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Abstract: To solve the problems that the quantitative evaluation for synchronous stability of the grid following converter was usually
simulated by grid voltage sag faults, but the variation in the grid equivalent impedance caused by short circuit faults was not
considered, a quantitative evaluation method for synchronous stability of the grid following converter based on real-time impedance
identification was proposed. The significance of grid equivalent impedance on system stability was demonstrated using an established
model for synchronous stability analysis of the grid connected system with a grid following converter. To account for variations in the
grid equivalent impedance during fault conditions, a real-time impedance identification method was employed to quickly and
accurately identify it. The identified impedance was then utilized to construct a Lyapunov function for quantitatively evaluating
synchronous stability. Simulation analysis using MATLAB/Simulink was conducted to evaluate the synchronous stability of the grid
following converter under short circuit faults, confirming both the correctness and effectiveness of the proposed method.

Keywords: grid following converter; synchronization stability ; impedance identification; equivalent impedance; Lyapunov function

Y7 B A . 2023-11-06

EETE W L 7R )2 8B B3 H (520626220012 )

FE—IEHFEN Y (1985— ), F IR, S TR, 1+, E 2507 1 o s RS . E-mail: jiangzhe1985@ qq.com
* BISTEH B MR (1981— ), 55 LR A 2082, 2R 0 B0 3225y 1) by vl ) R Gk Mo i Sl

E-mail : yehua@ email.sdu.edu.cn



140 A Kk 2% % Ml (T % W) 554 4
hy i K A S R IR 5 A L 2R A Ak
0 3% s ) P50 725 8 S [ A B A A i), A

Wit 5 BT RE TR A HL 1) LB, e AR
FUA B AT, H Hs U5 AU A8 4 4% ( voltage source
converter, VSC) 7E#1 B B J) R G i) Lo P it 24
T, B ) RGN B AT N & A MR AR
AR RS ) R G A A AR P R R LG )
fAES, OA RIS AR . HATbrE
1THY VSC JL-T-# /2 B W) 78 A% 40 2% | 38 1 80 AH 25
( phase locked loop, PLL) [a] L 3 M  HE 4 &
LA, 20 W A AR 4 85 A 2D R R R B R
JEHL R PLL A9 3 AR PR A2 2R, Jo ik Sems
PR O R T R R A i B A BT P RE AR
TR o 5 DU SRR R A TR A e i A R 2 k)
R RE IR IEMAE 4T R, A 5 R i T R
o 1 T e g I I 2R 8 ) ) 2D A e 1 B E S

A BFFE I, H X 04 45 50 BEL 0 XoF SR IR 74 722 4
TR R R M FE | PR X R AR e 2 O K
ARG R R VeV 75 ZE R4 1 BE BT S 8, Bk
FEL PO ) S A B A TRt | v i e
i o T 0 H DX P A N5 A AL e K] ) 45 A BEL e B
ZAEA AR s N R BTN, ARG R
RUAR s [R] 26 R PR AR PP A A
T 0T 1) P v FL T, R 5 e e B0 P, TR 45 80
FEAT Y254k

CA ST T, B P B A e 45 1 X R S8 1 [R) 20 A
FE AT HT 7 1 A SF T AL (equal area criterion,
EAC) AT 2R 08 R sR AR 55, STk [ 12-
13 ] 2R LU lm) 20 A W AL B9[] 20 48 Pk 0 A O 2, I
EAC Tt Fi2 o 78 A5 460 25 91 0 32 G2 1) [ 20 e 7 5 3¢
BR[ 14 ]33t EAC BIF5 bR e g4 il 0k [ 25 55 1
Bz, 5 E2E A LS [A] B9 02, PLL A9 468 il 28 45
SR A=A E e, % B e v] BE Sk 15, Z 0%
SR EAEAE GRS TR, FIk, FLIER HAESE
(1) EAC Tl R X 76 A% 258 91 I R 46 1) [) 26 e 1
GG, SCHR[ 16 ] SR IO AH - 1 2 2 PP AL R
LNERGE R EVE DA RO E . (HAETE k1S
B[] PR P = F i, HAROR R 5 i ey
ISR R G Hm T SCHR[ 18-20 ) R B R M 1
RG24 R ek R, 38 3k B 5 BT A 3 eR R Y Il
b I DATTPS Y Wi T 2 UAek 57l i X [ 5
EAC FZ=AES 1A R RAE IR T B4 iy A,
B IE B A A TTAS R R AR 4 R O X R G
[F) 2R M de A RN T s o

