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A Study on the Contact Fatigue Life Evaluation for Railway
Wheels Considering Residual Stress Variation
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Abstract

Railway wheels and axles belong to the most critical components in railway vehicles. The service
conditions of railway vehicles became more severe in recent years due to the increase of speed.
Therefore, a more precise evaluation of wheelset life and safety has been requested. Wheel/rail contact
fatigpue and thermal cracks due to braking heat are two main mechanisms of the railway wheel failure.
In this paper, an evaluation procedure for the contact fatigue life of railway wheel is proposed. One of
the main sources of the contact zone failure is the residual stress. The residual stress on wheel is
formed during the manufacturing process which includes a heat treatment, and then is changed by
contact stress developed by wheelrail contact and thermal stress induced by braking. Also, the cyclic
stress history for fatigue analysis is determined by applying finite elements analysis for the moving
contact load. The objective of this paper is to estimate fatigue life by considering residual stress due
to heat treatment, braking and repeated contact load, respectively.
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Table 1 Material properties for F.E. analysis

Coefficient
Poisson's of Yield
Temperature)] E .
(C) (GP ratio thermal strength
2) ) expansion | (MPa)
(x10%/C)
24 213 0.295 1.0 490
230 201 0.307 1.15 424
358 193 0314 1.24 366
452 172 0.320 1.30 291
567 102 0.326 1.37 132
704 50 0.334 1.30 39
900 43 0.345 1.40 11
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Table 2 Material properties for fatigue analysis'”

’ ’

E 0 G | o | & b Tt | 7t
c
(GPa)| | (GPa) |(MPa)| (%) (MPa)| (%)
209 (0.3{80,385] 1,500 {44.80(-0.101 |-0.58( 667 | 83.8
T
(a) Contact condition (b) F.E. model - AMAGFolL b, = H2AE 2 FzdydxS$
Fig. 13 Model of rolling contact for wheel/rail ojt}. H 25y rlo A}EE ZA A= Table 29)
Yepigie.
o
R FE Joabrs 43 =YHIL 21
. u{gd“gl;f Aaﬁli‘g%ﬁ’ 2 =RdME 2713F$H0 9 A%, A
i ngq'B::km:iondr;ion —%-}‘] ﬁ"ﬁ‘%aol 9)\% 73“?‘ -1?41 z‘“%oai‘)ﬂ -04
----- STl Fovmegmene il i W 2 4EFFRIH] JFFFEYL
FE. Analysi it e - qel =
BE s | | “subin 2 e k) 2R Aol NS4RS 3
v ontct o0 1o Prcen Lo Fstic. ol AFLel s AFRRSYo=
v
Stess, Sz Oyl vt A€ Fig. 114 AFRFEHo] Aozt
0N
ACNEU] B dfoltt. #9897 A dFolde HFeF
v
S s o) gAYl e BNARE g
| oyl comting Fig 158 AF$Fol Qe 499 aFolgde
? — 24 A89 38 A A ERO2REH ol
. — el
Fae o vy el me WYE) waolh 2719 BRS¢
2 e
T e E 18d T 23WF o] st
Fig. 14 Fatigue life evaluation procedure EHOZRE 3mm BIH= B2 ~Eg9lo]
N 2skn giok,
28 o]dL Tila] £ 393
8% cls@ Fole} FA7Il HEART. ol Fig 162 2F8ol QE3% AWA a3
8 o]8a U] 22 ) g EWIE 27 F FRLALTE EY Aoz AvkEo
igoR Teiglen BEUUel AR W aaacooo) wased Hdze smm
'f—‘f HE7HA 0]'%-]'ﬁ‘% AE Agol i ﬁ]’iﬂ BaoA wAstRen I F7|E 235MPa & &
g Ao "-%135}9&‘1}. Fig. 145 £ A7 &3k Boag Yojal AdWgol A RoF o
FHE7 Aag JeRda i g9}
i Fig. 17¢ AlZA @S0l 92 %9 %8
42 H2THEIL U o Bl we WIYE oy yerd Aolv
B%E HTlH ACITE WBEE HHA A by 152 SN 2RSS AW A9 ¥
RBolX AzsRade Fasa ARy L ﬂ
FE ol¥E Yehd Aol a3} Zo] AzA
g go] gL AuAA AEE 7] o Qo] ZA WA ¢n PAT AETLo] ofst
'E“oﬂ Coffin-Manson é}’% QEH Zd‘?l%l%ii E@ 73_.:‘)_0“% 1 ﬁ]@ 0]_—?3:0“ @63‘5‘ O]%Iaol _;17“ g
3 o2 Ag o) 43l ek a8e & 2 ot
42 _ I (an )iy (2N 5 Fig. 19% 3 %718 A%aH F9e 2§
2 ¢ O o0 9= AvE s mARAY 59

