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Influence of AC system voltage on the current of the arm of the converter during an
MMC-HVDC grounding fault before converter latching

WANG Zhenhao, JI Qing, SUN Yinfeng, CHENG Long, LI Guoqing
(College of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: DC line ground faults are the primary fault type of Modular Multilevel Converters (MMC). In the event of a
fault, in order to meet the cut-off current requirement of DC circuit breaker, the fault should be cut off before the MMC
latching, and the time latching of the MMC depends on the ability of the Insulated Gate Bipolar Transistor (IGBT) to
withstand the bridge arm fault current. Therefore, more detailed and specific requirements are put forward for the analysis
of the characteristics of the single-bridge arm current in the event of a fault. First, the topology and working principle of
the true bipolar MMC are introduced, and the flow path of the different components of the fault current on the MMC
bridge arm before the converter latching during the DC line grounding fault is analyzed. Then, using the calculation
method of the complex frequency domain, a mathematical model of the bridge arm current at fault is constructed, and the
influence mechanism of the AC system voltage on the short-circuit current of the bridge arm before MMC latching is
derived. Studies have shown that the voltage phase angle of the AC system has a significant effect on the amplitude of the
bridge arm current at fault. Finally, based on the PSCAD simulation experiment platform, 31-level single-ended and
51-level double-ended true bipolar MMC-HVDC models are built. The simulation results under different voltage
amplitudes and phase angles verify the correctness of the mechanism.
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Key words: MMC-HVDC; single pole ground fault; influence mechanism; AC system; bridge arm current

0 3= TFIRAGRE /N LA L B G 254 A ESUJ%EE/?FL
i /1, (High-voltage Direct-current, HVDC) 2l 3% 1 i

BB Ak 2 | SF e Ui 2% (Modular Multilevel — Ffc k) 2 (A8 as 2 — 17, BB R EE T 1 £320 kV
Converter, MMC) 1 T H R TH 25, RS TAC.  RHEERB B R TRMIER OGS, ) 250k
MMC-HVDC F ¢ IR L van Hs T3 i H 40
E&WE: BEELHMLRA D £8) 2018YFB0904600) TR IR G S AR R PR R A




FIli, 5

ARG L HOT MMC-HVDC 422 1 I B I 45038 2% P AT A B FRL e () S M AL - 23 -

I R A T, SCAURFI O AU MMC-HVDC
RO B2, I, SRR S A8 il 15t
N B LA g T Y, A T BRI R B R
TER AL R R LA T, BESR TR 22 45 P B e (1)
ISR, IXUTWTSE AT I 2R 40 5 50 i ol o A e
I i B RV 2 () D560 G R 48 H B R A B K
SINTILRE A HLEE, T DAAE SR B R S AT
SEMEEAE b, SN T b 15 AR AN i 1) P4
BRI IR), LIk 21 BE REK e FE AL BRI 7E TG A AR
S, AL B BRI H AR,

FE] A A2 3 06 A8 TR R R SR A Lz
WHEAT TR, SCHR[914A H T B D XU
MMC-HVDC & 4t Fp Bl 22 b g i i 7 BB i e L
il RS WO I AU AT, 152
THHRAFERGE IR, 5 H IR AT
TN 5 P W S K AU R 2518 . SCHik
[16]5 T &P BH 2 it HBMMC (half bridge sub-module
modular multilevel converter)-HVDC RV | —
5 SR T U DR R B A S AL 3 BT AT A AR, )
Pt s BT SRR A T RN T, (HREAS
RGN HLL BB 2 0 FL i AR R, I
BAT S 5 M LB E A0 W] o SCER[17]A0 SCHR[18]
53 3 LE 22 viig B % HE (Multi-terminal high voltage
Direct Current, MTDC) ZR 4t kA= H AT b, ik
TP P D) BB 10 > BT i 2 B A T s e 1)
PEANAAT, o SCRR[I8IHR T F 58 2 b B
B P 2 90 P M M A 5 o 60 37 45 A 0 i R i P
TPBI A, HES T 0] o5 B IR 2k B AR A A i el
TR 2 e S U (R AR AT =X, I3 B AT
TR I 48 1M 1 22 i EEL AL L P 4%

