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Single-pole fault line selection in flexible DC distribution networks based on
improved K-means multi-criterion fusion
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Mechanical Engineering, Chongqing University of Technology, Chongging 400054, China)

Abstract: In flexible DC distribution networks with low-current grounding mode, single-pole-to-ground faults exhibit
weak fault characteristics, making fault identification challenging. To enhance fault detection capability, this paper
proposes a single-pole fault line selection scheme for flexible DC distribution networks based on K-means++
multi-criterion fusion. First, modulus decomposition of electrical quantities during line faults is carried out, and the
characteristics of zero-mode current, zero-mode voltage and zero-mode power for both normal and faulty lines are
obtained. Then, according to the differences in the Spearman correlation of zero-mode current, the cosine of the angle
between zero-mode current and voltage, and the absolute value of the zero-mode power integral, three fault line selection
criteria are constructed. Finally, the K-means++ algorithm is used to analyze the results of the three criteria for each line,
enabling accurate identification of the fault line. Simulations in PSCAD show that the proposed method has strong
resistance to transition resistance, noise interference, and communication delay, significantly improving the accuracy and
reliability of single-pole-to-ground fault line selection.
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Fig. 1 Multi-terminal flexible DC distribution network topology
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power after integration
A% L%
£LH4  Linel Line2 Line3 Line4 Line5 Line6 Line7
E, 0.037 0.012 0.011 0.01 0.008 0.006 0.019

z 1.000 0.194 0.161 0.129 0.065 0.000 0.419
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Fig. 8 K-means++ multi-criterion fault line selection

under normal working conditions
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Table 9 K-means++ multi-criterion fault line selection results

under normal working conditions
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Table 10 Results of three fault line selection criteria with

different transition resistances

Iy L BH
% 100 Q 300 Q 500 Q
X y z X v z X y z

Linel  0.82 1 1.00 0.78 1 1.00 0.78 1 1.00
Line2 -1.00 -1 052 -095 -1 044 -086 -1 054
Line3 -095 -1 0.07 -061 -1 0.01 -096 -1 0.08
Line4 -039 -1 0.01 -064 -1 001 -089 -1 0.00
Line5 -0.79 -1 0.00 -1.00 -1 000 0.05 -1 0.09
Line6 -081 -1 0.07 -090 -1 0.05 019 -1 0.09
Line7 -076 -1 044 -054 -1 034 -062 -1 046
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Fig. 9 K-means++ multi-criterion fault line selection with

different transition resistances
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Table 11 K-means++ multi-criterion fault line selection

results with different transition resistances

Fb AL B/ I B R LR
Linel/100 Q [1222222] Linel
Line1/300 Q [1222222] Linel
Linel/500 Q [1222222] Linel
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Table 12 Results of three fault line selection criteria

with different SNR single-to-noise ratios

(EL 354
2R 1% 1dB 3dB 5dB
X v z X y z X v z

Linel 0.61 1 089 0.69 1 1.00 0.68 1 1.00
Line2 -0.62 -1 100 -0.75 -1 057 -0.65 -1 0.2
Line3 -085 -1 0.16 -087 -1 027 -086 -1 022
Line4 -0.63 -1 0.07 -075 -1 004 -078 -1 0.07
Line5 -0.03 -1 0.00 -0.01 -1 000 -0.15 -1 0.00
Line6 -022 -1 0.02 -004 -1 002 -009 -1 0.02
Line7 -0.80 -1 028 -0.86 -1 038 -091 -1 0.29
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Fig. 10 K-means++ multi-criterion fault line selection with

different signal-to-noise ratios
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Table 13 K-means++ multi-criterion fault line selection

results with different signal-to-noise ratios

bR AL EAE ML RE% LR LR
Linel/1dB [1222222] Linel
Linel/3dB [1222222] Linel
Linel/5dB [1222222] Linel
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Table 14 Results of three fault line selection criteria under
different complex working conditions
=% RVA
ZG#% 0.1 ms/500 /1 dB 0.2 ms/500 /1 dB 0.3 ms/500 /1 dB

X y z X y z X ¥y z

Linel  0.47 1 097 044 I 095 042 1 095

Line2 -047 -1 060 -048 -1 0.59 -043 -1 0.64
Line3 -023 -1 007 -0.19 -1 0.06 -0.17 -1 0.04
Line4 -0.17 -1 0.00 -0.11 -1 0.00 -0.12 -1 0.00
Lines 002 -1 0.15 -0.02 -1 0.14 001 -1 0.15
Line6 -0.05 -1 021 0.04 -1 020 0.07 -1 0.20
Line7 -0.58 -1 1.00 -056 -1 1.00 -0.57 -1 1.00
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Fig. 11 K-means++ multi-criterion fault line selection under

different complex working conditions
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Table 15 K-means++ multi-criterion fault line selection

results under different complex working conditions

bR . =2 R/ RE AR
Linel 0.1ms/500Q/1dB  [1222222] Linel
Linel 02ms/500Q/1dB [1222222] Linel
Linel 03ms/500Q/1dB  [1222222] Linel
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