
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 11, pp. 96-107 

Published Year 2021 

96 
 

Design and Analysis of Wheel Rims with Various 

Materials 

Header Ali A., Ali Salh Sawadi, Riyad Jassim Tilefih 

‡Al-Furat Al-Awsat Technical University, Najaf Technical Institute, Al-Najaf, Iraq 

*Corresponding Author Email: ali.alkhazraji@atu.edu.iq 

ABSTRACT 

This research aims to reduce the loads on the engine which lead to reduce fuel consumption by optimization 

designing the rim wheel of the vehicle using several types of metals, and then choosing the metal that achieves 

the least mass as well as the least stress. The method of work Choose a model for the rim wheel with standard 

dimensions, as it will be drawing using the solid work program. Using the Ansys program to analyze the stresses 

applied on the wheel rim using the number of Meshing   elements 149664 when torque of 1050 Nm and a 

circumference pressure of 0.25 MPa. 
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OBJECTIVE  

1. To perform analysis of base Wheel Rim model to identify critical stress location and deflection at maximum 

load 

2. Selection of Material and propose revised model of wheel rim.  

3. To perform analysis on revised wheel rim model to identify critical stress location and deflection at 

maximum load. 

SAFE DESIGN CHECKING 

There are two loads on the wheel rim first one the Direct load (radial load) and second one is Tangential load the 

Direct loads its due to weight of the vehicle while the tangential loads are due to torque and it may be braking 

torque or accelerating torque by know the direct stress ,can to calculate direct load = Load/Area (Here load on the 

rim) 530kgf. 530×9.81=5199.3N 

Load = 5199 N 

Area = 519 mm2  

Direct stress = 10.018 N/mm2  

The Tangential loads per arm can be get it by WT = T/ ( R×n/2 )         

WT = 2T (R×n )  

Where T = transmitted torque N-m  

And R = radius of the rim in (mm)  

n = arms number  

M = (2*T)/(R*n) *R From that formula will get,  
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M = 2*T/n  

Yield stress = (Bending stress) + (Direct stress)       

If two stresses are less than yield stress of the material that due the design is safe. 

Bending stress = M/Z  

where (Z) = is section modulus Z = I/Y           

Therefore, 280 = (P/A) + (M/Z) × 2.25                                                                                                                              (1)  

where (2.25) is safety factor for dynamic load  

As per OEM Specification for passenger car we have,  

Maximum torque of engine =139N-m at 4250rpm  

First gear ratio = 3.909  

Differential gear ratio = 3.867  

Maximum torque of axle = 139 × 3.909 × 3.867 = 2101.138 (N.m)  

Maximum torque at a wheel = 2101.138 /2 = 1050 (Nm)  

M= 2*T/n* M= 417204 Nmm  

Z = I/Y = bh2 /6 = 3868.8748  

M/Z= 107.835N/mm2] 

substituting by equation 1  

Yeild stress = Bending  +  Direct stress  

stress (aluminum alloy) = (P/A) + (M/Z) * 2.25  

yeild Stress (aluminum alloy) = 280Mpa  

280 = 10.019 + 107.835 × 2.25 280 > 252.6477  

Aluminum alloy Yeild stress is greater than working stress. And that mean the design is safe the technical data 

refer to the earlier the pressure that applied for the modeled wheel rim is 0.25Mpa. 

INTRODUCTION  

in industry of Automobile, the goal of fundamental the Wheel rim is must be strong sufficient to assist the vehicle 

carry the goods for a long time without failure at same time, must be have light weight as possible. Wheel rims 

maybe make from steel, aluminum alloy and other light material like composite materials. The latest innovations 

shown that up to half the weight can be achieved by replacing steel with alloys light materials. This can reduce 

the overall vehicle weight by 20-30% when added to other reducing methods. The cost of aluminum and composite 

materials remains the biggest problem for its use in large applications. Aluminum alloy is a higher conductor of 

heat In this case, wheel rims of aluminum will disperse heat from the tires and brakes more than steel. Most of 

wheel rims have air vents inside the rim, by this way air flows to the brakes. The wheels will be produced by using 

an aluminum alloys or other composite material. The Aluminum or steel alloys are mostly lighter for the same 

strength,These materials provide better thermal conductivity features and often produce an improved cosmetic 

appearance on steel wheels. Despite the fact that steel is also a compound consisting of iron and carbon, it is the 

most common material used in the generation of wheels. Light alloys and steel are the most important materials 
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used in the manufacture of wheel rim, but with some composite material together Fiberglass is using for some 

types of wheels. 

