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Abstract— A brake is a mechanical device which inhibits 

motion. Disc brake is a type of mechanical braking system. 

In most modern cars disc brakes are mounted on front wheels 

of the vehicle to stop vehicle instantly. The fluid from the 

master cylinder is forced into a caliper where it presses 

against a piston. The piston in turn squeezes two brake pads 

against the disc (rotor), which is attached to wheel, forcing it 

to slow down or stop. In a disc brake, the brake pads squeeze 

the rotor instead of the wheel, and the force is transmitted 

hydraulically instead of through a cable. In the present work 

the thermal analysis of brake is performed to look for the 

main areas where heat is dissipated at higher rates with 

respect to time i.e., transient thermal behavior and secondly a 

CFD analysis is carried out simultaneously to look after the 

hydraulic system involved for braking, its pressure ranges 

and effectiveness. Along with the virtual analysis an 

experimental setup is also prepared to get a more detailed 

performance characteristic of disc brake in an actual working 

environment. 
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I. INTRODUCTION 

A brake is a mechanical device which inhibits motion. Brakes 

use friction of brake shoes and drums to convert kinetic 

energy developed by the vehicle into heat energy. When we 

apply brakes, the pads or shoes that press against the brake 

drums or rotor convert kinetic energy into thermal energy via 

friction. Thus brakes are essentially a mechanism to change 

energy types. 

A. Working of Disc Brake: 

In a disc brake, the fluid from the master cylinder is forced 

into a caliper where it presses against a piston. The piston in 

turn squeezes two brake pads against the disc (rotor), which 

is attached to wheel, forcing it to slow down or stop. 

Disc brakes are Similar to a bicycle brake where two 

rubber pads run against the wheel rim creating friction but in 

a disc brake, the brake pads squeeze the rotor instead of the 

wheel, and the force is transmitted hydraulically instead of 

through a cable. 

 
Fig. 1: Disc Brake 

Most modern cars have disc brakes on front wheels 

and drum brakes on rear wheels and some wheels have disc 

brakes on all four wheels. In cars with disc brakes on all four 

wheels, an emergency brake has to be actuated by a separate 

mechanism than the primary brakes in case of a total primary 

break failure. 

II. LITERATURE SURVEY 

A lot of research is being carried out from the last decade in 

automotive field and the safety is one of the main concerns 

and is always play an important role in a vehicle anatomy. 

Braking system is basically not only aimed to stop the vehicle 

but also must be effective enough to retard a vehicle speed 

and dissipate the generated heat effectively without damaging 

the body.  

Adamowicz A et. al. analyzes the stresses in disc 

brakes and clutches and conclude that the contact pressure 

distribution affects the temperature field on the friction 

surfaces and changes the location of the highest equivalent 

stress. Also the circumferential and radial stress components, 

are dominant normal stress components and are 

approximately equal. [1]  

Manjunath TV et al.Model and analyze the disc 

brake using ansys 14.5 Workbench The main purpose of this 

study is to analysis the thermo mechanical behavior of the dry 

contact of the brake disc during the braking phase.A solid as 

well as ventilated cast iron disc brake are compared for 

reduction in temperature, stresses and deformation and 

conclude that ventilated type disk brake is the best for the 

present application.[2]  

Shinde NB et al. Investigated the effects of the 

rotating speed of the disk and the material properties on wear 

behaviors. [3] Belhocinea A et al. performs Structural and 

Contact Analysis of a 3-dimensional disc-pad model with and 

without thermal effects. The authors predict that Large 

deformation is occurred at the outer radius of the disc, More 

uniform stress distribution is noticed for the pad without 

groove and with a double-piston loading and also the 

temperature has a significant effect on the structural and 

contact behavior of the disc brake assembly.  [4] Raj KT et 

al. performs the numerical investigation of fluid flow and heat 

transfer characteristics on the aerodynamics of ventilated disc 

brake rotor using CFD. The pre processing is carried out with 

the help of ICEM-computational fluid dynamics and analysis 

is carried out using ANSYS CFX 12.1. [5] Dragomir G et 

al.studies about emissivity variation depending on the 

temperature for car brake disc The study refers to changes 

depending on the temperature of thermal emissivity of the 

material disc brake car, both in static and in dynamic regime 

and determining analytical relationships to estimate this 

variation acceptable accuracy. [6] Subramanian PM et al. 

performs the strength analysis of a ventilated brake disc-hub 

assembly for a multi utility vehicle This research paper 

depicts the strength analysis of ventilated brake disc hub 
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assembly subjected to braking torque and bolt pretension. 

The induced stresses for bolt pretension is negligible 

compared to the braking torque. [7] Zhang Z et al. analyses 

coupled thermo mechanical computation Method for a virtual 

design process of brake discs, the new simulation method 

reveals high potential, concerning the thermal and 

mechanical behavior of the brake disc regarding the thermo-

mechanical influence of the entire brake system. That leads 

to an improved understanding of the basic mechanical 

characteristics of brake discs and thus gives the knowledge 

for a straight forward development of new brake disc 

concepts. Also an assessment of varying caliper geometries 

is possible. However, the method has potential for 

development concerning the prediction of absolute values. 

