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Abstract: To deal with the over-voltage increase at the point of common coupling by the reactive power of a static
synchronous compensator (STATCOM) due to its slow response speed when the grid voltage changes rapidly, a general
criteria and technical indicators characterizing the over-voltage increase were proposed. Through a simplified analysis
based on the magnitude of fundamental voltage, the severity of this over-voltage increase problem due to the slow
response speed of STACOM was shown, and the quantitative requirement for calculating the AC voltage became clear.
A fast voltage algorithm based on second-order generalized integrator and the corresponding coordination strategy were
put forward. The main circuit topology of a STATCOM from a practical project and its control strategy were applied,
and the digital simulation results from both a simplified Thevenin’s equivalent circuit and a complicated HVDC
benchmark system showed that the proposed fast algorithm and coordination strategy can solve the over-voltage
increase problem.

Keywords: Static synchronous compensator (STATCOM); static var generator; second-order generalized integrator;

dynamic reactive power compensation

i 11 [A] 25 A M2 STATCOM(static synchronous
compensator) 2 12 W A BF 58 1Y R 15 280

WimHE: 2023-12-05; fEEIBHE: 2024-02-09; KA BH:
2024-02-28; MEZEZHE: 2024-04-26

BE&TH: EREMAE SRR S5 E (5500-20215
8475A-0-5-ZN)
This work is supported by Headquarter Science and
Technology Project of State Grid Corporation of China under

the grant 5500-202158475A-0-5-ZN

iy B #E [ Shinyoungju(HiZE M) . Shin-
chungjuGHr &)1 Donghae(4< 1) 345 kV 2% HL v 43
SICE T AMEEZE i J£400 Myvar /) STATCOM™!

M o7 o 35 A2 S A5 TO ) A M 8 1 SRR s,
[E STATCOM AZ#EREeZE R R, W EE R
T, STATCOM #i i LM 0 pou. EFFE] 1.0 pu 7
11.7 ms, 2124 60 Hz TAREIIE 70 %), i fi7 ikt 7



5544

B, 4. STATCOM N Juy 35 5 Xt F, o FEL R (1405 M FTKS 5 233

AP 7 R s B AR TC T A MR T 8 LR
ROCHEDR . AWFFERY], STATCOM Fy i [ i i
FRARBLERE Y, S0l . TOV (temporary
overvoltage) YRR HE AT, (37 kit s Ay FlL T L
FEWRAZ B, FE—E R I REsEk G IR AR LT 5
N 7 o 1 S el PR A O R, R T R
STATCOM SR PRHAME . FHRAE LA L % R O
RS TR A UM SCilik (9] b B T # I R
STATCOM Fl i AH HIL /% e i 8 3, 45 18 02
STATCOM L FHAHNL. SHTASCEREGS IR, ¢
FRTTOTMATURR | IS 355 2 > FE AT 3 240 FXs L
KB AR DL RE A RSO R e T B e, T
STATCOM Hi TAFAELERFERTT, % T T L R I 3
PRI B2, HE T RE L. STER[11-12]d75
AR R 2518

SCHR[ 13T XL R 50 th T IC D) B A ik
AT At L F A AR T T LA (R, 3k 28 )t =
BLRZ W R B A A TC IR G- R R AR 2 A
R, HRPURITCY)RME%E & AR AR ZER
A5 1 TC T P A AR I S8 e B A e R R A G
B SCHR[14138 5 5 1A B I BELJE £ 1) 26 ke 4 il
STATCOM Bt e, BPSCHR[13]JCT H i dak ]
R 5 B T A L e R, (LIS A T v
Fe . KA R AP SMER VIS, A, &
Mo, FTEEMESE 2Bk, WAR, STATCOM Bt
FL P ) R A5 204 U DR

