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Abstract Recently, high speed of container freight cars is causing fatigue damage of wheel. Sudden failure
accidents cause a lot of physical and human damages. Therefore, damage analysis for wheel prevents failure
accident of container freight car. Wheel receives mechanical and thermal loads at the same time while rolling
stocks are run. The mechanical loads applied to wheel are classified by the horizontal load from contact of
wheel and rail in curve line section and by the vertical force from rolling stocks weight. Also, braking and
deceleration of rolling stocks cause repeated thermal load by wheel tread braking. Specially, braking of rolling
stocks is frictional braking method that brake shoe is contacted in wheel tread by high breaking pressure.
Frictional heat energy occurs on the contact surface between wheel tread and brake shoe. This braking converts
kinetic energy of rolling stocks into heat energy by friction. This raises temperature rapidly and generates
thermal loads in wheel and brake shoe. There mechanical and thermal loads generate crack and residual stress
in wheel. Wetenkamp estimated temperature distribution of brake shoe experimentally. Donzella proposed fatigue
life using thermal stress and residual stress. However, the load applied to wheel in aforementioned most
researches considered thermal load and mechanical vertical load. Exact horizontal load is not considered as the
load applied to wheel. Therefore, above-mentioned loading methods could not be applied to estimate actual
stress applied to wheel. Therefore, this study proposed safety estimation on wheel of freight car using
heat-structural coupled analysis on the basis of loading condition and stress intensity factor.
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Thermal properties Wheel Brake shoe
Initial temperature, T (TC) 24 -
Thermal conductivity, K &) 3
(W/mmC) 4.785%10 7.5x10
Film coefficient, H 5
W/mm’C) 2.271x10 -
Thermal expansion 108552x10°
coefficient, o (1/C) ’
Specific heat, C (J/kgC) | 434.3919 1040
Density, p (kg/mm’) 7.833x10° | 1.940x10°
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Load conditions

Vertical force(N) Lateral force(N)

Case 1 231,525 -
Case 11 231,525 115,762.5
Ao YWheel
= —]L
v v
W W

(V : Vertical force L : Lateral force)
(32 7] 53t So) 283H 515914
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Mechanical properties Wheel Axle
(RSW1) | (RSAD)
Tensile strength, o, (MPa) 835 590
Yield strength, o, (MPa) 420 295
Young’s modulus, E (GPa) 205.8 205.8
Possion’s ratio, v 0.3 0.3
Fatigue limit, S. (MPa) 242 -
(& 4] A& Sl oiFt f3tass)s] 21t
O pax O min O R
(MPa) (MPa) (mm)
Straightaway | 188.34 127.68 0.479 0.68
Curve 335.65 226.64 0.801 0.68
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