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ABSTRACT 
 
This paper is a part of a work aimed at obtaining engineering 
models of stress distribution and thermal response for the new 
design geometry shapes of palm slag brake pad composite.  3D 
finite element simulations have been conducted for brake pad and 
rotor system using finite element code ANSYS. The stress 
distribution and temperature response of brake pads for this 
investigation was significantly influenced by the surface design of 
brake pads. 
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1.0 INTRODUCTION 

Owing to the complexity and high cost of laboratory test dealing 
with the stress distribution and thermal response of palm slag 
brake pad composite, it is of interest to investigate the possibility 
to use finite element analysis in order to reduce the necessary 
number of experiments. In a previous study, three-dimensional 
transient temperature field of brake shoe during hoist’s 
emergency braking [1], temperature and thermal stresses in a pad 
during braking [2],  investigation of heat transfer phenomena in a 
ventilated disk brake rotor with straight radial rounded vanes [3], 
and more recently the temperature behavior from the new design 
geometry shape of motorcycle brake pad was analyzed to 
compare datum  design with new design to determine the best 
design of motorcycle brake pads [4]. Hwang and Wu investigated 

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

Lakkam et al., studied heat dissipation characteristics of 
different types of brake discs during their operation [6]. The 
experimental results in this study were employed as thermal  
properties inside a computer simulation in order to determine the 
temperature responses and temperature distribution as well as the 
deformation of such brake discs. 

Akhtar et al., employed finite element (FE) method and has 
explained the transient thermoelastic phenomena of a dry clutch 
system [7]. The effect of sliding speed on contact pressure 
distribution, temperature and heat flux generated along the 
frictional surfaces was analyzed. The clutch system has been 
simulated by axisymmetric model using ANSYS software. 

This paper will focus on the simulation analysis of stress 
distribution and thermal response behavior of palm slag brake pad 
composite during operation when forces and moments generate 
from braking is applied during the static. The stress distribution 
and thermal response of brake pad from simulation result can be 
analyzed. The results will be compared with finite element 
simulations of the brake pad design in associated paper [4]. 
 
 
2.0 FINITE ELEMENT MODELS 

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

 
Table 1: Properties of palm slag brake pad composite 

Density, ρ 2.69 g/cm3 
Compressive strength, σc 76.2 MPa 

Wear rate 6.26×10-13 m3/m 
Thermal stability [9,10] 50 – 1000 oC 
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The finite element model for the brake pads as shown in 
Figure 1 was created by using Autodesk Inventor Professional 
2010. The computer code ANSYS also allows determination and 
visualization of the stress distribution and temperature response 
due to the sliding contact between the disc and the pads. 

Figure 1 presents the model of brake pads design using 
ANSYS.  We developed five kinds of new design geometry 
surface as palm slag brake pad models.  
 

 

 

 
 

Figure 1: Palm slag brake pad design 
 

Figure 2 shows the complete finite element mesh used to 
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 conducted [4] 

which is an assemblage of discrete pieces called elements, which 
are connected, together at a finite number of points called nodes. 
Loading boundary conditions are then applied to these elements 
and nodes. A network of these elements is known as mesh. The 
brake pad composites were 1228,81 mm square and 5 mm thick. 

Working force to the brake pad is 6319.31 N. The external 
pressure between the disc and pad is calculated by the force 
applied to the disc is 5.14 N/mm2. The rotational speed of the disc 
is 118.27 rad/s. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1  Stress distribution 
The stress at contact surface consists of normal and tangential 
components. The normal stress perpendicular to the contact 
surface result in friction and the change of acceleration is 
considered in the momentum equation. 

The analysis of finite element simulation in palm slag brake 
pad composite design focuses on determination and estimation of 
the stress distribution and temperature response during operation 
when forces and moments generate from braking is applied 
during the static, which regarded as the critical location of the 
brake pad design. The design of the brake pad is important to 
determine the rate of cooling and uniform wear of disc and brake 
pad and thus affecting braking efficiency. 

Figure 3 shows principle stress distribution of palm slag brake 
pads design. It is observed that the stress response for design 5 
exhibits higher values than those for the other design of brake 
pads section.  
   

   
Design 1       Design 2 

    
 Design 3       Design 4 

 
Design 5 

 
Figure 3: Principle stress distribution of palm slag  

brake pads design 
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A comparison of the stress response for all design shows that 
design 5 is 5.28% higher than that design 1, design 5 is 6.56% 
higher than that design 2, design 5 is 5.25% higher than that 
design 3, design 5 is 6.15% higher than that design 4, and design 
5 is 7.11% higher than that design Ref. [4]. This indicates the 
number of holes in the surface of brake pads has significant effect 
on the stress distribution during operation when force and 
moment generate from braking is applied.  

