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Factors of stray current in rail transit affecting DC magnetic bias of

AC power grid transformer

ZHANG Luke', BAO Jialing®, LI Xiaohua', CHEN Lu*
(1.College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China; 2.Anyang Power Supply Company, State
Grid Henan Electric Power Company, Anyang 455000, China; 3.State Grid Shanghai Municipal Electric Power Company, Shanghai 200122, China)

Abstract: The flow distribution of stray current in urban rail transit in the ground makes it intrude into the nearby alternating
current (AC) power grid transformer. In order to study the influence of stray current in rail transit on the magnetic bias of
substations along the line under different soil characteristics, based on a substation in Shanghai and its nearby rail transit
system, CDEGS software is used to establish the coupling simulation model of “urban rail transit-AC power grid substation” ,
so as to study the influence of stray current on the direct current (DC) magnetic bias of the AC power grid transformer under
different concrete-soil resistivity. The distribution curve of soil iso-current density amplitude is used, combined with
visualization technology, to display the influence range and flow path of stray current. The results show that there is a big
difference in the influence of concrete resistivity and soil resistivity on the spatial electric field distribution of the leakage current
of the rail and the DC magnetic bias of the neutral point of the transformer. In the simulation model, the maximum influence
range of stray current is 1 421.33 m, and the differential of distribution distance and soil resistivity is used as the influence
index of soil resistivity on the flow range of stray current. The maximum soil resistivity is 1.42 m/(Q-m). When the train
moves 500.3 m after 33 s, the soil resistivity has the greatest influence on the DC magnetic bias of the neutral point of the
substation, which can reach 0.003 431 A/(Q-m).
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Figure 1 Bilateral power supply resistance network model
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Figure 11 Soil current density and potential distribution
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Figure 12 Current density amplitude and maximum

potential of observation network
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Figure 13 Current density amplitude and potential
distribution curves of observation line
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Figure 14 Spatial distribution range of stray current
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Figure 15 Current density distribution of observation

network under different soil resistivity
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Table 3 DC magnetic bias of transformer under different “concrete-soil” resistivity

R BE LB R /(Q e m)

- J3¢ A L 10 20 30 40 50
RAQem)  fEEE @4 WEE @4 WEE @4 fEE @4 Wi EE:y
/A /% /A /% /A /% /A /% /A /%
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60 3.937 8.41 4.016 8.93 4.011 9.14 3.986 9.26 3.957 9.34
70 3.844 8.21 3.935 8.75 3.932 8.96 3.910 9.08 3.881 9.16
80 3.756 8.02 3.857 8.57 3.858 8.79 3.836 8.91 3.808 8.99
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Figure 16 Subway operation condition
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Figure 17 Dynamic changes in DC magnetic bias of neutral

point of transformer under different concrete and soil resistivity

MR EE R RS0 10,50 Q e m i,
25 B B b s EL R AN 4 T 18~21 T/, A8 R 2% Hh
S5 B T O B B R B S 8 v A AR Ak A
G B ghZ5ia 47, R A i Z0 TR e | A 4 e BH S
A5 2 HP P A e i LD R T AN [R) A8 e BH R AR
JE £ TP O R B I S e K TR R A B R TR BE
- F BH R W] B, A g e BH AR DN A S R s
PR A G LI S L B8 24 38 K, A A B SR AH [ B
TR TEE A F B S5/ | T AR R g o i L I 4
P (£ N 1

R4 BHYEEE SRR TAHE

Table 4 Variation rule of DC magnetic bias of transformer at startup stage
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