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Fig.2 Schematic diagram of current path before blocking
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Fig.3 Equivalent circuit of fault and its initial
condition before blocking
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Fig.4 Peak value of fault current in DC line
with different primary system parameters
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Fig.5 Comparison between simulative and calculative
line fault currents
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Fig.7 Fault current in DC line under different blocking times
3 &l MMC REBERTITE

2 L2t MMC 28 55 B0 2 A5 4% [0 26 o e s
A A S 15 52 R W B J A sl T AR B 8 3 o
S RO | BT A R AL Sl 22 | Y AT ) S
FEL I T R R R K i A R R G
e EizfT, AT HsE MMC-HVDC &4imis , ik
A SRR it R J A s 98 3 3 %) R R ] B A% )
ST, BHANFEIA X0} LG A e e Fe 9 ) A AT LAl ST 3
A7 T £ MMC-HVDC & 4i1 o, HH 4 %
I P A L A R S R A 12 K I A R L I 0 R 1Y
=110 N Sl S M0 i R 8 D N /L YA

& 8 BRI B 8 = 3% MMC-HVDC & iR
SR, R T A A R S, BB & A 7E MMC,
5 MMC, Z[a], 5B 55 MMC, ZEIREE N 1,5
MMC, Z [ FE BN 1, B, L —1, ALK
BE s 1 —I1, LR b SEBRIE o R B L s 1, —1, N
AT T AR R R

HMMC2 A

’:]MMQH
; =~
8 FEREI =3 MMC-HVDC R4 RER
Fig.8 Schematic diagram of parallel three-terminal
MMC-HVDC system

BNl 5 R R T A 2 ARk AR, K
AL 5 MMC, 5 R R 2 A A, AR (LR
RN 7R | B 2% AR R A 09 00 R R 3 0 oA T
17(i=1,2,3) , WL A B FHATR [R], AR -k
YU VAR B A% o3 1 St R 1 Y
KEN:

L7 [+, 0 0

I 1+, 0 0
O A RIS
L Ll 0 I+l+], 0 I

I 0 0 L ’

L 0 0 Li+l,+1, |

ot =1, 41, 4,4,

S B 1 T B 1
WO A O AT 8 o 0 F 5y
W

o
Il i o -1 0 1 o]l
Io| {10 0 1 1 ofhL (1)
I,/ 101 1 0 0 1|
I, 01 1 0 -1 0|
115
B 28 (10) FI( 1), AT As .
1 I3+, -1 L
I Ll L+, 1 +,+ l !
12 - 3 4 1 3 4 3 ]2 (12>
II.3 l l] +l2 l2 ll +l2 +l4
IL4 l1+l2 lz _l3 ?

HY 2.2 715 43 BT AT B A A A F8 A i 1 K PR



(76} & 0 8 % w it %

=38 %

P e 5 B A T3 ] e, AR 4l i R 7 R flL
EFCRMT R, T 28 MMC-HVDC £ 48945 b
it sl ELAHAE B, PRI i B A 00 T Y S5 (R FL B 5 R
Uig MMC-HVDC R4EA i Al LIE 8 H MMC, iy
1], 2 2t b P IR AN SR — B 88 DA 3l £ 10 P I R 9
LR Lo T = ik o0 i A, R
LRI AF (BT b 10 B 1) HL Y U, DA 3R 7R 2R S B
Tt LI, S LS AR 9 TR

A L
| N P S GRIRGR
0 0 iy ‘
2C/N=- 1 ! ! -— <
i g L=l Ll
| ] |
2R " Ziy Ziz )
Co ] e
| I
wii £ (4 0T
' ! ! LI LI
————————————— /;;v—\ ——1]—————————<————————-‘
Ly tommmm
Lz ____________________ |
JERFY [ e oTT-o--2 by P |
[ R A
2CINT | | : | I A A I
I R 16 1t
YR PO R |
| ! Rhememn ==l
| 1
' i Iy Ly |
2L, i A —Zis il i
B e
__________________ e e

9 &i% MMC-HVDC RZRIEZEE % (MMC, )

Fig.9 Equivalent fault circuit of multi-terminal

MMC-HVDC system( MMC, )

LR B BT H 3 R 1, S5 R BH BT R £ Ik S B
HLJ S MMC, 7EIZZR i L I 43 2 9 HO AR A 26 % B Bt
FROTRAN, 1M S 20 g 45 1 el L 60 255 (1 b JR 4 1 X
(13) .2 (14) s,

