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Mechanism and Suppression Strategy of AC Voltage Sequential Fluctuation in Renewable

Energy Base Transmitted by VSC-HVDC During Mono-polar Blocking Process

LIU Wentao, HUANG Ying, WANG Guoteng, XU Zheng
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, Zhejiang Province, China)

ABSTRACT: The

transmitted by voltage source converter based direct current

large-scale renewable energy base
(VSC-HVDC), as an important scheme for renewable energy
development in the desert and Gobi areas of China in the future,
which has the risk of AC voltage sequential fluctuation in case of
mono-polar blocking failure. This paper investigates the
mechanism and suppression strategy of the AC voltage
sequential fluctuation caused by a series of disturbances, such
as renewable energy cutting or power reduction and
energy-consuming resistor casting back during the mono-polar
blocking process of renewable energy bases transmitted by
VSC-HVDC. Firstly,

energy base transmitted by the VSC-HVDC system is

the topology of large-scale renewable

introduced, and the mathematical model, which applies to
the analysis of the system AC voltage sequential fluctuation
problem, is established. Then, the generalized disturbances
such as mono-polar blocking fault, energy-consuming resistor
casting off, renewable energy cutting or power reduction, and
the time-sequence coupling mechanism of AC voltage are
elaborated. The AC voltage sequential fluctuation suppression
strategy is proposed on this basis, coordinated with renewable
energy power reduction and energy-consuming resistor
withdrawals. Finally, the effectiveness of the proposed theory

and method is verified by PSCAD/EMTDC simulation.

KEY WORDS: renewable energy base; voltage source
converter based direct current (VSC-HVDC); mono-polar
blocking; AC voltage sequential fluctuation; suppression

strategy
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Fig. 1 Schematic diagram of large-scale renewable energy
base transmission by VSC-HVDC
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Fig. 2 Block diagram of VF controller for MMC
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Fig. 3 Schematic diagram of AC voltage sequential
fluctuation
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Fig. 5 Mechanism of low voltage
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Fig. 6 Mechanism of overvoltage
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Fig. 7 Schematic diagram of the relationship between
actual and measured values of surplus power

BEh, IR 24 WAVHT, SR RS2
ORI, AR L AR, 73] 2R L I
THRRREH A S R LN T3 P
Vo FHUIE | THIE S RS2 5% DL LT
B B 5 TR (7
B, v HINERER), LU 0 55 F BT
o TRE, B B R 0
B, BRI RT v A0

Vinax = min {Vcril > Veriz } (2 1)
BUR, ARG, A4 2 A
U2 [ 35 B AF, 19 KN TR

FANE T A AR TR,
AEy =3 (AR, + R) (2)

v

MFRPER ARG, EMREERN AR, « Bk
FLZH M RE FLRH R B R AR BE 1, AE IR/
S REIRIEID AR AL v R, AEg =BEH v B
I o BRI, 9 ORIE AE RFTREN, BRe R FE
R IE L v DO KR v,y o

MR 4: REPOLE SRS T IEREIR
T4, JF S M Nt S B LR KA D 2
B, BRI BT eV IR RS 1 L RE R B T
FERITE, R HBLR H 1 4.

4 BHIS
41 MAEH RS

ARATEAT B A PSCAD/EMTDC Hi#5 % T H
WL AT BT, o K AUAEHT e YRR Hh 28 21 B
1% H ZR G IR A A B R AT B, SR ER R A A
) TE A PR o) T v R A R

MR ARG W 1 FroR, 1% 524t vl 5 51 F W
WEE o 5 ANAEAE R RBD R f kb % 5 18
it — 2K 50 km FAS T R R Dh BRI AR &2
k. ZhATE T KM R G A
ZHINMHF A R Al s, 82K 50 ps.

