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Simulation Analysis of Interference of Subway Stray Current
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Abstract: Given the uncertainty of the severity of stray current on the corrosion area of buried pipelines along
the subway line, a three—dimensional finite element analysis model of stray current is established to study the
distribution of stray current under the operation mode of subway upward and downward trains and the dynamic
changing process of the cathode and anode area on the buried pipeline. Considering only the influence of anode
stray current, the interference area and degree of the buried pipeline during train operation are judged by com-
paring different models. The results show that when the two trains are running in opposite directions at the same
time, the interference area of the buried pipeline is mainly distributed on both sides, and the interference area is
symmetrical concerning the central position of the pipeline. When the upward train starts 18,37 s and 55 s ear-
lier than the downward train, the areas with strong interference degrees on the buried pipeline are mainly dis-
tributed on the right side of the pipeline. Among them, when the upward train starts 55 s earlier than the down-
ward train, there is a large interference current density on the buried pipeline, up to 18 A/m? In the later pro-
tection of subway stray current, corresponding measures can be taken for the serious interference area of pipeline

in combination with finite element model.
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Tab.1 Material parameter

Materials Conductivity/(S/m) Relative permittivity
Soil 0.01 30
Rail 3x107 100
Buried pipeline 1x107 1
Train 1x107 1

1.2 ZHEBERERTFRAOKE

FESNZEA AT 1 B b 2% HCF U 2 ) 348 4 S
FETHT Y AL A T kG TR R R P PR
FETE 23T B — P65 ol e Y, R e 4 S R A 1 S ok
— MRy HL AR AE S kTR AR R P AR ) AR
Shy FEL A T, SR M A A A T A F A, R AR T Y
S, AT ARy A ST o 4% PR A S A A S
EE 7E AR AR WP AR X T E A I R X3
SR BRI DX, G e B R DX Ay R R A 2R X
B, WA 5 G A AR 5 | LU R AR AL 53
IE LB AR X R AR sh A AR e, KA IR
Ji s g 7 B =R

BHH :2Fe—4e == 2Fe*

FAIRY . 4H +de” = 2H, T (JCRBRIEIRET)
4H,0+4e” == 40H+2H, T (L 1 E:)
0,+2H,0+4e” = 40H (A A FRED)

G LR AR RN 51 2238 15 280, #Er 5 42 2

]38 AT AR IR | SR A5 3 A Biof 8] B 9 A9 0 H A7 1) 40 A
E Ll 4 fros o B 4 0T LA AE 0~45 s 3
HIEMH ,45~83 s B R GUlH , 7E 45 s AAFTE— A~k
RO (BIZRHLAL) o S2 P81 242 5 | L IAE R /N R [l 1Y)
SR AN LA 4 GE Tk AR AR A S SO M A E Y
FFI A DX BH R IXC Ay DXl 2R AR A &L 5 B 81 5
KN FIEAT R 18 s(H B Be 4 5 | F Ui de R s Z1) Al
IBATE 55 s (V0 By Be A 51 o U de K 21 ) B A T
Z TP 3L B T 4 B BT BHAR X R 4y, H TR
b A T (%) PR AL B R A AE T SO, X Y 4 T
A7 B 2 R HICH O U A R i S BB A 5
BEAR DSk 9 1 05 PRSI A28 T & 18 s, B K[
DX S5OSO 4 003 PR A7 T ) i B it e K A 24 R
DR L = =R L R~y e oo A S P N
B 2SO TP Al X R R A R O X, B
S AR DX, 48 T8 R ML IR g AR ik, S8 s AT
& 55 s, AU A DA IE F A Ao B R A B A

Rail length/

0 10 20 30 40 50 60 70 80
Time/s
E4 FEBNETXRANNEAMLE
Fig.4 Rail potential diagram in a single section of train
operation

