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A simultaneous commutation failure assessment method considering reactive power
and voltage characteristics in multi-infeed HVDC systems

ZHANG Yule, YIN Chunya, LI Fengting, HAN Lu, LIU Jiangshan, SHI Yingping
(College of Electrical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: There is an existing problem in that assessment of simultaneous commutation failure (CF) risk is of inadequate
accuracy based on the multi-infeed interaction factor (MIIF). Thus, first, the propagation mechanism of transient reactive
power after an AC system fault in a multi-infeed HVDC (MIDC) system is clarified, and the complex interactions
between reactive power and voltage that have a noticeable effect on MIIF are revealed. Secondly, an improved MIIF
factor considering reactive power and voltage interactions is proposed to measure the interaction between MIDC systems.
The voltage drops due to reactive power imbalance between AC and DC systems and the voltage variation due to reactive
power transfer between DC converter stations are calculated. Then, based on the minimum extinction angle theorem and
comprehensively considering the influence of transient reactive power and voltage characteristics, a critical simultaneous
commutation failure factor (CSCFF) and its calculation expression are proposed. By comparing MIIF with CSCFF, a
simultaneous commutation failure assessment method is proposed, which has higher accuracy in assessing the simultaneous
commutation failure. Finally, double-infeed and three-infeed HVDC simulation models are constructed using the
PSCAD/EMTDC platform. These verify the validity and applicability of the proposed method with different fault types,
coupling impedances and fault severities.
This work is supported by the National Natural Science Foundation of China (No. 5236070148).

Key words: multi-infeed direct current system; reactive power; multi-infeed interaction factor, commutation failure
assessment method

1= commutated converter-based high voltage direct
515 current, LCC-HVDC)H T 7RI fE B . KA =7
FET ol I 40 R B U A O R B M R (line TR R, ECHR) AN, e
CA @ 35 N S B I E S22 M .
EeWB: BFAARAFELTE T8 (5236070148); #7148 £ LCC-HVDC RGERILENIF 2w, &
Y& R 8% R A4 8 8 (2022D01C85) T 2N IR E R RS, A 2021 K,




SRR, 55

5 RS 2 N AR GUTC I LU I R I A RGO A 595 - 171 -

OF 7 M EER TREENERER, A5 14
+1100 kV 71 6 1+800 KV Heifiuh, biH %
w5 57 600 MW,

SR, AT 22 G0 s e/ A e o DL Ty i
Al A 5 2 Ak M BRI R %, A5 S8 EA
LCC-HVDC Z S [FN KB 4, KEH )
IR IR Ph T 2 S ARG, 5 U
W22 A fa g s T B IE, 2011 4E% 2018 4F,
HIRHINA 4.3 A1 2 N R B RG0R AR A 45A
SRR BS99 91 9 A 481,

NARDIX— )8, V2T T KEMTE, Xf
Wik [ B R AH AR AT T 2 1Al . CIGRE
B4.41 TAEAFEH T 2 A EAEH 2% (multi-infeed
interaction factor, MIIF), FT-PPAl AR 8 A2 i BELR
2 IE] AR A T, ekt b, 2R
HHEH T 2R MIF THE 7R B il 2 7]
A EAE R, XEFERS A=K (1) & T
H7E: (2) WA PTE; (3) WM AT LAY .

XTI RN T, SCER9IFT T MIIF %)
Z 5N F G0 [R] B 3 A Rk ECRR A b 36 4H 2 I 5
Wi, FEERME T3 M MIIF 225 {f LR S A 2
RANMEZ. SR, ETHENITERENAR RS
BHATRERIER, TMEE R HAER K, FHEZ HEm
YRR L.

