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Abstract

In the field of engineering surface characterization, fractal theory has emerged as a more precise
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approach for describing surface roughness than traditional statistical parameters, owing to its mul-
tiscale characterization capability of microscopic topographic features. For wheel-rail contact prob-
lems, the accurate modeling of wheel surface topography directly influences the simulation accu-
racy of contact stress distribution, vehicle dynamic behavior, and wear evolution mechanisms. This
paper proposes a novel fractal-based method for modeling wheel rough surfaces. The Weierstrass-
Mandelbrot function is employed to generate fractal surfaces, with systematic investigation of the
influence of fractal dimension D and characteristic scale coefficient G on surface morphology. A 3D
rotation matrix is introduced to achieve circumferential transformation of discrete surface points,
establishing a surface model that satisfies the rotational circumferential characteristics of wheels.
Compared with conventional random superposition methods, the proposed model more accurately
reflects the microscopic features of actual wheel surfaces during operation, providing a new theo-
retical modeling tool for analyzing wheel-rail contact state evolution.
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Figure 1. Variation of 2D fractal surfaces with changing D
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Figure 2. Variation of 2D fractal surfaces with changing G
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Figure 3. Variation of 3D fractal surfaces with changing D
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Figure 4. Variation of 3D fractal surfaces with changing G
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Figure 5. Schematic of traditional 3D superposition modeling approach

5. R ZHRBBMA RN TEE

4.2. FEEMAERER

ERSEPr B TR I 45k, A HE N2 B J 1 A AN ST RS FE DR A o0 B 57 22 AR ) 1
DI TR . ASCRANPUR R IR T B n, TR A 20 S MR 2 i E A B AR R SR T X T
FEARAR T, RO AR TS E N R A5 RRETT B BRIk, ARSCIR Y TR T R AR AR AR R AR
BEIBRIB TS ERTRRFEAERE T, 1R é).

cosa 0 sina
0 1 0

—sina 0 cosa

T= )

R A RAAAR R NI TERRE R T, AR5 RS 25 T LT RRAE, 30 I AR AR e AR o ™ A
R e 2 LS AT B ) SRSV R ), DT S SIS R A R R TR T SR ) 2 TR A A R . BN ) 3 P 45
D MR R#E G FRE R T @M. D N 2.4, 26 /128, G A1 X104, 1x106F1x108, H
DRI G B 00 2.4 AT T x 1074, BAAR RIS SHCN B AT LB, Wik 6 Fros. i st
FERTn, AP =4 & M R R S HSL R B A BRI AR . (Rt BT R ) = 2 & )
SRS R RENE RAL SR 2 TE4EEL D FIFFE R R B0 G LRIV 1 258 3R 1H A AS U4 FAF RS
FERRYE: D EEISHIACEE L, 1 G iR E /. A BRI WA, ] DA AR R AR
R R OIS S FE R A AT R B 5

DOI: 10.12677/met.2025.143037 391 WU TR 5


https://doi.org/10.12677/met.2025.143037

SRR

—D=2.4 G=1x10?
——D=2.4 G=1x10°

o) D=2.4 G=1x10"*

g 40

~ D=2.6 G=1x10*

B

4 20 —D=2.8 G=1x10*

= 5

2 o

¥ o0

RN E (mm) 100
Figure 6. Wheel surface models with different parameters
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