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Abstract

This study established a metro vehicle-track coupled dynamics model to investigate the influence
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of fastener stiffness on wheel-rail dynamic interaction and train operational quality for Type A
metro vehicles operating on small-radius curves. The results indicate that appropriate fastener
stiffness effectively reduces wheel-rail dynamic interaction. Increasing fastener stiffness improves
low-frequency stability of the vehicle-track system but intensifies high-frequency wheel-rail impact.
Optimal fastener stiffness values were proposed for different curve radii: 30~35 MN/m for 400 m
curves, 25~30 MN/m for 600 m curves, 23~28 MN/m for 800 m curves, and 20~25 MN/m for 1000
m curves and straight sections. In general, smaller curve radii require higher fastener stiffness to
enhance ride comfort and mitigate wheel-rail dynamic interaction.
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Figure 1. Vehicle-track coupled dynamic model
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Table 1. Main dynamic parameters of the vehicle and track systems
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Figure 2. Schematic of the curved beam structure and coordinate system
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Figure 3. Wheel-rail forces under different curve radii
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Figure 4. Influence of fastener vertical stiffness on vehicle running safety under different curve radii
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Figure 5. Effects of fastener stiffness on ride comfort and normalized wheel-rail force indices
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