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Abstract [ Objective] The stray current harm in urban rail
transit lines is increasingly non-ignorable. Stray current is not
easy to be detected, and the amount of the rail-ground transi-
tion resistance is a crucial factor affecting stray current. There-
fore, measuring the amount of the rail-ground transition resist-
ance is an effective stray current control method to judge the in-

fluence degree of stray current. [ Method] Based on EMTP

(electromagnetic transient program ) software, a simulation
model of the track circuit distributed parameters is built. The
respective influence patterns of the distributed capacitance, dis-
tributed inductance, longitudinal resistance of the steel rail,
and the rail-ground transition resistance on the time-varying
characteristic curve of impulse impedance are obtained by using
the single control variable method. The method of using im-
pulse impedance time-varying ratio curve to judge whether the
rail-ground transition resistance meets the requirement is pro-
posed, and further verified by actual measurement of an urban
rail transit line in Chengdu. [ Result & Conclusion] Within
7 ~20 ps, only the rail-ground transition resistance parameter
may affect the time-varying characteristics of the impulse im-
pedance. Therefore, it can be used to reflect the condition of
the rail-ground transition resistance and make valid judgement
on whether the rail-ground transition resistance meets the re-
quirement in the specification or not. Test results show that the
measuring method is feasible and practical.

Key words urban rail transit; power supply; stray current;
rail-ground transition resistance; time-varying characteristics of

impulse impedance
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Fig.3  Effect of different distributed capacitance values on

time-varying characteristics of the impulse impedance

141
—=—7=1.000 0x 10~ H/km
12 ——1=1.200 0x 10~ H/km
——[=1.473 5% 107> H/km
10 —— 1=2.000 0x 10~ H/km
g
28
o
45 6
o=
4ﬂi
2+
1 = o -
0 5 10 15 20 25
B 1] /ps

4 ANTa] oA L REIBER ity BT A A P ) 52
Fig. 4  Effect of different distributed inductance values on

time-varying characteristics of the impulse impedance
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time-varying characteristics of the impulse impedance
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& 3—I&] 6 AT

1) BEF oA U A3 R, el BELTE IR 22 4 A
UoEMAAE . SHIFE/INT T s I, 2 A A EGEOKR,
Py BEGTBOR I R 7 s I, B 0 A HL I
S, ey BHYTREA AR o R BB 1 HLBE A
o, whb BHHTAAE o

2) BB I e BE A3, bl BH BT AR 4
Ph 22 1) ESFAS 5 IR/ T 20 s i, Bl
(BTSN, ity BHL T2 8 PR 5 18] R T 20 s I
BEE RIS, vh i BEBTL-FAAE o 32 T2 )
[E]/NTF 20 s B, whrely B 32 28 52 20 A LR S o0 A
LR L T S IR T 20 s i, whly BHATLS2 3
M P BEL B2 W K, T A b e 9 L B R (A
SEWAGEN ), PR it BT LA B [E] 221k

FI AT L, o3 A f 7 A B2 1 v LS i o B
PO ARG S A BEAT S FL 73 A5 v SR 0 o 3
PR BELXS et BT S 4 P R R MR AR R

3 Hithid i F PR A9AR M 77 iR R SR B E

3.1 7T EEL

HY LT AT R 23 A7 ROkt el BE e B A it 4 1Y
SN 2L O ~ T s I [] B Py, 0 ik 52 F B oo
wrFHPTISAS 2R 2 W AE O ~ 20 s IF TR BEA o
I, W 7 ~ 20 s 3K — I Ja] BOGH Bt ol 9 B BH 2EA T
BFSE, 1] RLHERR 70 A B IS h i BT A2

T SN A M A I vt BELAC S o O R
BELAY S 28, [ s 1 B 0 B HUMEL PR 3R A 52 0, AR SC LA
Hdtbad P F BHAE 3 Q - km 15 5% bty BE BT A
LN FEME R Ut JE L BEARCA 15 Q - km B B4 45
FLAE R LIXT  IN 220 0 5 9 f B 3 Q- km

