I g B e 2 A
BETEOLT GEM A2 g A Sl A e N A | i e
WL R 2 0.4 puu.

HIPE 10 R, o T R R R VR R B N R GE
IISRAFAE R E A i, RIS AR SR P AT 42 o SR
WA R G A 2 R AR AP R ER IS, SR,
TEAR S TRATART SR LA K AR P 2 228 7T SR
AT OL T, R g4 Btk i) aed 37T -5 VR HEL 3 1)

10 EBEBEZE 0.4 p.u. K
Fig. 10 Output waveforms during voltage

sag to 0.4 p.u.

B A3 10(a) 5K 10(b) Urs, fHELZ T,
MR A SCRT 2 th i 256 55 1 SR B INF ) an T 10
() Fl7 , 2R G810 v, I i s 300 1] 8 6% A7 203 ) ot
MG, IR BIE 12, B &2 T GFM 742
oSS TE R BRI N AR A F AR R e 5 ik
RS S DA

25 Lk e 45 AL SR T B 4 ] SR e A
PRTHHA) 00 FA J 2R AN [R) T 050 T e 2 Rk e o O T
) R GFM A8 28 7E (R R 2 B g 50 R
) P RERR A B A THR L T — A R H T AT R

1'_‘.'1310

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



SCHRT 45 25 DE LA 24 AR A A 0 A e A £ 3 AL o 2 SR

Wen Junyu, et al; A Comprehensive Fault Ride-Through Strategy for Grid-Forming Converters Considering Current

652 Constraints
. submission.
5 45iF
S £ X #k

ey o TR - A i A e i BT RE IR O A
B N ARG AR RE 1B AT Y O, A L
W00 ] 0 ) ek i O T AR P 2 R AN A2
Fe LTI B T2 PR, AN SCRE Y 9 A e A
FEL ) L P R 25 I P 2 T 1 2SR E A R A
TP T RGN B P 5 Rt s, &
I N T AR R R G I S BT Y
FHETFTREXR FIRTRRERN T EBE 5| R
PR3 L U 5 P S HE X Dy £ Sh 25 iR 5 52 ), B
B 1 U R (R AR AR5 D I RS 2 S B0 5 (A 42
RASRICBE R . R BT FaAPLEE 2 T —
FRERG RS VERESR TN A I N R A 2
RS H LNk R MR ENE, 455 e
FEZ 2 A7 55 TR F U A o B, S B Tl e 4 ad
PRV R BR IR 5 180E S04, e, B il 5
fR s LIRS I T T 4R 5 ik B R SRR
W], A e il At T b 0 72 fh i A 7™ T R SR L 50
oy BRI R RS55S4 O
L BERE A R B OB L R IR R AR 84T, O
P AR g O R 00 T R Bh 25
FEBETT S R 2 B BE , D s LL R RE IR L T &R
GE P I R AR g ) 2% AR s s AT PR AL T AT Y
PRz,

g5 MR AR
F A1 75 AAAEAE R 25 0P 2
All authors disclose no relevant conflict of

interests.

& STk

SCHR T PVt PR HEAT T 7 St N
FEAHIRICRY 0T TR AT, Rl
W EESS TR H RSBk, raEEy
Pl R & T AR AR AL

The scheme design, content summary and
paper writing were carried out by Wen Junyu, Sun
Longyuan and Xie Yangjian. The experiment was
conducted by Lan Xin. The manuscript was revised

by Liang Xuyao and Wang Yong. All authors have

read the last version of paper and consented for

[ 1] NG, B, BAUER, 45 BT I ARG
FEVERHR ) R 43 R [ 1], P E B AL LR
i, 2021, 41(2) : 461-474.
Xie X R, He J B, Mao H Y, et al. New issues and
classification of power system stability with high
shares of renewables and power electronics [ J].
Proceedings of the CSEE, 2021, 41(2) ; 461-474.

(2] XGRS, PR, A, 45, 2T WRLS-ARMAX
RGHERAHTRE R AL ) RGEBUHEIEAG[T]. AL
SRR, 2024, 51(7) « 84-93.
Liu Z J, Hong C F, Guo C, et al. Inertia estimation
of new energy power system based on WRLS-ARMAX
system identification [ J ]. Electric Machines &
Control Application, 2024, 51(7) . 84-93.

[3] #MES, MIEMT. HT HIEN VSG #EHl LR IE
MARG[I]. BFRHE, 2022, 35(9) @ 22-29.
Sun S N, Hao Z H. Photovoltaic grid-connected

[J].
Electronic Science and Technology, 2022, 35 (9):
22-29.

