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I.  INTRODUCTION 
 

One of the most important control systems of an 

automobile is Brake system. They are required to 

stop the vehicle within the smallest possible distance 

and it is done by converting kinetic energy of the 

vehicle into heat energy by friction which is 

dissipated into atmosphere. The main requirements 

of brakes are: The brakes must be strong enough to 

stop the vehicle within the minimum possible 

distance in an emergency.  But, this should also be 

consistent with safety. The driver must have a proper 

control over the vehicle during emergency braking 

and the vehicle must not skid. The brakes must have 

good antifade characteristics and their effectiveness 

should not decrease with constant prolonged 

application. A disc brake assembly consists of Disk 

rotor that rotates with the wheel, Calliper assembly 

attached to the steering knuckle, Friction materials 

(disk pads) that are mounted to the calliper 

assembly. 

 

 

 

 

 

 

 

 

 

 

This work shows the heat generation and dissipation 

in a disk brake of an ordinary car during panic 

braking and the following release period. As the 

brakes slow the car, they transform its kinetic energy 

into thermal energy, resulting in intense heating of 

the brake disk. If the disks overheat, the brake pads 

stop working and, in a worst-case scenario, can melt. 

 

1 Design Methodology                              

.  

Fig. 1. Design Methodology 

 

Abstract 

Braking is a process which converts the kinetic energy of the vehicle into mechanical energy which must be 

dissipated in the form of heat. The disc brake is a device for slowing or stopping the rotation of a wheel. The 

main objective of the project is to design and analysis of solid and ventilated disc brake using CATIA and 

Finite Element Analysis is going to perform by using ANSYS. As a part of the analysis static structural analysis 

and thermal analysis will conduct at various velocities by varying material properties such as Steel, Aluminum 

and Aluminum Metal Matrix Composite in pre-processing stage. Based on the results obtained from Coupled 

Analysis (Structural & Thermal analysis), a better performing material is identified based on stress 

distribution reduction percentage for the development of a disc brake which improves efficiency.  
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 A disk brake consists of so many materials disk 

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 casting or 

the stub axle as is cast in two parts each part 

containing a piston. In between each piston and the 

disc there is a friction pad held in position by 

retaining pins, spring plates etc. The passages are 

also connected to another one for bleeding. Each 

cylinder contains rubber-sealing ring between the 

cylinder and piston.  

  

The main components of the disk brake are: 

The Brake Pads. 

The Caliper which contains the piston. 

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 disk, applying equal and opposite forces on 

the disk. Due to the friction in between disk 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 

rubbers-sealing rings acts as return spring and 

retract the pistons and the friction pads away from 

the disk. 

 

The caliper is hinged about a fulcrum pin and one of 

the friction pads is fixed to the caliper. The fluid 

under pressure presses the other pad against the 

disk to apply the brake. The reaction on the caliper 

causes in to move fixed pad inward slightly applying 

equal pressure to the other side of the pads. The 

caliper automatically adjusts its position by swinging 

about the pin. 

 

These are two pistons between which the fluid under 

pressure is sent which presses one friction pad 

directly on to the disk where as the other pad is 

passed indirectly via the caliper. In the course of 

brake operation, frictional heat is dissipated mostly 

in to pads and a disk, and an occasional uneven 

temperature distribution on the components could 

induce severe thermo elastic distortion of the disk.  

 

The thermal distortion of a normally flat surface in to 

a highly deformed state, called thermo elastic 

transition it sometimes occurs in a sequence of 

stable continuously related states operation 

conditions change. At other times, however, the 

stable evolution behavior of sliding system across a 

threshold whereupon a sudden change of contact 

conditions occurs as the result of instability. 

           

This invokes a feedback loop that comprises 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 the pressure 

increases. When this process leads to an accelerated 

change of contact pressure distribution, the 

unexpected hot roughness of thermal distortion may 

grow unstably under some conditions, resulting in 

local hot spots and leaving thermal cracks on the 

disk. This is known as thermo elastic instability (TEI). 

The present paper deals with thermal and structural 

analysis of a disk brake rotor. The detailed analysis 

was carried out using hyper mesh to obtain better 

disk brake rotor parameters. 

 

 
 

Fig no.2. 2D Disc Brake Model 

 

 

II. FEM MODELING 
 

1. Finite Element Method (FEM): 

 

FEM is the most popular numerical method. 

Applications - Linear, Nonlinear, Buckling, Thermal, 

Dynamic & Fatigue analysis. FEM will be discussed in 

detail at later stage. 

