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Transient Analysis of Track Circuit Based on Fractional Order

Transmission Line Model

ZHAO Bin" ,AN Yi, WANG Dong

(School of Automatic & Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: To accurately analyze the impact of transient signals on the ZPW-2000A track circuit, this paper
considers the frequency—varying loss caused by the skin effect in transmission lines and establishes a fractional—
order model of the Multi—conductor Transmission Line (MTL) in the track circuit. Aiming at the transient response
analysis under high—frequency loss of the ZPW-2000A track circuit, a method for solving the voltage at the
receiving end of the track circuit in the time domain is proposed. Based on transmission line theory, a model of the
track circuit transmission line system is established, and a fractional-order transmission line equation is

formulated and solved according to the obtained model. First, the partial differential equations of the fractional—
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order model of the track circuit transmission line are discretized into ordinary differential equations using the
Compact Finite Difference Method (CFD) in the spatial domain. Then, the G-L fractional-order definition is
utilized to transform these equations into integer—order ordinary differential equations. Finally, the voltage and
current responses at each point on the transmission line are obtained by combining the precise integration method
with recursive convolution. Under the excitation of double—exponential signals, the accuracy of this method is
verified by comparison with the state variable method, with the error between the two solutions being within 7%, and
the method presented in this paper requires less time. The variation of rail overvoltage under different transient signal
inputs is analyzed, revealing that the higher the signal frequency, the smaller the amplitude of rail overvoltage ; the
greater the ballast resistance, the larger the amplitude of rail overvoltage and the longer it takes for the signal to
decay to stability.

Key words : track circuit;skin effect ; fractional calculus ; multi—conductor transmission line ; transient analysis
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Fig.5 Comparison of calculation methods of overvoltage at
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Fig. 6 Transient overvoltage response of the receiving end rail

1 1
0 20 40 60

surface under different frequencies

VR sE e e, JCRHA(E S5 Bl =2 AR Ak, DX LIE H
R R e i Rala ot e W s o T N B0 NG EN ER S R
T 1 FEL P A5 I R, 35 B Pe0 B AL, FERH B S
B (EL, 4 59 G R L BB 0.4 Q -km . 1.0 Q -km
2.0 Q+-km 5.0 Q-km, 737 AS [F]E PR L BRGS0 T R
(R sE R , Gl 7 BT

160

140

120

100

80

LR /V

60

40 Hi

20 fhi

o
0 20 40 60

80 100 120 140 160 180 200
I} 8] /s
H7 FREERE TR DL R SR e
Fig.7 Transient overvoltage response of the receiving end rail

surface under different ballast resistances

Hi 18 7 7] LA L e R — 220, 2 A 2 Oy
AR, 7 I8 PR L BHIE , 25 58U S e AL i A
P T TS 2 /)N 2 T - e i P A DD PRI
FEL R A i Ao L T 5 3 ) R B 2 08 K5 A S, 7 B PR
FEL LB/ I , D) s itk P 3 o, DR o 2 WA 1 i R
R AEL DR /0 . b T AR L BEL R 28 T i e O AR U =, i
P FEL BELE /)N, S5 Dk R RS0/ , DR SHC B T e P s 2

2) 3 3 X ZPW—2000A T iy T8 F, (487 285 0] 7 F1)
A3 BT AT, 25 B R TR FE T I P R B O L T
FL P /DN 2R 2 1 e A B T4 281 ) 00 1T P e
WRAE , P75 UL . B v B R 5 4R
T2 TS M U IE PR SO L TR R AL 5 S
AR, T R M () AF AR RS P A
PRFE 251 1) AR AL i A /)N . 38 PR AR BE K, T ik
H, e WL K HLAR 5 AR il 381 S 1Y) Bt ]

