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Abstract

In open operating environments, the wheel-rail contact interface of railway systems can occasion-
ally be contaminated by freezing rain and ice, which greatly reduces the adhesion level between the
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wheel and rail, leading to braking wheel slide and traction wheel slip and thus seriously compro-
mising operational safety. To address this problem, a series of adhesion tests were conducted under
simulated icing conditions induced by freezing rain using a newly developed bypass-type wheel-rail
adhesion characteristic simulation test rig and a supporting high /low-temperature chamber. Tests
were performed at different speeds, axle loads, spray-water flow rates, and rail-surface tempera-
tures to investigate wheel-rail adhesion characteristics under ice-covered conditions. The results
indicate that, under ice formed by simulated freezing rain, speed, axle load, spray-water flow rate,
and temperature all affect the adhesion coefficient. In addition, speed and spray-water flow rate
influence the ice thickness; when the ice thickness reaches a threshold (approximately 1 um), it also
significantly affects the adhesion coefficient. At relatively low speed and high spray-water flow rate,
the adhesion coefficient can decrease to around 0.05.
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Figure 1. Structural schematic of the bypass-type
wheel-rail adhesion simulation test rig

E 1. TR RFHERIAE aEHE

Table 1. Technical specifications of the test rig
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Figure 2. Photo of icing
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Figure 3. Photo of the test site
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Table 2. Experimental results of ice thickness
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1200 0.83
300 0.19
600 0.40
5 -9°C 2 L/min
900 0.62
1200 0.78
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Figure 4. Influence of ice accumulation time on ice thickness
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Figure 5. Influence of varied water spray rates on ice accumulation thickness
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Figure 6. Influence of varied rail surface temperatures on ice accumulation thickness
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Table 3. Icing thickness calculation outcomes for wheel-rail adhesion experiments
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FE WK E/ML min™  WEEEEE /km-h EUKIKY/s PR/ C UK /um
1 10 2.26 -3 1.564
2
2 20 1.23 -3 0.782
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3 30 0.75 -3 0.477
4 40 0.62 -3 0.391
5 3 30 0.75 -3 0.716
6 4 30 0.75 -3 0.954
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Figure 7. Experimental outcomes of wheel-rail adhesion under varied water
spray rates
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Figure 8. Experimental outcomes of wheel-rail adhesion under varied velocities
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Figure 9. Experimental outcomes of wheel-rail adhesion with varied axle load
conditions
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Figure 10. Experimental outcomes of wheel-rail adhesion with varied rail sur-
face temperature conditions
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Figure 11. Experimental outcomes of wheel-rail adhesion with varied water
spray rates under 25°C condition
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Figure 12. Experimental outcomes of wheel-rail adhesion with varied velocities
under 25°C condition
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