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Backup Protection Scheme for Flexible DC Transmission Lines by Measuring Wave

Impedance Euclidean Distance

ZHANG Dahai, WU Chuanjian, HE Jinghan, LIANG Chenguang, LI Meng
(School of Electrical Engineering, Beijing Jiaotong University, Haidian District, Beijing 100044, China)

ABSTRACT: The traveling wave main protection is
susceptible to the high-resistance faults, the current differential
protection to the distributed capacitance, and there is a large
time gap between the existing main and backup protection
schemes. In order to solve the above problems and further
improve the reliability of the protections, this paper proposes a
new scheme of traveling wave longitudinal protection based on
measuring the wave impedance Euclidean distance. By
analyzing the difference between the amplitude and change
trend of the measured wave impedance on both sides of the line
during the internal and external faults of the flexible DC
transmission lines, it is proposed to use dyadic wavelet
transform to extract the wideband window to measure the wave
impedance, and introduce the Euclidean distance and the
similarity coefficient to express the amplitude and change trend
of the wave impedance. Finally, the internal and external faults
are distinguished according to the Euclidean distance and the
similarity coefficient. The PSCAD simulation verifies that the
protection principle can identify the internal and external faults
reliably, sensitively and quickly, and it has a strong ability to

withstand the transition resistance and noise interference.

KEY WORDS: flexible DC transmission; traveling wave pilot
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Fig.1 Transmission line with inductance
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Fig.2 Fault superimposed network
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Fig.3 Equivalent circuit based on Peterson principle
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Table 2 Frequency characteristics surge impedance of DC
transmission line

FHHT A S /Hz FHHLIE/Q
0.01 798.5
1 312.4
AP BT 100 256.7
10 000 255.1
1.000 000 254.5
0.01 803.1
1 782.8
HAS B BT 100 650.8
10 000 512.5
1 000 000 4553

2) kI FEH M BB

B RS ST HRLR, RBLERG OB
LR, ARIRAS. RS, PHUR AR Ao pER2,
500KV BELE 22 G00) S5 {F FBL 25 W] 20 N PR A A 400«

OB A G 0 1B 4T B A AR R, FR 48 S
BR[21)70 4T, BREXTHLELZSTE 62~70kHz LA FES A
7~11pF/m, 100m W () EF 2 xf 2% 5 f 25 B KON
1100pF .

QB IEB R X H RN R
FLZ¥ 6000pF; i 2% S5 R0 2 B¢ KON 120pF; bty
B XFHL 25N 100pF s HL R B RSS2 A



EaAsd E10W M

N

3899

5000pF; HALfL EL /B 38 X6 b B3 25 ¢ KA 100pF

gi b, BRZE R G006 Hh R 2R VE FEL D 6000pF~
0.1pF. ERFESIFE N 10kHz, HRIE(O)HEME
K HAPUE NN 160Q.

PR TS TRAb R B TR A PRI Fe i a8
A 150mH. # KA 10kHz, 150mH )R
T LA IS H TN 9420Q2.

HBE LR R G0k O 25 5 BR U FE L B 1) S5 AUBE.
PUE SRR RT3 3 H.

®3 BERGRIRRRNESNATE

Table 3 Equivalent impedance value of bus system and
current limiting reactor

L PEQ
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Fig. 5 Protection flow chart
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Fig. 6 Topology diagram of Zhangbei flexible DC project
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Fig.7 Simulation results of internal bipolar
short-circuit fault
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Table 4 Simulation results of different fault conditions of
internal fault
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Fig. 11 Comparison of different protection principles
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Table A1 Parameters of Zhangbei flexible DC project

VI%as i MMCI1. MMC2 MMC3. MMC4
AN TS LA 244 244
FHREH 2/ MF 8 15
MMC . .
e TEHRRE TEREAY 2.193
EiSnE "
IGBT 2% 4.5kV/2kA 4.5kV/3kA
W s/ mH 100 75
PR W 4/mH 150
HLPL a8 Ko EER 300
FH BHO/km 0.00995
LS 1/ mH/km 0.86

ol b HEL 25 WF /km 7.90x1073




