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synchronous control
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Fig.2 Control system and equivalent circuit of
grid-forming converters
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Fig.5 Schematic diagram of the transient control strategy
for switching to grid-following mode
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Fig.6 Mode switching for grid-forming converters
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Fig.7 Schematic diagram of the current command
limitation in voltage loop output

IdO IdO gImax
Imax Id() > Imax

1

q0 I mag = I max

L=3 VP~ Lo<Ipy < I, (11)

0 IdO > Imax

L = \/ o+ I3, (12)
T 42 BRI AL 3 2 (8 7 AN T A L TR EA T
AN F AN PR R PR, A 5 ) SE R e .
R 2 00 R, F A TR BE BV 5 3 P T AR AT I, A
Do) T A5 25 S IR i R S R R ) R TR,
HL R ARG LA HIVE AL, 6] 8 L AR A 5
TtV R ) O 7R AR g 2% B A TR, B L i R
Tt PR A9 s ) e TR AR B . SCIR (SO BF 5%
2B, 27 25 1 (] v 0 0 A0 ] A2 6 A2 i # 1  AAS []
R e A R, SR A 1Y ) AR it 2 &
AW F o
4.1.2  JEHWFHPTRR R
SR FH 480 BEL e BR i i it R Y i ilE T 2
IR A4 5 4, 0 b T b S LB i 2 4
SR FHT K2 400 BEL 0 A5 v T 1A B 0 42 o 5 4 0 LU
R RS T AR (9) AT, (R
A5 U] () A4) o 750 725 i 245 K H0L A P SRR T, )l



61 AR S v I HL R R O 2R O T S SR 2

F )% | O
FEHIE

Usrm £ Ocru Ugrm

A AR

TR
FEHFE U,

(a) FELIAL AR AT

L
(b) HL IR IR A
E 8 mRiRafmEaMETRF[ETRES

Fig.8 Operating states of the grid-forming converter
before and after current saturation

P L A5 5 TR0 L (B 7 A R R A0 it 45 81 il e
JTAR R S BB G, ELE R 3 ) R /N5 S R
PO H, K A0 BE BT BRI 75 5 T 0t D i 3 3 A
PoA) T 205 7 g 114) 45 4550 R 0L B 1) 22 B o) 7 4% 40 1) S
% FELIAE 1A R 41

H RS2 B 00 BH e PR 0 A 7 v S A 2,
55— 285 1k 2 A FH R UL BE AT 43 ) A B o B A
FL PR A 1) R A8 A (L, 28 7 T 4 B o o s Pl 48 4
{ELAR R s 35 287 ok 2 2ot 4 el s 400 1) 2 400 RHL
P KN, X i R S A AT BR ], 2T vk
2 0T 2R FH BT A A i e P 3R B 98 T 25 4 v,
(0 BRI B Sk i i A B g
P25 7715 2R P A BRI T B AN ], {2 S 338 Sk 4 K
B3R IO A O 2 4 R AL REL AT BT 9 SR
PABELATE BIR i 7 7, Herp fE 2R AE PN 2 P S AR U LR
LI AR . K2 0L BE B A B v P U il 254 . /D9
W LA LRI ; e R HRL IR AE A (EL

AH LY 42 B ) P i e 2 1 Y BR 3 7 vk, s 4L RH
PR R 1 R SCHE I B A, e R R S
(i) F1%) J0 6% PEL A, i i A IOR) 28 A8 9 25 1) B S AR
PE o DRk, 78 FL I H DU 45 il 235 44 w2 ki 451 B
PV FL A B A R — o R R R PR R A 1 A
T, R T E VR R R ] i TR ER A S
413 ZEAMREE

BT i P 2 A 3 o R S R 9 O v, 18
IR GERICT 5 ZFh IR 25 A 1 7%, Ik
Kk — AR 4 A B I R S A B M A
R 1Y) 22 5 43 )R FH A TR) 04 25 L T 4%
il SR W o Sk (2811 Sk (5814 XoF e B v 3t 11 81
Ao AR o i o B R AT Al S BR s . Hrh
SCk (281 2R FH AH 2 BRI 72 A 480 BE BE 72 40 391 BR )
il s L 9 P RS 0 i AT A 0y Sk (58] 38 4o 9
A R A A RIS o % F O AR S A i,

DC@-«G: — fom Upee — @—t
R, % Z

O
T R P Ui

q
P F IS
! Tt
i 2R 0
1
R
FHFT X,
(a) 5T R G454
HRI R 44 Urce L il
(7:\\} """ J\’\l‘ ~|"
N z X
Usrm £ Oopm \ Zg Ug = 09
(b) R i

B9 EPEFMRIERE
Fig.9 Schematic diagram of the virtual
impedance limiting

HACE 90T 5 A I 900 5 ) i 31 0 7 25 4
. SCHR (207 00 4 15070725 i 4 O
25 A B FE AT 0148, B L R
S IO 5053 45 U109 2 45 i
W, % IR S R 1 5 B LA 2R A )
LR LB 2% B LS 0 9070 R AR
BB E TR IEAT T 2 S LAL T, LA S s
RS A IR ) B e L

S5 0 L M MR 0 P 1 43 R 4R
FEAFURE ) A 0 G BRI T 35 5 L 7
. HERS AT AR R 2 IR R D
30 A P 2 — 1 2000 45 o A ) O
W o {125 A IR 1 i S S S, #P07
R 5 A 0 D 4370 X 3 — 25
B
42 EEASHRIE R R S S

HL 1 8 5T R o L 0 T PR 2
T 843 BLHL R 2 3 AR PR, AU AR
AT B8 T 0L 4 3R 2 0 R 0 o )
ARG A IR SR R Y T R 0 3R
U5 7 2 A O G DL o P DR B SR, LA
BOWRE LR CHERE D, (L i TR XS



& AH) ALK 62

FL YA ) T 37 i 1A BR, BRI 0 ] 7 s B FEL 37 72 PR 11
7 0T 2R A ) 8 A 300 25 A B ] 1) L 32 80 5
PERE T YT IE BB o SRR X R E R Bk
VORI L% R Gede AH 2R W 2 Bl e b 55, %o ) 1Y)
TR i o Ak A L e 3 2l SCHE AR D Y A T SR
JEIFLRIA
4.2.1 O He Rk 7 00 ) 1) = B S 4%

