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Calculation of surface potential and analysis of sensitivity factors under the

influence of stray current in metro systems

LI Huaishen', XIA Nenghong', ZHANG Jun®

(1.College of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China; 2.Shengsi Power Supply
Company, State Grid Zhejiang Electric Power Co., Ltd.,Zhoushan 202450, China)

Abstract: In order to study the intrusion range and degree of subway stray current into the AC power grid, a mathematical
model of stray current which is based on the degradation of insulation performance of rail insulation fasteners under actual
operation is established, and the stray current leakage of each sleeper is derived. The subway stray current is discretized
into a finite point current source according to the number of sleepers, and the Green’s function is solved based on the
complex image method. The ground potential distribution calculation model caused by the subway stray current is also
established, and the commercial grounding software CDEGS based on the boundary element is deployed to verify the
method accuracy. The influence of traditional sensitive factors, such as stray current leakage and soil structure, on the
ground potential distribution along the urban rail line and the surrounding ground potential fluctuations under the operation
of multiple trains in a multi-line transportation hub area are discussed.
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Figurel Design and laying of rails
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Figure 2 Rail transit power supply system
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Figure 3 Schematic diagram of point current source location

2 HL I PR A R 3 BT A BN, B T AR AR
SR ik A S v RS bR eR B T L T A3 i A B 24 5
e OKOr R SR R AR A M (2, y)
RN VA

TE T EHL B A o 935 R R b 3R Fm E
EE— M Mz, y) B HAL N
I.p 1 1

v=""L (==
27T (al ag)

a=J(x+ L,V +y+h (N

a,= (L, —x )+ y +hn
KA XLZE 3 b R P AR E — M (2, y)
() LAy

Lo /1 1) <
U= — = S
27(' [( az) 21

a m=

1 1 1 1
-]
as a, as  ag

as=J(x+L,VF+y+@2mH+h)? (8)

ay=J(L,—x)V+y +(2mH+ hY

as=J(x+ L, +y"+(2mH—h)

az=J(L,—x)V+y"+(2mH—hY



108 I <

15

Eid =S 3 20234E3 A

R (7) (8) , FE T FI 5] 58 KV )2+
Beghf DL e 24> jH I UE R BE 018 B0 R, B AT R
i F AT B AR HLA

AR SCHCH R B 2 B8 A AR R 0.5 m, AR 4
AR R R AR R Y T A B Y A s S i
T F it 45 R AT DR s 2 4 T T R I U A Rk
2 000L £ W {8 AH 55 . J7 ) AH B2 9 A3 H U U8 (o s or
W 0), B 4 R s iR (7) L (8) HES:A]
3 2 000L 4 g3 it 95 3 W] AR TR 09 Hb 36 H A
I3 AT

L,=L/2—S«(n—1),n=1

;- i(—L,),n=1 (9)
Sl L, 1) n=2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
o X
L }”
A(-L,0) | _, B(L.0)
1, L 001=0 [ jﬂm
z

B4 sk Aol Tl Rk A B 2 AT R &

Figure 4 Schematic diagram of subway stray current leak
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Figure 7 The distribution of surface potential along the

subway under two-layer horizontal soil
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