A7 o, v © AdgERE 9 AdIs

>



2559 WE R A=AF 489 AFAE £9%97} 1397

0.004
—=— 0.0 mm
—e— 38 mm
00034 —&—-78mm . .
I s o
: |
w 0.0024 Y . *
S S
3 % i I
2wl IR 4 A
{1 b1t
0000 Pu "'u: —h
1 2

Wheel rotation

Fig. 15 Strain history according to rolling contact
of wheel

Distance from surface(mm)
3 &
'

12 —O— Circumferential stress
~8— Axial siress

T T T 1
-300 -250 -200 -150 -100 -50 [ 50
Residual stress{Mpa)

Fig. 16 Residual stress distribution after 1st rolling

0.000
—&—0.0mm
—--3.8mm
0.0025
—A—76mm |, -
.. e
0.0020 : i
c i i
£ ) o,
i ad ey
@ 00015 4 A% A%y
o (1] ima!
I3 fi [
- I it
. 00010 FEREN FEREN
R "
2 - - - la
0.0005 Al ia Al a
At L e, 4% 0 0%,
3
0.0000 4
—
° 1 2
Wheel rotation

Fig. 17 Strain history considering residual stress
due to manufacturing process

Bk A% AR Qe Aol usel Az
2380

t 109¥) o] Zasksth
HELAAXNE THo2HE 326mmolA] P
AEach AEe durHel IR ®A

T
00054 |_-@-0Cmm| e :
—e—38mm| ¢ o)
0004 4 —&— 7.6 mm 'll\ : \‘
£ ;s
g 0.003 4 /“{ . lt S
w PA\.’ Al
2 I Al
] i e 4
é 0002 }‘, by
P s
0001 " \\A -rl.? A
o R e S — -
0000
1 2

Wheel rotation

Fig. 18 Strain history considering residual stress
due to braking

E o i 2
E : AA"/‘ o
8 e
T -4 a %
3 s D WY
a2 AA .\ ".
£ 3
A e_e
S A g,
= 6 A \
g .l
§ A, -
g 8] —% Withoutinitial residual stress
—e— With Residual stress by manufacturing '\\.-\.
~—&— With Residual stress by braking k.\:
-10 v T T T
0.01 01 1 10 100 1000

Nomalized Life { Without initial residual stress at 3.2mm = 1)

Fig. 19 Fatigue life results using time history

5}
5 ol

rr

frox

02RE o 3 ~ 5 mm BIoA @A
o2 dlgtay FALE Fioq ¥EA U2
FEg7 Aot AAFHASY

5. 82 B
Awage A8 AW H25wg Hole
7] Slske] Az ARE ZHEH 9@ WEET
& gon ol2RE g

@) A=A 7
SECEE R
A4ol Hn

H
- }-
AFgol AFAHSY

o ™ du
lo
o



1398 AARY -7y
2343

(3) A&l AFYE gl ot FFSH
Fe IFTEo e Ao vlEtd AzA ¢
FRAFLHol A& ASolE FHo] 2489 F7}
t 2 dsge Fde

o

2
M
re
O.}’_.
>
]
olo
JB
lo

HFa71eRe FAARATANY
1902 s499&U ool BAR
oA 2 ZA=PUT

—

ilal]

23

(1) Cannon, D. F. and Pradier, H., 1996, "Rail
Research by the
European Rail Research Insititue," Wear, 191,

Rolling Contact Fatigue
pp. 1~13.

