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Abstract In the high voltage direct current transmission based on modular multilevel converter
(MMC) system, identifying line faults efficiently and reliably was one of the important guarantees for
the safe and economic operation of the system. In order to identify line faults quickly and reliably, an
internal and external fault identification method based on sequential overlapping derivative(SOD)
transform was proposed. This paper first analyzes the physical boundary formed by the MMC equivalent
impedance model, which has a strong attenuation effect on high frequency components, the start voltage
caused by the line fault changes steeply when amplitude is large and the time-domin waveform isshowen
shaking violently;the the start voltage caused by the external fault changes gently and amplitude is
small. Secondly, the SOD transformation is used to transform the fault voltage and current. The converted
voltage and current signal are multiplied to obtain SP, and K is defined as the maximum value of the
absolute value of SP, and the internal and external faults are determined according to the K value. The
MMC-HVDC system simulation model is built on PSCAD/EMTDC. The simulation results show that
the method , which has good quick action, certain resistance to transition resistance and strong

applicability ,can reliably and accurately identify internal faults and external faults.
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Tab.l1 K value when voltage and current are not synchronized

K14
AR A R B
128 i = PHL ABC = %8 #%
0 571 1.34
1 9.48 1.26
2 5.09 1.01
3 4.96 0.86
4 9.20 0.68
5 8.07 0.38
6 1.80 0.57

HEE 1 alE, BT R AAEE, K ERAER
o 22 H S A LI A AN () 28 R BN T4 T 5 1
X P B ) K AB Y KT Kinins X AMRBE ) K B 32 /)N
T Knins 24 HLR AN LR A [F) 20 RBE SBOK T S B
Z I R AL

g bRTiR, HEEFIRE R IR —
E MM ESE, SINTTEE R Ke=1.2~1.3, FAS
HRE K e TN
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Fig.24 Flow chart of fault identification
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Tab.3 Judgment results for different fault types in

transmission lines

T 2% A LESES

(et T U R /Q K EP S
1E Hz 22 b 200km 0.01 119.410 0 2L W
1 4% #2 Hb 200km 0.01 202.744 5 2L W
XA % 200km 0.01 826.636 2 20 W
i R B 20 1.005 1x10° 2L i W
& S TR 20 1.273 4x10* 2L W
IEMe g i 20 1.324 7x10* 2L i W
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Tab.2 Main parameters of simulation model
Z H ¥
SR G BUE BB KV 230
RGHUE ik A E/(MV-A) 1200
e B HLE KV +320

BUE B B ITKA 1.6

W B N 76
T C/uF 2 800

M 8 B K L/mH 50

BT LB Ry/Q 104

Z0 2 2R K /km 400
S 2 i L FE/(mQ/km) 10.61

I8 2 % HL B/ (mH/km) 0.890 6

4 TRRGREME LR H U5 R
Tab.4 Judgment results for different fault types in the

AC system
W 2 A J] W7 45 R

A W i 2 Y K 45 R

ABC 1.336 2 [X 4 i e

AR AE I R

AB 1.669 7 [X 4 i e
230 L P

AG 1.336 2 [X A i i

5.2 A EHEEBE

Xof B PR 2 2 4 i) R AR TE AR B M R L B
PR L UG i S g o A 2R S ) 2 AL R G B AT 0
FLIS R, R Rk FL B A B 0.01Q. 100Q.
200Q. 300Q, fiEESRNE S, WTELZRTLE
o 1ZITEA o I L RE AR
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Tab.5 Judgment results for different transition resistance
B 2% A F| W 4%
WA E (BE M) I L FH/Q K ghIg
0.01 202.744 5 2 I
100 87.410 3 2 B I
iR % b 200km
200 43.784 2 2 I R
300 27.410 0 2 s W
0.01 826.636 2 2 s W
100 425.384 1 2 I
X #% 200km
200 76.683 1 2 I
300 174.534 2 2 I R
0.01 0.524 0 X &b i
100 1.023 8 X A i
BN A IR G
200 0.463 5 [X 4 it e
300 0.313 6 X Zh i

*6 AEMBEMERFETER

Tab.6 Judgment results for different fault locations

e i 2 4 45 R
WAL E (FE M ¥i) I /Q K EP S
IEA% F2 4 70km 0.01 65.832 2 2 %
B 4% 1 20km 0.01 2223072 LR
XA J ¥ 380km 0.01 705.5513  ZpgibE
TR N 52 AL 2R G 0.01 1.336 2 X A i
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Fig.25 K value within the full length of the line
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Tab.7 Judgment results for different fault types in the
AC system
A 2% A ) i 45
0 3 [y K g )

ABC 2.108 3 X A

TR ) ST UL AR G AB 1.795 1 X A i i
AG 2.126 0 X A i e
ABC 1.173 8 X A i e

BN A2 I A e AB 1.8219 X 41 1 e
AG 0.741 6 X A
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Tab.8 Comparison of SOD transformation and

du/dt method
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