_
O -

<o
)

o
~

Stray current density/(A/m?)
=)
=)

o
o N

0 200 400 600 800 10001200 1 400
Pipe length/m

B 5 3208 B AR X F0 PR AR X B9 % 43
Fig.5 Division of cathode zone and anode zone of buried
pipeline

B XA X5 18 s IfAH I,

A BROCAEEL b i) LUTH 545 5 38 g i
(19 245 PR O T4 52 (o), J (o) 9 3 AR DX AL 97 T
Sy (o) R RR DX P 7 T R (o) R

HT T S A DX 014 2% IR O 3 R AN 2 o L o A
FEAE TR ) R I R A E B A X
X O F) 2% HIC P U4 EE BRI T DI R DR T R ()
H

J()=h(t) (6)
I e 465 T 11 L T 6 ()
()=, ()=, (1) (7)

Arfr.T=1,2,-+,83 s, T WAL RA BT X H N
AT ] s, EE R BHAR TR i () 2 E T
U % B (o) e S LAY B
i(1)= Jsjf(wds (8)
BT 90 4242 5 | L g 2 AN W A8 Ak, 2 H0RL I A 2



55 6 41

Jal L, A Ak 2 B o T b < R Y T O LA AT 5

ShASARALRY B A A T A 0 E IR = B s A AR AR
Y BRI A, FRATT AT LAE SO 22 SO O 3¢ ) 55 B[R]
TR g Je itk % | fop Q11, B
Q:”WMt 9)
G R e VA ek e = 1= I S S EI i 7 W e
S s B o7 B L B T R R BB T 2 AN R
FIAEREAS B PR 22| 52 500K ) s i s L oy o R o
Z /0 L) 6 4 R Ui (E R U R A i LA )
ARAG  HI Wir 2% R g R R L ) I Il i A
BRI WS 50 8] Bt n] DL O ARG 2
FEL I %8 AR Sk (R 32 PR A T B TP S 5,

2 RHHERHHTESSH

MG 1R A BR TR L 4 B b 2k ) 4 WL 1] 3B AT
FPR B 22 (] 9 S [R) A T 2% HCF O 76 3 4 3 I
B A s B, AR 3 RIS G T B8 4 4
ANTF)JE Sl (] A AR 3R 2 B

oA AIF 5 AN Ti) A 5 ] 50 290 Hh A7 T 2% I 3 1 A
fhtash BRI 4 NBERIAE FATH 8478 55 1
h 2], Hor AT 50 42 0 A G 7 R 2 A 0 o i 1
sk 2, FATH 2 W s o B o ol 2, A K% ) B
i fR) AAE f T ARk . AR 4 B SR AR o AR
WG A 3B AT DA PR A B2 B S Y
KN AR 3 s, Hip EATS AL T sE AR A
NATHN Sy A T RGH A I A A SR

G 3 TN E WS IT S8, R 1 4 DAL
AT EIB TR 55 s WA TE 9 44 1l O % B A AR
B 6 frs . BERS 1 H 3 28 R A S AT
BB R T O X RR, BLTE 4 A
R rf AR T A I H I A X R e KO
WL 0.81 A/m?, BEAL 2 b TRATHI B 24T

x2 TEEBPEEFNX
Tab.2 Modeling methods of different models

Model Definition

1 Relative operation of two trains at the same time

When the upward train accelerates the maximum

2 . .
traction current(18 s), the down train starts

3 When the upward train runs at a constant speed
(37 s), the down train starts

4 At the maximum time (55 s) of the deceleration traction

current of the upward train, the downward train starts
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Tab.3 Train operation parameters in different models
when the upward train runs to 55 s

Model Train position/m  Traction current/A
Up train 1011.64 -3 1874
Down train 433.12 -3 1874
Up train 1011.64 -3187.4
? Down train 860.74 374.6
Up train 1011.64 -3 1874
: Down train 1 144.57 3364.4
Up train 1011.64 -3 1874
Down train 1 245.00 0