[8]  

The above studies lead us to make some conclusions 

that Finite Element Analysis is a key tool to analyze and solve 

the various problems involved in braking system as it gives 

very close results as compare to the analytical results, 

Repetitive braking produces heat and is varies with respect to 

time so the transient analysis of brake is important to evaluate 

the performance of disc brake, The material of disc brake is 

an important criteria to analyze the wear behavior, and The 

radial ventilation plays a very significant role in cooling of 

the disc during the braking phase and also provides a good 

high temperature resistance. 

III. PROBLEM FORMULATION 

The aim is to predict the effect of thermal stresses generated 

due to sudden application of brake in a disc brake secondly 

the convection effect is also analyzed for the region other then 

the area where actually brakes are applied through some FEA 

tool and also the same is validated by performing an 

experimental set up.   

The following are the input data for calculating the 

desired numerical  values: 

Rotation Speed is taken as 200 Rpm which gives the 

angular velocity as 20.94 Rad/ Sec 

As we know that energy cannot be destroyed it can 

only converted from one form to other so same in case of 

braking when we apply brake and if the vehicle stops then we 

can say that the kinetic energy at that instance will be going 

to change into the thermal energy and  will  be given  as: 
2 

Also the Braking Time is taken as 0.8 Secs 

Again we know that the braking power is given as: 

Braking  Power = Thermal Energy / Time 

= 15.81 J 

Area Of Rubbing Surface = .041 m2 

Heat Flux= Braking Power / Area Of Rubbing 

Surface = 385.67 W/M2 

For the present analysis the two materials viz. CI and steel are 

being taken to bring out a comparative analysis on effect on 

disc brake material. And for that the following standard heat 

transfer coefficient are used 

Heat Transfer Coefficient  ( Cast Iron To Air ) 

= 7.9 W/m2 

Heat Transfer Coefficient  ( Steel To Air ) 

= 11.3 W/m2 

IV. MODELING AND FINITE ELEMENT ANALYSIS OF DISC 

BRAKE 

Figure below shows the model of disc brake by using PRO-

E/CREO modeling software: 

 
Fig. 2: Disc Brake Model 

The disc brake is being modeled and assembled in 

Pro-E software and the following data are being taken out 

from it: 

volume =  3.2575410e-03  m3 

surface area =  3.3753441e-01  m2 

average density =  2.6620483e+03 kilogram / m3 

mass =  8.6717313e+00 kilogram  

x y z 

0.0000000 9.8970132e-03 1.1558065e-01 

Table 1: center of gravity with respect to coordinate frame: 

Ixx Ixy Ixz 

1.0672310 0.0000000 0.0000000e 

Iyx Iyy Iyz 

0.0000000 1.0596135 2.7098946e-02 

Izx Izy Izz 

0.0000000 2.7098946e-02 5.7734277e-02 

Table 2: Inertia with respect to coordinate frame:  (kG * m2) 

Ixx Ixy Ixz 

0.95053696 0.0000000 0.0000000 

Iyx Iyy Iyz 

0.0000000 0.94376886 0.037018568 

Izx Izy Izz 

0.0000000 0.037018568 0.056884874 

Table 3: Inertia at center of gravity with respect to 

coordinate frame:  (kilogram * m^2) 

I1 I2 I3 

0.0553424 0.945311 0.950536 

Table 4: principal moments of inertia:  (kilogram * m2) 

A. Material Properties: 

Property 
Cast 

Iron 

Stainless 

Steel 

Density (Kg/M3) 7100 7750 

Youngs Modulus (G Pa) 125 190 

Poisons Ratio 0.25 0.3 

Thermal 

Conductivity(W/Mk) 
54.5 26 

Specific Heat (J/Kg-K) 586 500 

Coefficient Of Friction 0.2 0.22 

Table 5: Material Properties 
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Fig. 3: Meshing of disc brake 

 
Fig. 4: Heat Flux 

 
Fig. 5: Convection zone 

 
Fig. 6: Temperature Distribution for Cast Iron 

 
Fig. 7: Temperature Distribution for Stainless Steel 

B. Experimental Setup: 

 
Fig. 8: Model of experimental apparatus 

The actual experiment is performed inside the 

workshop where the wheel is turned through chuck center of 

a lathe machine and the braking is applied mechanically at 

the desired rpm which are taken through a tachometer also 

the heat flux and convection are calculated using the 

temperature sensors as shown below: 

 
Fig. 9: Experimental setup 
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V. RESULT AND DISCUSSION 

S. 

No 

Temperature (Steel 

Material) In 0c 

Temperature (Cast 

Iron)  In 0c 

1 134.23 102.74 

Table 6: 

As per the above table we may see that the 

temperature distribution for cast iron material is showing 

better results as compared to the steel material for the same 

set of given input boundary conditions and so, cast iron 

material should be used instead of steel for disc brake 

applications. 

VI. CONCLUSION 

1) A computer aided model of disc brake can be simulated 

using Ansys software. 

2) The temperature distribution for cast iron material is 

compatible for disc brake application. 
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