FUHE ST R R AR e 27 5 R GE B R P R e AR,
i e B P IO S5 A5 REL T 1972 A, R S s BELATC
WITIEARTF 2L v N SR HT 2 8, W 2
VR PREGHEA T AL A, 8 5 015 F0 73 B e A F 5
Tk IERPE S A R

1 BRBRHRBARARNE SR
AR

T BB R R

R AR S I X R G A E s 1 s,
TR U A RREE R, (L, 5798 C SE2AIHRE
5. (point of common coupling, PCC) )55 %4 5, BH Al
HLEE i, AR a8 0 L, R e  Lyne 23900 R A5
LRI A SR B R R, S TE 55 REFZR I 2
&, u, 0 PCC ALATHL IR u, S/ 4 a5 i m H F T

11

u
u . c
R L M R Frly Ao
:I_KYYY\.
« — ; D | e
PHO L .1 C
PLL ol abcldg
i1
Ny
el o]
i?'Cf,l"c"T’ Fei et yaret

1 BRI SR I 9 R e 4 A ]
Fig.1 Structure of the grid connected system with
a grid following converter

S PO 2 S 48 g O ) R 8 ) 4 o R 8 T AT
PLL b ¥ 2y Z& 45 il A PN 24 L 3 42 4, PLL BR 2%
PCC AbHIHL 0, 1 @, 70531 i 1 AR i3 R
ST E S U E TR e SN Sl (BB 2 L R
TG A 8, PN A Ha, daE 428 i 050 i e H dat B O 4 4
B B2 H RS ul™ w285 ik b 58 B2 8
(pulse width modulation, PWM) 793! u_

WY E 115 1 abe 205 R T B SIS Tr
R

Cc

line?; ( 1 )

L, ul S abe B FR R T PCC AW HLE, ul™ A
abc AR FR NG R EFRAL LR il O abe A bR
F T AR 0 LA, ¢ I

It 3 () R A [R) A A R () 1) 6 R A0 IR 2 s
xOy AR R IR ul DA o, iEh , dg Aehr R R
BE we USRS o BEFE . d FlUBAT x Bl M e X
b,

uabz:_u:hc :R iahc +L

p line “c



5 6 3]

PF A TS BT A B 0 B AR 2% ) A

P ALIEAL T7 15 141

K2 Reas AR TR AR AR R I Y E R

Fig.2 Relationships of different frames in vector space

R (1) 22 HeH dg JJ??"F??

us=U, cosd Ry —oLy, dli
= +L1me
l/lZ'I'Ug Sln5 leine Rline ZZ dt Z
(2)
Kot U TG AT MR u? 4251

i PCC AW HL FRTE dg bR Z T 1Y d By A g B
Ara il 00 A ) R AR AR B B R R E dg AR BR R

TR d s g o,
R P U AR H g i S B A D DR P RTE T T R
0N
P=uyit+uli!
{ y o (3)
0= g _”plz

1.2 PLL =R
ZWE SR B A, 4B PLL X R 4 [R] fa
SETERYSEM Y W A PLL BN 3 iR,

Hd
a P
Up —> —>

PLL
up ——»| abcldg w K
b -0,
uf, D — )
X K

/%13 PLL A7
Fig.3 Model of PLL

PLL A HFER .

