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ABSTRACT

This paper is a part of a work aimed at obtainingireering
models of stress distribution and thermal respdnsehe new
design geometry shapes of palm slag brake pad csitapo3D

finite element simulations have been conductedfake pad and
rotor system using finite element code ANSYS. Theess
distribution and temperature response of brake fadsthis

investigation was significantly influenced by theface design of
brake pads.
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1.0INTRODUCTION

Owing to the complexity and high cost of laborattegt dealing
with the stress distribution and thermal responk@adm slag
brake pad composite, it is of interest to invesdghe possibility
to use finite element analysis in order to reduue necessary
number of experiments. In a previous study, thregedsional
transient temperature field of brake shoe duringistt®
emergency braking [1], temperature and thermatsé®in a pad
during braking [2], investigation of heat transpdrenomena in a
ventilated disk brake rotor with straight radialinoled vanes [3],
and more recently the temperature behavior frormthe design
geometry shape of motorcycle brake pad was analyped
compare datum design with new design to deterrtiieebest
design of motorcycle brake pads [4]. Hwang and Wiestigated

the temperature and thermal stress in the verdildise-pad brake
during single brake by basing their study on modidy technique
and 3D thermo mechanical coupling model [5].

Lakkam et al., studied heat dissipation charadtesisof
different types of brake discs during their openati6]. The
experimental results in this study were employedttermal
properties inside a computer simulation in ordedeétermine the
temperature responses and temperature distribatiorell as the
deformation of such brake discs.

Akhtar et al., employed finite element (FE) mettaod has
explained the transient thermoelastic phenomena arfy clutch
system [7]. The effect of sliding speed on contpotssure
distribution, temperature and heat flux generatéohq the
frictional surfaces was analyzed. The clutch systeams been
simulated by axisymmetric model using ANSYS softsvar

This paper will focus on the simulation analysis stfess
distribution and thermal response behavior of pslg brake pad
composite during operation when forces and momegaterate
from braking is applied during the static. The sdréistribution
and thermal response of brake pad from simulatisolt can be
analyzed. The results will be compared with fingsEement
simulations of the brake pad design in associasgep[4].

20FINITE ELEMENT MODELS

The compressive strength and wear behavior of pslag
composites using various percentage weight of riadégecontent
were studied experimentally. Table 1 shows the entigs of
palm slag brake pad composite [8].

Table 1: Properties of palm slag brake pad composit

Density, o 2.69 g/cm
Compressive strengthy, . 76.2 MPa
Wear rate 6.26X 10 m¥/m
Thermal stability[9,10] 50-1000°C
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The finite element model for the brake pads as shaw
Figure 1 was created by using Autodesk Inventorfeddsional
2010. The computer code ANSYS also allows detertiginand
visualization of the stress distribution and terapare response
due to the sliding contact between the disc anghétuks.

Figure 1 presents the model of brake pads desigmgus
ANSYS. We developed five kinds of new design gemyne
surface as palm slag brake pad models.
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Figure 1: Palm slag brake pad design

Figure 2 shows the complete finite element meshd use
palm slag brake pad composite models.

Figure 2: Finite element mesh of palm slag brake
pad composite

A series of finite element analysis has been coredu§4]
which is an assemblage of discrete pieces callethesits, which
are connected, together at a finite number of potalled nodes.
Loading boundary conditions are then applied tsehelements
and nodes. A network of these elements is knowmesh. The
brake pad composites were 1228,81 sguare and 5 mm thick.

Working force to the brake pad is 6319.31 N. Theemal
pressure between the disc and pad is calculatethéyforce
applied to the disc is 5.14 N/mnTThe rotational speed of the disc
is 118.27 rad/s.

3.0 RESULTSAND DISCUSSION

3.1 Stressdistribution

The stress at contact surface consists of normaltangential
components. The normal stress perpendicular to cibrgtact
surface result in friction and the change of acetien is
considered in the momentum equation.

The analysis of finite element simulation in pallagsbrake
pad composite design focuses on determination sinchation of
the stress distribution and temperature responsagloperation
when forces and moments generate from braking iegp
during the static, which regarded as the criticaation of the
brake pad design. The design of the brake pad peritant to
determine the rate of cooling and uniform wear is€ &nd brake
pad and thus affecting braking efficiency.

