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Tab.1 Other magnetic property parameters of P60 steel rail

(R I S P S A Y

T 1 T I W )1/ (Alm) IR M5 1 2 5 N A HFE/(kW/m?*)

1 678.3 1032.9 0.615 5 39749 67.126 210.3 1373.7
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Tab.2 Partial results of finite element simulation of P60 steel rail

B3R [Hz HLBE/(Q/m) HL 8%/ (mH/m)
5 3.769 8x107° 0.001 114 1
50 0.000 117 09 0.000 786 7
500 0.000 392 33 0.000 628 6
5 000 0.001 472 9 0.000 543 4
50 000 0.003 908 2 0.000 514 7
500 000 0.005 406 4 0.000 509 8
5 000 000 0.006 166 8 0.000 508 41
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Fig.3 Frequency variation parameters of P60 steel rail
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Fig.4 Frequency variable parameters of internal

inductance in P60 steel rail
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Fig.5 Schematic diagram of the position relation of a traction wire
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Tab.3 Model and parameters of traction wire

2 e 44 SRS SRR m HL 53R/ (S/m )
A 2% LGJ-185 9.03x10° 3.53x10°
Sk TJ-95 4.74x10° 1.85x108
Je i 2% CTHA-120 4.60x10° 1.79%108
TRk LGJ-120/20 7.22x107 3.53x10°

el P60 0.120 3 6.00x10°

TR I 2 K R BROCOT HA R K, sk 4 s
x4 HEHFESK

Tab.4 Calculated frequency step length Hy
B A A TH] B A [A]
0.1~1 0.05 1 000~10 000 500
1~10 0.5 10 000~100 000 5 000
10~100 5 100 000~10° 50 000
100~1 000 50 10°~107 500 000

H1 L 3R 2 BOM R SCHT IR (93155073, BRI n] 350 10 42 51 W BT S 2B Z (w) , 5905078 2 506
Y(w), TR R ARSI EER . R 5 a2 5] MBS S B Z (o) E5R
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Tab.5 Partial data of impedance frequency parameter matrix of traction network
i [Hz, FHLACHE BE Z/(Q/km)

0.25+0.68i 0.05+0.301 0.05+0.301 0.05+0.24i 0.05+0.271 0.05+0.251

0.05+0.30i 0.19+0.571 0.05+0.301 0.05+0.27i 0.05+0.301 0.05+0.27i

0.05+0.30i 0.05+0.301 0.10+0.381 0.05+0.251 0.05+0.271 0.05+0.281

Y 0.05+0.241 0.05+0.271 0.05+0.251 0.25+0.68i 0.05+0.301 0.05+0.30i

0.05+0.27i 0.05+0.301 0.05+0.271 0.05+0.30i 0.19+0.571 0.05+0.30i

0.05+0.251 0.05+0.271 0.05+0.281 0.05+0.30i 0.05+0.301 0.10+0.38i

5.71+51.92i 5.02+15.451 5.18+15.861 4.81+10.241 4.87+12.18i 4.76+11.361

5.02+15.451 5.36+41.98i 5.05+14.951 4.87+12.181 4.91+15.89i 4.85+13.051

5.18+15.861 5.05+14.95i 5.57+20.83i 4.76+11.361 4.85+13.05i 4.69+13.78i

200 4.81+10.24i 4.87+12.18i 4.76+11.36i 5.71+51.92i 5.02+15.451 5.18+15.86i
4.87+12.18i 4.91+15.891 4.85+13.05i 5.02+15.451 5.36+41.98i 5.05+14.95i

4.76+11.36i 4.85+13.051 4.69+13.78i 5.18+15.861 5.05+14.95i 5.57+30.83i
564.2+3646.2i 530.7+37.85i 492.1+38.11i 269.3+123.9i 184.8+454.51 441.3+116.71
530.7+37.851 518.3+2709.9i 494.4+2.82i 184.8+454.51 511.4+112.6i 463.8+350451

492.1+38.111 494.4+2.82i 507.6+452.8i 441.3+116.71 463.8+35.451 468.5+95.00i

200 000 269.3+123.9i 184.8+454.6i 441.3+116.7i 564.2+3646.2i 530.6+37085i 492.1+38.11i
184.8+454.6i 511.4+112.61 463.8+35.46i 530.7+37.85i 518.3+2709.9i 494.4+2.82i

441.3+116.7i 463.8+35.451 468.4+95.01i 492.1+38.11i 494.4+2.82i 507.7+452.8i
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Calculation of Impedance Parameter Matrix of Traction Network
Impedance Considering Steel Rail Ferromagnetic Properties

Liu Siran, Chen Jianyun, Yue Guo

(School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract:Due to the chromatic dispersion of the traveling wave in the transmission line, it is difficult to calcu-
late the wave velocity accurately by use of the traveling wave fault location device. And the accuracy of the lo-
cation would be affected too. The chromatic dispersion of the traveling wave is mainly caused by the frequency
dependent character of the line impedance. Different from other guide lines, the steel rail in the traction network
has its specificity. In this paper, the magnetic characteristic of the steel rail was tested by using the ballistic
method from magnetic property detection of soft magnetic materials. The accurate magnetic characteristic data
were obtained, including P60 steel rail fundamental magnetization curve, hysteresis loop and coercivity, etc. With
the help of these data, the finite element simulation software was adopted to calculate the accurate frequency—
dependent parameters of the impedance. On this basis, the traction network impedance and the frequency—de-
pendent parameter matrix of the admittance were calculated by the parallel multi—conductor transmission line
theory, while the special ferromagnetic characteristic of the steel rail was well-considered. It provides calculation
scheme and the data foundation of the line impedance for the study of the traveling wave fault location of trac-
tion network.

Key words: steel rail; frequency—dependent parameter; B—-H curve; traveling wave fault location; FEM



