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Abstract— The wheel is an integral part of any automobile. 

Design of wheel under various loads is to be studied for 

practical application to ensure safety and smooth running. 

Here, wheel is subjected to brake loads and mechanical loads 

due to weight of the vehicle. In cars, Disc brakes and Drum 

brakes are generally used on front wheels and rear wheels 

respectively. Due to application of brakes large amount of 

heat is generated which is distributed across the wheel 

section. The objective of the present work is to analyse the 

stresses induced in the given wheel design due to braking 

loads and structural loads .For this work, Linear thermal 

analysis with temperature dependent material properties and 

Linear static analysis has been performed using finite element 

software such as ANSYS. The heat generated by the braking 

is applied as loading and convective heat transfer has been 

applied as loading and convective heat transfer has been 

given as external boundary condition. The temperature plots 

at various regions are reported. The stress analysis is carried 

out by switching thermal analysis to structural analysis and 

Von misses stresses are plotted. Further, the analysis is also 

extended to static loading on the wheel. In this, 3D model is 

generated and this full model is meshed with a 3D solid 

element, the deflections and stresses are plotted. In static 

analysis we are considering the loads due to weight of the 

vehicle, side thrust and pressure due to application of brakes. 

Finally the stability of the wheel is discussed with the plotted 

results. 
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I. INTRODUCTION 

The wheel is an assembly of hub, disc (body), rim and spokes 

(spokes are not necessary in many types).Wheel is the most 

common commodity in the market that will surely not go out 

of stock. Its purpose is not just to serve as contact point 

between the car and the road but also as a means to show off 

the car's performance. Besides supporting the vehicle’s 

weight and protecting it from road shocks they also transmit 

power and are steered. The wheels are subjected to braking 

stresses and side thrusts during their motion. They are, 

therefore, required to be strong enough. Their construction 

has undergone drastic changes over the last few decades. 

From wooden spokes to metallic spokes, pressed steel to light 

alloys, welded rim to detachable rim, solid wheels to hollow 

hub type wheels are the novelties of such changes presently 

the trend is towards use of light-alloy wheels made of 

aluminium and magnesium alloys. These are light weight, 

almost corrosion free, casted wheels. They are aesthetically 

very good looking and are suitable for racing car applications 

too. 

A. Wheel Materials 

Now-a-days two types of wheel materials are most common, 

they are Steel and Aluminium, the other type is Alloy wheels 

and their description as follows: 

1) Steel Wheels 

These wheels can be easily produced in large numbers and 

are relatively inexpensive. They are usually quiet strong. This 

costs less than alloy wheels due to ease of manufacturing and 

lower material costs. These wheels are typically available in 

black or silver finish depending on the application. Basic 

styling can often be updated with wheel covers. Steel has a 

high fatigue limit (the structure can theoretically withstand an 

infinite number of cyclical loadings at this stress).The biggest 

disadvantage of this wheel is its weight, lack of performance. 

2) Aluminium Wheels 

These wheels are of light weight, good at heat dissipating, it 

can be easily fabricated in many ways. They are more 

resistant to corrosion. Pure aluminium has a low tensile 

strength, but when combined with thermo-mechanical 

processing, aluminium alloys display a marked improvement 

in mechanical properties, especially when tempered. 

Aluminium alloys form vital components of aircraft and 

rockets as a result of their high strength-to-weight ratio. 

Aluminium readily forms alloys with many elements such as 

copper, zinc, magnesium, manganese and silicon. But they 

are very costly. One important structural limitation of 

aluminium is its fatigue properties. Aluminium's fatigue limit 

is near zero, meaning that it will eventually fail under even 

very small cyclic loadings, but for small stresses this can take 

an exceedingly long time. 