ARSCH | B HG i H e 8 R B AR AR
RAE STATCOM #¢ B A G, sl it itk s HrHEis b 42
o e 7 R BE ) O, PR T T U A
SOGI(second-order generalized integrator)fi*) H Rt
PREE RO Ao, W SCPs TS, Eid s
FLAMATIRUE T B 7 I R D B G o) R IR R

1 STATCOM Bhitst e E
1.1 STATCOM 3#=4l

&l 1 5 STATCOM R il 7~ 72, 185 R FH L I
R HL R ANER A AU R B i il o L PN AR e i

LA, o AN AL S S I L HE AR I BT H e
ANER, EREREK, T R R
STATCOM

ASME WL +
YN B 1 Uye
T s

a5l e,

A e
| 8 25 | g
~ :
[ a4 ] A mizzs |

* Uac [(, I[/ " Udu .
%é> A HLE HRRHE Uy,

i ]

PWMi I

HEH &S M~ 8

B 1 STATCOM #=#l
Fig. 1 STATCOM control

STATCOM 2 88 B3 iof i TR 3 42 1y SR S5 A
k1, FAXTT STATCOM #ifE 254, A ARIAS i
WA, Bl STATCOM 4 A SR/ BBl N 1 o) L i
Je I A5 L R R (AR AL A RE 20 . STATCOM £ 31
Bl f RGN R Ol , STATCOM 223
FEAE I R R RN, AR, XY SCHEAE THE
AtH¢ STATCOM FLji Fi AR E I HTHE T, M58 it
FEL R4 ] &1 A g i g R
1.2 Bng B ENAE

FEAS TR AR E ST B i (E, SR )5 Il 31 52
FEERaSME R A b, A0 Sh A TSR MEERT 128 3
HL PR e KA 55 F 5 /N T IE sh 48 T DM (1) ok
{8, DU RE R oA H B Bh 2 TO D 4 M i Bl i e
G 5 WG ShAS TCU MR Y 58 i i e fe K AE KT
TS T AMERT A KB, W Syt 3 T 32
TCT A MR B I e R . AT 5 A Bt e
S DR (R By 5 Fl e AR 852 W) ke FR iE Bl 344 3 Fl 1
PG Bl et i PR (G Hh Bl Ao i P G2 ) 1Y
AL PR KA o BRIl R RS2 R HE G shAS T
DM 22 3t HL R K TG sh 248 To D) A M2 52 3
FE AR AB RS2 ]

1.3 Bhigid B ERI LT

€ 2 i STATCOM [l Ur i<k, B4 T
PRz H 25E STATCOM 1F #1547 H s T4E
R 1.3 pu., FHSSEHBEEKRT 1.3 pusi/h
FIAFATARE DL/T 1215.1 F il el TA/EH &



234 i, b

E 4 %524 %

0.4 p.u.iif, STATCOM ZEA M, TLAMM, #EA
ALYy, WA B G B R TR R

(-1.0,13) U,

m u[e (1.0, 0.4)[

ac
1, 0 1.

El2 STATCOM Hy#a8I Ul %k
Fig. 2 Typical Ul curve of STATCOM
Y E ST O SR IESZBIY | 18] 3 A sSi
RS R N N 3 L S A 7 7 I e M I 1
SRS N A2 U SR B R R R (. Uy FVIRE U 1Y
IRFTa] o 2200 HL s ST R FAH AR LA, 1y
toy Uy Up ZIRI KRR RN A

t, +t =20 (1)
Uty +U,1,)/20=0.9 )
UﬂC
1.0] | Uy
0.9 1 - P
5 ty L
} 16.67 ms }3.33 ms
0.4
R — Ly,
! [
0 t
(a) SEME
1.24 Uy |
T T Uy
1.1 t
I
!
2.5ms :
L 17.5 ms !
0.4 }4 U ty :
I |
I i
0 t
(b) T

3 TmBEERIBENERE
Fig. 3 Step changesin magnitude of AC
fundamental voltage

YR TN, BAEIE 2 0.9 puhddm
MR, (AR, 1552 1 R

R R R Uy(1.0 pou)BRZE MRME UL (0.4 pu))i
t,(Z9749 3.33 ms)it, P55 H A HU A R 2] 0.9 pu.
DU 2 (IR U7 128, STATCOM Jj i Hi %8
P 1.0 pu I TCYI R, Z 8 STATCOM BRERTSE S
FLIAE et A R ) RN O AR B M 1.0 pou
KET 3.33 ms.

