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Wheel Wear Prediction of Railway Freight Car
Based on Wheel/rail Creep Mechanism
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Abstract: In order to predict the wheel wear of railway freight car, the vehicle — track multi — body dynamical models were
built in SIMPACK software, and the wheel wear numerical simulation program were developed based on semi — Hertzian
contact theory and Zobory’ s wear model. Wheel wear of C80 and other types of railway freight car which running on Ring —
line and Da — Qin railway line were simulated, and the Zobory’ s wear model was corrected by the results from simulation
and field measurement, at last the wheel wear life of C80 freight car which running on the heavy haul railway was predicted
by the corrected Zobory’ s wear model. The results indicate that both the wear distribution range in wheel profile and the
trend of wear depth and wheel flange thickness by simulation were in good agreement with the field measurement, but the
tread of wear rates from simulation were 1.394 ~ 1. 842 times and 2. 172 ~ 3. 658 times larger than field measurement
separately. The first reason was that the semi — Hertzian contact theory was used in wear simulation, meanwhile the
influence of elastic shear deformation on slid velocity was considered in wear simulation. The second reason was that the

CL60 wheel steel used in China had highger hardness than that of BS11 steel used in Zobory’s experiment . For the C80

Received 7 August 2012, revised 18 December 2012, accepted 27 February 2013, available online 28 May 2013.

# Corresponding author. E — mail ; dingjunjun@ swjtu. edu. cn,Tel; + 86 —28 —87601321.

The project was supported by the National Natural Science Foundation of China (50821063 ) and National High — Tech Research and
Development Program of China (2008 AA030706) and Fundamental Research Funds for the Central Universities (SWJTU12CX041).
[ K A 8B4 42 (50821063 ) (863 1143l H (2008 AA030706 ) Al sk i AL SEASBHI L 55 3% L 1155 42 (SWITU12CX041) B ).



%34

TR A ST R U I ML O 5T 4 AR R A i T 237

freight car running on heavy haul railway, the simulated wheel depot repair life by corrected Zobory’ s wear model was

390,000 km and the application life was 650,000 km. Both the depot repair life and wheel application life from simulation

were in good agreement with the field statistical results.
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Fig.1  Scheme of wheel wear simulation
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Fig.3 Parameters definition of Semi — Hertzian model
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Fig.4  Adhesion — slip region in contact patch
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Table 1 Wheel wear rates and tread wear depths of freight cars running on Ring — line

Vehicle types Axle load Load state Wear rates x 10*/(mm + t ! « km ") Mean tread wear depths/mm
C80/C80H 25 empty 0.0439 2.0
25 heavy 0.020 0 4.6
C70/C70H 23 empty 0.039 4 2.1
23 heavy 0.020 7 4.3

y/mm
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(a) Measured worn wheel profiles
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Fig.6 Measured wheel parameters of the freight car running on ring — line
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Fig.7 Simulated wheel parameters of the C80 heavy freight car running on Ring — line
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Table 2 Comparison of wear rates between simulated and measured in Ring - line

Vehicle types Wear rate by simulation x 10*/(mm ™! + km ~!) Measured wear rate x 10*/(mm ™! - km~!) simulation /measured
C70 (empty) 0.169 8 0.116 7 1.455
C70H (empty) 0.187 0 1.60 2
C80 (empty) 0.1549 0.1111 1.394
C80H (empty) 0.1713 1.542
C70 (heavy) 0.401 2 0.2389 1.679
C70H (heavy) 0.4397 1.84 1
C80 (heavy) 0.460 1 0.2556 1. 800
C80H ( heavy) 0.470 9 1.842
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Fig.8 Simulated wheel parameters of the C80H freight car running on Da — Qin railway line
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Table 3 Comparison of wear rates between simulated and measured in Da — Qin railway line

Vehicle types Wear rate by simulation x 10*/(mm =" « km ") Measured wear rate x 10*/(mm~" + km ") simulation/ measured
C70 0.2206 0.0603 3.658
C70H 0.2223 0.0675 3.293
C80 0.2437 0. 1069 2.279
C80H 0.2569 0.1183 2.172
x4 ERVROUERS R EHEE
Table 4 Chemistry composition and mean hardness of wheel materials
. Composition/%
Materials - Hardness/GPa
C Si Mn S P
BS11 0.52 0.20 1.07 0.018 0.013 2.40
CL60 0.60 0.25 0.62 0.040 0.036 2.99
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Fig. 10  Simulated wheel parameters of the C80 freight car running on heavy haul railway
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