XF T A TS LU BV, SCRR[ 10128 TR &
AN RGN IE T 2 0N B R A BAE 7
MIIF fiH5 5%, oA 800 LCC-HVDC e
ELJitH i (voltage source converter-high voltage direct
current, VSC-HVDC) 2 [8] ) B3 s AH EAE A . k4,
SCHR[ L1 R FH 3545 (19 MITF 34 2 0\ R 4025 6T R
BN RS0, SCHR[12)3E T 17 44 1 ) o otk T LU S
FEHES: T MIDF, AT HEMEAEHIZEE 5T
SCHRT L3R B AT b B2 75 21 T8 T H R 28 5805 A
TOET A R O 78 R A SCR[14-1510F58 1 MIIF
) M K] 2 R e A L TR AR M o AR T LU R B 1)
JEAIHE RAM RS HEERE M, T RRAS
I, HLN A2 BIBR o

X B BTIE, SCHR16-171R 95 19 U PH AR
FEHES H T MIF, & A] PLVP Al 100 AR 38 58 i REZR A 52
Uit A UL RF LR 22 1) B R AR A P o 6109 A PP
SCHR[ 18I I R T e s LR R PP Z N RS R
A HRAR I SCHRT 1919 T ELIR B N & {32 1T S 90
FERFAEIETS SBAPUERE, THEIR A Z WM MIIF;
SCHR[20-2 1155 52 It B 28 A28 % ik B s A ol ) S
M, PRHEH T A A R R A B ) R RS HO RN
IR 740 3 B A SR, BB IRV DX 33 A7 PRt 11 5

SCHER[22]F 19 U BHPTIE VAL 125 R 18 i PHAT Y LR
2%, M PEAL 2 1 B 2R G2 (1) A s SCRR[23]
MBI R G RS 70 2 N RGEEATHE
BVAL, FELTUEHAR RN . T4 B FE )
MIIF 575 B — E 15 B b S R it R 2 2 [a]
WA EAER KRR, HUEXCEREE HEZEHR RS
Z AT Dy H R 5], 25 AR DR ST

R, MRS KEMES, ek b
AL BV 2 T B0 AR AR AR G D D) RO A AR
PBY, —J7 T T h SR AT 4 — 5 S A H
JE, ST AR vk AR TG T DAL . AR
FHXT MIIF F2AR200 . 75 [R] B A o4k 7
TH], B SCHRAN PR T 25 S AT R G015 R TR RS,
HAR T H RIS AR R, X
A IONT RIS A 2R It SR 1A PP Al ANV

BExr BB R, AR T —ME R I YT
FTH AR MIIF BSZTHE T, WL ZIRAR
GRBRKAERN AR, B, IR ARGMN
W5 2 MARGESTLIMERHEIE, B[HZHMAR
ST R EAERYLIEE, Hk, EEERES]
HIRDIEAZ R ARG E N, (TELERRS
[F) G Tl Tl 38 AN 47 5| JES 1 v P A EL R4t st 1) 06
DD ZAE G M AR, $2 Sl MITF Rk
X RJE, BT MITF 5116 5 R o 2206 R
“F(critical simultaneous commutation failure factor,
CSCFF), #&H— 2% [&8 4 T0 T Dy 2 A0 o AR 1)
[R5 RO A, 7525 B Je 2 T PSCAD/EMTDC
i B IR T VA TR A R .

1 ZIRASEERRFHEHENE ST
THIhZR B R %

SR RN S S B AR G AS A 1 PR

P e

AT

1 BIRASEERAG~EE
Fig. 1 Schematic diagram of single-infeed HVDC system
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Fig. 2 Schematic diagram of multi-infeed HVDC system
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Fig. 8 Double-infeed HVDC system simulation model



SRR, 55

5 RS 2 N AR GUTC I LU I R I A RGO A 595

- 177 -

#*1 &F CIGRE B
Table 1 Simulation model parameter based on the CIGRE

RAGRNAEERRESY

HVDC
SH e ¥ I ¥ I
U /kV 500 I /KA 2 m 2
T, 0.9097 Yuin! ©) 72 7/(°) 15
X,/Q 133152 | U /kV 230 S,/MVA 250
4Q) 38.069 | Quin/Mvar 78 O,n/Mvar 615