XFRF T, B 2 PisiEER 1.1 pa.,
HLUEEE Uy MEKT 1.1 pou BT 1.3 paus B 3(b)
H £ (AR, DA R RMIRE] 1.1 pou (B 2
V6 J5 T2 Ui L R S MR R A BRI 221, R BB
BT R BRI . SR U AR, Uy
R ATRE/N, BER] 4, A SRR R He BRI 1Y
S L TR EE | X4 STATCOM it 4505l To 1y vy
DL, AU H R R 0.08 pau. A1E E
STATCOM JCINHIZRAMEXF AL FL R AU SE IR, Uy I
KT 118 pou., FFHIEIE YUK, Uy 0 1.20 pu.s
AT, SRS IR 0.4 puRAEH
12puwi 17.5 ms B, A HAEEM/A T3]
1.1 pu.o DLAHIE 2 iy Ur th<k, STATCOM i
BB IRIESY 1.0 pu BRI, [AIFE, STATCOM
B HERMNAENE 1.0 pu 2 1.0 pu. /b
F175ms, HERFETHA 3.33ms K15L, AL,
IR EE BRI et TR IR AR AR, Bl v
SR,

235 STATCOM HZ A RTHL AR , ARG A1
FEBg R 125, T EILIEIR(E A 0.10 s
0.32 p.uBRZE ] 1.20 pou.. LIS TCIIRMERT, R
AT R IR E A T A, ARG
SHE(ETE 0.10 s THURZRMERS N, 7E 0.12 s IR FIF:
AEREAE 1.20 pou., MHAMZRE 4@ iric A

“TCAME” BYHIZE . BT STATCOM By I AMEAE
FH, 7 0.1 s T, ARG SRR 032 pu B F+
] 0.40 p.u., 4N STATCOM % i Hy i 75 25 2.0 ms
A REBREE_FAE AU, WIAHR A HhZE N E 4(a)Hrw
WA “HEPE2.0 ms JERT i, o, By
BEHL (B 1.245 27 pou., Bt By 422 A]
4 6.914 06 ms, 2 HLEBIIS EEANK, FELLETFHAS
Ko ERBEASEENEXN LCC-HVDC 34



5544

B, 4. STATCOM N Juy 35 5 Xt F, o FEL R (1405 M FTKS 5 235

TeUMES 5. HVDC M R 2.5, STATCOM
BEA N HVDC BUEAEM 20%, 2.0 ms K
STATCOM fiy H Hi 37 R B 5 4 R I 2o 2 AR A
R RAE . A /N R L . BRI A 25 o
o7 LR Y i R R A R, AR B
HE ISR RS . ik — 24T STATCOM
HLBR B R BE, AR A FRARE R WA SE R, PLA
BEE 4@)Pbric A R g, Bt
F, i (R B 484 aot i, P sp 82 B[] BB A T e
1 Bk 3 8 FE AR K, S2BR STATCOM it Ha 3 AS AT
FIE TG AE B b PR RS A FLA BV g P O R R 1
WORMVBORAN B3, FMERE LR, NN i
e By 1 2 R ) A A 3 B A

1.4

12
~ 1.0
=
£ 08
S 06
0.4
0.2
0.09
t/s
(a) PP
12
1o} /
—~ /
3 0.8k 4
& i
= 0.6F 7
[/~ b
04— 11.734 4 ms+2.0 msgE i
1 1 1 1 1