A RAT T R GER E W MMC-HVDC & 4;
RAE AR AR S, Ikt PR R P R A 1)
SEMIHLERIEAT T PEA I0AT, RS T VR (AT
R AR, ] AR N H R AR AT T R GET B
BRI E .. 55T PSCAD it & #
T A MMC-HVDC 248, KAE 7 A S i
MR AY (R T AT S A 1

1 MMC-HVDC HyEARIRFNE

1.1 MMC RYEEREHW R TIE/RE
FEHRAL 2 T M 2 (MMO) (4R A 5 R n P 1
PR, —A MMC f1 6 MR, SR B—ANH
LA n A TR (Sub-module, SM)H I a2,
SM H1 b E AL SR i 74 (Insulated Gate
Bipolar Transistor, IGBT)T ;. T, fl_I. 3% 5 D«
D, VAR TR AR AR AL R, R B R M E S

FE— ROy — I, TRBUAAERA . DIERAT
P 3 P AR o s AL 12 - BB (B
ZALR A1 o S 3 £ sl R VA S B e N 4
.22 120° 5K GRAEAT U i HLS = AR BR, - =AM AH
TCAE TN TR SE A, A IZERF R
HURSEE , I IR 25 AR B e R BECIRZS 1 7 A
FEIZA TG B Z AT 20 0C, AT SEBLG
i HE AS U R I 2,

:tL i ;
Ui = ~ i
L \ i
LET I
: : : i
__________ i
ATy ] sw] w0 b
HR : Y
A = i
: - <— T i
: Uy, ! : E
~O i : Uy Uit
1 Usc i | {W
e !
i
-------- H
e SM; SM;, i
: : i
. i i
I
'
’7 """" '
\ Y

1 MMC HI$RMNEHIE
Fig. 1 Topological structure of MMC

1.2 EXR ARG RTNE

K 2 NEWAH MMC-HVDC %t REHEAGE
Ha) o BLXUBRA O AR G0 B P S o . LU B A
MARGAE, PR th by FAgi—
PR 28 AR B A R, Her R 51 e A E R it
55 OIS AT B R fi g |, SRSk
Hedu i)y =K

iR Bt i§ Boiue | WAL
: L, L, C
i gsb
i  —

& 2 AR MMC-HVDC REeHRNH
Fig. 2 Topological structure of true bipolar MMC-HVDC system
2 BikiEtE e R IR IE

X ELUE R BB AT 04, Wl 3 s
WO RIS AR BT, A a 1B R



_24. ® & AEY B

BRI AT R i 25 28 O I8 et v, iR
MAKTUIRRE N PR ) 5, RIS
FR G L R A g R ) R v N R B
e WA 4 P, CLA. B ARG, AT ETR
M A MR IR R 0SS A B A AR TR R
W A RIS R G M. T, AT
DTN E R 1 o A KW SR 820 QR S ER 1= 1 | 1]

A i [ 'y } L ;
T, 8| T i Lybh gLy T

[ T g I LI g I I ] W B
LDy D i D Doy Dy D
I} o | | R L — 1 — I
iy BN BN AL
3 < T—wN

3 IR ER A AR FE B FR I B
Fig. 3 Discharging path of submodule capacitors

ke

A Ly

F
L

4 AR E NIRIT AR RO R RE R TTIE B
Fig. 4 Short circuit current path of injection

converter in AC network

X MMC, B rR BT RIS B A T
AL, A E MMC 5t —AN A2 H AT AR R
R, BT AR A SR T R 2%, i
Ko i e BUR Al ek, st MMC BN K55
I TR IR R ANAS, R BRI TR BE N ) MMC &
(B2 et L H T

