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Abstract- One of the most important systems in an automobile is the braking system. The disc brake is a device for 
regulating the rotation of a wheel. Repetitive braking of the vehicle results in heat generation during each braking event. 
During braking the kinetic energy and potential energy of a moving vehicle is converted to thermal energy in the form of 
frictional heat in the brake disc and pads, this heat must be effectively transferred to ensure safe operation. Brakes change 
friction into heat, but in case the brakes get too hot, they will stop to work because they cannot dissipate enough heat. This 
condition of failure is called as brake fade. The disc brakes are exposed to large thermal stresses during regular braking and 
extraordinary thermal stresses during hard braking. .In this study Finite element analysis approach has been considered in 
order to identify the temperature variations, thermal flux distribution and behavior of disc brake rotor in transient state. This 
paper present reviews of previous investigation on transient thermal analysis on the disk brake rotor and rotor designs to 
evaluate and compare their performance. The prime of aim of this review work is to study various researches done in the past 
to improve heat transfer rate of disc brake by changing rotor geometry and material. 
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I. INTRODUCTION 
 
The purpose of the automobile brake system is to 
slow down or completely stop the vehicle within a 
reasonable amount of time duration. In order to 
achieve this purpose, brake system must be reliable to 
provide better control to the driver of the vehicle. 
Any automobile vehicle contains kinetic energy due 
to its speed and motion [1]. Higher the speed of the 
vehicle implicates much higher kinetic energy of the 
vehicle as the kinetic energy is directly proportional 
to the square of this speed. Most of the available 
braking system uses the principle of friction to 
convert the said kinetic energy into heat energy. This 
heat is dissipated in the surrounding atmosphere. 
Lately, disk brakes are being widely used in light 
vehicles. Long repetitive braking results in 
temperature rise of various brake components of the 
vehicle that reduces the performance of the brake 
system[2]. .Long repetitive braking, such as one 
which occurs during a mountain descent, will lead to 
brake fluid temperature rise and may cause brake 
fluid vaporization.The braking system must store and 
dissipate all of this heat into the surrounding 
environment before subsequent braking applications 
in order to achieve good braking efficiency. The 
braking system should have the following 
abilities.The brake disc having ability to transfer heat 
to atmosphere and maintain constant temperature to 
improve performance of disc.  

1. Anti-wear properties of the brakes must be 
good.  

2. The brakes must be strong enough to stop the 
vehicle within a minimum distance in an 
emergency. The driver must have proper 
control over the vehicle during braking i.e. 
vehicle must not skid. 

3. The brakes must have well anti fade 
characteristics i.e. its effectiveness should not 
decrease with constant prolonged application. 

 

 
Figure 1:  Disc brake 

 
From the above figure of disc brake which is a wheel 
brake it slows down rotation of the wheel by the 
friction caused by pushing brake pads against a brake 
disc with a set of calipers. The brake disc (or rotor in 
American English) is usually made of cast iron, but 
may in some cases be made of composites such as 
reinforced carbon–carbon or ceramic matrix 
composites. This is connected to the wheel and/or the 
axle. To regulate the rotation 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. Friction causes the disc and attached 
wheel to retard or stop. Brakes convert wheels motion 
to frictional heat, and if the brakes get too hot, they 
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become less effectiveas friction between contact 
surfaces reduces, a phenomenon known as brake 
fade.  
Disc-style brakes development and use started in 
England in the 1890s. The first caliper-type 
automotive disc brake was patented by Mr. Frederick 
William Lanchester in his Birmingham, UK factory 
in 1902 and used successfully on. 
 
II. LITERATURE REVIEW 
 
S. Sarkar et al.[1] reviewed work of previous 
investigators on transient thermal analysis on the 
design rotor and ventilated rotor disc is to compare 
and evaluate their performance. The aim of this 
research paper review work is to study various 
research done in past to improve heat transfer rate of 
ventilated disc brake by changing material and vane 
geometry. If vane is angled and of alternate length 
other than straight radial vane. Contact time between 
air flow and vanes (time between air inlet and outlet 
flow through vanes) is also important factor in heat 
transfer from Disc rotor. There is also scope of 
research in improvement of heat transfer of rotor by 
increasing the contact time between vanes and air 
flow by design modification of vanes in such way 
that fulfils the requirement.  
A. F. BShaiket al.[2] have presented a study of model 
of a disc brake of Honda Civic. In this paper 
Structural & Thermal analysis was done in the brake 
disc. After changing the design of disc brake analysis 
was done. The material used as Cast Iron. Actual disc 
brake has no holes, changing the design of the disc 
brake by giving certain holes for more heat 
dissipation. Modelling was done in Catia and 
Analysis is done in ANSYS. Study the amount of 
deformation due to pressure loading and tangential 
Force. The modular brake was then analyzed using a 
nodal temperature of 300ºF. These results were used 
to study the increase in deformation in the caliper at 
high temperatures. The displacement increased as 
compared with the previous case. Since race cars 
brakes always operate at high temperature the thermal 
deformation/displacement results are important.  
 