- 173 -



O mhsNiEsziE =

URBAN MASS TRANSIT

A7 ELAE AL, EMAT RIS 8] B 7 ~ 20 ps If A o
AT fE AR 2, Al 7 B s o

1.8

1.6

R
L4M 155

— HHEL Ry,

&)
T

T HE
e o e =
> o »® o

o
N
T

B 8] /s
T Rys s FR B PERBHAE 15 Q - km I F) £ BT A5 SRR DL Bt
WL 3 Q - km 05 ELEE R s Ry 5 FR B I I s BELAE R
3 Q - km BT EAERER DU BE L 3 Q - km (05 ELZ
RIS H LML) .
K7 PrEma 7 ~20 s i) rpai ST ORI 22 1 26
Fig.7 Impulse impedance ratio time-varying curve within the

simulation period of 7 ~20 s

MELT Bl HET ~20 ps B BN, 24 o BH
PR/ N T 1B B P AR/ N T3 Q - km 2
s BEAT U (B T 1 2% i 2 2 1) B 2900 e 30 o L
HAF3 Q- -km/NF15Q - km, FEFI A,
DR S B 1) b o BELHT GBS b 3R S o il £k i
A HEXT, 5l ek BIAGI h b i 3 Fi BEL R /INAG H Y o
3.2 RO ERIEAER

SR ST R T v A 0 20 b 5k 9 L L, S
1 771 PR R B W g R R G - € B R s ol R
WA [T S B TR) e ot BB s AR R A 52 me . 181 9

—=— P AN 1.2 ps

10 —o— LI I 2.6 ps
—a— Bk ]9 8.0 ps
8 —v— P SKI DN 10.0 ps
G
B
= 6
1
£y
2
1 ¥ -
0 5 10 15 20 25
B 18] /s
8 vy IR N [R] 8t Sk et )Xot o o BEATC B AR AR Y
A

Fig. 8 Effect of different wave head times of impulse current
wave on time-varying characteristics of impulse impe-
dance

- 174 -

2024 F

S i L Y AN [ 52 R I 1)k av l EL 470 P 72 o
FSEIE o AT 8 P O Rk« S 17 ke BB Sk s ]
A FE IS TR 3278/ ) b ok LIRS B | DAD/ N o el
BELTE A2 £ 5

24
2F N N,
20 —=— BRI A 20 ps
—e— BREME Y 50 ps
18 —— PR ] 80 ps
16 —v— R E Y 200 ps
]
E 14
P
E 10
E 3
6
4
2k
0 5 10 15 20 25
it 18] /s

PO il R L I AN ] 20 JR s )4 o EL7E P 2 R P ) 2 )
Fig.9 Effect of different wave tail time of impulse current
wave on time-varying characteristics of impulse

impedance

3.3 SEMFAEMRIE

AR AR T 91U 5 g A S B
i, HAE AN 10 B o Gl ) BB TE A b
PO , S0 3 A A e P T (R R R AL, 2 T 5
o R P ol B L A2 2, IR R L S 05
FLA 2 04 el BEATC FE(ELIN 28 2R A 70 o

MBI W
Pk

10 8 Ha o s BT B (R R AR 4 P il 000 2 i 2
Fig. 10

%T%éfariﬂ R

P IR A

Measurement schematic diagram of the track circuit
impulse impedance ratio time-varying characteristic

curve

BE R ey 1SN it BELATC 5 780 oo 90 v B A
3Q - km BHFEZSRAVILME. & 11 905 B 2R
i B HAE (Ry 5 \R,s5) 5 S TN 545 2 1 o ol
BHIC A ( Rz ) X LEAE BL o AL 1T TR, Ry s
HZEILE Ry, B ER AT T, D) 122 24 f) S 00 2
RN T 3 Q - kmo gt al Iy, i BHATH
A AR 2 nT LSS UL T AT 3t 40 W 3k i A 1 5
23 S B T o 90 P LR 7 R AT ZEK



59 #

1.8
L6k Risi
141
1.2
1.0 R3;3
0.8
0.6
0.4
0.2

T

i AT L AE

0 5 10 15 20 25 30
i ] / s

PULE 5 AT 20 A ot BELC L (B S Bt aod 9 vp BEL V55
FHEN B b o BT EEAEL A R B

Fig.11 Comparison of the simulated impulse impedance ratio

and the calculated one by measuring rail-ground tran-

sition resistance

4 HiE

1) TEIESED, o0 A 2SN ) i BEL X
it BHBTI AR Hh 2k LA TCRE . 3 A LR b
T R BEL T ek BEL T 2 2 52 M AR K, 0 A fL JRXf
it BEATC S A2 R P ) 52 e I TR BEBE TP AE O ~ 7 s,
b 9P R BEL T o o BEL e Ao A AR 1 5 i s (1] B
EFTEO0 ~20 ps,

2) FESEIIAES R BRI Sk ek () K i e A i)
PrAse /NGy o F G D, DA HE I 0 Sk s T] L R s [
Xof et BHATE A A2 2 s i

3) 7~20 ps BB, AU L RE 1 A4~2
BT ity BT A2 i 2 52 ), T e e BEAT HE
LA AR R Sf 1 T A b o 98 P L2 5 0 A2 AN
TR,

£ 3Lk

(1] EEZ&. IRTHUIE S8 X3 & R 5 F s i i ()]
TR 5T, 2019(5) . 140.

