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Abstract - Each single system has been studied and developed in order to meet safety requirement. For every vehicle, brake 
system is one of the most important safety systems because it helps driver to slow or stop the moving vehicle. Without brake 
system in the vehicle will put a passenger in unsafe position. Therefore, it is must for all vehicles to have proper brake 
system. Automobile braking system is one of the most important mechanical devices among the others. The disc brake is a 
device that slows or stops the rotation of a wheel by converting the friction to heat. But if the brakes get too hot, they will 
cease to work as they cannot dissipate enough heat. This condition of failure is known as brake fade. Disc brakes are 
exposed to large thermal stresses during routine braking and extraordinary thermal stresses during hard braking. Ventilation 
applications on disc brake can significantly improve the brake system performance by reducing the heating of the discs. In 
this paper cast iron and stainless-steel material use for calculating temperature distribution, total heat flux generated, total 
deformation and equivalent stress on the disc rotor. 
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I. INTRODUCTION 
 
Braking is a process which converts the kinetic 
energy of the vehicle into mechanical energy which 
must be dissipated in the form of heat. During the 
braking phase, the frictional heat generated at the 
contact surface between disc and pads, can lead to 
high temperatures. An artificial frictional resistance is 
applied to moving machine member by means of a 
braking system, in order to stop the motion of moving 
wheels. The main task of braking system design is to 
reduce surface temperature of brake and provide 
better cooling surface. Large amount of heat 
generates during braking of a vehicle. This heat has to 
be dissipated for better performance of brake. 
Braking performance largely affected by the 
temperature rise in the brake components. High 
temperature may cause thermal cracks, brake fade, 
wear and reduction in coefficient of friction. 
 
II. CLASSIFICATION OF BRAKES 
 

The mechanical brakes according to the direction of 
acting force may be divided into the following two 
groups: (1) Radial Brake (2) Axial Brake 
 
1.2.1 Radial Brakes: In these brakes the force acting 
on the brakes drum is in radial direction. The radial 
brakes may be subdivided into external brakes and 
internal brakes.  
 
1.2.2 Axial Brakes: In these brakes the force acting 
on the brake drum is only in the axial direction. i.e. 
Disc brakes, Cone brakes. 
 
Disc Brake: A disc brake is a device for slowing or 
stopping the rotation of a wheel, attached to the wheel 

or axle. The friction caused by pushing brake pads 
against a brake disc with a set of calipers causes the 
wheel to slow or stop. Brake caliper may be forced 
mechanically, hydraulically, pneumatically or 
electromagnetically against both sides of the disc. 
Compared to drum brakes, disc brakes offer better 
stopping performance, because the disc is more 
readily cooled and disc brakes recover more quickly 
from immersion, so they are used in the cars as well 
as two wheelers widely. 
 

 
Fig.1 Disc brake 

 
III. PROBLEM IDENTIFICATION 
 
Problems in disc brake by applying brake, shoo pad is 
grip the disc of disc brake due to that stopping of 
their rotation and converting kinetic energy in to heat 
energy due to rapidly apply brake there is thermal 
expansion of disc. In the course of brake operation, 
frictional heat is dissipated mostly into pads and a 
disk, and an occasional uneven temperature 
distribution on the components could induce severe 
thermo elastic distortion of the disc. Discs are made 
up mainly gray cast iron, so discs are damaged in one 
of three ways: scarring, cracking, warping or 
excessive rusting. 
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The various types of disc brake failures modes are 
the following: 
 
1. Thermo-mechanical distortion; 2. Cracking 
 
The aim of this paper is to predict the temperature 
rise and the temperature behavior of ventilated disc 
brake rotor with full passenger in the vehicle. In 
achieving this aim, project objectives are set as 
below: 
 
1. To study about thermal behavior of disc brake 
rotor. 
2. To understand the working principles, components, 

standards and theories through a literature study. 
3. To find maximum cooling and minimum thermal 

stresses from optimal disc material. 
 
