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Abstract— This paper deals with the design and optimization 

of Aluminium Alloy wheel rim of a Maruti Suzuki Alto car 

using Solid works and Finite Element Analysis software 

named ANSYS. The main motive of our project is to convert 

a traditional wheel rim with nave plate into an aesthetically 

sound wheel rim bearing less weight as compared to 

traditional wheel rim. The newer design of the wheel rim is 

done over solid works software in which the dimensions of 

the traditional wheel rim were not altered but the Nave plate 

was modified into an Alloy wheel rim with spokes. And 

further the Static structural, Modal and Random vibration 

analysis was carried out to test the durability of our newly 

proposed design of the wheel rim. This new design will be 

less in weight and cost compared to Traditional wheel rim.  
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I. INTRODUCTION 

The Invention of wheel falls in the late Neolithic era in 2200-

3300 BCE. This invention was one of the most 

groundbreaking event that took place in the human history. 

The first wheel was made from wood carved into a circular 

shape with a hole at the center to attach the axle. These axle 

with the wheels were attached to a wagon and was used for 

transportation purpose. After a few years the domestic 

animals were used to draw the wagon. As the years went by 

the use and the design of the wheel progressed. During the 

Industrial revolution the wheels became the important 

elements which shaped and advanced the Automobile 

industries. Decades after decades went by the wheels were 

covered by different type of materials for better grip. These 

grips were further known as tires. The materials used to make 

tires were Nylon, Cord and Rubber etc. The discovery of 

different metals like Steel, Iron, Aluminium and variation of 

different metals mixed together led to the designing of rims. 

These rims were designed for weight reduction and aesthetic 

purpose. Types of Rims included one piece rim, two piece 

rim, rim with nave plate and rim with spokes. Nowadays the 

rims are made of alloy. Alloy is a material which is a mixture 

of two different metals. 

 They generally provide a lot of strength than pure 

metals. Alloys of Aluminium and magnesium are fairly light 

in weight and provide the same strength in comparison with 

other alloys. Alloy wheels are nonferrous alloys which mean 

they don’t have any iron content in them. The alloys which 

are low at cost don’t have an oxide layer. These oxide layers 

provide protection against corrosion. Alloys also come in 

different types of designs for aesthetic purpose and allow the 

use of attractive bare metal finishes. These alloy rims are 

covered under a coat of paint to prevent corrosion. The 

protection of oxide layer or paint only lasts for 3-5 years after 

that the alloy wheel starts corroding. The refurbishing or 

strengthening of these alloy wheels is done. Intricate shaped 

rims are manufactured along with the normal rim designs. So 

alloy rims are widely used because they are well optimized. 

A. Material Properties Chart 

 Material used Aluminium Alloy A 356.2 

 Mechanical properties: 

 Ultimate strength - 250 MPa 

 Density - 2.7 gm/cm3 

 Tensile yield strength - 230 MPa 

 Composition: 

 Silicon- 6.5-7.5% 

 Iron- 0.15% 

 Manganese -0.10% 

 Magnesium- 0.3-0.45% 

 Zinc- 0.07% 

 Titanium-0.10-0.18% 

 Copper- 0.10% 

 Others- 0.15% 

 Remaining- Aluminium. 

II. LITERATURE REVIEW 

 “Design & Weight Optimization of Magnesium Alloy 

Wheel” 

In this paper the design and weight optimization of sport 

utility car wheel rim by taking magnesium alloy wheel. 

According to researcher and wheel rim material manuals 

magnesium alloys are light in weight, very good heat 

conductor as well as excellent aesthetic appearance. Ductility 

of magnesium alloys is very low as compared to steel. Also 

magnesium rims are not repairable after its small failure. 

 Sourav Das, (CAE Analyst) Altair engineering India 

Pvt Ltd, Bangalore at International Journal of Scientific and 

Research Publications, Volume 4. 

 “Deformation Behavior Analysis of Car Wheel Rim 

Under Different Loading Using Finite Element Method” 

In this paper the comparative study of car wheel rim materials 

for its deformation with the help of FEA methods. In his study 

he considered two materials namely carbon steel and 

magnesium alloy. In this research researcher changed the two 

parameterssuch as load applied and speed of wheel rim. 

 M. Sabri, M. Rezal, A. Mu’az, K. Shahril, 

J.IhsanInternational Journal of Engineering and Technology 

Volume 5. 