STEE B B, #E 5 R /N, & W8 438 17 SRR Al
RS A5 A P R R R A 1 R A
VLB S/ B 2 v R AT A A A i B, 7 )
T E R RN, AR K T AR, &
G 32 4T S 800 A B2 A A T H U 2 R R AR X
BN, BORBYEERREE N 0329 A/m?; #iA 4
SR D N 7| N7 N = B S e 1 N P
B T R A G U R TR
AT RIS 2 ) e U

M EATIN AT R 55 s I, B TR ATS 4R A
By B[] 2 % 1 b, 457 3 % 0P, I B 1 5 e A 1 7
FiR o Y8 EATH A R ATH 45805 8 0~5 s B, Jiad
S bt A5 S (9 2% PR U B R AE A A 5 I 35K 1
{8, 30 PAEL K1Y 200~400 m A1 1 200 m FffiT .
M EATHIAE L T AT 4R B 6~27 s I, HLHh A8 I
{14 2% 10 PR U %5 5 [ A2 T 8 4 2 5 | L 1) S )

—=—Model 1
—e—Model 2
—+—Model 3
—v—Model 4]

I
>
T

o
[=)
T

<o
~
T

<
o

Stray current density/(A/m?)

0 200 400 600 800 1000 1200 I 400
Pipe length/m
Eo EMEERMBREESME

Fig.6 Stray current density distribution diagram of
buried pipeline




2022 4

1 400
1200

Down train
operation
mode

m
—
=]
=]
(=)

800
600
400 [
200 [

Pipe length/

0 20 40 60 80

Time difference/s

B7 JEARRHMETEERHBEREENDA
Fig.7 Distribution of stray current density in pipeline at

different starting time of train
HUH B — R AR, 7E 2R AY 500 m BfF T B
3 2 EATI A L N AT S A e B 28~41 s I, AT L
A HH S M Y 2 R U R T R B 0 X EE AR R

( Start

BN TE T I () 2 PN T 871 2238 47 JH O 1) L 0 A 6T
N REAEE W Z TIRBRERR, M P ELT
TP e A 8l 42~55 s i, HEHAEIE 1Y 22 i I
B OB K, BRR A 322 B TE 600 m
I, W TR FAT S s TR 55 s B ALY
FATHN L N AT A5G B 56~82 s B, TR BL
PO HE M T B Y O T AL S AT f s
FRARZSAE O, M IX BE Ay 40 455 T 2 W0 7 8 S8 4
M,

3 RAHERRRTHMHON

AR P 5 6k 48 T8 B | R X 3 23 A B BE AR 4
FEL UL R SR A, T AR 2 A T PR A
T BTSRRI A& 8 IR

P9 (a) A ARBEAL 1 v 311 b 47 30 A 0P U 28 4

Y

Input train traction current,

=0, J:(0)=0

Y

Determine the train position according
to the train running time ¢

l

Y

The middle of two maxima is
the cathode and the anode
at boths ends

s the traction curren
positive

Y

The middle of two maxima is
the anode and the cathode

at boths ends
|

!

Only anode current density t1=t+1
Ji(t) is considered

!

| Jw=10

[ J()=J =D +1 (1) |

<>

Yes

End

No

8§ TEMMTHERTETERER
Fig.8 Flow chart of pipeline anode interference current density calculation



%6 T 7 3 W Y O L g A O e = R T 7
1 400 0.8 90
1200 0.7 & E —=—Model 1
< ;vi —+—Model 2
1 000 06 3 g —+—Model 3
£ 0.5 % EI5r —Model 4
= 800 £ =
::f 600 04 < _;
B 03 S10f
= 400 02 = =
200 01 & =l
0 U £
0 20 40 60 80 =
Time/s = I & I 1 ! 1 I
0 200 400 600 800 1000 1200 1400

(a) Density of stray current flowing through buried pipes

1 400 0.8
E

LY ‘A 0.7 3

= 1 000 0.6 }
?‘59 800 Maximum corrosion current 0.5 %
g density 0.794 A/m> 04 7=
- 600 03
<% 38
£ 400 og o
)

