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Abstract

Based on statistical data of wheel tread concave wear, the geometric distribution characteristics
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were analyzed. Non-Uniform Rational B-Spline (NURBS) curve theory was adopted to perform the
parametric fitting and validation of wheel tread concave wear profiles, and key control points and
weight factors within the wear region were selected as parametric characterization variables for
concave wear. In addition, a vehicle system dynamics model considering wheel tread concave wear
was established to investigate the effects of different parametric variables on wheel-rail contact
characteristics and vehicle dynamic performance. The results indicate that concave wear is mainly
concentrated in the middle region of the tread, showing a locally depressed geometric feature near
the nominal rolling circle while maintaining overall continuity and smoothness. The NURBS-based
parametric method can accurately fit wear profiles under different operating conditions and obtain
parametric characterization results, such as key control points and weight factors, for the wear re-
gion. Under the parameter ranges and operating conditions considered in this study, variations in
the horizontal coordinates of the control points have more pronounced effects on wheel-rail con-
tact point migration, contact stress distribution, wheel-rail lateral force, axle-box lateral accelera-
tion, and derailment coefficient than variations in the vertical coordinates and weight factors. The
influence of the weight factors is relatively weak, although certain local intervals exhibit non-mon-
otonic variations.
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Figure 1. Statistical data of wheel tread wear at different mileage levels [12]

B 1. NEERE TR R E BRG]

B 1 AT DU Y, 250 T B FE A B85 1T w8 DX B — AR ARG T B R R T, MR e N fE 44
SR (5 B3 T2 3G RS TR A [ A PR TV B X3, G ) 0 A ATR B B B A g e, Vi S8 T A ) AR A B2 30T
I FR AT . BEE IS AT AR A SG N,  [U12RY JE R 1) e K B FE IR BB G K, [ s 52 Wi 91 L £ A5 1) 7 1)
FEFRE, (AEBEFEESBRRERRRE, HUA 500 6 FE 4h 258 rh 7E B T i 40-25~25 mm XIS A .

SEE TR RO HE T I BERE ) J LA 4SE, A SR A NURBS (Non-Uniform Rational B-Spline, dE32)H #
B FE20)HE, BT R0 EETH M 28 I S AL @A . NURBS J2 DA B FEAON 2 s B0 AT B | it & pis 7 7%,
BB A, nT DA 2 % R8IV B BEFE I A0 BE T “ BB S: . Rt AR 2R TR .

N SEILZEARC B T ER TR I 2 A, NURBS {126 n] 227y B 428 1] -5 A DR - L [R] o 5 1 2 204 pR 4

DOI: 10.12677/met.2026.152016 148 WU TR 5


https://doi.org/10.12677/met.2026.152016

0T 55

(8], H—\tn=(1)Fs:
ia)idiNi,k (“)
pu)="———
;@Ni,k (u)

KXo (i=0,1-,n) BFBEHRA T, d,(i=0,1,-,n) BAFEHEITA, WP EERIER 20 N, (u)
€ AEAEFIR(B AR ST R B U =[ug,uy, -, | EF k OE B FERIERREL9]: AT Hi AT 7 - 2%
SRR RS, W)

(M

L uw,<u<u,
Nlo(u):{o 1
' (2)
u—1u, U, —u

Kbw, (i=0,1L,m) AT H. BRRBIm+1, BN ERHITEEOIn+ 1, m kR =FK
ZRNm=n+k+1.
Xt F— iz A7 4 R NURBS B2k, HA5 f 0 s w9 AUBE s O b+ 1 R RS 48], B

By =u = =u, U, =t, = =u,, o (EEFRNF AT o5 1) sEIEHE 0 AT 1, A7 S E
AB)FR:
U=10,....,0,u,,....,u, , ;,1,...,1 3)
k+1 k+1

Ft, HZ e SO u e [uu, ]| =[01] o« ASCRA Uk NURBS HiZk(k = 2)fiid 458 B Th BRI,
B EEC N n+1=21, R SEGHE m=n+k+ 1. TEARERAIFBAL LSRR, PimTiSEL b+
1 =3 R CAPRAIE b Zesd s sty s A2 1) o PRI RO B8 1y T UART AR AGE DX TR AT AR ) B

Wi 2(a) By LMA BT B h 2 B 8 B & 9(4 %18 AB. BC. CD. EF. FG. GH. HI. 1), 2 B
BN DE T, nR A ) A ) iRz b2k, Hrb =1, 2...10, {KIKFER 10 B EH
ERIFSIZEE, i=0, 1, 2, RN 3 MEHITA, WE 20)fin. & BRI H 2B L=k
NURBS Hi£E o, HHARM BAE A L b T R V)28 7 IS, AT 8% G A T il 2 LR T LA e 3 3
T ERE T R, ZEAC TR Y v HH — 24 ) s AR B R Rl 3047 G — ik, i 2 fos e

0.04 T T T T

LMAR i 37 T 1 2
—O— il

y .
0 002 0.04 0.06 008 0,06 004 0.02 0 0.02 0.04 0.06 0.08
x (m) ' ' ' X (m)

Figure 2. Parameterization of the LMA tread profile. (a) Schematic of the LMA tread profile; (b) NURBS-based parameterization of
the LMA tread profile
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Figure 3. Fitting comparison at different mileage levels
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Figure 4. Fitting errors at different mileage levels
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Table 1. Comparison of parameter identification results for typical concave wear under different initial conditions
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Figure 5. Dynamic model of a high-speed train. (a) Topological diagram of the dynamic model of a high-speed train; (b) Dynamic
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Figure 6. Comparison of wear tread profiles with varying horizontal coordinates

B 6. #HAFRIE W EFE RS E BRI L

Ax10° - [ J25%-75%
T 1.51QRAKITER
— Hfrsk
R $E
3x10° o B
5
E 2x10
gj o B 4
ket 0 .
= —/—
&2 1x10° A T 1
0 -
s 0 5 10
di3x

Figure 7. Comparison of wheel-rail contact stress with variation of horizontal coordinate
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Figure 8. Comparison of wheel-rail lateral force with variation of horizontal coordinate
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Figure 9. Comparison of axle box lateral acceleration with variation of horizontal coordinate
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Figure 10. Comparison of derailment coefficient with variation of horizontal coordinate
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Figure 11. Comparison of wear tread profiles with varying vertical coordinates
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Figure 12. Comparison of wheel-rail contact stress with variation of vertical coordinate
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Figure 13. Comparison of wheel-rail lateral force with variation of vertical coordinate
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Figure 14. Comparison of axle box lateral acceleration with variation of vertical coordinate
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Figure 15. Comparison of derailment coefficient with variation of vertical coordinate
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Figure 16. Comparison of wear tread profiles under different weight factors
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Figure 17. Comparison of wheel-rail contact stress with variation of weighting factor

B 17. WEFERRTIEMN ST

10000 - [ 125%~75%
000 1 T 1.SIQRAKITEE
8000 - — sk
] HE
6000 - R ﬁ:,ﬁuﬂ? {ﬁ |
Z 4000
-E J
122000
& ]
=
R0 A ,
-2000 ‘ |
-4000
-6000 T T T T
0 0.33 0.66 1
d13w

Figure 18. Comparison of wheel-rail lateral force with variation of weighting factor
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Figure 19. Comparison of axle box lateral acceleration with variation of weighting factor
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Figure 20. Comparison of derailment coefficient with variation of weighting factor
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