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Finite Element Analysis on the Stress Distributions
in Rail-Wheel Contacts of High Speed Trains

Chung-Kyun Kim and Ki-Hwan Kim*

Tribology Research Center, Hongik University
*Korea Railroad Research Institute

Abstract—The numerical results on the stress distributions of rail-wheel contact problems are
presented for three models in a high-speed rail system. These models which have straight and tap-
ered (1:40 and 1:20) contact geometrics between the wheelset and rail are analyzed using the finite
element approach. From the simulation results we found that the tapered geometry (1:20) of rail-
wheel contact base line showed very stable contact stress distributions for a whole contact position
between the wheel and rail in a curved rail section. The FEM computed results may present an op-
timized slope geometry of rail-wheel contact in a high-speed railway system.
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(b) Curved track with 200m radius
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Fig. 1. Rail-wheel contact position as the wheel passes
through a curved rail.
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Table 1. Material properties of rail-wheel contact for
a FEM computation

Numerical values

Material properties

Rail Wheel
Young's modulus, £(Pa) 2.1x 10" 2.1x 10"
Poisson's ratio, v 03 0.3
Mass density, p (kg/m’) 7.850 7,850
Yield strength, o, (Pa) 8.8x 10" 8.8x 10"
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Fig. 5. Contact geometry between the rail and wheel
for three models. (a) Parallel contact geometry: Model
1, (b) Tapered contact geometry: Model II (1:40), (c)
Tapered contact geometry: Model III (1:20).
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Table 2. Simulation data for a FEM computation

Rail-wheel model Model I  Model I Model 111
No. of element 2,652 2,652 1,925
No. of node 2,799 2,799 2,050

Element mode 4-node arbitrary quadrilateral,
isoparametric element
Contact distance 0.01 0.01 0.01

tolerance (mm)

Node distance (mm) 0.23 0.23 0.56
Axle load (kg) 8,500 8,500 8,500
Coef. of friction 0.25 0.25 0.25
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Fig. 6. Contact stress as a function of horizontal dis-
tance from the rail head center along the rail-wheel
contact surface for Model 1.
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Fig. 8. Contact stress as a function of horizontal dis-
tance from the rail head center along the rail-wheel
contact surface for Model ITI(1:20).
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Fig. 10. Contact stress as a function of horizontal dis-
tance from the rail head center along the rail-wheel
contact surface for Model II(1:40) with load ratio,
100%.

9efl 4} A A5k oleh. o] Abel| elshut gk
el A 92 el wheba] FHo A F5H 2>
sh AFe welFa gk mak HEA
40 Ao 41> Fig. 10e))4] WodFi= 735l A
T] 27} Fyuksk(xutsho 2 o] rghol ulzlr] A

3l
2]
- u
e ,def gARy-el o) A2 ub
Ao
Q.
(5]

=

ot 4 ek el }”C’“W o A
w2 98le) Z7he ¢ 4 ale

crelvh A &AL 218717 1209 A E -] A
A A S A Fig. 1ol ojabn 4 Egee 3
2] 7} ¥ldlod 2 800 MPa 2. a3l HEZw Ko 1)
HA grAA o g HEsla 9lrlis AlAle] vlE mwl
ol Dt A Bellold Avbeli nlansl i BHole). o
7IME e 1FoR olgA A Hde) ke

ol AZAAE 0ol dlalel] HEaz 7o) ohy]

=

=

3]

Contact stress (MPa)

0.00 0.01 ooz

Horizontal distance {m)

Fig. 11. Contact stress as a function of horizontal dis-
tance from the rail head center along the rail-wheel
contact surface for Model III(1:20) with load ratio,
100%.



AEAA L o A FolA
2t "ol 7 "]-—”r(oﬂﬂ AZAH Yy} of2l e HE2AL
7] Wol 3¢ o] ulwA] e} i ol
#Hld o] Alo]A] 4-L1 A&l A Y= $-3Ho] 8
MPae|2}sr | A1&F Hillier $[8]2] od-7-7Z=be} okl
3 Akt

A7l A2 wde] disted sEu|(50%, 75%,
100%, 125%y& S71A1A 7FaA A E5AS A E A
AbF Figs. 12, 135} 149] A4t Fabol o)sbal ol s)
el HEHollA slgur) 271 4E A A2y
o] F7}sh= dAHE e Fan gl

3 HE2HNE 7 wdlo AL Hde A
AE = A HESH S 2.8 xkeE
)—c’i ol 5 Aol ulebr] HApR 7\:}

‘104 ‘:F ]dd TJEF’— 7]

