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KATA PENGAI\ITAR

Dengan mengucap syukur alhamdulillah ke hadirat Allah Yang Esa yang tiada tuhan

selain-Ny4 kami selaku Panitia Seminar Nasional Tahunan Teknik Mesin X Tatrun 2011

Jurusan Mesin Fakultas Teknik Universitas Brawijaya Malang dapat menyelesaikan prosiding

abshak ini.

Cinta Kasih-Nya yang tak terhingga mendorong kami untuk semangat dalam kegiatan

belajar mengajar yang tak pemah putus sampai masuk liang lahat, khususnya dalam hal ini

ilrnu-Nya yang krta tekuni bersama yaitu rckayasa keteknikan.

Prosiding ini diharapkan mampu menampung para peneliti, praktisi, pemerintah dan

mahasiswa untuk mengkomunikasikan hasil-hasil penelitiannya. Prosiding ini juga merupakan

sebuah wujud tanggung jawab bidang teknik mesin dalam menyumbangkan pemikiran, ide dan

hasil penelitian sehingga mampu diaplikasikan ke masyarakat dan guna mendukung ketahanan

energy di Indonesia

Bertolak dad hal tersebut malca Jurusan Mesin Fakultas Teknik Universitas Brawijaya

Malang menggelar event akdemik Seminar Nasional Tahunan Teknik Mesin X Tahun 2011

yang bertajuk:
*Optimalisasi Peran Teknik Mesin dalam Meningkatkan

Ketahanan Energit

Diharapkan dengan adanya semina nasional ini, para akademisi pemerintah peneliti

dan atau praktisi dapat menambah wawasan mereka serta menerapkan pengetatruannya

tersebut dalam durna engineering untuk mengoptimalkan ketahanan energi nasional.

Selanjutnya akan terbina suasana akademis yang nantinya dapd dikembangkan menjadi wujud

kongkrit di masyarakat pada umunya-

Semoga Allah Yang Maha Pengampun meridhoi jerih payah kita semua. Amien.

Malang l Nopember20ll
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Numerical Simulation of Contact Stresses of Rail-Road Interface

Ahmad Suudi dan Asnawi Lubis

Jarusan Tebik Mesin Fafultas Tehrih Univelsitas La npung
Jalot Professt Senantri Brojowgro No.I Mo Lnpmg 35145 Irdonesia

Abstracl

Train accident is one of transportation aecidents tlnt frequently happen in Indonesia. From engineering
point ofview, tlu train accident eategory which corrcented is derailment as a cause offailure function of rail or
wheel. During its operation, rail-wheel system could be failwe due to contact, known as rolling contact fatigue,
and stick-slip behwiour between rail and wheel. Failures usually occurs (N wear and initial crack that
propagate through rail or wheel, This paper reports result of a nonlinear numerical simulation of contact
stresses of rail-wheel intetface. Irwestigation was canied out in the region where derailmmt happened and

fracture modes was docamented. Rail and wheel prolile was measured before and after failure. Failure modes
is then simulated numerically usingJinite element method, prticululy coltact stresses at rail-wheel interface.
The results slwut that maximum combined (wn Mises) stress ocat at a distance of 4mm from the interface
toward batom of the rail and 5.5 mmfrom the interface toward tlp centre of the'wheeL Whereas the maximum
shear stress occurs exactly at the interface ofthe rail-wheel.

Kqvortt: nmeriul simulatio4 cortact stresses,finite ebment methd, rail-wheel interface

l. INTRODUCTION (10 pg bold)
Train tranqportdion is a rnass transportation

moda used in many developcd munary. The main
anvantage of train ffersportdion is its power to
cury massirrc load for goods as wsll Bs for
passengcrs In krdonesi4 however, train
transportation is wry marginal and can only be
found in Jara and Sumatera island" In Sumdera
itse$ there are three train s.rbnetwork which
apat each otlrcr: north of Sumdera wd of
Sumaiera, rod south of Sumatera

Based m a docuur,nt of PT- I{ereb Api
Indopsia in ?.005, inta*rucrure of train rail in
Indonesia had incr€ased by abod 0.16% during
the periode of 200&'2(D5. This is a resnrlt of
increasing tb mrmbsr of nm-pime (branch)
infras|rwlure by abort 10.57o/o. lbe increariag
of intrashrehre of rail dndqg the fiw yeas
psdo& is a resrlt of rcncwing process by PT.
K€rsta Ad hdonesia Tiain trmspofiatim will
bc continrnlly &veloped in fre fi*ure bdh for
long disturce (Trans Sunrdera) as well as for
local transportation, such as south of sumdera
[Prcsentatim in Fmlty of Engineuing
Univenity of Laryng on tbe 13 nffclt 2009,
by h. Anshui Dja$al, orpert staf of Lampmg
Governorl.