Figure 3 shows principle stress distribution ofnpalag brake
pads design. It is observed that the stress respmnsdesign 5
exhibits higher values than those for the otheligihesf brake
pads section.
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Figure 3: Principle stress distribution of palmgsla
brake pads design
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A comparison of the stress response for all desigiws that
design 5 is 5.28% higher than that design 1, deSigm 6.56%
higher than that design 2, design 5 is 5.25% highan that
design 3, design 5 is 6.15% higher than that desjgmd design
5 is 7.11% higher than that design Ref. [4]. Timdi¢ates the
number of holes in the surface of brake pads lgsfant effect
on the stress distribution during operation whemcdo and
moment generate from braking is applied.

The computer simulation results of each designigure 3
shown that the finite element simulation method peedict the
maximum value of the principle stress. It is albgerved that the
values of stress response for more number and emtilimeter
of holes at surface design are much higher thasettor the
fewer number and larger diameter of holes at sarfasign.

3.2 Temperatureresponse

Sliding contact member brake discs results in heversion of
kinetic energy into heat at the pad and disc iatexf Increase the
friction is limited quantity and depends on the féioeent of
friction, rubbing the radius of the road, and tbecés acting on
the pad. Slip process led to a rise in temperatunée the peak is
one of the most important factors in the actioncour.

Figure 4 shows temperature distributions of palaydirake
pads design. It is observed that the temperatusporese for
design 3 exhibits higher values than those forather design of
brake pads section.
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Figure 4: Temperature distribution of palm slag
brake pads design

The temperature at the contact surfaces duringqtieeter
emergency brake system intensified by significaeaithload
caused by the friction force and high velocity loitprocess [1].
Temperature and thermal constriction resistanca famction of
the geometry of the characters and the velocitgddatermined.
Temperature and thermal stresses pad (band) witrdesl
continuous sliding on the surface of the disk () Heth during
and after the second stop heating studied [2]iglfi hemperature
distributions at disc brake components may causgesirable
effects, leading to brake failure [4].

A comparison of the stress response for all desigpws that
design 3 is 0.44% higher than that design 1, deSig 0.27%
higher than that design 2, design 3 is 0.29% highan that
design 4, design 3 is 0.45% higher than that deSjgnd design
3 is 1.57% lower than that design Ref. [4]. Thiditates the
arrangement of holes in the surface of brake padssignificant
effect on the temperature distribution behaviorirtyoperation
under steady state loading conditions. where heaage effects
varying over a period of time can be ignored.

The computer simulation results of each designiguré 5
shown that the finite element simulation method pagdict the
maximum value of the temperature response. ltse abserved
that the values of temperature response for sirayle-
arrangement of holes at surface design are mudtehtpan those
for double or rectangular arrangement the holssidace design.

Figure 5 shows a comparison between stress respbpsdm
slag brake pad design and design Ref. [4].
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Figure 5: Comparison between stress distributigpedih slag
brake pad design and design Ref. [4]
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Figure 6: Comparison between temperature respdrzama
slag brake pad design and design Ref. [4].
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The new model of palm slag brake pad is considesgdbe
used effectively as alternative design for motoleyarake pad.
Design 5 is the best from the design Ref. [4] welected in the
graph of stress distribution.

Figure 6 shows a comparison between temperatupense
of palm slag brake pad design and design Ref. PBsign 3 is
the best from other design but design 3 exhibitgelovalues
than design Ref. [4]. Finally, in this study desigrhas been
selected to the best design in the analysis.

CONCLUSION

In this paper, finite element simulation of strégstribution
and thermal response of palm slag brake pad cotepdsi
proposed. The finite element was analyzed by mednthe
sliding contact between the disc and the pads usiedfinite
element code ANSYS. The stress distribution wagopmed,
together with the temperature response of braks.pathe stress
distribution and temperature response of brake fadsthis
investigation was significantly influenced by theface design of
brake pads. The values of stress distribution foremumber and
smaller diameter of holes at surface design arenrhigher than
those for the fewer number and larger diametentédat surface
design. The values of temperature response forlesiogy
arrangement of holes at surface design are mudtehtgan those
for double or rectangular arrangement the holesidace design.
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