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A Review of Commutation Failure Prevention Technology for Multi-infeed HVDC
Transmission Systems
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(State Key Laboratory of Advanced Power Transmission Technology, State Grid Smart Grid Research Institute Co., Ltd.,

Beijing 102209, China)

Abstract: HVDC transmission technology has the advantages of large transmission capacity, long transmission distance
and low comprehensive cost, which plays a key role in solving the problem of reverse distribution of energy centers and
load centers in China. It is an important strategic support technology for the implementation of “West-to-East Power
Transmission” in China, accounting for more than 50% of the total capacity. After more than 20 years of application and
development, China has built a power grid with multiple DC lines connected to the same area, forming a multi-infeed
HVDC transmission system. Although this system improves the flexibility of the operation mode and expands the trans-
mission capacity, the increasing complexity of its structure has made the system safe or stable problem more and more
prominent. In the multi-infeed DC system, a single AC fault may cause multiple DC commutation failure in a wide range,
causing tens of millions of kilowatts of power impact to the system and seriously threatening safety and stability of the
power grid. The hazards caused by commutation failures are becoming more and more serious as the number and capacity
of DC lines increase. Focusing on the problem of multi-infeed DC commutation failure in the future scenario of high
proportion of new energy, this paper first explains the concept of multi-infeed HVDC transmission system, analyzes the
commutation failure mechanism of DC transmission system, and then reviews the existing commutation failure preven-
tion technologies from three levels, namely, station level, converter level, and system level. Finally, the prospects in the
future commutation failure prevention technology is put forward, and relevant suggestions are given.

Key words: high-voltage direct current transmission; multi-infeed DC system; commutation failure; prevention tech-

nology; converter valves
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Table 1 DC infeed in East China

o . G we e . T RS
F5 B TR & B0 THESH P
1 B PN —FE ity £500 kV/1.2 GW CLCC
2 HH—EH i +£500 kV/3 GW LCC
3 HIAR—HE i +£500 kV/3 GW LCC
4 TSR —BCF L5 +£500 kV/3 GW LCC
5 "h—Z 5% i +800 kV/6.4 GW LCC
6 )TN L5 +800 kV/7.2 GW LCC
7 BT AN +800 kV/8 GW LCC
8 RIN—2E2% Wi +800 kV/8 GW LCC
9 Hib—r L5 +800 kV/8 GW LCC
10 BB — =M L5 +800 kV/10 GW LCC
11 EEF—l R 2R £1100 kV/12 GW LCC
12 I ME—IL Iy L5 +800 kV/8 GW LCC/VSC
13 A HE— WL AN +800 kV/8 GW LCC

K2R BN E R
Table 2 DC infeed in Guangdong Province of China
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R OERERTE  EAEH  TRH ‘;”%Zﬁ
1 RlE— J"R +800 kV/5 GW LCC
2 RE—RYI J"R +800 kV/5 GW LCC
3 WEH—T M J"R +800 kV/5 GW LCC
4 SR — ZE J"R £500 kV/3 GW LCC
5 RAEH—M J"R +500 kV/1.8 GW LCC
6 RM—ZI—5K T7R £500 kV/3 GW LCC
7 MA=—T J"R +£500 kV/3 GW LCC
8 HEE— ML T7R +500 kV/6.4 GW LCC
9 SRE—MIM—RTT TR +800 kV/8 GW VSC
10 Vo] R DY S S T 7R £100 kV/2 GW LCC
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M DL F 31 S fm TAE b s 23Rt R /B S 7 THI
T I AH R AR e B S TE D AME RS« AL
BB MRS IR FL e, AT PSS IS A TG T SCHE R
SR, R P9 7 T ) e it S X e A PR R P46
AR A REER, AR A F 3B o A R I R A
23 RBEHEEARMR

o R 2R T PR 4 IR 2 20 977 1 A T PR o i O A A
. LCC-HVDC it Bt i fe 7 ZAZ I R G die
AL AR H R AN A FEA, B 00T #R9 R n 5
TR W ) ik A A Y LA 15°~165°, A fdi it 28 7
o AH A BAAT R A, RIS Y B R B
TIREAH R, $nAH i ftes &, fEm#Hk
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WA RE /) o I8 CE IR IR 5 28 U R Gl AR G L
(BRI ) BRAE I 1 A N AT P, i e 4
TR 5 IR RS < IA] HR TG FL A, ) RRCHR TEK FL 25 R A 6
it 7% (capacitor commutated converter, CCC), #H,
BHEMIESRAABE E, R G, R
TIEIR H 38 1R IR A2 0% K 1) S5 v B, s A% FH I ) DL
SIEFPHWTRE ST, PN RIS . (H 2 R
I LI LI ) PR AR A T e S B = AH LA L R A
XPRREEREAR, TG 4R SRS s CCC kA4t
FARIM, SBEAR R AR BT [ RR 8, SR A
i HET S8 CCC 8. (Kl 26 Z500) i
LR R ISCR N AR . SCHER[40]HF CCC e ifids
BOEK LS B O ORI R TR B M R B
(anti-parallel thyristor full bridge submodule ,
APT-FPSM), §i& t} — F 484 5% 714 oL 25 0 Al 45 Uit 4%
(enhanced capacitor commutated converter, ECCC)
#4h. SCHR[4114 ECCC H APT-FBSM #9419k
HI 4 My F- e (full-bridge sub-module, FBSM), #2
M ER R ER R 0 R 6 9 28 (series voltage commutated
converter, SVCC). ECCC. SVCC 35 n] FFAI%#eAH 2%
Wk AEREZE, B CCC 2= I g 771 il i
[, SVCC #ixt ECCC, P& T A8 HisE TRt ss
PR FR T

