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Abstract— Disc brakes are one of the important components 

in automobiles. Most of the automobiles are employed with 

disc brakes since they provide good performance. Now a day 

the design of conventional disc brake system is common in 

all the moving vehicles. This conventional disc brake 

generates more stress and temperature in the contact areas. 

This influences the performance of the disc brake system, and 

it control the stresses and temperatures in the disc brakes and 

it is possible to improve the performance.The main objective 

of the present  Project is to compare the mechanical 

performance of a conventional disc-brake system with a 

newly designed perimetral disc-break system using the finite 

element method. Finite element models of the disc-brakes are 

created using Pro-E and analysis is carried out by ANSYS. 

The disc-brakes are simulated under the three different 

loading conditions i.e., two static and one thermal analysis. 

The static analysis is performed and the maximum stresses 

are found at the mounting holes for perimetral disc-brake. 

The perimetral disc-break shown good performance under the 

static conditions, with stress approximately close to or lower 

than those of the conventional disc-brake. For the residual 

stress simulation, the maximum stress concentration is at the 

inner piercing holes and found that there is a danger of 

yielding or crack initiation under repeated residual stresses. 
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I. INTRODUCTION 

A brake is a device by means of which artificial frictional 

resistance is applied to moving machine member, in order to 

stop the motion of a machine. In the process of performing 

this function, the brakes absorb either kinetic energy of the 

moving member or the potential energy given up by objects 

being lowered by hoists, elevators etc. The energy absorbed 

by brakes is dissipated in the form of heat. This heat is 

dissipated in the surrounding atmosphere to stop the vehicle  

 The brakes must be strong enough to stop the vehicle 

with in a minimum distance in an emergency.  

 The driver must have proper control over the vehicle 

during braking and vehicle must not skid.  

 The brakes must have well anti fade characteristics i.e. 

their effectiveness should not decrease with constant 

prolonged application.  

 The brakes should have well anti wear properties  

II. DISC BRAKE: 

A disc brake consists of a cast iron disc 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 cast in two parts each part 

containing a piston. 

The main components of the disc brake are:  

1) The Brake Pads  

2) The Caliper which contains the piston 

3) The Rotor, which is mounted to the hub  

When the brakes are applied, hydraulically actuated 

pistons move the friction pads in to contact with the rotating 

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

the friction in between disc 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 

disc  

A schematic diagram is shown in the figure 

 
Fig. 1: Disc Brake 

A.  Brake Pads: 

1) Different brake design application requires different 

kinds of friction materials. Several considerations are 

weighed in development of brake pads, the coefficient of 

friction must remain constant over a wide range of 

temperatures, the brake pads must not wear out rapidly 

nor should they wear the Disc rotors, should withstand 

the highest temperatures without fading and it should be 

able to do all this without any noise.  

2) Materials which make up the Brake pad include friction 

modifiers, powered metal, binders, fillers and curing 

agents 

 
Fig. 2: 
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B. Brake Caliper: 

1) Brake caliper is also called as a cylinder body, houses 

one to four pistons, and is mounted to the torque plate 

and steering knuckle or wheel carrier. It is found in 

floating caliper design or fixed caliper design. The 

floating caliper design is not only more economical and 

lighter weight but also requires fewer parts than its fixed 

caliper counterpart.   

 
Fig. 3: 

2) Depending on the application, the floating caliper has 

either one or two pistons The piston is located in one side 

of the caliper only. Hydraulic pressure from the master 

cylinder is applied to piston and thus presses the inner 

pad against the disc rotor. At the same time, an equal 

hydraulic pressure acts on the bottom of the cylinder. 

This causes the caliper to move to the right, and presses 

the outer pad located opposite the piston against the disc 

rotor. 

C. Disc (Or) Rotor: 

1) Generally the Disc rotor is made of gray cast iron, and is 

either solid or ventilated. The ventilated type Disc rotor 

consists of a wider Disc with cooling fins cast through 

the middle to ensure good cooling.  

2) Proper cooling prevents fading and ensures longer pad 

life. Some ventilated rotor has spiral fins which creates 

more air flow and better cooling. Spiral finned rotors are 

directional and are mounted on a specific side of the 

vehicle.  

