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Weight Reduction and Structural Validation of Four
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ABSTRACT: Safety sidein engineering has been thought
of as variety one priority in development of latest vehicle. Each
single system has been studied and developed so as to
satisfy safety ~ demand. Instead of having bags,
sensible suspension  systems, sensiblehandling and safe
cornering, there’s one of most crucial system within the vehicle
that is brake systems. Without brake within the vehicle can place
atraveller in unsafe position. Therefore, it’s a requirement for all
vehicles to own correct brake. Due to vital system within the
vehicle, several of researchers have conducted a study on brake
and its entire part. In this project, the author has conducted a
study on aerated and traditional disk brake of traditional traveller
vehicle with full load of capability. The brake must be sufficiently
designed in order to dissipate the heat generated from the
braking process adequately for safe braking system performance.
The aim of our project is to design and investigate the braking
performance of the low cost passenger car with various materials
like stainless steel, cast iron and aluminium alloy. The disc brake
structure is changed with cross-drilled holes on the rotor of the
disc for more heat dissipation using CATIA V5 R21 and
performance study in term of its Structural property was
determined using ANSYS finite element analysis software.

Keywords: Disc brake, Vonmises stress and displacement,
ANSYS.

I INTRODUCTION

Most of the disastrous occurs in a car due to the failure of
braking system. It is an energy conversion system in which
it converts kinetic energy (momentum) of our vehicle into
thermal energy [6]. When we step in the brake, it will
converts into a force in which it’s ten times more than we
applied, when he car is in motion. The braking system will
exert thousands of pounds of pressure on their brakes.

The brake system composed of master cylinder- located
under the hood, converts mechanical pressure into hydraulic
pressure by connecting through brake pedal. Steel “brake
lines” and flexible “brake hoses” are used to connect master
cylinder to the “slave cylinder” located at each wheel, where
brake fluid is used. To slow down the cars, slave cylinder
pushes “shoes” and “rotors” in which causes drag.
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The main advantage of rotor over drum is brake fade. In
rotor type, it will provide significantly better resistance over
drum type.[4] Greater ventilation can be achieved by disk
brakes compared to drum brakeg[6].

Disc brake is directly connected to the wheel or axle. In this
paper, the disc made up of three materials namely stainless
steel, aluminium and cast iron, in which the structura
analysisiscarried out.

In Structural analysis, the displacement and Von Mises
stress is calculated in order to select the best material by
FEA method [1] and FEM method [8] and with help of
taguchi method analyzed the disc break [5].

Mostly disc brakes will damage due to these four reasons
namely: Warping, Scarring, Cracking and Rusting. In
service shops, they will change the discs entirely if the cost
of new disc is lower than the cost of labour to resurface the
original disc. Warping is caused by excessive heat. When
friction area of disc substantialy higher temperature than
inner portion. Hence thermal expansion will be greater than
inner portion and warping occurs and it can be reduced by
floating [3]. Scarring is due to that the brake will reach the
end of their service life and are considered worn out. To
prevent worn out or scarring, prompt checking is necessary.
Cracking is only limited to drilling disc. Asthe brake disc is
heat sink, hairline cracks may appears in cross drilled metal
disc. It can’t be reworked, if crack occurs, the disc should be
replaced. Surface rust will occurs because mostly the disc is
made up of cast iron. It can be avoided by regular usage of
brake pads [7]. The design and thermal evauation of the
four wheeler disc break has been carried out by the
researcher [11]. Even in small modification in the design
leads to major change may happen in results and it is proved
with automobile suspension [12], Automobile radiator [14],
Passenger cabin comfort [9] and tractor tow pin [10].
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. MATERIALS

Materials will plays a mgjor role in automotive. So, the
selection of materials should be more important. In this
process, three materials are taken and analyses are carried
out, namely: Stainless steel, Cast iron and Aluminium. The
material properties of stainless steel are given above in
which the young’s modulus is 200000N/mm? and Poisson’s
ratiois0.3.