 

1.1 Software Based FEM 

 

For using any commercial software there are 3 steps 

- 

• Preprocessing- Consumes most the out of the 

three steps. 
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• Processing (or solution) - just click on “Solve"& it's 

the software's turn to do the job 

• Post processing- Result viewing & interpretation 

 

1.2 Step 1 - Pre processing 

 

• CAD data 

• Meshing (or discretization to convert infinite dof to 

finite one) 

• Boundary conditions 

 

In early stage of industrial applications of Finite 

Element Analysis, CAD, meshing & analysis al1 used 

to be carried out by a single engineer only. Soon it 

was realized that separation of the jobs &forming 

dedicated subgroups i.e. CAD group, Meshing group 

& Analysis or calculation group is necessary for 

optimum output and efficiency. 

 

1.2.1 CAD & Meshing -There are specialized 

software’s for CAD, Meshing & Analysis. CAD & 

meshing consumes most of the time For example - 

Typical time for a single person to mode1 (CAD) 

4cylinder engine block is 6 weeks & for brick 

meshing 7 weeks (For tetra mesh about 2 weeks). 

 

1.2.2 Boundary Conditions -Consumes least time but 

it is the most Important step (typically applying load 

cases is about 1 day job). 3 months hard work of 

meshing & CAD data preparation of engine block 

would be undone in just 1 day if boundary 

conditions are not applied properly. After completion 

of preprocessing i.e., CAD, Meshing and Boundary 

conditions, software internally forms mathematical 

equations of the form [F] = [K] [δ]. 

 

1.3 Step 2 - Processing or Solution 

 

During preprocessing user has to work hard while 

solution step is the turn of computer to do the job. 

User has to just click on solve icon & enjoy a cup of 

tea! Internally software carries out matrix formations, 

inversion, multiplication & solution for unknown e.g. 

displacement & then find strain stress for static 

analysis. 

Today we are using FEA just because of availability of 

computers. FEM has been known to Mathematicians 

& engineers right from late 50's but since solving so 

many equations manually was not possible, in true 

sense FEA got recognition only after emergence of 

high capacity Computers. 

 

1.4 Step 3 - Post processing 

 

Post processing is viewing results, verifications, 

conclusions & thinking about what steps could be 

taken to improve the design. Consider a simple 

example which involves al1 the above Steps Probably 

at the moment you are sitting on a chair or stool & 

reading this book. In this example. we will analyses 

the stool itself for stress & displacement for a load of 

200 kg (assuming it could be used for sitting as well 

as supporting any object up to max. 200 kg wt.) For 

this analysis I am using Linear static analysis 

 

2. Linear static analysis 

  

 
Fig no. 3. Linear static analysis 

 

2. 1 Linear 

 

Linear means straight line. σ = ε E is equation of 

straight line (y = m x) passing through origin."E" 

Elastic Modulus is slope of the curve & is a constant. 

In real life after crossing yield point material follows 

non liner curve but software follows same straight 

line. Component brake into two separate pieces after 

crossing ultimate stress but software based analysis 

never show failure in this fashion. It shows single 

unbroken part with red colour zone at the location of 

failure. Analyst has to conclude whether the 

component is safe or failed by comparing the 

maximum stress value with yield or ultimate stress. 

 

2.2 Static 

There are two conditions for static analysis 

• Force is static i.e. no variation with respect to time 

(dead weight) 
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Fig no. 4. static 

  

3. Equilibrium condition - 1 forces (Fx, Fy, Fz) and 1 

Moments (Mx, My, Mz) = O. FE model fulfils this 

condition at each and every node. For complete 

rnodel summation of external forces and moment is 

equal to reaction forces and moments. 

 

3.1. Practical Applications- Most commonly used 

analysis. All Aerospace, Automobile, Offshore and 

Civil engineering industries perform linear static 

analysis. 

 

3.2. Commonly used Software’s-  Nastran, Ansys, 

Abaqus, i-deas NX, Radioss, Cosmos, UG, Pro-

Mechanics, Catia etc. 

 

3.3  How to Decide Element Type 

For this analysis I am using 2-D Meshing tria 

elements 

 

3.4 2-D Meshing Element type 

 

 
 

Fig no. 5. 2-D Meshing Element 

 

3.5 3-D Meshing Element type 

For this analysis I am using 3-D Meshing tetra 

elements 

 
Fig no. 6. 3-D Mashing element 

 

4. Tetra Meshing Techniques 

 

There are two methods of tetra meshing 

 

4.1 Automatic mesh- This approach is limited to 

simple geometries and pre-requisite is free CAD 

model. User has to just select the volume and 

software automatically carries out meshing as per 

specified element length, quality criteria etc. 