The computer simulation results of each design in Figure 3 
shown that the finite element simulation method can predict the 
maximum value of the principle stress. It is also observed that the 
values of stress response for more number and smaller diameter 
of holes at surface design are much higher than those for the 
fewer number and larger diameter of holes at surface design. 
 
3.2  Temperature response 
Sliding contact member brake discs results in the conversion of 
kinetic energy into heat at the pad and disc interface. Increase the 
friction is limited quantity and depends on the coefficient of 
friction, rubbing the radius of the road, and the forces acting on 
the pad. Slip process led to a rise in temperature, while the peak is 
one of the most important factors in the action to occur.  

Figure 4 shows temperature distributions of palm slag brake 
pads design. It is observed that the temperature response for 
design 3 exhibits higher values than those for the other design of 
brake pads section. 

 

   
   Design 1       Design 2 

  
 Design 3        Design 4 

 
Design 5 

Figure 4: Temperature distribution of palm slag  
brake pads design 

The temperature at the contact surfaces during the quarter 
emergency brake system intensified by significant heat load 
caused by the friction force and high velocity of this process [1]. 
Temperature and thermal constriction resistance as a function of 
the geometry of the characters and the velocity is determined. 
Temperature and thermal stresses pad (band) with retarded 
continuous sliding on the surface of the disk (a half) both during 
and after the second stop heating studied [2]. If high temperature 
distributions at disc brake components may cause undesirable 
effects, leading to brake failure [4]. 

A comparison of the stress response for all design shows that 
design 3 is 0.44% higher than that design 1, design 3 is 0.27% 
higher than that design 2, design 3 is 0.29% higher than that 
design 4, design 3 is 0.45% higher than that design 5, and design 
3 is 1.57% lower than that design Ref. [4]. This indicates the 
arrangement of holes in the surface of brake pads has significant 
effect on the temperature distribution behavior during operation 
under steady state loading conditions. where heat storage effects 
varying over a period of time can be ignored. 

The computer simulation results of each design in Figure 5 
shown that the finite element simulation method can predict the 
maximum value of the temperature response. It is also observed 
that the values of temperature response for single-row 
arrangement of holes at surface design are much higher than those 
for double or rectangular arrangement the  holes at surface design. 

Figure 5 shows a comparison between stress response of palm 
slag brake pad design and design Ref. [4].   

 

 
Figure 5: Comparison between stress distribution of palm slag 

brake pad design and design Ref. [4] 
 

 
Figure 6: Comparison between temperature response of palm 

slag brake pad design and design Ref. [4]. 

26.5

27

27.5

28

28.5

29

29.5

30

30.5

1 2 3 4 5 Ref. [4]

P
ri

n
ci

p
le

 s
tr

es
s 

(M
P

a)

Design

95

96

97

98

99

100

1 2 3 4 5 Ref. [4]

T
em

p
er

a
tu

re
 r

es
po

n
se

 (
o C

)

Design



Proceeding of Ocean, Mechanical and Aerospace 
-Science and Engineering-, Vol.3 

November 8, 2016 

 
 
 

398 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers 

 

The new model of palm slag brake pad is considered can be 
used effectively as alternative design for motorcycle brake pad. 
Design 5 is the best from the design Ref. [4] was selected in the 
graph of stress distribution. 

Figure 6 shows a comparison between temperature response 
of palm slag brake pad design and design Ref. [4].  Design 3 is 
the best from other design but design 3 exhibits lower values 
than design Ref. [4]. Finally, in this study design 3 has been 
selected to the best design in the analysis. 
 
 
CONCLUSION 
 

In this paper, finite element simulation of stress distribution 
and thermal response of palm slag brake pad composite is 
proposed. The finite element was analyzed by means of the 
sliding contact between the disc and the pads using the finite 
element code ANSYS. The stress distribution was performed, 
together with the temperature response of brake pads.  The stress 
distribution and temperature response of brake pads for this 
investigation was significantly influenced by the surface design of 
brake pads. The values of stress distribution for more number and 
smaller diameter of holes at surface design are much higher than 
those for the fewer number and larger diameter of holes at surface 
design. The values of temperature response for single-row 
arrangement of holes at surface design are much higher than those 
for double or rectangular arrangement the holes at surface design. 
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