214 e, A 2 A R B T ST R X R A 3 2 T
344 % Ta T S AR LU T R S L R KCERT . H
T FEL PTG P 3 e A 0 A X 780 58 35 25 4 2 2 80 3¢
P55 W =5 T ) T R IR A B g ) SE B, HAE I B
T 388 2 7 I A ] o A 2 A BRI K 7 R R AT
REI % TC D HEL U, 2 0 I R B G T S o
SCHR (591 DA KA 10 50 45 37 5 346 & TC Ty 1) B 1 O,
o VRS AT Ty R T T A (R 44 ) 78 A 2 A
[ 56 & Hh JC Tl o) 23R S P s e R R . SR
(42, 541349 2 38 2=k B o4 o i ey X 280 A 3 25 o %
% HEL AL 114 Ty 23 PR B e Do i % e 9 1) T R PR B —
e, BUE 2 Ffr e 3 8 0 A5 3 A iR F 9 R B B O
IR R e AL, T T 1 1 78 9 4 X 5 e 0 P 1)
SCPERE S o o Sk (54075 ZEam i L R0 R W g
TR SR A FEL TN 3 66 L 9 P T 3R DR BB, % L VW) ) 3
{5 H AR B e Bk SCHR (42078 SRk [54] () JE Atk
b, AR D ER AT I I oy S M T A f A M AT
FE T AR, 52 BT R 000 AR 35 25 T R X ) B
e S, bk TR A g X L ) A 14 A AR
SRR SCHRR ], SCRik [43] 9F oK 12 oo itk ol
e A ) TR A 3 4 1 S SRR O, T I SE T RE VR
il ARG Do) 50 TR o 7R A 35 2% 2 AL PR [R) A DDA,
1o A X R A 38 25 1) 2% e BRI R R S A Ty B JE 45
Sy B P T8 AR i AR T R RS A [ 2P A 1, A O
S O 75 705 A g %) T A A 4 T ol AR Y T T S
FERETT. BEAh, H AT R 5T i 4R T I M AR i AR ik
T IEE Sy, SEEE T AR AY 3 AR H I RS
35 1 1.5 F40E HL IR 22 30 s Bt i AE 1, ook
O — A i T AR X 26 205 37 4 ) R I L 114 S 9 i
FIHREE T RS A

&5 1, o H I A AT P R e B R R 9
R UE AL X TR AR 308 25 1) 2 AR B 1B AT, R K
RELJ32 b 1) FH A 38 245 A 2o 3 B 0 i R C DI HL L 1k
TC) T2, AR 25 300 ) o H ) e P A1) = B 8
H A8 T8 RN 2R I BHBT S 800 22 5%, [R5 & Fa AL
AR 310 5 HUE R ST R GRS 2R T
HL T FE - P A T 3 7K 7, BRI B g D) 76 A5 g 1)
AR S5 TR A AL, HatMgikge b ek

PR 75 i Hp H A I Y i b TG T % AR 4 04 S O
RESIAIIk 7 4% 4 o 7Y XUAIL A % i 0 20K 28 T
i EA 1.5~3 5t T RE 71, an v A i B el 4
AR R R A 1 g T 28 £t i A% g AR B ) v
HH < I L i BB AR T A A TN L R AE 150% A L
WF, R AT A R ECR T 10 s; A0 7Y i AR AR It
A AN L A 200% #E FLUR T, RELis 17 i ]
HADTF 2 8" it A8 R, DA PRIE R 2 &
LA B TR o v OO R Ak v R S 4 B
422 AR ) 32 3l 7

R e MR B S Y R Ge e B L B e 2 —,
AP B0 T Ak s R WA ) I T Ty e b 38 B, 3 35052 v
P DO R B SRR v R R N, L AE 7 2 L)
LR BRVE T 1) 28 S IR B A AH R T 3%
ity FiE, X L 1 1) 08 Bl ELAT R 2228 Ak . — AR X R U
) N DR PN E R B8 o e o S T = i ] £
WEFE A0 2R B A ) B AR I 4 e A\ RSt hE — o R B
G A A M e W 2R % A TR KL 3
1k [45-47 150X B E R Ged i R Wl i, disr T
R 1 s L DA FEL R 90 306 i L D) P T A B2 A,
JE FULTR] A5 AL 4 i BUI XU 2R G2 A XU 2 Z2 ML TN
2 AN AR T 95 A 2R T 32 v R Y S R R 1Y)
AU H, R Gt Ak 4 ) SR w5 SCHR (48 1R FHA Thd% il 2R
% 1IN ) SRR M | Ty 45 ) A A D o ) FL
W A TG 37 B 3T 4 DXL ML e AR B G I i 2
TR I, g TR Do AR XL L AL K A e i R o
IR SZ BE S S T T B IR MRS e

H I 38 A 2 T B RE VR HL A A B A 4
22 AL TR A IR [] 25 1 BR 9 BT RE IR ATLA., ]
LEAE I AU HT R VA BT A 5 AH 2 T A 5 e 2 e AR F
FEM AL TR A WY B T L AR G B A R S
ity HiL, DO EEL S 11 38 2l 17 100 52 2%, 2 28 A TS A o AR A
T 0 AT R WA A RE i — IR ARG
423 HL R SCHEAE PR F X A 5 e

Wil 45 B BEVR o7 L 3R T, R H I PR ke = AR
(5] A ML T T B0 FRL R S P A IR g R
RUAS i EL A R R R, AR S T R RE A 4R bR e
(1) PR S A PR B T S A 26 RN B o 1E 92 4T, BT AN
) D00 PR 8 i o L OO 5 K, 30 e ¥ A TE ) ) R % i
FL PO B Bk 5 R O 44 e R TS R R T
PR, 78 T RE VR o L9 A L A5 G L R TR A2 Y 55
F X A D) R A A 1) LR S AR RE A A AR
ThHL W BT sh e sl SRR e