The main problem in train transportation in
Indonesia is tain accider[ In general, there ae
five cdegories of train accident in Indonesia [],
i.e., qash of train with trairL crash of train with
other vehicle in highway, derailnerq floods q

landslide and other accidsnt such as commit
sdcide in rail. The first two categories
mentioned above usually resrlt fum human erru,
while deraihpnl is caused by failure of raiVroa4
zuch as wearing of rail, crac* of rail, $nall
differeace in wheel diept€r, imperfectim in rail
conrenctioq failure of elastic fastening erc.
During the perio& of 2000 - 2009, derailment
type accidsnt dominated train accident in
Indonesia [21. In 2007, KNKT investigated eight
cases of derailment of nire cases [3]. This
indicated trd a rpre comfrehensive reserch on
structural failure ofrail/q/hell is needed.

Weuing and crack d rail is caused by contact
str€ssc at the railfuheel interface when a hain
move on tbe rail. A key frcfor to be able to
gedict wearing accurately is by investigating the
disfribution of contact sbesses and stick-slip
behaviour. The dishibution of omtact sEcsses at
railArheell interfm is very complex md
involrcd nonlinearity with changing status.
Eryerimental anlysis for contact stresses is very
difficult and eiryensivq because strain gage will
be furlt under contact str€ss€s. To overcome this
probleru numsrical simulation with finite
elenrnt method car be the best choise.

The fir$ study of contad of two bodies
began at the end d 19th century. lt is a
Germany researdier, Heinrich Hertz (in
1896), who first published a paper detailed
about contact betreen two cyllnders. He
shorcd that when two cylinders in contact
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under a load F, the cylinders will deform with
contac't area in form of ellips with major axis
in line with line connected the centre of two
cylinders and minor axie in line with tangent
at contacil point Herzt developed equation
for stress state along the major axis of the
ellip of contac't area. The HerE's equations
were developed with assumtion that contad
area free from shear stress. The Hertz's
formula is still used today when study
contac{ stress. The theory is valid for eladic
materials.

Many researchers then calollated contacl
stresses at the interface of two spherical or
two cylinders with contaci area in form of
circular or rectangufar Bspectively. With this
form of contact, the dimension of oontad
area oan be determined analitically by
solving a simple equation. For a more
complex of contad area, such as railArheel
interface, contact area is in form of ellips
because the curvatures of the bodies in
contact are different and the plane of contad
area ane perpendiculars. For a case of
elliptic contact, stress equation cannot be
solved analitically, but numerically.

de Santos et al [4] crried ou semi-analytical
analysis to determine the half-length of a;ris of
elliptic contact area ruing elliptic integral. Stress
tensor at rail/wheel in the vicinity ofcontact area
was obaincd in form of doublc integral and then
solved using nunrrical metbod" Goryachw4 et
al [5] developed a model to analyse wering and
fatigue failure of raiVwheel system based on
contact and fracture mechanics approach. The
model developed include solution for raiVwheel
contact, ard calculation ofprofile change due to
wearing process of rail as a firnction of failure
accumulation at rail and wheel. Liu et al [6]
developed a frilure model due to high cycle
multiaxial fatigue to predict the orientafion of
initial crack plarc md fttigue lift of raiVwheel.
They also develo@ 3D model elenpnt to
analyse raiUwheel contad. Stress response
ohained fiom numerical simulation was used to
predict fttigse life of raiVwheel. Urt * d [4
crried out a study of cack fuigue popagation
at the rim wheel of train by modeling 3D finite
elerrnt fq raiUbtpel conta.t Povov, at al [8]
canied ou stndy of the infiuence of naterial
properties and loding on ooefficient of fristion
of raiVwheel systen Their study showed that
friction force directly propctional to normal
pressurE, as ery€ctd. Talamini" et al [9] canied
out numerical investigdim of sliding effect on

surftoe failurr of wheel of train. Finite etement
model using ABAQUS progarn package was
used to see spalling due to friction heating at the
raillwheel interface.

During its operation, in addition to
mecfianical load in form d tnain weight and
movement force, railArheelalso subjected to
thermal load that happened at the moment
of decceleration braking. Almost all the
kinetic and potensial energy is converted
into heat in reguler braking system. Sorne of
heat propagated into dm wheel and results
in ternperature gradient in radial direction.

The presence of residual stress at whecl
during manufactrning process adds to
complexities ofstress behaviour. There are three
problems at wheel in rclatisr to residual stress
[4]: spalling zudden fracture, and shelling.
Spalling is caused by changing in material
microstructures at small part of wheel in cqrtact
(tread). Sudden frdcturc is caused by contact
shesses. Changes irr shess pattem (originally
compression) could cause sudden fracfurs when
atrain nrcving. Shelling is also caused by conhct
stess This could happen when small crack at
surface propogates in the direction ofmaximum
shear stress.

