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Abstract— The braking performance is one of the most 

important active safety performances of the vehicle, which 

acts as a key part in the traffic guard. In this paper, 

numerical methods and analysis procedures are utilized 

throughout the study on automobile disc brake. The couple 

thermo-mechanical analyses are made out for unusual 

geometries of the ventilated brake discs to determine squeal 

and thermal stresses in the ANSYS. The different alternative 

designs and best material for different application of disk 

brake are proposed. For ventilation, the blade inclination 

angles are changed considering different angles. In this 

review paper, the optimization of the disc brake by weight 

reduction through the diligence of the external respiration in 

the solid type rotor is offered. The review paper shows that 

using ventilation the heat waste is increased and braking 

efficiency is increased. 
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I. INTRODUCTION 

A. The Definition of Problem 

The brake stops or retard the motion of the moving vehicle 

at specified distance to keep off an accident with the 

application of friction on the disc. The braking system 

consists of the calliper and disc assembly. In assembly the 

brake pad with a frictional material like asbestos, semi-

metallic rub against the revolving circular rotor. In 

universal, the solid brake discs are used because of the high 

- heat conductivity and high thermal diffusivity. The brake 

discs are constructed of grey cast iron. At present, the discs 

are made of composite fabric and are suitable for braking 

performance. Generally, the floating pin type calliper is used 

in vehicles. When pressure applied on the pedal, it 

compresses the hydraulic fluid of the master cylinder and 

forces the piston to move to calliper assembly. 

Due to heavy braking condition, high temperature 

develops on the disc surface. Therefore, the temperature 

raised in calliper and hydraulic fluid line. Commonly cars 

use the disc brake made with grey cast iron, which has less 

heat transfer, then ventilated discs and creates negative 

impacts in the brake assembly. 

Therefore, the disc brake should be designed with 

high-heat transfer rate and better aerodynamic cooling. The 

weight minimization of the disc rotor is important and 

providing the ventilation to the disc brake. 

II. LITERATURE REVIEW 

A. Reviews on FEA: 

Yildiz et al. examined three different ventilated geometries 

of the rotor and the stress analysis performed by employing 

FEA. By results, the maximal stresses were generated in 

ventilated then solid disc. FEA results displayed that the 

maximum stresses localized outwardly in the radial direction 

on the friction surface all over the boundaries around the 

cooling holes and grooves on the ventilated disc [8]. 

Assadsangabi et al. interpreted the Magneto-Rheological 

brake for automobile application and analysed the magnetic-

field intensity distribution within the MR configuration 

utilizing FEA. The aim was to maximize the torque 

capability of braking by maintaining the disc weight 

minimum by employing genetic algorithm [10]. Jung et al. 

depicted the couple structural and thermal analysis of the hot 

Judder using SMCEF. The speed Judder test, thickness 

variation and temperature variation of the disc were 

evaluated by dynamo test. The force per unit area at which 

the record begins to reach the pad is more eminent than the 

area where the disc stops contact with the tablet. The 1.4% 

difference between the present and the measured 

temperature of the platter [11]. Belhocine et al. examined 

the thermal behaviour of the solid and ventilated disc brake 

by using up the parameters of braking, materials by utilizing 

the ANSYS computing code. The stresses and deformations 

were evaluated with the pressure on the disc and resulted 

that the effective cooling is produced in the radial direction 

with the application of vents [14]. Ganesh et al. changed the 

conception by providing the hole in the existing no hole disc 

brake for more heat dissipation. The fabric utilized for the 

rotor was cast iron, aluminium metal matrix, stainless steel 

and their stable and transient thermal analysis are finished 

on the redesigned rotor in ANSYS program. It was resulted 

that the Aluminium Metrix is best suitable and light weight 

for the automotive application [22]. Kumar et al. optimized 

the straight vented design into by providing curved vents. 