B0 ECCC J5 s ] S 32 i B AGr M SE AR I (1] 5
M T U0 A 2R UL G 0 By i R, SRR [42] 48 H — Fh
ECCC it a5 B B b il 2 ] S o 7 S g 5 J5 o
BEA AN EIE T, T SRS AE W Aar il f5 4 $e N\ F
5, M SRS AE IR s AT Ak i), PRI
BN DRI SR m] D B AR B T DV AR, gk
— BT ECCC #R A AH Mg /1, BA B4l
KR RE T TEXUMA RS = T, dn] LUK
T R LA R R

R 45 7 1 5 A2 D {00 ) B RAR B LS, 3 W]
CLBR I ER B FERE . SCHR[43 ]9 H 28 T mT 4% R BE Ha B
(controllable series resistor, CSR)#eAH 2 WA 1] 1
Jiti, e IR FLE T B A R R A IR AE
A AR A B RG0S A S
BIRAE o ZTTIEAR BT HAH R MU s e 1 A
A, ME T EBERBETTRD T 10
DNZRA AT, UK AR T A

T A — Bl AR 4 ek 7 2= A8 IR B N e aE
TR EL A B A i BT G E . SCHR[44138 H —
Ff LCC-HVDC 3t 4h(enhanced line commutated

converter, ELCC), 7E 5 [&8E I & Bede A Hr 8 ny 4%
T, DAME R B T B A . (E R A A4
TR 238 F IGBT, FEATTAE .
5w E R EILEEE RS, ik, SCHER[45149E H —
Folt Bl 5 R R 4 1Y H M AR R 5, B
RAAS, 555 1 e i R VLT . SCHR[46] 2
— P E o DR T O T A R IR T G 11 VS R U I
(hybrid series converter valve, HSCV), 3T FHk
PRAFRRME, XPERMRAY . B R ST AT
RG5HT. ELCC. 4% H My A1 HSCV H4
e 1 B R G R AE R MUK RE 7 HSCV K
HRE IR TR, BT ELCC B AEAF & .

SCHR[47]392 tH— Flol B4 2 A mT 45 ¢ W ge g ()
Do 48 FH #2777 % (controllable line commutated convert-
er, CLCC)#hfh. CLCC AyA=% Rl 3 VR Ik
¥y, AT DLd a4 g Y 2 32 SR FRL R RS A A BN
S, A SR AR A ORI RE IR e e, R
P RSN IR FROC T, DA 52 Y [ 46
HHo CLCC MY L im S AEMER PN 1 4 SRR ) 48k
Rl R 5 LCC M), To /s e Je i 48 1t
I+ H CLCC BA HKWrRe /), Joiaii Ml kit
AR, HATAIREAT 0 kA Tk, NS
RGN SR T S8, PR T Akl 2%
WP 4z AR s CLCC e ifint S P AERS =T LCC
i, (HEEET VSC #uimnh, Hnlseaiimss
TR 5| RS A e, PRI 2 B4R CLCC
TE B S W, TP PR B IR A2 0,
FEiE R G AT PR R i Ph &% . B CLCC OfEH
R B s TR IE TR b, ok 1 2SI R G
Gl I3 AR IR # SCHR[48]1E 25 FE A8 1 22 S 1
FBE TR SRR b3 H — b R0 A4 a4 R R
g o I Ay M HE AL I B R A S I R AR I
PrVE AL, 2t — b5 i a4 BEL TR 2 F e 2 A
AR AR R B B UL & SR, BOX IGBT Sy
26 PR % % DA K o ) A8 DR IRTRR IR, PT SR iy AU
LI F AR G H AR A R MU e