8}
o
11

Il

oE_. s J)l‘
03‘4

b
o

3| 7} Zd+6lu4ﬂ o T“'j‘
%4%01 H‘*EEM el FEuH7
2ha] o] F-gtol| ule} H A2 Fiw) o
“4"] HE22 wWalA wo] HE3uHe] Zrhstr, 2
of| wha}a] Al HEz2wo] 7}43)7) ulj Folu).
el 7|&E JEAL 14022 729 #el-ge
HEw -l ek H33HE s+ Fig. 139 4

(

| mlo

0.

sholl ofsha B3 91307} FobomyE Yugon
LB ek ALl el D A gl
o] b,

2.8]e] o otk el g
w3 75 2L 12008 *—M} AR R

A Z- 2wl th&h Fig. 142] 1A ste] ofshd A
24 917 WA P22 vl st Z7hst
vb Rl W]t F7bgo] oiRka] whrh Foial of
-2000
v v E N
-~ a Tw
. s | @ -, * a Tv
E .\\ ‘ .
g Load ratio \\‘\\ v
8 —a— 50% .
€ o | |* %
'% A 100%
= v- - 125%
o N A ) s .
- o 1 2 3 4 s
Contact position in axial direction (mm)
Fig. 12. Maximum contact stress as a function of con-

tact position in axial direction from the rail head cent-
er along the rail-wheel contact surface for Model I.

[+

S

x| B3 fasay 99
2000
'y -
A
= » M .
g 1500 | a »_,,.""A-’
g . e e
s .
p
’§ 100 - Load ratio
€ - -m— 50%
£ / - e-- 78y
';' - 4 100%
500 i 1 i A A
o 3 2 s P
Contact position in sxial direction (m)
Fig. 13. Maximum contact stress as a function of con-

tact position in axial direction from the rail head center
along the rail-wheel contact surface for Model I1(1:40).

o b HE S E datel ge] HEHES 0, 1, 2,
3 4mmi o) EAA A HEEA TS we
W Mgl A& wle] sl Yt Fig 14014
BolF AAY s rhis Able] Solsjeh. 3, 1
208 AAEE 2 AelA = At Bl WE
A% o) FAAE Bl A4l ¥9ie) Alde] mele
417} 5 AEah] el Hdel Al e Ho)

HEEHE 2 Ao A AnE HojFr) o)7L ¥
Adeo] HEHoA 1:208) HALZ Qg &) 5
717} Fig. 1ol A Hoda= A 23] vlaz g s =] 7]
) o HUa) F /\}o]7} Bzl Aeprls T57)
HZo| ¥ EEB AR A A o] YL feg

o] A
45

oleh
A Aol 4 a3t B Apole] nhaz Ae 7)EA

o) ANEF ol R s} dee) £

- : - o -
g AR flvke AME B ool RedFa
1800
Load ratio
--w— 50%
& e 75%
$ o [ & - 100%
2 -~ 125%
H
] oo L SRR O e o s -
g e b - > IS & a
g @ ® oo . PR -
g - & e -
o L. L L L

Contact position in axial direction {mm)

Fig. 14. Maximum contact stress as a function of con-
tact position in axial direction from the rail head center
along the rail-wheel contact surface for Model III(1:20).

Vol. 13, No. 3, 1997



100 NRE -

sleh Al HAleE 223 Azlchd Aol
2 SHEEE FAA fAshAA HEFHA L =24
& 5 glch A e A wes Aat AAlsol #
Hwl A3 AA1:20 3= Fig 14004 =] A5}
A8 AL Hol A2 HEsh= A2kl AHA
HAESY L Ee Ao r Fdsir| ez vz &
ol vt FAl= ZA 43 = oA =, Al
2] e Fo1sHA #rl 0131@ ZHolA] dd
3 A F=t

5. H==il nidE

Ad3t Fof A Fol A A w = vhd Ao gt
23719 A AAAEL Sl ALste e A4A
o] 7}at7| wifoll 2heke) b I oF7F A2t
adotet. Alsdel digh i FAl= 1950 3 =he] A
el B AAA dlolebE AAACRE B
ol 32 W BAE 2w 29,10, G Aol
upd o] o R-o) H-Al(corrosion)ell 7)el3t F-A|etan
B Asrk skt 2ev 2o A=
sA2U0 hBE, 5 vasel wsFHE 219
sbgel o|ah Fadal b3 o] Zhsh Bhad
ol o1&k g 2vbdet sta] R o] Holr}l Hr} 2 #
Ao 2 A7 =L et

Hlodol| A whdo] dojvhe 915 sty A
(rail head)2} Ale]x] A2 (gauge surface), 18] 7. &
M el HFE Edc(read)?} EaMA]
(flangey7}t olch. #lade] AAds} A1 A ol ujebA
dds} # Apole] HE29]=]7F wWis}a, o]ol wpE mhat
s whd e} Wbl A e} ehebalcl.