0.2
009 010 011 012 013 0.14 0.15

tls
(b) P
B4 RAHEBESMBEE
Fig. 4 Voltage at PCC

TN AEH F) PR Ak PR A B A RS S R
FEL R B (A — 3 2 ™A T S 1) L R A R B R U
WRAE), BB 5LRERC R ARAS AR FFE 2 FIIRL, 3K
SRR B o R TR R S B . e BB B
WNBETE 11.734 4 ms NARXTHER A T ARG A
HLRAE, ARARMEAAAAERCIA 2.0 ms (1 HL I BRI AE
W, ARG B RREAA 1.20 pu., BIRA
MR BT L B, AR MZRAnTE] 4(b)FT7s

2 STATCOM KI{FE S

2.1 H ¥ZLBk STATCOM WL EE R %

& 5 4 H Higedk STATCOM M faifb & H R 58 .
STATCOM —AH#ufitiERk L IEHE, ki B
i, STATCOM Z B>k A S2Pr TR, X ey AN
ST/ E TS WA <R o 1= NN a1 A X DA | = R T £
TUAIUE (B 55 N HEE S A TR £ Ak, B S5 HL it
K/NH 0.08 pu., FHRNZEUMETEILE 1, PWM R H]
AR AT R A A TR R R o 3 T R I A R
dq BRSO, ARG He B A3 PI(propor-
tional-integral) Ji WY SHA k,, 1 T, 0 [FIRAEET
TR R SR BN, MR SRk A
U B R R ROR A PL R, MAREY PT A
TSR kg, T Ty o BRITAEAH P LS LSl
SR P 1 L T [ R B 1 PR P 22 M7 A
LAY PLIH T SEOA kg B Ty

L i Uge) Ui Uger6
wEE g 00 0h o db
|||—@—%M HAR 1 H HER2 |- | R 16 H)

Mg HIF RIS TATCOM

B 5 H #FREE STATCOM MBI LB RS
Fig. 5 Simplified equivalent system of H-bridge
cascaded STATCOM

%1 STATCOM HiS#iE
Tab. 1 Parametric valuesof STATCOM

2R gl Bl pdlEl
WUE F¥ MV A 120 ky, 4.0
B8 HL R /K 35 T, 0.1
AL/ mH 2.0 ky, 0.1
H A H HL S /uF 10 000 T, 0.1
H LRI HAV 21 ke 1.0
H P04 Hz 275 T 0.2
H Rt 16 ke 2
r 46

22 BREKEE

GiELRTZ] 2.00 s i, ASEHRG ABIEL
1.00 p.u., IR, STATCOM it A 0.10 pu 28tk
e ZJe, AUAEEALRIRIE(E A 1.02 pu Rz



236 i, b

E 4 %524 %

0.32 pu., FFZ20.10 s JFRFAIFYERFAE 1.20 pu.
ARAFHE AR 20 L R ZE B ) STATCOM . i o 55
£, 7E 2.00 s 3] 2.02 s il 1 A TTA5E 05 B a) B
W, Lh 100 ps AETEASEACAG, SAEETH#E 200 1S4
[ st 220 HRL R 2 A 2 R ) 00, Tl 6(a) M4 45
B, U Mg T fgemae 25000 a ARG SEHE
AEREASUE . 16 A H HF B3 RAE A%
UL 48 0 (B AE 1T 3R 2R Je Tk — P sl B v i
R TR EMBT RAEREE, U, BEKT
120 p.u., B STATCOM A4 H PRI i o FE PSR 5
LSRR 4 BT o IR (b BT 25 SRAHAT o
KL 6(a) AT 15, Y R 5ERE & HETE 2.002 7 s B,
Bl ik v R (A B i KA 1.225 83 pau.. & 6(b)
SRR DT BLY © gemans Ugemin FH Ugeave 7T H1H
a Ml 16 4~ H A EL BRI EORME . e/ MEATPE
Ho FTLAE H, RE ARG S d FoFnda s f i m]
It e R AL, 16 4> H A B L TR AR IS A HE,
BIReka e 1E48 A ML

IS NS SIS
S = N W
j

iacmax(p'u' ) udcmax(p'u' ) Uacmax(p'u')

l' 1 1 1
2.000 2.005 2.010 2.015 2.020
t/s

GESEHEAES

1.0n N A AN AN

YA 22 ATAVAVAY
—~___ /]
~VVVWWW

1 1
200 204 208 212 216

o -
o =)

ain(PW) (pu) Uy(pu) u,(p.u.)