Aluminium Alloy Wheel 

Aluminium alloy is metal with features of thermal conductivity, lightness, low heat, rust confrontation, physical 

characteristics of casting, machine processing and reutilizing, etc. that materials main advantage is light weight, 

high precision. This material is good for energy preservation because it is maybe to recycle aluminium easily. 

Titanium alloy wheel 

Titanium is an efficient corrosion-resistant metal that is about 2.5 times more durable than aluminum but is less 

expensive to manufacture and more expensive. It is still in the research and development stage although there is 

use in the field of auto racing.  

Boron epoxy  

Boron epoxy is distinguished by its combination of high strength and high modulus of elasticity, common use for 

boron epoxy is to manufacture high tensile strength tapes. The use of boron results in high strength and lightweight 

materials 

Steel structure 

It is carbon steel, as it has a carbon content of up to 2.1 percent by weight. As carbon is the most important 

component of carbon steel. As the increase in the amount of carbon in the steel composition leads to the production 

of a metal with high strength and low ductility. 

LITERATURE REVIEW 

P. Meghashyam, S. Girivardhan Naidu and N. Syed Baba designe & performed static and analysis of Eigenvalue 

Buckling on forged aluminium wheel rim and steel wheel rim.  both analysis of aluminium wheel rim & forged 

steel wheel rim, von-mises stresses are decreases comparison to ultimate strength [1]. Deflections got more in 

aluminium rim than forged steel rim. The conclussion done by preferred that forged steel rim give better results 

when compation with wheel rim of aluminium. Kalpesh R. Salunkhe, Prof.Shailesh S.Pimpaledesign and analysis  

alloy wheel by CATIA programm and the analysis done by ANSYS [2]. The analysis of static structural it carried 

on wheel by applying the different materials those materials is alloy of zinc, aluminium, and Magnesium. The 

conclussion the total deformation and equivalent stresses of alloy wheels, and concluded that equivalent stresses 

and maximum total deformation   are obtained lowest for zinc compared to magnesium  and aluminim. David 

Abimbola Fadare, Samuel Onoriode Igbudu, investigation of performed on aluminum alloy wheel at various loads 

by Keeping up various weights 0.3, 0.15, and 0 Mpa with specified load of 4750N [3]. Von mises stresses are 

investigated at different load and experimental data is provided. M. Uma Mahesh, S. Madhu Sudhan T. Cholai 

Raj ,G. Ashok Kumar, , designed alloy wheel rim and performed analysis by using (CATIA) and ANSYS [4]. The 

analysis on alloy aluminium wheel and forged steel wheel rim was carried at different pressures and different 

loads by using (CATIA). vibration analysis  and Static analysis are carried out by using ANSYS and the 

performance is observed. They conclusion that the deflections are less in forged steel wheel rim and suggested 

forged steel wheel rim as best material [5,6]. 

PROBLEM STATEMENT 

The problem has two stages: 

1- Design, Improvement and Redesign 

2- Analysis of an alloy wheel of a light commercial vehicle. 

Simulation of the alloy wheel by taking into account the basic features that affect the design parameters. 

Optimization by applying all boundary conditions, loading and investigation conditions For the behavior of 

aluminum alloy wheel and other composite materials through pattern analysis, static and dynamic Transient 

analysis by inputting different loading conditions, such as radial load and air pressure for Find the stresses and 

deformations on the wheel. 
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WHEEL RIM MODELING  

Software Solid work is used for modification and created of the model. In solid work design and modelling feature 

is available. Design means the process of create new model or modify the exist model. Modelling means create 

and converting 2dimention to 3dimention. By using solid work software, create the wheel rim model. 

