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Contact Fatigue Analysis of White Etching Layer according to Thickness Variation
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White Etching Layer(WEL) is a phenomenon that occurs on the surface of rail due to wheel/rail
interactions such as excessive braking and acceleration . Rolling Contact Fatigue(RCF) cracks on
the surface of rail have been found to be associated with WEL. In this study, we have investigated
RCF damages of white etching layer using twin disc testing and fatigue analysis. These tests
consist of wheel flat tests and rolling contact fatigue tests. WEL has been simulated by wheel flat
test. It has been founded that the WEL with a bright featureless contrast is formed on the surface
of specimen by etching. Rolling contact fatigue test was conducted by using flat specimens with
the WEL generated by the wheel flat test. It has been observed that two types of cracks occur
within the specimen. The contact fatigue test was simulated in 2D elastic-plastic FE simulations.
Based on loading cycles obtained from the finite element analysis, the fatigue life analysis
according to the thickness variation of WEL was carried out. The longest fatigue life was
observed from the thickness of 20um.
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Fig. 2 Schematic illustration of test method'?
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Fig. 3 Optical micrograph of WEL
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Fig. 4 Micro hardness variation
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Fig. 5 Finite Element model
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Fig. 6 Residual stress distribution
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Fig. 7 Stress history according to contact points during
rolling
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Fig. 8 Fatigue life analysis results

Fig. 9 Crack occuring the interface between WEL and
Bulk material
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a) WEL of 20pm thickness

Fig. 10 Crack occuring in the middle of WEL
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b) WEL of 50um thickness

¢) WEL of 175um thickness
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Fig. 13 Residual stress according to thickness variations
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