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Abstract 

 

Disc brakes are exposed to large thermal stresses during routine braking and extraordinary thermal stresses during hard braking. 

The aim of the project is to design, model a disc. Modelling is done using Pro/e. Structural and Thermal analysis is to be done on 

the disc brakes using three materials Stainless Steel 304 and Aluminium 6061. Structural analysis is done on the disc brake to 

validate the strength of the disc brake and thermal analysis is done to analyse the thermal properties. Comparison can be done for 

deformation, stresses, Strain, temperature etc. form the two materials to check which material is best. Pro/e is a 3d modelling 

software widely used in the design process. ANSYS is general-purpose finite element analysis (FEA) software package. Finite 

Element Analysis is a numerical method of deconstructing a complex system into very small pieces (of user-designated size) called 

elements. 
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I. INTRODUCTION 

In today’s growing automotive market the competition for better performance vehicle is growing enormously. The racing fans 

involved will surely know the importance of a good brake system not only for safety but also for staying competitive. The disc 

brake is a device for slowing or stopping the rotation of a wheel. A brake disc usually made of cast iron or ceramic composites 

includes carbon, Kevlar and silica, is connected to the wheel and the axle, to stop the wheel. A friction material in the form of 

brake pads is forced mechanically, hydraulically, pneumatically or electromagnetically against both sides of the disc. This friction 

causes the disc and attached wheel to slow or stop. Generally, the methodologies like regenerative braking and friction braking 

system are used in a vehicle. A friction brake generates frictional forces as two or more surfaces rub against each other, to reduce 

movement. Based on the design configurations, vehicle friction brakes can be grouped into drum and disc brakes. If brake disc are 

in solid body the heat transfer rate is low. Time taken for cooling the disc is low. If brake disc are in solid body, the area of contact 

between disc and pads are more. In disc brake system a ventilated disc is widely used in automobile braking system for improved 

cooling during braking in which the area of contact between disc and pads remains same. Lee and Yee found out that the uneven 

distribution of temperature on the surface of frictional pad causes thermal distortion popularly known as coning and this is 

responsible for judder effect and disc thickness variation. Mainly three types of mechanical stress is subjected on disc brake. 

Traction force, caused by centrifugal effect and it occurs when wheel is rotating and no brake force is applied to the disc. 

Compressive force, when the brake is applied due to action of the force, exerted by pressing the pad perpendicular onto the surface 

of the disc. Due to braking action caused by rubbing on the brake pad against the surface of the disc. It acts in opposite direction 

of the disc rotation. In addition if sliding speed is high, it results in instability in thermo mechanical. Besides this, it leads to non-

uniform contact distribution, which produces hotspot. This is accompanied by high local stress that can lead to material degradation.  

Due to repetitive braking, temperature of ventilated disc can rise relatively faster than solid disc. Ventilated disc is lighter, it has 

convective heat transfer and can control the temperature rise, and the effect of thermal problem. However ventilated disc due to 

uneven temperature around the disc, there may be increase in judder problem. 

II. LITERATURE REVIEW 

According to Praveena S Lavakumar, cast iron is suggested as the best material for the brake disc as it has low thermal conductivity. 

Venkatkumar R gurubaran in their “design and analysis of disc brake rotor stated that copper liners can be also used for making 
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the brake disc rotor as it gives moderate cooling at low temperatures. Ganesh P and Naresh C in “Finite element analysis of normal 

and vented disc rotor” stated that “Aluminum metal matrix is more beneficial for use as it is lighter in weight, better wear resistant 

and thermal conductivity”. They also come to conclusion that “Aluminum utilization for brake disc manufacturing can contribute 

to increase in acceleration and reduction in braking distance”. Hemraj nimhal et al. in their “Thermal analysis of disc brake using 

ANSYS software” stated that “use of non-vented disc made up of ceramic material can be prove as best material for future because 

of its Mechanical and material properties. Bhaskarasetupathi et al., in their “Numerical analysis of rotor disc for optimization of 

disc material” stated that Aluminum metal matrix is suitable for the manufacturing of the disc brake in mechanical strength and 

thermal strength with the condition that the tribological characteristics should be suitable. Subhasissarkar and PravinRathod in 

“modeling and simulation of disc brake to analyze the temperature distribution using FEA” stated that “Increase in vehicle speed, 

the temperature increases but the rate of heat generation with speed is less for AMMC as compared with Grey Cast iron. They also 

come to conclusion that “disc brake design plays an important role in heat transfer like vent hole size, vane thickness etc. 

