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Abstract

In railway vehicle wheelset maintenance, the formulation of reprofiling schemes still relies heavily
on manual experience, resulting in low efficiency in wear-state assessment, inconsistent decision-
making standards, insufficient wheel-material utilization, and weak integration between prediction
models and on-site maintenance workflows. To improve the scientific rigor, standardization, and en-
gineering applicability of wheelset reprofiling decisions, an intelligent decision support system inte-
grating wheelset wear prediction, reprofiling optimization, and visual interaction is developed based
on historical inspection data and on-site reprofiling data from suburban EMU wheelsets. First,a WOA-
BP wheelset wear prediction model is established to predict wheel diameter and flange thickness at
the target mileage. Second, with the objective of minimizing the total wheel diameter cutting amount,
a full-train reprofiling optimization model is constructed by considering multi-level wheel diameter
difference constraints, including same-axle, same-bogie, same-car, and whole-train constraints. A
comprehensive reprofiling strategy considering flange thickness restoration is further introduced to
balance safety constraints and economic efficiency. Third, in response to practical maintenance needs,
batch reprofiling models for single-car and multi-car scenarios are developed. Finally, a Python-based
decision support system is implemented, integrating data input, prediction calling, parameter config-
uration, strategy solving, result visualization, and file saving. Application results show that the system
can support full-train, single-car, and multi-car reprofiling scenarios. In the full-train case, the opti-
mized scheme reduces the simulated total cutting amount from 37.47 mm to 13.47 mm. After intro-
ducing the flange thickness restoration target, the proposed strategy theoretically reduces the wheel
diameter loss of a single reprofiling operation by about 33.1%. In the single-car batch reprofiling
scenario, the wheel diameter loss is reduced by about 47% compared with the traditional fixed-
amount reprofiling scheme. The results demonstrate that the developed system connects wheelset
wear prediction with reprofiling decision-making and provides technical support for intelligent
wheelset maintenance and preventive reprofiling.
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Figure 1. Train formation and wheel numbering diagram
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Figure 2. Statistical analysis of wheel diameter data
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Figure 3. Variation of wheel flange thickness of different train cars with mileage
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Figure 4. Statistical analysis of flange thickness wear rate relative to flange thickness
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Figure 5. WOA-BP neural network wheel set wear prediction model diagram
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Figure 6. Schematic of lathe model wheel diameter difference constraint
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Figure 7. Single carriage independent turning and repair mode
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Figure 8. Multi-carriage combined turning and repair mode
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Figure 9. Overall system architecture
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Figure 15. Axle-by-axle interactive input and continuous update interface
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Figure 16. Runtime log feedback and result file saving interface
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Figure 17. Comparison between the lathe repair model of the whole vehicle and the actual lathe wheel diameter
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Figure 18. Comparison between the single-carriage turning model and the actual turning wheel diameter
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