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matrix composites as an alternative material for motorcycle brake pads. The design of this KEYWORDS

research uses a true experimental design with a posttest-only design type, there is an Aegle marmelos shell particles
experimental group (composite) and a control group (Indoparts brand brake pads). The results Hardness

show the most optimal measure is found in volume 30% with a hardness measure of 79.5 Motorcycle brake pads

HRB, toughness 0.01312 J/mm2, wear 2.008 x 10 mm?2/kg. It shows that the more particles Toughness

volume, the composite strength will increase. This measure is closest to the measure of the Wear rate

Indoparts motorcycle brake pads. Therefore, Aegle marmelos shell particles composite can
be recommended as an alternative material for motorcycle brake pads.

1.0 INTRODUCTION

The rapid development of the motorcycle industry makes manufacturers or companies compete to improve services
both in terms of performance of the engine, the appearance of the vehicle and the comfort and safety of its users is certainly
eco-friendly. In the safety and comfort of motorcycle users, the most frequently encountered is when braking. The optimal
braking system will make the driver feel safe and comfy [1]. The braking system is a series of systems that function to
slow down the vehicle so that it slows down or stops. One of the most important parts of the braking system is the brake
pads. Brake pads function as a tool to slow down or stop a motorized vehicle. Brake pads are sacrificing components that
are attached either by adhesive on the steel plate, it is most considered and given priority [2]. The basic material for brake
pads that are widely spread in the market is ashestos, which is an inorganic material that is glued together with resin,
rubber, or other materials to be used as brake pads.

Brake pads asbestos are relatively cheap, and have good tribological and mechanical properties, but dust from brake
pads which are dangerous and toxic and can damage the environment. Therefore, it is necessary to develop non-ashestos
brake pads that have good tribological and mechanical properties, high temperatures, and are eco-friendly. The
development of composite materials is one of the most important advances in the history of materials and is related to the
field of manufacturing technologies [3]. Composite materials use non-asbestos as a comparison with asbestos brake pads
and hereafter composite materials can replace the asbestos in brake pad materials [4]. The production of brake pads from
composite materials is currently being developed and researched. A hybrid composite is defined as a composite material
containing two or more different types of reinforcing components in the matrix material and can be fabricated with
hybridization techniques [5]. The types of materials which are frequently analyzed are natural fibers and artificial fibers.
Natural fibers have the potential to replace existing conventional materials because of their good characteristics, such as
relatively cheap material costs, easy fabrication, high strength, good thermal properties, and surely a renewable material
[6]. Therefore, the use of natural fibers which have good quality as a composite filler has a positive impact on the
environment, because it can reduce the use of conventional materials which can damage the environment [7]. Research
on composites using natural fiber materials is developing, both in terms of industrial applications and fundamental
research. Because its availability is renewable and the cellulose substance in natural fibers is convenient to be used as a
composite reinforcement material [8]. In composite materials, a proper adhesion force between the fiber and the matrix
is required during the composite material manufacturing process [9].

The use of Aegle marmelos is commonly applied in food, medicine, organic fertilizer, and others. In this Aegle
marmelos, there is also a shell (hard rind), leaves, and roots that can be used as well. Some parts of the Aegle marmelos
plant apply to the development of science and technology, that is the shell as a filler or reinforcing material in composite
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materials. The skin of this Aegle marmelos has a hard rind or can be called a shell. This hard shell is often used as a
household utensil material such as a bailer, a measure of rice scoop, and various handicrafts. Composites are not only
used to make properties more than those used for electrical, thermal, tribological, and environmental applications. Aegle
marmelos shell among other lignocellulosic fibers has a strong level of toughness and hardness [10]. This cellulose
substance makes the Aegle marmelos shell advisable as a composite reinforcement material filler in motor brake pads
composite materials. The production of composite brake pads certainly requires a binder material (matrix). One of the
matrices used in the manufacture of motorcycle brake pads is epoxy resin. As research was conducted by Gbhadeyan et al.
[11] epoxy resin has good viscosity, so the bond between the resin and the reinforcement is good. The production of
composite motorcycle brake pads will add aluminum particles. The addition of aluminum particles aims to increase the
hardness and wear resistance of the material. As with the research conducted by Maleque et al. [12] that the addition of
aluminum particles as a binder along with coconut fiber can increase the level of hardness of the material. Brake pads
must complete requirements that do not emit toxic substances when braking, have corrosion resistance, consistent friction
level, moderately low wear, and low noise [13]. The strength of natural fiber/particles as a reinforcing material for
composites does not only depend on the matrix but also on several parameters such as a fiber-matrix bond, fiber
orientation, particle size, and volume fraction. In addition, particle treatment also affects particle strength [14].