The some other properties which cause to select these
materials are aesthetics, resistance to fire, corrosion
resistance, clean ability and recycling. The material
properties of cast iron are given above in which young’s
modulus is 103000N/mm? and Poisson’s ratio is 0.21. The
some other properties which cause to select this material are:
strong in compression and weak in tension, good fluidity,
hard and little brittle, shrinks on cooling and low melting
point. The material properties of aluminium are given above
in which young’s modulus is 70000N/mm? and Poisson’s
ratio is 0.32. The some other properties of auminium which
causes to select are: density, strength, corrosion resistance,
and thermal conductivity [2].

1. STRUCTURAL ANALY SIS OF DISC BRAKE

The designs of disc brake with cross holed and
without cross holed are done with using CATIA V5 R21.
The weight of disc brake with cross holed is 2.58kg and
weight of disc brake without cross holed is 2.733kg.
Structural analysis is the one of the most common
application in the finite element method. Structural analysis
is used to known the effects of load on the physical structure
and its components. As name implies, it doesn’t applied
only in civil engineering structures like, buildings and
bridges etc., it’s also used in all departments of sciences.
There are two types of structural analysis carried out in this
project namely: displacement analysis and Von Mises stress
anaysis. In displacement analysis, the analysis of object in
the direction in which the object is moved is carried out.
That is the length between the initia and fina point is
measured due to the effects of load applied on it, whereasin
Von Mises stress analysis, the analysis of uniaxial tensionis
carried out, because it is used to check whether the selected
material and selected design can withstand on given load or
not.

V. RESULT AND DISCUSSIONS

Pre-processing of the disc brake without holes with holes
was done considering meshing type as tetrahedral mesh
[13], with load of 1.2 N/mm?* . Structural analysis of disc
break with cross drilled holes and without cross holes for
different material properties like Stainless steel, cast iron
and aluminium aloy were done after meshing the
component in tetrahedral mesh type and giving load of 1.2
N/mm? common for all three materials. Amount of
displacement and stress occurred for each material property
was determined and results are discussed below.

A. Stainless stedl analysis

Structural analysis of disc break without cross drilled holes
for Stainless steel was done and the amount of displacement
maximum occurred is 0.002556 mm as shown in Fig.2
.Structural analysis of disc break without cross drilled holes
for Stainless steel was done and the amount of stress
maximum occurred is 44.636 N/mm? as shown in Fig.4.

Retrieval Number: B6390129219/2019©BEIESP
DOI: 10.35940/ijitee.B6390.129219
Journal Website: www.ijitee.org

2379

Structural analysis of disc break with cross drilled holes for
Stainless steel was done and the amount of displacement
maximum occurred is 0.011731 mm as shown in Fig.3 and
the amount of stress maximum occurred is 70.002 N/mm? as
shown in Fig.5.
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Fig.2 Displacement for stainless steel without holes
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Fig.3 Displacement for stainless steel with holes
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Fig.4 Stressanalysisfor stainless steel without holes
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Fig.5 Stressanalysisfor stainless steel with holes

B. Cast Iron analysis

structural analysis of disc break without cross drilled holes
for Cast Iron was done and the amount of displacement
maximum occurred is 0.005003 mm as shown in Fig.6 and
the amount of stress maximum occurred is 46.254 N/mm? is
shown in Fig.8. Structural analysis of disc break with cross
drilled holes for Stainless steel was done and the amount of
displacement maximum occurred is 0.005143 mm as shown
in Fig.7 and the amount of stress maximum occurred is
45.174 N/mm?is shown in Fig.9.
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Fig.9 Stressanalysison cast iron with holes
C. Aluminium Alloy analysis

Structural analysis of disc break without cross drilled holes
for Aluminium alloy was done and the amount of
displacement maximum occurred is 0.006332 mm as shown
in Fig.10 and the amount of stress maximum occurred is
43.338N/mm? as shown in Fig.12. Structural analysis of
disc break with cross drilled holes for aluminium aloy was
done and the amount of displacement maximum occurred is
0.006501 mm as shown in Fig 11 and the amount of stress
maximum occurred is 41.621 N/mm?as shown in Fig.13.

