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Adaptive reclosing method for multi-terminal DC grids based on modifying the Bergeron model
through dynamic time warping reconstructed sequence correction

LOU Jie', LI Jun?, WU Xiaomei’, TONG Ning?, WANG Yu?, SUN Kaiqji'
(1. School of Electrical Engineering, Shandong University, Jinan 250061, China;
2. School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Due to the high fault probability of overhead lines in multi-terminal DC grids and limited overcurrent tolerance
of equipment, non-selective reclosing can severely compromise equipment safety and grid stability. To mitigate these risks,
a reclosing strategy utilizing dynamic time warping (DTW)-based sequence reconstruction is developed to enable accurate
fault nature identification before reclosing. First, the time-domain equivalent modeling of DC lines using the Bergeron
method is introduced. On this basis, equivalent Bergeron models of key primary equipment are established, and
differences in equivalent time-domain waveform processes under transient and permanent fault conditions are analyzed.
Taking transient faults as the benchmark, the theoretical calculations of the transient electrical components induced by the
injection signals of the DC circuit breakers are conducted. The DTW reconstruction sequence is then used to quantify the
setting thresholds and eliminate dispersion errors. This forms the basis for constructing a criterion to identify the nature of
the fault. Simulation case studies based on a four-terminal DC grid using PSCAD/EMTDC demonstrate that the proposed
adaptive reclosing method requires only single-ended measurements, does not rely on communication, eliminates dead
zones, and possesses a sensitivity of 600 Q.
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different fault characteristics
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Table 3 Results of unipolar permanent metallic grounding fault
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Fig. 13 Internal transient negative pole metallic grounding fault
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Table 4 Simulation results of unipolar/bipolar

transient metallic fault
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Fig. 14 Permanent high-impedance (300 Q) negative pole

grounding fault within the zone
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Table 5 Simulation results of unipolar grounding faults via

different transition resistance
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Fig. 15 Voltage waveform of conventional injection method

under close/remote end fault
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under different transition resistance
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Table 6 Comparison results

. N L WaRrS AT
A buR) 4 s ¢ e
P /O U /KV  BMERT S, ZMERT

- 2 EH?

0 85.57 x 1.33 v

x=0.03
600 72.30 x 0.96 v
0 -90.42 J 1.44 v

x=0.10
600 -8.31 x 0.92 J
0 -55.20 v 1.42 J

x=0.50
600 -9.76 x 1.23 v
0 -60.56 J 1.75 v

x=0.90
600 -11.86 x 0.86 v
0 76.54 x 1.89 v

x=0.97
600 97.89 x 0.82 J
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Table A1 Criterion performance comparison of the proposed method with/without DTW

e JC DTW P51 H DTW EHFFFI
AR E R R, /Q *
Sy IR IEHR? S R IE?

0 1.95 J 1.58 v

x=0.03
600 131 J 0.73 v
0 1.63 J 1.32 J

x=0.10
600 0.98 N 0.75 J
0 1.97 N 1.69 J

x=0.30
600 1.66 J 1.42 v
0 1.73 J 1.62 v

x=0.50
600 1.41 N 1.17 J
0 1.67 J 1.36 J

x=0.70
600 1.19 N 0.86 J
0 1.79 J 1.66 v

x=0.90
600 0.83 X 0.71 v
0 1.62 J 1.51 v

x=0.97
600 0.82 X 0.72 J

H: JC DTW S FHIIBrsE [ THHE N S, =0.887 5 5 DTW HMIFEFII BT 52 [ THEEL A S, = 0.047 .
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Table A2 Performance under different fault-current-limiting reactance values
o 150 mH 200 mH
[BEAACES 4 R R, /Q - .
S, R IEH? S, R IEH?
0 1.47 v 1.58 v
x=0.03
600 0.92 v 0.73 v
0 1.56 v 1.82 v
x=0.10
600 0.81 v 0.75 v
0 1.51 v 1.62 v
x=0.50
600 1.34 v 1.17 v
0 1.87 v 1.66 v
x=0.90
600 0.94 v 0.71 v
0 1.73 v 1.67 v
x=0.97
600 0.72 v 0.93 v
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