R
S N O OO

Ugemax> Udcave

Uy,
o
o0

t/s
(b) B4R
E6 ETFHRBARMBENABERMHELER
Fig. 6 Scanning and simulation results based on
one-period data

2.3 REHEE

K 7 AT SOGIN gk, . uh
FIAMES; kK NHIEREG o NIEIRAIE; U A
B RS T . I STATCOM  #5 l 3% I 3 T
SOGI MR, WIAT f UL EZE S v,
v, HE—BWA L,

B 7 T SOGI s %
Fig. 7 SOGI-based fast algorithm
PIE o U HL AR, W R 25 I
1007, e B Dol PE AR &, & 26 V2 1L,
Fi AT u DO BRAS A PR IEE IR 5L, 24ER
A RN 2w A AR AR 00 B AL IE I E] 180°1Y
Uik B ZSME 1.0 1Y 90 Y% i 17 B 17 A% 4k il £ 4
& 8 frzx, WA [ 7E 5.06 ms A1 10.77 ms 2 [i]
Ak, WEUNF 1.3 991 11.734 4 ms, FIAS
B S R

i J37 Bsf ] /ms
[oe]
T

4 I | | |
0 40 80 120 160

WIRAACT)
Bl 8 iR E % e R Fr i)
Fig. 8 Response time of fast algorithm

AU L R A PR A TR T AR 2, e
FET SOGI Y PR H R B AR AS A Ji A DA Rt 1 o
HAL L AR RERR B WU AR A . Gyl . sk
B HRERYN, DIRGEE A = RS %
JEF L R AT AT RE R S B il i i, e, 2
T SOGI PR LR o3 ik BA i) 2 g2
BB RIS . IR 7, sl e A 1 As 2
13 PRECH



5544

N, % . STATCOM My i3

JEEXT HL IO FEL TS F) S ML RITOT 5 237

ks + ko'’
s*+ ks + @’

€)

Y .
U

Kr: UN u (IRME; || || R,

HRAE3), rTLAERI 0P 9 B /R i stiek 7 i
o ATUEN, THMHERAIK, RRELHN
1.098 4, W ZM&; SIABIXEE, X EA BE
(IR VR 5 AIRARBE X 5k, WS TROR AR 0,
1.0, B odB.

U,/U/dB

0 n PR n PR
10° 10! 10? 10°
A /Hz

B9 RERE KA R
Fig. 9 Frequency-domain response of fast algorithm

BRI 2 BSLAY UF 2 Fe i AR DR
R THE, RISRATIE 9 (9 Uy, HAl i 5 BRI
2195, 2.2 AR AR, B 10 DX R A AS
ATUE Y, TCIRHUEMIN R A ERE, U, TRZ J\
T 120 pu., BURSHBBE S B RS, fFE T
15 LI HA H e B RN A 1 I e R i 2 ]
BB/

Tacma (p-u) Ugoma (p.u.) Uacm1 (p-u)
=k .
S G
t T

.000
2.000 2.005 2.010 2.015 2.020
t/s

B 10 ETFREEENAMER
Fig. 10 Scanning results based on fast algorithm

3 HiRERSERHXTEE S

3.1 ERtFERS
HE RS NE 11 i, 76 CIGRE HVDC 45—

R AT BRAENER R G SR -, FESZ 35S TR AL
SN LA A, LERRUE I8 AT 320 38 i B 46
HUE U, 853 1.153 pau.. 7 HVDC 2038 i b2k
Wb IR ZHERIFIRHUR L, iz Pk R
NG, B2 s8R R U 1.0 pu TRES] 0.5 pou
Zidi, DhHORASADL L N & A (i . STATCOM Al
THE RIS 2, STATCOM [l Hms
FISEIIAAE
% U

