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Effect of Wheel Material Properties on Wheel-Rail Contact Stress Based on ANASYS
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ABSTRACT: Objective With the rapid development of Chinese railway transportation towards high-speed, heavy-duty, low energy
consumption direction, the load wheel-rail of high-speed train resisted is increasing significantly. The aim of this work was to study
the impact of wheel material properties (elastic modulus, Poisson ratio) on wheel-rail contact stress for CRH3 high-speed EMU,
which has an important practical significance and application value for ensuring the safety, reliability and comfort of train. Meth-

ods S1002 tread wheelset and 60 kg/m rail were employed. Firstly, the basic assumption was made for the wheel-rail contact mod-
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el. Secondly, calculation processes of model parameters, cell selection and grid classification were described. Thirdly, the elastic-
plastic theory and finite element software ANSYS were adopted to analyze the wheel-rail contact stress. Results When the elastic
moduli of wheel material were 124, 165, 206, 247, 288 GPa, respectively, the corresponding maximum Mises stress values were
as follows: 315.451, 370. 458, 435. 498, 500. 274, 554. 604 MPa, and the maximum contact stress values were as follows;
669.264, 802.328, 920.832, 1033.87, 1135.19 MPa; while poisson’s ratios of wheel material were 0. 18, 0.24, 0.30, 0.36,
0.42, respectively, the corresponding maximum Mises stress values were as follows: 468. 035, 450. 601, 435. 498, 422. 587,
415.412 MPa, and the maximum contact stress values were as follows: 903. 068, 911. 168, 920. 832, 936. 339, 961. 234 MPa.
Conclusion The elastic modulus of wheel material had a pronounced impact on the wheel-rail contact stress, and it had a positive

correlation with the maximal Mises stress and contact stress. Poisson ration of material had a certain but not obvious influence on

the wheel-rail contact stress.

KEY WORDS: wheel-rail relationship; wheel material properties; finite element method; contact stress

ATAF R, 3 1 Bk B 5 i A D e 2 L I RE
FE R ORIz JT [0 K 2007 ARLICE < NS
(CRH) R3S ARG, bR H T E HEA R
S4B A 7 A A 2 R g A
20y € il 1 7o ST T N B R R S
HKIE

RO R R s i AR G0 iR AR AR S 2 1Y
(IR, AR ek itis i b i 2B A S I 1%
IR S A S T A, SRR B
B H AT AEAR RS R 8l 1 PR RE DL R Al
(&7l P, R A R E R S T B
B LR AR AR5 A TR A TR R
IRV BB X TR s A R R
D PR A A B D B R A A A 07 R R
PRl 2 — 100 AT e o v A AR B N VR T
S R T <5 R 23 D A SRR | AR S B ) B B
SAEHTT B0 55 RSy wig A= F e, i 51 & 4
fiuh 52 55 SR B, FE A i 5 55 55 B R A i 2 R WA B 4
BATATHEMER G R

FFRC R ANSYS FE R 40T TR JF 58 T
PR EITCARFA IR, 730 T AU R X
RN 1 R, e BT R AR HE A 78
b, 22 % Sk B0 Sl 13 3 37 7 A R e, I 5
SR gl R R 8 X T 8 5 11 B
SRR R A 5 R B e 1 g, ) T
BT | I PR 458 3 5 A S 7 ) S L O
(i LA T A RS R BN D e I Ak )
FEALRLHS o3, FORE R P A4 72 A b 225 W B FE L
A HPERE LB M AT o, I, B ST [R) 22 5 41
BHRAE T AR U ik N 7, B8 E— B R ST 8 G iz
FITERE HE B Mz 57 151 473 25 ) AU B Lk | X4
] v ) G Y 2 A M R 28 B M A A 0 AR

1H,

ASCLL CRH3 S AR G TR S, % &
ZER ARG LS LTI AR 07 FH 550 4 1 338 RN A B
JUEAE ANSYS, ZrH7 ZE5e M BRI R B IR
Pl ) XS A i 107 T 5 e I s B 4 SRR AR A
P 0y AT 34T

1 BHEMAITERE

1.1 EREIE

TESEPRE L R 2 01 AL 2 20K e
FERMA R AR AE B L A2 S =R 20 A, A
ARSCHETH S A an B s

1) AR MU B R IR PR AS ) 5 AR B A R
WO AR TR, A5 5 2 9 e 4 W 4

2) Hil AR TR LT AU V- i A Sl T
A A7 18] 32 i R 25 HPUIR THI 32 29

3) AR kR U, T ik DXRAR N BT LA
el DX 3ok By I S A 5, it EL A B 1) AT BRI
JE i REIA B AH S HOAGE

4) TSP RE A BRI, H 5 RS A 4 b o
SERT ARG TR S L, v LA 73 531 0 Bl %) 4 3 Tt o
RNt — B SR Th 38

1.2 THEEBSEFNME L5

1.2.1 #RBUEEST

T HSLR B CRH3 B 42 240 e 92 iz F P A
P B R R A R A TSR A S1002 Y FE A i
T ANER IR B 60 kg/m MIFRUERR B, #HE S5
H ARBNFEPEAR 920 mm, HUEE 1435 mm, IELFUIR
1:40, P =HESARBAIINE 1 R,



Fa4t Hs5H

BUHESE BT ANSYS (9 458 A4 RLRR A X 48 B4 A 1oz 77 149 32 W) - 125 -

K1 i
Fig. 1 Wheel-rail solid model
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Fig. 3 Finite element model
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Fig. 4 Schematic of local mesh refinement; a) meshing of wheel

contact area; b) meshing of rail contact area
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lastic modulus
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124 315.451 669. 264
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