 
Fig. 4: 

D. Pad Wear Indicator: 

1) A pad wear indicator has been adopted on some models 

that produce a high screeching noise when the pad is 

worn down to a predetermined thickness.  

2) The purpose of indicator is to warn the driver and prevent 

damage to the rotor should the brake pad wear further. 

The indicator contacts the rotor while the wheel 

turns and the brakes are not applied. A customer may 

comment that the noise stops when the brakes are applied 

  
Fig. 5: 

III. LITERATURE REVIEW 

 V.M.M.Thilak, R.Krishnaraj et al. [1], made an attempt 

to study and design the performance of disc brake rotor 

of a car under severe braking conditions and there by 

assist in disc rotor design and analysis. They investigated 

the usage of new materials and to improve the braking 

efficiency, stability of a vehicle. Analysis of the braking 

performances of two different composites materials was 

done. Finally they concluded that hybrid composite 

material which is lighter than cast iron, has good 

Young’s modulus, Yield strength and density properties 

would have better performance 

 Floquet et al [2] determined of temperature distribution 

and comparison of simulation results and experimental 

results in the disc by 2D thermal analysis using 

axisymmetric model. The disc brake used in the 

automobile is divided into two parts; a rotating 

axisymmetrical disc, and the stationary pads. The friction 

heat, which is generated on the interface of the disc and 

pads, can cause high temperature during the braking 

process.  

The influence of initial velocity and deceleration on 

cooling of the brake disc was also investigated. The thermal 

simulation is used to characterize the temperature field of the 

disc with appropriate boundary conditions.  

IV. PROBLEM DEFINITION 

1) The disc-break of a motorcycle braking system is 

mounted on the inner rim of the wheels, conventional 

braking systems, the disc-break is mounted onto the 

inner rims of the wheels via the mounting holes.  

2) These mounting holes are located near the inner diameter 

of the disc-brake. During braking, when the brake 

calipers clamp onto the disc-brake, the braking torque is 

transmitted from the disc-break to wheel-hub at it’s the 

inner diameter of where the mounting holes are located.  

3) The braking torque is then transferred from the rigidly 

fixed mounting holes to the wheel-hub at its inner 

diameter, through the spokes to the rim of the wheels and 

eventually to the tyres.  

4) In the new perimetral brake system, the braking torque is 

directly transmitted from the disc-break to the outer rim 

of the wheel and finally to the tyres. 
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5) This is due to the disc-break being directly mounted via 

its outer diameter onto the outer rim of the wheel.  

6) As such, when the same force is applied onto the disc-

brakes, the perimetral brake system is able to produce a 

larger braking torque due to its larger diameter as 

compared to a conventional disc-brake. 

V. SCOPE 

1) In this study, from a conventional disc-break and a 

perimetral disc-break will be modeled of radius (R= 

20cm), tested and then analyzed. The analysis and 

comparison study will be done through modeling and 

simulation using the respective software (Pro-E 

&ANSYS).  

2) The disc-brakes will be simulated under three different 

loading conditions, two static tests and one thermal 

analysis. The two static cases are torsional strength 

simulation and lateral strength simulation. For thermal 

analysis, residual stress simulation will be performed. 

3) After the various tests are carried out, the performance 

of the conventional and perimetral disc-brakes will be 

compared and analyzed. The ability of the perimetral 

disc-break to withstand these loading conditions would 

be examined, and their weaknesses and strengths will be 

discussed. 

4) Particular attention will be paid to residual strength 

simulation for the perimetral disc-break where a 

potential problem may arise. Recommendations will be 

suggested to change various aspects of its design. These 

changes will be modeled and simulated to test if there are 

any improvements in its performance. 

VI. METHODOLOGY FLOW CHART 

 
Fig. 6: 

VII. THREE-DIMENSIONAL MESHING 

 The primary focus of this project is to simulate the 

performances of the disc-brakes using ANSYS which is 

developed based on the finite element method (FEM). 

