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Abstract— Composite materials are gaining importance 

because of their advantages including low cost, ease, and 

simplicity of operation. Composites containing hard oxides 

(like SiC) are preferred for high wear resistance along with 

increased hardness, improved corrosion resistance and high-

temperature oxidation resistance as compared to alloy and 

pure metal. Composite coating is used for the purpose of 

wear resistance. In automotive field, lot of studies are going 

on to conventional materials for disc brake. So, to optimize 

the required working operation Grey Cast iron, AISI 1020 

and Aluminium6061 are to be used in my work. The motive 

of my study is to analyse the performance of disc brake for 

different materials (Grey Cast iron, AISI 1020 and 

Aluminium6061) under same working parameters. FEA 

simulation is performed and the material behaviour on 

displacement, stress, contact pressure, contact status is 

obtained using software ANSYS 16.0 and finally a good 

comparison is performed. Performance parameters of disc 

brake for different materials (Grey Cast iron, AISI 1020 and 

Aluminium6061) under same working conditions have also 

been compared. These are the parameters which are used for 

comparison - stress distribution, strain distribution, heat 

flux, elastic stress, elastic strain, shear stress and strain. The 

obtained result will be beneficial for further use in this field. 

This work will help persons working in the field of steady 

state thermal analysis of piston. 
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I. INTRODUCTION 

Trickling down from the motocross world, disc brakes have 

now become popular on off-road bicycles. Discs provide 

powerful and reliable braking in all types of weather and 

terrain so they're ideal for trail riding. Plus, unlike rim 

brakes, discs aren't compromised should you hit a hole or 

land hard and bend your wheel. There are significant 

differences between discs and rim brakes, however. So here 

we provide an overview of how discs work, the different 

types, and basic maintenance instructions. 

Disc brakes generate amazing stopping power even 

in the worst conditions because they utilize rotors 

(photo) attached to the wheel hubs, and calipers attached to 

the frame containing specially designed pads (also called 

"brake shoes").  

Unlike the soft rubber pads used on rim brakes, 

discs use hard metallic- or ceramic-based pads that are less 

affected by water, mud and heat to achieve more consistent 

braking power. Additionally, some disc brakes use 

hydraulics (instead of cables); for even greater stopping 

power. 

II. FINITE ELEMENT METHOD 

The finite element method is a numerical technique which is 

commercially used for the finding of an approximate 

solution of partial differential equation as well as integral 

equation. In some solving partial differential equations the 

first problem is to create an equation that approximate the 

equation which is to be studied. It means that during 

calculations the error should not accumulate, thereby 

causing the output as to be meaningless. 

A. Heat Transfer Analysis using the Finite Element Method 

In order to perform a multidimensional heat transfer analysis 

the Finite Element Method can be utilized. This type of 

solution method is based on the use of elements which 

represents the body of the object. Each element expresses 

the physical, geometrical and material properties of the 

structure. The elements consist of nodes in which a shape 

function describes the node value changes along the 

elements. The number of nodes of an element can vary, but 

generally three- or four node elements are used in a 2D-

analysis, while for 3D-analysis four- or eight node elements 

are commonly used. Depending on the type of analysis that 

is conducted, each node has a certain number of degrees of 

freedom. 

The finite element analysis consists of a computer 

model of a material or designs that are stressed and analyzed 

for specific results. It is often used either for the refinement 

of existing product or for any new design. The modification 

of existing design or product or a structure is utilized to 

qualify the product for a new service condition. Sometimes 

in structural failure, FEA may help for the determination of 

design modification to meet the new conditions. Generally 

two types of analysis are used in manufacturing industry: 2D 

modeling and 3D modeling. In case of 2D modeling the 

analysis runs on a normal computer, it leads to lesser 

accurate results. On the other hand 3D modeling gives more 

accurate results by sacrificing the ability to run on all but the 

fastest computers effectively. The complex nature of linear 

systems is less as comparing with the non linear systems. 

Non linear systems accounts for plastic deformation and 

many are also capable of testing a material all the way to 

fracture of a material. 