G |—

do

=W,

dr ‘

_ . (4)
i_KPLL q KPLL

dr dt

Ko N PLL B MARE 0o=0-0 ;K" K
43514 PLL 1 LA AR 53 AR
1.3 RZEWREEITE
FRASHT RGBT e VA Ak, X (4) h A i
Gy5R 0, B
Upiy=0 ’ (5)
w(0)= (N

X AR (0) R i, Bars(2) (3)(5),%

PTG
I:RllnePref+w L. Ot (oL, P leeQref) J(lc(0)> -
PLl U42( Ry P+, Ly O, 1 (i) ) 4P =0,
(6)
P M Q, 390 D 72 s it RO 25 A T T
MZ%ICHIR, RAE(6) AT LUK e & D 4%
I Wﬁ%ﬁ&%ﬁmdﬂﬁiiﬁﬁﬁﬂmﬂq
RS i, , HARS BN IR (6 0 m] il
A (6) K=,
1.4 BEFREMEHLRE
¥0(5) (6) BT ZRAFRAZ(4) , AT 5 R
TS 1 2R G Y [) 20 A8 e T AR Yy

- , (7)

Md——C U, siné-D(6)w

K. C A FRMAEE A, C= 0, Ly il o) +Rine ilio) 5
U, sin &H S8 RE S s M R SR E R, M =
(1-Ly Ky it ) /K™ 5 D (8) J %55 e R 8K,
D(8)= U, cos 6Ky /K{™ =Ly il o) o

K (7) #5R 0 [F DA B 5 [ 2D i ALY % 1
Bl IR 2SR, PRI AT AR FH 2 3 5 5 o 4K
FEAGIT A R AR e

2 RFREEEMFM4T E

2.1 SERTREFTIER

i 2o R O TR AR 6 £ 3T X R G 1 () 20 e e A Y
AL, H ) S5 S BTG 2R B 10 TR A5 R R
HERZ , SCBR v, H R R A e I R S $h R A
P A s S BB Bl 2 A8 b, ACHIEST R
SIS BHATTHE R 5 3, Shy R P 78 A o 8 5 ) 3R
5 1 [A) 25 R T it A TP AG B A B 1 rl ) 45 25K KL
HLSHL,

ARHIF 5T 2R FH 3 T 98 0 7 A 1 S IR H R A R
PUAR T, FEAFE LT 3 NI A
AR BCR BT

(1)iFEA

A LA BRI ] R G AR N £, 1
W, 223 L TE PCC A ™ A= AH b A1 238 8 D L U 5
EEF

OB A0 AR 1R T A I 6 BT B R S G

o — 7T, Ok T SO I 0 R S PR R RRAE
UOETE A 5 3 —J7 T, Ay ek 555 91 238 718 46 77 R 1 152
25 TEPREE L PR BT IS, AR H IR, EA



142 R

i

1

»y,

i (T %% i) %54 %

W R 75 He,

(2) BB HREHL

38 2o S RAEAS 2] PCC Ab B H R FEE I Bl
) FH P A 37, - A% 46 ( fast Fourier transform, FFT)
PRI AT R R f, N B R R R 4 & . FFT
A B HL B AR ik ( discrete Fourier transform,
DFT) (2l 53, e P2 H o H 4 ok B FORG BE, F A1
CE N S

X FARA S IE T £ (), T LA S B 2 5k
NN

S( t)—?+ 2 a, cos(nwt) +b sin(nwt), (8)
Krra, HEW E%f( t) E’JSPigﬁﬁ‘;g,an A on G
RIL IR R a, =7 f _Tf(t)cos(nwt)dt, H
T R, T = 1/f,,f, REEBEb, N n AEHIE
B RH b, = [ f(0) sin(non) di,

PCC AbHL 5T 3t 38 0 0 B O WAL | H, | RN
2 H, 53 5H .

|H,| =./a.+b’
(an)o (9)
£ H, =arctan| —
bn
(3) AT

PCC A HL E u (1) FHLUE i, (1) B8 I o0 &
A i 53500
:upﬁF(up(t))’ (10)
i =F(i(1))
K F(-) R RH FRT $25CE A HL A5 5 A
VR OTE /% =
SN TR R

Uy,
Zye (@) == (11)
In™ tho

ST o 1 0 2R R T AU PCC ke 1
SO I LR TR Ao, X, O FL I AR L

L, ) S5 0 L TR

L,.=X/o,,

K, 0, WFREWRE f, FTHAREE 0, =27f,,
22 FHEEXRHYHEIE
2.2.1 ZEHEEE R 1

BRI 2R 7 R R BUE X R G
YOE A E— DR 2 13 0 25 0
5.