200 0.1 2

0 0o ”

0 20 40 60 80

Time/s
(b) Distribution diagram of interference current density of

pipeline anode
B9 #E1EMAUNBERZEER

Fig9 Current density diagram at each moment for Model 1
A1, o T P8 A Rl 20 A 1) 384, B8 4 ) 4
| PRI 5E A AH [R] S M A5 3 7Y A O 2 R 0 A 2 X AR
BEFY AR I BB TP R A R T SR AR IR
SR M A N 220 1 A A BHAR TR R, AnlAl 9
(b)ir7s o I 9(b) T LA Y 7551 A5z 17 IX 1)
PR ) B A T 0 R I AR As AT & 55 s I A F
I KAEDN 0.794 Afm?®, K78 T8 B 68 0 A FH A
V0 F U R SR B A B A g Ay X T P A T A R
TR,

MG R 8 ATt RE I, 15 H 4 ALY b 44 3l
I PR B T DI R R R A L AP 10 s,
B 1, iy T P R IS 3l BRas A7 97 1) A0 B AL
HBsAy 26058 A TR] B0 a] Py HE 45 T8 1Y+
P DX ORI P PR 3T 4 8 S0 T8 R X B, BLAE
200 m Al 1 250 m Bf 4538 TR E, ST
FLUR 0 10 A/m?, A5TIE B9 O 7 T S0 EE A
X EE , BER 2 PG s AT I B2 AN TR A 5 ] HL R
FR 52 I, SR b A A R A ) T R A N R
i, Ho 880 m AR ST LRI R i 17.5 A/m’,

Pipe length/m

B 10 ZEERTHSIERZESHE
Fig.10 Distribution diagram of total current density of
pipeline anode interference

FERY 3 v BB SE 7E 0~800 m X 8] PN Pt AH X 4%
5 7E 1000 m TR TE B, BF R S ROk,
s 17 A/m?, BERL 4 vl TR AT A RS s
SEOPIH A A 5 LR T ) SR AR AR, #E 600 m A
920 m B E M TR, HrP7E 920 m &b
AR ST % S ik 18 A/m?,

X B R S bR as B R 2 % 5 AR K Y g
0 M B B SRR BOP 8 4 XL 32 1T A TR
6] 22 , A [RE 7 20 0 91 42 BRSO R R F Y, A
R PR TG AN T P AR B A ) DX, A S B A DU
b AL B A A L, AT E S X R R
PR EL 4R B 55 — a0 % N 0 0, AT RIS A
16 s FERIARY 23 1 4 40 A5 5 DX el 2 B0 A A
800~1 100 m DX [A] PN, 7 F A G {4 H b 7 3 3% X 35
{1 JE ok 175 250 I Jan i B 471 4

ZE L RTIR N [RASE TR X A Y TS AN [
AR S5 5 45 3 Y B ) B 7R A2 AT A TR AR LL B I ST
SEPR, FESEPR MR TRE A, AR 48 S PR is 471 i 2
7R X R AR | AR A AT TR S B ik R
i v 2 CH U 1 W 5 B A

4 g

RSO T H IS BRI Rz 47 05 R 2%
B AR AL S T A BROGIE 0 T T LBk AL
S5 118 2 IR U 0 A LA S H b A8 S B S A B BB X
A TR Aen T,

1) i i i S7 =24 BROCAL BB T A Y 55
kT3 s A7 77 O A B AT ST Y s B (5 H
ZERFRW] BT 4B 28 BB TR AT S RIS AR



.

i

N

xR

8 1

Jo

R 2022 4

BATHE 2 56

2) R b A T O L O R A, T LA I
T8 1B BH R A B A AR Ak S AT DA AR A
Z WX IR 2 o i A

3) BN LI AT i 20 22 [ ) s ] 25 5 350 A 1A
A R [ B0 8 Tl R 6, A Ak 2R IO 3 U 39T B
AT LSS S AT PR oo B T A5 G b i DX S k™
FREE

B2 30k

[1] BERTOLINI L,CARSANA M,PEDEFERRI P. Corrosion
behaviour of steel in concrete in the presence of stray cur-
rent[J]. Corrosion Science,2007(49):1056-1068.

