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Abstract— In an automobile, a braking system is the
combination of various linkages and components (brake
lines or mechanical linkages, brake disc or brake drum,
master cylinder or fulcrums etc.) that are arranged in such a
manner that it converts the vehicle’s kinetic energy into the
heat energy which in turn de-accelerate or stops the vehicle.
The conversion of kinetic (moving) energy into heat energy
(temperature) is a function of friction generated by the
frictional contact surfaces between brake shoes (pads) and
moving disc or drum of a braking system. In our project we
have done the Thermal and Structural analysis on disc rotor
and make the comparison between homogeneous (Grey cast
iron rotor) and sandwiched (Grey cast iron with aluminum
alloy rotor) and find out the best results out of them,
modelling is done on solid works and finite element analysis
is done on Ansys 19.2, We have calculated stress,
temperature distribution total deformation and make a
comparative study.
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l. INTRODUCTION

A brake system is designed to halt and slowdown the motion
of automotive vehicle. To operate braking mechanism,
various components are assembled in the required manner,
brake system must convert vehicle’s kinetic energy into
heat. The friction generates the frictional resistance between
the moving parts. Almost every modern cars have brakes on
all four wheels, operated hydraulically. The brakes may be
drum or disc type.
The front brakes play vital role in stopping the car
than the rear, because during braking the car weight forward
on to the front wheels.
At recent all the cars therefore have disc brakes,
which are generally more efficient, at the front and drum
brakes at the rear, disc brake also preferred for aesthetic
enhancement.
Disc braking systems are used in all high-
performance cars, and drum type systems on older or
smaller cars, these are not as expensive as disc brakes.
Necessny braking system in an automobile vehicle —
To stop the moving vehicle.

— To de-accelerate the moving vehicle.

— For stable parking of automobile in uneven road
condition.

— To prevent the automobile from any wear and tear due
to road conditions.

Classification of brakes (According to the transformation of

energy) -

—  Electrically operated.

—  Hydraulically operated.

—  Mechanically operated.

A. Mechanical Operated Brakes:

The basic principle of mechanical brakes is to generate
friction between the two parts in order to create frictional
resistance hence, slow down the moving part. These force of
friction depends on surface area and applied pressure. The
wear and friction encountered by the working surface is
severe and increases the temperature. Thus, the strength and
durability of a brake or its service life depends heavily on
the type of material used in the shoes or pad.

Mechanical brakes (Direction of acting force) may
be sub divided into:
1) Radial Brake:
In radial brakes the force acting on the brake drum is in
radial direction. The radial brake further classified into
external and internal brakes.
2) Axial Brake:
In it the force is only in axial direction of the brake drum,
e.g., Disc brakes, Cone brakes.

B. Electric brake:

In these type of braking assemblies the electrical elements
are used for stopping the rotating objects. Electrical power is
required.

C. Hydraulic brake:

These type of brakes use the fluid pressure to actuate the
braking mechanism

Here our study concentrated only on disc brake-

1) Disc Brake

In these type of brake assembly the drum is replaced by disc
which is bolted with wheel hub and spins with wheel, the
caliper is rigidly fixed over the disc in such a manner that
the disc is exactly in between of brake pads. The actuation
mechanism of these arrangement stop or slow down the
vehicle.

When driver applies the brake pedal the actuation
mechanism pushes the brake pads and make frictional
contact with disc and slow down it and causes the braking of
the vehicle.

Caliper Pin
Caliper

Bleed Valve

Inspection window
(For checking pads)
Brake Pad

Wheel Stud
Dust Cap

Wheel Hub

Ventilating Slots

Bake Disc or Rotor

Disc Brake Components

Fig. 1: Schematic Diagram of Disc Brake
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DISC BRAKE COMPONENTS —

1) Rotor: The circular disc rotor bolted to the wheel
hub that spins with the wheel. They are generally
made by cast iron or stainless steel, some very
high-speed cars have carbon ceramic rotor. Rotors
can be solid, slotted or drilled for greater heat
dissipation.

2) Brake pads: when driver apply brakes the pads are
pushed against the rotor , due to friction it slow
down the wheel rotation. They feature a metal
portion called a shoe and a lining that is attached to
the shoes. In our case we had prefer S-2 Glass
Fibre material.

3) Piston: Cylinder connected to the brake system
hydraulics arrangement. The piston moves the
brake pads against the rotor when the driver presses
the brake pedal.

4) Caliper: It is housing that fits on the rotor and holds
the brake pads, as well as contains brake fluid and
ducting for circulation. There are of brake calipers
two types:-floating (or sliding) and fixed.

5) Sensors: There have some sensors which are
embedded Over the brake pads in order to warn the
driver about the condition of brake pad either they
are in good or wear-out condition. Other brake
sensors play a part in the vehicle’s ABS, EBD
system.

Il. OBJECTIVE

Our objective is to design a Disc rotor using Solid works
2018 and done structural and thermal analysis of that model
using ANSYS 19.2. Thus we obtained the values of
equivalent von-mises stress, Total deformation, and
principle stress and temperature distribution on disc brake.

I1l. MODELING

The modelling of the disc brake is done using solid works
2018.

ITEM NO DESCRIPTION | QTY.

PART
NUMBER

1 1 Pad(S-2 glass) 2

2 12 Main rotor(GCI) | 1

Fig. 2: Drafted model of homogeneous rotor.