TR T 25 2 o) A e A1 e B ) ) 42 T A
KA, AR R A 22 57 . D)4 2 B W Y



63 AR S v I HL R R O 2R O T S SR 2

AR B 2 SR A7 A AR U 4 1 [T A SE e, L
R o) P A XA A B R 0 SRR I I L e, PR L T
PRF ) 2 B e, H L P S o 7 3 4
1M 747 T ASE AT 4G 1) - T 1 555 ) v AR B £
R PRt 2 Wi A Y e 140 T SRR 15 e A e 7
A% AR B 242 o) SR 7 ke o 390 T A7 L g IR0 42 il
05 AN BEL S R, P9 0] FL s kv i ) RE A% 4 57
FEL A I L FVRE AR A e A 578, O HL I 48 it 32 252 )
LR FUUAR SO 25 b, AR o B AR A 2 A4
o] SR Wk A A A AR 25 S0 1] 49 B 2 Sl 197 fL TR 5 5K
PRE B A L S A, O RELE ARG v 1 Ay s v e 4
R L Az A5 A ) 7 2854 Tl SR A ik e i 2
PEAR PRI AR 200k 5 i R BB SR e Ty, A
AL W AP B A RS, TR R L3
WS LI, AR R AR E 3B AT

5 REEEXE

B x v I L R 7 S0 ] g R0 5 2 3 0 L 9
BRAN TGy 35 8l A% AN JE A R A, 4 g T TR 0
P ) R AR A D ) 7 DA X Ay U
222 R o) 7R R A A [0 R ) B 2 4 ol SR
I3 0T A I 47 o] SR s A T 5T BIDIR R T £k . AR
R O0] R, O R B T A Do 7R AR AT 4 BT 28 47 o SR
T BUIR BEAT LA, T3 S AT O S AF 7R A 2
TN R A T e PR A 14 R
51 HMBTRF[ESZFIRBEDE

AR A SCH A, D45 22 B ) TRUASE RN 4k 4544 I
PR 190 B 2 2 ol SR s 11 T 2 2 e T AR BRI
[ 2 il A SN ), ki B AN [ A S5, 2
UL 20 B YA G A 22 B R RAE I 0 L s
Ao 4 Al i 1 P AL S A R IR (] 2, S A ] (T
Xt HH PR A T A, A 5 R 0 R A S BT RE IR
S BN A i R AR, I RECRIESE i ) IF 4 FiL i
St PRI, D45 2 B o 78 47 i A ) 2 4 o 5
WIS TR —E R R G AR R AL
ey 10 A8 O s 45 PR TR AR 0T 19 5 2 25 WL SR i
o FREIAR AR A R A LB S K

®2 HMETR

) 20, BEAS T bk = [ A0 K R LAY 559 FL I 37 37 b
BAT, 3 T R P 5 8 5 558 bk = (] AP A AL | [
A VIFINLF SR R IR R e . H AT E E ik
PRl R BE IR A A R, B R VDI e BE | S
S5 4 DX )BT RE TR ML T o b e il DX R IR0 e
7T 3 K H 2 R A, BAT s iR AR 22
T RS | DR ST ) AP S ML SR AR R AL 1%
Yy T R A0 25 e A ) AR I A DL SCHE R G
Je | SRR GEBURABLE, 5 i U XS X BT RE IR
T FEE VAT R RETRETR IR AN RE 1 o I, AR
SR ) TR X ) A i s 2 R et A A LA Y T
FE, (B0 1 R 55 L M 37 5 R R GT SRR, i fy
Ay o 2R R ) B 25 92 i SR 3 i BT TR A B F 5T
FIHES
52 HFHEMARERE®

D) e 2 R ) 250 7 il A5 X ) 7 2 4 o SR B A
7 R P00 T AL o0 TRUASE X[ U450 p) (I 3, 2% 5K I i
FEAE A /2 T B ARRE LF- U 46 | 7 2530 W) e
1 T2 2y R L O 8 S AR A 4 R T O 2 4 [ A
2R Do) R o A 1 7 24 o SR s L RE A
— BRI X, Tk R I 320 57 SR 3 Vg il
3, I LT 25 0] TR A 9 28 ) A 1) A R ) 2
B g BIARTRIRR, AT LU RLR 5 AT 2t

(1) Z2ILTR] A B84 dhi] 2 572 R P 2R A o 20 7
A AR AN SCHE . ARSI IS5 L 5
JRE S5 A P I R DA [ 27 28542 ) S8 W Py Ay o) 784
Tifr, B0 TE AN [R) 28 7Y B4 5 R AR Y A 2 16 L IR
AR YL i M) 25 B AL =2 ) ) 0 30 s A 4% 3 4 T
REVEIT RS EIE o AEBRZ [R]85 e R LAY L R, )
AR AL [0 B8 38 4 A Sl vl Y 6 A7 ds A7
SR TR, Iy B A 3 s B (R R0 ) 2 P i Y
190 53 FE s, A 2R T A i g ) TR Q) 28 4 o 5
W%, 55 e S [ 2L 40K SR RE A R ) — 7 ) L T S 4%
VR 7 A [R5 e r ML sliobdy o0 0 228 7 45 25 FL s 9
R R TR0 v, T LA B ) TR i S AT RE TR i FL
DA F RAL I, e DR R FAS X4 et 4 4y
) 1 28 3 e AR G L e SCAE E ) TS AL N 8 3 R

RETESRELE

Table 2 Summary of transient control strategies for grid-forming converters

bl e B R I

A ekt iy PG AR

o EEMPRAREOORK, gy, PBEEIR g e s et

DRI A o O T2 v G
CAEEUZEN - : W R 1 Rt A St T

st T SIS pekib EER, s SRR 17, B i), i

Hg o) B A5

Jyia) B A 280 SO RE T

SO R A — T B ARG IR SR A 55 L 1)




& AH) ALK 64

P R B AT, S5 BN L TSN A R 3 i A R

(2) bR ) R 0 5 B SR AE B R S B
TR 7L e 5 S0 T 30 28 o o7 R 7 ol o ] PR i <
MU AR B . RO E A B SR R RE S I
FHAJ P IO 05 B A0 S AR Ak, W PR 28 T e 4a i R G
A N b e O M R R IR, I B A 9
TR AW L R o A, e D)4 2 B ) B AR 5
F1% 7 2545 1) R PP A7 A D) R ) T A SE e 5
PE— 2D PR TH L R R FIA B 3 B2, A A T
$& Ty Do) TR A3 g B 24 ol ) 8l 28 e R E

(3) HRIRLRA | ek 45 fif e Bt & IO T IR BC &
JEAR TG R B SO RE D IR BT B ik
REBL A BEME 2 158 BEIRUIT 0 28 48 A9 B A A< 452
], 30 2ok A C AT DAY 5 R G A R R A
TEVE, I ELAHE BE A PR 0 r A mT LR AT RE TR
v BB B, AR T R TR I AR A 4 T B0 5
HRET) .