RF o R CAR RTINS, SR IuhR
FF % A B A6 B sy e BN etkgnk
B — & AR BT AL 5 IR 6 AR 1Y) S5 B 1S 1Y I 1k
M. SFEBAR A LR, SGIRFESR
) B BB AR AR SR 1A Y 0.69 kV IIAZ TR
M, SRIEETHEAZR R THEZ 35 kV. JeRIFISTE
35 kV s ARSI, NS LT AR K
JEZ 230, 525kV, A NIEL M. Ak
TRESS, B REYE I Hh YN IR v I 1A Th o et
10000 MW. Hrr, StfRizuh PVl PV2, PV3 3
5000 MW, J6fR3755 PV4. PVS 3 5000 MW,

WIARIT 1 52 Ui 4 il B IS 47 . 1.0 s B, 3%
Ui # L B B RS U B A PR . DA ol B A
FR) 2 Fofrifig o Ak 4 75 58 DA RAR ST HH 1Rt s 4 28 7
AT AT .

42 MWRER

D HE1, REEFOITE.

Rz UIMLIE N B AT i & AR s =), &
EFKALE TR RN A, H A B P i &%
AR A AT Fion. 1.0s B, 360 ol B
W PAE. 1.002 s B, v B 5000 MW A2
MtREFRE . 1.15 s B, BT REIR I b R g5 e B 4
WA B E 5, TOutRIgul 1. Jatkigul 2.
JeARuk 3 (3 M R TIBR T 5000 MW H7 BETEL
. 1.2 s I, i RS IR H A At e FLRH .

KA INLT R B R sk A
Kl A8 i, B B2 K IR R s B P B iR
HBAFN . FadE bl MhEE s PR B S sl kB
PRI CR L) 2k g dfadat ool SOAR R 2B PR B S, 3
B I TR MGEFFARE] 0, EF iy ik GE H B
TN, ARl I 28 AR T 2845 LT AT, 308 i 46 3t oy
TEMA I 2 AR i RELR F R S AR AN Z M0 . 115 s
i, BT REVR I AL et s B VI ER 5000 MW 3



942 XSCRESE: B REIRAE SR ELIE Y R G0 AR PRI 55 A2 U BT e ST s LB 5 410 ) SRS

Vol. 49 No. 3

ThER, IR s 1A D) U T F . 32
PRT- MMC $28 il 25 1w BT 2, 48 ) 2 G TGV s
Wu, RS, u, BE . HE A8 AL
F IR B R K2 PR R 450 kv, H
PURH B AR RIS . 1.2 s ItAE B PHAR HY, e
RS F R 1 D) 23R T H A A% 28 (i A ity , IR AL
MBI BT, s EE 660 kV. B
R AR R S PR S T, R LAY
BB IE . Bbah, I A8 WLLEH, Bt
BE FELREL A7 AE 300 N 32 ity 0 30 3t £ 4 0% 1) Th 26 2 A1
TR IRE D26, B 0B AR b B s e 1) 5
20 R YUK K 2 e 8600 MW IR R4, XX}
S i FEL P PRI A 26 £ 3 i — 2 [ ik

FESERR TR, T &MLk, @ER
AR DA K ik 2% B B s e 2 5, 38k
B I VINLE BT (B HEAS e 1, )L H=0
(AR [A] 15 22 X ] o 2% EE 1) H H B BE U 5 H A AR R
TR, PRI IX R R K, X —iRZEX
[ BE AN T B . Ao E IR AR YINL T 2 () 2k
fitt b, K AR TN ik RE A FELIR Hi 2 18] (1) B 18] 1] b
BN 100 ms, HARMBNFINFALL, HiriaizE)
ML it G Fh BELAE HH 2 ) B 1] i) o 6 52 98 R R 1D 52
Wi 5 B IS5 RAp = A B A9 Fis. ATUUEH,
T Mt fE P B IE H 5 328 i 450 308 30 22 U RE 2R FE R IR
2730 kV. XFTELE A8 A%, X2 HFIEDINLE,
F e A BHIR HH 2 18], b A PA LA ) A i
up AW ETE G 2SN TIRACRERT . o
T 32 1] 2% VLR -5 9k i P PEBROHE H RO AR R
KA RELR 2 AW B A E I F

Ak, EA VAR, ASCEIREE AR
3 ity e AT s BRI PRI A TR FE D, (H 24 5 i B A
B PRI, 23 B3k v 28 A LS IR AR A AR [RIRE IE
R Bk B XFEHEAT T V4B R .