PART

TEMNO. [ e

DESCRIPTION

1 miciin rotor( AL alloy]
2 Cowerplate-1[{GCI)
2 Coverplate-2(GCl)
B Pad(S-2 Glass)

wfo|w]|=

Fig. 3: Drafted model of sandwiched rotor.

IV. MATERIAL PROPERTIES

Al-Alloy Cast | S-2Glass
PROPERTIES 6262 T-9 Iron Fibre
Density , Kg/m 2 2720 7100 2500
Thermal conductivity 171 54 145

w/mK

protee /rhggdulus > | 78x10° |110X109 90X10°
Poisson’s Ratio 0.33 0.28 0.28
Specific Heat , J/Kg-K 890 586 737

b | 23X10°  [9.9X10% 0.9X10°

Expansion, /K

Table 4.1: (Physical and Thermal Properties material used in
analysis)

V. CALCULATION AND RESULT DISCUSSION

A. Heat Flux Calculation

Velocity of vehicle = 110kmph = 30.55m/s
Stopping time of the vehicle = 4 second.
Mass of the vehicle = 1450kg
Kinetic energy (K.E.) = 1/2 X mass X velocity?
=1/2 X 1450 X 30.552
=676890.43 J
It is the total kinetic energy developed, when the vehicle is
moving.
Total Kinetic Energy = Heat Generated
Hence, Heat generated = 676890.43 J
Heat Generated per wheel = 676890.43 / 4
=169222.608 J
Area of the rubbing faces = 2X 3.14 X(0.2982 — 0.1402)/4
=0.1087 m?

Heat flux=Heat Generated/Twice the Projected areaXtime

=169222.608 /4 /2 X 0.110

= 194598.29w/m?
The analysis is done by taking the Brake Efficiency as 40%
and hence the distribution between the front and the rear
axle is 60:40 and the heat flow is taken as 0.
Thus, flux = 194598.29X 0.60 = 115379.05w/m?
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B. Our Design — D. Initial Boundary Condition for Steady State Thermal
Analysis-

For thermal analysis, the distribution of temperature
depends on the flux enters in the disc through both sides of
the disc rotor and heat transfer coefficient. For analysis the
boundary conditions are introduced in thermal analysis of
ANSYS WORKBENCH, are as follows:

Initial temperature of disc 22C
Number Of Steps 1.
Current Step Number 1.
Step End Time 1s
Auto Time Stepping Program controlled.

Table 5.1: (Loading and Boundary Condition)

0.00 100.00 200,00 (mm)
50.00 150.00

Fig. 7: Steady state thermal analysis boundary conditions.

E. Initial Boundary Condition for Static Structural
Analysis-

In static structural analysis, pressure force (stress) and
temperature in disc rotor vary in normal driving conditions.
For analysis the initial boundary condition are introduced in
structural module of ANSYS workbench as follow-

Number of steps 1.
2 e A - Current step 1.
Fig. 5: Designed model of Sandwiched rotor. Step End time 3.s
C. Meshing Model Auto Time stepping | On.
Here we are used mesh sizing of 10mm. for obtaining better Initial time s)':ep 3s
results. Minimum Time step | 0.3's
Maximum Timestep | 35

Table 5.2: (Loading and Boundary Condition)

0.00 50.00 100.00 (mim)
N
25.00 75.00 m 0.00 100.00 200.00 {mm)
[ . )
. . 50.00 150.00
Fig. 6: Meshing

Fig. 7: Static structural analysis boundary condition.
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F. Results

0004618 Max
00041049
0.0035918
0.0030787
0.0025656
0.0020524
0.0015393
0.0010262
0.00051311

0 Min

0.00
50.00

100,00 200,00 (mm)
150.00

Fig. 8: Total

00034313
00030024
0.0025735
00021446
00017157
00012867
0.00085783
000042852
- omin

Deformation: Homogeneous Rotor.

11.264
98586
84535
7.0483
5.6432
42381
2833
14270
0.022786 Min

0.00

50.00

100.00 200,00 {mm)

150.00

Fig. 10: Equivalent Stress: Homogeneous Rotor.

5.0

75.00

0.00 100.00 200.00 {mm)

50.00 150.00

Fig. 12: Max. Principal Stress: Homogeneous Rotor.

e
25.00 75.00

Fig. 13: Max. Principal Stress: Sandwich Rotor.

0.00 100.00

200.00 (mm)

50.00 150.00

ig. 14: Temperature Distribution: Homogeneous Rotor.

54625
| 542,67
543.48
s42.1
54071
53033
537.94
53656
- 535.17 Min

0.00 50.00

100.00 (mm)

25.00 75.00

Fig. 15: Temperature Distribution: Sandwiched Rotor.

Fig. 11: Equivalent Stress: Sandwiched Rotor.

Result Homogeneo--us(GCI) | Sandwiched
Total Deformation 0.004618 0.003860
(mm)
Equivalent Stress 12,669 11.912
(Mpa)
Max Principle Stress 13.031 10.818
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(Mpa)

Temperature
Distribution 742.37 547.64
(<)

Table 5.3: (Result comparison)

VI. CONCLUSION

In our analysis we are taken two Rotors of same dimension
and geometry (one homogeneously made-up of Grey cast
iron and other is sandwiching of AL-Alloy 6262 T-9 with
GCI), and here we make the comparison based on the
calculated result of Temperature distribution, Total
deformation, Equivalent von-mises stress and Maximum
principle stress and evaluated that sandwiched rotor gives
more optimal result.
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