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ABSTRACT

A computational model of fatigue behaviour of twme&hsional (2D) primary crack

situated in a railway wheel (RW) rim was design€de RW rim was placed on the
wheel disc of RW with interference fit. Crack bebarv was analysed in the case of
rectilinear ride of a train under rolling contactfigue (RCF). A direction of crack

propagation was predicted using Richard’s criteridd. In this way a relationship

between stress intensity factors and crack geonvedis/obtained. The equivalent cyclic
stress intensity is calculated and used in a medifParis equation to predict the
crack’s propagation rate.

INTRODUCTION

It is a matter of fact that fatigue crack growthrailway wheels may lead to the loss of a
part of the wheel (spalling) or to radial crackesdion. The result can be damage of
rails and sleepers or vehicle components or eveaildent. Fatigue cracks tend to
initiate below the tread [2]. Such an initiationpi©moted by the occurrence of material
defects. The goal of the contribution is to simelledlling contact fatigue crack growth
for a 2D case using FEM and taking into accountoapnoportional mixed-mode
loading. A parametric analysis is performed exangrthe influence of threshold value
of fatigue crack growthiKy,, a friction of crack faces and the crack directoorterion.
Crack growth rate is predicted using a modifiedig’kaw. Fatigue crack growth starts,
if the equivalent cyclic stress intensifyKeq exceeds\K,. The crack’s propagation rate
da/dN also depends on the fracture-mechanical propestidse material taken from the
work [3]. Both, the radial crack extension and Bpglare predicted and it is shown
how the crack path depends on model parameters.

NUMERICAL MODEL

Numerical model of crack is created in the systeNSXS version 14 (ANSYS Inc.,
Canonsburg, PA, USA). A rectilinear ride of a tramassumed and no geometric
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imperfections of rails and/or wheel tread are cdexsd. The wheel rim is considered to
be sufficiently wide so that the contact problem ba reduced to plane strain problem.
An initial crack of length of 2 mm is inclined tbd tangential direction with shallow
angle 20°, see Fig.1. Such geometrical configunati® typical for RW wheels
[3],[4]. The length of crack is increased by 0.03 nmeach loading step defined by the
position of the crack mouth with respect to thetaohpoint in the range limited by
anglesa; = -2° anda, = 5°, see Figure 1. As it will be shown later,sddé this range
both SIFXK, andK are equal to zero.

N
Initial crack ™.

Initial crack

\Figure 1 Scheme of railway wheel geometry

The outer diameter of the wheel rim is 920 mm dredthickness of the rim is 75 mm.

FE mesh consists of quadratic elements PLANE183Fsgure 2. A sensitivity analysis

of mesh has not revealed any substantial changée ivalues of stress intensity factors
during further mesh refinement.
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Figure 2. FE mesh and size of discretization
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It was shown elsewhere [5] that the concept ofdliredastic fracture mechanics is likely
to be valid for crack modelling in rolling contafettigue of railway wheels. Hence, a
plastic zone ahead of the crack tip and relategsstredistribution is not considered.
The material of the wheel is assumed to be homagenasotropic with the Young

modulusE =2.1 16 MPa and Poisson'’s ratio= 0.3.

Rolling contact in the vicinity of the wheel runagiwircle and at the top of the railhead
is considered. The wheel is loaded at the contatthpby a distribution of contact
pressures which correspond to the total contactefamf 10 tons. The algorithm for
Hertzian contact calculation was described elsesyhsge e.g. [6],[7],[8]. The contact
pressure data are prescribed in individual nodabefjuadratic element PLANE 183,
see Figure 3.

Figure 3 Nodes of quadratic elements where theacbpressure data are prescribed

Rectilinear ride of a train with constant speedl®0 km/h is supposed. Further it is
assumed that the rim is set on the wheel with amlap which corresponds to a relative
increase of the inner diameter of the rim of aklbd# %. In the given case the overlap
amounts of about 1.11 mm.

Fatigue crack growth is modelled for two cases wfaze friction between the crack
faces — i) without friction and ii) with frictiontilizing the coefficient of frictioru=0.5.
The procedure of fatigue crack growth predictiordemnon proportional loading is
based on concepts described in [9],[10], which eomg the situation when tievector
rotates. The out of phase mixed modes | and Ilitwadh the investigated case are
illustrated in Figure 4 as functions of relativentact position, see Figure 1.

The procedure of fatigue crack growth predictions@newhat modified — firstly, a
maximum value ok, is found in a loading step. Then a mean valu&pfover the
loading step, see Figure 1, is calculated as

K, =—=—0] K, (x)dx. (1)
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Both values are substituted into Richard’s criter[@] for calculation of the kinking
angle¢ as

- |K|l| I:E |K||| jz .
¢ =714001 -70° , withK,, =0. (2)
K, +[Ky | +[Ky | K +K [+Ke ] "
10 .
3
~ max K, '
g? D—,f; —
% Kii
E -5
A0+
5

-2 -1 0 1 2 3 4 5
Contact position [*]

Figure 4 Out of phase mixed modes loading plotgefliactions of contact position

In the subsequent loading step the calculated kgn&ngled is used to rotate the local
coordinate system, y., see Figure 5, and the constant crack incremethieaength of
0.03 mm is then imposed.