4.2 ERHREXMITES T
ANTRI IR /N Rl o Pt oL JRRT S5 20 B i A A
ANFNLE, AT D 5 e s L RSB AN [
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Fig. 9 Simulation results of fault inductance Ly= 0.1 H and coupling inductance L,; = 0.7 H
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Fig. 10 Simulation results of fault inductance L= 0.1H and coupling inductance L,; = 0.9 H

JI_LI‘MHle < Cscprar ? FW A % — [l LCC-HVDC &

AR, WA KA RN AR T RERS
HI ST S5 AV &, B0 7 ASCRT i Biidt MITF
JIVERIERYERI LT CSCFF #ukH 2 MOFEAS J5 7%
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4.3 WA EHFER AN A A T HIE R iRk

WEAL

ST E 8 BIRUm AN FAL S E T A A4
PPN B HRE, W R AETE 4.001 s, RFEERSTE] N
0.1 so
4.3.1 ZFHE R BRI [ B A 2 oAk

M 2 fior, A7, =439.82j Q i, i%ikit
S My~ Cogprnn 2779 0.075 504 0.073 01,
AT LM o, > Coppyy » B AE RIS 6 AH I 415 3
KAE 545 R —8. Mz R, SCHR[16]94 Z{E
Tt R 45 5 0.04603, Toi% 40 51 A A (7] i
FHRMC . A SOt AR B HIG TR & R S5 1
HASHRIIGAREA RSN 146 H A 144 H, B
FHHZE 0.02H, #ZEN1.39%.

= 2 Yk = HE B IEHEFERTE R R 5 M T
Table 2 Assessment of simultaneous commutation failure when

a three-phase metallic ground fault occurs

S.,/MVA Z,/1Q %{E M, Cocrean S

[HEETIRES B2 BN
2500 314.16j 0.06332 0.1015  0.073 01 2=
2500 345.58j 0.05789 0.09339 0.073 01 2
2500 376.99; 0.05331 0.08653 0.073 01 Z
2500 408.41j 0.04941 0.08062 0.07301 2=
2500 439.82) 0.04603 0.07550 0.073 01 2
2500 471.24j 0.04310 0.07100 0.073 01 &
2500 502.65j 0.04051 0.06703 0.073 01 i
2500 534.07j 0.03821 0.06350 0.073 01 &
2500 565.49; 0.03616 0.06033 0.073 01 &
2500 598.90; 0.03421 0.05731 0.073 01 i
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4.3.2 R SRR AR TS D[] BT 5 SR VT A

mE 3 Por, M7, =21991jQf, %7kt
I M~ Cooppy, 27018 0.1911 01772, AL
My, > Ceppyy » R ITR AR HAR R, )7 IR E

HER - MEHEPUET RS R 0.088 14,
ToIEF A A5 R R AR AR R . 25 Z,) = 62.83) Q
i, SEFHTUE . Cooppn HITHRLSE 5050104 0.2539.
0.1928, FKMI[RIIN A AHRAH KM . A% S
7 FAS B SRS & F & 2030 09 0.77 H 075 H,
FHZE 0.02 H, RZN 2.67%.

3 HAHE ZHEEREPE L = 0.1 H B [EIR R 4E R A IFE

Table 3 Assessment of simultaneous commutation failure

during a three-phase ground fault with L=0.1 H

SEE R E A

SciZ/MVA ZZI/Q Kﬂﬁ‘}{: MIlFZl CSCl-FZl
2500 31.42j 0.4062 0.8616 0.2068
2500 62.83j 0.2539 0.5411 0.1928
2500 94.25j 0.1845 0.3944 0.1863
2500 125.67j 0.1449 0.3107 0.1826
2500 157.07j 0.1193 0.2568 0.1802
2500 188.50j 0.1014 0.2189 0.1785
2500 21991 0.08814  0.1911 0.1772
2500 251.33j  0.07795  0.1696 0.1763
2500 282.74j  0.06988  0.1527 0.1755
2500 314.16§ 0.06332  0.1389 0.1749