 

4.2  Advantage- Very quick, no meshing efforts 

4.3 Disadvantages- Results in very high number of 

nodes and elements. There is no control on mesh 

flow lines and specific mesh pattern requirement (like 

bolted, welded joints or contact surface simulation) 

4.4 2d (Tria) to 3d (Tetra)- Most commonly used 

method. Quad or tria meshing is carried out on al1 

the outer surfaces of the geometry, quads split to 

trias and then converted to tetras. 

Steps for 2-d (Tria) to 3-d (Tetra) mesh. 

 

Steps 1 Study the geometry 

                                  

 
 

Fig no. 7. Geometry 

 

Step 2 Separate (isolate) surfaces, split the job 

among engineers (if there is time constraint) 

 

1. CAE engineer 1 
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Fig no. 8. CAE engineer 1 

 

2. CAE engineer 2 

 

 
Fig no.9. CAE engineer 2 

 

Step 3 Combine the mesh 

 

 
 

Fig no. 10. Combine the mesh 

 

4.5 2D Meshing & 3D Meshing 

 

 
Fig no. 11. 2D & 3D meshing 

  

4.5 2D & 3D Meshing Errors 

 

4.5.1 Tetra Collapse- distance of node from 

opposite face divided by area of the face multiplied 

by 1.24. 

                                           

   Ideal Value = 1.0 (Acceptable> 0.1)                               

  Tetra Collapse = h* 1.24/A 

 

 

 

 

 

 

 

 

Fig no.12. Tetra Collapse 

 

4.5.2. Warp angle: Warp angle is calculated on faces 

(quadrilateral) of hex element. It is angle between the 

planes form by splitting quad element. 

Ideal value = 0 (Acceptable <300) 

 

4.5.3. Aspect ratio:  

Ideal value =1.0 (Acceptable < 5) 

Aspect ratio = max. Edge length / minimum edge 

length 

 

4.5.4. Skew: Skew is checked on all the faces 

(quadrilateral). 

Ideal value = 00 (Acceptable < 450) 

 

4.5.5  Jacobian: In simple language, jacobian is a 

scale factor arising because of transformation of CO-

ordinate System. Elements are transformed from 

global to local coordinates for reducing solution 

time. 

Ideal value = 1.0 (Acceptable > 0.5) 

 

III. CALCULATIONS 
 

1 Assumptions:  

 

• The analysis is done taking the distribution of the 

braking torque between the front and rear axle is 

70:30  

•  Brakes are applied on all the four wheels.  

•  The analysis is based on pure thermal loading .The 

analysis does not determine the life of the disc 

brake.  

• The kinetic energy of the vehicle is lost through the 

brake discs i.e. no heat loss between the tyres and 

the road surface and the deceleration is uniform.  

• The disc brake model used is of solid type and not 

the ventilated one.  

• The thermal conductivity of the material used for 

the analysis is uniform throughout.  

• The specific heat of the material used is constant 

throughout and does not change with the 

temperature.  

• Heat flux on each front wheel is applied on one 

side of the disc only.   
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• Displacement in axial direction on flange is 

constrained in one side of the disc.  

  

2. Static Calculations: 

Weight of car W = 1.4 tons 

Wheel diameter =19 inches 

             = 19*25.4 

                       = 482.6 mm 

Time to come rest = t=6 sec 

 

2.1 For Velocity 60 kmph: 

 

Velocity of car = 16.6 m/s=60 kmph 

Stopping distance (D) =Va. t  

                 D= 16.66*6 

                              D=99.96 meters 

Torque   T=F.r 

Stopping force  F =
w

g
a 

    a =
𝑉𝑎

𝑡
=  

16.66

6
    a=2.77 m/sec2 

   F = m ∗ a   

  F = 1400*2.77 

  F=3878 N 

Torque =F.r 

     = 3878* (482.6/2) 

      = 935761.4 N-mm 

     = 935.761 N- m 

Brake set=4 

Torque per brake = Torque/4 

            = 233.94 N-m 

 

Breaking normal force 

 Tf =µ N rm   

 N=  Tf/µ*rm 

  N=  
233.94 

0.4∗rm

     

µ = 0.4 (from the review papers)        

rm= disc brake mean radius 

     = 
262

2
  mm 

  rm =0.131 m 

  N=  
233.94 

0.4∗0.131
 

  N=4464 N 

Pressure (P) = 
233.94 

0.4∗0.131
  

  

