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Automobile wheel rims are critical elements that work under fatigue loading. For this reason, it is very
important to determine fatigue damage of the wheel rims. Today, finite element analysis is used to make accurate
predictions. In this study, it is aimed to determine Chaboche damage model parameters for an aluminium alloy
wheel rim. Msc Marc software is used for finite element analysis. First, Chaboche damage model parameters are
obtained using simple Holloman equation for finite element analysis. Model parameters are validated by single
element tests. Then, fatigue behaviour of an automobile wheel rim is analysed with verified Chaboche parameters.
At last, critical areas under fatigue loading are identified on the wheel rim.
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1. Introduction

Wheels are critical components in automotive indu-
stry, which are exposed to variable stresses under static
and dynamic forces. Many tests are determined by auto-
motive and wheel manufacturers to perform on designed
wheel models [1–5].

This study aims to determine Chaboche material mo-
del parameters, which in turn will be utilized to examine
fatigue behaviour of an aluminium alloy wheel. Predefi-
ned material is verified via single element test and there-
after a finite element model is prepared to simulate the
fatigue strength by wheel cornering test. Chaboche ma-
terial model is used to predict damage in wheel cornering
process [6–8]. Chaboche nonlinear kinematic hardening
model has eliminated the disadvantages of Armstrong-
Frederick model, by creating a backstress through super-
position of M parts.

X =
C

γ
(1− e−γεpl). (1)

2. Materials and methods

In accordance with Holloman equation [9], cyclic plas-
ticity behaviour of the aluminium alloy is modelled with
a finite element method, using Chaboche material model.
Thus material properties are determined. Since Chabo-
che material model is used in fatigue strength calculati-
ons, the small strain locations are specifically examined
with additional sensitivity. Material yield strength is as-
sumed to be 30 MPa in this study.

In commercial Mentat software, to use the Chaboche
material model, constants C and γ need to be determi-
ned, to obtain the strain accumulation graph. For this
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Fig. 1. Stress-strain and back stress-strain curves of
employed material.

TABLE I

Chaboche parameters of proposed model.

ε C γ

0 34100 539
0.004 34100 539
0.00425 20980 229.2
0.01 20980 229.2
0.011 11620 87.11
0.03 11620 87.11
0.031 7575 45.37
0.05 7575 45.37
0.055 4994 23.89
0.105 4994 23.89

purpose Matlab commercial software is used for curve fit-
ting purposes. Marc commercial software can only utilise
single term Chaboche material model, as a consequence,
the curve fitting procedure is conducted by dividing the
stress-strain curve into certain intervals. Stress-strain
and back stress-strain curves are shown in Fig. 1 and
Chaboche parameters for aluminium alloy can be seen in
Table I.
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2.1. Single element test
To verify obtained values a single element test for a

eight-node cubic element was conducted. The model
was prepared using mm as a unit. After entering node
coordinates these nodes are selected to build the element
(Fig. 2). Nodes 3, 4, 7 and 8 have x-axis symmetry while
nodes 1, 2, 3 and 4 have y-axis symmetry and nodes
2, 3, 6 and 7 have z-axis symmetry. Loading is applied
in y direction with a total value of 0.1 mm. Loading is
distributed equally between nodes 5, 6, 7 and 8. Single
element test is conducted for Chaboche material model
for a total of five cycles (Fig. 3). As a result, it has
been observed that the curve obtained via finite element
modeling is similar to Holloman equation curve.

Fig. 2. Construction of single element for verification.

Fig. 3. Comparison of Chaboche and Holloman stress-
strain curves of single element test.

2.2. Finite element analysis of wheel rim
Today, finite element analysis has a wide usage area in

mechanical engineering applications [10–14]. Cornering
fatigue test is one of the fatigue tests, in which crack fai-
lures are investigated after definite cycles under dynamic

loads [15]. In this study, finite element simulation of an
aluminium alloy wheel was conducted. The finite element
model has 95187 nodes and 373360 elements (Fig. 4). For
this particular wheel the force applied on load arm was
3080 N. To simulate the rotation of the wheel around
y-axis, force F is separated into x and z components
(Fig. 5).

Fx = F cos(2πt),

Fz = F sin(2πt).
(2)

Fig. 4. Finite element model of wheel cornering test.

Fig. 5. Force-time curves of Fx and Fz components.

The results of finite element analysis show that the
maximum equivalent Cauchy stress occurs in the 3rd
loading step in node 10378 with a value of 99.86 MPa
(Fig. 6).

Fig. 6. Maximum equivalent Caucy stress location on
the wheel.

3. Conclusions

In this study, it is aimed to obtain Chaboche kinematic
hardening parameters using Holloman equation. Deter-
mination of the kinematic hardening parameters is a time
consuming and a crucial process. The proposed methodo-
logy can calculate kinematic hardening parameters using
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Holloman equation, by curve-fitting. Obtained parame-
ters are first verified with a single finite element test.
Then, verified parameters are used in a wheel cornering
test. Results show that the kinematic hardening parame-
ters, obtained with proposed methodology, are effective
and can be used in finite element analysis.
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