Wk 4 P, Mz, =125.67] Qf, %7kt
B My~ Coeppay 2728 0.3403. 0.2900, 7] L
M 2, > Cooppy » RWRIN A AEAR R, A7 FERE
HeR—5. MESEMPUETHEL RN 0.1449, 6
S A5 R A TR I A R . 2 Z,, =31.42) Q
), SEHBAPIE Cyoppa TR 51 04062,
0.3415, RUIKAEFB AR . ATNETEYS
17 545 H I SR8 & FEJRS g3 )04 0.49 H R 0.48 H,
FHZE 0.01 H, %N 2.08%.

4 HEHE = HEEETE = 0.2 H B ERHRAE R BT

Table 4 Assessment of simultaneous commutation failure

S
=

D D R Am R Rm pm pm opm |

during a three-phase ground fault with L=0.2 H

/MVA  Z,/Q S M SR
SciZ 21 ﬁﬂ%ﬁ‘}i 1F21 CSCFFZI ?ﬁ*ﬂg{%{
2500 3142 04062 09825 03415 P
2500 62.83j 02539  0.6028 03115 p3
2500 94.25]  0.1845 04345  0.2978 R
2500 125.67)  0.1449 03403  0.2900 £
2500 157.07)  0.1193  0.2803  0.2850 5
2500 188.50;  0.1014 02386  0.2816 %
2500 219.91j 0.08814 02081  0.2790 &
2500 251.33j 0.07795 0.1847 02770 &
2500 282.74j 0.06988 0.1663  0.2755 5
2500 314.16f 0.06332 01514 02742 5

W 5 FiR, 2427, =9425] QI, Z%7iEH
H M s~ Cocppa S9N 04529, 0.4049, ]I
M > Cocppyy » RV R AR KI5 FLRIE
HER 3 MAEEMRSTETT RS Ry 0.1845, 76
EFIN S RN R AEBAT R 2 Z,, =125.67] Q
I IR M 1y, ~ Cogppyy 70731109 0.3540,
0.3926, AILAE th My, < Cocppn » WA K]
I R . A7t B S 0T B A5 il A &
HUBKST 500 035 H AT 039 H, #12 0.04 H, iR%EH
10.26%.
®5 YA ZHEMAEE L = 0.3 H A ERHRE K KA TR

Table 5 Assessment of simultaneous commutation failure

during a three-phase ground fault with L=0.3 H

S,/ MVA  Z,/Q i M, C JEE

“ iET RS ? S it SR
2500 31.42j 0.4062 1.0433 0.4723
2500 62.83j 0.2539 0.6315 0.4254
2500 94.25j 0.1845 0.4529 0.4049

2500 125.67)  0.1449  0.3540 0.3926
2500 157.077  0.1193 0.2913 0.3851
2500 188.50;  0.1014  0.2481 0.3799
2500 21991 0.088 14  0.2165 0.3760
2500 251.33j  0.07795  0.1924 0.3732
2500 282.74j  0.069 88  0.1734 0.3709
2500 314.16j 0.06332  0.1580 0.3690

4.3.3 HLBELIR AR 0 [ AN 45 S PP At

M 6 fion, A7, =21991j Qi %kt
B My, Coeppny 23128 0.19214 0.1816, 1]
My, > Cyeppyy » R BVRAE RIS HARRIG, 17 LI E
HER 3 MEERPTETT RS Ry 0.088 14,
TEFIIE A R A RN AR R . 24 Z,, = 62.83] Q
B, SERPHBE . Cyppn, AR50 0.2539,
6 YKRHE SAREEEE R = 20 Q FEIR AR R AT