This paper reports rczults of nurnerical
simultion of contact shess of raiVwheel
interface. By knowing shess state, improvement
in rail and whccl design of train aould be
reconrmended to reduce rates of wearing and
avoid derailmenl

2. FINITE EL,EMENT MODELING
A wheel of train is usually mounted rigidly on

a steel acle. Because ofheavy load ofshaft and
small contact area at the railAvheel interftce,
s8ess at contac* aroa is very higfu To obtain an
accurate contact behaviou, 3D elenpnt is used
in finite elemsnt modeling and withthis elernent,
shess rcsponse at contact arpa can be calculded
accurately. Cromefric and material nonlinearity
were inclu&d in analysis.

Befce building 3D model, 2D rnodel is
builded first starting from defining keypoints,
followed by lineC and then ar€as. Wheel oftrain
was creded by dragging the arcas along a circle.
Rail model was simply obtained by ibagging an
area of rail cross-section along a line in z-axis
direction. Figue I slrows thp gpomeby of a pair
of raiVwheel in contact Dianrst€r of wheel was
ohainsd from rneaslement in PT Kereta Api
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Indonesia SuMivre Itr 2 Tanjung Krang it was
774mrl.

Fig.l A pair ofraiVwheel in cmtact

Material properties fffi rail and wheel is
assumed the same, i.e., carbon sEel of Young's
modulus urd Poisson's ratio of 207GPa dmt 0.3
respectively. kt this analysiq it was assumed thd
marsrial bahaves linearly. Only these two
properties needed in contact anallsis.

In this rnodeling SOLID45 element type of
ANSYS [0] is used for both rail and wheel. The
elerpnt has tlre degrees of freedon! i.e.,
translation in the a y, and z dfuection Fs
contacl type of TARGET17O
and CONTAIT4 we used. Contac't elenrcnt
TARGETITO is used for rail and modelled as
segmented target which cmsists of one target
surface and eigtrt nodes. TARGETITO has six
degrees of fieedom, i.e., hanslation in the x, y,
and z dilection, as well as temp€rafuq voltage,
ard magnetic. Fu cmhct eleme'lrt d wheel,
CONIAIT4 elernsnt is used This element has
eigbt nodes with tlrce degrees of fieedom for
every node" i.e., transldion in the 4 y, trd z
direction FiniE elernerfs for wheel (tetahedrcn)
were generded using fi,oemesh, while finite
clccrn6 for rail (hsr!&cdral) were gpncred
using sweepmesh

Boundry conditions of the model is zero
displacement for all nodes * both eods ofthe rail
to sirrulate ttre length of spm of a rail betwesn

two zupputs, Symm*ry boundary condition in
plane XY for rail was taken into account as
shovm in Figue 2.

Atc.ff

Ar|ffrt

Fig.2 Boundry conditions for rail and wheel in
contad

To avoid sness concenFation due to
singulility at the point of ryplied loading the
load was so applied that it wro distributed at
shaft of wbeel. This was dme by using ANSYS
conrnand "couple" so thatthe region where lmd
applied does not poduce stress Load qplied
was forcc don'nwud of 50kN.

3. RESULTS AI\ID DISCUSSION
Figure 3 slrows sbess (von Mises) contour plot

at raiVwheel interface. ft can be seen from figure
3 that maximum shess occun in the vicinity of
contact surfrcs. Stress (von Mises) distribution is
shown clearly in Figue 4, rryhich reraals that
mar<imum stress does nd occur at the interface
but at a distant from interface. It crr be seen that
maximum stress oocurs at a di$mt of 4 mm
tou'ard bofiom of the rail and 5.5 nm toward the
wnhe of the wheel. The maJdmum stress values
te299.34 MPa at rail and 155.04 MPa d wheel.
It can be seen that mrudmum stress at rail almost
two timps of the ma:rimum shess at wheel.
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Fig.3 Shess (von Mises) contour plot at rail
wheel in contact
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Fig.4 stress tuonTffiiltribution for rail 
3'

and wheel in contact.
4.

Fi$ue 5 shows shear stress contour plot at
a pair of raiVwheel in contact. Dishibution of
shear shess is shown in Figrne 6. ft can be seen
that maximum shear stress oocurs at tho interface
and tend to decline as away from the interface. 5.
Maximum shear stress at the interface is 70.054
MPa for rail dan 66.455 MPa for wheel.

Fig.5 Shear stness cmt{xr plot d the rail/ufte€l
interfrcc

\

\

\

sSaG

Figure 6 sr,""r rilI*fi#ibution measured
from interface of rail/wheel in contact

3. CONCLUSION
Based on thc nurrerical simulation of

raiVwheel interface just perfmrned, the following
conclusions can be drawn:

l. Contact stress is manimum at rcgion
near contact surhc€,
The stress becarp smaller as away from
contact srftce,
Ma:<inum stress (von Mises) is 299.341
MPa and maximum shea shess is
70.054 MPq
von Mises stress is distributed along
0.088 tinps radius of wheel from
contact point toward the cenhe of the
wheel, and 0.315 tirrrs height of the rail
toward bottom ofthe rail,
shear ssess is dishibuted along 0.074
tirnes radius ofwheel from contact point
toward the cenfe of the wheel, and
0.120 tinns height of the rail toward
bottom ofthe rail.
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