MR 3 P (17 A A 3 TSOH R AT 1%
o A PTG R DR R 45 TR P (5% R0 P B A
B, Wi 5 Prse LA ARG, 3 A fE AR i
BT T AR bR, b, ETRAVER
ORI, AFE RGN 2L, o S REHR F A HL
TR HE T 58 AR 7 5 B AR BN I L 28 i TPl 3
W%, HT R TR CRIRIR 2 IR, 12K
HLERE AT BLAE RO _EARKE Fo A PR RF O B 1

bl SRR N 2C, /s R AP ISHHB .

| | + oup —
+tou, "

YiRES
u (0+)=u (0-)=U,,
i (0+) =i (0-) =1, N

S(t:0§<

5 BAREFHRIR A 2R Y A R A (B 00 R B AR B
Fig. 5 An equivalent circuit model for the instantaneous discharge

value of single-phase sub-module capacitors

BT R < 2L, / C, » FT LA BRI v 2 9 7
AR O TR R R S B A . TSR
FE SRS M7V, S T A I S
B ST S 51 BRI, I 6 TR

n
25C,

6 TR B A IR A B B AHE B S s B R iR E
Fig. 6 Operating circuit model in complex frequency
domain for discharge instantaneous value of

single-phase sub-module capacitor

KARE 6 Frosiic ek, i
U, +2sL,1,
1(5)=—

(D

+25°L, +sR

0

e h I S AR e Al A

t

b sin (@, t) - L sin (@, —0)

)
e g, BRI T E AL o, 20 B0k B
HLLIR G SR o) ARG IR SR AR 0
A EAN R IR AL, JERIE AT .
4L,

U
i(t)=—%—¢
2w, L,

€)

_ 2
0, = 4nL, 2COR @)
1612C,
n
@, = 5
0 V4qg) ®)




ek, 25 WMALHEIEXT MMC-HVDC 52 1 g 5 e 77 2% P8R B RS PR 9L ) S i AL - 25 -
6 = arctan (7, @, ) (6) B RQYPIAN FIBFASFIAHAL ) — S BRI, 13

M1 T EL 2 i s T = A s IR AT, H
0 = ARAR H A T LR AT AR, AR
SN UL R . LL A HLEFRE Y
#l,

i = ]2”’ sin (@t + ) (7
WA SR ARIE AN
u, (1)=U, sin(wt+p,) (8)
XD,
Um
%:wU@+%/ﬂ )
¢ =@, —90° (10)

MET A FH EARRE,  nI49 A Ak AR B
fisk ko P B TR RS FRLORE R IA N
i =i(t)+i, (11)

3 ARG BRIRIEM RS B R A 3R

ANTE) A AR R BRI A T IO IR 2
SR 7 B, UL, AE RGBT, TR
LA U 21 AR, (HACUR BN HLR 8 73
WAREZML . X TANR ) A SR BRI S, AL
PR > RE FL AR R AT DO, BTSSR S
B AL, T DU PN )50 DA
BRHICA K B UE SR SE IR £ 1 B ACHi

20 20

—_—i
'

-_—1

ir)

i'kA

kA

-20 . . 20
0 5 w15 20 0 5 0 15 20

#/ms t/ms
i, =180° ¢, =270°

7 REBAIHE AR5 i 5 AR E
Fig. 7 Decomposition diagram of different phases of

bridge arm current

t 2 2
— I . U 1
i(t)ze wo | Q0 Gng | 4] e _ D ocp | x
a)dc 2a)chO a)dc

ol .
a)dc

U w,l
_ ~“de _ POTL cos @
20, L, @,

sin| arctan +w,.t

(12)