 “Stress Analysis Of Wheel Rim” 

The main objective in this paper is to analyze the causes of 

failures of wheel rim. The rim surface cracks sometimes, 

bents due to high impact loading. Any damage, such as rust, 

cracks, dents, etc. could result in excessive vibration, loss of 

air pressure, instability, and even complete structural failure 

of the wheel rim. 

 Dr. SuwarnaTorgal, Swati Mishra International 

Journal of Mechanical Engineering and Research Volume 1. 

 “Modal Analysis & Design Optimization of Automotive 

Wheel Rim” 
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The wheel is a device that empowers efficient movement of 

an object over a surface where there is a force acting on the 

item to the surface. Though there are various types of wheels 

are being used, presently each vehicle was composed with 

composite wheels which are more efficient and effective than 

the conventional spokes wheels. In this work, the designing 

of rim is carried out using the CATIA modeling software. 

There are two variants of wheel rims: the first one, widely 

known as hub or solid rim, is employed in regular vehicles 

and the other modified one, commonly known as the 

modified spokes rim, is being employed in modern vehicles. 

In this paper, an investigation has been made to optimize the 

mass of the hub rim through the use of finite element analysis. 

The rims are analyzed in ANSYS by using three types of 

materials (i.e., Al alloy, Mg alloy and steel alloy). 

 D. Santhosh Kumar, Jayakumar V, Shajin Majeed 

Journal of Chemical and Pharmaceutical Sciences. 

III. CAD MODEL 

The CAD model no.1 represents a traditional wheel rim with 

nave plate at the centre which is modeled over Solidworks 

software. Where the dimensions of the outer rim and the Hub 

are taken according to the general Maruti Suzuki Alto 800 

Car’s wheel rim. 

 
Fig. 1: Isometric View 

A. Modified CAD Model 

In the second CAD model the modifications to the wheel rim 

were done in which the newer model comprised of 4 spokes 

of Aluminium alloy. Where the outer rim diameter and the 

Hub dimensions weren’t changed instead the nave plate was 

removed and 4 spokes were added which are shown below. 

 
Fig. 2: Isometric View 

B. Design Load Calculations 

The objective of the project is to test the alloy wheel 

according to the Industrial Standards for different conditions. 

The design calculations were carried out as follows. 

 In which the Bending Moment was calculated 

considering 2 conditions. 

1) Considering Gross Weight of vehicle. 

2) Without considering Gross Weight of vehicle. 

And further two types of test were performed on both the 

above conditions. 

1) Bending Endurance test. 

2) Radial Endurance test. 

a. Centrifugal loading. 

b. Vertical loading. 

1) Considering Gross Weight of Vehicle 

Bending test: The bending moment is to be imparted in the 

test shall be in accordance to the following formula: 

M = ((μ*R) + d)* F * S 

Where, 

M = Bending moment in ‘Nm’ 

μ = Friction Coefficient between the tyre and the road surface 

(no units) 

R = Radius of the tyre applicable to the wheel in ‘m’ 

d = Offset of the wheel in ‘m’ 

F = Maximum load acting on the tyre in ‘N’ 

S = Accelerated test factor. (Specified according to the 

industrial standards) 

μ = 0.7 

d = 38 mm = 0.038 m 

F = 1185 kg = 1185 * 9.81 = 11624.85 N 

S = 1.5 

Bending moment 

M = ((μ*R) + d)* F * S = ((0.7 * 0.163) + 0.038) * 11624.85 

* 1.5 = 2652.20 Nm 

a) Radial Endurance Test 

The radial load to be imparted in the test shall be in 

accordance with the following formula: 

Fr = F * k 

Where, 

Fr = Radial load in N 

F = the maximum load coming on to the tyre in N 

k = Accelerated test load factor. (Specified according to the 

industrial standards) 

F = 1185 kg = 1185 * 9.81 = 11624.85 N 

k = 2.25 

Radial load 

Fr = F * k = 11624.85 * 2.25 = 26155.91 N 

b) Centrifugal Load 

Angular velocity is calculated by using the following 

formula. 