The thermal-structural analysis is executed to achieve the 

deformation and stresses. The curved vented disc has a 

lower heat flux, then the straight vented [23]. Park et al. was 

inferred that the thermos-elastic instability lead to hotspot 

on a disc surface and hot Judder. The transient FEA was 

performed for simulation of the hot Judder with friction 

coefficient 0.4. The improved disc has a more uniform 

temperature distribution along the magnetic disk surface and 

variety of maximum brake torque then the basic disk and hot 

Judder [25]. Kang analysed the design of the vents in bike 

disk brake. The FEA for ventilated disk and solid disk was 

carried out to examine the thermal characteristics, thermal 

deformation and thermal stress on disc brake. The effects of 

the ventilated disk were compared and proved a lower 

temperature than the solid disk. And also showed that the 

result of temperature rises and reduction depended on the 

vent area generated in the flange part of the disk. The 

Thermal deformation takes place in all directions in 

ventilated disc [17]. 
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B. Reviews on Thermal Analysis 

Yevtushenko et al. obtained the solution of a transient heat 

conduction problem for friction while braking from the pad 

sliding over the semi-infinity foundation (the disc). In this 

paper the thermal stresses of the friction a couple of metal-

ceramic pad and grey cast-iron disc were observed. They 

summarized that the brake is heated appreciable normal 

compressive stresses occurs near the contact surface [7]. 

Sinou looked into the frequencies of harmonic components 

in stationary dynamics by using the FEA model was 

subjected to single and multi-instabilities. The contact 

elements between disc and pad were introduced by friction 

interface. It was discovered that the transient non-linear 

amplitudes can be greater than stationary oscillation [5]. 

Volkov investigated a viscous compressible fluid flow 

passing through the drilled holes. The Temperature 

distribution in the conjugate formulation on the shaft's 

exterior surface and inner and outer surface of the disc. The 

metal and fluid temperature at the interference were 

matched by interaction procedure. The results based upon 

the concept of the thermal boundary conditions, and the 

conjugate thermal modelling were in fairly good agreement 

with one another [6]. Shahzamanian et al. were investigated 

the transient analysis of functionally graded brake disc and 

analysed with ANSYS parametric design. Absolute 

maximum contact pressure, total stress and contact friction 

stress increase with increasing Fkn whereas absolute 

maximum contact penetration decreases with increasing 

Fkn. It was resulted that the gradation of the metal, ceramic 

has a monumental effect on the thermomechanical response 

of Functionally graded brake disks [4]. Adamowicz et al. 

infer the temperature distribution created by two sliding 

members of the disc brake system. First analysed the model 

and assumed that the intensity of heat flux should be equally 

distributed over the friction surface in the axial direction and 

the rotor was subjected to non-axisymmetric thermal load 

for simulation of the thermal behaviour. The four quantities 

of the velocity at the time of braking utilized to investigate 

the solution for the model [9]. Pevec et al. interpreted the 

numerical simulation analysis to measure the temperature of 

the disc brake. The flow around the ventilated disc and 

coefficient of heat transfer for all speeds of the car were 

calculated with the CFD. Furthermore, presented that the 

film coefficients were a function of vehicle speed and brake 

disc temperature. Experimental results show that the 

simulation considering cooling is more accurate [18]. Jung 

et al. investigated the thermal deformation and heat flux 

with deceleration of 0.4g while decelerating from 129 kph to 

0 kph were calculated through the thermo-mechanical 

analysis with SAMCEF code. The shape of the hole was 

optimized by the response surface analysis method to 

minimize the temperature rise. At the same condition the 

rise in temperature and total thermal deformation of the disc 

become minimum [16]. Munisamy et al. investigated the 

heat transfer with varying the blade inclination angle of 45 

tilted clockwise direction with respect to the straight blade 

configuration. They resulted that with blade inclination 50% 

convective heat transfer, coefficient was achieved [20]. 

C. Reviews on Structural Analysis 

Song et al. designed brake using circumferential friction. 

