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Abstract

Our investigation aimed to analyse the contact pressure
distribution, the contact area and the sliding procedure in a
railway wheel-rail contact by using finite element method.
The analysis were created with linear elastic material model.
The elaborated model provides opportunity to analyse the ini-
tial sticking zone within the contact zone that disappears and
transforms into full sliding contact due to the tangential dis-
placement of the contact zone. In that state we examined the
equivalent stress distribution under the surface in full sliding
condition as well.
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1 Introduction

The analysis of the railway wheel-rail contact is an important
research area in the railway development. This connection has
effect on the running comfort, dynamics, the failure of wheel
tread and the wear as well.

In the article of Kleiner and Schindler [1] an FE analysis
were used to determine the pressure distribution between the
two contacting elements. Their analyses involve seventeen
contact positions between a S1002 wheel profile and a 60E2
rail profile. They provided an empirical equation, which makes
it possible to determine, with a good approximation, the maxi-
mum surface pressure depending on the wheel load and the lat-
eral displacement of the wheel relative to the rail.

Telliskivi et al. [2] compared three different methods to
determine the contact pressure and the contact area in the wheel-
rail connection in different contact cases. They used the traditional
Hertzian analytical calculation (when it was valid), the CONTACT
software (based on Kalker’s theory [3]) and an FE analysis with
elastic-plastic material law. They pointed out that the traditional
methods only provided accurate results when the minimum
contact radius is large compared to the significant dimensions of
the contact area (when the half space assumptions is valid).

Wiest et al. [4] created analyses between a railway wheel and
a crossing nose with different numerical and analytical meth-
ods similarly to Telliskivi et al. They examined and compared
the contact area, the contact pressure distribution and the rigid
body approach. The results show of the importance of using
elastic-plastic analyses for studies of contact stresses.

Zhao et al. [5] examined the wheel-rail contact with a 3D FE
model, for a simplified geometry. They analysed the contact
pressure distribution, the surface shear stress distribution and
adhesion-slip area within the contact zone. The results were
compared to CONTACT and analytical Hertz solutions. They
pointed out that the created simplified geometry provides reli-
able solution of frictional rolling contact, in statics and dynam-
ics, in elasticity and plasticity.

Pau et al. [6] examined the wheel-rail contact in a differ-
ent way. They used ultrasonic method to determine the contact

Frictional contact FE analysis in a railway wheel-rail contact

2014 58 2 93


http://dx.doi.org/10.3311/PPme.7229
mailto:z.peter@gt3.bme.hu
mailto:varadik@eik.bme.hu

pressure between the contacting bodies. With the help of this
technique the contact pressure distribution can be analysed if
the numerical and analytical techniques are not readily and reli-
ably applicable or it can be used to analyse the rolling contact
under the vehicle in motion.

Our goal with the elaborated FE analyses — created with
ANSYS VI14.5 FE software — is to compare the contact
behaviour in a railway wheel-rail contact during, stationary as
well as sticking and sliding conditions.

2 The FE model

In the course of our investigations, a 40° piece of a railway
wheel of D=920 mm [7] diameter and with simplified geometry
and a 560 mm long rail, according to the UIC-60 profile stand-
ard [8] was examined (Fig. 1.). In the course of calculations,
the flange of the wheel rim and the conical shape of the tread
were neglected. With a view to the fact that the geometries thus
established are totally symmetrical to the Y-Z plane, half mod-
els were produced from the pieces extracted for calculations.

Sym. plane

Fig. 1. The structural geometry, with symmetry conditions

The segments of the analyses according to Fig. 1. were bro-
ken down into sub-segments. This was intended to produce a
sufficiently fine mesh at the places required. The sub-segments
are shown in Fig. 2.

A so-called bounded mesh [9] was produced between each
segment in order to simplify links and to reduce the number of
components, therefore bounded contact relations were defined
between mesh segments (Fig. 3.).

For the sake of greater calculation accuracy, 20-node hexa-
hedron elements were used at each segment. In case of the base
bodies (C), the element size was 15 mm; in case of segments

marked by (B) it was 5 mm; in case of segments marked by (A)
it was 0.9 mm. Thus the FE mesh consisted of 57 229 elements
and 249 973 nodes for the whole geometry. Fig. 3. The structure of the FE mesh
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2.1 The material properties

During the analysis we used linear elastic material model for
both of the rail and the wheel. The material properties are listed
in Table 1. In case of the wheel we assumed SSW-3QS wheel
material [10], in case of the rail we used ordinary steel material
properties.

Tab. 1. Material properties applied during the analysis at 25°C.

Material:

Wheel: SSW-3QS according to JIS E 5401 [10]
(similarly to the European ER9 steel grade
according to the EN13262 standard)

Rail: generic steel

Modulus of elasticity [MPa](wheel): 206 000
Modulus of elasticity [MPa] (rail): 200 000
Density [kg/m3]: 7850
Poisson ratio [-]: 0.3

2.2 Boundary and loading conditions

In the course of calculations, the total weight of the vehicle
was ~520 kN [7], representing ~F=63 750 N load per wheel, as-
suming that the vehicle has four axles. At first frictionless con-
tact was applied between the wheel-rail connection (stationary
position), later sliding contact was studied.

