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Abstract:  

This paper deals with the design of aluminum alloy wheel for automobile application which is carried out paying special reference 

to optimization of the mass of the wheel. The Finite Element analysis it shows that the optimized mass of the wheel rim could be 

reduced to around 50% as compared to the existing solid disc type Al alloy wheel. The FE analysis shows that the stress generated 

in the optimized component is well below the actual yield stress of the Al alloy. The Fatigue life estimation by finite element 
analysis, under radial fatigue load condition, is carried out to analyze the stress distribution and resulted displacement in the alloy 

wheels. S-N curve of the component depicts that the endurance limit is 90 MPa which is well below the yield stress of the material 

and safe for the application. The FE analysis indicated that even after a fatigue cycle of 1020, the damage on the wheel is found 

only 0.2%. 

 

Index Terms: Alloy wheel, wheel rim, CATIA Modeling, stress analysis, weight optimization, fatigue analysis. 

 

INTRODUCTION 

The invention of wheels has been like a gift to mankind. It is 

said that the Mesopotamians invented the wheels in 3500 BC. 

Initially it was used to make pottery then it was used as an 
important means of transportation. The Mesopotamians first 

used the wheel for transportation for their chariots in 3200 BC. 

After the industrial revolutions, the wheels became important 

elements that shaped today have advanced automobile 

industries. Today, there are many kinds of wheels available in 

the market, and each of them has a every movement and the 

safety of the vehicle is to be considered as utmost important 

criteria in a vehicle and is standardized and certified. The first 

innovative idea to improve a wheel came by wrapping an iron 

band around the wooden wheels used on carts and wagons. 

And then, the pneumatic tire was invented, and in some form 

or another, has continued to take us to the roads today. The 
improvements engineered for tires, as well as for rims has 

continued through the years, with the inventions and 

enhancements of nylon, cord, rubber, and other materials tried 

out for different types of tires. The actual rim or wheel has 

been experimented with and altered in design and material as 

the world discovered steel, iron, and aluminium, and 

variations of these metals, and also different types of plastics. 

Though for the record, plastics are not yet considered suitable 

for structure of a rim, but mostly for cosmetic purpose, to 

cover the rim and improve the appearance. Alloy wheels are 

wheels that are made from an alloy of aluminum or 
magnesium. Alloys are mixtures of metal and other elements. 

They generally provide greater strength over pure metals, 

which are usually much softer and more ductile. Alloys of 

aluminum or magnesium are typically lighter for the same 

strength, provide better heat conduction, and often produce 

improved cosmetic appearance over steel wheels. Although 

steel, the most common material used in wheel production, is 

an alloy of iron and carbon, the term "alloy wheel" is usually 

reserved for wheels made from nonferrous alloys. 

  Alloy wheels are also purchased for aesthetic purposes 

although the cheaper alloys used are usually not corrosion-
resistant. Alloys allow the use of attractive bare-metal 

finishes, but these require to be sealed with paint or wheel 

covers. Even if so protected the wheels in use will eventually 

start to corrode after 3 to 5 years but refurbishment is now 

widely available at a cost. The manufacturing processes also 

allow intricate, bold designs. In contrast, steel wheels are 

usually pressed from sheet metal, and then welded together 

(often leaving unsightly bumps) and must be painted to avoid 

corrosion and/or hidden with wheel covers/hub caps. 

 

1. LITERATURE REVIEW 

  
This section elaborates literature survey on the substantial 

achievement in design and Analysis of corner fatigue test and 

radial fatigue test on alloy wheel rim 

T. Siva Prasad et al [1] in this study a tire of car wheel rim 

belonging to the disc wheel category is considered. The wheel 

rim is designed by using modeling software catiav5r18.Later 

this CATIA model is imported to ANSYS for analysis work. 

ANSYS static analysis work is carried out by considered two 

different materials namely Aluminum and forged steel and 

their relative performances have been observed respectively. 