2) HE2, HReIEbE T %,

R Y% DA H A K BE IR 3% 3 78 #2532 3] B4
WETE A JRLE 100 ms A EI AT 58 B Lh 1, H Al
VA WE T3 B T K 3 BB U5 DR Sl B Th 2 82 21 5
AR T SR (A TR KT, T
R RN PR A BT RN AR A FE AL0
Fime 1.0 s B, 2um it S 8. 1.002 s B,
RPN 5000 MW St s, 1.15 s
B, BT e EEFE 4, 8T 200 ms KT
RIEAE 2o i NI IRl BELR 1) Th R P 2
5000 MW B, #5407 2B A2 it e HaBH, &%
UGB 1, ARG TR Y 20 ms.

K T e IR B Th 2 J7 ) 147 B8 AP 3% A
AL FiR. 115 s B, SRR v T 4R B4 3)
R, PN A TR PG TR, %
ot sl RERAS i F R AT RIS, BRRFE 2 471 k V.
FeThZd FREs s, Mhae rBATT 4R 7 4B H o URET,
T 32 1] 2% VLR 55 9k PR PE PR H O EAE R
AR B B 659 KV It B R . 2R AR,
36 i 45 30 0 A8 UL BE 4R HE R AR SR R I H SRS T
TR BNRHE, (Hl TR RS, BT
PINLE R R G o R A2 A sk . EAEETN
FT, BEIhE T N 52 R G R 2 D 2R R AR S
M BEKC,  2 g 52 FL X PRI AT 26 32 BB K 1 ik o

T E R Th 2R 5 SR I S A S s ) 4 T R
PEHEATHIFFT . ASER S MMC N SRS i) 2845057 FH &
A4 FIR ISR U A HI PT s 88, [,
SN G B PR A TE) o SRR AR A E R, AR A
BE 4 MMC A3 PLAZE I35 o Sl At iy R i e
N0, FIRMEERFEALS . RS, RS H B %
IR BT REVE PE D) RS PLB) B R 5 R Th 2 7 R AR
FF—3 B4Rz A B A12 fioR. Xt
Bl A1l FIE A12 RJLUEH, FER AR fui fngs
HICAJ 2 3m A8 I BEZR IRIG FE R AKSPATS A 471 kV,
{RIRIAS BRI LK 659 kV FEIKE] 604 kV,
P B2 ] 25 1B L VLR ) BT TR B R AR . 7 LA R
RO, BRI BRI U AR R B ORI
S, SR AU BRI S T AR R G
JEAKFo AE(ETHR H RS, RA S Py
REH 7 G2 T N PR s T RN Ay SR i fL A, {HL
ARG L 0 R DA R i R A P PO IR HE R I
ik F R 1) AR SR AT AR, [ B 52 i FEL PO (1) A3 AT 2 [
ThER BRI 52 25K B

3) HE 3, BRI ik LR AR A TR

T S E R A B S (1 DSBS U R
BT J 10000 MW, MMC B AL 40 1) B Rk 1)
N 5000 MW, R X (16) TH5H H # N itk BE FELFELIT)
HAECH 10 o % umHr BRI F I BT 75 PR Y e Th 26
95000 MW, 14 X (17)1H 5 H &8 e i3k 7 id
()% D2 E050 R & B VTAE D)2 1) 50% . He R
8 2 2 M 5 P BEL ) 25 U [ SE B, i 5(20)
T H T RE VR P T RIS v, N 2.5 pu/s. IR ¥ 2.4.2
FIo M, MiRe AR I BEAE 2.5 pu/s BLREY,
RGHIE FFHIEEE4ERETE 5% DL HLAS F B it g
BE B HH S R A O Ak, ORI B 5 B Th 26 1)l
Vo N 2.5 pu/se BRI, RIE(Q21), FFEIIERMEK
WY N 2.5 puls, BEPETREIRIETT 200 ms ¥ DA

max



F49% F3 W o

R 943

FEEZE 50%.