Motorcycle brake pads aftermarket were circulated still use asbestos material, where the material is not eco-friendly
and the dust produced by braking is toxic. Therefore, in this research, making brake pads from filler Aegle marmelos
shell particles using matrix epoxy as an alternative material for motorcycle brake pads. Composite brake pads or non-
asbestos motorcycle brake pads are surely eco-friendlier and more heat resistant than asbestos brake pads. Therefore, it
is necessary to investigate the hardness, toughness, and wear rate of composite shell particles Aegle marmelos using
matrix epoxy, so expect the results of this research to the composites can be recommended as an alternative material for
motorcycle brake pads.

20 METHODS AND MATERIALS
2.1 Aegle Marmelos Shell Particles

Aegle marmelos plant with other names Wood apple, Golden apple, Bael is a plant of the Rutaceae family. The spread
of this plant is in South Asia and Southeast Asia, including Malaysia, India, Bangladesh, Burma, Pakistan, Sri Lanka,
Thailand, and Indonesia [15]. The process of making Aegle marmelos shell particles (AMSP) is done by washing the
shell with clean water so that the dirt attached to the Aegle marmelos shell is clean. After that, the shells were dried using
an oven at 80 °C for 12 hours and the process was carried out grinding until they got the desired size. In this research, the
raw material was sieved using an 80-sieve mesh, then dried again using an oven at 110 °C for 12 hours, so that the water
content will also decrease. The specific gravity of Aegle marmelos shell particles is 1.068 g/cm3 [16].

Table 1. Chemical composition and tensile properties of Aegle marmelos [17]

Properties Value
Cellulose (wt.%) 65.07
Hemicellulose (wt.%) 31.25
Lignin (wt.%) 21.59
Density (gr/cm?) 1.068
Tensile Strength (MPa) 88.2
Young modulus (GPa) 131
Elongation at break (%) 0.97

2.2  Epoxy Resin

The applied matrix used is an epoxy resin with bisphenol A-epichlorohydrin type and the epoxy hardener used is a
type polyaminoamide. Saba et al. [18], stated that epoxy resin is used as a bonding material because it has several
advantages over other thermoplastic resins, such as minimum shrinkage during molding, relatively cheap and abundant,
increased mechanical strength and fatigue resistance, moisture resistance, good chemical resistance, good chemical
properties better electricity matter, good adhesion, non-magnetic properties, long shelf life, impact resistance, and
corrosion resistance. Therefore, it is necessary to innovate composites that are reinforced with Aegle marmelos shell
particles and an epoxy matrix, one of which is then used as an alternative material for motorcycle brake pads.
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Table 2. Material properties of epoxy resin [19]

Properties Value
Elongation at break (in %) 5
Heat distortion Temperature (in °C) 120
Tensile Strength (MPa) 85
Density (gr/cm?) 1.11-1.23
Compressive Strength (MPa) 11
Tensile elastic modulus (GPa) 3.2
Flexural Strength (MPa) 130
Linear expansion coefficient (in 10 /°C) 60
Water absorption/24 h (%) 0.14
Rockwell hardness/6.35 mm, 100 kgf 100
Shrinkage rate (%) 1-2

(@) (b)

Figure 1. (a) Aegle marmelos shell particles and (b) Epoxy resin

2.3 Methods

The method used in this research is experimental, which is the method used to find a causal relationship between
factors that were deliberately caused by the researcher. The design used in this research is the category True Experimental
Design with the Posttest-Only Control Design type. There are two groups in this research, namely the experimental group
and the control group. The experimental group consisted of several specimens that experienced the addition of a volume
fraction of Aegle marmelos shell particles, then was given the addition of aluminium particles with a size of 320 mesh.
Aluminum particles have good corrosion resistance and have good thermal conductivity and hardness below the drum
brake pads, so brake pads absorb heat well and release heat quickly. Therefore, aluminum particles are suitable for use as
brake pad material. While the control group is a specimen of Indoparts brake pads. The composition of Aegle marmelos
shell particles, epoxy resin, and aluminum powder is shown in Table 3.