6 ZitERE

Wt 7 e [ 2 r g 2R 9 A B ey B 49 E TR
I fRs A F 7 R B 18 Rk R A, A I 7Y
Gk R R A TP AN S B £ N O B B X vk 2 &
g A PRI AR AR AT O T T B, SR
S B AUAH LEAE [R5 BILAR | i) I3 B2 | T 3L B 7 45 07
THIAFAE S35 22 5, ARG ) A0 R A AL 20 A 05 6 X LA
LS AR ) AR i a BT 5T rh o A 19 2L 3
AR BB FIR SR | BASTRE VRS ORI M A TR
A B B, A 7R Y AR AL T g, AR A i
b T B IER )] o SCHR O H I R R 7T R KA
TR AR Y o B 2 A ) SRS O BIE 5 PR ST 23838, H A,
XA O A AT gk 5 S0 1 £ v DB | #3238 5
TR ASURI T 25 W SR W A A 7 RS AV RR, IR0 2015
L2,

(1) Ay [0 2078 3 i 7 25 000 1) 90 i D BB T A PR
ey 10 T 8 o A A 30D 1) ) B 2 3 Ay e B AT B
DB IR, e 7 6 i ) PR A e S B L
5 (R 25, A e i (] 110 50 48 4.5 4 4 i 352,
Sy R AL o A, aE i B b A B R 4
[Fa] g o 24 74 30 i DAY 0 ) REL B L O T 5 P 000 o T
PRV FEIE | AR A MR 5 ) SR B 5

(2) Fa 1 AR i s A A i) B (1 [R5 32
) S HE L W HL TR A RE 7, 2587 25300 ) R o SR A
B AT AR L ) T2 23 34 BE 7 5 H: R R
FR R/ INFAERB S 5 2R, A7 P AL R L0/ PR il 22
Tas A R S A fE

(3) Fx v o0 B, s B 7 A I 3 e ) o+
UL HL T T Bl SRR RE T 2 BRI, F AR 0 2 AR 3
o B A ) SR T LA 7 S S 1] ) 46 2 R ) 2
o i A8 R A R Ay (o B g B 2 . e rpr U i
S 27 28547 1) SR 6 T A4 IR ) ke 39 )
(1 LS FEL AL, LA ) S D) 45 A il e 30 1)
KR TN SCHERE T | RN T R A (] AR5
Pox) 52 7 el e ) 27 285 4 o] SR G R 7k o B 1) 5
X EL I 8 2 3 S A, (H S AT SR A I 5 1 A G
BERE o) R 7 A ) B 285 47 T SRS BN, 5 AR LR
R 5 S 7 PR ] 30 B P O ) ] U] RE 4 g L
SCHEERETT

SCHR RS TV T e R v A IR R A O e
AP A AT ST IR, BT XS H RTHIESE TP AF AR A
FE X R A v HE AR BE IR L 0 2R 48 P R I R A i i
AIBIESETT Tl A 2R

(1) AL PO TR 7 i 0 25 47 ) SR s ) TR AL AF
FEMTREN o BE— 58T RE I e | AR A TR 50
S0 ) A o) 252 28 A s ) S A R, i 7 P S8
Xt AR i SCEERE S AR PERYSE LB . [R] I, 4
By Ay 1o 75 A% 38 2 A S B TR P A B UE 5 R4k, AE T
T I P R AN OG22 o SR s RT3 4 24, b
Ay 00 TR0 A B g AR S 15 B BT ) il 5E

(2) R R e T R 19 A Y e O R i 1
R R AT 5 o ) IR0 8 3 2 I 19X ) ] 25 AL o AT
Pt RS 32 L W SRR LTS A O 3 A
R, 22 e B A T 1 SR AR LR | 2 [
SRR SCHE— 2D I T I I R RE A TR Y &
JEE, P AL 0 A8 7 i ) 5 4[] 25 A LB 42 i
B 2 U ) 412 T A () T A 7 05 O O R P 1 A i
ARRERAMFE N Z—

(3) 5 MUBLAL Y W B AR 45 (19 52 2% R GE BT 25
PERI RIS . FIPE BRI 2 HLIF IR R SR IS
AR R R BRI AR AR O R 4 375, H R LSRR
P 478 3L 45 22 ML 2R 0 25 4 il SR O AT T D
BEXT AU R Y AR 3 a2 AR R B H g R 4, H
Pl AR o 2 IR B R B ARG | )
et B A LD R i RS [ R T R R S A Y
M 17 38 8 25 o6 g 0 Y 7 3 i B BIL s i ) T AR
i AW 1 e B2 MRS, HL e Z LI R A A £
B AR AR R R B 7 L BT RV ) R AR
FEBITRI RN Z —

B

AT E B E A RS G5 3R A 7R

B (SGNWO0000DKJS2310133) 7 84, £ #t. Bt !



65 AR S v I HL R R O 2R O T S SR 2

SE k-

(1] ERaEEJR. FRKRERR KA 2024 4 1-6 A {y 4 FEd 1 Tl

4 11 % ¥8 [EB/OL]. [2024-07-20]. https: //www.nea.gov.cn/
2024-07/20/c_1310782235.htm.
National Energy Administration. National Energy Administra-
tion releases national power industry statistics for January-June
2024 [EB/OL]. [2024-07-20]. https: //www.nea.gov.cn/2024-
07/20/c_1310782235.htm.

(2] ST, TR, 14 086, B2 g B AL 1o HhL 190 sl 2 P O S T 42

HEmEATIE (1], HL TR A1, 2016, 31(3): 31-39.

ZHI Na, ZHANG Hui, XIAO Xi. Research on the improved

droop control strategy for improving the dynamic characteristics

of DC microgrid[J]. Transactions of China Electrotechnical

Society, 2016, 31(3): 31-39.

TRME. T R 0L R] AL AL i ) A S 45 [R) 20 A Pk 2 S5 42 0

FRMFE D). BIAt: At Ras, 2023.