+X,,

lme

(12)
Ap )
Pl R PR

va@5)4—+—f (U, sinx-C)dx, (13)

K, 8, N &R G nY R g F- 7 2 (stable equilibrium
point, SEP), 8 =arcsin( C/U,), . (13) %54l
WA RN RGBT, 55 AT 3RO R
fig, HAE Wy e
MR PR A R B 15 B R GRS 6 A
B
5, <5<, , (14)
K, -6, .8, e 5 R A T T Hh AR Bk

PLL L

K;
A FRAERR 6, =arccos(

2.2.2  ZEEME I pR AL 1T
Sl R B A R e ) i A ST B N
AR PR Y BEEGHT A R RO 15 A

line c(())
o

PLL
P Us

%Z*j(&ﬂﬁmﬁm, (15)
) 35 2 3 < R éﬁ( 0.
Vix, 5)—4— —fj (U.sinx-C)dx. (16)

MR PR A R B 15 B R GRS 6 AR
Bh
5, <8<,

w 730 R 2 e

(17)
PR PR IT S HE AR

PLL .d
KI Lllnc lc(O)

PLL (6-6,)+

S

X,y .8
B9 T FRFN_L PR, 8, F11 8y M sind =

sind, 19 2 Mk,

ZEA R, A ﬁ%?ﬁ B
W, HAR S 3R IO 8 5 2= 30 75 ¢ pR 5 I A <7 pE ol
AN, R, i A 2R ﬁ%ﬁe?%ﬂﬂ@ﬁ%‘:%ﬁﬁ%*
WUR R AR R R AL T 8 LR G RE i A
FEHEFT R AP R R AR TTA

MRGUIRES 8 1E(17) R i XN I, BRS¢
FaE, XN, V(0,8)7E 0=0 6=8, ABUi5G &
KAE, FH A 2 R 50 0 RE A R

ﬂ[maxzﬁjgs (U, sinx-C)dx, (18)

8y M R G M AFEE VA7 55 (unstable equilibrium
point, UEP) ,8 =m0, Y RL Mz 17 sk i I A5
i, RGRA, Ak i RE AR B
1 Sy
ML (U, sinx-C)dx,
M8y <O<8y I, RGN ZEHEL 7 I R EUEH
Viime S VS Viyneo RIEATRER TR, X J2 R R 2=
et R oR B B AT — G PR SF A (AR SE
%TL‘}%EE’J PRSP 2% 28 5 v T 1 k1 [
o DA BRI A AR A g 5T ) FR 48 1 (R 2P AR E R

V]Vmax = ( 19)



5 6 3]

FET A LT S BT B A BR ) B A4 2 [R] A0 A VAP D7 0 143

AP T 2 — s B DR ST, DA D 4 o SR e )
Jer S AN L DR Sl AR B L E] O ELRE 98 B e T
FITE BLRY A2 2 oh G 38 R 9 250 2% 5 45 5 I % 40 i
R L

3 HERIF

Sk B BT B 5 19 35 S A B B Y R ) Y
A48 25 [F) 20 AU T i A DAl O T 1 TE B R R
P, 7 MATLAB/Simulink H #1717 EiX 56, 8
BUE N . 095 KRB R U, b 220 kV, BEfER &
Sy N 200 MVA L2 & L, WIbR ZfH M 0.5,
TR 2 i BH R, B9 BR £ (Bl 0.05, AH L Bt a4 L Jk
L, bR LB R 0.15  FHELPTAF L BH R, AR X (H R
0.005 , L [ [] 25 ff1 % w, & 314 rad/s, PLL L4
A KM M 0.14, PLL U R K 4 100, 5%
HHIHE PN 120 MW, B BN IR 0 N
0 MW
3.1 KEFEmPHRLEIE

D E RGNS E 4 frs, Hod z, e )E
I8 AC1 21 2 IRHPL, Z, +Z,, W HLUR TR AC2 FJf
WS BHAT, Uy h B e, U, 2 VSC i H
F,U, i PCC ALY HL Hs . £0 6 Sk Ak & A = A 4%
i A R, SN LR