[ 2. (12) 0 R RS0 = s R B2, LT
TR L PSRRI 5 T P 5 IV 43540 2 AT R ARk
i, MRATILRE T A, VRIS R S, AR
TN ¥ 0, 5 o
%2R

BB EG TR, T LC HREELEE, R
WA T, MR T TR A A, A
HIETE IR A 02 o, (28RN

res

%fl-l—z% (13)
2\ L,C,

0w, =0, —R/4AL,, 4XHR[26-27]HES,
Mz R GV %18, 5 o, 75 LAUH
100 MWITEEHE, BT R/AL <o, L]
LLAN @, = @ «

WFFCAS Ui ZR G et i I A B A e b A (1 5
MARLEEL, 7 2 A v I R0l A FE AT 0 A
Me, T LUK B B 22 R4 R Sk, K R R Sk
BELBT S IR T A58 P B A A LR ) L i
TIIASISHL, 1T LU EL AT 78 AL I 2R 05T B Al
Pt F I R L . M S T AT RS
gt A 8 i, EEHE MMC A S

8 MM RFIERRARENTEE

Fig. 8 Structural sketch of converter station and

connected AC system

& MMC # NIEACIR RGN, Z, =R, + jX,.
HATT ARG e P, U, Lo, WA S
B R

WHE o,=0, BT AT R R A 2,
CINZYES % PSR D IR )



226- LY SRR

i, =\ A+ B®sin [(gJ + a)t} (14)
. 1
A=ksind, —?"cosq:a

I, .
B=kcos, +7‘“sm(pa

2 2
k= L sinf | + &—w‘)—chosﬂ
w 20L, o
6, =arctan L sin@ Y L cosd
0] 2L,
H1aN(14) i A3ty BV R B (B A
iu_m‘,m=\/k2 +17m+k1m sin(g, —6.) (15)

X, @, e[-mn]. Wi, . KTHEHM e, I
HU,, =4t k9 B

X

kA

f H" 1{5 Il_i.?ﬁl:r;(i’l ﬁjl iu s

e kA

e SRR

A2 i L 50

O e
B9 mAMEE RS REEREMBAE
XAR-HHEE

Fig. 9 3-D curved surface diagram of the relation between

the maximum arm fault current and the amplitude

and phase angle of AC voltage
sk (15) a4, BRI U, N, ¢, 76X
] [-mt,—m/2+6, | FIIX [0 [1/2+6,, w]| N 4, .. SRk,
CE I ) [~n/2+0,,n/2+0,] I s g, 45 X [

[, arcsin(—1/4k) +6, - | F1 X [i] [ arcsin(—1/4k)+6,,7 |
I, e BB U, FRVE 0 S22 B P30 226 16 EEIEﬂ
[arcsin(~1/4k )+ 60, — m,arcsin (~1/4k )+ 0, | I, i,
a5 U, 50 S g o 5.

4 {REIE

h T IR AR HE T RS TR GoRT A B b e
FLLRZ AL ER (P IEfR T, A15/E PSCAD &4 T

K 1 TR I E AU MMC S £ BRI 55 1] 12 iR
MMC-HVDC XUy i H R e R 34T )5 SLERIE
4.1 B MMC-HVDC BiRiEth i pE{FE

B MMC Hi { FLBY 24U 1.
AT H A M R 7 BT, BT SUITUR I BT
R O RE B Is AT, =0 ms N A BRI R Hb e R
B, =10 ms W FARER M P

R BIBEATESY

Table 1 Main parameters of single-ended model

24 Hofl
MMC #iE A F Sw/MVA 400
HIAHE Us/kV 400
L BRGLHENZ [,/ Hz 50
FABE 7B N 30
TRGHEE Co/uF 760
Mg f LymH 100
M HLPH R/ 0.2

AR MR FL R AR 0 FAE 5 AR vF SEAEL
EER B 10 Frose  Hi i g R S b 45 e b vl
B, ATV ER G P SR R (D AT R L
B S 55 A 25 SR A w22, 3% R TR AT R
IR 2 T 2 A S AT I RGN LA e FL L 1)
AER,  HAER e A R SR S, AT
HL S M (AR A B AT PR, A PR TR A AR AR AR
AR, (RAERC AR AR B PR
Wiy L5 gt bfr 4 RIEA W) 5
11 A HIEO LA AN [F] IR A I 50 AH A
5 A IR E I G R E . B iR
W 2 PR, A WAER IR S EBOE R, B3
I KM ML AR I R RS i R A A AR, HAT R
JT A e R R P R e /Y R PR 5 AT
JAE IR ZEA KT 10%, 18 B F KR B/ M L
WL I PRI A8 I F R AR AR ZE A KT 2% BEACHT LA
TE I Fd g B XU Ak F H A A A AT R IS AT S P
bl HER B =S NE T IV N Ui es =N