Zhenghanet al.[3] In his project, three-dimensional 
modeling and meshing using the simulation program 
ANSYS were successfully implemented. This has 
allowed for greater flexibility and accuracy in the 
results achieved. The study and comparison of 
mechanical performances of a conventional disc 
brake system and the Perimetria disc brake system 
under three different simulation environments were 
done. Under torsional strength simulation, the 
Perimetria disc brake performs better with its 
maximum values of First Principal Stress and Von 
Mises Stress being significantly lower than those in 
the conventional brake-disk. Under lateral strength 
simulation, the Perimetria brake-disk yielded almost 
similar results to that of the conventional brake-disk. 

For both the static tests mentioned above, the 
max.Stresses (weak points) in the Perimetria brake-
disk occur at the mounting holes. These maximum 
stresses occur at the holes. This is due to the design of 
the brake-disk which concentrates the stress on the 
inner diameter during expansion and contraction. 
This indicates that the number of potential points for 
crack initiation is higher.  
Daniel Daset al.[4]attempted to investigate the 
temperature fields and also structural fields of the 
solid disc brake during short and emergency/harsh 
braking with four different materials. The 
temperature distribution depends on the various 
factors such as friction, surface roughness and speed. 
The effect of the angular velocity and the contact 
pressure causes the temperature rise of disc brake. 
The finite element simulation for two-dimensional 
model was preferred due to the heat flux ratio 
constantly distributed in circumferential direction. 
They took down the value of temperature, and 
deformation for different pressure condition using 
analysis software with four materials.  
 
A. M. Ismael[5] studied and analyzed heat 
distribution on the discs by using SOLIDWORKS 
and ANSYS software program to get the best design 
for discs that used in this system and to do this he 
chose three types of disc rotors (1. Vented and 
Drilled, 2. Vented, 3.Solid). He found that the heat 
distribution in the vented and drilled type has a good 
performance from the others.  
D. S. Hugaret al.[6]Havestudied about disc brake 
rotor by analysis of different shapes of slot of 
different vehicles Disc brake rotor. Therefore, 
optimizing number of shapes of slot to estimate the 
good thermal conductivity of the disc brake rotor. 
Also, Thermal analysis done on real model of disc 
brake rotor of Bajaj Pulsar 220. He concluded that 
minimum temperature distribution occurs in modified 
discs as compare to actual standard Bajaj pulsar 
2wheeler. Also for structural analysis result of 
computational they found the new brake disc design 
is safe based on strength and rigidity criterion.  
M. J. Zinzivadiaet al.[7]in their work Design and 
Analysis of Solid and Cross-Drilled Disc Brake 
Rotors carried out analysis and found that t if the 
average braking cycle is short, solid disc brake rotor 
is advantageous and if the average braking cycle is 
long cross drilled disc brake rotor is more 
advantageous.  
 
H Mazidi et al.[8]inhis study, the heat conduction 
problems of the disc brake components (Pad and 
Rotor) were modelled mathematically and was solved 
numerically using finite difference method. In the 
discretization of time dependent equations the 
implicit method is taken into account. In the 
derivation of heat equations, parameters such as the 
duration of braking, vehicle velocity, Geometries and 
the dimensions of the brake components, Materials of 
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the disc brake rotor and the pad and contact pressure 
distribution have been taken into consideration.  
Manjunath T Vet al.[9]in their study analyzed the 
thermo-mechanical behavior of the dry contact brake 
disc during the braking phase. The coupled thermal-
structural analysis is employed to determine the 
deformation and the Von Mises stress established in 
the disc for the both solid and ventilated disc with 
two different materials to enhance performance of the 
rotor disc. A comparison between analytical and 
results obtained from FEM is done and all the values 
obtained from the analysis are less than their 
allowable values. Hence best suitable design, material 
and rotor disc has been suggested based on the 
performance, strength and rigidity criteria. 
Harish Mustiet al.[10] in their work carried out 
Design and Analysis to evaluate the thermal analysis 
of enhanced disc brake rotor for three different 
materials, under severe braking conditions. This 
paper tells us about the enhancement design of a disc 
brake rotor used in Racing Cars. The materials used 
are Cast Iron, Aluminium, and Aluminium 
Composite. Actual disc brake rotor as no extrusions 
over the brake rotor. But in our design, by placing 
alternatively extrusions over the brake rotor which 
gives better results in heat dissipation. 
MansiRavalet al.[11] studied disc brake of maruti alto 
800. Using given parameters of alto 800 disc brake 
rotor  design calculation of braking force acting on 
disc rotor and heat flux are made making design 
process of disc brake understandable. 
S. R. Abhanget al.[12] have used carbon ceramic 
matrix disc brake material for calculating normal 
force, shear force and piston force. Also for 
calculating the braking distance of disc brake. The 
standard disc brake of two wheelers was modelled 
using in Ansys and Thermal analysis and Modal 
analysis wasperformed. Also calculated the deflection 
and Heat flux, Temperature of disc brake model. It 
was understood how action force and friction force 
act on the disc brake new material. 
Jimit G. Vyaset al.[13] Designed and analyzed solid 
and cross-drilled disc brake rotors. Based on 
constants and assumptions braking conditions were 
calculate. Models were designed and further analyzed 
using Ansys and was concluded that Percentage 
reduction of conduction temperature drop can be 
improved by increasing the thickness of rotor and if 
the average braking cycle is short, solid disc brake 
rotor is advantageous and if the average braking cycle 
is long cross drilled disc brake rotor is more 
advantageous. 
S. S Prasad [14] carried out study on drilled brake 
rotor. Design of disc rotor with cross drilled and 
without cross drilled type was done. Three materials 
such as cast iron, stainless steel and aluminumalloys 
were considered for study. Further structural and 
thermal analysis of both above mentioned type of 
rotors was carried out. The comparison among them 