In addition to this rim is subjected to vibration analysis (modal 
analysis), a part of dynamic analysis is carried out its 

performance is observed. In this paper by observing the results 

of both static and modal analysis obtained forged steel is 

suggested as best material. 

 Sourav Das et al [2] study deals with the design of      

Aluminum   alloy wheel for automobile application which  is 

carried out paying   special reference to optimization of  the 

mass of the wheel. The Finite Element analysis it shows that 
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the optimized mass of the wheel rim could be reduced to 

around 50% as compared to the existing solid disc type Al 

alloy wheel.  

S. Ganesh et al [3] described parametric model is designed 

for Alloy wheel used in four wheeler by collecting data from 

reverse engineering process from existing model. Design is 

evaluated by analyzing the model by changing the design of 

rim styles to be strong and balanced. Its material should not 

deteriorate with weathering and corrosion. 
P. Meghashyam et al [4] described ANSYS static analysis 

work by considering two different materials namely 

Aluminum and forged steel and their relative performances 

have been observed respectively. In addition to this rim is 

subjected to vibration analysis (modal analysis), a part of 

dynamic analysis is carried out its performance is observed. 

They suggest by observing the results of both static and modal 

analysis obtained forged steel is suggested as best material. 

Ravi Lidoriya et al [5] explained in their study entire wheel 

design of two wheeler was chosen and analyzed by applying 

different load and redesign the wheel again to minimize the 

deformation and material will be changed from Aluminum to 
PEEK(polyether ether ketone ) 

P. RamamurtyRaju et al [6] concerning with generation of 

S–N curve for Aluminum alloy (Al) A356.2-T6 and estimation 

of fatigue life under radial fatigue load. The S–N curve is 

developed by conducting tests at different stress levels under 

constant amplitude loading. Tests are conducted on alloy 

wheels for fatigue life evaluation under radial loads. Finite 

element analysis (FEA) is carried out by simulating the test 

conditions to analyze stress distribution and fatigue life of the 

alloy wheels. It is observed from analysis that the prediction of 

fatigue life using FEA is found to be in close agreement with 
the corresponding experimental observations. An attempt has 

been made by conducting parametric study to suggest a 

suitable safety factor for reliable fatigue life prediction 

XiaofengWanga et al [7] described a practical and 

comprehensive method for simulating the dynamic cornering 

fatigue test of the automotive wheels. The test of a steel 

passenger car wheel is simulated by combined use of the 

linear transient dynamic finite element analysis and the local 

strain approach. A rotating force of constant magnitude is 

applied to the moment arm tip to simulate the rotating bending 

effect on the wheel, with the wheel stationary. It is found that 
only a radial component of the rotating force is needed to 

obtain the sufficiently accurate radial normal strain histories of 

the elements located along the radial direction. The strain 

history of the element whose local stress–strain characteristic 

keeps linear and closest to the critical element is applied to 

predict the fatigue life of the critical element with Neuber’s 

rule and local strain approach, which is quite close to the test 

results. 

 

2.  CAD Model of Rim 

CATIA V5 R19 is used for creation and modifications of the 

alloy wheel rim model. CATIA enables the creation of 3D 
parts, from 3D sketches, sheet metal, composites, molded, 

forged or tooling parts up to the definition of mechanical 

assemblies. The software provides advanced technologies for 

mechanical surfacing and BIW. It provides tools to complete 

product definition, including functional tolerances as well as 

kinematics definition. CATIA provides a wide range of 

application for tooling design, for both generic tooling and 

mold and die. 

CATIA is used for creation and modifications of the alloy 

wheel rim model. CATIA modeling of alloy wheel rim is done 

as per The European Tire and Rim Technical Organization 

(E.T.R.T.O.) and industrial specification. Design means the 

process of creating a new object or modifying the existing one. 
Drafting means the representation or idea of the object. 

Modeling means create and converting 2D to 3D.  