XU Yao. Research on synchronous stability analysis and lifting

(i)

(3

technology of converter based on virtual synchronizer control
[D]. Nanjing: Nanjing Normal University, 2023.

[4] PAN D H, WANG X F, LIU F C, et al. Transient stability of
voltage-source converters with grid-forming control: a design-
oriented study[J]. IEEE Journal of Emerging and Selected
Topics in Power Electronics, 2020, 8(2): 1019-1033.

(5] J& 55, s, M le) L, 55, AU A il B B R 2 e 2k
BRI 5 ] P EHALT AR, 2016, 36(15): 4184-4192.
TU Yong, SU Jianhui, YANG Xiangzhen, et al. A novel virtual
oscillator control in wireless parallel connected inverters[J].
Proceedings of the CSEE, 2016, 36(15): 4184-4192.

(6] FEICIL, SRfH, FMER, 55 A RS Jas e MR e 2rid (1],

o [ L TR, 2023, 43(6): 2339-2359.
ZHAN Changjiang, WU Heng, WANG Xiongfei, et al. An
overview of stability studies of grid-forming voltage source
converters[J]. Proceedings of the CSEE, 2023, 43(6): 2339-
2359.

[7] AWAL M A, YU H, HUSAIN 1, et al. Selective harmonic
current rejection for virtual oscillator controlled grid-forming
voltage source converters [J]. IEEE Transactions on Power Elec-
tronics, 2020, 35(8): 8805-8818.

(8] B, 2ottt ik, 4. SETVEARBURIR G A5 A PQ 42l 1Y

Tk L O 8 10 B 3 4 o SR g (0. vB T B B Ak B4, 2023,
43(1): 130-139.
LUO Long, LI Yaohua, LI Zixin, et al. On-grid and off-grid
coordinated control strategy of microgrid based on Van der Pol
oscillator and PQ control [J]. Electric Power Automation Equip-
ment, 2023, 43(1): 130-139.

[9] SEO G S, COLOMBINO M, SUBOTIC I, et al. Dispatchable
virtual oscillator control for decentralized inverter-dominated
power systems: analysis and experiments[C]//2019 IEEE
Applied Power Electronics Conference and Exposition (APEC).
Anaheim, CA, USA. IEEE, 2019: 561-566.

[10] AWAL M A, HUSAIN 1. Unified virtual oscillator control for

grid-forming and grid-following converters[J]. IEEE Journal
of Emerging and Selected Topics in Power Electronics, 2021,
9(4): 4573-4586.

[11] ARGHIR C, DORFLER F. The electronic realization of
synchronous machines: model matching, angle tracking, and
energy shaping techniques[J]. IEEE Transactions on Power
Electronics, 2020, 35(4): 4398-4410.

[12] HUANG L B, XIN H H, WANG Z, et al. A virtual synchr-
onous control for voltage-source converters utilizing dynamics
of DC-link capacitor to realize self-synchronization[J]. IEEE
Journal of Emerging and Selected Topics in Power Electron-
ics, 2017, 5(4): 1565-1577.

[13] HUANG L B, XIN H H, DORFLER F. Heo-control of grid-
connected converters: design, objectives and decentralized
stability certificates[J]. IEEE Transactions on Smart Grid,
2020, 11(5): 3805-3816.

(14] VR, X0, XU, 55, H 07 R GEAS UL bl 0 ) B R 1y 3L

R RS ]. -LREAR, 2022, 46(9): 3586-3595.
XU lJieyi, LIU Wei, LIU Shu, et al. Current state and develop-
ment trends of power system converter grid-forming control
technology[J]. Power System Technology, 2022, 46(9): 3586-
3595.

(15 AR, RZE, BAR, 55 g 0 BUAS Ui R AR (1 & R IR 5 a4
T[] LR A BRI, 2022, 44(9): 65-70.

YU Guo, WU Jun, XIA Re, et al. Study on the status quo and
development trend of grid-forming converter technology[J].
Integrated Intelligent Energy, 2022, 44(9): 65-70.

[16] K%, BN, TRER, 45 I PR e s (87 45 Rl P R sE MR TR 43
RO [ R L AR, 2021, 41(5): 1687-1702.

ZHANG Yu, CAI Xu, ZHANG Chen, et al. Transient synchro-
nization stability analysis of voltage source converters: a
review [J]. Proceedings of the CSEE, 2021, 41(5): 1687-1702.

(170 Wkt 4, XV AR, 46 FraeiR s ) RGBSR 2 RE

WFFELRR (7). B EHR, 2022, 48(9): 3367-3383.
GENG Hua, HE Changjun, LIU Yushuang, et al. Overview on
transient synchronization stability of renewable-rich power
systems[J]. High Voltage Engineering, 2022, 48(9): 3367-
3383.

(18] 250, Zé3f, T, 45, KB ALY [ IR 25 B F I th o 2
W] FHEHAR, 2023, 49(6): 2478-2490.

CAI Xu, QIN Yao, WANG Han, et al. Review of self-
synchronous voltage source control for wind turbine gene-
rator[J]. High Voltage Engineering, 2023, 49(6): 2478-2490.

[19] ZEHRE, S5, 42/0AK, 45, F R R I XU L2 F 5 SR
R[], AL TSR, 2023, 43(4): 1314-1334.

QIN Shiyao, QI Chen, LI Shaolin, et al. Review of the voltage-
source grid forming wind turbine[J]. Proceedings of the
CSEE, 2023, 43(4): 1314-1334.

[20] BEOL, AL, RTLSE. RALEE DR E AR SRR SR E ],
= L T AR5 40, 2020, 40(6): 1741-1753.

