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Prediction method for rail wear of small radius curves on heavy duty
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Abstract; In order to achieve accurate prediction of rail wear on small radius curve of heavy-duty railway, a
prediction model for rail wear combining improved particle swarm optimization with BP neural network and the
GM(1,1) model is proposed. First, the calculation method of background value of is optimized according to the
principle of integration, and preliminary prediction results of wear are obtained based on the improved model.
Then, the weights and thresholds in network structure nodes of the BP model is optimized by using the TIPSO
algorithm, and the residual values of the preliminary prediction results are corrected. Finally, the optimized two
models are combined to construct a prediction model for rail wear in small radius curve of heavy-duty railways based
on GM(1,1)-IPSO-BP model. Taking a curve with 400 m radius on a Heavy Duty Railway bridge as a case study,
applicability analysis of the method in this article is analyzed using long-term wear monitoring data. The results
show that the GM(1,1)-IPSO-BP model overcomes the influence of nonlinear and random characteristics of wear
data on the calculation results, and its prediction accuracy is superior to using GM (1,1) and IPSO-BP alone. The
GM (1,1) model with optimized background values has more reliable prediction accuracy. Prediction accuracy and
calculation speed of the BP network optimized by the TIPSO algorithm is improved. The relative error between the
predictive value calculated with this model and the detection value is less than 4% , and the absolute error of
abrasion value is not more than 0.4 mm. Through this method, the development law of rail wear can be accurately
obtained. The research results could provide reference for the precise maintenance and scientific use of small radius
curve rail in heavy haul railways.
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Fig.1 Schematic diagram of background value construction
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Fig.2  Structure diagram of BP neural network
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Tab.1 Measured data of vertical wear of curved steel rails

B EE B /mm || FS RINE BEFE/mm
1 2022-07-15 0.38 6 20220829  3.39
2 2022-07-19 1.11 7 20220831 4.47
3 2022-07-29 1.52 8 20220903 4.58
4 2022-08-09 2.71 9 20220908 4.72
5 2022-08-18 3.25 10 2022:09-17  4.91
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Fig.7  Comparison between measured and predicted values of
vertical wear
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Tab.2  Comparison of predicted wear between methods

I L HE &/ mm

SEME GM(1,1) IPSO-BP A< SCAEAY
2022-09-24 5.16 5.39 5.45 5.33
2022-10-04 6.22 6.38 6.59 6.41
2022-10-22 6.72 8.45 7.21 6.99
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Tab.3 Comparative analysis of evaluation indicators

Seitfets MAPE/ % RMSE/mm MAE/mm
GM(1,1) 10.92 0.77 0.61
IPSO-BP 6.35 0.27 0.25
AR A 3.51 0.22 0.20
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Tab.4 Measured data of side wear of curved steel rails

B inE B /mm || FS RINE BEFE/mm
1 2022-07-15 0.01 6 20220829  2.36
2 2022-07-19 0.04 7 20220831 2.38
3 2022-07-29 0.23 8 20220903 2.42
4 2022-08-09 0.99 9 2022-0908  2.56
5 2022-08-18 1.51 10 202209-17 2.8l
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Fig.8 Comparison between measured and predicted values of

side wear
ARSI GM(1,1) BEAY TPSO-BP 1 22 [¥] 2%
LY f T 5 SR X U A BT UL 5 A 6
x5 MEERTNLERITLLE

Tab.5 Comparison of side wear prediction results

AP FE L/ mm

AGr i 8]

SSME GM(1,1) IPSO-BP 7R SCAbi#I
2022-09-24 3.51 3.86 3.23 3.58
2022-10-04 4.78 4.57 4.49 4.61
2022-10-22 6.20 6.03 5.89 6.43
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Tab.6 Comparative analysis of evaluation indicators

it br MAPE/ % RMSE/mm MAE/mm
GM(1,1) 5.71 0.37 0.31
IPSO-BP 5.39 0.21 0.19
AR SCHEAL 3.11 0.13 0.11
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