 

Figure 1. 3D of wheel rim 

 

Figure 2. 3D of wheel rim with dimensions 

THE MODEL MESHING  

After model designed in sold work programe it is import to ANSYS programme by file import IGES and meshed 

by using TETRA mesh. the model mesh was 267185 nods and 149664 elements.  

 

Figure 3. 3D of wheel rim in Ansys program 
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Figure 4. Mishing of wheel rim 

BOUNDARY CONDITIONS  

to do the ansys Simulation, we must be apply boundary conditions each material (Titanium alloy, boron epoxy, 

Structure steel, Kevlar epoxy, Epoxy carbon UD , aluminum alloy and Glass fiber ) like mass  , volume , moment 

of inertia and number of nodes and elements . In the present Ansys simulation the following boundary condition 

are used:  

Table 1. B.C of Titanium alloy                                       
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Table 2. B.C of boron epoxy 

 

Table 3. B.C of Structure steel 
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Table 4. B.C of Kevlar epoxy 

 

Table 5. B.C of aluminum alloy  
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THE RESULTS AND DISCUSSION 

Titanium Alloy Wheel Rim 

 

Figure 5. Total deformation of titanium alloy 

 

Figure 6. Maximum principle stresses of titanium alloy 

Boron epoxy 

 

Figure 7. Total deformation of boron epoxy 
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Figure 8. Maximum principle stresses of boron epoxy 

Structure steel  

 

Figure 9. Total deformation of Structure steel 

 

Figure 10. Maximum principle stresses of Structure steel 
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Kevlar epoxy 

 

Figure 11. Total deformation of Kevlar epoxy  

 

Figure 12. Maximum principle stresses of Kevlar epoxy 

Aluminum alloy 

 

Figure 13. Total deformation of aluminum alloy 
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 Figure 14. Maximum principle stresses of aluminum alloy 

CONCLUSIONS  

To reduce the loads on the engine which lead to reduce fuel consumption by optimization designing the rim wheel 

of the vehicle using several types of metals, and then choosing the metal that achieves the least mass as well as 

the least stress the Following are conclusions  that got it from the results by different simulation by solid work 

programme  for wheel rims that made of (Titanium alloy , boron epoxy ,Structure steel, Kevlar epoxyis  , and 

aluminum alloy) when apply Load equal to 5200N and  Area of wheel rim equal to  519mm2 get the following: 

Table 6. Compare result between various martial wheel rim     

Materials Mass (kg) 
Total 

Deformation(mm) 

Maximum 

Stresses(mpa) 

Titanium Alloy 22.75 0.010067 14.222 

Boron Epoxy 9.8486 0.0048251 14.283 

Structure Steel 38.656 0.0051568 14.241 

Kevlar Epoxy 5.9091 0.038441 14.226 

Aluminum Alloy 13.64 0.014597 22.166 

 

According the result table show the wheel rim that used boron epoxy is Achieves less deformation (0.0048251mm)    

Compare with other materials and achieves acceptable maximum stresses, while aluminum alloy achieves beat 

maximum stresses (22.166 mpa) and achieves deformation (0.014597 mm), while Kevlar epoxy have Lighter 

mass and acceptable maximum stresses but have highest deformation. 

Table 7. Relation between deformation and and materials 

 

Table 8. Relation between the mass and materials 



Design and Analysis of Wheel Rims with Various Materials 

 

107 
 

 

REFERENCES  

[1] G.A. Kumar, M.U. Mahesh, S.M. Sudhan, T.C. Raj, “4 Design and Analysis of Wheel Rim By Using Catia 

&Ansys”, 

[2] H. Panjagala, Balakrishna, S. Kushnoore and E.L.N.R. Madhukar, “3 Design & Weight Optimization of a 

Wheel Rim for Sport Utility Vehicle”, 

[3] P. Meghashyam, S.G. Naidu and N.S. Baba, “Design and Analysis of Wheel Rim using Catia & Ansys”, 

[4] L. Natreyan, and P. Santhakomar, “Design and Comparative Analysis of Old & New Model Car Wheel Rims 

with Various Materials”, 

[5] S.K. Bawne, and Y.L. Yenarkar, “Optimization of Car Rim”, 

[6] C. Sureddi, “Design, Material Optimization and Dynamic Analysis on Automobile Wheel”, 

 

 

 