We generate a 3D model of alloy wheel rim in CATIA is 

shown as below in Fig. 2.1 

 

 
Fig. 2.1 

 

The CAD design of wheel is prepared based on the standard 

nomenclature at the outer and the hub region of the wheel. 

Figure 1 shows the CAD design of the wheel rim before 

optimization. 

 

3.  Rim Nomenclature 

a) Wheel: Wheel is generally composed of rim and disc.  

b) Rim: This is a part where the tire is installed.  

c) Disc: This is a part of the rim where it is fixed to the axle 

hub.  

d) Offset: This is a space between wheel mounting surface 

where it is bolted to hub and center line of rim.  

e) Flange: The flange is a part of rim which holds the both 

beds of the tire 

f) Bead Seat: Bead seat approaches in contact with the bead 

face and it is a part of rim which holds the tire in a radial 
direction.  

g) Hump: It is a bump what was put on the bed seat for the 

bead to prevent the tire from sliding off the rim while the 

vehicle is moving.  

h) Well: This is a part of rim with depth and width to facilitate 

tire mounting and removal from the rim. 
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4. Material Properties 

Material used Aluminum 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- Aluminum. 

 

5. DESIGN LOAD CALCULATIONS 

The objective of this project is to test the alloy wheel 

according to the specifications given by the industrial 

standards for different styling and achieve optimum designed 

model. 

 

Bending endurance test: The bending moment to be 

imparted in the test shall be in accordance to the following 

formula (1):  

 

M = ((μ*R) + d)* F * S …………………………… (1) 

 

Where,  

M = Bending moment in ‘Nm’  

μ = Friction Coefficient between the tire and the road surface 

(no units)  

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

d = Offset of the wheel in ‘m’  

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

S = Coefficient specified according to the standards. 

According to the industrial standards:  

μ = 0.7, d = 35 mm = 0.035 m, F = 480 kg = 480 * 9.81 

=4708.8N, S = 2.87 

 

Bending moment  
M= ((μ*R) + d)* F * S  

= ((0.7 * 0.185) + 0.035) * 4708.8 * 2.87  

= 2223.095112Nm 

 

 

 

Table 5.1: Combination of coefficient with specified 

number of revolutions 

Division 

of wheel 

Light alloy wheel 

Coefficient 

S 

Specified number of 

revolutions 104 

Wheels 

under 100 

mm in 

offset 

1.8 103 

1.5 10 

1.35 25 

1.33 103 

1.26 103 

1.1 103 

 

Radial endurance test: The radial load to be imparted in the 

test shall be in accordance with the following formula (2):  

 
Fr = F * K…………………………… (2)  

 

Where, 

 Fr = Radial load in N  

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

K = Coefficient according to the industrial standards 

According to the industrial standards  

F =475 kg = 480 * 9.81 = 4708.8 N  

K = 2.25 

 

Radial load  
Fr = F * K  

    = 4708.8 * 2.25  

    =10594.8 

 

Table 5.2: Combination of coefficient with specified 

number of revolutions 

 

Division of 

wheel 

Light alloy wheel 

Coefficient 

K 

Specified number of 

revolutions 104 

Wheels 17.5 or 

under 100 in 
nominal rim 

diameter  

2.25 50_(4) 

2.2 103 

2.0 100 

1.8 103 

1.4 103 

 

6. Structural Analysis 

The term structural (or structure) implies not only civil 

engineering structures such as bridges and buildings, but also 

naval, aeronautical, and mechanical structures such as ship 

hulls, aircraft bodies, and machine housings, as well as 
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mechanical components such as pistons, machine parts and 

tools. The seven types of structural analysis are available in 

ANSYS. The primary unknowns calculated in a structural 

analysis are displacements. Other quantities such as strains, 

stresses and reaction forces are derived from the nodal 

displacements.  

Static analysis: - Used to determine displacements, stresses, 

etc. under static loading conditions. 