AC1 Z,
@ YN
U L U, AC
PCC ._"_f‘(YY\_t_ C}Udc
Z, ZI}
AC2 ;
R

K4 DiERGAINEGH

Fig.4 Simulation system topology
WE PR £ 18 Z, =0.2+j0.6,Z,=0.1+j0.3,
Z,,=0.1+j0.3, LRI L RAR L (H o 1, WUBERT R 5
AR R IR AN 5 Bz, e U, Sy R HL T

le
Y'Y YN
Ug Up ]C
) le le
Y'Y Y Y'Y YN

K5 HOBRERT ZR ST S0 B 5]

Fig.5 Equivalent circuit diagram before fault
1P 5 al A i iy el 0 S AR BH A
2, X(Zp*Zy3)

7 H(Z,+Z,y)

1=2 s i, &) 4 P AT Sk Brs A B kR = A

=0.1+j0.3, (20)

P g PR, B FL B AR 2 (B R, =0.01, REHI 5
BRI 6 Frs

U v 1L

g P C
O z, ——®—

6 BRI 1] 22 G0 55 A L B 1R

Fig.6 Equivalent circuit diagram during fault

HIP 6 RIS i e 0 ] H 1o B Sk B

le XRf
le X 7"'213
Z,*R;

Zow = 7R =0.071 14j0.2, (21)
Zyt +R tZ;

A5 2R FH I 52 B BELBT H8 I 145 31 19 S5 8K
L BH SR AN 7.8 BT . PRS2 ik
HTEES BHATRR Z Al 0.100 0+0.300 0, i & 1 i) 46
RUBAHAT Z 154 0.070 9+j0.200 0, SFB(E 3K,

0.1000
7

i% 0.08
p 0.0709
o

0.06 |

0.05

0 0.5 1.0 1.5 2.0 2.5 3.0
t/s

{7 A L
Fig.7 Equivalent resistance identification result

03000
7
0.30
0.25
m 0.2000
NN
& 020
.
0.15
0.10 A . A . . )
0 0.5 1.0 1.5 2.0 2.5 3.0

t/s
K8 SR PIHERES R
Fig.8 Equivalent inductance identification result
D HAF R A 52K F 9 52 i BT 5
REBSTE 20 ms P HGH | R b B P F I A A A%
BELYTC , T A2 B ) 28 A2 46 25 () 20 A5 1 B AL DA A



144 TR N NI i (T % W) %54 %
BOR 25
32 FHEEXERBANEREIE
PLL (92500 R Gk SR e 9 Fizs, 20T
HEOR PLL f4 He o) 22 sl VR O3 22 8, #RREHE R AR sl
SEBL, 9 BRI i, J6ie PLL 1Y Ho 0 3 ek g
TR Z e A2 Al | 20 5 v Rk ek B I 3 T AR E 10 |
WG HER I R | Y B 07, iR 1 2R
B BRI AR/ o
T 0 . . A . ;
s — — Od 200 201 202 203 204 205 206
Eh 13 tls
1.2
| O RV T S S o
1.0 . 1.0 Fig.10 Lyapunov function values in scenario one
=l
% 0.9 3
0.5+ 0.8
0.7 Q
0 0.6 6r
R 12003 I
O W S1op 105 10 1p . 3
Q- N 0%
,fpr Q- 18\ § 4
3+
B9 PLL M R0t 3R GER e S5 51
Fig.9 Influence of PLL parameters on stable regions
. N N 1}
3.3 FESREMENTMETERIE

S UE BT AIE S A B 1 D A A g (W) 2D AR E 1
PEVPAG 57 B E A P RA R, X AT 1 v R o B A
o I W0 28 G K e =R 4 b L B R Y 15 L R AT
PrEARYS, st BH T ARG 21 i 9 A S5 R,
NZEHEE R I R VR S L B R BT S A
WEAIUERN 2R v 56 A RE R IEAT LA, &4k
WAL RGETEAL B 2[R P AR E 1