TR, %

AZ YL ZA G HL AT MMC-HVDC 3¢ i B I 450 s PRI 1 FEL AL 1 S i L 2L

- 27 -

Y SR EL o s KA

| —— 1iEAY

SRS 2 1 -

BERRE

AP HL TR

&2 (TESMETEXEER

Table 2 Numerical comparison between simulation

and analytical correlation

i
b

10 A EHERREXEREESBITTEERLILR
Fig. 10 Comparison of simulated maximum value and analytical

calculated value of bridge arm current on phase A

< 8 i 8
= :
4 fifE i {1 4 il #r e
— Al s — {hirLfi
0
-100 0 100 100 0 100
AZ i L LS AR A g0, /) AR LA A g0, /()
U, =160kV U, =180kV
12 Zi

4l fift iy fi
: — (i ELfE
0 :
100 0 100 100 0 100
A LA frr e, 107D A LA A, (7)
1/, =200kV U =220kV

11 FEBERETHEAS EHERREREXRE
Fig. 11 Relation diagram of phase angle and upper bridge arm

fault current amplitude under different voltage amplitude

4.2 Wi MMC-HVDC BRIt & E{hE

Bl 12 0y RSP B L 3R 0 11 o] S 25 44
et 1 ik Y, ek 2 A2, R
it 1 R e DR, Wi 2 SR e W R
Hillo BRI IE IR 25 A B IR 2 A
PG 5 | 26 I IE B35t 8 55 At # 76 B
PTG MMC XU {7 ST SN 3,

NS I AV L 2T SR/ MV L ZSU
MRAE/KV TlRE/KA  Miffirad  FIRE/KA M ffi/rad

i ¥ fH 12.359 1.88 1.458 -1.26

160 f AT 11.520 1.85 1.533 -1.28

R 7 6.8% 1.6% 5.6% 1.6%

i ¥ AH 12.233 1.88 0.938 -1.26

180 fir AT 12.137 1.85 0.917 -1.28

R 7 0.5% 1.6% 2% 1.6%

{7 FAi 12.231 1.88 05122 -1.26

200 fir AT 12755 1.85 0.501 1 -1.28

W 4% 1.6% 2% 1.6%

{7 7 11.859 1.88 1.113 -1.26

220 fir AT 13.391 1.85 1.137 -1.28

W 5% 1.6% 2% 1.6%

2% HL [ o o

;7 i

o s | 2™ sokvis |

Fig. 12 Basic structure of two-terminal flexible HVDC

transmission system

&3 WiniRE FESH

Table 3 Main parameters of two-terminal model

3 e

MMC %l E A Sw/MVA 500
BHitbE Us/kV 320

725 1 % B I B (w1 /) /(K V/K V) 230/160

TIMAGAHUEIR f, /Hz 50
T HUEH N 50

TP Co/uF 2 600
M HU LymH 50
M FLRH Ry/Q 0.1
HIRZ A RUQ 0.05
IR HHT L/mH 100

BEEAHIT AN B CAUE 24T, =0 ms
et 1 AR R A B i, =10 ms
IR R B, (7 B FERFEE S 1=60 ms.