Optimization method using a meta - model to make a 

lightweight disc brake. The calculating time reduced by 

developing kriging model. Two different optimization 

techniques were set up for structural analysis. The optimum 

result is taken from temperature distribution, and Von-Mises 

stresses using sensitivity information [2]. Chung et al. 

estimated the thermal performance of brake by scheming 

heat flux and acquired the braking energy is converted to 

thermal energy. The heat flux used in FEA to perform 

thermal and structural analysis to obtain temperature rise 

and deformation [3]. Duzgun inferred that using vents in the 

disc brake the braking performance is increased by 

decreasing the heating of the disc. The three-disc 

configurations manufactured, and the calculated thermal 

stresses with the FEA program was compared with solid 

disc. The maximum thermal stress placed on the inner and 

outer edges of the solid disc surface. With ventilation, the 

heat generation is reduced about 24% in the solid disc [15]. 

Belhocine et al. interpreted by simulation the thermo-

mechanical behaviour of contact between disc and pad. The 

contact pressure, Von-Mises stress and deformation were 

increased with the thermal stresses and caused the crack 

formation, wear of the pad and disc [19]. Sowjanya et al. 

considered the Aluminium metal Metrix material with 

different composition and material was analysed in ANSYS 

workbench. The Von Mises stresses were observed and 

concluded that cast iron has minimal deformation by 

comparing to the others [21]. Yevtushenko et al. simulated 

the disc brake based on the equation of motion and problem 

of boundary value of heat conduction. It was Resulted that 

the co-efficient of friction changed about near 15% the 

temperature reached near 150℃. It affects the braking time 

and stopping distance [26]. 

D. Disc Brake Material 

Shin et al. had studied the oxide layer thickness after 

corrosion by utilizing non-contact probe and torque change 

in brake by the dynamometer. They resulted that the friction 

force fluctuation during brake applied is conceited by the 

oxide removal rate is dependents on the pugnacity of the 

friction materials [1]. Thornton et al. have studied the effects 

of the cryogenic treatment on the wear of grey cast iron 

(SAE J431 G10) brake disc material by utilizing the 

microscope for changes in their microstructure. By pin-on-

disc testing experimental data was taken and using high-

chromium steel balls against rotating disc. The results 

indicate 9.1-81.4 % betterment in the wear rate of grey cast 

iron due to cryogenic treatment. Some wear occurred and no 

change in hardness [13]. Samec et al. interpreted the tension 

and low cycle fatigue properties at 300-400 ℃  temperature 

of nodular cast iron disc brake used in railway. The various 

curves like tensile stress-strain curves were obtained and 

concluded that young's modulus remained at the stable 

temperatures, while proof stress and ultimate tensile strength 

were decreased [12]. Makhovskaya proposed non stationary 

temperature field in rotor manufactured by fibrous 

composite material. In this paper the temperature inside the 

disk and on the friction surface at a time of braking depends 

upon the structure of the composite and the properties of its 

components. By reducing the heating of the friction surface 

was considered by an increase in the concentration of the 

carbon fibers [24].  
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III. CONCLUDING REMARK 

Solid disc, ventilated disc with cross drilled, pillar geometry 

can be utilized. The FEA of the disc brake was taken and 

compared to the existing disc brake, and best solution is 

shown. Various optimization techniques were used to 

increase braking performance. The braking torque is 

increased by optimizing the brake rotor weight. The 

ventilation geometry is changed, and their stress and thermal 

analysis are performed by using the ANSYS software. 

The heat flux, heat power, braking torque is 

calculated and inserted into the computational analysis of 

disc brake. The various materials like cast iron, aluminium 

metal Metrix is used, and the best material is suggested. 

The blade inclination angle is changed for the 

better cooling purpose. The temperature distribution around 

the drilled hole is examined and various hole geometries like 

circular, spherical, triangular are introduced and the best 

geometry for better heat transfer is utilized. So, the disc 

brake is very important part of the braking system, which is 

essentially optimized for the various braking condition. 

IV. SCOPE OF THE WORK 

 The shape of the ventilated disc brake can be optimized 

by using response surface methodology. 

 It can be analysed by changing the blade inclination 

angle of ventilated brake disc. 

 By utilizing the Aluminium Metal Metrix composite 

material changing the composition of material and 

comparing to existing disc brake model.  

 Incorporation of ventilation drilled holes in solid rotor 

can increase fuel efficiency. 
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