ARAE AT 5T 2 MR 110 B I 28 A 6 28 5 W R G2 5
B0 TR B R GURIZHE L Vi S R B0 A FRAEL I
1 P,

R RGUMAHEE VR A R (E
Limit values for system and Lyapunov function

e FRAE
6]]1/rad V]]Imax Vl\,"max
1.225 4 7718 25 727

Yrie— R t=2 s B 7E R HL 0 809 Ak 14 15 i 2k it
M = A b R 2 R BEAR 4 {E R, =0.01,
60 ms JE IR, Y — M2 R R vV I
AL FEANE 10 Fis et I A e i Vo, B
SRR IR,

Yrse . 5 57— H AL B 3 o5 A5 (] g AR
40 msJE BTSSR HE T S pR B V1K)
LRI 11 Fios, AR T IR AR Vi
RERFFFIARE

Table 1

o,/rad

0.310 4

2.000 2.005 2.010 2.015 2.020 2.025 2.030 2.035 2.040
t/s

B s AR K PR R
Fig.11 Lyapunov function values in scenario two

2 Tl S5 0 RH - T ETAN I 12 Bt Re U R
B I] 2, =40 ms BF, BIFE A JSOBOR VIR 3847 A5 i
L2 1T, J & 5] SEP, RE ks, W0 UE T A HF
FEMES AORRE B IE R M 5 SO DTBR I TA] 7, = 60 ms
i, BIFE B sl B DT BR 384T 0 21 (5 it 2652 7 D
% SEP, e Xid UEP, RGKAL . Lia A LI HAS
R UEMIAAIT 5T 4 55 T S i BT AR ER )
A A ) 20 R Tk R AR VPAl 7 i B IE A P S
AR

0.67

t =40 ms
=60 ms

0.4 e
| <::\)4
—02f E

07510 05 0 05 10 15

S/rad
Bl 12 2 Fdg s AR

Fig.12 Phase plane in two scenarios

w/w
o

20 25



5 6 1] FET A LT S BT B A BR ) B A4 2 [R] A0 A VAP D7 0 145

4 ik

IF AR 9] 250 78 fh g ) 20 A S P E 7 Y B 4
205 R FEL I IS B J ) B 9 P, R 25 B R I e
B SRR R A ARSI . D, AW ST
HH LTSI I BHL T TR A R o 2R A e 8 [ 2 A E
AR Tk L AT BRI R AR 4 g O ) R S8 S B
KR S R A TR D S P BT R A T

(1) BRI TR fh 3 94 ) 28 48 A o Bl o, R
GEA TN K LR B S R O £ S LT, AT
FER IS BT B R 7 3k mT DLt | vER st AR
H L R A AF AR

(2) M3 DR ST B /I ) 2 0 3 o O oK, B
AR AL PR R GE R R 2D AR e M, AR T R e
Bok 2 AP B 10 708 48 45 ] A0 B3 5
AT

FTAMIER AR, 52l LTS ZHLE B R
G R [) 2 A g M ), LAYt — 2 AR 52 PR TR
S

S 3k

(1] 565, 2500, 5KER, 2. JF M08 e s 1) 7 25 [l 20 AR 1k

WEEEiR [T]. o [ B AL C AR 2 4, 2021, 41(5):
1687-1702.
ZHANG Yu, CAI Xu, ZHANG Chen, et al. Transient
synchronization stability analysis of voltage source
converters; a review [ J ]. Proceedings of the CSEE,
2021, 41(5) : 1687-1702.

(2] IBw:, fREe, EHAE AEFD LR I AR IS 3

PRI T B Be Al [T]. fB 0 &R 58 H s ik, 2019, 43
(15): 71-79.
XING Facai, XU Zheng, WANG Shijia. Analysis and
suppression of resonance problem in power system with
unconventional generators[ J]. Automation of Electric
Power Systems, 2019, 43(15): 71-79.

[3] skfEE, Wi ie, MoKk, A5 H il A4 R IR A

THAORGEB MR LR R RE[T]. IR R4
(T2RRR) , 2022, 52(5): 1-13.
ZHANG Hengxu, GAO Zhimin, CAO Yongji, et al.
Review and prospect of research on power system inertia
with high penetration of renewable energy source [ J ].
Journal of Shandong University ( Engineering Science ) ,
2022, 52(5) . 1-13.