K13, & 14 X0mRIEE AR RSN, A
A AT P i d A DT B S AT U S AR LR
A LAE R 2R P LU H AR S8 R BT PR IR A 0 LR



228 - @A &R B R

SN EATAERORZE R, DG E D4 (145t
Wivh 1, AT ARG S AR SR I o FE
LR ARSI, RS AT AE  R, H
LU HL S R SO AN S X AL UL AR G N R P U 2

G
TSRO
SO
2 s ONS
: P \‘?32“‘"3 N ity
3 o NS\ ]
£ 5 \\‘49 AT

LR 5 AT R AR e/ KA

A HL FE AL 7 g9, / rad

E 13 A EHEBRARXNENMEESHBTTEENIR

Fig. 13 Comparisons between simulation and analytical calculation

A Ly, kV

of maximum current of bridge arm in phase A

25 25
20 20
& 15 15
P
10 10
- fife b e 5 i b i
— (A ELAE s — i
0 0
-100 0 100 100 0 100
AR @, /() S HLEAR S @, /()
U, =160kV U, =180kV
25 25
20 20
15 15
210 10
. fi (e R AL
5 ik . i '.”.I.J.F
i — 1 FL R v — {ij B
]
100 0 100 -100 0 100
A I HLLE AT A o, A7) AEMHLIE R 0, %)
U, =200kV U, =220kV

14 AEIBRERETHEAS EHERRBEXRE
Fig. 14 Relation diagram of phase angle and upper bridge arm

fault current amplitude under different voltage amplitude

BORSEM . HI T WL, AT R AR A0 A A LA
FEL YA 0 L FRD 58 0 8 A )7 50 5 g AT x bl R A AR
— e FRARAH BB BRI ER 4 P, A RiR
KA N IR IR I, AT HL A A iR ZE A K
T 8%
R4 MESHETHEXEE
Table 4 Numerical comparison between simulation

and analytical correlation

AT o B L AT MR AR

IR A/ V WIFE/KA  AHffiad  WIRE/KA A ff/rad
FEAE 18.933 1.57 3.770 4 -1.57

160 fRMTE  17.982 1.601 4 35606  -1.6188
PR 5% 2% 5.6% 3.1%
B 20313 1.57 3.301 -1.57

180 fRMTE 17.919 1.601 4 2.724 -1.6188
R 11.8% 2% 17% 3.1%
B 22.081 1.57 2476 -1.57

200 fRME  18.756 1.601 4 1.887 -1.618 8
PR 15% 2% 23% 3.1%
i 24310 1.57 2.058 -1.57

220 fRNHE  19.618 1.601 4 1.425 -1.618 8
R 5% 2% 30.7% 3.1%

5 45t

ASRNGHE T AWM ARG RSB0 E o
SRR PR R . MMC fink & ok ot PR B T
WA SE W NLRE . o e vy W e R A, A T
MMC-HVDC £ A= b B A7 i 8 RO R ol DA A2 3
TR, HAL T BRI R AR, S
T A FE I 55 AH A PRI AT AT RS L 5 T (1)
Mrakle fJe I 0 ELAGAIE T A AT 20 nl AT 5 M
PE o T2 2 AT O BT H I AT VA RS PR
ARAY, R AR PR R G O R . IR ZES)
it e 05 BEXTEu v, 2 i A etk
Bl fg KAEI, AZ UL H R AH A AT (B R ZE7E 8% LA,
VBT RS AR AT AH A7 1A 2] (B I B R F it
L B R 5 AR S e e ot I A7 R R L PRI RIS,
JHERF T B MMC P IS R) R PR o fL < e
RS YRR,

EN R B SR mT a0, AER R R AT (i
1 BAE T EE o — 282206, UL Y ER ek
AR, MMC PRV A AR R P AT A28 1)
TEANFE RS R B Rt i, XK 21
WFFCE A5



FIli, 5

AT FR S8 HL R MMC-HVDC P32 1l g 5 I 45 0 2 AT B i 9 Y P UL A S i L B

- 29 .-

Sk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

DEBNATH S, QIN J, BAHRANI B, et al. Operation,

control, and applications of the modular multilevel converter:

a review[J]. IEEE Transactions on Power Electronics,
2015, 30(1): 37-53.

R, BRSO, SRETAE. KA L 2 Ev b
KPR BT s R ET]. v E L LR #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.