;—%@

|
N IIC LSC
3

ThEAR 4%
11 %EF CIGRE-HVDC WIfiE &%t
Fig. 11 Simulation system based on CIGRE-HVDC

*k2 HERZNSHE
Tab. 2 Parametric values of simulation system

ZH ¢l
FERR/MVA 200
LR/ mH 1.2
H B B LA/ uF 30 000
H Hf B R TS A E/AV 2.1
H HFFF i % /Hz 275
AR HUE 45 5 /MVA 300
A AR IE R Imbi/p.u. 0.12
B EARAS L 35/230

3.2 XtLtb R
15 2.0 s P2, IFHR LR Ll TR O,
0.1 s JFiili. 12 HICahSTeoMe . BT
PSR STATCOM 2 TR 54 1) STATCOM 3
T Z s B s U, 28 fhith 4k, B 2%l
LRI 2 BRI A 2.0~2.5 s IR BE P 32 3 A2 i B
AT U MR AR IME . sl D P 53 ml
REAT R NRISZ I, SR T 380N LT SOGI 1
P TR R AT, DAIAE SR A bR 1 R v
PR TSR - . BARRS R . HAA iR
/N 0.9 pudi kT 1.1 pou s fE 1
FEAEFIEE T SOGI PRk Bk T HA3 (1 L Fe(HAH 25K
T 0.1 pouht, ASRAIPEEIATTR A o R 2
AAGHIRNIAY STATCOM HLTRAEAE . TEANTEHY



238 i, b

E 4 %524 %

&, 0.9 pu Al 1.1 puiX 2 HLEEKRIERE 2 ¢ ur
M2 4 Sl el i U7 hRIR], X By HL
RN IRk

0.404 324

1.148 380
TeshATeIk

T131460
1.0

LN b
oer 20,434 154 . .

Uy(p.u)

Ufp.u.)

1.094 200
~ 1.0
3
g .
) 0,6—\f L7 SRS
437940 . .
2.0 2.1 22 23 2.4 25

t/s

E12 FimZimEFLBEERXTLE
Fig. 12 Comparison of AC busvoltage at
receiving terminal

M 12 B U i/ MERE , A STATCOM
HATEATCUAME )G , B RS/ IME T 0.404 324 p.u.
HINE] 0.434 154 pou., Pl i MER T
0.437 940 p.u., EISIEHNT 0.003 786 p.u., AR
HEVLAEDIY STATCOM RY(EHL I EAMERE S . A
STATCOM Hif () HE e die KAE 31 /INTFTE sh A LT £k
RERT AR K 1.148 380 p.u., 58] STATCOM %A
BRESWEB S UNEENATES I S IG7 N RPN DR s N[N A N i
BB/ 0.037 260 pou., WA TRTER
0.003 786 p.u.. X i WP SR AR HL s f I3 e 1
B A R S B TR AR, X5 1.3 951
SYRTEERARAT o (HATE RN, SRR Y
STATCOM & A th BB i RS, X522 77
S e 22 o B PRITE T 2.2 7 b i e AR ]
B e RS, STATCOM FlH, A EAE
SRR 546, 3.0 oA i, A
TCIIDZA e S R AR K 24 3l , STATCOM
FRMFHEAEFRIZIH S 24, STATCOM J2& 75 8
Bl 3 v R AR g i 7 R B DDA DG, F XY
R AN N el S T A I eie g = R N2 EN DS
H T ARLEEH)E STATCOM 2 7523 5 3 B 14 5 Hy
4L

13 S PR B Y a AT EEE o T IR
R L A, BIE U, 2% 0.5 puZiifi,
STATCOM i i 2 Uit ph /2% 4 PR 3 A8 hy 25 1
1.2pu., 0.1 s J5, JRERAE L 1B, HIE U
XT3 1.1 puZits, STATCOM it Ha i 1 45
PR 1.2 pou PR AR B . K] 13 T B4 AR 4
HiJE7R T STATCOM Ay PR3 i Jo7 454, 5 L [R] B
a M 16 A~ H BF BRI A L, #ifae
TEFR A (E R I .

