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Abstract

In the daily operation of trains, maintenance of the train wheels is crucial. As trains operate, the
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thickness of the wheel flange gradually decreases due to wear and tear, necessitating wheel
re-profiling to restore the flange thickness. Re-profiling effectively slows down the rate of wheel
radius wear and tear, thus increasing the wheel lifespan and ensuring operational safety. This pa-
per establishes a multi-objective optimization model with the objectives of maximizing the wheel
lifespan and minimizing the average monthly cost. The NSGA-II algorithm is employed to solve the
model, yielding the optimal solution of re-profiling the wheels 6 times. Compared to the tradition-
al fixed maintenance schedule, the wheel lifespan is increased by 33.5% while the operational cost
is reduced by 25.1%. Finally, the results obtained by the NSGA-II algorithm are compared and
analyzed against those obtained by the Monte Carlo simulation method and the GDE algorithm,
demonstrating the superior performance of the NSGA-II algorithm.
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Figure 1. Schematic diagram of train wheel re-profiling principle
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Figure 2. Schematic diagram of wheel set position
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Figure 3. Wheel diameter wear rate chart
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Figure 4. Flange wear rate chart
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Figure 5. Line chart showing the variation of flange thickness with wheel rotation
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Table 1. Optimisation results for the NSGA-II algorithm
F* 1. NSGA-Il BEMSRER

ez T3t (4F) ERIHE T R(ZXK) (I ZN

4 5.95 (28,0, 32.6) (28.5, 33.1) (28.1, 32.8) (28.8, 33.4) 1478

5 6.18 (29.7, 33.4) (30.0, 33.7) (29.4, 33.0) (29.2, 32.9) (27.1, 30.8) 1456
(29.1, 32.3) (29.0, 32.0) (29.4, 32.3)

6 645 (28.5, 31.3) (30.3, 33.0) (28.6, 31.5) 1426
(28.9, 31.3) (29.8, 32.3) (28.5, 31.1)

! 6.49 (28.7, 31.6) (30.8, 33.5) (29.3, 31.8) (30.0, 32.4) 1448

8 6.51 (29.3, 31.6) (29.2, 31.3) (30.6, 32.7) (29.2, 31.6) 1467

(30.5, 32.7) (30.9, 33.0) (30.3, 32.8) (30.5, 32.6)
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Table 2. Evaluation metrics for multi-objective optimisation
= 2. ZERRAHITENIERR

PR FE R HV IGD CPF Spread GD Spacing DeltaP Fr
NSGA-II 0.94 900 0.8 1.18 98 0.8 420 1.00
GDE 0.92 720 0.6 0.98 130 1.0 740 1.00

MEATREF] 1.00 I, NSGA-I HEry%Cyk$Ch 3000 ¥k, GDE 7% 14,000 k. H# 2 A LLEH A
AR NSGA-1 SRR T GDE &
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Table 3. Comparison of wheel re-profiling strategy
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507 % 3 (26.0, 34, 0) (26.0, 34.0) (26, 34) 1903 4.83
et s (28.5, 31.5) (28.5, 31.5) (28.5, 31.5)
A R 6 (28.5, 31.5) (28.5, 31.5) (28.5, 31.5) 1648 5.58
(29.4, 32.0) (28.2, 30.7) (28.9, 31.3)
GDE ! (29.0, 31.8) (31.2, 33.7) (30.4, 33.1) (27.8, 30.4) 1480 6.35
NSGAII 5 (29.1, 32.3) (29.0, 32.0) (29.4, 32.3) 1426 6.45

(28.5, 31.3) (30.3, 33.0) (28.6, 31.5)
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