WANG Yanzhong. Research on the impact of urban rail transit on
urban development and environment[ J]. Construction & Design
for Engineering, 2019(5) ; 140.

[2] WENC, LIJ, WANG S, et al. Experimental study on stray cur-
rent corrosion of coated pipeline steel[ J]. Journal of Natural Gas
Science and Engineering, 2015, 27, 1555.

(3] WhifRi, Aeerb, Juik, . Zeb mrE R O IR Bk 1 8
A A AT S ()], TREEL, 2021(1) « 13.

LU Chenhao, NONG Xingzhong, FAN Jin, et al. Study on time-
varying regularity of reinforced concrete corrosion current under
stray current| J]. Concrete, 2021(1); 13.

(4] FomIR. BRI LA TN it T A B A BH AR P52 ) B Bl 47

FRELT]. AL TR S B, 2021, 38(1): 1.

A 5

XIAO Qiangrong. Influence of subway stray current on sacrificial
anode of product oil pipeline and protection measures[ J]. Corro-
sion & Protection in Petrochemical Industry, 2021, 38(1); 1.

[5] Braot, SR, I35 Pl scm o8 5 i 2L b i i sy
Brid]. JEnsgi@ R A4k, 2020, 44(3) : 37.

CHEN Zhiguang, WU Cong, QIN Chaokui. Test and analysis of
stray current in rail transit maintenance base [ J]. Journal of
Beijing Jiaotong University, 2020, 44(3) ; 37.

(6] mamy, 20, F 05, Fibis B2 oh I 0 R A o 1o
fERELI]. BRI, 2016, 37(5) @ 360.

YE Yuanxi, LI Ming, WANG Yong. Detection and countermeas-
ures of stray current interference on an oil pipeline[ J]. Corrosion
& Protection, 2016, 37(5) : 360.

(7] Z=8ms, Wmoe, Wae, 5. BRI Mg B iF 4 4
PERERZ IR RGNS AT T ()], STy $u 38 A2 iF 52, 2020, 23
(3):48.

LI Kunpeng, CAO Xiaobin, SHEN Hao, et al. Experimental
study of environmental influence on metro rail fastener insulation
performance[ J |. Urban Mass Transit, 2020, 23(3) ; 48.

(8] BRak, %, FRNSHF, 2. ol w7 3 6 T A2 5 i v ok i)
R MR R ]. UK TR, 2024, 41(2) : 138.
CHEN Ye, FENG Yanjun, ZHENG Mingxuan, et al. Application
of shock response spectrum in analysis of satellite transportation
shock response[ J]. Spacecraft Environment Engineering, 2024,
41(2): 138.

(9] =, XVEM, T30, 5. 5T bk m b3 o 8 5 46 e A

IR E T[], PR RS ( A ARBLSARR) | 2022,
53(5): 1843.
DOU Shuo, LIU Zhiming, WANG Wenjing, et al. Analysis of
shock environment characteristics of high-speed train equipment
based on shock response spectrum[ J]. Journal of Central South
University ( Science and Technology) , 2022, 53(5) ; 1843.

[10] 24, 2208, JEL, 55 T ATP-EMTP X 37 B4 B 48 B AT
PRI SE [ T]. rESRETR 4%, 2018(5) : 104.

JIANG Feng, JIANG Peng, ZHOU Wei, et al. Research on the
tower grounding type of the new type of transmission line based on
ATP-EMTP[ J]. Insulators and Surge Arresters, 2018(5) ; 104.

(1] Zkvk, XU, 2R, 36T Hme i AL i B v % A U BE BT
W [T]. BRETEHLN T, 2014, 23(5) « 52.

ZHU Bing, LIU Zhongtian, ZHOU Guo. Study on track circuit
impedance based on electromagnetic field model [ J]. Railway

Computer Application, 2014, 23(5) : 52.

- RS B H7:2022-04-29 5= B #7:2022-06-13 iR ik H £7:2024-09-10
Received :2022-04-29  Revised :2022-06-13  Published :2024-09-10
- — A ek, 8 # 3%, exb@ swijtu. en
WBAZVEH . vHR, B3 L4207 ,2432801102@ qq. com
- ©QR T BE SGBAT ) 4 F Ak, TFAHIRI CC BY-NC-ND #
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license

- 175 -