II. LITERATURE REVIEW 

Piotr grześ [1] the aim of this paper was to investigate the 

temperature fields of the solid disc brake during short, 

emergency braking. In this paper transient thermal analysis of 

disc brakes in single brake application was performed. Abd 

Rahimet.al [2] this paper studies the contact pressure 

distribution of a solid disc brake as a result of structural 

modifications. M. Nouby et.al [3] proposes an approach to 

investigate the influencing factors of the brake pad on the disc 

brake squeal by integrating finite element simulations with 

statistical regression techniques. Chamfer, distance between 

two slots, slot width and angle of slot are investigated using 

design of experiments (DOE) technique. Liu et.al [4] An 

attempt is made to investigate the effects of system 

parameters, such as the hydraulic pressure, the rotational 

velocity of the disc, the friction coefficient of the contact 

interactions between the pads and the disc, the stiffness of the 

disc, and the stiffness of the back plates of the pads, on the 

disc squeal. Pohane et.al [5] FEM model is prepared for 

contact analysis. A three dimensional finite element model of 

the brake pad and the disc is developed to calculate static 
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structural analysis, and transient state analysis. Mazidi, et.al 

[6] in this study, the heat conduction problems of the disc 

brake components (Pad and Rotor) are modeled 

mathematically and is solved numerically using finite 

difference method. Thilak et.al [7] In this work, an attempt 

has been made to investigate the suitable hybrid composite 

material which is lighter than cast iron and has good Young’s 

modulus, Yield strength and density properties. Prashant 

Chavan, [8] gives simplified yet almost equally accurate 

modeling and analysis method for thermo-mechanical 

analysis using brake fade test simulation as an example. Q 

Cao1 et.al [9] this paper presents a numerical method for the 

calculation of the unstable frequencies of a car disc brake and 

the analysis procedure. 

 S. P. Jung, et.al [10] A simple finite element model 

of a disc and two pads was created, and TEI phenomenon was 

implemented by rotating the disc with a constant rotational 

speed of 1400 rpm. Huajiang Ouyang, et.al [11] covers two 

major approaches used in the automotive industry, the 

complex eigen value analysis and the transient analysis. The 

advantages and limitations of each approach are examined. 

Hao Xing [12] A disc brake system for passenger car is 

modeled and analyzed using both approaches i.e. the transient 

analysis and complex modal analysis. Söderberg et.al [13] 

This paper presents an approach to simulating wear on both 

contact surfaces at the pad-to-rotor interface in disc brakes 

using general purpose finite element software. It represents a 

first step toward a method of simulating the brake pressure 

needed to effectively clean the rotor of unwanted oxide 

layers. Abd Rahim et.al[14] The detailed and refined finite 

element model of a real disc brake considers the surface 

roughness of brake pads and allows the investigation into the 

contact pressure distribution affected by the surface 

roughness and wear. It also includes transient analysis of heat 

transfer and its influence on the contact pressure distribution. 

The focus is on the numerical analysis using the finite 

element method. 

 Based on the literature review the Objective of the 

present work is to perform the static analysis on certain wheel 

component (3D model) due to vehicle loads, braking 

pressures with two different materials as wheel material. 

After plotting the stresses and deflections, we finally suggest 

the suitable material among them as a car wheel material 

based on the stresses and deflections generated in the 

material. 

III. MODELING & ANALYSIS 

A. Modeling 

The component wheel is modeled using PROE as shown in 

the Fig 31. Using part drawing option the wheel is generated. 

First the cross-section of the wheel is drawn, and then this 

cross-section is arranged at some distance to the axis. This 

cross section is rotated by 360 degrees to get the basic view 

of the wheel. This structure is then exported to IGES format 

for further work 

 
Fig. 3.1: A Disc Wheel Modeled in PRO-E 

B. Assigning Material Properties 

1) Aluminium 

 Density : 2830Kg/m3 

 Modulus of Elasticity : 71.7GPa 

 Poisson's ratio : 0.33 

 Ultimate tensile strength : 552GPa 

 Yield tensile strength : 490GPa 

 Thermal Conductivity : 153w/m0C 

 Specific heat : 860 j /kg0C 

2) Steel 

 Density : 7845Kg/m3 

 Modulus of Elasticity : 200GPa 

 Poisson's ratio : 0.29 

 Ultimate tensile strength : 485GPa 

 Yield tensile strength : 450GPa 

 Thermal Conductivity : 50.7w/m0C 

 Specific heat : 515 j /kg0C 

C. Geometry Modeling, Meshing & Boundary Conditions 

Generally geometry is modeled in the ANSYS with the 

options in Pre-Processor. But for our analysis we directly 

export the model into IGES format and it is imported to 

ANSYS for our required analysis as shown in figures 3.2 and 

3.3. 