1.2
1.0F
0.8F
0.4 : ' :
2

1
oAV
_1_

_2 1 1 1 1

Uy(p.u.)

u,(p.u.)

i (p-u.)

cmax> udcmin(p'u')

1 1 0y L
s 20 2.1 2.2 2.3 24
t/s

B 13 REEEHHEER
Fig. 13 Simulation results based on fast algorithm

4 HiE

P& B A IO T M2 Bl 1 o R 17 ) 4k A
FeARFE R FHTF LCC-HVDC I F 35 , STATCOM
i R B AN, 5T STATCOM hEf
PR ff b PR RS A LI, DRt QB ] A P
flitt A (B, 56T SOGI Ay PR Rk fig
R U/ i A A BT ] (7 BRI A3 B 48 R 3R
Wi, 5T SOGI My HRHA e fiFik STATCOM
Bl 5k v Hs ) A

SE Wk

[1] Andersen B, Nilsson S L. Flexible AC Transmission



5544

B, 4. STATCOM N Juy 35 5 Xt F, o FEL R (1405 M FTKS 5 239

(9]

Systems: FACTS [M]. Cham: Springer International
Publishing, 2020: 511-581.

Park J, Yeo S, Choi J. Development of +400 Mvar world
largest MMC STATCOM ([C]// 2018 21st International
Conference on Electrical Machines and Systems (ICEMS).
Jeju, Korea, 2018: 2060-2063.

FAHE, R &, XNUK. SIESTEIIAMERE E I RE ) UL
1. MR S-S TIAME, 2022, 43(5): 18-26.

Wang Yonghui, Song Guanglei, Liu Bing. Capability
comparison of dynamic reactive power compensation
device [J]. Power Capacitor & Reactive Power Compe-
nsation, 2022, 43(5): 18-26. (in Chinese)

e, Tokve, BIESE, % STATCOM fRAFJAH
AL ARF 5 P75 B2 LA D], DT LRI R, 2023,
17(10): 85-93.

Dai Chaobo, Yu Hongyang, Zhao Guoliang, et al.
Simulation analysis and comparison of response times of
STATCOM and synchronous condensers [J]. Southern
Power System Technology, 2023, 17(10): 85-93. (in
Chinese)

Zhang Yi, Gole A M. Comparison of the transient
performance of STATCOM and synchronous condenser
at HVDC converter stations [C]// 11th IET International
Conference on AC and DC Power Transmission. Birm-
ingham, 2015: 1-8.

Abele H, John C. Synchronous condensers causing
transient instability in a highly stressed grid [C]/ ETG
Congress 2021. Online, 2021: 1-6.

Stiger A, Rivas R A, Halonen M. Synchronous conde-
nsers contribution to inertia and short circuit current in
cooperation with STATCOM [C]// 2019 IEEE PES GTD
Grand International Conference and Exposition Asia
(GTD Asia). Bangkok, Thailand, 2019: 955-959.

Tzelepis D, Hong Qiteng, Booth C, et al. Enhancing
short-circuit level and dynamic reactive power exchange
in GB transmission networks under low inertia scenarios
[C)/ 2019 International Conference on Smart Energy
Systems and Technologies (SEST). Porto, Portugal, 2019:
1-6.

Hadavi S, Phu M S, Bahrani B, et al. Virtual synchronous

—

generator versus synchronous condensers: an electrom-
agnetic transient simulation-based comparison [J]. Cigre

Science and Engineering, 2022, 24: 1-20.