SHENG Kuang, REN Na, XU Hongyi. A recent review on sili-


https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://www.nea.gov.cn/2024-07/20/c_1310782235.htm
https://doi.org/10.1109/JESTPE.2019.2946310
https://doi.org/10.1109/JESTPE.2019.2946310
https://doi.org/10.1109/TPEL.2020.2965880
https://doi.org/10.1109/TPEL.2020.2965880
https://doi.org/10.1109/TPEL.2020.2965880
https://doi.org/10.1109/JESTPE.2020.3025748
https://doi.org/10.1109/JESTPE.2020.3025748
https://doi.org/10.1109/TPEL.2019.2939710
https://doi.org/10.1109/TPEL.2019.2939710
https://doi.org/10.1109/JESTPE.2017.2740424
https://doi.org/10.1109/JESTPE.2017.2740424
https://doi.org/10.1109/JESTPE.2017.2740424
https://doi.org/10.1109/JESTPE.2017.2740424
https://doi.org/10.1109/TSG.2020.2984946
https://doi.org/10.3969/j.issn.2097-0706.2022.09.009
https://doi.org/10.3969/j.issn.2097-0706.2022.09.009

& AH) ALK 66

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

con carbide power devices technologies[J]. Proceedings of the
CSEE, 2020, 40(6): 1741-1753.

LU X N, WANG J H, GUERRERO J M, et al. Virtual-
impedance-based fault current limiters for inverter dominated
AC microgrids[J]. IEEE Transactions on Smart Grid, 2018,
9(3): 1599-1612.

CHEN J R, PRYSTUPCZUK F, O'DONNELL T. Use of volt-
age limits for current limitations in grid-forming converters [J].
CSEE Journal of Power and Energy Systems, 2020, 6(2): 259-
269.

PECE. EMIFEAYLS B BRI ARG D] hERL LR
12, 2017,37(2): 336-348.

ZHONG Qingchan. Virtual synchronous machines and
autonomous power systems[J]. Proceedings of the CSEE,
2017,37(2): 336-348.

DRIESEN J, VISSCHER K. Virtual synchronous generators
[C1//2008 TIEEE Power and Energy Society General Meeting-
Conversion and Delivery of Electrical Energy in the 21st
Century. Pittsburgh, PA, USA. IEEE, 2008: 1-3.

AT, B, KI5, 55 AL I B E s PR ZEIR [T L fE
SRR (A SRR, 2022, 37(4): 57-67.

ZHAO Bingyang, ZHAO Bo, ZHANG Fang, et al. Overview
of grid forming inverter technology[J]. Journal of Beijing
Information Science & Technology University, 2022, 37(4):
57-67.

ORI, ek 4s, ek —, 4. LA L & il A 7 e 2
(0], W1 & 58 H 81k, 2015, 39(21): 165-175.

ZHENG Tianwen, CHEN Laijun, CHEN Tianyi, et al. Review
and prospect of virtual synchronous generator technologies [J].
Automation of Electric Power Systems, 2015, 39(21): 165-
175.

BT, TR, SAZIR, 45, H R RUAS A4 : MY BEA B S 4R1E
(7). WL R, 2024, 50(2): 590-604

CHI Yongning, JIANG Bingwei, HU Jiabing, et al. Grid-form-
ing converters: physical mechanism and characteristics[J].
High Voltage Engineering, 2024, 50(2): 590-604.

W &, AR, /NI, A6 R G BRI R T R LI 25 Kk AL
RS MO D). R AL T AR 2R, 2017, 37(2): 403-
412.

SHANG Lei, HU Jiabing, YUAN Xiaoming, et al. Modeling
and improved control of virtual synchronous generators under
symmetrical faults of grid[J]. Proceedings of the CSEE, 2017,
37(2): 403-412.

B, BRI 24, TR, A DI kR 090 v R S22 S Ak i R 2
Tk 1. BHA, 2017, 41(10): 3307-3314.

DUAN Qing, SHENG Wanxing, SHEN Chao, et al. Differenti-
ated fault ride-through method for synchronverter in islanded
microgrid [J]. Power System Technology, 2017, 41(10): 3307-
3314.

WA, JTRER, T/ME, 45 4370 2R LR 25 4 e LB A
PR B P il R (] WL S 5 ) 2741, 2020, 24(1): 145-

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

155.

HU Hailin, WAN Xiaofeng, DING Xiaohua, et al. Improved
low voltage ride-through control strategy for distributed virtual
synchronous generator[J]. Electric Machines and Control,
2020, 24(1): 145-155.

SHAO W H, WU R Z, RAN L, et al. A power module for grid
inverter with in-built short-circuit fault current capability [J].
IEEE Transactions on Power Electronics, 2020, 35(10): 10567-
10579.

ZHANG L D, HARNEFORS L, NEE H P. Power-synchroniza-
tion control of grid-connected voltage-source converters[J].
IEEE Transactions on Power Systems, 2010, 25(2): 809-820.
CHOOPANI M, HOSSEINIAN S H, VAHIDI B. New tran-
sient stability and LVRT improvement of multi-VSG grids
using the frequency of the center of inertia[J]. IEEE Transac-
tions on Power Systems, 2020, 35(1): 527-538.

QIN Y, WANG H, DENG Z Y, et al. Control of inertia-
synchronization controlled wind turbine generators under
symmetrical grid faults[J]. IEEE Transactions on Energy
Conversion, 2023, 38(2): 1085-1096.

SR/, BT, BEDUR . H ) L R IR AR AP B0 T = ARG
BRI 90 3 A5 28 2 1 5K m (0], v [ R WL T AR 24 4R, 2013,
33(3):22-28, 19.

GUO Xiaogiang, WU Weiyang, QI Hanhong. Control strate-
gies of three-phase PV grid-connected inverter under distorted
and unbalanced voltage conditions[J]. Proceedings of the
CSEE, 2013, 33(3): 22-28, 19.

JEERR, XWENZR, BRI, 4. KISOLRE AR AR 5
R (1. AR, 2013, 37(7): 1799-1807.

ZHOU lJinghua, LIU Jindong, CHEN Yaali, et al. Low voltage
ride-through control of high power inverter for gird-connection
of photovoltaic generation[J]. Power System Technology,
2013,37(7): 1799-1807.

R, RO, BT, SF . NXTRR R R B OGRS RS
i 1y P AL W T P SR (). LRI R, 2015, 39(3): 601-
608.

TAN Qian, XU Yonghai, HUANG Hao, et al. A control strat-
egy for peak output current of PV inverter under unbalanced
voltage sags[J]. Power System Technology, 2015, 39(3): 601-
608.

P B, SRR T, A RIS R AL LVRT fg
g [I]. L TR, 2019, 53(11): 12-14.

FANG Zhixue, SU Jianhui, WANG Haining, et al. Research on
LVRT capability of virtual synchronous generator[J]. Power
Electronics, 2019, 53(11): 12-14.

