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Adaptability analysis of single terminal traveling wave protection in mid-voltage DC
distribution based on VSC
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Abstract: For studying the adaptability of single terminal traveling wave protection in mid-voltage DC distribution based
on VSC (voltage sourced converter), firstly the best working condition is obtained by analyzing the principle of singe
terminal traveling wave protection, the general protection adaptability conclusion is reached by theoretical analysis based
on the condition and the fault characteristics of DC distribution lines. Then, the electrical-magnetic model of DC
distribution network is established and simulated, and the simulation results are compared with theoretical analysis results.

The research shows that the single-terminal traveling wave protection can apply to VSC-based mid-voltage DC

distribution line with good performance. The correctness of theoretical analysis is verified by simulation results.
This work is supported by National Natural Science Foundation of China (No. 51477131).
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Fig. 1 Schematic of single terminal traveling wave protection
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Fig. 2 Amplitude variation when internal fault occurs
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Fig. 3 Amplitude variation when external fault occurs
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Fig. 4 Fault points of DC distribution line
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Fig. 5 Backward traveling wave amplitude variation of

line mode voltage when internal fault occurs
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Fig. 6 Backward traveling wave amplitude variation of

line mode voltage when external fault occurs
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Fig. 7 Topology of mid-voltage DC distribution network
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Fig. 8 Topology of centralized new energy sources
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Table 1 Amplitude change rate of backward travelling wave of
line mode voltage when mono-polar grounding fault occurs
Bt RRE | B AT IR AR S AR (< 10° V-s™)
A/ 0.9km 2.7km 5.4km 7.2km 9.0km

0 4.4191 4.0717 3.5326 3.1396 2.7502
5 2.5338 2.3351 2.0224 1.7948 1.5708
10 1.7771 1.6370 1.4167 1.2562 1.1989
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Table 2 Amplitude change rate of backward travelling wave of
line mode voltage when external fault occurs
Pedrl DXANIE 1 BEHLUE A PRI A o e A< 107 Vs ™)
FH/Q L= A=3 L2 -2 L3 L]
0 0.0343  0.0349  9.7571 3.5171 0.0288  0.0352

5 0.0156  0.0135 8.1898 27563  0.0161  0.0196
10 0.0098  0.0087  7.3655  2.0079  0.0085 0.0112
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Table 3 Action results of relay when internal fault occurs
e DX P AN [ 07 T e A e R 8l £ 5 R
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Table 4 Action results of relay when external fault occurs
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