FRANQUELO L G, RODRIGUEZ J, LEON J I, et al.
The age of multilevel converters arrives[J]. IEEE
Industrial Electronics Magazine, 2008, 2(2): 28-39.
GNANARATHNA U N, GOLE A M, JAYASINGHE R P.

Efficient modeling of modular multilevel HVDC converters

(MMC) on electromagnetic transient simulation programs[J].

IEEE Transactions on Power Delivery, 2011, 26(1):
316-324.

GLASDAM J, HJERRILD J, KOCEWIAK L H, et al.
Review on multi-level voltage source converter based
HVDC technologies for grid connection of large offshore
wind farms[C] // 2012 IEEE International Conference on
Power System Technology (POWERCON), October 30 -
November 2, 2012, Auckland, New Zealand.

PEREZ M A, BERNET S, RODRIGUEZ J, et al. Circuit
topologies, modeling, control schemes, and applications
of modular multilevel converters[J]. IEEE Transactions
on Power Electronics, 2014, 30(1): 4-17.

PR, 58, T4, & BRI b S T
FLHR]. mHEEIAR, 2017, 43(4): 1067-1078.

LI Guogqing, BIAN Jing, WANG He, et al. Review on DC
grids power flow analysis and control[J]. High Voltage
Engineering, 2017, 43(4): 1067-1078.

DR, DERE, TRZUN. Se ksl E R L BORAE T [E
PR ES NN o E B TSR, 2016, 36(7):
1760-1771.

TANG Guangfu, PANG Hui, HE Zhiyuan. R&D and
application of advanced power transmission technology
in China[J]. Proceedings of the CSEE, 2016, 36(7):
1760-1771.

WRakTF, FhI1, ZREER, 4. Wi MMC-HVDC R4t H.
TR R PEAE SU[D). R LR R, 2017, 32(10):
53-60.

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

CHEN Jikai, SUN Chuan, LI Guoqing, et al. Study on
characteristics of DC fault in bipolar MMC-HVDC
system[J]. Transactions of China Electrotechnical Society,
2017, 32(10): 53-60.

SRS, R, S AU MMC-HVDC #% H
TURLER R A AT AR I (], b B AL R 2R, 2017,
37(8): 2177-2184.

GUO Xiaoqgian, CUI Xiang, QI Lei. DC Short-circuit
fault analysis and protection for the overhead line bipolar
MMC-HVDC system[J]. Proceedings of the CSEE, 2017,
37(8): 2177-2184.

SONG Q, ZENG R, YU Z, et al. A modular multilevel
converter integrated with DC circuit breaker[J]. IEEE
Transactions on Power Delivery, 2018, 33(5): 2502-2512.
IIVES K, ANTONOPOULOS A, NORRGA S, et al.
Steady-state analysis of interaction between harmonic
components of arm and line quantities of modular
multilevel converters[J]. IEEE Transactions on Power
Electronics, 2012, 27(1): 57-68.

BRI, TEP, SEW, 55 ZRiERE MMC 1
U B B IR VRS0, ) R G ARG A,
2019, 47(10): 33-41.

LI Guogqing, YU Zeping, JIN Guobin, et al. Conduction
mechanism and superposition characteristics of AC
harmonics via MMC[J]. Power System Protection and
Control, 2019, 47 (10): 33-41.

ZHENG X, XIAO H, LIANG X, et al. DC fault analysis
and clearance solutions of MMC-HVDC systems[J].
Energies, 2018, 11(4): 941.

A, XTI, BT CDSM-MMC DGR E
THRANR G HTT]. B RGO 544, 2019,
47(19): 14-22.

DAI Zhihui, LIU Xueyan, HE Yongxing. Fault analysis
of photovoltaic DC
CDSM-MMCJJ]. Power System Protection and Control,
2019, 47(19): 14-22.

i, Wk IE, RAET, & SHELER MMC-
HVDC B WK L i b AL B 73 Hr 0], FL R BOR,
2017, 41(7): 50-57.