Belhocineet et al., in “Thermal analysis of both ventilated and full brake disc rotors with frictional heat generation” concluded that 

the radial ventilation plays a vital important role in the cooling of the disc during the braking phase. 

III. PROBLEM DESCRIPTION 

Discs are usually damaged in one of four ways: scarring, cracking, warping or excessive rusting. Service shops will sometimes 

respond to any disc problem by changing out the discs entirely. This is done mainly where the cost of a new disc may actually be 

lower than the cost of workers to resurface the original disc. Mechanically this is unnecessary unless the discs have reached 

manufacturer's minimum recommended thickness, which would make it unsafe to use them, or vane rusting is severe (ventilated 

discs only). Most leading vehicle manufacturers recommend brake disc skimming (US: turning) as a solution for lateral run-out, 

vibration issues and brake noises. The machining process is performed in a brake lathe, which removes a very thin layer off the 

disc surface to clean off minor damage and restore uniform thickness. Machining the disc as necessary will maximize the mileage 

out of the current discs on the vehicle. Braking systems rely on friction to bring the vehicle to a halt – hydraulic pressure pushes 

brake pads against a cast iron disc or brake shoes against the inside of a cast iron drum.  

IV. EXPERIMENTAL WORK 

Aluminium disc brake is selected for the present investigation. The dimensions of the selected disc brakes are found using vernier 

calipers, screw gauge and are tabulated and presented in the table. According to the dimensions the model of the disc brake is 

developed using PRO/E (creo-parametric). The modeled disc brake is as shown in figure. In this analysis two materials are used. 

(Dimensional value : Diameter = 250 mm, Thickness =5 mm) 

 
Fig. 1: Isometric view                                         Fig. 2: Detailed Drawings 

 Meshed Model 

The next stage of the modelling is to create meshing of the created model. The below said parameters are used for meshing. The 

mesh model of connecting rod is as shown in figure. 

 Type of Element: Tetrahedron, Number of Nodes: 32450, Number of Elements: 14234 

 Load Diagram of Specimen 

A PRO/E model of disc brake is used for analysis in ANSYS Workbench. Analysis is done with the force of 3500N load applied 

friction end of the disc brake and fixed at the centre of the disc brake. It is shown in following Figures 
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Fig. 3: Fixed support of specimen           Fig. 4: Loads of specimen 

 Moment Diagram of Specimen 

A PRO/E model of disc brake is used for analysis in ANSYS Workbench. Analysis is done with the moment of 300 N mm was 

applied at centre axis. It is shown in following Figure. 

 
Fig. 5: Meshed model                                          Fig. 6: Moment of specimen 

 Heat flux and convection of specimen 

Analysis is done with the heat flux 23000 w/m2 and convection 230 w/m2 was applied at body of disc brake pedal. It is shown in 

following Figure. 

 
Fig. 7: Heat flux and convection of specimen 

V. RESULT AND DISCUSSION 

For the finite element analysis 3500 N of load is used. The analysis is carried out using PRO/E (creo-parametric) and ANSYS 

work bench software.  The maximum and minimum von-misses stress, strain, and deformation, Temperature and heat flux, are 

noted from the ANSYS Work bench.  

