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Effects of spallation on rail thermo-elasto-plasticity in
wheel-rail sliding contact
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Abstract: A finite element model with rail spallations in wheel-rail sliding contact was established
by using the finite element software ANSYS, the material nonlinearity was considered, the
impact behaviors of wheel-rail contact were calculated when the wheels passed through the rail
spallations, and the influences of length and depth of rail spalling area, friction coefficient and
sliding speed on the thermo-elasto-plasticity of rail spalling area were analyzed by transient
analysis. Analysis result shows when the length of spalling area is 2 cm and the depth is 4 mm,
the equivalent plastic strain of rail reaches to the maximum, and the value in the rear of spalling
area is 3-4 times as large as the value in the front. When the length of spalling area is 2 cm and
the depth is 6 mm, the plastic deformation reaches to the maximum, and the value in the rear is
about twice as large as the value in the front. The contact stress reduces with the increase of
friction coefficient, while the frictional rising temperature, equivalent plastic strain, plastic
deformation, equivalent stress and longitudinal shear stress of rail increase. When the friction
coefficient is bigger than 0. 3, the growth of equivalent stress and longitudinal shear stress

becomes slower as the increase of fraction coefficient. When the sliding speed is equal to 3 m s ',
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Fig. 1 Finite element model of rail spalling
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Tab.1 Material parameters
M/ °C ARA L | PR/ GPa | $E K Z8/107° °C [#FR/[W « (m« C) | H#A/LT « (kg » OO | $UHL3R B/ MPa | i IR M /) /MPa
25 0. 30 209 11.0 47.7 490. 1 1 000.0 608
100 0. 30 207 11.6 48.9 499.9 998.9 608
650 0. 36 105 14. 8 57.8 571.5 985.7 502
1 000 0. 39 50 15.7 63.4 617.1 740.9 238
1 450 0. 40 2 16.1 76.4 671.8 42.0 7
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Fig. 2 Distributions of equivalent plastic strain fields (units: 107%)
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Fig. 3 Distributions of plastic deformation fields (units: 10~% mm)
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Fig. 4 Distributions of rail temperature fields (units: ‘C)
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Fig.5 Influences of spalling length on stresses
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Fig. 6 Influence of spalling length on plastic strain
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Fig. 7 Influence of spalling length on plastic deformation
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Fig. 10 Influence of spalling depth on plastic strain
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Fig. 11 Influence of spalling depth on plastic deformation
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Fig. 16 Influence of fraction coefficient on plastic strain
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Fig. 20 Influence of sliding speed on plastic strain
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Fig. 21 Influence of sliding speed on plastic deformation
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Fig. 22 Influence of sliding speed on temperature rising
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