[10] Zhang Yichi, Wang Shaowu, Liu Zhaoyan, et al.

Applicability analysis of synchronous condenser and
STATCOM in frequency and time domains [C]/ 8th
Renewable Power Generation Conference (RPG 2019).
Shanghai, China, 2020: 1-7.

R, XS, 954E, 5. KB REIR sk
RGPS EFSE[I]. 7 A3k, 2019, 39(9):
124-129.

Suo Zhiwen, Liu Jianqin, Jiang Weiyong, et al. Research
on synchronous condenser configuration of large-scale
renewable energy DC transmission system [J]. Electric
Power Automation Equipment, 2019, 39(9): 124-129. (in
Chinese)

R, 20, SKEE, 5. Mo OlE RE IR Bk i R AT
SN R BCE ], F T RGP S, 2022,
50(23): 133-141.

Suo Zhiwen, Li Hui, Zhang Feng, et al. Optimal
configuration of a distributed synchronous condenser for
an HVDC sending-end system with a high-proportion of
renewable energy [J]. Power System Protection and

Control, 2022, 50(23): 133-141. (in Chinese)

[13] Fh4etE, B, 22Zer, 55 WHICERGTIE R

PR S HUE R BT LEAR )], R H LT R
2, 2022, 42(9): 3224-3238.

Du Weizhu, Luo Yazhou, Li Yunhong, et al. Reviews of
transient overvoltage problem cause by extra reactive
power in large scale wind power systems [J]. Proceedings
of the CSEE, 2022, 42(9): 3224-3238. (in Chinese)
GRifi, WAL, 2R, AF BRI STATCOM B
WS v R AL S AL (0], O R, 2022,
43(6): 66-74.

Liang Zhuohang, Shi Chun, Li Yansong, et al. Mecha-
nism of STATCOM assisting transient voltage under
commutation failure at weak sending end system and its
optimization strategy [J]. Electric Power Construction,

2022, 43(6): 66-74. (in Chinese)

(15] ME T EE SR, EEEE 2 52§



240 i, b

i 5524 %

R[S v TR IR A i <k GBY/T
41147—2021[S]. dbE: o EARAEE AL, 2021,

State Administration for Market Regulation, Standar-
dization Administration of the People’s Republic of
China. Voltage sourced converter (VSC) valves for static
synchronous compensator (STATCOM)—Electrical testing:
GB/T 41147—2021[S]. Beijing: Standards Press of China,
2021. (in Chinese)

[16] B, #h, XS, 5wk R 0 B i

FR[I). HLUEZAAR, 2024, 22(6): 153-162.

Xiao Yu, Huang Rui, Liu Mouhai, et al. High-precision
discrete-time frequency-locked loop with low compu-
tational cost [J]. Journal of Power Supply, 2024, 22(6):
153-162. (in Chinese)

[17] Teodorescu R, Liserre M, Rodriguez P. Grid Converters

for Photovoltaic and Wind Power Systems [M]. Hoboken:

Wiley-1EEE Press, 2011.

fEZE T
WEE(1972— ), H, PEHRIR
oo by, EfEEE, W, BdRds
YU, WS T ST,
RGN AL , BT LA ] . Email -
daichaobo@geiri.sgcc.com.cn,
BESE(1978— ), B, WAL, #
b B TR, DT S
HilcE . Email : zhaoguoliang@geiri.sgcc.
com.cn,
FoLE(1985— ), H, Wit &
GURRIN, BEFETTI] . TR,
R E 545387, Email: yuhongyang@
geiri.sgcc.com.cn,
HEE191— ), B, HAt. i
SO BT S48 . Bmail .

yangzhichang@geiri.sgcc.com.cn,

(TS FRILEL)

GBS N TR

o
—

Wh P OB 2 M OH M

Ati) AR BRI ARG (G