We applied fixed boundary condition on the top and the side
surfaces of the wheel model to model the stationary contacts
(I'in Fig. 4.). On the bottom and side surfaces of the rail a pre-
scribed displacement constrain (II) was applied. Initially we
fixed the X and Z movement of the rail and a prescribed value
of 0.0796 mm in Y direction was applied which provided the
necessary loading force according to the Hertz theory [11]. On
both of the analysed bodies symmetry constrains (III) were ap-
plied along the symmetry planes according to Fig. 1.

Fig. 4. The applied boundary conditions

3 Results

In the course of calculations, three query lines were specified
on the wheel, along which results were queried (we queried
the results only on the wheel because of the conformity of the
material properties). Fig. 5. shows the location of query lines.

L7
Sa
A7 4

Fig. 5. Location of query lines used for the evaluation of results on the wheel
model: St according to the direction of rolling, Sd in the direction of depth, Sp in
perpendicularly to the symmetry plane

3.1 Contact pressure distribution

The contact pressure distributions are shown in Fig. 6. It can
be seen that the distribution is about symmetric, the diagram
shapes are according to the Hertz theory. The maximum pres-
sure value is 1011.4 MPa. Fig. 7. shows the contact stress both
of the wheel and the rail near the contact area.

Contact pressure [MPa]

= St direction = Sp direction ‘

Fig. 6. The contact stress distribution on the wheel
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50.042 Max
-67.891
-185.82
-303.76
-421.69 MPa
-530.62
-657.55
-775.49
-893.42
-1011.4 Min

8

Fig. 7. The s, normal stress distribution near the contact area

To validate our analyses we prepared an analytical calcula-
tion to determine the maximum contact pressure according to
the Hertz theory [11]. The maximum values of the contact pres-
sure according to the different calculation methods (analytical
and linear elastic FE analysis) are shown in Tab. 2. As it can be
seen, the difference is ~2.4% between the maximum contact
pressures. In this case the FE analyses are accurate enough.

Tab. 2. The maximum contact pressures

FEM
1011.4 MPa

Analytical
1036.28 MPa

Similarly to the contact pressure, we examined the von Mis-
es equivalent stress distribution along the Sd query line. An
overview about the equivalent stress can be seen in Fig. 8. near
the contact region. Fig. 9. contains the equivalent stress distri-
bution along the Sd query line.

623.68 Max
554.39

435,00

415,79

34649 MPa
27719

207.9

1386

69.301
0.0032284 Min

Fig. 8. The von Mises equivalent stress distribution near the contact area

von Mises equivalent stress [MPa]

Fig. 9. The equivalent, von Mises stress distribution along the Sd query
line on the wheel

The curve gets its maximum in the region of 2-4 mm depth
under the running tread. Fig. 10. and Fig. 11. shows the princi-
pal shear stress distribution along the Sd query line.

The principal shear stress reaches its maximum under the
wheel tread which is conformable with the Hertz theory [12].

Principal shear stress [MPa]

Fig. 10. Principal shear stress distribution along the Sd query line on the
wheel

322.38 Max
286,56
250.74
214.92
1791

143.28
107.46
71.641
35,821
0.0017876 Min

MPa

Fig. 11. Principal shear stress distribution near the contact region (in
stationary position)
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4 The slipping procedure

between the wheel and the rail

In the second part of our analysis we examined the slipping
procedure of the wheel. To do that the constrain of the wheel
has been modified. A prescribed displacement constrain was
applied in the wheel which allowed 1.087¢10° rad rotation
(0.005 mm tangential displacement), meanwhile the constrains
of the rail were being unchanged (Fig. 12.). In addition p=0.15
[13] frictional coefficient was applied between the contacting
bodies.

Fig. 12. The modified boundary condition on the wheel

To examine the initial sticking zone within the contact zone
we analysed the tangential displacement of the wheel and the
rail in the stationary position, at first. In Fig. 13. the sticking
zone is nearly the half of the contact zone in the stationary po-
sition. Fig. 14-16. show the tangential displacements when the
wheel displaced 2.5¢10-7.5¢10“ mm. As it can be seen in the
figures the extension of the sticking zone decreased. After that
when the sticking zone goes to zero the contacting elements
slips in each other. In this case the tangential displacements are
independent from each other as it can be seen in Fig. 17. (when
the wheel displaces 1.5¢10~* mm).
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Fig. 13. The tangential displacement of the rail and the wheel, with the

sticking zone, at stationary position
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Fig. 14. The tangential displacement of the rail and the wheel still under
sticking (wheel displaces 2.5¢10* mm)

Tangential displacement [mm]

Fig. 15. The tangential displacement of the rail and the wheel still under
sticking (wheel displaces 5¢10* mm)
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Fig. 16. The tangential displacement of the rail and the wheel still under
sticking (wheel displaces 7.5¢10* mm)

Beside the tangential displacements we examined the equiv-
alent von Mises stress at the end of the analysis (Fig. 18),

showing the effect of friction.

623.87 Max
554,55

485,23

415.91

346,50

27728 MP2
207.96

138.64

69,321
0.0031194 Min

Fig. 18. The equivalent von Mises stress distribution in the vicinity of the
contact region (the wheel displaces 0.005 mm)
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