FRIR—, MRk 45, JER L, 4. B TR U4 1 e 10l m) 25
S ALK L R 5B ) 5 ik L], UMK, 2016, 40(7):
2134-2140.

CHEN Tianyi, CHEN Laijun, ZHENG Tianwen, et al. LVRT
control method of virtual synchronous generator based on

mode smooth switching[J]. Power System Technology, 2016,


https://doi.org/10.1109/TSG.2016.2594811
https://doi.org/10.7500/AEPS20150508006
https://doi.org/10.7500/AEPS20150508006
https://doi.org/10.1109/TPEL.2020.2978656
https://doi.org/10.1109/TPWRS.2009.2032231
https://doi.org/10.1109/TPWRS.2019.2928319
https://doi.org/10.1109/TPWRS.2019.2928319
https://doi.org/10.1109/TPWRS.2019.2928319
https://doi.org/10.1109/TEC.2022.3213874
https://doi.org/10.1109/TEC.2022.3213874

67

AR S v I HL R R O 2R O T S SR 2

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

40(7): 2134-2140.

SHI K, SONG W T, XU P F, et al. Low-voltage ride-through
control strategy for a virtual synchronous generator based on
smooth switching [J]. IEEE Access, 2017, 6: 2703-2711.

T, SRER, N0, 5. 4x Ty A8 AR 4 R L LA A H R 4% T
() PSR 1555 B B AT R PE AT (0] P R g LT 7
24, 2021, 41(16): 5604-5616.

SANG Shun, ZHANG Chen, CAI Xu, et al. Voltage source
control of wind turbines with full-scale converters (part I ):
control architecture and stability analysis under weak grid
conditions[J]. Proceedings of the CSEE, 2021, 41(16): 5604-
5616.

DENG Z Y, WANG H, QIN Y, et al. An optimal short-circuit
current control method for self-synchronization controlled wind
turbines [C]//2022 IEEE Transportation Electrification Confer-
ence and Expo, Asia-Pacific (ITEC Asia-Pacific). Haining,
China. IEEE, 2022: 1-6.

Wk, B, G, S5 248 HU R/ IR AR AR A 2L
B RSAER M [V]. i TR 244, 2023, 38(19): 5207-
5223, 5240.

YANG Ming, CAO Wu, ZHAO lJianfeng, et al. Transient volt-
age support strategy for hybrid multi-converter of controlled
voltage/current source converter[J]. Transactions of China
Electrotechnical Society, 2023, 38(19): 5207-5223, 5240.
ANDRESEN M, DE CARNE G, LISERRE M. Load-depen-
dent active thermal control of grid-forming converters[J].
IEEE Transactions on Industry Applications, 2020, 56(2):
2078-2086.

NIAN H, LIU Y M, LI H P, et al. Commutation overlap char-
acteristic modeling and stability analysis of LCC-HVDC in
sending AC grid[J]. IEEE Transactions on Sustainable Energy,
2022, 13(3): 1594-1606.

JIN X, NIAN H, ZHAO C, et al. Optimal power coordinated
control strategy for DFIG-based wind farm to increase trans-
mission capacity of the LCC-HVDC system considering
commutation failure[J]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2022, 10(3): 3129-3139.
JIN X, NIAN H, ZHAO C, et al. Improved VSG control strat-
egy for wind turbines connected to non-synchronized grid
under commutation failure[C]//2022 IEEE 5th International
Electrical and Energy Conference (CIEEC). Nangjing, China.
IEEE, 2022: 885-889.

EAEME, U, BT, S KR B IR XL T e A 204
AREA R AR HE FZE  B 2 BRE [T). o [ e L AR AR,
2022, 42(6):2164-2175.

WANG Desheng, YAN Xiangwu, JIA Jiaoxin, et al. High/low
voltage continuous fault ride through strategy of PMSGs based
on virtual synchronization technology[J]. Proceedings of the
CSEE, 2022, 42(6): 2164-2175.

UMM, BRI, S R IR AR 0 R ST A
TEPLERST 1], va 1 R 58 A 3hik, 2016, 40(12): 117-123, 150.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

HUANG Linbin, ZHANG Leiqi, XIN Huanhai, et al. Mecha-
nism analysis of virtual power angle stability in droop-
controlled inverters[J]. Automation of Electric Power Sys-
tems, 2016, 40(12): 117-123, 150.

TR, BOBM, B, SF. 4R T TR A R A
SR EMER R O] B R EE A F1E, 2017, 41(12):
56-62, 99.

ZHANG Leiqi, HUANG Linbin, HUANG Wei, et al. Control
methods for improving virtual power angle transient stability of
droop-controlled inverters[J]. Automation of Electric Power
Systems, 2017, 41(12): 56-62, 99.

MATEVOSYAN J, MACDOWELL J, MILLER N, et al. A
future with inverter-based resources: finding strength from
traditional weakness[J]. IEEE Power and Energy Magazine,
2021, 19(6): 18-28.

ML, TR, ML, S5 e R AR e H T T T R SR
Wr5E 0], TR TR, 2018, 52(12): 93-94.

YANG Fan, ZHANG Hui, WANG Fan, et al. Inertia voltage
droop control strategy of micro grid inverter[J]. Power Elec-
tronics, 2018, 52(12): 93-94.

X3, wiht, JuRs AR, S T HE N T IR I
T P, PO D 0N 0 4 5 1 S G 2 4 1 SR [0 vl T
ARA7HR, 2019, 34(4): 795-806.

LIU Ziwen, MIAO Shihong, FAN Zhihua, et al. Accurate
power allocation and zero steady-state error voltage control of
the islanding DC microgird based on adaptive droop character-
istics[J]. Transactions of China Electrotechnical Society,
2019, 34(4): 795-806.

LIU C, CAI X, LI R, et al. Optimal short-circuit current control
of the grid-forming converter during grid fault condition[J].
IET Renewable Power Generation, 2021, 15(10): 2185-2194.
TAUL M G, WANG X F, DAVARI P, et al. Current limiting
control with enhanced dynamics of grid-forming converters
during fault conditions[J]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2020, 8(2): 1062-1073.
A=K, REE, 0, 55, i E R EIE MRS R HUE
U5 ) P D B 2E AT [ AL TR A AR, 2022,
42(13): 4823-4835.

