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Assingle terminal fault location method for a DC transmission line based on circuit breaker reclosing

ZHAO Guankun, JIA Ke, CHEN Jinfeng, CHEN Miao, BI Tianshu
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
(North China Electric Power University), Beijing 102206, China)

Abstract: High voltage flexible DC transmission uses the overhead line. This makes it difficult to avoid faults in a
complex environment. Fast and accurate fault location can shorten the time of fault clearing, something which is very
important for fast power supply recovery. The existing ranging algorithms rely on transient wave head identification, and
the ranging accuracy will decrease when disturbed. Based on a distribution parameter model, this paper calculates the
voltage and current along the line through the telegraph equation in the time domain, and then forms the ranging criterion
according to the feature that the resistance value at the fault point is relatively stable. Since the coincidence time of DC
circuit breakers on both sides of the transmission line is not consistent, the system on the overlapping side will continue to
feed the short-circuit current to the fault point. Therefore, ranging can be realized through a single terminal. The proposed
ranging method requires no communication, which is suitable for various fault types and requires short window length,
and can withstand transition resistance and noise. Finally, a four-terminal HVDC 500 kV model is built in PSCAD/EMTDC
simulation software and the simulation results verify the accuracy and applicability of the proposed ranging algorithm.
This work is supported by the National Key Research and Development Program of China (No. 2018YFB0904100)
and the Science and Technology Project of State Grid Corporation of China (No. SGHB0000KXJS1800685).
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Fig. 1 Schematic diagram of flexible DC transmission system
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Fig. 2 Equivalent circuit diagram of Bergeron model
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Fig. 3 Fault diagram of pole-to-ground fault
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Fig. 4 Fault diagram of pole-to-pole fault
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Table 1 Fault location of results of pole-to-ground fault

WAL B /km DIEESS A km RZE%
50 51.0316 0.2579
100 100.021 9 0.0055
150 151.053 4 0.526 7
200 200.0437 0.0109
250 251.057 3 0.264 3
300 300.065 6 0.016 4
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Fig. 5 Simulation results of pole-to-ground fault
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Table 2 Fault location of results of pole-to-ground
fault under transition resistance

WP AL B /km P HQ PEEES H/km RFEI%
10 51.0316 0.257 9

50 50 48.990 3 0.252 4
100 48.990 3 0.252 4

10 100.021 9 0.005 5

100 50 100.021 9 0.005 5
100 100.021 9 0.005 5

10 151.053 4 0.263 4

150 50 151.053 4 0.263 4
100 151.053 4 0.2634

10 200.0437 0.0109

200 50 200.0437 0.0109
100 200.043 7 0.0109

10 249.034 1 0.2415

250 50 249.034 1 0.2415
100 249.034 1 0.2415

10 300.065 6 0.016 4

300 50 302.106 9 0.526 7
100 302.106 9 0.526 7
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Table 3 Fault location of results of pole-to-ground

fault under different noise

ik B A B km 1% 75/dB DBREE R /km RZEI%
50 53.072 8 0.768 2

50 40 53.072 8 0.768 2
30 53.0728 0.768 2

50 100.021 9 0.0055

100 40 100.021 9 0.0055
30 100.021 9 0.005 5

50 151.053 4 0.263 4

150 40 151.053 4 0.263 4
30 151.053 4 0.2634

50 202.0850 0.5213

200 40 202.085 0 05213
30 204.126 3 1.0316

50 249.034 1 0.2415

250 40 249.034 1 0.2415
30 246.992 8 0.7518

50 300.065 6 0.016 4

300 40 300.065 6 0.016 4
30 300.065 6 0.016 4
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Fig. 6 Simulation results of pole-to-ground fault
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Table 4 Fault location of results of pole-to-pole fault

Pz B/ km DIBREE R /km RZEI%
50 51.0316 0.2579
100 100.021 9 0.005 5
150 149.012 2 0.2470
200 200.043 7 0.0109
250 251.057 3 0.002 6
300 300.065 6 0.016 4
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Table 5 Fault location of results of pole-to-pole fault
under transition resistance

R AL B /km EFQ DEEESF/km W%
10 48.990 3 0.252 4

50 20 48.990 3 0.252 4
30 48.990 3 0.252 4

10 100.021 9 0.005 5

100 20 100.021 9 0.005 5
30 100.021 9 0.005 5

10 149.012 2 0.2470

150 20 149.012 2 0.2470
30 149.012 2 0.2470

10 200.043 7 0.0109

200 20 200.0437 0.0109
30 200.043 7 0.0109

10 251.0753 0.268 8

250 20 249.034 1 0.2415
30 249.034 1 0.2415

10 300.065 6 0.016 4

300 20 300.065 6 0.016 4
30 300.065 6 0.016 4
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Table 6 Fault location of results of pole-to-pole
fault under different noise

A E /km ligh 75 /dB W 2 S km RZ1%
50 48.990 3 0.252 4

50 40 48.990 3 0.252 4

30 48.990 3 0.252 4

50 100.021 9 0.005 5

100 40 100.021 9 0.005 5

30 100.021 9 0.005 5

50 146.970 9 0.757 3

150 40 146.970 9 0.757 3

30 146.970 9 0.757 3

50 200.043 7 0.0109

200 40 200.043 7 0.0109

30 200.043 7 0.0109

50 249.034 1 0.2415

250 40 249.034 1 0.2415

30 251.0753 0.268 8

50 300.065 6 0.016 4

300 40 300.065 6 0.016 4

30 300.065 6 0.016 4
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Table 1 Detailed parameters of MMC converters

HUE B Sy 1 000 MVA
e B HUE Upen 2500 kV
HB-MMC HISFHON 77
R FUX Larm 50 mH
FHIHZ Com 2 800 uF
FAEELEZA FLBH Rew 0.0005Q
AEUHL Y LR S 220 kV

R 2 RGRERETEREMERKIFASH

Table 2 Detailed parameters of transmission lines

LR ZH Hd
0 A HLBH Ro 0.067 1 Q/km
0 AR HLRK L 4.1 mH/km
L R 0 A Co 6.599 4 nF/km
1 AP Ry 0.066 94 Q/km
1A Ly 0.685 7 mH/km
1A Cy 8.75 nF/km
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