[4] KUNDUR P, PASERBA J, AJJARAPU V, et al
Definition and classification of power system stability
IEEE/CIGRE joint task force on stability terms and

definitions [ J ]. IEEE Transactions on Power Systems,
2004, 19(3) . 1387-1401.

[5] WAR, ZAR, XIEH, % & EXABLHARR ESE

A AR I [ ], AR OR S aE 4l (T ), 2017, 47
(4): 110-116.
XIE Caike, JIANG Ziming, LIU Yutian, et al. Remote
testing on low voltage ride through of offshore wind
turbines[ J]. Journal of Shandong University ( Engineering
Science) , 2017, 47(4) . 110-116.

(6] fhokife, fEHF, #H, 4. JET DG F£ % VSC i
P09 22 B G L M AL as AT (7], i TREHOR,
2022, 41(5) . 116-123.

XU Yonghai, HE Zhixuan, DONG Xu, et al. Optimal
operation of AC/DC distribution network based on DG
and multi-terminal VSC coordinated control[ J |. Electric
Power Engineering Technology, 2022, 41(5) . 116-123.

(77 TKER, Z0, ZRAE. A H PR 280 5T ) 728 3t 245 i AL - P H 50

RGP B Fe RS e A TS [ 7], L BL T R 2 4
2017, 37(11) : 3174-3183.
ZHANG Chen, CAI Xu, LI Zheng. Stability criterion and
mechanisms analysis of electrical oscillations in the grid-
tied VSC system[ J]. Proceedings of the CSEE, 2017, 37
(11): 3174-3183.

(8] i, 2R, MoK 5T, S5, XUHLIF 05 48 45 19 XA 26 A

Pt g sE (1], IR IIIE A, 2022, 49(11) .
70-77.
YANG Xia, LI Chen, YANG Luyong, et al. Research on
double closed-loop active disturbance rejection control
strategy of wind power grid-connected inverter[J].
Shandong Electric Power, 2022, 49(11); 70-77.

[9] HE X, GENG H, XIJ, et al. Resynchronization analysis
and improvement of grid-connected VSCs during grid
faults[ J]. IEEE Journal of Emerging and Selected Topics
in Power Electronics, 2019, 9(1) ;. 438-450.

[10] CESPEDES M, SUN 1.

identification for adaptive control of grid-connected

Online grid impedance

inverters[ C ]//2012 IEEE Energy Conversion Congress
and Exposition (ECCE). Raleigh, USA:. IEEE, 2012.
914-921.

[11] PENG L, LI Y, MILI L, et al. A real-time enhanced
Thevenin equivalent parameter estimation method for
PLL synchronization stability control in VSC[J]. IEEE
Transactions on Power Delivery, 2021, 37 (4):
2650-2660.

[12] SKER, 4500, 21k, 42328 e XU R HLAH 19 5 A
PEATHT (7], v B B TR A= AR, 2017, 37 (14)
4018-4026.

ZHANG Chen, CAI Xu, LI Zheng. Transient stability
analysis of wind turbines with full-scale voltage source
converter[ J ]. Proceedings of the CSEE, 2017, 37(14) .



146 ROk o i (T % B %545
4018-4026. Nonlinear transient stability analysis of phased-locked
[13] ZHANG C, MOLINAS M, LI Z, et al. Synchronizing loop-based grid-following voltage-source converters

[ 14

[15

[16]

[17]

[18]

[19] MANSOURMZ, ME S P, HADAVI S,

]

]

stability analysis and region of attraction estimation of
grid-feeding VSCs using sum-of-squares programming
[J]. Frontiers in Energy Research, 2020, 8. 1-12.

HU Q, FU L, MA F, et al. Analogized synchronous-
of PLL-based VSC and transient

synchronizing stability of converter dominated power

generator model

system[ J]. IEEE Transactions on Sustainable Energy,
2021, 12(2) . 1174-1185.

S, KA, BT, S 3R CIG RSN TR
SEVEMENTIATLI] . INARRZ AR (T 24 R0 |, 2023, 53
(4): 128-139.

WENG Hua, ZHU Weijun, LI Yujun, et al. Analytical
analysis of small disturbance stability of grid-connected
CIG system[J].
(Engineering Science) , 2023, 53(4) . 128-139.