Table 6 Assessment of simultaneous commutation failure

o o o T oY o o Fn fn Ao

during a three-phase ground fault with R =20 Q

S RBRE
S/MVA Z,/Q . M gy, Cocrran
[{ER7RES HARIK

2500 31.42j 0.4062 0.8693 0.2126
2500 62.83j 0.2539 0.5450 0.1980
2500 94.25j 0.1845 0.3970 0.1912

2500 125.67)  0.1449 0.3127 0.1873
2500 157.07)  0.1193 0.2582 0.1847
2500 188.50;  0.1014 0.2202 0.1830
2500 219.91j 0.08814  0.1921 0.1816
2500 251.33j  0.07795  0.1706 0.1806
2500 282.74j 0.069 88  0.1535 0.1798
2500 314.16j 0.06332  0.1397 0.1792

Ol o B A A B AT AT RO GO
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0.1980, FHIKAFRNHAKLM . ATTEHEYE 4.4 TEIMELRBETZIRARZEIRRLEIE
17 AT H 1 SR & U3 308 0.75 H F110.76 H, ZIMARG RIS LT AR N
FHZE 0.01H, R®ZEN 1.32%. v = Sa U )
R, M7, =9425] QW, %7 ISCRE - &
Wk 7 PR, M7, =94.25] QiF, ZhEITHE P Zo|Pnr S 12020

B M, « Cooppy 27519 0.4480. 0.3696, I I
Moy > Cooren 30, R FIRFHOHI I, 05 LR

HER -8 ML, SEMETETRE RN
0.1845, JCiEHN RN & A AR . AT VAT
HHAS FEEE =3 LCC-HVDC &2 Al #AH
R, ol S A HUECH 0.39 H, PSCAD /i H A5 H
G S A BN 0.43 H, PHEHHZ 0.04 H, 7%
M 9.30%.

R7 YELHEZHIEHEEE R = 40 Q BIEBHRAEL KA

Table 7 Assessment of simultaneous commutation failure

during a three-phase ground fault with R =40 Q

S.,/MVA Z,,/Q %ﬁ M, Cocrran JERE

UERTIRES B BN
2500 31.42j 0.4062 1.0267 0.4294 &
2500 62.83j 0.2539 0.6238 0.3882 2
2500 94.25j 0.1845 0.4480 0.3696 2
2500 125.67j  0.1449 0.3504 0.3591 %
2500 157.07)  0.1193 0.2884 0.3525 i
2500 188.50;  0.1014 0.2455 0.3478 =
2500 21991 0.088 14 02142 0.3444 %
2500 251.33j  0.07795  0.1903 0.3418 i
2500 282.74j 0.06988 0.1714 0.3398 =
2500 314.16j 0.06332  0.1561 0.3381 %

MM, i, KU 8 LCC-HVDC R41%
BT, AR R B 4 A 2 T i XGRS b ey
X WK B Z LG 5 — Al LCC-HVDC R4AHIH
JESCHRRE I B

X P, B i SR ELU PR I BUE S B
WZ; P~ P ARG i j RIBUE BIRIIE
Zoi~ Zogy TP A 1 AR BB AL i
R N {E 7

BHERARS 1. 2 MEREE/ BRI R
BN 500kV/1000 MW, EHiiZRS 3 HISHEKEN
400 kV/800 MW, & B #F#7E 2 s B} BLIRL R4t 2 70
R AN [ WA R R R P B RS R = AR, TR
[FEFRE G S, AR MISCR T [F) IR 25 M0 BEAG
RN 8. F 9 Fir,