IV. PROCEDURE FOR ANLYSIS IN ANSYS 
 
Static analysis is used to determine the displacements, 
stresses, strains and forces in structures or 
components due to the loads that do not include 
significant inertia and damping effects. Steady 
loading in response conditions are assumed. The kind 
of loading that can be applied in a static analysis 
include externally applied forces and pressures, 
steady state Inertia forces such as gravity or rotational 
velocity imposed (non zero) displacements, 
temperatures (for thermal strain). A static analysis 
can be either linear or nonlinear. In our present work 
we can consider linear static analysis. 
The procedure for static analysis consists of these 
main steps: 
 

1. Building the model 
2. Obtaining the solution 
3. Reviewing the results. 

 
1.4.1 Build the model: model is created by using creo 
parametric 2.0. And imported in ANSYS for further 
analysis. Model of Disc brake rotor is shown in fig. 2 

 
Fig.2 Ventilated type disc brake rotor 

 
V. THERMO-STRUCTURAL ANALYSIS 
 
1.5.1 Thermal Analysis: A thermal analysis 
calculates the temperature distribution and related 
thermal quantities in brake disc. Typical thermal 
quantities are: 

1. The temperature distribution 
2. The amount of heat lost or gained 
3. Thermal fluxes 

The initial heat flux entering the disc is calculated by 
the following formula: 
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Where: 

 = Initial velocity of the vehicle ( ) 

 = Final velocity of vehicle ( ) 
 = Mass of the vehicle (kg) 

 = rate of distribution of the braking forces between 
the front and rear axle (%) 

 = surface disc swept by the pad ( ) 

 = Factor load distribution on the surface of the 
disc 

 = braking effectiveness =  

a = Deceleration of the vehicle ( ) 

g = Acceleration of gravity 9.81 ( ) 
 
1.5.2 Structural Static Analysis: A static analysis 
calculates the effects of steady loading condition on a 
structure, while ignoring inertia and damping efforts 
such as those caused by time varying loads. A static 
analysis can, however include steady inertia loads 
(such as gravity and rotational velocity), and time 
varying loads that can be approximated as static 
equivalent wind and seismic loads commonly defined 
in many building codes. 
 
Input parameters: 
1) Mass of the vehicle = 2500 kg 
2) Initial velocity (u) = 27.78 m/s (100 km/h) 
3) Vehicle speed at the end of the braking application 
(v) = 0 m/s 
4) Brake rotor diameter = 0.262 m 
5) Percentage of kinetic energy that disc absorbs 
(90%) k = 0.9 
6) Acceleration due to gravity g = 9.81m/s2 
7) Coefficient of friction for dry pavement μ = 0.7 
 
VI. MATERIAL PROPERTIES 
 
Material properties of different material is shows in 
fig.3 and fig. 4 

 
Fig. 3 Material properties of cast iron 
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Fig. 4 Material properties of stainless steel 

 
By Transient thermal analysis the following result 
obtained: 

 
Fig. 5 Temperature distribution of disc rotor of cast iron 

 

 
Fig. 6 Total heat flux generated on disc rotor of cast iron 

 

 
Fig.7 Total deformation of disc rotor of cast iron 

 
Fig.8 Equivalent stress on disc rotor of cast iron 

 
Fig.9 Temperature distribution of disc rotor of stainless steel 

 
Fig.10 Total heat flux generated on disc rotor of stainless steel 

 
Fig.11 Total deformation of disc rotor of stainless steel 

 
Fig. 12 Equivalent stress on disc rotor of stainless steel 

 
VII. TABLES 

 
Table 1: comparison between disc rotor of cast iron and 

stainless steel 
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RESULT 
 
From thermo-structural analysis it is clear that 
temperature generation in cast iron disc rotor is 30% 
less as compare to stainless steel. But 27 % more 
deformation in cast iron disc as compare to stainless 
steel disc. 
 
CONCLUSION 
 
From the various values obtained from analysis we 
can conclude that disc rotor of stainless steel is better 
than cast iron from point of view of deformation but 
disc rotor of cast iron is better than disc rotor of 
stainless steel as point of view of stress and 
temperature generation on the disc rotor. 
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