From the relation V = r * ω 

Where, 

V = velocity of the car in m/s 

r = radius of the tyre in m 

ω = Angular velocity in rad/s 

Maximum speed of the car is 80 km/ hr = 22.22m/s 

V = r * ω 

0.163 * ω 

ω = 136.19 rad/s 
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2) Without considering Gross Weight of Vehicle 

Bending test of the bending moment to be imparted in the test 

shall be in accordance to the following formula 

M = ((μ*R) + d)* F * S 

Where, 

M = Bending moment in ‘Nm’ 

μ = Friction Coefficient between the tyre and the road surface 

(no units) 

R = Radius of the tyre applicable to the wheel in ‘m’ 

d = Offset of the wheel in ‘m’ 

F = Maximum load acting on the tyre in ‘N’ 

S = Accelerated test factor. (Specified according to the 

industrial standards) 

μ = 0.7 

d = 38 mm = 0.038 m 

F = 812 kg = 812 * 9.81 = 7965.72 N 

S = 1.5 

Bending moment:- 

M = ((μ*R) + d)* F * S = ((0.7 * 0.163) + 0.038) * 7965.72 * 

1.5 = 1817.37 Nm 

a) Radial Endurance Test 

The radial load to be imparted in the test shall be in 

accordance with the following formula: 

Fr = F * k 

Where, 

Fr = Radial load in N 

F = the maximum load coming on to the tyre in N 

k= Accelerated test load factor. (Specified according to the 

industrial standards) 

F = 812 kg = 812 * 9.81 = 7965.72 N 

k = 2.25 

Radial load 

Fr = F * k = 7965.72 * 2.25 = 17922.87 N 

b) Centrifugal Load 

Angular velocity is calculated by using the following 

formula. 

From the relation V = r * ω 

Where, 

V = velocity of the car in m/s 

r = radius of the tyre in m 

ω = Angular velocity in rad/s 

Maximum speed of the car is 80 km/ hr = 22.22m/s 

V = r * ω 

22.22 = 0.163 * ω 

ω = 136.19 rad/s 

The Results obtained are as follows: 

1) The bending moment of wheel rim with gross weight is 

2652.20 Nm 

2) The radial load of wheel with gross weight is 11624.85 

N 

3) The bending moment of wheel rim without gross weight 

is 1817.37 Nm 

4) The Radial of wheel without Gross weight is 17922.87N 

5) The Angular velocity of wheel rim at 80km/hr is 136.19 

radian/s 

IV. FINITE ELEMENT ANALYSIS 

Finite Element Analysis of the Traditional as well as modified 

Wheel rim was done in which firstly the meshing then Static 

structural and after that Modal analysis was performed. 

 
Fig. 3: Meshing of Traditional Wheel Rim 

The Meshing of the Modified model is as follows 

 
Fig. 4: Isometric View 

 The Software used for meshing was Ansys 16.0 

version in which the element size was taken 4 mm and the 

geometry had 62 faces. 

 These 62 faces in order to analyze fluid flows, flow 

domains are split into further smaller subdomains (made up 

of geometric primitives like Hexahedral and Tetrahedral in 

3D and for 2D Quadrilaterals and Triangles) 

A. Static Structural Analysis of Traditional Wheel Rim 

A static structural analysis determines the displacements, 

stresses, strains and forces in structures or components caused 

by loads that do not induce significant inertia and damping 

effects. Steady loading and response conditions are assumed 

i.e. the loads and the structure's responses are assumed to vary 

slowly with respect to time. A static structural analysis is 

performed in following three main steps. 

1) Build the Model. 

2) Apply loads and obtain the solution. 

3) Review the results. 

 These steps were followed while analyzing the 

Traditional wheel rim the CAD model was loaded over Ansys 

and the loads were applied accordingly in which the bolt 

holes on the rim were fixed simulating the static condition of 

a wheel rim being attached to the Hub of a halted Car. After 

fixing the four holes on the rim a circumferential load of 

8000N was applied over the outer surface of the rim 

according to the Industrial Standards and then the solution 

was obtained. 

 Structural Analysis and Modal Analysis performed 

over Traditional Wheel Rim. 
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Fig. 5: Total Maximum Deformation 

 The above Figure of wheel rim shows the results of Total 

Deformation. 

 Total Maximum Deformation observed= 3.619mm. 

 As well the Equivalent von mises stress was analyzed 

over the same conditions and the results were 

 
Fig. 6: Equivalent Maximum Von Mises Stress 

 The Maximum Equivalent stress and the obtained 

result was=748.2Mpa. 

V. MODAL ANALYSIS 

The Modal analysis is used to determine the natural 

frequencies and the mode shapes of the design. The modal 

analysis is also carried out according to three following 

Main steps. 

1) Load the Model. 