(ILIRLI +]L2RL2) (1L3RL3 +IL4RL4>

S R+ R ) TRy Ry

(]LILLI +IL2LL2> (IL3LL3+]L4LL4)

Ly=

I’I’( ]I,IL[,I +I]A2LIA2 ) +]1’( [I,SLIS +I[,4L[,4)

RPE(2) L (3) .(8) AI=RAE MMC, ik FE HL I
1o Up U1 35920 A B B 8 SE B, AT Pl % A il
B ] T T 5 o RIS LAY O 32 mT AR A oAl
TR PR 1, 1, o 3 (12) 3R, SR A5 S it
T 2 A W ] et % 30 e 118 FEL 9 5 17 20 SR AR 45 450 7 oy
B L VAD 5 3 (13) L (14) e H SR i 4% 4 0t o B9
P, FEL VD T 2 1 1 A 5 T K A I R [
B P AHE R, DR R A B kAR B O vk iR AT
VIR, WIhR A T 56 22w At 46 3 ol 19 5% i), Py S (E
FEL % RN B L R VR AR A 45 48 3 3l 1740 L e
A PR R [ B 5, 25 A5 I R R 2 Wi
BEER/NF e (0 1077) R kAR, AR
FRUAE 10 s,

(13)

(14)

HERLBEAR L,
[ PR B S BB Ry SRR L |

bl

=k+1

B B v 4|
W N
Y
B 10 % MMC-HVDC RE#HERRITHRRE

Fig.10 Flowchart of fault current calculation for

multi-terminal MMC-HVDC system
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Fig.11 Comparison between simulative and calculative results
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Pole-to-pole short circuit current calculation of multi-terminal DC grid based on MMC
SUN Jibo' ,WANG Yu®,LIU Chongru®, WU Shuangxi',LIU Junlei' ,HUANG Guodong'
(1. Electric Power Dispatching Control Center of Guangdong Power Grid Co.,Ltd. ,Guangzhou 510600, China;
2. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract ; DC-side fault removal capability is an essential index for evaluating DC transmission systems. The mecha-
nism of DC-side pole-to-pole short circuit fault in HBSM ( Half-Bridge Sub-Module ) -based MMC-HVDC ( Modular
Multilevel Converter based High Voltage Direct Current) system is analyzed ,and the main factors affecting the peak
value of fault current are studied quantitatively. Then,the conclusions are extended to the multi-terminal MMC sys-
tem,and a calculation method for outlet current of each converter station and line current within 10 ms after faults is
proposed , which is applicable for different power grid topologies and different fault locations. The electromagnetic
transient simulation model of a three-terminal system is built in PSCAD/EMTDC simulation software ,and the calcu-
lative results of fault current are compared with the simulative results. The results show that the proposed calculation
method has a certain accuracy and speed,and has guiding significance for DC power grid planning and selection of
DC circuit breakers.

Key words : multi-terminal DC grid ;modular multilevel converter ;pole-to-pole short circuit ; fault current calculation
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Faulty line selection method using mutual correlation cluster of grounding

fault waveforms based on improved DTW method

SHAO Xiang',GUO Moufa', YOU Linxu’
(1. School of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350116, China;

2. Zhangzhou Power Supply Company of State Grid Fujian Electric Power Company , Zhangzhou 363000, China)
Abstract; When single-phase-to-ground fault occurs in resonance-grounding system, the transient zero-sequence cur-
rent of each line in resonant grounding system is nonlinear and non-stationary , and there’re many differences between
the transient zero-sequence current waveforms of faulty line and those of normal lines. On this basis,a fault line se-
lection method using mutual correlation cluster of grounding fault waveforms based on improved DTW ( Dynamic Time
Warping) method is proposed. The ACCM ( Amplitude Correlation Coefficient Matrix) of transient zero-sequence
current waveforms of different lines within half cycle after fault is obtained via improved DTW method. By combing
the PCCM ( Polarity Correlation Coefficient Matrix ) of transient zero-sequence currents with ACCM, the CCCM
( Complex Correlation Coefficient Matrix) is constructed , which represents the amplitude and polarity information of
transient zero-sequence currents. Then the faulty line is selected by FCM ( Fuzzy C-Means) cluster method without
setting threshold. The simulative results of noise interference ,two points grounding fault,arc fault and asynchronous
sampling show that the proposed fault line selection method is immune to possible influence factors in engineering
application , the proposed method can achieve reliable faulty line selection.

Key words : resonant grounding system ; faulty line selection ; transient zero-sequence current; correlation coefficient

matrix ;fuzzy C-means cluster