Table 3. Composite formulation
No AMSP Epoxy Aluminium Particles

1 10% 70% 20%
2 20% 60% 20%
3 30% 50% 20%

2.4  Composite Preparation

Equipment used in this research were grinder, oven, digital scale, 80 sieve mesh, hacksaw, sandpaper, measuring cup,
vernier caliper, wood mold, press machine, polishing machine, brush, Rockwell ball hardness tester, GOTECH impact
tester, Ogoshi wears tester. While the materials used are Aegle marmelos shell particles, epoxy resin, aluminum powder,
woodblocks, and wax. This research started from the preparation stage, namely the shell of the Aegle marmelos was
washed using clean water, so that the dirt on the shell disappeared. Then the shells were dried in an oven at 80°C for 12
hours [20]. To make particles using a grinder, then sieve using an 80-sieve mesh. After that, it was dried again using an
oven at a temperature of 110°C for 12 hours. Before making composites, first, calculate the volume fraction that will be
used. Specimens will be made according to the volume fraction calculation which is shown in Table 4.
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Table 4. Weight of each volume fraction

Test AMSP Mass (gr) Epoxy Mass (gr) Al Particles Mass (gr)
0.50 3.92 2.07
Impact 1.05 3.37 2.07
1.50 2.81 2.07
Hardness and 1.13 8.87 4.67
\Wear Rate 2.26 7.61 4.67
3.38 6.34 4.67

Aegle marmelos shell particles, epoxy resin, and aluminum powder were mixed according to the required weight for
each variation. The ratio between epoxy resin and hardener is 1:1. Make sure the mixture is stirred evenly. Then the
composites were fabricated using a method of compacting, that is the method of pouring batter into the mold and the
composite is then given a pressure of 2.000 kg for one hour using a press machine [21]. It is intended that the composite
material is denser so that the bond between the matrix and filler is better. After the composite is printed, the specimens
are made according to the applicable standard size. The size of the Rockwell ball hardness test specimens uses the ASTM
E15 standard [22]. As for the impact test specimens size using the 1ISO 179-1 standard [23]. For the size of the wear test
specimens according to the Ogoshi testing machine manual book [24].

%30 mmﬁ ; ;
]
(b)

)
Figure 2. Standard Rockwell ball hardness test specimens: (a) ASTM E15 and (b) Composite test specimens
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Figure 3. (a) Standard specimens for impact test Charpy and (b) composites test specimens

@ (b)

Figure 4. (a) Standard for Ogoshi wear test and (b) Composites test specimens

2.5 Hardness Test

The hardness test aims to determine the hardness value of a specimen where the test object is emphasized on the test
material (specimens). The hardness test uses a Rockwell ball hardness testing machine which is located in the Mechanical
Engineering material testing laboratory of Universitas Negeri Semarang. The emphasis is 100 kgf. The Rockwell ball
hardness value can be directly identified on the measurement scale. In each variation, three test specimens will be made.
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2.6 Impact Test

An impact test is carried out to simulate the toughness of the test object against a (sudden) shock load. The result of
impact testing is the amount of energy that can be absorbed from a material until the material is brittle or ductile. These
results can be known as brittle or ductile material. In this research, the method of impact testing used is the Charpy method
using an impact testing machine for the brand GOTECH type GT-7045-MD which is found in the Mechanical Engineering
Laboratory of Universitas Negeri Semarang. The energy given to the test specimens is 25 joules with a pendulum speed
of 3.46 m/s. In each variation, four test specimens will be made.

Impact strength is obtained from the Eq. (1):

E
Is = 2 @
Is = Impact Strength (J /mm?)
E = Energy absorption (J)

A = Cross-sectional area (mm?)

2.7  Specific Wear Rate

This research uses a method of testing the wear with Ogoshi. Ogoshi wears test is where the test object frictional load
from a revolving disc. Frictional loading will result in repeated contact between the two surfaces so that the test object
material will be eroded. The wear test uses Ogoshi wear testing machine located at the engineering materials testing
laboratory, Department of Mechanical and Industrial Engineering, Universitas Gajah Mada, Yogyakarta. In each
variation, three test specimens will be made. The specific wear value is calculated after the width of the stroke on the test
specimens can be seen under a microscope. The wear width can be calculated for the specific wear value with the
following equation:

B.b3
Ws = ropol (mm?/kg) (2

where:
B = Width of revolving disc (mm)
B = Width of wear on the test object (mm)
r = Radius of revolving disc (mm)
Po = Compressive force on ongoing wear (kg)
I, = Distance traveled in the wear process (mm)
W, = Specific wear rate (mm2 /kg)

3.0 RESULTS AND DISCUSSION
3.1 Hardness Test

The result from the Rockwell ball hardness test is the hardness value with HRB notation. For each test specimen, data
were collected from five points/specimen. After that, the three closest points are taken. The results of the hardness test
Rockwell ball on variation 1 (specimens A), variation 2 (specimens B), variation 3 (specimens C), and control specimens
(specimens K) is shown in Table 5. Figure 5 shows the variation of hardness value of different specimen type.