[ 4] &FENR, PRESE, U, 55, MELUBTREIR N £
PRIHIALE ) RGHERR ST ()], I TR,
2021, 23(6) : 61-69.
Shu Y B, Chen G P, He J B, et al. Building a new

system based on adaptive VSG control

electric power system based on new energy sources
[J]. Strategic Study of CAE, 2021, 23(6) : 61-69.
[5] BEMEz, AR, RE, 5 BUH R 5K
PL-[FP LRI H ) 2R G0 5 7 i o RO 8 25 [ 20
RUESES BT (1], PERHLTREZR , 2021, 41
(20) : 6900-6916.
Tang W Q Y, Zhou B R, Hu J B, et al. Transient
synchronous stability of PLL-based wind power-
synchronous generation interconnected power system
in rotor speed control timescale [ J]. Proceedings of
the CSEE, 2021, 41(20) : 6900-6916.
[ 6] msxte, skEIR, Hal, % ST EIRIEHTE
PIRINCRERTRIIE SEB I E A E I S
[J]. mHLSHERINIHT, 2024, 51(4) ; 20-28.
Shi X H, Zhang X Y, Gan C, et al. Fault ride-
through strategy for PV full DC collection and
transmission system based on active voltage rising
[T ]. &  Control
Application, 2024, 51(4) . 20-28.

method Electric  Machines

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



R

SR, %553 4%, %78
Electric Machines & Control Application, Vol. 53, No.7, 2026

653

[7]

[9]

[10]

[11]

[12]

BT, BPRVE, BBAR, SF. e [P R E TR
JIR T IR AR o A SRR R SRR [T ],
THEASR, 2024, 39(19) : 5978-5994.

Huang M, Shu S R, Li X L, et al. A review of
synchronization-stability-oriented analysis and control
of power electronic grid-connected converters [ J ].
Transactions of China Electrotechnical Society, 2024,
39(19) : 5978-5994.

VR, XU, XURE, 4. i) R GEAR I de Al P95
AR BAR S R[], BmMEAR, 2022,
46(9) : 3586-3595.

XuJ Y, Liu W, Liu S, et al. Current state and
development trends of power system converter grid-
(1]
Technology, 2022, 46(9) : 3586-3595.

U7, WA, W, S XTI RRES
RURRER M ZE R 5 R EL)]. hEBIL TR
2, 2026, 46(2) : 462-477.

Li M, Yao Z H, Bao B, et al. Review and prospect

forming control technology Power System

of new transient voltage stability issues in power
systems with high proportion of renewables and power
electronics [ J]. Proceedings of the CSEE, 2026, 46
(2): 462-477.

2, X, XU, & RRIELE & B ALIE MR
SEME S PR BRI LR [ ], LS 4 A
2023, 50(11): 1-10.

LiZ, Liu H, Liu M B, et al. Research overview of
grid-connected virtual synchronous_generator stability
and control technologies [ J]. Electric Machines &
Control Application, 2023, 50(11) . 1-10.

Wedw, AREE, 2%, . RTRE- RSN
R ) R IR0 A [0 28 3 4 O IR AR 0 B A A R 1 o T
L] LSRN, 2025, 52(9) : 924-934.
Chen L, Zheng S C, Guo Y, et al. Transient stability
control method for parallel system of grid-following
based
adjustment of inertia-damping [ J]. Electric Machines
& Control Application, 2025, 52(9) : 924-934.
WIS, AN, B, SF B IR AR )
oy o0 B i s B AR AR P T [ 0], FRLPLS 4
IR, 2024, 51(12) ; 26-38.

Huang X Y, Li J S, Jiang R Z, et al.

and grid-forming converters on dynamic

Power
decoupling control method for grid-forming converters
considering changes in resistance-inductance ratio
[J]. Electric Machines& Control Application, 2024,
51(12): 26-38.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

FERIT, RAE, FREE, S AR B R 88 A0 E T
WIREERLT]. hEBHLT YR, 2023, 43(6) :
2339-2359.

Zhan CJ, Wu H, Wang X F, et al. An overview of
stability studies of grid-forming voltage
converters [ J]. Proceedings of the CSEE, 2023, 43
(6) : 2339-2359.

Hooshyar A, Iravani R. Microgrid protection [ J].
Proceedings of the TEEE, 2017, 105 (7). 1332-
1353.

PR, PR SE, FLPCHI, 55, B ARG BB ST
TS AZ AR S AL T 7k [T AR TR,
2022, 17(3) . 138-146.

LiY J, Chen L L, Kong Q C, et al. A simplified

source

stress  analysis  method for  coupled-inductor
impedance-source inverters [ J]. Journal of Electrical
Engineering, 2022, 17(3); 138-146.

