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Abstract: Rail damage restricts the stable contact between wheel and rail and affects the driving safety.
Regarding the damage of a railway rail in on-line service, the multi-directional inspections had been car-
ried out by using Axio observer 5Sm metallographic microscope, Empyrean X-ray diffractometer, sigma
500 scanning electron microscope and Falcon 500 microhardness tester. Based on the finite element
simulation technology, the instantaneous temperature field distribution of the rail contact part under the
abnormal starting condition of the wheel was reproduced. The analysis results show that the rail dam-
age is a typical scratch with a damage depth of more than 2 mm. With the increase of tread depth, the
volume fraction of martensite gradually decreases and the volume fraction of retained austenite gradu-
ally increases, so that the corresponding microhardness value gradually decreases. The retained austen-
ite is surrounded by martensite structure, which increases the resistance to the continuous propagation of
microcracks and passivates the crack tip. Under the joint action of wheel rail surface shear stress, it
provides a channel for microcrack propagation, induces microcrack transverse propagation, and finally
leads to peeling failure in rail scratch area. The computer simulation results are agreement with the actu-
al damage characteristics.
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Fig. 1 Macroscopic appearance of rail damage
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Table 1 Chemical compositions and tensile properties of rail steel
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Fig.2 Metallographic sampling location of damaged rail
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Fig. 4 The fine structure distribution in martensite layer
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Fig. 6 Microhardness collection point distribution
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Fig. 10 Distribution of transient temperature field in rail contact area
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