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Study on rolling wear and rolling contact fatigue behavior of
pearlite/bainite rail steels at the low temperature of =35 °C
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Abstract: The rail in the high altitude and high latitude regions faces the low temperature service envir-
onment. The rolling wear and damage behaviors under low temperature are the significant factors influ-
encing the rail service safety. The wear and rolling contact fatigue (RCF) damage laws of pearlite rail
steels (hypoeutectoid and eutectoid) and bainite rail steel were explored at the low temperature of —35°C
using wheel/rail rolling contact simulation experiments. The results showed that the hardening degree of
bainite rail was lower at —35°C, and the wear degree was higher than those of pearlite rails. The wear
degree of hypoeutectoid rail steel was lower than that of eutectoid rail steel. Different RCF damage
levels occurred on the explored three kinds of rail steels. Cracks mainly propagated with small angles
(< 10°). There was a competitive relationship between the wear and RCF. The RCF damage of hypo-
eutectoid rail steel with less wear was serious, followed by eutectoid rail, and the RCF damage of bain-
ite rail steel with the most severe wear was the mildest.
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Table 1 Properties of rail steels
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Fig.1 Microstructure of rail steels
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Fig.2 Schematic diagram of wheel-rail rolling contact
simulation testing machine and low temperature
environment simulation system
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Fig. 3 (a) Wheel/rail adhesion coefficient and (b) rail wear rate under the temperature of —35 °C
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Fig. 4 Surface damage morphology of rail steels at low
temperature
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Fig. 5 Plastic deformation layer of rail steels at low tem-
perature
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Fig. 6 Hardening of rail steels of sub-surface at low tem-
perature
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Table 2 The hardness at near surface of rail steel
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Fig. 7 SEM morphology of subsurface of rail steels at low temperature
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Fig. 8 Statistics of cracks on rail steels at low temperature
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