 
Fig. 3.2: Applying Boundary Conditions & Loads 
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Fig. 3.3: Meshed model with Boundary Conditions & Loads 

 Constraints for the wheel are given to the nodes at 

the half of the portion of the hub where the axle is connected 

to the wheel hub as shown in the Figures from 3.4 to3.6. 

 
Fig. 3.4: Meshed Model with the Body Weight Applied At 

Half of the Hub Portion 

 
Fig. 3.5: Meshed Model with the Applied Braking Pressure 

around the Circumference of the Disc Wheel 

 
Fig. 3.6: Meshed Model with Side Thrust Applied To One 

Side of the Wheel 

 

IV. RESULTS & DISCUSSIONS 

A. Static Analysis (Steel Alloy) 

 The Min. & Max. Values of deflections in X direction 

are - .926E-05 m, .923E-05 m. 

 The Min. & Max. Values of deflections in Y direction 

are - .112E-05 m, .749E-05 m. 

 The Min. & Max. Values of deflections in Z direction are 

- .925E-05 m, .922E-05 m. 

 The resultant deflection is .116E-04 m. 

 The Min. & Max. Values of stresses in X direction are - 

6857N/m2, 3488N/m2. 

 The Min. & Max. values of stresses in Y direction are - 

7498N/m2 , 

 7368N/m2. 

 The Min. & Max. Values of stresses in Z direction are - 

6872N/m2, 3500N/m2. 

The Min. & Max. Values of Von – mises stresses are 

3.898N/m2, 10777N/m2. 

It was observed that the deflections and stresses obtained for 

the two materials (Steel & Aluminium) are below their values 

of ultimate stresses. So, we can say that our design is safe for 

both the materials. It is observed that half of the Steel disc 

wheel portion has undergone one kind of deflection and other 

half portion is of other kind. Due to this uneven deflections, 

there is a chance of crack propagating in the wheel portion 

when subjected to higher loads, where this is not the case 

observed in the Aluminium material. So, finally we suggest a 

wheel material as Aluminium alloy for our analysis as shown 

in figures 4.1to 4.2. 

 
Fig. 4.1: Resultant of Deflection in X, Y and Z-direction 

 
Fig. 4.2: Von-Misses Stresses 
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B. Thermal Analysis 

Here, we have displayed the thermal results of both Steel and 

Aluminium materials. It was observed that the temperature 

generated due to brake drum and thermal gradient values 

obtained for both materials are same. A uniform temperature 

was obtained inside the disc wheel portion due to very high 

convective film coefficient of air. Stresses obtained due to 

heat loads are negligible when compared to the stresses 

obtained from static analysis, so we didn’t consider the 

thermal stresses. 

 
Fig. 4.3: Aluminium Disc Wheel 

  
Fig. 4.4: Aluminium Temperature of the Meshed Model 

 
Fig. 4.5: Thermal Gradient of Disc Wheel 

 
Fig. 4.6: Thermal flux of Disc Wheel 

C. Thermal Analysis (Steel Alloy) Results 

 
Fig. 4.7: Nodal Temperature of Steel 

D. Thermal Analysis (Aluminium Alloy) Results 

 
Fig. 4.8: Thermal of Aluminum Alloy 
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Fig. 4.9: Aluminum Thermal Gradient of the Meshed Model 

V. CONCLUSIONS 

 By using Aluminum and steel Materials Static and 

Thermal analysis was done to see stress and temperatures 

of Disc wheel. 

 By using aluminum and Steel Materials analyzed couple 

field analysis (structural and Thermal Analysis 

 By comparing Results of Steel and Aluminum. Finally, 

we can say Aluminum is better than Steel. 

 .Maximum stress induced is within safe limit. 

 .Maximum thermal stresses are setup when the 

temperature difference is maximum from outside to 

inside. 
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