suggested that aluminum ventilated disc is best suited 
for the given range of operations. 
P. N. Gunjalet al. [15] modelled solid solid disc rotor 
for considered dimensions and carried out thermal 
analysis using Ansys. On the basis of the results 
obtained the shape of the disc was optimized for 
optimized performance. It was concluded that shape 
optimized disc brake will have lesser weight & mass 
of selected one hence it will reduce the cost. 
P. N. Amrish[16] studied different types of disc brake 
rotorsand analyzed two commonly used in 
automobile industry i.e. solid and drilled rotor. He 
also proposed a new design of brake rotor. Analysis 
of brake rotor included Structural analysis and Steady 
state Thermal analysis for each design. It was 
observed that that solid as well as the drilled rotor are 
structurally safe as the total maximum stress is within 
the ultimate stress limits for the material used which 
is gray cast iron. Also, the rotor can be equipped in a 
real time automobile as its total maximum 
deformation are 0.00113 mm and 0.000973 mm 
respectively for solid and drilled rotor. The 
temperature variation and heat flux is nearly the same 
for both rotors, however for the drilled rotor, 
maximum temperature and the overall heat flux is 
slightly lesser due to increased surface area for heat 
dissipation while braking due to the drilled holes. 
N. Balasubramanyamet al. [17] have done a transient 
analysis for the thermo elastic contact problem of the 
disk brakes with heat generation is performed using 
the finite element analysis. To analyze the thermo 
elastic phenomenon occurring in the disk brakes, the 
occupied heat conduction and elastic equations are 
solved with contact problems. The numerical 
simulation for the thermo elastic behavior of disk 
brake is obtained in the repeated brake condition. The 
computational results are presented for the 
distribution of heat flux and temperature on each 
friction surface between the contacting bodies.Based 
on results Best combination of parameters of disk 
brake rotor like Flange width, Wall thickness and 
material is suggested. 
D. Bhadgaonkaret al. [18]studied vibrational analysis 
of disc brake rotor of a two wheeler to find the defect 
using FEA. Also performed modal analysis is done to 
find out the natural frequency of the existing disc at 
different mode shape. Any defect like a crack on disc 
brake gives change in frequency curve. Natural 
frequency of the of cracked disc brake rotor decreases 
as the crack depth increases. 
V. Sushmaet al.[19] carried out thermal and structural 
analysis of disc brake with square groove and circular 
for two wheeler. Here they studied stability and 
rigidity on a given disc brake rotor and finally 
suggested best combination of parameters for disc 
brake rotor. The effect of without groove, with 
groove, with square and with circular shapes is 
examined. From analysis, it was recommended that 
disk brake with 2mm of square shape, Gray Cast Iron 
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material is the best possible combination for the 
present application. 
R. Pohaneet al.[20]. Created FEM model for contact 
analysis. A three dimensional finite element model of 
the brake pad and the disc was developed to calculate 
static structural analysis, and transient state analysis. 
A comparison was made between the solid and 
ventilated disc keeping the same material properties 
and constraints and using general purpose finite 
element analysis. This paper discussed how general 
purpose finite element analysis software can be used 
to analyze the equivalent (von-mises) stresses& the 
thermal stresses at disc to pad interface. 
Anurag Patel et al. [21] carried thermo-structural 
behavior of disc brake rotor for different materials. In 
thermal analysis he calculated the temperature 
distribution and related thermal quantities in brake 
disc. From thermo-structural analysis it is concluded 
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.Thus 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. 
 
