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Abstract

To investigate the impact of asymmetric wheel wear on vehicle operation, a finite element model of
wheel-rail contact was established and solved to account for the influence of asymmetric tread wear

IR

SCES| B, KA, R AEXFR RS ERE NI ERIRGERE ML), STE A, 2026, 15(3): 352-366.
DOI: 10.12677/0jtt.2026.153032


https://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2026.153032
https://doi.org/10.12677/ojtt.2026.153032
https://www.hanspub.org/

i SF

on the wheel profile. Integrating measured wheel tread data with a wheel wear simulation model based
on the Archard wear model, this study examined the wheel-rail contact relationship, tread wear distri-
bution, and equivalent conicity under asymmetric wheel wear conditions. Research findings reveal sig-
nificant changes in the positions of wheel-rail contact points on both sides under asymmetric wear con-
ditions. Correspondingly, the equivalent taper increases markedly under asymmetric wear. Further-
more, when the lateral displacement of the wheelset exceeds 8.5 mm, asymmetric wear exhibits a pro-
nounced upward trend. Subsequent dynamic simulations revealed that asymmetric wheel wear in-
duces relatively higher stresses on one side, exacerbating uneven wear across both sides. This alters
the wheel-rail contact relationship, thereby degrading train dynamic performance.
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Figure 1. Tread wear data: (a) Actual tread profiles of the left wheel at 100,000 and 200,000 kilometers; (b) Actual tread
profiles of the right wheel at 100,000 and 200,000 kilometers; (c) Average tread wear of the wheels at 100,000 and 200,000
kilometers
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Figure 2. Wheel diameter difference data: (a) distribution of diameter differences for asymmetric wear on different wheels at
100,000 km; (b) distribution of diameter differences for asymmetric wear on different wheels at 200,000 km
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Figure 3. Distribution of contact points between the wheel and rail on both sides of the wheel: (a) wear
profile after 100,000 km; (b) wear profile after 200,000 km
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Figure 4. Equivalent cone angle of wheel-rail interface under symmetrical and
asymmetrical wear
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Figure 5. Finite element model of wheel-rail contact

5. REIEMARTEE

S, Mises S, Mises
(*F48: 75%) (F19: 75%)
+6.019e+02 +5.995e+02
+5.517e+02 +5.495e+02
- +5.016e+02 +4.996e+02
+4.514e+02 +4.496e+02
+4.013e+02 +3.997e+02
+3.511e+02 +3.497e+02
- +3.009e+02 +2.998e+02
+2.508e+02 +2.498e+02
+2.006e+02 +1.998e+02
+1.505e+02 +1.499e+02
+1.003e+02 - +9.993e+01
+5.017e+01 +4.998e+01
+1.898e-02 +1.898e-02
(a) (b)

Figure 6. Stress contour map of vehicle finite element model: (a) Side with higher wear level; (b) Initial surface profile
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Figure 7. Normal stress at wheel-rail contact and contact patch area
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Figure 8. Von-Mises equivalent stress contour plots for wheel-rail contact: (a) initial surface; (b) 1 mm wheel diameter differ-
ence; (¢) 2 mm wheel diameter difference; (d) 3 mm wheel diameter difference
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Figure 9. Vehicle dynamics model
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Figure 11. Wheel tread wear: (a) wheel wear on straight track; (b) wheel wear on left-hand curve track; (c) wheel wear
on right-hand curve track
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Figure 12. Vertical and lateral stability indices at different operating speeds
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Figure 13. Comparison of safety indicators: (a) derailment coefficient; (b) wheel load reduction rate; (c) axle lateral force
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Figure 14. Critical speed calculations: (a) linear critical speed under symmetrical wheel wear; (b) linear critical speed under
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