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Fatigue Failure Analysis of Rim
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Abstract:A Finite Element Method methodology is proposed for fatigue life and failure prediction of
automotive steel wheel by the simulations of dynamic radial fatigue test (RFT). A short review of
theoretical models, numerical simulation models were described in conjunction with bilinear elasto-plastic
finite element stress analysis under wheel rotating loading.
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Introduction

Fatigue is an important consideration for components and structures subjected to repeated loadings is
one of the most difficult design issues to resolve. Experience has shown that large percentage of
structural failure are attributed to fatigue and as a result, it is an area which has been and will continue
to be the focus of both fundamental and applied research. Fatigue design provisions are only recently
included in the aluminum association specialization. Related loadings of a component or structure at
stresses above the design allowable for static loadings may cause a crack or racks to form. Under cyclic
loading these cracks may continue to grow and precipitate a failure. When the remaining structure can
no longer carry the loads, the mechanism of crack formation and growth is called fatigue. [12]

Radial Fatigue Test Experimentation

The radial fatigue test is a standard SAE test, which is to be carried dynamically by exerting the radial
loads to the wheel. RFT also takes Tire Air Pressure present over the wheel rim. Fig 5.1 shows the test
system in which the test wheel is mounted to the rotating shaft, the moment arm is fixed to the wheel
outer mounting pad with the bolts and a constant force is applied at the tip of the moment arm by the
loading actuator and bearing, thus imparting a constant rotating bending moment to the wheel. If the
wheel passes the dynamic cornering fatigue test, it has a good chance of passing all other required
durability tests.

Figl. Schematic Diagram of RFT
Finite Element Fatigue Analysis
We have studied the rim Analysis with constant tire inflation pressure 40 Psi (275.79Kpa) and
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Variation in radial load applied on rim. As tire inflation pressure is one of the constant force acting on
rim throughout its working conditions, while the radial load acting on rim is variable. In order to
evaluate the performance of rim for different radial load, analysis carried out with constant tire
inflation pressure o 275.79 Kpa and different radial load employed on rim as follows:

1. 150kg

2. 175kg
3. 200 kg

A1] Analysis under Inflation Pressure of 275.79 kpa and Load 150kg-From displacement plot it
can be seen that the displacement or strain in Rim is negligible, the maximum strain value is 0.26334
which is observed in well area of Rim. While the maximum Von Mises stress value is 47.5 MPa and
minimum stress value is 0.117 MPa.
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Fig.2 Displacement plot at 275.79 kpa
pressure 150kg load

} :
5.05012+000 SN

2.11861e7
1.59e7

Fig.3. Von Mises Contour plot at 275.79 kpa pressure and load 150kg.

A2] Analysis under Inflation Pressure of 275.79 kpa and Load 175Kkg.
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Fig.5.Von Mises Contour plot at 275.79 kpa pressure and load 175kg.

From displacement plot it can be seen that the displacement or strain in Rim is negligible, the
maximum strain value is 0.3021 which is observed in well area of Rim. While the maximum Von Mises
stress value is 54.42 MPa and minimum stress value is 0.167 MPa.

A3] Analysis under Inflation Pressure of 275.79 kpa and Load 200kg .
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Fig.6 Displacement plot at 275.79 kPa

Pressure load 200Kkg.

From displacement plot it can be seen that the displacement or strain in Rim is negligible, the
maximum strain value is 0.3408 which is observed in well area of Rim. While the maximum Von Mises
stress value is 61.37 MPa and minimum stress value is 0.223 MPa.

Strain Applied load
Gauge Tire inflation pressure 275.79
Location kpa and
200 Kg load
Trial 1 ESA FEA % Diff
strain strain
1 0.07504 | 0.071811 4.50
2
2 0.04836 | 0.046510 3.98
1
3 0.29713 | 0.281110 5.70
3
4 0.04482 | 0.042726 4.92
8
5 0.07803 | 0.074713 4.44
0

Table1l. Comparison of experimental observation and FEA results
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Fig.7 Von Mises Contour plot at 275.79 kPa (40Psi) pressure and load 200Kkg.

By utilizing strain gauges the experimental analysis of rim us carried out to investigate the strain
induced in rim under defined loading conditions. The comparison between experimental strain values
with FEA strain values shows variation in results ranging from 0.6% to 6%.
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Fig.8 Total Displacement plot at 241.32 kPa inflation pressure load 200Kkg.
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Fig.9 Total Displacement plot at 220.632 kpa and 200kg load
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Strain Applied load
Gauge Tire inflation pressure 275.79
Location kpa and
200 Kg load
Trial 2 ESA FEA % Diff
strain strain
1 0.07457 | 0.071811 3.85
5
2 0.04863 | 0.046510 4.56
0
3 0.29704 | 0.281110 5.67
9
4 0.04457 | 0.042726 4.32
1
5 0.07729 | 0.074713 3.45
0

Table2. Comparison of experimental observation and FEA results

Conclusion
Following the described objective, the state of stress and mechanical response of aluminum
automobile rims has been established, and the effects of inflation pressure are now well understood, in
addition to the imposed radial load. Analysis of opening geometry and the effects on the state of stress
in the wheel is now well defined. Provided within are the observations of the effects of environmental
degradation rims has been documented, in addition to the established corrosion testing procedures
which provided the reader a well-rounded background on the subject.The extensive literature search
revealed the need to further investigate the effect of inflation pressure on the state of stress in the rim,
and to provide a finite element analysis using the more accurate brick element rather than the shell or
plate element as in past publications. Below provides a summary on each unique objective stated.
Experimental results were compared to finite element results, and to the published literature.
The contribution of this research was not to bench mark finite element stress analysis of the rim, this
has been done by others in the references cited.
The main contribution is
1) The experimental results and the modifications and identification of the proper methods for
applying the radial load,
2) Comparisons of uniquely identified rim geometry's and the effects of inflation pressure on the state
of stress,
3) Applying polynomial and Fourier series interpolations to actual tire rim nonlinear finite element
model output data, and using the polynomials as input loading for the finite element model,
4) Observations and documentation of environmental degradation in a large rim inventory of a local test
center and,
5) Determining the effect of drilling a hole in the rim, and its effect on the state of stress at critical
locations.
The study is helpful towards:
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i) Reducing the cost of calibration and maintenance of testing equipment.

ii) Providing the useful database for the product development.

iii) Replacing the complex trial and error methods like Taguchi Method etc.

iv) Obtain the optimization of topology and size of cooling holes towards minimization of weight and
material

v) Could leads to robustness in design with high accuracy.

vi) Providing the interface for stress analysis, useful for confirmation of new set up of testing rig or

after calibration.
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