MG F R THE I 2 015 B R SR 1) 77 2
FRAZHEINE A B A13 fiR. 1.15s 5,
HARG R RIFE 4, FIA 200 ms ¥ D)2 FEK—
oo YHERE FEL FH A2 1) Z G eI 21N 326 vy 45 L B
LRI TR BEARE] 9500 MW BFEH S 1 4, Bh/Rs
RGN 1) N 326 i e T i R 1) Th 2R PRI 1 2 A
H A =D 500 MW)RS, JBH 1 Z4itaE T,
HEAEHIBH,

KHT%E 3 MBS Rkt A HE A4
Fie 1.15s B, FrA G RGui a6 DI . 1.17 s
B, RIS TR K 500 MW, it fg FERHIE &
1 HIERE. IEEmm Rk B D)2 K 500
MW, jitgEFEFHRE 2 JB H 1 2. A A14 i LLE H,
BRI P B 1) 3 N AR 4 0 480 3l (0 T FELIRE VR
KA IRIG I Bl 36 v 4 0l BR 2R AC I FEL R R ¢
TRFFLE 515 ~536 kV Z[i], oAt 3 BH 2 I R
RIS . FE, SH0E 2 87 ZXFE, $pk i
BB T 0 N 326 i A2 4 A 388 38 3 1 T 8 e (R AR PR A1
£ 4000 MW, 523t 22 48 K 52 1) D 2R R AR IR RE A -
PiH a8 R, Frit 7 Ree R IE R Bk
W A, B 1 2R GECE B A S H A I FEL I F R B
By, (R E ab ot 52 vty BRI (R AT R ek

5 Z5ip

ASSCHEFT T KRR T e U A M SR 1R EL i34
A GL A B RE A bR RE IR DL/ B T R i e
FLFH #5045 2 F P03 51 2 A 52 30 H s e BT e 3l 1]
B, EEERWT:

1) S @ A R B T A i
WS F s P B Al e R B A, B MMC
AT LB S AL LL K MMC (1) VF £ A

2) B 13K ARG B BT A LR
BT RE VR DRI DI AL/ B Tl 3 2R ROV N 34 S e At vt A1
Ty Ty 2 1R 3 AR 51 72 30K i A2 9 B 2 A1 FEL s 1Y
JR DK o B BEVR DAL/ Bk Dy 2 YT A i s 77 R ) d A
P F ) 3 VA0 LA L Tt R R BEL A BRI Y R 51 s
i AZ Ut B Lt F s (A iR A

3) 3T 1 RS HOR RS IR L B B 1
FRIAN o 7 3K S48 T ot B AR P BBt B P LN )
T REUS [ Th A RS, AU L ) R R 2
/s VERE R PELIR R P RS, ST IS T R R S
N

4) IO BE IR A T R 5 i e i PHIR
R PR ) B PAT BB O 2 R s, 3R AR T B, TRE

ATSEIE R, 7 B4R AR W REE AT RO G R G AR
PR It A A2 L F S R B )

M A T B4 R (http://www.dwis.com.cn/CN/1000-
3673/current.shtml),

SE 3 Hk

(1] HEEJR, ARG, #6355 B e RGE N ZER 2 [J]. FE
AR, 2023, 47(5): 1741-1750.

KANG Chongging, DU Ershun, GUO Hongye, et al. Primary
exploration of six essential factors in new power system[J]. Power
System Technology, 2023, 47(5): 1741-1750(in Chinese).

2] HEXRKkRESELR, EREER. T o fEREE A R
[EB/OL]. (2022-06-01)[2023-11-16]. https://www.ndrc.gov.cn/
xxgk/zcfb/ghwb/202206/t20220601_1326719.html?code=&state=123.

