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Estimation of Fatigue Damage Due to Rolling Contact in
a Railway Wheel Using FEM Analysis

Sang-Hoon Lee * Ho-Kyung Kim'
Department of Automotive Engineering, Seoul National University of Science and Technology
(Received June 24, 2010 / Accepted June 2, 2011)

Abstract : Fatigue damage on the train wheel surface was estimated by considering the effect of friction coefficient
of rolling on the contact surface between the wheel and rail during operation. From FEM analys, the maximum
Tresca stress was 550.7 MPa at a depth of 2.07 mm under the maximum contact pressure (Pmax =894.3 MPa) between
wheel and rail. The maximum stress continued to increase along with the increase in the frictional coefficient. The
fatigue initiation lifetime of the wheel by the rolling contact was predicted using the Smith-Watson-Topper (SWT)
equation and the maximum principal strain equation (e-N).

Key Words : friction, railway wheel, rolling contact, fatigue damage, crack initiation

1.2 = &of BlY-2ol weE A5 e
ofl Al #l Y2 7ﬂ/‘PEi]r o] &1 7|e7]+= sast
TEUHTEE ol outofphase) SHAFRT B g el e o oqu) A 45
A F-2-2(rotating pr1n01pal stress)/H 2S 7k= = o oat xjZo| 2O WIS Ea Ldet 1
TH AHS oI B FEHESIEE W 2 o) amgHe mHo)A WA P Y
= ArAbgFe] AHErt Eﬂmol 4o e A+ olofl wbA] oFEo] HHAIER= AL Bolslnl. ®
A A, A FAAAE L T U g aye Auges wugon Mgt A8
¢lo] Frf EPEW i% A Ao FAES FA glel F=AZ0| ot alxE malae] ot dd
st AT FAESE fst] FEHF] gt %o] 4}&315}
e D Hde —c:*Ja A5 = e ALHA

A7t B asie

Sl AE A8 Aol TF BEu o
e A At Amaele] clelwlol s £
EREECEERCE EDBEEETEEE)
0] nm Bow REo] Aol vjops:
L AEAE TEAENR % 9 o3t
7] $J5tol AHEUF-FAR] nFEA4: folo] wre
A gtel WSk w9l 9 sl o ok
S BEEE
Srge mi welekel w3l o4

E'_

71&71°] UJr— q4=

" To whom correspondence should be addressed.
kimhk@snut.ac kr

-Jﬂ *WEE}L 4::111] u]-EOﬂ o5t A

ow I8 IRt FA G ok et
H = HLOM% Ashd A= AHE #de HE
Ho A ef 5o ofgt mpEAg=] = st
of 2k FHIAM ] FYZEE IR ME ol&
sto] siAMstal v 2EAdE o Sskalat gtk

FHAOR e S0 dol A
o2 mAYY A2 AU FA| 2HHES



ol

st HEwe] haASE A el 4
sh= ol A5 male 2ol s
B A7k 20 EEE B ATolAE 23l
4SStk o2 $1shAE Al Hertz of
£7} Coulomb WHIMAS #g3te] AW
&S REES SANE 0 A o2
2249 BAYol 2 g3to] FAUYE Lnz 34
aheict.

53} @elo] Fig. 13} o] WEA| A& b
% Ru9} A2 ATO] 38 WS R AololA] g
A Zo] wAlste] 1 A% Y7t ehloletn
AT A9 AdEsee
gsto] AT,

P THES] 412 A}

_ 3w 1— e
max 2mwab @ b

)

o]7]1Al, x9} yi= 27} Fig. 194 LrEbd vle} o)
3t YEBh Qe AEe] YA L Ho Y
o] F3tof| sty W Sl 7Hsfi A= A
=S e, a9t b 7M7) Elgd o] A&z
o B B = o [ e i s o
g 2o o 7187 1200 EAHE 754 3}
29 Hgatgeh Aol A HES 7.4
ton, }%7 860 mmolt}. ofr| g % #de]
ELA A4 E=210 GPa, Z9H] v=0302 714
sholck. g o) ) g 5L AR 2 )%

ol

= Asto] 7 SA0] Wol Zul= AlXkel A}
£ o AT Agot 3ES BARE AT AT
2 83}o] 7.24 tonC. &2 7}43Th 7.24 tono] 23k
&M A2 a=6.88 mm, b=5.51 mm7} =11 o}
HAEZ2UE P = 8943 MPazZ A5}

) --FT—-— : e’
'j_,.-'"- T

[ \

f e — ——— P s O —
Fw il
\" 42 2a
e D Z

{ o AT F )= o

Fig. 1. Wheel-rail contact parameters,
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Fig. 3. Finite element model for determination of contact load
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Fig. 4. Tresca stress distribution with variation of frictional
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Table 1. Maximum Tresca stress distribution and its location
with frictional coefficient(u)

max or (MPa) X; (mm) Y; (mm)

0 550.7 0 -2.076

0.1 557.9 -0.770 -2.076

0.15 566.8 -1.086 -1.935

0.2 579.4 -1.386 -1.801

0.25 596.4 -1.753 -1.556
0.4 753.4 2375 0
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Table 2, Fatigue properties of the wheel material”

b (fatigue strength exponent) - 0.085
¢ (fatigue ductility exponent) - 0.600
a} (fatigue strength coefficient) 1081.1 MPa
5} (fatigue ductility coefficient) 0.181
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