[2] National Association of Corrosion Engineers(NACE). Control
of external corrosion on undergroud or sub—merged metallic
piping systems: NACE SP0169-2013[S]. Houston: NACE,
2013.

[3] T, AW, XIDEHE, 55, FE T CDEGS 11 M 42k 24 i i U 1
EWFEE[)]. AL ERE ,2014(6) . 44-48.

YU K,ZHU F,LIU G H,et al. Simulation study of subway
stray current based on CDEGS[J]. Electrified Railway,2014
(6):44-48.

[4] FEAEAL, SR PCBY, e TP, 8k 4% 0 H U ™ A L3 B LB
)], A4 ,2003(5) : 28-30.

WU X Z,ZHANG Q H,GAO W P. Mechanism of subway
stray current generation and its protective measures|J]. Build-
ing Safety,2003(5) :28-30.

[5] Feamt, 2 AR Bl S I Ak 1R I 2 18 99 7 BT T AR

G R I UL, 3T AR, 2016(3) 1 12-17.

XU H,LI D L. New Risks of buried steel pipe anti—corro-

sion system brought by rail transit DC stray current|J]. Urban

Gas,2016(3):12-17.

CHARALAMBOS A,CHARALAMBOUS,AYLOTTET P,et

al. Stray current calculation and monitoring in DC masstran-

sit systems|J|. IEEE Vehicular Technology Magzine ,2016,

11(2):24-31.

(71 A A . 397 903 58 38 P28 28 5 W 45 PR F 5[], B AR Bk
il ,2020,31(S1):153-155.

FU Y P. Feasibility study of urban rail transit four—track
system[]]. Electrified Railway,2020,31(S1):153-155.

[8] EEAM, 8 £ LALTE, 55, Ak T b 2 vy (57 B S5 1Y b ok 2%
TR VL 2l 25 T I PRl PP AG B[], b A 580l R A iR,
2020,44(3) :30-36.

WANG Y Q,HUANG Y J,PENG C K,et al. Evaluation

(6]

model for dynamic interference of subway stray current based
on surface potential gradient[J]. Journal of Beijing Jiaotong
University,2020,44(3) :30-36.

[9] AR &I, 4 U HE. Bl i L3 £ 3 22 X [0) = B il 5 L
Do A BEELS]. R AR B, 2020(11) :90-91.

ZHU J,ZHU C Q. Study on stray current and rail potential
distribution in urban rail transit[J]. China Science and Tech-
nology Information,2020(11):90-91.

[10] 2% . Hb 4k 2% 0 H 0 68 ol Mo ) % B 47 2 R [M. A M < i
[l K%, 2010.

LI W. Monitoring and protection technology of stray cur
rent corrosion in subway[M]. Xuzhou: China University of
Mining and Technology,2010.

[11] GU J U,YANG X F,ZHENG T Q,et al. Rail potential and
stray current mitigation for urban rail transit with multiple
trains under multiple conditions|]]. IEEE Transactions on
Transportation Electrification,2022,8(2) :1684-1694.

[12] SCRFap, T, X2 g, 46 v R ol 10 O P i X 2k 2%
FICRRL WL A0 A P ST & A B4k, 2022,44(4)
200-204.

WENT Q,WANG Y,LIU X L,et al. A research on induc-
tance forcedly absorbing current to reduce stray current in
metro[J]. Manufacturing Automation,2022,44(4):200-204.

(3] W HGRIR, 5 W, £& 5. 2905817 T g aiog

L HE AT ELT). R 5 ) $,2020,57 (22) : 7-16.
TANTAI L Y,HAN X Q,WANG L, et al. Modeling and
simulation of stray current in subway with multi—train op
eration[]J]. Electrical measurement and instrumentation ,
2020,57(22):7-16.