Table 5. Average of hardness Rockwell ball
Average of Hardness

Formulation Specimens Rockwell Ball Average
Al 745

10% AMSP A2 76.2 75.1
A3 74.5
Bl 75.7

20% AMSP B2 76.8 77.7
B3 80.5
C1 78.5

30% AMSP C2 83.3 79.5
C3 76.7
K1 83.0

Indoparts Brake Pads K2 80.8 79.7
K3 75.3
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Figure 5. Graph of the average Rockwell ball hardness value
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Figure 6. (a) Rockwell ball hardness test specimens results and (b) Rockwell ball hardness tester

The results of the hardness test research obtained show that the addition of the volume fraction of Aegle marmelos
shell particles affects increasing the composite hardness value. The more volume fraction of Aegle marmelos shell
particles, the higher the hardness value of the composite. It can be seen from the average value of composite hardness, it
can be seen that the percentage increase in the average hardness value between variation 1 (75.1 HRB) and variation 2
(77.7 HRB) is 3.46%. While the percentage increase in the average value of hardness between variation 2 (77.7 HRB)
and variation 3 (79.5 HRB) is 2.32%. So that the increase in the value of hardness is influenced by variations in the
addition of Aegle marmelos shell particles.

Calculation of the volume fraction between the matrix, epoxy resin, and Aegle marmelos shell particles (AMSP) and
the addition of aluminum powder affect the value of composite hardness. The more Aegle marmelos shell particles, the
hardness value will increase. Ojha et al. [25] said that the more natural particles added, the higher the hardness value.
This is also in line with the research of Akaluzia et al. [26] that the more hardwood charcoal is added to the composite,
the measure of composite hardness will increase. So that it can be interpreted that the more fiber/particles, the more
optimal the hardness value will be. The bond between matrix and fiber will be better if the mixture between matrix and
fiber/particles is not excessive and not deficient. The addition of natural particles to the composite material can increase
the hardness of the material [27].

The manufacture of Aegle marmelos shell particles with a size of 80 mesh or 180 um and the oven of Aegle marmelos
shell particles affect the hardness value of the composite material. In addition, the compaction process carried out when
making specimens can also affect the density of the composite so that it will have low porosity and the composite material
has optimum mechanical properties. That is relevant to the research of Soundararajan et al. [28] that the compaction and
sintering process carried out causes the void fraction of the composite to decrease and the material to become compact so
that the hardness and density value will be high. Based on the hardness test value in Figure 5 shows the average value of
composite hardness with variation 3 (79.5 HRB) which is closest to the average value of Indoparts brand brake lining
hardness (79.7 HRB), the difference between composite and comparator brake pads is 0.25%. This is also following the
hardness standard safety brake pads which are 65-101 HRB [29].

3.2 Impact Strength

In the Charpy impact test, the resulting data is absorption energy (J) which is then used to find the impact strength
(I/mm2) using Eq. (1). Each composition is tested four times. The average results of impact testing on variation 1
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(specimens A), variation 2 (specimens B), variation 3 (specimens C), and control specimens (specimens K) can be seen
in Table 6.

Table 6. Average of absorption energy and impact strength

.. . Absorption Energy Impact Strength Average
Composition Specimens Name Average (J) (J/mm?)
10% A 0.3850 0.01207
20% B 0.4075 0.01266
30% C 0.4275 0.01312
Brake Pads K 0.3725 0.01489
0.016 0.01489
€ 0014 0.01207 0.01266 0.01312
= .
5 0.012
< 0.01
(@)}
§ 0.008
& 0.006
S 0.004
o
g 0.002
0
10% AMSP 20% AMSP 30% AMSP Indoparts Brake
Pads

Composites Specimens Type

Figure 7. Graph the average value of the impact strength

‘ , s
o ALY % A
Figure 8. Specimens impact testing results

Based on the results of testing the impact it can be seen the average value of the composite toughness variation 1
(0.01207 ] /mm?), variation 2 (0.01266 ]/mm?), and variation 3 (0.01312 ]/mm?). The average value of toughness
increased in each variation. This increase can be seen in the increase in the percentage between each variation. The
percentage increase in variation 1 and variation 2 is 4.88%, while the percentage increase in variation 2 and variation 3 is
3.63%. In this research, the composite which has the most optimum toughness/impact value is the volume fraction
variation of 30% Aegle marmelos shell particles, 50% epoxy, and 20% aluminum powder. The more Aegle marmelos
shell particles, the more optimum the toughness value will be. Research conducted by Arumuga Prabu et al. [30] states
that the more particles of red mud are added, the value of the impact strength will increase. In line with the results of the
impact testing research that has been carried out, the more volume fraction percentage of Aegle marmelos shell particles
added, the higher the impact toughness/strength. This is following research conducted by Rampur et al. [31] that the
composite with 30% Aegle marmelos shell particles and 0% coconut shell particles have the highest absorption energy
value of 0.8 J. This value is directly proportional to the addition of shell particles Aegle marmelos and the reduction of
coconut shell particles. The higher the impact strength occurs because the matrix and the particles are bonded together,
and the filler composite treatment is given [32].