3V SIS R 5 RS AR B R AT e 45
RIATX e, BB 3 B —38E . 5RUEN 2 24k
TR AR LU, AR SC T 1ol e 1 8128 S 50010 B 3
LA A R AR B R R AE SR TRl R
SR T I, TCARUR 4R e DC i 3k 4% i 2R i A AR 2
BOFERE ZEGHATILA BRI bk oo 1 A AR S48
Kot AT HIAL S TAE AT T SR T 405 50
T PR A BE I P B A o R P S T L
B R S E S ST R iR T —
FoHT B 53 BT I 1%

(1] SRDUIEARZE, ERH, 5. BB ik MO TCRERIE BLBToR
fEr BRI ] TR A4, 2017,32(12) : 164-170.
ZHANG H H, ZOU J, WANG Z X, et al. Impedance
decomposition method and its application in calculating the

Transactions of China
Electrotechnical Society,2017,32(12) :164-170. (in Chinese )

(2] (a0, BRI, A nhs 55 . e BRI Pl B B 2 A T B T T 4
BEA)]. R ERAR,2016,42(5):1594-1599.

XIANG N W, CHEN W J, LI C R, et al. Lightning transient

impedance of ballastless track [J] .

model of isolation transformer for high—speed railway track circuit
system[J]. High Voltage Engineering,2016,42(5) :1594-1599.
(in Chinese)

[3] KUNZ K S, LUEBBERS R J. The finite difference time domain
method for electromagnetics[M]. Boca Raton: CRC Press, 1993:
10-25.

(4] FEFER, #63E, KA, % . T FDTD 3 O )5 ZPW-2000



188

PN S QRS )

2024 4F

[10]

[11]

[12]

[13]

[14]

BUIE R B S B (J]. P R A0 T R A A A, 2019, 54(1)
196-201.

WANG Z C, GUO J,ZHANG Y D, et al. Transient analysis of
ZPW-2000 track circuit based on FDTD interface method [J] .
Journal of Southwest Jiaotong University, 2019, 54 (1) : 196-201.
(in Chinese)

PR, R . AR AR B4 FDTD EBTH Ik ()]
VU2 TR R 22224, 2008, 35(2) : 262-266.

CHEN Z H,CHU Q X. Novel FDTD method for modeling arbitrary
linear lumped networks [J]. Journal of Xidian University, 2008,
35(2): 262-266. (in Chinese)

EN, BB, BT, A — R A% i 2 2R e HL Dk e
WERBAESIIALT ], JERUR R 2A24 4, 2020,43(2) : 52-58.
WANG C C,JIA R,ZENG Y H,et al. A numerical algorithm for
the transient response of a frequency—dependent transmission line
system excited by EMP[J]. Journal of Beijing University of Posts
and Telecommunications,2020,43(2) :52-58. (in Chinese)
MAZLOOM Z, THEETHAYI N, THOTTAPPILLIL R. Indirect
lightning—induced voltages along a railway catenary—track multicon
ductor transmission—line system with lumped components [J].
IEEE Transactions on Electromagnetic Compatibility, 2011,
53(2): 537-539.

SOKAE . S R AR T R RS T BB ID ], BUM

WL R, 2013,
ZHI Y J. Some theoretical studies on pantograph-catenary arc

electromagnetic interference propagation [ D ]. Hangzhou: Zhejiang
University,2013. (in Chinese)

Trabi M, S, B 55 SRR RGN T R SRR
BFFELI]. BRIl 41, 2018,40(9) :90-96.

QIAO Z C,XIANG N W, YANG J, et al. Research of lightning
transient model for high—speed railway signal system[J]. Journal
of the China Railway Society,2018,40(9):90-96. (in Chinese)
AR, SRS e TR AR R AR S B A I A BT A AT () ]
P TR, 2018,25(12):2232-2238.

QI H,ZHANG Y P. Transient analysis for track circuit based on
precise time—integration[ J]. Control Engineering of China, 2018,
25(12):2232-2238. (in Chinese)

SAnF]. BRI A A — B AR L[] PR
HLTARH7,2010,30(28) : 52-58 .