[3] KALAIRA, ABASN, KHANN. Comparative study of HVAC and
HVDC transmission systems[J]. Renewable and Sustainable Energy
Reviews, 2016, 59: 1653-1675.

[4] REL KPR, RCE. LCC-MMC HBGR G T Eii M R In I E

RIS A R FL Ik SR BE L], IR S
iAhEE, 2022, 43(3): 119-126.
XU Zheng, ZHANG Zheren, XU Wenzhe. Research on application
of LCC-MMC series hybrid HVDC topology for large scale clean
energy base integration[J]. Power Capacitor & Reactive Power
Compensation, 2022, 43(3): 119-126(in Chinese).

[51 1&B HSRIK, KM, 5. RUEEREERZEM]. 2 7. b
HUBE Tl Akt 2017.

[6] AREL. bR By R OB R ). RS H
ik, 2022, 46(21): 1-10.

XU Zheng. Main schemes and key technical problems for grid
integration of offshore wind farm[J]. Automation of Electric Power
Systems, 2022, 46(21): 1-10(in Chinese).

(71 BEA, Bk, HEHEE, & RHSLE LN B R OCH
REHEARBRAERIRTFE LS [T]. BNEAR, 2022, 46(8): 2859-2870.
FAN Xiaojie, CHI Yongning, MA Shicong, et al. Research and
application of key technologies and technical standards for large-scale
offshore wind farms connecting to power grid[J]. Power System
Technology, 2022, 46(8): 2859-2870(in Chinese).

[8] XUPEt, FBWERI. & BRI B XU S ELIAL H RIS AT R VAT
RE TSR] . BMHEA, 2020, 44(9): 3595-3603.

LIU Zehong, GUO Xianshan. Operating characteristics research and
engineering application of voltage source converter based DC grid
with renewable source connected [J]. Power System Technology,
2020, 44(9): 3595-3603 (in Chinese).

[9] IREL BEIEAR, SKEE. KA R B EAR K
A RED]. P EEN TR, 2014, 34(29): 5051-5062.

XU Zheng, XUE Yinglin, ZHANG Zheren. VSC -HVDC technology
suitable for bulk power overhead line transmission[J]. Proceedings of
the CSEE, 2014, 34(29): 5051-5062(in Chinese).

[10] 3L, #hIR, kI, S, KHUBEX A B AMNE R 50 R A B 5

TIEu RGPS ], BT EOR¥R, 2019, 34(19):
4108-4118.
LUO Yue, YAO Jun, ZHANG Tian, et al. Coordinated control strategy
of large-scale wind power generation sending system under
mono-polar block fault[J]. Transactions of China Electrotechnical
Society, 2019, 34(19): 4108-4118(in Chinese).

[11] SRGEIM, Mg, 2R, 4. sRALFNE B f o 2 AR Th 3 1) L
BRAAT B HITIE]. BMECR, 2019, 43(1): 157-164.

GUO Xianshan, MEI Nian, LI Tan, et al. Study on solution for power


http://www.dwjs.com.cn/CN/1000
https://www.ndrc.gov.cn/

944 RUSCERAF 7 REURHE I 22 B T AR G0 AR PR 5 T 20U PR PP B S LB S5 M 568 Vol. 49 No. 3
surplus in Zhangbei VSC-based DC grid mechanism analysis and RO A SRR [T]. H O A&, 2023, 43(4): 39-45,
control method[J]. Power System Technology, 2019, 43(1): 53.
157-164(in Chinese). ZHANG Nan, XU Zheng, ZHANG Zheren, et al. Receiving-end AC

[12] BXTLf, EOg, &5, 5. BLI AR A i f R AL S i 5 system fault ride-through control strategy of LCC-FHMMC hybrid