71E A Ak rbeiAl = ME 3Hg-(axle load)o]
WE GER Aeke] A7 EE gAHoR 2okt

= FAlell 2llw, o] ubE U} H 1lele) vid
FAE =038 #gle 2 ol F-5 7 gk

7]&2] 3 A7}ol| 2ale 7 =7} 300HB o] AF5] =
XMH el A3
| E7hstd ohd &S shebsbA Abgdta &g B
o173 givh Fig. 15 AE7 Eejnde) ¢a37ts
dd 2AlE AEgk F 9ol g opd g Aate HE
o] ZrlElul 7)ol guksiAl Frisielst o,
000 MPa o)4to] €vd v go

2] (contact pressure)

=
)

~N

H]_EY_X—] B]H 6?!7(4 o7

Journal of the KSTLE

3
-
—8&— CrMo A-307 :
n
- @ - CrMo A-282
wl| 4 cmoazs & .
£ ,
E
% 2k .
E 'S
g |
-]
$
£t
s
7 . L "

400 800 800 1000 200 1400

Contact pressure (MPa)
Fig. 15. Non-linear wear rate as a function of contact
pressure.

- A% wFT gleh Yol Aot ahgel
2 ol HARE phale] Z7hs) of
of mpE vhEo] FASA 27hd Ao Az,

6.d E

Aol dd it A apelellx e} vtz g 7]
1o] AA=E o= Hra AAS v} dints
AAM g7 dobs AP S B Aol 2o
cHldel A HAEE 12002 33k
& FH7F A E e de) Al
e stA =] sk
a3} & bole]
iwﬁ 4 9lem, ofof
Hl?ﬂ wor, il "] 5
S oleh &, W 1202
93t AR E ZEE A
Zle] upghzl sl

q dA Al A &A= Azvka
AAkaS Sredslol ZHylel Al e g wAlal ¢
©. 2 Hertz %*j & Aot vk 24
gk Evfold2a|x Aol elgsict. wdt
LapEFe] w402 FdEkAl = el 1&*&-‘?«9}
Alo] 2] Zd#‘{MIHt 53] ohabdel| o3 gy A
F} olel| whE whHEA7L FaslnE @l dFE

A% e °%lﬂ°14

>
o

N oy N

a
8
AL

o
Toar KR
o> o
o B _,VL

¥
}” -
o
2 o
= 12
X o
o
oo Ei
)

Hz
!
‘U mlm

lu
=
L)

[

i

2%
Lo

o

—\?L"o Ir

.\om

}

o
-

HooE M e 2 L
by
olo
B
E
Kool o
o

A

o
e R
o g a

jo
g My
rlr ol}l
_ —\'—‘

i)

=

0

S
—t
)
e

f
o

t
-

- r&r

ﬂd
A )
B3
s

il
1o
>

L
T

=
il
|
% =

mlo > i

nu}ﬂiﬂ

+

it

=

Ho

1

1. Weigelt, H., "The History of High-Speed Trains on



2EAEE AL Gl $HLEA DY FELLNY 101

German Railways,” ICE High-Tech on Rails, pp.16-
34, 1991.

. Markov, D., “Laboratory Tests for Wear of Rail and
Wheel Steels,” Wear, Vol. 181-183, pp.678-686, 1995.
. Sato, Y., "Design of Rail Head Profiles with Full Use
of Grinding,” Wear, Vol. 144, pp. 363-372, 1991.

. Clayton, P. and Allery, M.B.P., "Metallurgical Aspects
of Surface Damage Problems in Rails,” Can. Metall.
Q., Vol. 21, No. 1, pp.31-46, 1982.

. Smallwood, R., Sinclair, J.C. and Sawley, K.J.,, “An
Optimization Technique to Minimize Rail Contact
Stresses,” Wear, Vol. 144, pp.373-384, 1991.

. Clayton, P., "Predicting the Wear of Rails on Curves

10.

. MARC User's

from Laboratory Data,” Wear, pp.11-19, 1995.

Manual, Version K6.1, MARC

Analysis Research Co., 1996.

. Hellier, A.K., McGirr, M.B. and Corderoy, D.L.H,, “A

Finite Element and Fatigue Threshold Study of Shel-
ling in Weavy Haul Rails,” Wear, Vol. 144, pp. 289-
306, 1991.

. Dearden, J., "The Wear of Steel Rails: a Review of

the Factors Involved,” Proc. Inst. Civil Eng., London,
May 1954.

Dearden, J., “The Wear of Steel Rails and Tyres in
Service,” Wear, Vol. 3, pp.43-59, 1960.

Vol. 13, No. 3, 1997