WU M L. Uniform chain circuit model for traction networks of
electric railways [J]. Proceedings of the CSEE, 2010, 30 (28) :
52-58. (in Chinese)

Tk, B, )T . Ak A 1 T O EOREAL L AT
FELI). AR, 2021, 32(3): 55-61.

LONG L, HUANG H, HE Y. Comparative studies on lightning
simulation model for traction network of heavy haul railway [J] .
Electric Railway,2021,32(3) :55-61. (in Chinese)

NAHMAN N,HOLT D. Transient analysis of coaxial cables using
the skin effect approximation A+BVs[J]. IEEE Transactions on
Circuit Theory,1972,19(5) : 443-451.

RO, B, EAR, S5 UL BRERUIE R B R
WFE[J]. BRIE2A4R,2021,43(8) : 54-61.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

ZHAO B, JIA Z, WANG D, et al. Research on calculation of
mutual impedance of rails in electrified railway track circuits[J] .
Journal of the China Railway Society, 2021, 43 (8) : 54-61. (in
Chinese)

FERER . U B A S RIS W T RS (D] AR
TH ISR, 2019.

WANG Z C. Research on transmission model and fault diagnosis
method of track circuit [D]. Chengdu: Southwest Jiaotong
University,2019. (in Chinese )

CANGELLARIS A C, PASHA S, PRINCE J L, et al. A new
discrete transmission line model for passive model order reduction
and macromodeling of high—speed interconnections [J] . IEEE
Transactions on Advanced Packaging, 1999,22(3):356-364.
i, SRR Dl AT . BT RURT AN ARSI 1 AR R AR
TEQIATFELY]. T HAR,2018(21):4-6.

ZHANG J, YIN J H, ZHAO X J, et al. Research on transmission
line fault location based on subdomain precise integration
method[J]. Electric Engineering, 2018(21): 4-6. (in Chinese)
AL, PR, A S5 R S RO S A A8 Bl 0 2 D R Y
BUEFIEL ], Bl RS2l (A SRR, 2010,34(2) -
115-118.

YIN H, CHEN N, ZHAO C, et al. A numerical algorithm for the
dynamics equation of the fractional derivative viscoelasticity
structure [J] . Journal of Nanjing Forestry University (Natural
Sciences Edition),2010,34(2):115-118. (in Chinese)

GAO Z W,ZHANG S, HAO L, et al. Modeling and analysis the
effects of EMP on the balise system[J]. Computers, Materials &
Continua,2019,58(3):859-878.

SRPRZL, WSS BRSBTS HUE 18R £ SR AL 2k
FDTD 77k 0)]. WEiE, 2009, 58(9) :6146-6151.
WUZJ,WANG LF,LIAO CL. A novel FDTD method for multi-
conductor transmission lines terminating in frequency—dependent
loads [J]. Acta Physica Sinica, 2009, 58 (9) : 6146-6151. (in
Chinese)

W T . BT 22 5 U A% i 4R 3O 1 L IE H B R S A N A3
BrID 1. 220 : 2 HZEE K, 2022.

OU J N. Transient response analysis of track circuit based on
multi-conductor transmission line theory [D]. Lanzhou: Lanzhou
Jiaotong University , 2022. (in Chinese)

SRAMG, EAR, BOR, AL RO R B HUE HLE AL A B
PUHATTC )] SRS TR, 2020, 17(11) : 2929~
2937.

ZHANG Y P, WANG D, ZHAO B , et al. Research on calculation
of rail self impedance of track circuit considering the influence of
earth [J] . 2020,
17(11): 2929-2937. (in Chinese)

Bl - AT B . BLIE LB T S 2R [M )L FhER T 3 L
B PE PRI A, 1981 56-73.

Bpbinees A M. Analysis and synthesis of track circuit [M].
Translated by SUN M F. Beijing: China Railway Publishing
House, 1981: 56-73. (in Chinese)

Journal of Railway Science and Engineering,