2) Apply natural frequency, number of nodes and frequency 

limit at which it’s going to vibrate. 

3) Review the results. 

 Above steps were followed while analyzing the 

wheel rim. The following conditions of about 10 natural 

frequencies i.e.10 Nodes along with the frequency limit of 0 

to ∞ applied over the traditional wheel rim. 

 
Fig. 7: Total Maximum Deformation 

 Above figure shows the total maximum deformation 

occurred while modal analysis. 

 Total Maximum Deformation observed=40.14mm. 

 Same conditions were used for the further analysis of 

Equivalent von mises stress. 

 
Fig. 8: Equivalent Maximum Von Mises Stress 

The Maximum Equivalent stress and the obtained result 

was=9999.6Mpa. for a natural frequency of 165.41Hz. 

A. Static Structural Analysis of Modified Wheel Rim 

 
Fig. 9: Total Maximum Deformation 

 The above Figure of wheel rim shows the results of Total 

Deformation. 

 Total Maximum Deformation observed= 0.2131mm. 

 Along with the Total Deformation the results for 

Equivalent (von mises) Stress was obtained. The reason to 

find Equivalent (von mises) Stress is because it allows any 

arbitrary three dimensional state stress to be represented as a 

single stress value. Equivalent stress is a part of the maximum 

equivalent stress failure theory used to predict yielding in 

ductile material. The following figure predicts the results for 

Equivalent (von mises) stress. 

 
Fig. 10: Equivalent Maximum Von Mises Stress 

 Same conditions were used to find the Maximum 

Equivalent stress and the obtained result was=116.08 Mpa. 

VI. MODAL ANALYSIS 

Similar conditions as that of traditional wheel rim’s modal 

analysis were applied over the Aluminium alloy wheel rim. 

The obtained results are as follows. 

 
Fig. 11: Total Maximum Deformation 

 Above figure depicts the Total Deformation that 

occurred during the modal analysis. And the obtained 

value for Total Maximum 

 Deformation were=24.14mm. 

 Further the Equivalent (von mises) stress was obtained 

over the same conditions. 
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Fig. 12: Equivalent Maximum Von Mises Stress 

 The Maximum Equivalent Stress obtained 

was=13249Mpa. 

 The Frequency for modal analysis was=265.1Hz. 

 These are all the results which were observed and studied 

thoroughly. 

VII. DESIGN OF EXPERIMENTS 

Design of Experiments is a module which is used to 

determine different sampling points. 

 There are a wide range of DOE algorithms or 

methods available in engineering literature. These techniques 

all have one common characteristics were they try to locate 

the sampling points such that the space of random input 

parameters is explored in the most efficient way, or obtain the 

required information with a minimum of sampling points. 

Sample points in efficient locations will not only reduce the 

required number of sampling points, but also increase the 

accuracy of the response surface that is derived from the 

results of the sampling points. By default, the deterministic 

method uses a Central Composite Design, which combines 

one center point or points along the axis of the input 

parameters, and the points determined by a fractional factorial 

design. In this project 5 sample points were taken by 

considering all the forces to determine maximum and 

minimum deformation, Equivalent von mises stress. 

 
The above figure represents the results of maximum and 

minimum equivalent stress, total deformation for all 5 sample 

points through DOE module. 

 
Fig. 13: Equivalent (Von Mises) Stress 

For equivalent maximum and minimum stress the values are: 

1) Minimum equivalent stress=104.13Mpa. 

2) Maximum equivalent stress=127.22Mpa. 

 
Fig. 14: Total Deformation 

Values of maximum and minimum deformations: 

1) Minimum total deformation=0.19212mm. 

2) Maximum total deformation=0.23489mm. 

VIII. PARAMETER PARALLEL CHART 

Parameters Parallel Chart generates a graph of DOE matrix 

using parallel Y axis to represent all of the upper and lower 

bounds where X axis represents the input and the output. 

Input includes magnitude of forces applied and output 

includes magnitude of total deformation and equivalent 

stress. 

 
Fig. 15: Parameter Parallel Chart 

 Design vs Parameter graph was plotted using the 

same procedure were the plotted graph is a 2D graph. In 

which the X axis represent Design points and Y axis represent 

Equivalent stress. 

 
Fig. 16: Design Vs Parameters (Equivalent Stress) 

Graph below also represents a design vs parameters graph in 

which the X axis represents the Design points and Y axis 

represent Total deformation. 