SRR, B, ML, SF. OGHROIF R Y
JL e s B T A2 M RE SR WSS (], R A,
2022, 58(7) . 28-33.

Zhang C C, Zhao S, Yang H C, et al. Research on
withstand performance test of internal short circuit
fault of photovoltaic grid connected inverter [ J].
High Voltage Apparatus, 2022, 58(7) . 28-33.
ZEm, BRERL, TRET, AF. BT H IR TS E
UL 2 g 19 47 1l ) P, ) 2R G0 2 A R W BR B 717
ELT] PERALTREER, 2025, 45(8) @ 2911-
2925.

Liang S, Yao L Z, Xu J, et al. Power system
transient stability limit enhancement method based on
virtual synchronous grid-forming control of power
electronic converters [ J]. Proceedings of the CSEE,
2025, 45(8) : 2911-2925.

Schweizer M, Almér S, Pettersson S, et al. Grid-
[ J]. IEEE
Transactions on Power Electronics, 2022, 37(11) .
13091-13106.

PRK—, BRoRZE, JERSC, &, FETHRICEE U1
AR REAVA I 20 S g ARG PR PR B il v [0 ). W
WA, 2016, 40(7) ; 2134-2140.

Chen T Y, Chen L J, Zheng T W, et al. LVRT

forming vector current  control

control method of virtual synchronous generator based

on mode smooth switching [ J]. Power System

Technology, 2016, 40(7) : 2134-2140.
Liu T, Wang X F, Liu F C, et al. A current limiting

method for single-loop voltage-magnitude controlled

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



SCHRT 45 25 DE LA 24 SR A A 0 A e A £ 3 AL o 2 SR

Wen Junyu, et al; A Comprehensive Fault Ride-Through Strategy for Grid-Forming Converters Considering Current

654 Constraints
grid-forming converters during symmetrical faults limiting control with enhanced dynamics of grid-
[J]. IEEE Transactions on Power Electronics, forming converters during fault conditions [J]. TEEE
2022, 37(4) : 4751-4763. Journal of Emerging and Selected Topics in Power
[21] Fan B, Liu T, Zhao F Z, et al. A review of current- Electronics, 2020, 8(2) : 1062-1073.
limiting control of grid-forming inverters under [27] Deng H, Qi Y, Fang J Y, et al. A robust low-
symmetrical disturbances [ J]. TEEE Open Journal of voltage-ride-through ~ strategy ~ for  grid-forming
Power Electronics, 2022, 3 955-969. converters based on reactive power synchronization
[22] Paquette A D, Divan D M. Virtual impedance [J]. IEEE Transactions on Power Electronics,
current limiting for inverters in microgrids with 2023, 38(1): 346-357.
synchronous generators [ J]. IEEE Transactions on [28] Baeckeland N, Yang B W, Seo G. Transient
Industry Applications, 2015, 51(2) : 1630-1638. stability-enhancing method for grid-forming inverters
[23] Baeckeland N, Chatterjee D, Lu M H, et al. under current limiting [ J]. IEEE Transactions on
Overcurrent limiting in grid-forming inverters: a Power Electronics, 2025, 40(5) : 6714-6725.
comprehensive review and discussion [ J]. IEEE [29] Xiong X L, Wu C, Blaabjerg F. Effects of virtual
Transactions on Power Electronics, 2024, 39(11) . resistance on transient stability of virtual synchronous
14493-14517. generators under grid voltage sag [ J]. IEEE
[24] Zhang Y, Zhang C, Yang R X, et al. Current- Transactions on Industrial Electronics, 2022, 69
constrained power-angle characterization method for (5): 4754-4764.
transient stability analysis of grid-forming voltage
source converters [ J]. TEEE Transactions on Energy
Conversion, 2023, 38(2) . 1338-1349.
[25] kA, BER, 20F, & BT Eh SR Wk H 391 2026-02-13
VSG BB T[T ], MR, 2021, 45 WEME SR H 1 :2026-04-19
(9) : 3667-3673. (AR
Zhang Y Y, Zhao ] B, Li F, et al. VSG fault IRF(1991—) 5 24 R TR, A58 7 m R
crossing method based on dynamic compensation of M A A sh1k,578978697@ qq.com;
power angle [ J]. Power System Technology, 2021, « WEVES  RERE (1974—) B %+, SR TR,
45(9) : 3667-3673. 525 1 LA Sh Ak B I [l 45 i, 1608809434 @
[26] Taul M G, Wang X F, Davari P, et al. Current qq-com,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