 

6.1 Structural analysis procedure 

      The procedure for a static analysis consists of these tasks:  

 Build the model  

 Set solution control  

 Set additional solution options  

 Apply the loads  

 Solve the analysis  

 Review the results  

     Following points in mind when doing a static analysis:  

 You can use both linear and non-linear structural 

elements   

 Material properties can be linear or non-linear, 

isotropic or orthotropic and constant or temperature 

dependent.  

 You must define stiffness in some form (for 

example, young’s modulus, hyper elastic 

coefficients and so on).  

 For inertia loads (such as gravity), you must define 

the data required for mass calculations, such as 

density.  

 For thermal loads (temperatures), you must define 

the coefficient of thermal expansion.  
 

For static structural analysis we import the cad model 

generated in CATIA into ANSYS software with the (.stp) file 

format. The model is then assigned with the material 

properties i.e. aluminum alloy A356.2. The model is meshed 

properly by mesh quality < 75 % as shown in Fig. 6.1 then 

structural analysis procedure is carried out 

 
 

Fig.6.1 Mesh Model 

 

7. Introduction to optimization 

Finite element-based optimization techniques were first 

developed by UCLA Professor, Lucien Schmitt in the1960s 

(Schmitt 1960). Schmitt recognized the potential of combining 

optimization techniques with finite element analysis (FEA) for 

structural design. Today, three types of finite element based 

optimization approaches are available within commercial FEA 

software’s: 

 Parameter optimization.  

 Shape optimization.  

 Topology optimization.  

 
Shape optimization is done by removing the material from rim 

hub where stresses are minimum as shown in above Fig. 

shows that actual CAD model in CATIA and Fig. 4.5 shows 

the design area where we provide elliptical groves and pockets 

to remove unnecessary material. Base Model and Optimized 

CAD model in CATIA after removing material is shown 

below in Fig.7.1 and fig 7.2 respectively 

 
Fig 7.1 Base Model 

 
Fig 7.2 Optimized model 
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8. RESULTS AND DISCUSSIONS 

Static analysis is carried out by applying bending load in CAE 

software. In the case of bending test a lateral load of 2133.67 

N is applied at a distance of 1 m from the center of the hub. 

The loading is varied as 100%, 75%, 50% and equivalent 

alternating stresses are calculated. The rim is rotated with the 

speed of 60 Km/hr while loading. Before applying the load the 

model should be meshed properly. Provide appropriate 

constrain condition. 

8.1 Equivalent Alternating Stress on Base Wheel Rim 

a) 100 % Load Condition: - Applications of 100% 

loading i.e. load of 2133.67 N is applied from load arm 

of 1 meter and stresses are found out in ANSYS static 

structural analysis. It is found that maximum alternating 

stress is 90.887 MPa shown in Fig. 8.1.1  

 
Fig. 8.1.1 

 

b) 75 % Load Condition: - Applications of 75% loading i.e. 

load of 1600.25 N is applied from load arm of 1 meter and 

stresses are found out in ANSYS static structural analysis. It is 

found that maximum alternating stress is 70.272 MPa shown 

in Fig. 8.1.2  

 

 
Fig. 8.1.2 

c) 50 % Load Condition: - Applications of 50% loading i.e. 

load of 1066.83 N is applied from load arm of 1 meter and 

stresses are found out in ANSYS static structural analysis. It is 

found that maximum alternating stress is 49.657 MPa shown 

in Fig. 8.1.3  

 
Fig. 8.1.3 
 

As shown in above Figures  Equivalent stress is found out for 

different loading which is well below ultimate tensile strength 

of material that is Se=250 MPa so the rim is safe. 

 

8.2 Damage on Base Wheel Rim after Loading 

a) 100 % Load Condition: - maximum damage on alloy 

wheel rim is found on bolt mounting area where cracks 

gets takes place after 100% loading and 75% loading 

shown in Fig. 6.4 and Fig. 8.2.1  

 

 
    Fig. 8.2.1 
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b) 75 % Load Condition  

 

 
Fig. 8.2.2 

c) 50 % Load Condition  
 

 
 
Fig. 8.2.3 

 

As shown in above Figures analysis result shows damage on 

alloy wheel rim. It is seen that there is maximum damage 

occurs at bolt hole region. Damage on wheel rim after 

application of 50 % bending load is 0%.  