DN b T 02 E R W SO AE MR, 38
AJ LUK AR 28 S O T B R IGCT (1) FRIALIR
T F ) e AH 3 I 2% (actively commutated converter,
ACC) BT A4 B+ IGBT ) H YR B 36 I 2%
(voltage source converter, VSC)#fifh. SCHR[49]% %
ACC B FEHLPGEAT BT, 5 ACC AT Gt S
FEXT TSI BEAT AL F s S T JCD DR Al .
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B IGCT IRSHERIFER, ACC &, MRET
LCC, [FmEhlsmsEde, Hik ACC RN HIE 7 E
BRI . FT VSC BB A, SR
“THEMRARBAR. T E R B RS AT
LCC-HVDC A JoA Mz [a) BUANGAH SR ] 45,
{BHPRE, WAEMER, F RS R. T
B E RS R I B AR N
24 ERGRFHFEFE AR

R 2R IR 22 G0 2 7 A ok [ P9 Sz Bk 32 i K
B, M RGR R 28 TR AT AT M A AH 2R
BIEEEAR . EZ 5 Nt e A R gk Tt
L SN2

P U AR 4 ) B I T B A AR R
GuksE PRSI T R, AEACIRARER W R A B )
R E T SEIAL,  $ i BRI A RE Y 2 4
MEEE . SCHR[49138 T 51 N By #e AH 2 0= 1 & R
JIHRFR Siv BRSO HAh BLIR JC D) SCHE S M 45
b F AE KR KB MR Ny @ LE R E RS
LIabr R=NSFi, ¥ R H/NEIK, & HRK
CFPREV il 2% I THE(A 22 S AG I,  F AT ik
a3l CFPREV, 1] RGP 2408 XU ,
FRAR A AH RO 22 I R GE I T ppty o SCHR[SO18F
FL T HAREE B BR RO N RGOSR, $Eh
—Fh 2 B B A R4z ) S, XSRS R T
BAEIRILR, 5 7 RashSRE . SCHR51]
Xf MIDC R4t P filBoR AT 1450k, £t
P ) 7 VA SEBR TAE R AR I R, PR
TR N T MIDC 2 G5 T s (0 4 A ) A
RRHEFTT 1]«

RGEMKNE A TN RGHEMIR, 1F
FEAth X 28 4 AN R P SRR T T R, 4%
A 25 FE I AE SR S AR R e P i e, I AT L 25
FAXT 22 BN HL I 4R R 0™ B AR B DA S B A AR
SEPERIRZIR, $2H H A B ERE 1) 52 v HL P 254
MM A F G BRI AR, ZZEHEER
PSR V& R SR S8 AR R . K A
OSSR, R T2 ERBABMNERK
TR, PR T B S v Y 2 B A AR R R
FUE T s 70254, 5 77 HL R 22 A 5 B 4%
B EHEMRRY A, W7 T2 ERBN M
B RAT X AT A LI R S sh SRR, M
5/)N 22 BLIAL I B 4R 2 TG P 2 Y e e 91 LR TG Ty
EREMEAERR, RETHEERZETRELNR

(52 B FD R 2y X BN S A T DAL e B 52
A SEREAEAHCR PP,
2.5 B ARSERITE MG EIIENR

N T IERAR RIS TR A R 5, DU BLR
i 5T B A FRIHTT H bR, RIGHER AL
P A, LR AR H - L T T VR 5 A
R AR LR, DLRAECE (7 BN 0 B EE I
P 5P, G RT H RTHAR R R 1 5
BRI AR AE AR L -

BE S B T R SUURAR. AR BRI
AWHEKR, HHBEIRNEEST N PR 2 HAE
TEARGHA R AT AR T IS R (1) T 4%
PrEE],  H AT R AT P EIE RS X 2
Uit ELRUAR G T U BT T o TR ) Z T
FERCR AR G N A AL, ARG EAIA
ATEA L . QRGN G BT 262 HDEE LR,
B INZ A TCIERIE M BT, HELLRHT R H B A
HRAER B 07 FO7 (AT 5G, (RER ] AR
BRI ROTi%, (BB MOCiRE B s
LR B FE DY SRR K

PRI, e e Bor 5 1 5 sh S E T J e
R ESLECT I ERG U HOR G T SR I
BRBORVEG, RARZBABRAGN HEARK
JEM LB ESRFRE RO, AR
HL S/ D AR A 2 ) AR AR R T R R 22 5
PEHEET A AME . BRI AL & BB 355 AL
J7id, T LIRS IR E T O S AR — B sh A
Baths FEHAS BRSSO T, 2 TS5 A AL
JEU], B ST A A I RS AR L, JER
HEFZH AT DM SBT3, HARE
TSI A U H RS 1 B A RS

3 BAEKMPEERARE

ZHMANEEHRAERER - MERRR. £
BN e s EL AT AR G Al R — IMESIR S H
MRS R E A 4, I B i i i
PIRME R ZHRIELESAE . Har, #—1T
PRI T E CAN A AW S B AR A R TR, R
REZGESE RGN R T %

