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Simulation of rail potential and stray current in metro traction return system

He Tao, Li Peigiang, Wang Huang, Wang Junmin, Chen Siyu, Xie Huihuang
(College of Information Science and Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; The frequent action of rail potential limiting devices caused by the potential abnormality

of metro rail is presently a common problem in the operation of the traction power return system of

the metro. A mathematical model of unilateral power supply single vehicle/train driving was first

constructed, then a mathematical model of bilateral power supply return system single and multi ve-

hicle driving was established based on the principle of superposition circuit. Simulations were con-

ducted via the MATLAB platform, covering the single, bilateral and the whole subway line stable

operation of the traction power return system models. The distribution curves of the rail potential and

stray current of the metro power supply return system under the normal operation of the metro were

obtained. A comparative analysis of the influential factors on the rail potential and stray current was

performed to provide a theoretical basis for the reasonable operation and planning of the Metro.
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Fig.1 Single vehicle power supply schematic with

unilateral power supply
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Fig.2 Voltage distribution model and parameters
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Fig.3 Current distribution model and parameters
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Fig.4 Single vehicle power supply schematic with bilateral power supply
1 — e ! 1 - e .
[lR{euLl — el Xe RO Xe } (0 <xs L))
u(x) = | o o | = oot . (8)
]ZR aly —al, Xe + eal,z _ e—al‘z xe (L1 <x s L)
1 —e aly " 1 _ eaLl .
I, _Il{eaLl_eaLl Xe _eaLl — el Xe }(0 <xs L))
i(x) = [ —e alles) 1 — e —a(L-x) )
I, - LR aly _ ol € - etl2 _ ool Xe (L, <asL)
n L, L2y o< Lny) o FNEEREE A AS L 2 A BEES 43 )
H. =— X =— X1, S
! L ? L %LIZ\...\LkZ\...\ano ﬁﬂiy\égl/ﬁ%}iﬁl'ﬁj[ﬁ/\]

2.2 FUAME £ E1TH AN AL ZE B R
R B AR E
TE I DL R AL A 218 1% 9 JE 42 5| A%
B X BEN S 42 i s R, B LAZE 51 A8 B T 1
VER R A5 RS PR A A2 5 | A8 L T BRSOl L, 51 4T
By R« BHIE 7 1), B AR EE S A B AR L 1Y
FEB S Ly, oo Lk, oo Ln,(L, < -+ < Lk, <

WO 3 a2 1y o Ty o Ing, B A KRGS HY
T 2 R T R Ly o Ty o Iny o LR
AEEINE S Fis . ARBGEFTRN I HBEE R, E
FHURERT I Y ok B RE. R, RSB R, 342
O3, AR 2.1 AR AR R R H B P Y & T R
AT DA AR B T L AR w () A

AL £, (%) o



o, 45 HbAkAR 5] MR 2R 48 A AN LB AL RN A L A 7 L

389

5| AR 1

Eehl

5| AR T 2

il

1#

v )

s

Q 0O

AL

| |

QO
ol

u(x) =

Bs5 MhRESET

TR ERTER

Fig.5 Multi-vehicle power supply schematic with bilateral power supply
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Fig.6 The distribution curve of rail voltage at a

driving distance of 1.5 km
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Fig.7 The distribution curve of stray current at

a driving distrance of 1.5 km
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Fig.8 The distribution curve of rail voltage at a

driving distance of 3 km
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Fig.9 The distribution curve of stray current at

a driving distance of 3 km
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Tab.1 The load current of vehicle
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Fig.10 The potential distribution curve of the
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whole rail under different load currents
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Fig.11 The distribution curve of stray current across

the line under different load currents
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Fig.12 The potential distribution curve of the whole

rail under different track resistances

(o) BEps LML KM S L BH R, 23531
10.4.3.15 Q/km BB HLEH R, =0. 06 Q/km, 2k
B A1 25 e, SR A0 P57 R 2% HICHR 3 P A i
LLAnIE 14 15 R,

HE 10-15 (i E I E SRR 1) Tt
B OBGAAEEL  3A e AR AT AR HL o 2 (] 81 A i Y 2
A, UTE LA N3 IR AT B 2 81 4 97 A FL 3
AERMAZ K, 2) T2 5 LA AL, 3 S A 46
AR v 2 [ AR R I AR A, B R A AL



392 TR TR By 4l LEARE

A AL 2 HBCHL
60 4 100
----- #1300 {1 A —ommee R=3 Qi A
— WA S U Ri=0.4 Q/km [
40 S : ——R=15Q/km [
4 : % P
2 ; < .‘”“‘, .5 “‘.
B | 2 2 I ' A
& - B %0 Iy Py [
& Ed A [ [
® ® a0 RO A
0.5 1 1.5 2 25 3 35 4 . ’
5 7% 5] A8 WL 2 1] f B 55 /km ) 24 % RS 43 A0 B S /km
E 13 FAEHEBEAEGTEREERS ML B 15 AESEBREEZGETEEFEHBERI ML
Fig. 13 The stray current distribution curves Fig.15 The stray current distribution curve un-
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