III. LITERATURE REVIEW 

M. A. Maleque, S. Dyuti, (2010) [12] In the digital logic 

method, the friction coefficient and density were considered 

twice for determining the performance index and the cost of 

unit property. The digital logic method showed the highest 

performance index for AMC 2 material and identified as an 

optimum material among the candidate materials for brake 

disc. Asim Rashid, (2013) [11] The stress analysis is 

performed using a temperature dependent material model 
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both with isotropic and kinematic hardening behaviors. The 

results also show that due to wear of the pad, different 

distributions of temperature on the disc surface are obtained 

for each new brake cycle and after a few braking cycles, two 

hot bands appear on the disc surface. Simon George, (2013) 

[10] Al6061 with 9% Sic and 15 % fly ash is used to develop 

the composite by vortex casting. The radial deformation is 

found to be less for sic-fly ash composite material by 

0.1695mm. Mostafa M. Makrahy, Nouby M. Ghazaly, 

(2013)[9] In this study, a new wedge disc brake performance 

is assessed using brake dynamometer and Taguchi approach. 

The Taguchi method is widely used in the industry for 

optimizing the product and the process conditions. The 

results revealed that the applied pressure contributes 56.5 % 

of the total brake performance. It is followed by the angle, 

which contributes 33 % of the system performance. Ibrahim 

Ahmed, (2014)[8] A SOLID45 which is a linear element is 

used in the modal analysis and then transferred to non-linear 

elements which are Targe170 and Conta173 that represent 

the drum and lining for contact analysis study. Accurate 

contact stiffness can give a good representation for the 

pressure distribution between the lining and the drum. R. 

Lakshmanaik, (2014)[7] The computational results are 

presented for the distribution of heat flux and temperature 

on each friction surface between the contacting bodies. The 

vibrations and weight are less for cast iron Alloy than other 

two materials. Abhishek Kumar Tiwari, (2014) [6] In this 

present work, an attempt has been made to investigate the 

effect of stiffness, strength and variations in disc brake rotor 

design on the predicted stress. By observing analysis results, 

Aluminum alloys are suitable material for Disc Brake. 

Swapnil R. Abhang, D. P. Bhaskar, (2014)[5]The standard 

disc brake two wheelers model using in Ansys and thermal 

analysis and Modal analysis is done. Temperature of disc 

brake model. This is important to understand how disc brake 

works more efficiently, which can help to reduce the 

accident that may happen in each day. By performing the 

taken parameters the disc brake works more efficiently. 

Mohammed Nazeer, Supriya Koppula (2015) [4] The main 

purpose of this study is to analysis the thermo mechanical 

behavior of the dry contact of the brake disc during the 

braking phase. Analysis is performed on given boundary 

conditions, the alloy steel performing good compared to 

other two materials. K. Gowthami, K. Balaji, (2016)[3] The 

maximum temperature obtained for aluminium alloy brake 

drum is 32.83°C which is less compared to the maximum 

temperature prevailing in cast iron brake drum and stainless 

steel 304 brake drum. Aluminium alloy material is proved 

better than the other materials considered in this 

investigation. V. Saritha, Vinayak G. Kachare, (2016)[2] By 

observing the structural analysis results, the stresses and 

displacements are more for Functionally Graded Material, 

than Cast Iron and Carbon Fiber. using FGM with volume 

fraction  for disc brake since the stresses are within the 

permissible limit and more  heat  transfer  rate.Pravin 

Mohan Patel, S. Sudheendra,(2017)[1] The new modular 

caliper was analyzed for pressure and tangential load sand 

the results were studied for displacements / deformation and 

stresses with temperature effects. The existing caliper was 

analyzed with a new material Al 2219-T87 for Stress and 

displacement. The maximum stress was lower for Al 2219 

than the Al 6061 brake caliper.  

A. Methodology and Implementation 

Ansys is one of the useful software for design analysis in 

mechanical engineering. This software is based on the Finite 

Element Method (FEM) to simulate the working conditions 

of your designs and predict their behaviour. FEM requires 

the solution of larges systems of equations. Powered by fast 

solvers, Ansys makes it possible for designers to quickly 

check the integrity of their designs and search for the 

optimum solution. A product development cycle typically 

includes the following steps: • Build your model in the Pro-

Engineer system. • Prototype the design. • Test the prototype 

in the field. • Evaluate the results of the field tests. • Modify 

the design based on the field test results. 