 In order to obtain accurate and reliable results for the 

simulations, the meshing of the disc-brakes must be 

properly carried out. Meshing is performed to discretize 

the geometry created into small pieces called elements.  

 With 3D meshing, it is even possible to incorporate the 

whole wheel assembly for analysis in the future. In 3D 

meshing, the two general types of solid elements to be 

used are tetrahedron shaped elements and hexahedron 

shaped elements. 

 In this project, the majority of the meshing will be carried 

out using 8 node type hexahedron meshing with Solid 90 

element  type as it has a better aspect ratio, better 

accuracy and is easier to control in terms of size as 

compared to tetrahedron shaped elements.  

VIII. MODELLING 

 The 2D sketch is done by using sketch entities.  

 Converting the 2D sketch into part model by using PRO-

E  

 Assemble the disc and pad using assembly module.  

 Save the assembly model. 

 Import this model in the form of IGES (initial graphic 

exchange specification) to ANSYS  

 Conventional Disc Brake radius R= 12 Cm 

 Perimetral Disc Brake radius R = 20Cm 

 
Fig. 7: 2D Sketch of Disc brake 

                     
Fig. 8: 2D Sketch of Disc 

Design process consists of the following steps: 

1) Sketching using the basic sketch entities 

2) Converting the sketch into features and parts 

3) Assembling different parts and analyzing them 

4) Documentation of the parts and the assembly in terms of 

drawing views 

 
Fig. 9: 3D- Assembly& dimension of model 
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Fig. 10: 3DAssembly& dimension of perimetral Brake  

A. Analysis By Using Ansys 

1) ANSYS finite element analysis software enables to 

perform the following tasks:  

 Build computer models or transfer CAD models of 

structures, products, components or systems. 

 Apply operating loads or Torsional forces for 

Tensional test is 242kg, Lateral stress of 102kg and 

thermal Stress of 225ºC (Max) for the type of Disc 

brakes. 

 Study physical responses such as stress levels, 

temperature distribution or the impact of 

electromagnetic fields. 

 Optimize a design early in the development process 

to reduce production costs. 

 Do prototype testing in environments where it 

otherwise would be undesirable or impossible for 

biomedical application 

B. Types of analysis in ANSYS:  

1) Structural 

2) Thermal 

3) Fluid (CFD, acoustics and fluid analyses) 

4) Low and high frequency electromagnetic 

Structural analysis is classified as follows 

1) Static analysis 

2) Dynamic analysis 

 Modal analysis 

 Harmonic analysis  

 Transient dynamic analysis 

IX. MATERIAL PROPERTITES OF A DISC BRAKE 

A. Stainless Steel  

S.No Propertites  

1 Young’s Modulus (N/Mm²) 2,00,000 Mpa 

2 Yield Strength 793 Mpa 

3 Specific  Heat 460 Kj/Kg °C 

4 Density 7612  Kg/M
3

 

5 Thermal Conductivity 16.2 W/Mk 

6 Poisson Ratio 0.28 

7 Melting   Temp 1455°C 

Table 1: 

B. Aluminium Alloy 7475 

S.NO PROPERTITES  

1 Young’s modulus (N/mm²) 70,300 mpa 

2 Yield strength 214  mpa 

3 Specific  heat 880  Kj/kg °C 

4 Density 2.81 g/cc 

5 Thermal Conductivity 147 w/mk 

6 Poisson ratio 0.33 

7 Melting Temp 635°C 

Table 2: 

X. SIMULATION RESULTS IN ANSYS OF STAINLESS STEEL: 

A. Static Test - Torsional Strength Simulation:  

 
Fig. 11: Tensional Strength Simulation of perimetral disc-

brake 

 
Fig. 12: Tensional Strength Simulation of Conventional 

disc-brake                        

B. Static Test -lateral Strength Simulation:  

 
Fig. 13: Lateral Strength Simulation of Conventional 
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Fig. 14: Static Test -lateral Strength Simulation perimetral 

C. Thermal Analysis_ Residual Stress Simulation:  

    
Fig. 15: Thermal Analysis_ Residual Stress Simulation of 

perimetral disc-brakes 

 
Fig. 16: Thermal Analysis_ Residual Stress Simulation of 

conventional disc-brake 

 

