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Abstract: In order to quantitatively predict the changes of wheel tread profile, ABAQUS software
was used to complete thermal-mechanical coupling finite element simulation to solve the transient
temperature distribution, hardness distribution, thermoelastic and plastic strain of tread during bra-
king. Based on Archard wear model, the ABAQUS subprogram was developed using Fortran lan-
guage. Then, ALE technology and Umeshmotion subprogram were used to solve the dynamic change
of wheel tread wear depth in the finite element model. Finally, the influences of plastic deformations
and wear were combined to obtain the changes of tread morphology after cooling to room temperature.
The results show that the contact states of wheel and rail are affected by the plastic deformations of
tread and wheel and rail wear. Under the combined actions of wheel and rail wear, the wear area is
like a step. Under the conditions of axle load of 25 t, initial speed of 100 km/h and braking distance of
600 m, the maximum depression depth of wheel-rail contact spot center is about 16 pm and the edge
of wheel-rail contact spot is as about 5 pm due to the comprehensive effects of plastic deformation and
wheel-rail wear.

Key words: tread braking; thermal-mechanical coupling; plastic deformation; wear depth
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Fig.1 Finite element model
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Tab.1 CL60 wheel steel material parameters

i | e | BEE0 e | o
e | 0 We | kg | PE | 0D
P /| | N PR )

MPa Kb _ GPa | MPa

Kb

25 577 470 51 1.033 205 815
100 498 490 49 1.112 180 733
200 444 530 45 1.207 165 673
300 413 570 42 1.226 137 635
400 393 620 38 1.331 125 604
500 379 680 35 1.392 77 575
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Fig.2 External load conditions of tread
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Fig.3 Wheel-rail contact spot stress distribution
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Fig.4 Thermal load conditions of tread
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Fig.5 Dynamics model of train bogie
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Fig.7 Distribution of creep rate during
emergency braking
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