WU H, WANG X. Design-oriented transient stability
analysis of PLL-synchronized voltage-source converters
[ J]. IEEE Transactions on Power Electronics, 2019, 35
(4): 3573-3589.

TAUL M G, WANG X, DAVARI P,

overview of assessment methods for synchronization

Journal of Shandong University

et al. An
stability of grid-connected converters under severe
symmetrical grid faults[ J]. IEEE Transactions on Power
Electronics, 2019, 34(10) : 9655-9670.

TIAN Z, TANG Y, ZHA X, et al. Hamilton-based
stability criterion and attraction region estimation for
grid-tied inverters under large-signal disturbances[J].
IEEE Journal of Emerging and Selected Topics in Power
Electronics, 2021, 10(1) ; 413-423.

et al.

[20]

[21]

using Lyapunov’s direct method [ J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics,
2021, 10(3) : 2699-2709.

FU X, SUN J, HUANG M, et al. Large-signal stability
of grid-forming and grid-following controls in voltage
study[J]. IEEE
Transactions on Power Electronics, 2020, 36 (7):
7832-7840.

MORRIS J F, AHMED K H, EGEA-ALVAREZ A.

Analysis of controller bandwidth interactions for vector

source converter: a comparative

controlled VSC connected to very weak AC grids[J].
IEEE Journal of Emerging and Selected Topics in Power
Electronics, 2021, 9(6) ; 7343-7354.
HU Q, FU L, MA F, et al. Large signal synchronizing
instability of PLL-based VSC connected to weak AC
grid[ J]. IEEE Transactions on Power Systems, 2019,
34(4) . 3220-3229.
TR, ERUbR, B 2R, A T AR O s AT
WHHIR VSC RIS FE IR T]. i RGEMR
P EEE, 2023, 51(2) ; 46-54.
LI Yujun, HUA Fenglin, LU Yiyuan, et al. Large
disturbance stability criterion for a VSC with phase-
locked loop based on a Lyapunov function[J]. Power
System Protection and Control, 2023, 51(2) . 46-54.
TANG Y, LI Y. Common Lyapunov function based
stability analysis of VSC with limits of phase locked loop
[J]. IEEE Transactions on Power Systems, 2023, 38
(2): 1759-1762.

(3. 7P I)

(L#% 138 W)
[13] 5KAMS, sKa, BXMMG, 5. 07 s gk R RUIX B fin

[14

[

P T R 240 % 1 B B A AR M [T ] LR A
A, 2020, 46(11) ; 3905-3913.

ZHANG Youpeng, ZHANG Chenrui, ZHAO Shanpeng,
et al. Anti-galloping effectiveness analysis of positive
feeder cable-stayed insulator of catenary in strong wind
area of Lanzhou-Urumgqi high-speed railway [ J ]. High
Voltage Engineering, 2020, 46(11) ; 3905-3913.
TEUBAS, SR, JETF Transition SST AR Y = 75 T X
[ i B AT 58 [ 7], b B0 28 i K K% 2 3,
2017, 43(2) . 207-217.

LEI Juanmian, TAN Zhaoming. Numerical simulation
for flow around circular cylinder at high Reynolds
number based on Transition SST model [ J]. Journal of

Beijing University of Aeronautics and Astronautics,

2017, 43(2); 207-217.
R, XIFE, ESCA, A i A vk e e i
(1], IR RO E 24 ( ASRRAAR) |, 2019, 34(1) ;
70-76.
XIE Xianzhong, LIU Sai, WANG Wenjun, et al.
Experiment study on the properties of dynamic load of
power transmission line induced by ice shedding [ J].
Journal of Hunan University of Science and Technology
(Natural Science Edition) , 2019, 34(1) . 70-76.
e, U, BeRE, S 2L R LR bR b A
BUBTFE[T]. ka5 i, 2014, 33(20) : 47-51.
CUI Wei, YAN Bo, YANG Xiaohui, et al. Numerical
of double bundle
with spacers[ J]. of
Vibration and Shock, 2014, 33(20) . 47-51.
(3. 7P 1)

investigation on anti-galloping

conductors interphase Journal