 

9. Static Structural Analysis Results on Optimized 

Alloy Wheel Rim: 

Static analysis is carried out by applying bending load in CAE 

software. In the case of bending test a lateral load of 2133.67 

N is applied at a distance of 1 m from the center of the hub. 
The loading is varied as 100%, 75%, 50% and equivalent 

alternating stresses are calculated. The rim is rotated with the 

speed of 60 Km/hr while loading. Before applying the load the 

model should be meshed properly. Provide appropriate 

constrain condition. 

 

9.1 Equivalent Alternating Stress on optimized alloy wheel 

rim: 

100 % Load Condition: - Applications of 100% loading i.e. 

load of 2133.67 N is applied from load arm of 1 meter and 

stresses are found out in ANSYS static structural analysis. It is 

found that maximum alternating stress is 139.55 MPa shown 

in Fig. 9.1.1  

 

 
Fig. 9.1.1 
 

75 % Load Condition: - Applications of 75% loading i.e. 

load of 1600.25 N is applied from load arm of 1 meter and 

stresses are found out in ANSYS static structural analysis. It is 

found that maximum alternating stress is 104.79 MPa shown 

in in Fig. 9.1.2 

 

    
Fig. 9.1.2 

 

c) 50 % Load Condition: - Applications of 50% loading i.e. 

load of 1066.83 N is applied from load arm of 1 meter and 

stresses are found out in ANSYS static structural analysis. It is 

found that maximum alternating stress is 71.705 MPa shown 
in in Fig. 9.1.3 
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Fig. 9.1.3 

Equivalent stress is found out for different loading which is 

well below ultimate tensile strength of material that is Se=250 

MPa so the rim is safe. 

 

9.2 Damage on optimized Wheel Rim after Loading 

a) 100 % Load Condition: - maximum damage on alloy 

wheel rim is found on bolt mounting area where cracks gets 
takes place after 100% loading and 75% loading shown in Fig. 

9.2.1 and Fig. 9.2.2.  

 
Fig. 9.2.1 

 

b) 75 % Load Condition  
 

 
Fig. 9.2.2 

c) 50 % Load Condition  
 

 
 

Fig. 9.2.3 

 

As shown in above Figures analysis result shows damage on 

alloy wheel rim. It is seen that there is maximum damage 

occurs at bolt hole region. 
 

9.5 Results of Corner fatigue test. 

 
10. CONCLUSION 

 
1. Load acting on the alloy wheel rim is calculated as per 

Japanese industrial standard given by the company. The 

modelling is done as per drawings given by the company and 

made changes to reduce the weight. Finite element analysis is 

performed on both wheel rim i.e. base wheel rim and 

optimized wheel rim the stresses and fatigue life of the wheel 

is calculated which is satisfying company criteria. 

2. The weight of the wheel is reduced from 7.7 Kg to 7.5 Kg 

by using this finite element analysis approach of weight 

optimization 

3. On trying on these two cases with varying dimensions, one 
model is finally reached at with a total of 3% (200gm) mass 

reduction without compromising its performance. The wheel 
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on subjection to Cornering Fatigue Test and radial fatigue test 

is observed to pass through all the requirements. 

4. There is a mass reduction of 200gm per wheel is achieved 

which mounts to 1kg per car considering the spare wheel. This 

mass reduction results in two benefits. Decrease in total 

weight of the car and decrease in cost of production. 

Optimization techniques help largely in reducing the mass of 

solid components which results in overall body weight 

reduction and thus lesser cost. Lesser weight in turn gives 
better performance and better fuel efficiency. These result in 

many indirect benefits to mankind which includes 

conservation of natural resources to some extent, reduction in 

air pollution etc. 
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