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Abstract—Braking is a process which converts kinetic 

energy of vehicle into mechanical energy which must be 

dissipated in form of heat. Without brake system in the 

vehicle will put a passenger in the unsafe position. Brakes 

convert friction to heat, but if the brakes get too hot, they 

will cease to work because they cannot dissipate enough 

heat. The objective of the current study is to investigate and 

analyse the temperature distribution of rotor disc and to 

identify critical temperature during operation using FEA 

analysis. Static thermal analysis have been carried out on 

the disc rotor to evaluate and compare their performance 

and the temperature distribution was analyzed considering 

cooling parameters (convection and radiation).Comparative 

study is carried out between different materials i.e. AMMC, 

Asbestos, and GCI etc. The results obtained by finite 

element simulation and good material have been suggested. 

Keywords: Thermal analysis, ANSYS, FEA, Ventilated 

disc brake, Heat Transfer coefficient, Heat flux.  

I. INTRODUCTION 

The disc brake is of two type solid full and ventilated. The 

disc brake is a device for slowing or stopping the rotation of 

a wheel. A brake disc (or rotor) usually made of cast iron or 

ceramic composites (including carbon, Kevlar and silica), is 

connected to the wheel and/or the axle. To stop the wheel, 

friction material in the form of brake pads (mounted on a 

device called a brake caliper) is forced mechanically, 

hydraulically, pneumatically or electromagnetically against 

both sides of the disc. These brakes offer better stopping 

performance than comparable drum brakes, including 

resistance to "brake fade" caused by the overheating of 

brake components, and are able to recover quickly from 

immersion (wet brakes are less effective). Discs have now 

become the more common form in most passenger vehicles, 

although many (particularly light weight vehicles) use drum 

brakes on the rear wheels to keep costs and weight down as 

well as to simplify the provisions for a parking brake. As the 

front brakes perform most of the braking effort, this can be a 

reasonable compromise. 

Friction brakes act by generating frictional forces 

as two or more surfaces rub against each other. The stopping 

power or capacity of a friction brake depends on the area in 

contact and coefficient of friction of the working surfaces as 

well as on the actuation pressure applied. Wear occurs on 

the working surfaces, and the durability of a given brake (or 

service life between maintenance) depends on the type of 

friction material used for the replaceable surfaces of the 

brake. If drake 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, so efficiency of brake is high.  

II. LITERATURE REVIEW 

 Talati and Jalalifar:(2009), presented a paper on A.

Analysis of heat conduction in a disk brake system [1]. In 

this paper, the governing heat equations for the disk and 

the pad are extracted in the form of transient heat 

equations with heat generation that is dependant to time 

and space. In the derivation of the heat equations, 

parameters such as the duration of braking, vehicle 

velocity, geometries and the dimensions of the brake 

components, materials of the disk brake rotor and the 

pad and contact pressure distribution have been taken 

into account. The problem is solved analytically using 

Green's function approach. It is concluded that the heat 

generated due to friction between the disk and the pad 

should be ideally dissipated to the environment to avoid 

decreasing the friction coefficient between the disk and 

the pad and to avoid the temperature rise of various 

brake components and break fluid vaporization due to 

excessive heating. 

 Zaid, et al.:(2009) presented a paper on an investigation B.

of disc brake rotor by Finite element analysis. In this 

paper, the author has conducted a study on ventilated 

disc brake rotor of normal passenger vehicle with full load 

of capacity [2]. The study is more likely concern of heat 

and temperature distribution on disc brake rotor. Modeling 

is done in CATIA & ABAQUS/CAE has been used as 

finite elements software to perform the thermal analysis 

on transient response. Material used is Grey cast iron, 

with maximum permissible temperature 550 C. For load 

analysis 10 cycles of breaking and 10 cycles without 

breaking (idle) operation is considered total of 350 

seconds. Result provided during 1
st
 , 5

th
 and during 10

th
 

cycle. Thus, this sure study provide better understanding 

on the thermal characteristic of disc brake rotor and 

assist the automotive industry in developing optimum and 

effective disc brake rotor. 

 Ali Belchocine & Mostefa Bouchetara:(2012), presented C.

paper on thermal analysis of a solid brake disc [3]. The 

objective of this study is to analyze the thermal behavior of 

the full and ventilated brake discs of the vehicles using 

computing code ANSYS. In this analysis approach is to 

create the model CFD which contains the fields to be 

studied in Ansys Workbench. Three different grade of cast 

iron is chosen (FG 25 AL, FG20, and FG15). The numerical 

simulation shows that radial ventilation plays a very 

significant role in cooling of the disc in the braking phase. 

The variation in temperature between a full and ventilated 

disc having same material is about 60 degree at the 

moment1.8839 s from application of brake The obtained 

results are very useful for the study of the thermo 
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mechanical behavior of the disc brake (stress, deformations, 

efficiency and wear). 

 Haripal Singh And Harshdeep Shergill:(2012), D.

presented paper on thermal Analysis of Disc Brake Using 

Comsol [4], in these paper Finite element analysis 

techniques is used to predict the temperature distribution 

and identify the critical temperature of brake disc. 