YL XL

Crack growing due to rolling
contglt loading and the
intefference fit

Figure 5. Scheme of the crack configuration

For each crack increment also an equivalent sinésssity factor, see [1], is calculated
as
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Keq:maxT(K')+12\/max(K,)2+ 4[@1.155]7,,2) ©)

The equivalent stress intensity factor data are asanput data for describing the crack
growth rate d/dN. Following modified Paris equation is applied:

d '
d—s =C{aK,,-K,)', 4)

where the constants C = 1.6475"t@ndn=3 were taken from [3]. By integrating Eq.
(4) the crack extension as a function of numberyafesN can be easily obtained.

RESULTS

Figure 6 shows a predicted crack path in the globafdinate system, cf. Figure 5, for
the case when friction is not considered and ferddse when the coefficient of friction
between crack faces= 0.5.

Crack path ‘ ‘ ‘ Cra‘ck path ‘
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a) Without friction between crack b) Friction coefficientu=0.5
face:

Figure 6. Predicted crack path in RW rim

Apparently, due to the overlap a radial crack esitmmis a preferred mode of fracture.
In the case of friction, the crack path somewhaeds from the radial direction in
comparison to the case without friction. Likely thietion makes the shear dominated
fatigue crack growth more favourable than maxim@nsile stress dominated crack
growth.

3D graph in Figure 7 shows hdf, depends on the contact position, cf. Figure 1, and
on the crack length.
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a) Without frlct;ggel:;etween crack b) Friction coefficienty=0.5

Figure 7. Equivalent SIF as a function of contaxtipon and crack length

Making use of the equivalent SIF data in the medifiParis equation (4), crack
extension as a function of number of cydeis computed for a wide range of threshold
values of fatigue crack growtlhKy,. Results are shown in Figure 8 for both cases -
without friction and with friction considered betere crack faces. It is seen that the
overlap has a major influence — crack acceleratgsfisantly with increasing crack
length. It is worth mentioning that virtually samesults are obtained when the original
Pook’s criterion is used, i.e. instead of mean @abhi mode Il SIFthe value ofK
corresponding to the maximum value of mode | Si&pplied both in the calculation of
the kinking angle¢ according to Eq. (2) and in the calculation of igglent SIF
according to Eq.(3). However, simulations show ®abk’s criterion is less sensitive to
mode Il stress intensity in comparison to the medne mode Il based criterion.
Kth=10.00MPa

6.5
Kth=8.57MPa
Kth=7.14MPa
£ & 1
£
< Kth=5.71MPa
o
c
o
5 Kth=4 29MPa
o
Oss .
Kth=2.86MPa
Kth=1.43MPa
5 3 L L L L L L P \4 L L Kth=0.00MPa
10 10
Number of cycles N [-]

a) Without friction between crack

1012



65 Kth=10.00MPa
Kth=8.57MPa
Kth=7.14MPa
£ 6 1
£
E Kth=5.71MPa
)
[=
<
= L IKth=4.29MPa
o
Cs55 7
L Ikth=2.86MPa
L IKth=1.43MPa
sl ‘ ‘ ‘ N — ‘ thh=0.00MPa
10 10

Number of cycles N [-]

c) Friction coefficientu=0.5

Figure 8. Crack length as a function of numberyaiesN for different value of
Kin threshold

It is a matter of interest to compare the crackwginoin the RW rim with a crack
behaviour in a solid railway wheel which is not mated to pre-stress loading.

The initial geometry of the solid railway wheel taiming a crack is the same as in the
case of rim wheel. Also boundary conditions and toenputation algorithm are
identical.

Figure 9 shows predicted crack path in the solitlvesy wheel for the case when
friction is not considered and for the case whendbefficient of friction between crack
facesp = 0.5.
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Figure 9. Predicted crack path in solid railway elhe
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Crack path simulations in solid railway wheel shinat while without friction the crack
follows a radial path, spalling is preferred moddracture, if friction of crack faces is
considered.

CONCLUSIONS

The following conclusions can be drawn:

Crack path simulations in the RW rim show that tiverlap between the rim and the
wheel influences significantly the crack path. Réhdrack extension is preferred mode
of fracture and the fatigue crack accelerates sggmtly with increasing crack length.
The friction between crack faces seems to suppoetrs dominated fatigue crack
growth, nevertheless the crack path does not chaoigdly with friction. Hence, it may
be stated that RW rim always failures in radiakdiron.

Crack path simulations in solid railway wheel shinat spalling is preferred mode of
fracture if the friction of crack faces is considérwhile a radial path occurs if the
friction is zero.
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