WE[I]. HLEE#, 2020, 41(9): 86-93. HVDC transmission system[J]. Electric Power Automation Equipment,
ZHAO Yuetong, WANG Shanshan, ZHAO Bing, et al. Study on the 2023, 43(4): 39-45, 53(in Chinese).
mechanism and suppressed strategy of transient over-voltage in DC [21] @R, TEEE, KETE, % MMC-HVDC BN [EZE K L
power grid[J]. Electric Power Construction, 2020, 41(9): 86-93(in FELJE 648 (2 m LI 0 AT [0]. ) REE E 3k, 2022, 46(9): 99-108.
Chinese). XUE Yicheng, WANG Guoteng, ZHANG Zheren, et al. Mechanism

[13] S&A5M5, BHE, ZHEIR, . RMBOBRERS TN H IR M analysis of influence of MMC-HVDC integration on damping torque
BT EEIBARG T[], P E AN CRSR, 2023, 43(22): of synchronous generators[J]. Automation of Electric Power Systems,
8734-8744. 2022, 46(9): 99-108(in Chinese).

CAI Xipeng, HUANG Weihuang, LI Guiyuan, etal. Research on [22] WIS, ®/N, REETA. BJHEFIEMNEES 2 RUED St 5

operation control strategy of large-scale photovoltaic cluster AR R 2 ROE A R D], P E Byl LR, 2019,
transmission via grid-forming VSC-HVDC[J]. Proceedings of the 39(18): 5457-5467.

CSEE, 2023, 43(22): 8734-8744(in Chinese). HU lJiabing, YUAN Xiaoming, CHENG Shijie. Multi-time scale

[14] =R HE, SAIEH, EHEM, 5. BrasE sl PosA szl L transients in power-electronized power systems considering multi-
THEHARLGER[I/OL]. H E L TFE24R, 2023: 1-16[2023-10-18]. time scale switching control schemes of power electronics apparatus
http://kns.cnki.net/kems/detail/11.2107.TM.20230530.1551.003.html. [J]. Proceedings of the CSEE, 2019, 39(18): 5457-5467(in Chinese).
GAO Bingtuan, HU Zhengyang, WANG Weisheng, et al. Review on [23] W], RIEE, SAERE. #H RS Anti-Windup RiHERIRD]. B
fast active power control and frequency support technologies of HLE G244, 2006, 10(6): 622-626, 631.
renewable energy stations[J/OL]. Proceedings of the CSEE, 2023: 1-16 YANG Ming, XU Dianguo, GUI Xianguo. Review of control system
[2023-10-18]. http:/kns.cnki.net/kcms/detail/11.2107.TM.20230530. Anti-Windup design[J]. Electric Machines and Control, 2006, 10(6):
1551.003.html(in Chinese). 622-626, 631(in Chinese).

[15] F55°, FEAbRE, XU, . SRAZCHFERE KB AE UL & L Fik th 24] EFWHREFILR, EEXMELERERS. RORRES
TERVTAGF[T]. WABR, 2022, 23(5): 18-24. FasE S: GB38755—2019[S]. Jbxt: thEbriEHRAL, 2019.
LU Yu, WANG Nannan, LIU PENG, etal. Study on the scheme of [25] EAKIE, mEE, BHIEM, 2. o &L E IR ENR X
islanded renewable energy delivered by VSC-HVDC using alternating R BB Th e R HEn 1], b E AL AR S4AR, 2023, 43(S1): 70-83.
current chopper[J]. Electrical Engineering, 2022, 23(5): 18-24(in MAO Yongheng, GAO Bingtuan, HU Zhengyang, et al. Emergency
Chinese). power reduction control strategy of wind farm considering DC

[16] kAg%F, FRUEIM, Ehwite, - BEHTREIRIN S R G AU R chopper of doubly-fed induction generator[J]. Proceedings of the
E[v;m/%éifnﬁ%w%ﬂ%ﬁ&%m% ARG EL, 2020, 44(5): CSEE, 2023, 43(S1): 70-83(in Chinese).

154-160.