III. PROBLEMS IN DISC BRAKES 
 
In any braking operation, frictional heat is dissipated 
majorly into pads and a disk, and a sporadic uneven 
temperature distribution on the parts could induce 
intense thermo elastic distortion of the disk. The 
thermal distortion of a normally flat or solid surface 
into a highly deformed state is called as thermo 
elastic transition. It sometimes occurs in a sequence 
of stable continuously related states s operating 
conditions change. At other times, however, the 
stable evolution behavior of the sliding system 
crosses a threshold on which a sudden change of 
contact conditions occurs out of instability. This 
draws a feedback loop that consists of 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 increase in pressure.  
 
Disc Damage Modes: 
Discs are generally damaged in any of four ways: 
scarring, cracking, warping or excessive rusting.  
A. Excessive lateral run-out: 
The difference between maximum and minimum 
values on the dial is called lateral run-out. The 
general hub/disc assembly run-out specifications for 
passenger vehicles are around 0.0020" or 50 
micrometers. Run-out can be occurred either by 
deformation of a disc itself or because of run-out in 
the underlying wheel hub face or by contamination 
between the disc surface and the underlying hub 
mounting surface  

B. Scarring: 
Scarring can take place if brake pads are not changed 
promptly when they reach the end of their service life 
and are considered worn out. To avert scarring, it is 
prudent to periodically inspect the brake pads for 
wear.  
C. Cracking: 
Cracking is constrained mostly to drilled discs, which 
may develop small cracks around edges of the holes 
drilled near the edge of the disc due to the disc's 
uneven rate of expansion in extreme duty 
environments. A brake disc acts as a heat sink, but the 
loss of heat sink mass may be balanced by increased 
surface area to radiate away heat. Small hairline 
cracks might appear in any cross drilled metal disc as 
a normal wear mechanism, but in the extreme case 
the disc will fail destructively. No repair can be for 
the cracks, and if cracking enlarge to severe, the disc 
has to be replaced.  
D. Rusting: 
The discs are usually made using cast iron and a 
certain amount of what is known as "surface rust" is 
normal. The disc contact area for the brake pads will 
be kept clean by regular use, but a vehicle that is 
stored for an extended period can develop significant 
rust in the mating area that may decrease braking 
power for a time until the rusted layer is worn off 
again. Over time, vented brake discs may develop 
severe rust corrosion inside the ventilation slots, 
compromising the strength of the structure and 
needing replacement. 
 
IV. RESEARCH GAP 
 
Disc brakes are likely to fail as they store all the heat 
energy that gets produced during the braking 
operation before eventually dissipating it into the 
surrounding atmosphere. These failures can cause 
partial or full failure of the disc brake rotor. 
Consequently, controlling the temperature 
distribution and thermo-mechanical stresses are 
critical to proper functioning of the automobile 
braking systems. Various attempts have already been 
made to understand the behavior heat flux, stresses 
and other parameters across the disk rotor surface for 
different size of holes or slots, different materials, 
new geometries. Also research is done in past to 
improve heat transfer rate of ventilated disc brake by 
changing material and vane geometry. CAE 
simulations are commonly used to evaluate the brake 
disc design using thermo mechanical analysis 
techniques. Variable conditions helps in investigating 
the possible life and behavior of a rotor. Braking 
system being cardinal for any automotive applications 
there is always scope for improving performance of 
disk brake by changing geometry of dick rotor. The 
investigation on four of the types of brake rotor 
namely solid rotor, drilled rotor, slotted rotor, drilled 
and slotted rotor for the same given condition and 
making comparison of them would give clear idea 
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about the thermo mechanical behavior of a rotors. In 
addition to that the results obtained will tell merits 
and demerits of each type of rotor. Based on this, 
research on rotor which gives good results can be 
furthered to improve its performance. 
 
CONCLUSION 
 
We want our automobile's braking system to offer 
smooth, noise free braking capabilities under a wide 
range of temperature and road conditions. We don't 
want a brake to generate noise and dust annoying us 
during our daily driving. To meet this conditions, 
brake friction materials have evolved significantly 
over the years. They have moved from asbestos to 
organic to semi-metallic formulations. Each of these 
materials has found to have advantages and 
disadvantages with respect to environmental 
friendliness, wear, and noise and stopping 
capability.Having durable and efficient braking 
system is a need of any automobile. This is achieved 
through constant improvement and enhancement in 
brake rotor design and geometry. There is scope of 
improvement in heat transfer by providing vanes 
between two rotors for considering above mentioned 
rotor geometry, considering different materials so as 
to ascertain the best material. 
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