YANG Renxin, ZHANG Chen, CAI Xu, et al. Voltage source
control and fault ride-through of VSC-HVDC systems with
offshore wind farm integration[J]. Proceedings of the CSEE,
2022,42(13): 4823-4835.

ALIPOOR J, MIURA Y, ISE T. Voltage sag ride-through
performance of virtual synchronous generator[C]//2014 Inter-
national Power Electronics Conference (IPEC-Hiroshima 2014 -
ECCE ASIA). Hiroshima, Japan. IEEE, 2014: 3298-3305.
UM, EOTIE, MU, A BT I S RO R Y
VSG il 5 27 i 5 vk i 5% (1], v ) e AL T AR A 4, 2020,
40(7):2071-2080, 2387.

LI Qinghui, GE Pingjuan, XIAO Fan, et al. Study on fault ride-

through method of VSG based on power angle and current flex-


https://doi.org/10.1109/TIA.2020.2966573
https://doi.org/10.1109/TSTE.2022.3167106
https://doi.org/10.1109/JESTPE.2021.3124794
https://doi.org/10.1109/JESTPE.2021.3124794
https://doi.org/10.7500/AEPS20150709007
https://doi.org/10.7500/AEPS20150709007
https://doi.org/10.7500/AEPS20150709007
https://doi.org/10.7500/AEPS20150709007
https://doi.org/10.7500/AEPS20170125007
https://doi.org/10.7500/AEPS20170125007
https://doi.org/10.7500/AEPS20170125007
https://doi.org/10.1109/MPE.2021.3104075
https://doi.org/10.1049/rpg2.12149
https://doi.org/10.1109/JESTPE.2019.2931477
https://doi.org/10.1109/JESTPE.2019.2931477

U ER TR

68

[59]

[60]

[61]

[62]

ible regulation[J]. Proceedings of the CSEE, 2020, 40(7):
2071-2080, 2387.

T, SASBRYE 5 2N MDAk £ sh ) 5 (D).
P B TR AE, 2020.

WAN Meng. Research on active thermal control method of

Hrsm [R]. H B TH AR 2x, 2023,

SUN Sujuan. Support characteristics and wide-band oscillation
analysis and suppression of grid-following and grid-forming
wind power integration [R]. China Electrotechnical Society,

2023.

power devices under dynamic current limiting mode[D].

TEH R

Nanjing: Nanjing University of Science and Technology, 2020.
CHEN M, ZHOU D, TAYYEBI A, et al. Generalized multi-
variable grid-forming control design for power converters[J].
IEEE Transactions on Smart Grid, 2022, 13(4): 2873-2885.

MATEVOSYAN J, BADRZADEH B, PREVOST T, et al.

(E-mail : yuxuanlin0208@163.com);

Grid-forming inverters: are they the key for high renewable
penetration? [J]. IEEE Power and Energy Magazine, 2019, T A
17(6): 89-98.

FINZZ LR R OO PR 0 750 X 3 B0 2 P I A AR 4 i BT AR IR AR LR R AT S AR T AR

Review of transient control strategies for grid-forming converters
under grid voltage sag conditions

LIN Yuxuan', LI Wei', ZHU Ling', REN Chong’
(1. NARI Group Corporation (State Grid Electric Power Research Institute ), Nanjing 211106, China;
2. Northwest Branch of State Grid Corporation of China, Xi'an 710048, China)

Abstract: As a large amount of renewable energy is integrated into the grid via power electronic converters, the power system
is faced with challenges, such as reduced inertia, diminished disturbance resistance, and declining transient support capabilities.
The stability of the renewable energy interconnected with the grid and the capability of supporting the grid are enhanced by the
autonomous synchronization and active support capacity of grid-forming converters. The grid-connected control strategy of
grid-forming converters is closely related to the stability of the device and system under transient voltage disturbances. This
paper focuses on disturbances caused by grid voltage sags and reviews the transient control strategies of grid-forming
converters. Firstly, current synchronization control strategies of grid-forming converters are summarized. Next, the mechanism
of overcurrent generation in grid-forming converters is revealed, and the overcurrent behavior and support characteristics of
converters during transient periods are analyzed. Then, transient control strategies are classified into two major types, and the
principles, research status, advantages and disadvantages of these two types of control strategies are comparatively discussed.
Finally, future research directions for grid-connected issues of grid-forming converters in high-penetration renewable energy
power systems are prospected.

Keywords: grid-forming converter; current limiting control; voltage support; transient control strategy; high penetration

renewable energy power system; renewable energy grid integration

(%% 7 )

MTFHF(2000), 55, WL 1R L, W57
e o T RE TR R A R R A 5 A

Z(1976), B, i1, 5T R Hm R TR
Ui, N1 5 L RE VR R S e ir S 4%

K5 (1986), o, i+, gk TREVH, MEF i


https://doi.org/10.1109/TSG.2022.3161608
https://doi.org/10.1109/MPE.2019.2933072
mailto:yuxuanlin0208@163.com

	0 引言
	1 构网型变流器的同步控制策略
	1.1 两类典型同步控制策略
	1.2 典型同步控制策略的总结

	2 电网电压跌落下构网型变流器的暂态过流和支撑特性
	2.1 电网电压跌落下构网型变流器的暂态过流特性
	2.1.1 网侧电压跌落时过电流机理分析
	2.1.2 构网型变流器过流期间的相量关系分析

	2.2 电网电压跌落下构网型变流器的暂态支撑特性

	3 切换至跟网型模式的暂态控制策略
	3.1 控制模式切换的原理
	3.2 跟网型控制模式下的故障穿越策略
	3.3 存在的难点和不足

	4 维持构网型模式的暂态控制策略
	4.1 暂态期间的电流限幅控制策略
	4.1.1 限制电流指令值
	4.1.2 虚拟阻抗限幅
	4.1.3 综合限流法

	4.2 暂态期间的电压主动支撑控制策略
	4.2.1 网侧电压跌落期间的主动支撑
	4.2.2 换相失败期间的主动支撑
	4.2.3 电压支撑作用对电网的影响


	5 总结与思考
	5.1 构网型变流器暂态控制策略总结
	5.2 存在的不足与思考

	6 结论与展望
	参考文献