ZHANG Fuxuan, GUO Xianshan, WANG Nannan, et al. Surplus TELLH R HEA: 2024-03-09,

power dissipation strategy for bipolar VSC-HVDC system with WESHER: 2023-11-16.

integration of islanded renewable energy generation system[J]. {EE RN

Automation of Electric Power Systems, 2020, 44(5): 154-160(in XISCHE(1999), 55, WAL, FEHRAT
Chinese). ) T RER I PR AR M2 T S 4% ) R e EL IR

[17] Tsp3e, ZEK, EldF, 5. R REERAMERIEHEN B, E-mail: liuwentao@zju.edu.cn;

BEJT K P2 SR (D). LR EOR, 2021, 47(12): 4471-4482. WEW19TT), L, Wk, EEEE, BB
JIANG Shouqi, LI Guoging, XIN Yechun, et al. Coordinated control XS i RIS B I R G i B 53R
strategies to enhance the capability of surplus power consumption for A i BT RS IR IE AR, E-mail: huangyingzju
DC grid[J]. High Voltage Engineering, 2021, 47(12): 4471-4482(in @zju.edu.cn;

Chinese). EEE1996), T, WL, FEHAT NG

(18] #ufhpe, FEfE, VFiF, 5. S L o1 X LA SR X PE A7 T AR RIS D R G2 AT 545 H], E-mail:
Wb AT SE[I]. HEEAR, 2016, 40(6): 1839-1844. wgt339@zju.edu.cn;

HE Jingbo, ZHUANG Wei, XU Tao, et al. Study on cascading HE(1962), 55, WL, #HEg, W4T,

tripping risk of wind turbines caused by transient overvoltage and its FE T TT RIS B ) R i HIR
countermeasures[J]. Power System Technology, 2016, 40(6): RS B SRR, R
1839-1844(in Chinese). K EFAE R EIZ I A, E-mail: xuzheng007@

[19] AKAGIH, WATANABE E H, AREDES M. Wi ohZ3 g & HAE zju.edu.cn.

[20]

R R R M)
34-89.
s, AREL

R B AET: AU Tk AR AR, 2009:

k¥, LCC-FHMMC TR B4

(TR Hgs)


http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20230530.1551.003.html
mailto:@zju.edu.cn
mailto:wgt339@zju.edu.cn
mailto:@zju.edu.cn
mailto:wgt339@zju.edu.cn
mailto:@zju.edu.cn
mailto:wgt339@zju.edu.cn
mailto:liuwentao@zju.edu.cn
mailto:wgt339@zju.edu.cn
mailto:liuwentao@zju.edu.cn
mailto:wgt339@zju.edu.cn
mailto:liuwentao@zju.edu.cn
mailto:liuwentao@zju.edu.cn
mailto:liuwentao@zju.edu.cn
mailto:liuwentao@zju.edu.cn

IR A
lpa lpb lpc Ly
“F F 3
Upa upb§ uPC:
e SV - -
RO
. L
usa; Ly R Lia ’ +
ﬂ;—”i’“—«:»w_—%rva
i R 1 U
de

;

+
Uy
= SM,
lna

Al MMC HI$RMERIE
Fig. A1 Topological diagram of MMC

350 400

250 300
YN
E A2 RBENEFAMESREBEENXER

Fig. A2 Relationship between the time used for power
reduction and the minimum voltage

R ot 05 7
[ ERPRE

I HLUE /pu

200 250 300 350 400
IR 7] /ms

50 100 150

A3 tEERMRREATAMESRSBEENXR
Fig. A3 Relationship between the rate of withdrawal of
energy-consuming resistors and the degree of AC voltage rise

K | BRI 4
+
X(2) & + max Y
B % ? + m_i'n/_ e
e
L& | -

R FUHAN [m]

E A4 FSHIAFEEIE P EHIRE
Fig. A4 Anti-windup PI controller

RN ) SR P B R A

!

IR B

TSk e R S BN HOE
SN S H 0 it e R
THEA Sl B eI A 2
A 1%%’%%@65%@?
e UTE N Heift i BEER R Th
FRIF 7y H AR H i RE L PE

/

A

PN

A5 BIRAPHEHEIRIZR

Fig. AS Flowchart of mono-polar blocking process control

RAl RFEBH
Table A1 System parameters
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