Considering all three modes of heat transfer (conduction, 

convection and radiation) for three different materials of 

rotor disc are been used (cast iron, aluminium and 

ceramics). It is concluded that cast iron can be used in brake 

disc which will give moderate cooling at low temperature as 

compared to other. Ceramics has good cooling 

characteristics but it is costly, can be used in racing cars 

where high temperature is produced. 

 K. Sowjanya & S.Suresh:(2013), presented paper on E.

Structural analysis of disk brake rotor [5]. Disc brake is 

usually made of Cast iron, so it is being selected for 

investigating the effect of strength variations on the 

predicted stress distributions. Aluminum Metal Matrix 

Composite materials are selected and analyzed. The domain 

is considered as axis-symmetric, inertia and body force 

effects are negligible during the analysis. The model of Disc 

brake is developed by using Solid modeling software Pro/E 

(Cero-Parametric 1.0).Further Static Analysis is done by 

using ANSYS Workbench. Thermal solution to the 

structural analysis and the maximum Von Misses stress was 

observed to be 50.334 M Pa for CI, 211.98 M Pa for 

AlMMC1, and 566.7 M Pa for AlMMC2, the Brake disc 

design is safe based on the Strength and Rigidity Criteria. 

III. RESULT AND DISCUSSION 

Meshing of the brake disc and pad has been done using 

COMSOL Multiphysics.The element used for meshing is of 

free triangular shape. The minimum and maximum element 

size is kept .0098m and 4.2e-4 m respectively. The complete 

mesh consists of roughly 5700 elements. 

 

 
Fig. 1:  Meshed model of disc brake with pad 

 FEA results of disc brake: A.

The finite element analysis of the disc brake has been 

analyzed for 2s braking time for the three different speeds 

80, 90 and 100 km/hr and on two different materials that is 

Grey cast iron and Aluminum matrix material composite. 

 CASE I- Grey cast Iron disc at 80Km/hr B.

 
Fig .2:  Surface temperature of the Grey cast iron brake disc 

and asbestos pad just before releasing the brake (80km/hr) 

 

To investigate the position of the hot spot and distance at 

which the temperature is maximum, it will be appropriate to 

evaluate a graph showing results for temperature versus the 

radial distance in the positive x direction. In fig. 3.2 the 

maximum temperature reached is 440K at a distance .125m 

from center. 

 CASE I- AMMC disc at 80Km/hr: C.

 
Fig. 3: Surface temperature of the Aluminum matrix 

material composite brake disc and asbestos pad just before 

releasing the brake (80km/hr) 

We can see the maximum temperature is approximately 

432.5 K which is little lower than for the Grey cast iron at 

80km/hr. Two cases can be evaluated on the basis of 

temperature versus radial distance graph given below. 

 

Fig. 4: Temperature versus radial distance graph for GCI 

and AMMC at 80 km/hr 

Similarly CASE-II and CASE-II for Grey cast iron 

and AMMC can be investigated for 90 km/hr for 2s. 

The maximum temperature reached is 476K at 

90Km/hr and 464K at 90Km/hr for Grey cast iron and 

Aluminum matrix metal composite respectively. Two cases 

can be evaluated on the basis of temperature versus radial 

distance graph given below. 



Research Paper on Modeling and Simulation of Disc Brake to Analyse Temperature Distribution using FEA 

 (IJSRD/Vol. 2/Issue 03/2014/131) 

 

 All rights reserved by www.ijsrd.com 493 

 

Fig. 5: Temperature versus radial distance graph for GCI 

and AMMC at 90 km/hr 

 CASE III- Grey Cast Iron Disc At 100Km/Hr D.

 

 CASE-III AMMC Disc At 100Km/Hr E.

 
Fig. 6: Surface temperature of the GCI and AMMC brake 

disc and asbestos pad just 

Before releasing the brake (100km/hr) 

The maximum temperature reached is 500K at 100Km/hr 

and 488K at 100Km/hr for Grey cast iron and Aluminum 

matrix metal composite respectively. Two cases can be 

evaluated on the basis of temperature versus radial distance 

graph given below. 

 

Fig. 7: Temperature versus radial distance graph for GCI 

and AMMC at 100 km/hr 

 
Fig. 8:  Temperature versus radial distance graph for GCI at 

80km/hr, 90km/hr and 100km/hr 

Based on the FEA analysis the graph above represent the 

temperature variation along the radial distance for Grey cast 

iron , which conclude that with speed of the vehicle the 

temperature at surface during braking increases. 

 
Fig. 9: Temperature versus radial distance graph for AMMC 

at 80km/hr, 90km/hr and 100km/hr 

IV. CONCLUSION 

Sr. 

No. 

Speed (Km/Hr) Maximum 

Temperature (K) 

Grey Cast Iron 

1. 80 km/hr 440 

2. 90 km/hr 476 

3. 100 km/hr 502 

Aluminium Matrix Metal Composite 

4. 80 km/hr 432 

5. 90 km/hr 464 

6. 100 km/hr 488 

Table. 1: Comparative result for GI and AMMC at different 

speed carried out for 2s 

Disc brake design plays as an important role in heat transfer 

as other variable like plate & vane thickness, fin material 

and flow pattern.  

It can be concluded on the basis of the results that 

with increase in the vehicle speed the temperature increases 

for both the material but the rate of heat generation with 

speed is less for AMMC as compared to GCI.  
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