 Structure Analysis of Aluminium 6061-Force 20 KN and Moment 300 Nm at Aluminium 6061 

 
Deformation                     Strain energy 

Fig. 8: Force-Aluminium Results-1 
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Figure shows main results of computation: distribution of resultant equivalent stress, equivalent strain, deformation and strain 

energy in the elements of bike disk brake plate. It may be seen that the maximum stress value 3.8658 X108 Pa. Maximum strain 

value 0.0054448 Maximum deformation 0.0021474 mm and strain energy is 0.017222 J. Design is not safe. Stress value of the 

result is higher than Yield stress value of the aluminium (3.8658 X108 Pa > 2.8 X 108 Pa). 

 Force 15 KN and Moment 300 Nm at Aluminium 6061       

 
Deformation                     Strain energy 

Fig. 9: Force-Aluminium Results-2 

Figure shows main results of computation: distribution of resultant equivalent stress, equivalent strain, deformation and strain 

energy in the elements of bike disk brake plate. It may be seen that the maximum stress value 2.9015X108 Pa. Maximum strain 

value 0.0040867 Maximum deformation 0.0016106 mm and strain energy is 0.0096879 J. Design is not safe. Stress value of the 

result is higher than Yield stress value of the aluminium (2.9015X108 Pa > 2.8 X 108 Pa) 

 Force 20 KN and Moment 300 Nm at Stainless Steel 

 
Deformation                    Strain energy 

Fig. 10: Force-Stainless Steel Results-1 

Fig shows main results of computation: distribution of resultant equivalent stress, equivalent strain, deformation and strain energy 

in the elements of bike disk brake plate. It may be seen that the maximum stress value 4.0009 X108 Pa. Maximum strain value 

0.002073 Maximum deformation 0.0008079 mm and strain energy is 0.0065457 J. Design is not safe. Stress value of the result is 

higher than Yield stress value of the stainless steel (4.0009 X108 Pa > 2.8 X 108 Pa). 

 Force 15 KN and Moment 300 Nm at Stainless Steel 

 
Deformation                    Strain energy 

Fig. 11: Force-Stainless Steel Results-2 

Fig shows main results of computation: distribution of resultant equivalent stress, equivalent strain, deformation and strain energy 

in the elements of bike disk brake plate. It may be seen that the maximum stress value 3.0028X108 Pa. Maximum strain value 
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0.0015559 Maximum deformation 0.0006059 mm and strain energy is 0.0036821 J. Design is not safe. Stress value of the result 

is higher than Yield stress value of the stainless steel (3.0028X108 Pa > 2.8 X 108 Pa) 

Mechanical Test Comparison 
Table – 1 

Mechanical Test Results 

LOAD ALUMINIUM REMARKS STAINLESS STEEL REMARKS 

20 KN/300 NM 3.8658 X108 Pa Design Not Safe 4.0009 X108 Pa Design Not Safe 

15 KN/300 NM 2.9015X108 Pa Design Not Safe 3.0028X108 Pa Design Not Safe 

14 KN/300 NM 2.7088 X108 Pa Design Safe 2.8033 X108 Pa Design Not Safe 

10 KN/300 NM 1.9390 X108 Pa Design Safe 2.0064 X108 Pa Design Safe 

 From table, in this case it might be expressed that the disc brake pedal on its structure which may causes stress. To get a better 

result (stress, strain, deformation) the proposed model is in steel material, Appling the static force by different directional force. 

Results of static structural analysis of the disc brake pedal applied under the static structural force. By this result Aluminium disc 

brake is best one for commercial application by cause of stress value under various force and moment condition. 

VI. CONCLUSION 

The hardness test and tensile test were conducted and the mechanical properties were strong-minded. The experimental results that 

were originate are been compared with the conventional Aluminium 6061 (Al6061) and with the stainless steel (SS304) material 

were one with respect to its ductility, strength, and hardness. Dynamic analysis is a very significant study when it comes to the 

alloy materials, where these can show diversity in material properties as well as shapes. The main idea of this work is to perform 

analysis which gives the information about locations of the damages and cracks on the selected material.  
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