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Identification of rail corrugation with mixed wavelength in Metro
based on EEMD-ICA algorithm

Xu Jinggiang Chen Jianzheng Wu Yue

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Rail corrugation with multiple wavelengths is often mixed on subway lines, and the current rail corrugation
identification method is mainly suitable for rail corrugation with a single wavelength. Aiming at the problem of rail
corrugation identification ol mixed wavelengths, this paper proposes a multi-wavelength rail corrugation identilication
algorithm based on ensemble empirical mode decomposition-independent component analysis. Firstly, the vehicle-track
coupling dynamics model and the rail corrugation excitation model are established, and the vibration acceleration signal
of the axle box under the action ol the mixed wavelength rail corrugation is obtained through dynamic calculation. The
ensemble empirical mode decomposition is performed on the calculated vibration acceleration signal ol the axle box.
Introduce the correlation coefficient to screen the qualified eigenmode components, calculate the energy average value of
the selected eigenmode components, determine whether there is rail corrugation by setting the energy threshold, and
finally selected eigenmode components and the source signal are reconstructed into a multi-dimensional signal, and the
reconstructed multi-dimensional signal is used as the input matrix of the independent component analysis to solve the
underdetermined problem of the independent component analysis, The center frequency of the positioning separation
results determines the rail corrugation wavelength., In order to better verify the algorithm in this paper, the vertical
vibration acceleration signal of axle box and the line irregularity level under the wave and wear excitation were collected
on a subway line in Guangzhou, and the experimental data were analyzed using the algorithm of this paper. The results
prove that under the mixed excitation of two different corrugation wavelengths of 16 and 31. 5 mm, the method can still
identify two different corrugation wavelengths, while the traditional wavelet packet energy entropy method and EEMD
energy entropy-WVD method can only identify corrugation with a wavelength of 16 mm with obvious vibration
characteristics, in other words, these two methods cannot be applied to the problem of mixed wavelength corrugation
identification. The research results of this paper provide theoretical support for the identification of rail corrugation
with mixed wavelengths in subways.

Keywords: rail corrugation; ensemble empirical mode decomposition; independent component analysis; identification;
vibration acceleration
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THIFS  #E/(kmeh™) FEK/mm FEESERE/ mm RKERK/mm RKERI R ER/ mm BB NALE/m
1 30 20 0. 05 50 0.10 50~55
2 30 150 0. 35 250 0.25 50~55
3 40 20 0. 05 50 0.10 50~55
4 40 150 0. 35 250 0.25 50~55
5 50 20 0. 05 50 0.10 50~55
6 50 20 0. 05 50 0.15 50~55
7 50 30 0. 05 60 0.25 50~55
8 50 30 0.15 60 0.10 50~55
9 50 60 0. 10 100 0.15 50~55
10 50 60 0.10 100 0. 20 50~55
11 50 80 0. 20 130 0.15 50~55
12 50 80 0. 25 130 0. 20 50~55
13 50 150 0. 35 250 0.25 50~55
14 50 150 0. 35 250 0. 35 50~55
15 60 20 0. 05 50 0.10 50~55
16 60 150 0. 35 250 0. 25 50~55
17 70 20 0. 05 50 0.10 50~55
18 70 150 0. 35 250 0. 25 50~55
19 80 20 0. 05 50 0.10 50~55
20 80 150 0. 35 250 0. 25 50~55
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AWK B9 258 B o CAT (corrugation analysis trolley) ,
ZEE A ETRORmIFERNORB S, AR K B RE

x4 MEXBLEER

THFS  FEKRNEE/mm REKENEE/mm FEKRGRE/ Y RERIERE/ Y R T
1 20.02 49. 87 0.10 0. 26 411. 06
2 148.10 257.20 1.27 2.88 1 948.50
3 20.03 49. 96 0.15 0.08 1102. 20
4 149. 85 255. 60 0.10 2.24 641. 96
5 19. 96 49.92 0. 20 0.16 2 037.10
6 19. 96 49.92 0. 20 0.16 2 041. 50
7 29.95 59.91 0.17 0.15 971. 40
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9 59.91 99. 85 0.15 0.15 §2.01
10 59. 91 99. 85 0.15 0.15 96.53
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13 149.78 252. 25 0.15 0. 90 1 071. 86
14 149.78 252.25 0.15 0.90 2513.66
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16 150. 56 245.75 0. 37 1.70 641. 85
17 20.05 50. 21 0.25 0.42 2 844.53
18 150. 62 245.73 0.41 1.71 456. 07
19 20. 00 49. 81 0.00 0. 38 3 916.93
20 149. 44 251.70 0. 37 0. 68 308. 86
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