(2) Bijak-Aochowski, M., 1997, "Residual Stress
in Some Elasto-Plastic Problems of Rolling
Contact with Friction," Int. J. Mech. Sci. Vol.
39, pp. 15~32.

(3) Kulkarni, S. M., 1991, "Elasto-Plastic FE

of Repeated Three Dimensional,

Rolling Contact with Rail Wheel
Properties," Transactions of the ASME, Vol.
113, pp. 434~441.

(4) Gordon, . 1998,
"Estimation of Residual Stresses in Railroad

Analysis
Elliptical

and Perlman, A.,

Commuter Car Wheels Following Manufacture,”
ASME IMECE RTD.

(5) Kim, K. J. and Choi, K. J,, 1993, “A Study
on Countermeasure of Damage of Railway
Wheel,” Railway Technology Report, Vol. 27,
pp. 201~233.

(6) Seo, J. W, Suk, C. S. and Kim, Y. J., 2002,
"Change of Residual Stress of Railway Wheel
by Brake Condition," Proceedings of the KSME
Material and Fracture part, pp. 176~182.

(7) Donzella, G. and Scepi, M. 1998, "The

Ay

A% - A9R

Effect of Block Braking on the Resdual Stress
State of a Solid Railway Wheel," IMechE, pp.
145~158.

(8) Lundin, R., 1991, "Contact Region Fatigue of
Railway Wheels Under Combined Mechanical
Rolling Pressure and Thermal Brake Loading,"
wear 144, pp. 57~70.

(9) Ekberg, A. and Bjarnehed, H., 1995, "A
Fatigue Life Model for Germeral Rolling
Contact with Application to Wheel/Rail

Damage," Fatigue Fract. Eneng Mater. Struct.
Vol. 18, pp. 1189~1199.

(10) Sraml, M. and Flasker, J., 2003, "Numerical
Procedure for Predicting the Rolling Contact

Fatigue Crack Initiation," Int. Journal of
Fatigue 25, pp. 585~595.
(11) Noda, T, 2002, "Safety of Wheels and

Axles for Railway Vehicles and Engineering
Ethics," Forum Vol. 7 No. 7, pp. 9~16.

(12) Joo, J. W. and Park, C. K., 1998,
“Determination of Non-Uniform Residual Stress
by the Hole Drilling Method,” Transactons of
the KSME A Vol. 22, No. 2, pp. 268~277.

(13) Kim, C., Suk, C. S. and Yang, W. H., 2000,
“Influence of the Hole Eccentricity in Residual
Stresses Measurement by the Hole-drilling
Method,” Transactons of the KSME A4, Vol. 24,
No. 8, pp. 2059~2064.

(14) Idemura, K., 1997, “Brake Technology of
Railway Vehicle,” Research of Machine, Vol.
49, pp. 49~68.

(15) Johnson, K.L., 1985, "Contact Mechanics,"
Cambridge University Pfess, pp. 99~104.

(16) Ringsberg, J.W., 2000, "Prediction of Fatigue
Crack Initiation for Rolling Contact Fatigue,"
Int. Journal of Fatigue 22, pp. 205~215.

(17) Moyar, G., 1991, "An Analysis of the
Thermal Contributions to Railway Wheel
Shelling," Wear, 144, pp. 117~138.

(18) Mutton, P., 1991, "Rolling Contact Fatigue
in Railway Wheels Under High Axle Loads,"
Wear, 144, pp. 193~152.



