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Fig. 1 Multi-function micromagnetic detection instrument: (a) physical diagram; (b) system block diagram
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Fig. 2 Flowchart of quantitative prediction of surface hardness using micromagnetic method
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Fig. 7 Variation in magnetic parameter as the change of surface hardness
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Micromagnetic and quantitative evaluation method
for surface hardness of train wheel steel

ZHANG Meng', LIU Xiucheng', WANG Jianguo®, HE Cunfu'

(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China;
2. Taiyuan Heavy Industry Railway Transit Equipment Co. , Ltd. , Taiyuan 030001, Shanxi, China)

Abstract: Multifunctional micromagnetic detection technology has a good application prospect in the
non-destructive characterization of mechanical properties of ferromagnetic materials. In this paper, the
non-destructive testing ability of this technology on the surface hardness of CLL65 and ER7 wheel steel
is studied. Firstly, the coefficient of variation analysis method was used to evaluate the repeated
detection performance of multifunctional micromagnetic instruments on the micromagnetic parameters
of wheel steel. Secondly, calibration experiments were carried out, and the monotonic characterization
ability of micromagnetic parameters on the surface hardness of wheel steel was analyzed based on the
Spearman rank correlation coefficient. Finally, by fusing a number of magnetic parameters, a
micromagnetic quantitative prediction model for wheel steel surface hardness based on BP neural
network is established. The external verification results show that the average error of the BP neural
network model for the surface hardness of CL65 and ER7 wheel steel is about 0. 59% and 1. 22%,
respectively.

Keywords: wheel steel; micromagnetic testing; surface hardness; BP neural network
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