 
Fig. 17: Design Vs Parameters (Total Deformation) 
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IX. RESPONSE SURFACE SYSTEM 

Response surface system contains only one response surface 

for every output parameter. These output Parameters are 

treated in terms of the input parameters which are 

independent variables. For this module the response surfaces 

are generated in 2 steps. 

1) Solving the output parameters for all design points. 

2) Fitting the output parameters as a function of input 

parameters. 

 Response surface is built from the DOE design 

points. The accuracy of the response surface result is a 

function of the data fitting of the response surfaces to the 

DOE design points. 

 
Fig. 18: Response Surface 

 
Fig. 19: Response Surface (Equivalent Stress) 

 
Fig. 20: Response Surface (Total Deformation) 

X. OPTIMIZATION 

Design optimization as part of a finite element analysis 

consists of input variables, constraints, and an objective. The 

aim of a design optimization is to determine values for the 

input variables that will meet the design objective, while 

staying within the constraints. The Goal in a structural 

optimization is typically to minimize weight since it often 

influences both cost and performance. When the analysis 

runs, an optimization algorithm samples design points within 

the range of the input variables, searching for the combination 

of minimal weight and acceptable strength. That is Goal 

driven optimization. Goal Driven Optimization is a type of 

module which is applied to design optimization by using any 

of the following methods: screening, MOGA, NLPQL, 

MISQP, Adaptive single objective and multiple objectives. 

Were for this model screening method is used to generate 

candidate points. 

 Screening approach is a non-iterative sampling 

method. 

 In this project the screening process runs for 1000 

samples after that the tradeoff and sample charts to view 

Pareto fronts. Then after updating optimization the 3 

candidate points are generated which can be observed in the 

following result table. 

 
Fig. 21: Optimization 

 
Fig. 22: Candidate Points 

A. Tradeoff Chart 

When an Optimization component is solved, the Tradeoff 

chart is created by default under the under the Results node 

of the Outline view. The Tradeoff chart is a 2D or 3D scatter 

chart representing the generated samples. The colors applied 

to the points represent the Pareto front they belong to, from 

red (the worst) to blue (the best points). The tradeoff charts 

are plotted Equivalent stress against Total deformation. 

Tradeoff charts for the CAD Model is as follows: 

 
Fig. 23: Tradeoff Chart 

B. Six Sigma Analysis 

Six Sigma at many organizations simply means a measure of 

quality that strives for near perfection. Six Sigma is a 

disciplined, data-driven approach and methodology for 

eliminating defects (driving toward six standard deviations 

between the mean and the nearest specification limit) in any 

process – from manufacturing to transactional and from 

product to service. The fundamental objective of the Six 

Sigma methodology is the implementation of a measurement 

based strategy that focuses on process improvement and 

variation reduction. There are two types of six sigma 

methodologies they are DMAIC and DMADV. 

 DMAIC is (define, measure, analyze, improve, control). 

 DMADV is (define, measure, analyze, design, verify). 

 An output parameters characterizes product 

performance is typically used to determine whether a 

product’s performance is satisfactory. The parameter must 

fall within the interval bounded by the lower specification 
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limit LSL and upper limit USL. The Gaussian Distribution 

Graph is as follows. 

 
Fig. 24: Six Sigma Concept 

 In Reality the output rarely exactly follows a 

Gaussian distribution. The Distribution function of 

Equivalent Stress is as follows. 

 
Fig. 25: Distribution Function of Equivalent Stress 

 
Fig. 26: Six Sigma Value of Output 

 The design or product is considered to be qualify Six 

Sigma quality, if sigma level is in between -3sigma and 

3sigma. From ‘Sigma value of output’ table, we can see that 

value of output (equivalent stress) lay within -2.5 sigma and 

2 sigma level which directly indicates that our design of 

tipper body is optimized well and has qualified the Six Sigma 

quality analysis. 

XI. CONCLUSION 

The analysis carried out proves that after comparing the 

results of Traditional Wheel Rim with nave plate to the 

Modified Aluminium alloy Wheel Rim. It is observed that the 

Modified Wheel Rim has a significant amount of weight 

reduction and can endure harsh conditions and rugged use. 

The Modified Rim is aesthetically sound and also cheap at 

cost as compared to the Traditional Wheel Rim. And the 

optimized Six Sigma value of equivalent stress lies in 

between -2.5 sigma and 2 sigma level. 
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