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Abstract— This work involves the design optimization of vehicle rim using
Finite element analysis. In recent trend of design is moving towards
maximum weight reduction of product without compromising its
performance and strength, in the form of optimization. The 3-dimensional
model of the alloy wheel was designed by using the reverse engineering
technology. Existing alloy wheel dimensions are taken into CAD model and
the part is completed with Solid works 2015. The CAD model is imported to
ANSYS 15.0 version and finite element analysis steps were carried out like 1.
Pre-processing 2.Solution and 3. Post-processing. In this work static analysis
of wheel rim made with materials like steel alloy, aluminum alloy, forged
steel and magnesium alloy is done. All the conditions were taken with respect
to pot hole condition of the road Also validate the results experimental
results. Alloy wheel are mostly made of aluminum alloy which can be sand or
pressure die casted readily. This review work proposes a new alloy wheel
design to optimize the weight with the help of finite element analysis.

Keywords—optimization;reduction; Post-processing;alloy.

I. INTRODUCTION

Different vehicle rim materials have different effects on the strength, stability and life
of the wheel rim. Similarly even changing the material properties of the vehicle rim wheel by
a few inches can drastically affect the properties of the wheel rim. Materials used to produce
these rims have a design and materials can range from steel to nonferrous alloys like
magnesium and aluminum. Rims affect the braking performance of a vehicle as result of the
following for parameters: size, weight, design or ventilation, materials. All wheels rims to be
made up of two pressed components, the rim and the wheel disc, which are joined (welded)
together.

II. LITERATURE REVIEW

Aluminum alloy wheels will not fail during service. The strength of the rim and fatigue
life are critical. In order to reduce the cost, design for light weight and limited life is
increasingly used for all vehicle components. In the actual product development rotary
fatigues test is being used to detect the strength life of the wheel. Therefore, reliable design
and a proper test procedure is required to guarantee the service strength under operational
conditions and functioning of the wheel.

Design in an important industrial activity which in turn influences the quality of the
product. The wheel rim is designed by using softwares such as SolidWorks v2012. In
modeling the time spend in producing the complex 3D model and the risk involved is in
design and manufacturing processes can be easily minimized. So, the modeling of the wheel
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rim is made by using the software named SolidWorks. Later, this SolidWorks model is
imported to ANSYS for analyzing the work. ANSYS software is one of the latest which is
used for simulating the different forces, pressure acting on the component and also for
calculating and viewing the entire results. A Solver mode in ANSYS software calculates the
following such as stresses, deflections, bending moments and their relations without manual
intervention, reduces the time compared with the method of mathematical calculation by a
human.

To create simulations of various number of spokes on the alloy wheel designs that

focus on reducing the mass of the currently designed one and for selecting better material.
The new designs are reducing on the weight of spokes and modifying circular intersection at
the intersection point of the spoke and the hub of the rim. The main objective of our project is
to reduce the weight of the wheel and also to reduce the stress without exceeding the
allowable stress on the specified material.
Aluminum is the metal with features such as excellent lightness, thermal conductivity, and
corrosion resistance, characteristics of casting, low temperature, machining processes and
recycling. This metals advantage is that it reduces the weight, having high accuracy and
design choices of the wheel. The metal is being used for energy conservation because it is
possible to recycle aluminum easily.

Solid works is the software which is used for creation and modification of the objects.
In this software, the design and modeling feature is available. Design means it is the
processes of creating a new object or modifying the existing one. Drafting means it is the
representation or idea of the object. The function of the modeling is to create and convert 2D
to 3D. By using this software, we can create the model of the wheel rim.

Static analysis shows the effect of steady loading conditions on a structure, while
ignoring inertia and damping effects such as those caused by varying the time-varying loads.
A static analysis is the one which includes steady inertia loads (such as gravitational and
rotational velocities) and time varying loads that can be approximately as static equivalent
loads.

In recent years, competition in the automobile market is increased with respect to fuel

economy especially for the light commercial vehicles. Moreover there is a significant
necessity about reduction of fuel consumption level in automobile companies. The weight of
a vehicle is one of the most important factors which affects the fuel economy.
The weight minimization of wheel has more effective than the weight minimization of
elsewhere in the vehicle due to the rotation movement of inertia effect during motion.
Therefore, the wheel designs should be optimized by considering attributes of a light
commercial vehicle such as NVH.

In this study the model correlation between CAE stimulations and related test is
performed. For this purpose, mode shape and their natural frequencies are obtained from
CAE simulations are compared with experimental model analysis results. After the
correlation is provided, wheel design optimization proposals are given by considering the
above stated.

During finite element modeling process ANSYS is used as a preprocessor. Finite
element model of a wheel is composed using 34267 tetra finite elements. Moreover second
order tetra finite elements are used in order to represent all possible mode shapes. Model
analysis is going to be performed on a free-free boundary condition.

In order to verify the attained finite element model, experimental model analysis has
been performed on free-free boundary condition. In this boundary condition, it has been
attained by using elastic string. Testing has been performed using impact hammer and a three
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axial accelerometer. LMS software has been used during experimental model analysis. LMS
uses polymax method on determining the mode shape and natural frequencies.

In order to all mode shapes, 100 points has been determined and these points are defined to
LMS program. Using these points, the 100 FRF has been obtained from structure. Free-free
boundary condition and the determined 100 points can be calculated.

Optimization is done to reduce material consumption hence to reduce weight of the
wheels. Hence the loading conditions were considered based on automobile weight applied
over it. Each wheel in the automobile will carry the load by distributing among them. This
load is considered to be along the radial direction and applied it in optimizing the model for
mass.

Optimization of the wheel rim is done through Hypermesh — optimization solver.
Optimization is carried out taking special reference to the minimum material requirement to
sustain the stresses applied on the wheel during operation.

III. PROBLEM STATEMENT

The failure of vehicle rim wheel with respect to pot hole condition when it tends crack
initiate near the hole which further gets propagated throughout the rim which leads to
structural failure. In order to improve the structural life of rim, design optimization and
material modification is necessary for which best performance to be produced by conducting
design of experiments to find parametric design changes which gives higher performance.
Modifications in parameters Fundamental design constraints like minimum thickness based
on manufacturing, dimensional limitation (wheel size).Provide maximum area at stress
concentration location (spokes) etc., minimize spokes to assist die casting, to finite element
analysis integrated optimization.

Fig. 1(b)
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Fig. 2 Modelling

IV. MODELING
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Fig. 3 Cad modeling is created using the specified dimensions

Expected result and conclusion
Design of a wheel rim which overcomes
. High torque,

. Cornering forces in wheel,
. Capable of dynamic road loads.
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