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Abstract--- During braking process kinetic energy is 

converted into heat energy and it should be removed from 

the breaking system for proper functioning. The heat 

generated is due to the friction between the disc brake rotor 

and breaking pad. For obtaining a good and efficient braking 

system the knowledge of maximum heat generated in the 

system and also proper ventilation methods are needed. This 

paper investigates the temperature field around a disc brake 

suitable for an all-terrain vehicle. The analysis is done in 

commercially available ANSYS software and the results are 

found to be satisfactory. 

I. INTRODUCTION 

An ATV it is designed to handle a wider variety of terrain 

than most other vehicles. By the current ANSI definition, 

ATVs are intended for use by a single operator. The rider 

sits on and operates these vehicles like a motorcycle. This 

paper deals with the analysis of disc brake suitable for an 

ATV. An ATV is designed for academic purpose, and we 

are selecting a commercially available disc from TVS 

Apache RTR 180 for this ATV. And the analysis is done for 

this brake system. 

A disc brake consists of a cast iron disk bolted to 

the wheel hub and a stationary housing called caliper. The 

caliper is connected to some stationary part of the vehicle 

like the axle casing or the stub axle as is cast in two parts 

each part containing a piston. In between each piston and the 

disk there is a friction pad held in position by retaining pins, 

spring plates etc. passages are drilled in the caliper for the 

fluid to enter or leave each housing. The passages are also 

connected to another one for bleeding. Each cylinder 

contains rubber-sealing ring between the cylinder and 

piston. A schematic diagram is shown in the figure 1. 

 

Fig.1: Disc Brake 

When the brakes are applied, hydraulically actuated 

pistons move the friction pads in to contact with the rotating 

disk, applying equal and opposite forces on the disk. Due to 

the friction in between disk and pad surfaces, the kinetic 

energy of the rotating wheel is converted into heat, by which 

vehicle is to stop after a certain distance. On releasing the 

brakes the brakes the rubber-sealing ring acts as return 

spring and retract the pistons and the friction pads away 

from the disk. 

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 disk.  

The thermal distortion of a normally flat surface 

into a highly deformed state is called thermo elastic 

transition. It sometimes occurs in a sequence of stable 

continuously related states of operating conditions change. 

At other times, however, the stable evolution behavior of the 

sliding system crosses a threshold whereupon a sudden 

change of contact conditions occurs as the result of 

instability. This invokes a feedback loop that comprises the 

localized elevation of frictional heating, the resultant 

localized bulging, a localized pressure increases as the result 

of bulging, and further elevation of frictional heating as the 

result of the pressure increase. When this process leads to an 

accelerated change of contact pressure distribution, the 

unexpected hot roughness of thermal distortion may grow 

unstably under some conditions, resulting in local hot spots 

and leaving thermal cracks on the disk. 

This is known as thermo elastic instability 

(TEI).The thermo elastic instability phenomenon occurs 

more easily as the rotating speed of the disk increases. This 

region where the contact load is concentrated reaches very 

high temperatures, which cause deterioration in braking 

performance. Moreover, in the course of their presence on 

the disk, the passage of thermally distorted hot spots moving 

under the brake pads causes low-frequency brake vibration. 

The present investigation is aimed to study the given disk 

brake rotor of its stability and rigidity (for this). Thermal 

analysis and structural analysis is carried out on a given disk 

brake rotor and to investigate the stress distribution and 

temperature distribution on the rotor for the corresponding 

brake torque. 

II. HEAT FLUX ON THE ROTOR OF BRAKE SYSTEM 

Disc from TVS Apache RTR 180 is used. Master cylinder 

and pedal of Maruti 800 is used. 

Pedal ratio is = 4:1 

Pedal effort = 200N 

Since the pedal ratio is 4:1 the force supplied to the master 

cylinder is 800N. 

Braking torque = 218.6986Nm 

Pedal effort = 200N 

Coefficient of friction is = .6 

The total K.E = ½(m)                               (1) 

=31525.25561J 

Total K.E = Total Heat Generated 
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Total Area of rubbing Face A = .0065844 

Heat Flux= Heat generated/second/rubbing area                                                         

(2) 

= 1196967.666W/m 

III. BRAKE TORQUE 

Caliper diameter = 32mm 

Master cylinder diameter = 19mm 

Pedal force = 200N 

Force acting on master cylinder = 800N 

F1/A1=F2/A2                                (3) 

F2=2269.2503N 

Brake torque = force x perpendicular distance                                          

(4) 

= 2269.2503 x .096375m 

=218.6986Nm 

Static Structural Analysis of disc using ANSYS 14.5 

 
Fig. 2: Stress distribution on the disc 

It was imported to Ansys as a step file and was 

taken in Ansys mechanical workbench. A static structural 

analysis was conducted on the disc to study the stress 

distribution on the disc. Tetrahedral elements are used to 

mesh the disc and Default sizes are used for those elements. 

There were 4166 elements and 8375 nodes. Max stress 

developed is 3.6032e7 near the region where it is connected 

to the hub.  

IV. STATIC THERMAL ANALYSIS OF THE DISC USING 

ANSYS 14.5 

 
Fig 3: Temperature distribution on disc during braking 

 It was imported in Ansys as a step file. A static 

thermal analysis is done on the disc to find out the 

temperature distribution on it during the application of the 

break. The disc was meshed using tetrahedral elements with 

default size. 

V. CONCLUSION 

The disc was meshed using tetrahedral elements with default 

size. There were 9579 elements and 18588 nodes. The 

maximum temperature developed is 576.87C on the region 

where the friction pad rubs the disc. And proper ventilation 

should be given for heat dissipation. 

REFERENCES 

[1] Coupled Structural /Thermal analysis of disc brake 

Guru Murthy Nathi1, T N Charyulu2, K.Gowtham3, P 

Satish Reddy4 

[2] Fundamentals of vehicle dynamics by Thomas D 

Gillespie, SAE 1999. 

[3] Vehicle Dynamics Theory and Application by Reza N. 

Jazar, Springer 2009. 

[4] Theory of ground vehicles by J. Y. Wong, John Wiley 

& Sons. 

[5] Race car vehicle dynamics by William F. Milliken and 

Douglas L. Milliken 

 