𝑅𝑢𝑏𝑏𝑖𝑛𝑔 𝐴𝑟𝑒𝑎 𝑓𝑜𝑟 𝑠𝑖𝑛𝑔𝑙𝑒 𝑠𝑖𝑑𝑒 

  =  
4464

7741.101
 

 = 0.579 MPa 

 

2.2 For Velocity 100 kmph: 

 

Velocity of car = 27.77 m/s=100 kmph 

Stopping distance (D) = Va. t 

                 D= 27.77*6 

                              D=166.62 meters 

Torque   T=F.r 

Stopping force  F =
w

g
a 

  a =
𝑉𝑎

𝑡
=  

27.77

6
       a=4.6283 m/sec2 

F = m ∗ a     

F = 1400*4.6283 F=6479.62 N 

Torque =F.r 

     = 6479.62* (482.6/2) 

       = 1563532.306 N-mm 

     = 1563.53 N- m 

Brake set=4 

Torque per brake = Torque/4 

            = 390.88 N-m 

Breaking normal force 

Tf =µ N rm   

 N=  Tf/µ*rm 

  N=  
233.94 

0.4∗rm

 

rm= disc brake mean radius 

     =   
262

2
 mm 

  rm =0.131 m 

  N=  
390.88

0.4∗0.131
 

  N=7459.54 N 

Pressure (P) =  
𝐵𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒

𝑅𝑢𝑏𝑏𝑖𝑛𝑔 𝐴𝑟𝑒𝑎
 

  =   
7459.54

7741.101
 

 = 0.9636 MPa 

 

3.3 Properties Of The Materials Used: 

 

Table.1 Properties of the materials used 

 
3.4 Static Results: 

 

                    Table 2. Static Result 
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3.5 For velocity 60kmph 

 
Fig no. 13. Displacement of Steel disc for 60 kmph 

 

 
Fig no. 14. Stress of Steel disc for 60 kmph 

 

 
Fig no. 15. Displacement of Al disc for 60 kmph 

 

 
Fig no. 16. Stress of Al disc for 60 kmph 

 

 

Fig no. 17. Displacement of AlMMC disc for 60 kmph 

 

 
Fig no. 18. Stress of AlMMC disc for 60 kmph 

 

3.5.1 For velocity 100kmph 

 
Fig no. 19. Displacement of Al disc for 100 kmph 

 

 
Fig no. 20. Stress of Al disc for 100 kmph 

 

 
Fig no. 21. Displacement of AlMMC disc for 100 

kmph 

 

 
Fig no. 22. Stress of AlMMC disc for 100 kmph 
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Fig no. 23. Displacement of Steel disc for 100 kmph 

 

 
Fig no. 24. Stress of Steel disc for 100 kmph 

 

3.5.2 Graphs: 

 

The following graphs shows the comparative study 

3.5.2.1 For 60 kmph: 

  

 
Fig no. 25. Stress distribution along radial distance 

for 60kmph 

 

 
Fig no. 26. Deformation along Thickness for 60kmph 

For 100 kmph: 

 

 
Fig no. 27. Stress distribution along radial distance 

for 100 kmph 

 

 
Fig no. 28. Deformation along Thickness for 

100kmph 

 

IV. CONCLUSION 
 

From static results at velocity 60 Kmph The Stress in 

N/mm2 for steel:Aluminium:ALMMC is 

0.5923:0.5923:0.5897, Displacement for 

steel:Aluminium:ALMMC is 7.09e-5 mm: 2.064e-4 

mm: 1.56e-4 mm at 100 Kmph The Stress for 

steel:Aluminium:ALMMC is 0.9857:0.9857:0.9815, 

Displacement for steel:Aluminium:ALMMC is 1.18e-4 

mm: 3.42e-4 mm: 2.60e-4 mm for ALMMC disc brake 

stress distribution is reduced to 0.44% at 60 Kmph 

and 0.42% at 100 kmph. From Thermal results at 

velocity 60 Kmph temperatures in °C for steel 

Aluminium ALMMC is 433.3:204.1:174.1 at 100 Kmph 

The temperatures in °C for steel Aluminium ALMMC 

is 1079:508.1:435.1 the nodal temperatures for the 

applied heat flux are very high in the disc made of 

steel by using Aluminium Metal Matrix Composite 

Temperature distribution over the disc brake is 

reduced hence life time is improved. Thus conclusion 

is made from the above investigation stating that the 

brake disc made of  Aluminum based metal matrix 

composite is better and improves life time than Steel 

and Aluminum materials. 
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