MA Huan, YAO Weizheng, WU lJinlong, et al. Analysis

of DC pole-to-pole short circuit fault behavior in

access system based on

MMC-HVDC transmission systems with bridge arm
damper[J]. Power System Technology, 2017, 41(7):
50-57.

BUCHER M K, FRANCK C M. Analytic approximation

of fault current contributions from capacitive components



-30 -

@A &R B R

[18]

[19]

[20]

[21]

[22]

[23]

[24]

in HVDC cable networks[J]. IEEE Transactions on
Power Delivery, 2015, 30(1): 74-81.

BUCHER M K, FRANCK C M. Analytic approximation
of fault current contribution from AC networks to MTDC
networks during pole-to-ground faults[J]. IEEE Transactions
on Power Delivery, 2016, 31(1): 20-27.

0, AR, B, & P2 m HRM B R gtis
107 AHEAE[]. WD R GRS HE AL, 2019, 47(16):
180-187.

PENG Zhong, WEI Jinke, ZHAO lJing, et al. Study on
DC
transmission system[J]. Power System Protection and
Control, 2019, 47(16): 180-187.

GUO C, YANG Z, NING L, et al. A novel coordinated
control approach for commutation failure mitigation in
hybrid parallel-HVDC system with MMC-HVDC and
LCC-HVDC[J]. Electric Power Components & Systems,
2018, 45(16): 1-10.

XUE Y, XU Z. On the bipolar MMC-HVDC topology

suitable for bulk power overhead line transmission:

operation mode of parallel multi terminal

configuration, control, and DC fault analysis[J]. IEEE
Transactions on Power Delivery, 2014, 29(6): 2420-2429.
CAO J, YAN Z, LI J, et al. Impact of HVDC line on the
convergence property of AC/DC power flow calculation[J].
International Journal of Electrical Power & Energy Systems,
2016, 83: 140-148.

YAO Z, ZHANG Q, CHEN P, et al. Research on fault
diagnosis for MMC-HVDC systems[J]. Protection and
Control of Modern Power Systems, 2016, 1(1): 71-77.
DOI: 10.1186/s41601-016-0022-0.

g, HFERE, A, & B B R A

[25]

[26]

[27]

HVDC E XU AL s - o4 [7]. b AL
TR, 2011, 31(1): 1-7.

WANG Shanshan, ZHOU Xiaoxin, TANG Guangfu, et al.
Analysis of submodule overcurrent caused by DC
pole-to-pole fault in modular multilevel converter HVDC
system[J]. Proceedings of the CSEE, 2011, 31(1): 1-7.
B R EAA RG] Jbnt: HUBCTL AL,
2013.

o, YR, MR ML E U AR G TR AT T
e L AR S0 M S o ST D). LR EOR, 2018,
44(7): 2150-2158.

YI Yang, SHEN Yu, LIN Zhangsui. Characteristic and
analysis method of AC short-circuit current contributed
by VSC-HVDC[J]. High Voltage Engineering, 2018,
44(7): 2150-2158.

M, FER, TR MEEL 2 AP AR A T Ak
7 B A S R k0], T E AL TR AR,
2015, 35(7): 1713-1722.

LIU Pu, WANG Yue, LEI Wanjun. Submodule capacitor
parameter design of modular multilevel converters to
avoid system resonance[J]. Proceedings of the CSEE,
2015, 35(7): 1713-1722.

Yris HER: 2019-08-17;
1EE TN

i Loy

{&EIHE7: 2019-11-04

EHR%E(1964—), F, d@fH, L, MEAEFIT,

R 7 @ A R B SR ATRAE N 55 Rk ksl
# AR%; E-mail: zhenhaowang@126.com

it #1995—), F, MEMRL, ARF@AZHRE
B3 AR, E-mail: 846555022@qq.com
(4 F )



	DOI: 10.19783/j.cnki.pspc.190986 
	交流系统电压对MMC-HVDC接地故障时换流器 
	闭锁前桥臂电流的影响机理 
	Influence of AC system voltage on the current of the arm of the converter during an  
	MMC-HVDC grounding fault before converter latching 