B. Model Specification 

 
Fig. 1: Disc Brake 

 
Fig. 2: Meshed Disc 

C. Meshing Condition 

S. No. Model Specification Dimension 

1 Outer Diameter of disk 250 mm 

2 Inner Diameter of disk 110 mm 

3 Thickness of disc 10 mm 

4 Diameter of small holes 5 mm 

5 Total number of holes 40 

 

Pressure applied 60MPa 

Normal ambient temp. around disc 22°c 

Relevance centre medium 

Transition slow 

No. of Nodes 43965 

No. of element 26999 



Finite Element Analysis of Disc Brake using ANSYS 16.0 with Three Different Material 

 (IJSRD/Vol. 5/Issue 11/2018/117) 

 

 All rights reserved by www.ijsrd.com 475 

D. Material Property 

S. 

No. 
Property 

Grey 

Cast Iron 

Al 

6061 

AISI 

1020 

1 Density (kg/m3) 7060 2650 7870 

2 Poission’s ratio 0.26 0.34 0.29 

3 
Ultimate tensile 

strength(MPa) 
235 220 394.72 

4 
Young’s 

modulus(MPa) 
12400 71000 200000 

5 
Specific 

heat(J/kgºC) 
460 897 486 

6 

Thermal 

conductivity 

(w/mmºK) 

0.048 0.34 0.0519 

IV. RESULT 

A. Comparison of Variations in Structural Analysis 

 
Fig. 3: Equivalent Stress of Grey CI 

 
Fig. 4: Equivalent Stress of Al 6061 

 
Fig. 5: Equivalent Stress of AISI 1020 

 
Fig. 6: Shear Stress of Grey CI 

 
Fig. 7: Shear Stress of Al 6061 

 
Fig. 8: Shear Stress of AISI 1020 

 
Fig. 9: Elastic strain of Grey CI 
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Fig. 10: Elastic strain of Al 6061 

 
Fig. 11: Elastic Strain of AISI 1020 

 
Fig. 12: Temperature of Grey CI 

 
Fig. 13: Temperature of Al 6061 

 
Fig. 14: Temperature of AISI 1020 

 
Fig. 15: Directional heat flux of Grey CI 

 
Fig. 16: Directional heat flux of Al 6061 

 
Fig. 17: Directional heat flux of AISI 1020 
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Fig. 18: Total heat flux of Grey CI 

 
Fig. 19: Total heat flux of Al 6061 

 
Fig. 20: Total heat flux of AISI 1020 

B. Comparing in Tabular Form 

Static Structural 

Analysis 
Steady State Thermal Analysis 

Mat
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l 
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ess 

(V
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Pa) 
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Str

ess 

(M

Pa) 
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c 

Strain 
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mm) 

Mat
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l 
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e (°C) 

Total 

Heat 

Flux(

W/mm

²) 

Directi

onal 

Heat 

Flux(

W/mm

²) 

Gre

y 

Cas
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7.3

2 
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7.5

8 

0.003

46 
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y 

Cas

113.8

7 
1.2315 

0.2861

5 

t 

Iron 

t 

Iron 

AIS

I 

102

0 

61.

23

4 

17.

87 

0.000

3079

7 

AIS

I 

102

0 

67.19

9 

0.5890

6 

0.2513

6 

AL 

606

1 

61.

86

4 

24.

38

8 

0.000

8751

5 

AL 

606

1 

46.76

8 
2.0338 

0.6170

5 

V. CONCLUSION 

After analyzing under static structural as well as steady state 

thermal analysis, it can be concluded that:  

 It can be clearly seen that AISI 1020 has better stability 

in terms of both structurally & Thermally. 

 The  stresses generated on AISI 1020 are least under 

static & dynamic loading giving it an upper hand on 

other two material i.e  grey CI & AL 6061. 

 The heat generation due to friction are less on AISI 

1020 making it suitable for selection if failure occurs 

due to thermal strain 

 Finally from overall analysis AISI 1020 is best choice 

from the three materials under consideration of the disc 

brakes. 

VI. FUTURE SCOPE 

 Many structural modifications are evaluated in chapter 

using FEM, results of some of them shows reduction in 

brake squeal.  

 However, this is not yet confirmed by experiments. In 

order to examine reliability of the simulation results, the 

predicted results should be confirmed experimentally.  

 Further investigation should be carried out using design 

of experiments methods in order to find the optimal 

design of the disc brake components for reducing the 

brake squeal.  
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