D. Simulation Results In Ansys Of Aluminum Alloy 7475 : 

1) Static Test - Torsional Strength Simulation:  

 
Fig. 17: Tensional Strength Simulation of perimetral  disc-

brake 

 
Fig. 18: Tensional Strength Simulation of Conventional 

disc-brake 

2) Static Test -lateral Strength Simulation:  

 

 
Fig. 19: Lateral Strength Simulation of Conventional disc-

brakes 
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Fig. 20: Static Test -lateral Strength Simulation perimetral 

disc-brake  

E. Thermal Analysis_ Residual Stress Simulation:  

 
Fig. 21: Thermal Analysis_ Residual Stress Simulation of 

perimetral disc-brake 

 
Fig. 22: Thermal Analysis_ Residual Stress Simulation of  

Conventional Disc Brake 

XI.  RESULT & DISCUSSIONS 

Results 

S.N

o: 
Materia

l 
Type 

Tensio

nal 
N/Mm

2
 

Lateral 
N/Mm2 

Ther

mal 
°/C 

1 
Stainles

s Steel 

Conventi

onal 
0.782 

1.48e-

05 
477.8 

Perimetra

l 
0.546 

5.98e-

05 
481.1 

2 

Alumin

um 

Alloy 

7475 

Conventi

onal 
0.732 

0.3245e

+03 
480.7 

Perimetra

l 
0.644 

0.3459e

+03 
485.8 

Table 3: 

1) The maximum von-mises stress and maximum shear 

stress in the perimetral disc brake of steel and 

Aluminium as 0.546N/mm² and 0.644 N/mm² 

respectively.  

2) The maximum von-mises stress and maximum shear 

stress in the conventional disc-brake steel and 

Aluminium as 0.782N/mm² and 0.732 N/mm² 

respectively. It can be concluded from the above result 

that the von-mises stress in the perimetral disc brake is 

less than that of conventional disc-brake system. 

3) As we compare Aluminum alloy 7475, to maximum  

Tensional Stress (Von-misses Stress) and Lateral Stress 

(Maximum Shear Stress) in the perimetral disc brake as 

0.572N/mm² and 0.3452 N/mm² respectively.  

4) The Tensional Stress (Von-misses Stress) and Lateral 

Stress (Maximum Shear Stress) in the conventional disc-

brake as 0.653N/mm² and 0.3245 N/mm² respectively. 

From the above , it can be concluded from the above 

result that the von-misses stress in the perimetral disc 

brake is less than that of conventional disc-brake system. 

5) we can conclude that  the perimetral disc acts  as an 

alternative to the present Conventional disc brake system  

XII. CONCLUSION 

1) An analysis of Disc Brake has been carried out using 8 

node 185 hexahedron meshing type using ANSYS 11.0 

Software. 

2) A Perimetral disc brake under tension strength performs 

better with its maximum values of principal stress and 

von misses stress compared with conventional disc 

brake. 

3) At a lateral strength simulation the Perimetral disc brake 

yielded similar results of the conventional type disc 

brake system. 

4) For the both static tests the maximum Stress (Weak 

points) in the Perimetral disc brake occur at the mounting 

holes, hence it should be properly manufactured and to 

be well heat treated for over all strengthening purpose. 

5) The Perimetral disc brake shows the minimum values 

under von misses stress than those in the conventional 

disc brake. 

6) For the both type conventional and Perimetral disc brake 

the materials used i.e Stainless Steel and Aluminum. As 

per the result analysis Stainless Steel material shows 

good performance under Tension test. 



Design and Analysis of Two Disc Brake Systems used in Motorcycles 

 (IJSRD/Vol. 5/Issue 03/2017/299) 

 

 All rights reserved by www.ijsrd.com 1169 

7) Comparing the conventional and Perimetral disc brake 

under different loading conditions from the analysis, it 

can be concluded that the Perimetral disc brake 

performance is better when compared with Conventional 

disc brake system.    

8) So Perimetral Disc brake can act as an alternative source 

for Conventional disc brake system  
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