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Abstract

Addressing the issue of winter icing on railway tracks, a de-icing method based on the mechanical
milling principle is proposed in this paper, aiming to enhance de-icing efficiency and ensure railway
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operational safety. Through in-depth analysis of the working principle of milling de-icing, combined
with finite element simulation and experimental research, key parameters such as milling cutter in-
clination angle, cutting depth, cutting speed, and milling cutter rotational speed were optimized. Sim-
ulation results indicate that reducing the milling cutter inclination angle and increasing the cutting
depth can both elevate the cutting stress applied to the ice layer, while the cutting speed and milling
cutter rotational speed need to be controlled within a certain range to achieve optimal de-icing results.
Experimental studies show that the designed milling de-icing device performs excellently in simulated
low-temperature environments, effectively removing ice layers of different thicknesses and hardnesses
with minimal damage to the railway track surface. This research not only provides robust support for
railway operational safety in winter, but also promotes the application and development of mechani-
cal de-icing technology in the railway sector.
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Figure 1. Schematic diagram of the milling de-icing principle
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Figure 2. Schematic cross-section of the cutting area in milling de-icing
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Figure 3. Finite element model for milling de-icing
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Figure 4. Stress distribution cloud map of milling de-icing (6 = 45°)
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Figure 5. Stress distribution cloud map at the interface between the bottom of ice layer and
railway track (6 =45°)
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Figure 6. Isosurface distribution cloud map inside the ice layer (6 = 45°)

E 6. XENFFERPHTE(G =145

- —elR/NNFE

9
8 -5 — IR S
7 \\
N
2t .
S5 N
R N
HS
2
1 ———__
e ——— -
0 45° 90
M (0)

Figure 7. Influence curve of inclination angle on milling stress
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Figure 8. Safety factor distribution cloud map of ice layer (4 = 8 mm)
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Figure 9. Influence curve of cutting depth on milling stress
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Figure 10. Influence curve of cutting speed on milling stress
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Figure 11. Influence curve of milling cutter rotational speed on
milling stress
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Figure 12. Schematic diagram of milling cutter structure
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Figure 14. Railway track milling de-icing experiment
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