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Status evaluation algorithm of DC traction power supply system
switchgear based on ECP for rail transit
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Abstract: It’s of great significance to establish 1500 V DC switchgear (DCS) status evaluation model for the safe

operation of the subway. According to the operation principle of 1500 V DCS and the indexes in its operation process,

using circuit breaker information mainly, and combining with the information of accessories and cabinets, this paper

establishes a status evaluation index system of 1500V DCS, which is used to make a comprehensive assessment of the

function for DCS. The entropy-catastrophe progression based status evaluation algorithm replaces the subjective weight

with information entropy, which avoids the interference of the subjective factors in the evaluation process and makes the

equipment information more directly influence the evaluation process. It conducts index fuzzification according to the

cloud model and fully considers the randomness and fuzziness of indexes. The status evaluation model also fully

considers various factors that affect the operation status of DCS. The information entropy can objectively reflect the actual

status of DCS, and a reasonable evaluation is given in the absence of indexes. A case study is given to validate the

effectiveness and feasibility of the proposed algorithm by using the actual operation data of DCS.
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Table 1 Types of mutation systems and normalized formulas
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Fig. 1 Cloud model distribution
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Table 2 Determination of characteristic values of cloud model

=M Vi Va Vs Vs
Ex Exi=al2  Ex;=(btc)2  Ex;=(d+e)/2 Ex;=g
En Eny=a/6  En,=(c-b)/6  Ens=(e-d)/6 Ens~(2g-d-e)/6
He 0.005 0.005 0.005 0.005
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Table 3 State evaluation index system of DCS
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Table 4 Accessories information evaluation system
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Table 5 Evaluation information system of the cabinet
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Table 6 Comparison of entropy values of insulation status

S 7 11 4 2% YO HES 2% VN HhA 2%
DJ/MQ Ds/MQ De/MQ

201 1.64x1075 7.76x10%4 1.5x1075
202 1.5x10°5 9.5x104 1.2x10°5
211 1.7x10°5 6.8x104 9.2x10%4
212 4.5x10M 4.6x10M 7.8x10M
213 6.7x10%4 2.2x10°5 1x1075
214 1.4x10°5 1.1x10%5 9.2x10M4
215 8.3x10%4 6.8x104 6.2x10"4
216 1.4x1075 7.6x10%4 9.3x10"4
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Table 7 Entropy comparison of resistance characteristic index

S FEE A AR & I £ Pl LU
Di/uQ HiBH Dy/Q HBH Dy/Q

201 18 2129 9.5
202 19 212.0 9.5
211 18 2115 9.6
212 20 2120 9.5
213 18 2142 9.8
214 29 2132 9.6
215 22 211.7 9.5
216 19 2120 9.8

FEbriE E 0.9892 0.9782 0.9951
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Table 8 Entropy comparison of mechanical characteristics

time status index

IERIEE ] A W) Dyo/ms Syt a) Dyy/ms

201 120 12

202 112 11

211 119 16

212 117 13

213 115 21

214 122 18

215 110 15

216 129 10
FabritE £ 0.9721 0.9609
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Table 9 Entropy comparison of mechanical

characteristics electrical index

i SEE k=3 BNATHG DA /A ARRF IR Dis/A
201 4.15 0.32
202 3.96 0.30
211 4.07 0.24
212 428 031
213 415 031
214 3.71 0.27
215 4.66 0.26
216 3.99 031
Fabrdiite £ 0.9666 0.9971
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Fig. 4 Architecture diagram of actual evaluation model
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