Wik 8 fran: (1) XFLLHM 1. 2 F%EH] 8. 10
AR, s B MISCR(BP Y 58 FLAZ I
RGBT RENE = RS SRS, 2 B 5
Mo PG, RIS BRI 1 ARIE R 2 AR, BT
HILARG | A3 kA A 3 AH SR W) RS B s (2)
XFELARA] 3. 4 FIEEB 6. 7 ATLAE L, MKz, (RD
WINERARS 1 12 Z A EAEEE), My, 87D,
BHRARG | KA R R MO MBS B, BT 3
MRGRIRE LT —8H 2, > 7, (B RS 3 /1 1
MR HESEEEL), 2% 3 ERXSZHNRS 1 K
Wi, FrUAEKZ, 5, [AIEEHIR/NT R5 3 12 2
[ A AR, 48 3 R A= [ A b R OB k)~ 5
(3) XTELEAF 4 F0 5 ATLAAR RN, MRSk B 1
1) MISCR REWHHIEINARS 1 M55, FIKER
ARG 1 Pz IREE, B M, HRAR
25 1 R TR A R 2 TP XU A1

* 8 BRYETZIRABERAGHNFIHRBLMITALER

Table 8 Assessment of simultaneous commutation failure of three-infeed HVDC under single-phase faults

R

. BBl Z,/Q  Z,Q 20 Mg Mg Misers My, Cserria R CF My, Coprsy 275 CF
1 171j 145j 100j  0.6603  0.6604  0.6650 03229 02377 P 0.3824  0.1757 P
2 171j 145j 100j  0.6606  1.1698  0.6703 02873  0.4430 & 0.2654  0.4592 &=

Z, =3l] 3 207) 232 100  0.6602  0.6606  0.6649  0.2490  0.2885 & 0.2546 02793 7
4 167j 232 100j  0.6603  0.6606  0.6649 02929  0.2532 P 0.2695 02719 5
5 167j 232 100j 09005  0.6608  0.6726 02140  0.3355 & 0.2490  0.2978 7
6 1715 378 298]  0.6616  0.6617  0.6639 02713  0.1211 P 0.1752  0.2120 7
7 283j 378  298)  0.6616  0.6617  0.6639  0.1775  0.2039 & 0.1601  0.2167 7

Z; =16j 8 1715 204f 298]  0.6629  1.6842  0.6656 02913  0.3179 & 02854 03137 &
9 1717 204j 94 0.6617  0.6616  0.6639  0.2854  0.1178 P 0.2868  0.1157 P
10 171 204 298]  0.6616  0.6616  0.6639 02899  0.1119 ] 0.2878  0.1093 A&
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Table 9 Assessment of simultaneous commutation failure of three-infeed HVDC under three-phase faults
[l
50 B Z,/Q  Z,Q  Z,/Q Mg Mg  Mgas  Myn G BB CF My, Cocrrs 275 CF

1 169j 169j 600j 0.6604 0.6635 0.8255 0.2572 0.1918 p3 0.2385 0.1918 Z
2 169j 225j 600j 0.6606 0.6625 0.8272 0.2508 0.1890 p3 0.1856 0.1890 &
Z, =31j 3 2505 225j 600j 0.6607 0.6623 0.8272 0.1796 0.1854 = 0.1789 0.1854 i
4 169j 169j 600j 0.6582 0.6663 1.4730 0.2532 0.1930 P 0.1289 0.1930 i
5 169j 169j 600j 1.1753 0.6661 1.4642 0.1343 0.1944 i 0.1273 0.1944 4
6 169j 169j 600j 0.6624 1.1739 0.8301 0.1960 0.2755 [ 0.1928 0.2755 B
7 141j 141j 3005 0.6612 0.6646 0.8220 0.2309 0.4365 i 0.3331 0.4365 4
8 90j 141j 3005 0.6605 0.6638 0.8227 0.5198 0.4594 & 0.3621 0.4594 =
Z; =94] 9 90j 110f 300  0.6610  0.6665  0.8191 05412  0.4729 £ 0.4478  0.4729 &
10 90j 1105 300j 0.9018 0.6705 0.8179 0.4060 0.4837 e 0.4451 0.4837 &
11 90j 1105 300j 0.6712 1.1477 0.8335 0.5089 0.6985 & 0.4169 0.6985 5
12 60j 60j 100j 0.6673 0.6732 0.7984 0.9102 0.8678 P 0.8903 0.8678 =
7, =157 13 60j 79j 100j 0.6672 0.6697 0.8037 0.8351 0.8198 P 0.7131 0.8198 i
14 60j 79j 3005 0.6609 0.6697 0.8138 0.8572 0.8187 & 0.6900 0.8187 4
15 60j 60j 100j 0.6709 0.6836 1.0587 09163 0.9131 = 0.7308 09131 B