31 ZBMABEERABEAGIELR

KPR R G A RIME G B AR A BT T
fifp LS L OB R MO R, (ELARSZ AN SR F) S8 491
FoVEM T IHZN T E R AR EE LA, BIEiEH]
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FHHM RGBT . 2T RIE
Hinf R g =7, wHESFHENMYE
ik ot Are e N R Y E A DN = S E bk )
H R GURFE S E . 85 H I b P S i AT
AT AT, Gurt 53 A B P 41 P A [ i o o
A AR RO AR, A AT s A O
o™ B RE FE o el (R 1, e JiE R 2 N e R L
i RO E 5, SR AR bR P9 SRR A2 oK H
W 1) 2R GRS 5 I AT R 1 bR A A

2N 1 LU L 2R G b AR AT A 32
BHE: ()RR RGESEABITIRE TR
R A R RGN T Q)SEIA R FTEEA
TE [ —3 3¢ F 0 LLESHIE .
3.2 ERULRFHEEAR

HMERSCHETT T, TH] ) AR U BRI A\ 1)
EZ1 WNIER/ T E215775 = SR D | VAR (iins i R s v
UhC B TR B S SR g, i
TR 5 52 v N A ELAEF,  ded bRk i )97 S F
JTHETFEEXNHRARNE SRR, HTRIK
T R R AR . BB T, T
ARG HAR B T FE AR S R UAREAE, PR K
HE L I P R G A SR I 22 S A A ) B T R AR
WIRE T, WD B E R A RO SR RS
ToThi R RREEI R SR PE, Il Mo R4
TR IFEIR, HE— 25 FRAR I SR 3 AH U R AR MR
33 BRSBERGEHEAR

0 A 2 VAR 45 TG A2 0 I 251X P 2 Y [
BRGSO R s a4,
HIE FH - R RS = R LR SR e e s A%
IR B3R, V)RR AR R FH AT R AR B 1N
B E SR R, EEmE ARG
L4513t Re DR FE 4h e
34 RGEFHEEA

MEEAS 2 G0 (1) # T T 4K L A TR W] AT M 1)
FHRIG B A1, EEL5r R RGBT R AR
EEHIPABARIELL . 51 KABREL, ~MHEM
ZER BT IE T, B AR 2 B S AS B
TR X S5 A B TR T, TR BRI A 527 i HL Y 22
LI A9 A R T )R R LI T R 5 RN 4y X BT
G0 HR/INT IR R T R IR R A T R A R
MITEHE: 26 2 SR HiRERER, & N R GBI 21,
PRHBIET 2 IR R 0 SR 22 2 F20E
PRA A2 il PRI AR S T B A 7 v, BT A LRV R F

PR R RE 1T o AZIRIR IR, 58 2 26 3%
AREFL S RIOIN R — R ZBANHRZER
RGMHNVING, FTABEZBANERAG A
CIRER/ NIRRT i e (2025 PR ) il BUR S i 423 2 B
i e £ 3 1) B B D A AT Db T ) AR IR R
G RO AR, E IR 2+ 2 B R S
HRPP P O HA RGBT . 75— ARS
FasE R AN R, DA PR Hh i B S
WM E RO R, BT T2 B % 4 5 ik %
R RILERTE. ZERRPMHZES5MY
SEARGREE PR IT %, LB
ELUR IR HL M 22 A 8 4 A A PR AR R S PR
Pz A L] -

3.5 IR EHRARRITEN 75 7%

S RE 2 WNCYE SR K RS Y i 277 S A
AT BRI ARBCRBAE T HT 6, 4 fE
X B AT A R AT, RN R S BT
B IR o A AR AR SR ™ AR E , WF FU A 2%
WOERRRFAE PP A T AR FREERS AN AR 2% I )5 4
BR, RMIA—ACRIRER PN T35, TR R I
HBNHRIIATT R, XFEA fES I 2 P A R I
AR RRAE G — DB 5 T TR

4 ZEig

AL EENHGIER S BRAS RN RGER 3 A
JE TN I A RGBSR BT 14538, I
5 AT ARG KRBT E AT T RS, 5
FZERUTT

1) {EIEAETE R TR E R LCC #ui ds
ERT 2B RS, BBk cas
A2 CAH I AR AR LB R IGRURE - AR SRIKIAIT 72 75 1)
REPEH ER A TERE T R

2) ZHNHEIRRGIA RIS G TR T %
DA as e, B . KGR 3 DNERAIBIHE
ARANTEELRR, 3 FL MG U ES

3) ZWNELR G RIS A TR T 5
ROR IR 2Ty, @ a1
RORVF T35, R RSP ER LI H T Gt T ]
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