Fig.6 Displacement on cast iron without holes
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Fig.7 Displacement on cast iron with holes

Retrieval Number: B6390129219/2019©BEIESP
DOI: 10.35940/ijitee.B6390.129219
Journal Website: www.ijitee.org

2380

NODAL 20CUY LON AN

7=l

UR =i

7o

™ ey

VI

BLS = 008233

M v oI
— — F—
’ [T MAL Mare e

-6 o A58 s w1

Fig.10 Displacement of aluminium with holes

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Weight Reduction and Structural Validation of Four Wheeler Disc Brake with Various Materials

AN

FIOML BCRUTION
sTEPEL
" -1

M
wrm 1A |
S

e
e = 008501
HEX = 008501

W wwieed CITE eesany
rErL-a3 »orase #rzhke " iinl

Fig.11 Displacement of aluminium with holes
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Fig.12 Stressanalysis of aluminium without holes
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Fig.13 Stress analysis of aluminium with holes
D. Comparison of results
The result of displacement analysis is given in Table 1 for
both with cross holed and without cross holed for stainless
steel, cast iron and aluminium.
Tablel. Comparison of displacement analysis of Disc

brake
Displacement Displacement (mm)
Material (mm) without with crossdrilled
cross drilled holes holes
Stainless Steel 0.002556 0.011731
Cast iron 0.005003 0.005143
Aluminum aloy 0.006332 0.006501
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The displacement of stainless stedl is 0.002556 mm
for without cross drilled holes and 0.011731 mm for with
cross drilled holes and for cast iron the displacement is
0.005003 mm for without cross drilled holes and 0.005143
mm for with cross holes and for aluminium alloy. The
displacement is 0.006332 mm for without cross drilled holes
and 0.006501 mm for with cross drilled holes. From the
results, it seems that the displacement is low for without
cross drilled holes. The results of Von Mises stress anaysis
is given in Table 2 for both with cross holed and without
cross holed for stainless steel, cast iron and aluminium. the
Von Mises stress of stainless steel for without cross drilled
holes is 44.636 N/mm? and for with cross drilled holes
70.022 N/mm? and for cast iron the Von Mises stress for
without cross drilled holes is 46.254 N/mm? and 45.174
N/mm? for with cross holes and for aluminium aloy the
Von Mises stress is 43.338 N/mm? for without cross drilled
holes and 41.621 N/mm? for with cross drilled holes. From
the results, it seems that the displacement is low for without
crossdrilled holes.

Table 2 Comparison of Von Mises stress of Disc brake

Von Mises Von mises
Material Stress (N/mm?) Stress (N/mm?)
Without cross with cross
drilled holes drilled holes
Stainless Stedl 44.636 70.022
Cast iron 46.254 45.174
Aluminum aloy 43.338 41.621

V. CONCLUSION

Structural analysis for three different of disc brakes
such as stainless steel, cast iron and auminium aloy is
done. Present used materials for disc brake are stainless steel
and cast iron. The materials are replaced with Aluminium
aloy, since its density isless than that of other two materials
thereby reducing the weight of disc brake. The stress values
obtained in structural analysis are less than the yield stress
value of Aluminium alloy, hence using Aluminium alloy for
disc brake is safe. And also by comparing with other two
meaterials, the stress value isless for auminium alloy. But in
aluminium alloy there are two stresses one is without cross
drilled 43.338 N/mm? and another one is with cross drilled
41.621 N/mm?® Among this two, aluminium material with
cross drilled has minimum Von Mises stress of 41.621
N/mm? and displacement of 0.006501 mm. Hence clearly
understand that by using auminium aloy materia with
cross drilled holes type disc brake will give a greater
braking effect comparing with other two materials.
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