Wk 9 fiom: (1) XFELEH] 1. 2. 3 0I5, BEE
Pomiuki a] RS A BELPTIE R, B RRSEE SR, B
R PIA EAE RN, X S EERNE B R AR
B4 SRR RS, B Z, 38K, M, 80N,
EXF M s, FIRETAELN,  Z,, KBS, M, 9800, 12
XF My, FIFEIRE N (2) XFELELR] 1. 4 ATRUR L,
WINER ARG 3 B M g, » BINT HEBTRALGN
SRS, AR RELR 3 2N R RERE, R
WINRS 3 TMAGHEE, 7 LUKIERBNE &K
Az R I 8 AH I AR, (HE XS T M, BRI
Ny (B) BE—DXF LA 1 FD 6 T %N, MKW B
2 [ M g, FTUABUNEL RS 2 F1 1 2 F1 3 AR
HAEH, X2 W TN ER R RN, Ll
N IR LI B R 2 I ) B S TR A ok
ANT AR B BRLR H R P R BRIE R, AT N T
R IR A R U XU s (4) P EREEAE] 13 14 1]
MW, WK Z,, SWINMyg,, WMy, XEH
TR Z, 5, B TREERAS 3 WEIEARS 1
PISCPERE ST, BRHAR T i BH2R 3 vk e, HRA
4 1 R 2R E R, (BT kA R
A R IR )N

ZE LRI, To1R AR I g A B AT R G 1 5
FEFE ARG F AR S, 3 A2 B =l e LR
ASI R G, #AA BTN B R G0k A R
0 AH R TP AU o
4.5 FRIZRAGEE T InAREFRELMIESHE

REAYLEIE

N T UEBAASC R MITF 2 WS AR 1 R 3L

PE, A A8 BT TR FNAS ST 7 V6 AN R A2 W
RGN B 20T T it E. H—
i LCC-HVDC RGBS EIRFFAE, TE
Z[al LCC-HVDC REMAC s =M 2500 MVA
£] 9500 MVA 4L, H T2 —N ARG KA —HH
PR, SR AU, ST 1 BZERAR
(41), HEH Cyppay 7 0.073 01,

SCHR[16] AT K 5 15 R S B PV, RN
REZHE, THE G R 2 15 B F £ (CMIIF)
N 012130 RAFIZTTE, My, = Cyeyy » 22—
[ LCC-HVDC R4 RAMM I THE 4S5 LA
11 FE 12,

A A HIRL/H
1.5 0.07100 | 0.04492
0.07550 | 0.04785
1.3 | 0.08062 | 0.05121
0.08653 | 0.05510
1.1{ 0.09339 [ 0.05966
0.1015 | 0.06505
0.9 0.1112 | 0.07158
0.1230 | 0.07959
0.7 0.1377 | 0.08969
0.1565 | 0.1028
0.5 0.1814 | 0.1205
0.2158 | 0.1457
0.3| 02667 | 0.1846

0.03272
0.03488
0.03736
0.04023
0.04362
0.04764
0.05252
0.05854
0.06617
0.07614
0.08977
0.1094
0.1404

0.02568
0.02738
0.02935
0.03163
0.03431
0.03752
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under three-phase metallic fault
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Fig. 12 MIIF calculation results of equivalent impedance
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method for three-phase metallic fault
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