[14] SRARZE VR 0l e, 45 Hb ik 2% B It 3l 245 43 77 45 8
WEFE[)]. T i <2 am k53, 2017,20(4) :67-71.
ZHANG D L,LIU J,XIE Y H,et al. Evaluation and analy-
sis of dynamic stray current in DC metro system[J]. Urban
rail Transit Research,2017,20(4):67-71.

[15] XU S Y,LI W,WANG Y Q. Effects of vehicle running
mode on rail potential and stray current in DC mass transit
systems|J]. IEEE Transactions on Vehicular Technology,
2013,62(8):3569-3580.

[16] AW 25 5 i, W v il , 55 I TIT 2900 0 Al 9 ol 90 vl B

Xof 2% iR O 23 A R R B SE IR [T]. o A R R, 2018 ,44
(8):2738-2745.
ZHU F,LI J C,ZENG H B,et al. Influence of rail —to—
ground resistance of urban transit systems on distribution
characteristics of stray current|J]. High Voltage Technology,
2012,44(8):2738-2745.

[17] LIU M J,LIN S,ZHAO L P, et al. Study on dynamic char-



55 6 41

Jal L, A Ak 2 B o T b < R Y T O LA AT 9

acteristics of metro stray current based on CDEGS [C]/
Changsha : Proceedings of the 3rd International Conference
on Electrical and Information Technologies for Rail Trans-
portation (EITRT)2017,2017.

[18] s vk #%. A B 01k 78 1 b 48738 ry Ak 2 A 4 L 19 B JH A 5
[D]. P4 padb K% ,2016.

HAN B Y. Application of finite element method in electro-
chemical protection of buried pipelines[D]. Xi’an:Northwest
University,2016.

[19] ZABOLI A. Evaluation and control of stray current in DC—
electrified railway systems|J]. IEEE Transactions on Vehicu-
lar Technology,2017,66(2) :974-980.

[20] OGUNSOLA A ,MARISCOTTI A. Evaluation of stray cur-
rent from a DC—electrified railway with integrated electric—
electromechanical modeling and traffic simulation[J]. IEEE
Transactions on Industry Applications,2015,51(6) :5431-
5441.

[21] ZE7KHE, T, A HE T, 45 . L Il 2% BRCF U0 o 2 0t A8
LA TR WESE[T]. il A A ,2019,38(11) :60-65.
QIN Y X,SHI X Y,CUL' Y Y,et al. Study on potential in
terference of DC stray current on buried pipeline[J]. Oil-
Gasfield Surface Engineering,2019,38(11):60-65.

[22] K35 W1 . Hb Bk 2% 150 HL U B 9 G A BTF S (D] AR . P R
223 K2, 2015.

ZHANG Z M. Study on protection measures of stray cur-
rent in subway[D]. Chengdu: Southwest Jiaotong Universi-
ty,2015.

[23] YU J G. The effects of earthing strategies on rail potential
and stray currents in DC transit railways|[C}/London:IEEE

International Conference on Developments in Mass Transit

Systems, 1998.

[24] PAUL D. DC stray current in rail transit systems and ca-
thodic protection[J]. IEEE Industry Applications Magazine,,
2016,22(1):8-13.

E—ER M (1975—) B, W LA, B 7 B0l A2 4R
HA R AL A Rl Is 8 3 24 A @) AL 2 B 0I5 5 1) A 36T 4
BRWELMER RGBT 5KRE, VIR RENE R,
E-mail : 2zzac9064@163.com,,

AR = (1979—), 5, 54 TR, B 5 6138 50
A VA [ 53 4R A 152 8 43 0 W) AR B AT A 5 A 5 O 1) S
PUBASE A T R RIS 4t M s TR RS
i B A R . E—mail: bswts@163.com,