Based on the impact test value in Figure 7, which shows the average value of composite impact toughness/strength
with variation 3 (0.01312 J/mm?) which is closest to the average value of Indoparts brand brake lining hardness (0.01489
]/mm?), the difference between the composite and the comparator brake pads is 13.49%.

3.3 Specific Wear Rate Wear

A wear test was performed to determine the wear value of a material. This test uses the Ogoshi wear test with the
OAT-U type. The results of this test are the width of the wear stroke of the test material and then the average wear width
is taken. In each test specimen, data were collected three times or three points to obtain valid data. The calculation of the
specific wear value is following Eq. (2). The results of the calculation of the wear test value for variation 1 (specimens
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A), variation 2 (specimens B), variation 3 (specimens C), and the brake pads of the Indoparts motorcycle brand (specimens
K) can be seen in Table 7.

Table 7. Average of specific wear rate
Specific Wear Rate  Average Specific Wear Rate

Specimens Code

(mm?/kg) (mm?/kg)
Al 4.035x 10°®
A2 3.766 x 10°® 3.545x 10°®
A3 2.834x 10°®
B1 1.668 x 106
B2 2.937 x 10°® 2.386 x 10°®
B3 2.552 x 10
C1 1.321 x 10
C2 3.239x10® 2.008 x 10°®
C3 1.464 x 106
K1 7.436 x 107
K2 7.063 x 107 6.748 x 107
K3 5.746 x 107

4.000E-06 | 3545 106

.000E-
3.000E-06 2.386 x 106

2.009 x 106
2.000E-06

1.000E-06 6.748 x 1077

10% AMSP  20% AMSP  30% AMSP Indoparts
Brake Pads

Specific Wear Rate (mm?2/kg)

Composite Specimens Type

Figure 9. Graph of the average specific wear value

Wear Point

@ (b)

Figure 10. (a) Specimens of the results of the Ogoshi wear test and (b) 50x magnification on wear width

Based on the results of the Ogoshi wear test it can be seen that the average value of the specific wear of the composite
variation 1 is 3.545 x 10 mm?kg, variation 2 is 2.386 x 108 mm?/kg, variation 3 is 2.008 x 10°® mm?/kg. The average
value of wear decreased in each variation. This decrease can be seen in the decrease in the percentage between each
variation. The decrease in the percentage of variation 1 and variation 2 is as much as 32.7%, while the decrease in the
percentage of variation 2 and variation 3 is 15.8%. The results of the specific wear test show that there is a relationship
between the specific wear value and the effect on the addition of the volume fraction of the Aegle marmelos shell particles.
The specific wear value is also related to the hardness value of the material, the higher the hardness value of the test
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specimens, the lower the wear value. As with the research conducted by Liao et al. [33] that the smaller the wear value,
the higher the hardness value. The wear rate gets smaller with increased hardness with the addition of filler [34]. This is
because the hard material will be difficult to abrade so that the test specimens have good wear resistance.

The graph in Figure 9 shows the specific wear value with variation 3 having the lowest specific wear value compared
to other composite variations. Variations with the addition of a volume fraction of 30% Aegle marmelos shell particles
have a wear value of 2.008 x 10-* mm?/kg. This evidence is relevant to research conducted by Ademoh and Olabisi [35],
that the more corn husk particles, the lower the hardness, tensile strength, compressive strength, wear value, and thermal
conductivity of the composite.

Figure 10 represents the macro and micrographic image of AMSP composite specimens. Figure 10 (a) represents the
macro image of AMSP composite specimens. The macro image shows the wear point of specimens, where the point of
wear will be observed using a microscope to determine wear width. Figure 10 (b) represents the micrographic image of
the AMSP composite specimens at 50x magnification. The AMSP particles evenly on the surface represent the reduced
wear rate of the composite specimens. The process of making Aegle marmelos shell particles with a size of 80 mesh or
180 um and the oven of Aegle marmelos shell particle affect the wear value of the composite material. As stated by
Afolabi et al. [36] that the smaller the particles size of the natural particles, the smaller the wear value will be. In addition,
the compaction process carried out when making specimens can also affect the density of the composite so that it will
have low porosity and the composite material has optimal mechanical properties. This is also following the research of
Sukanto et al. [37] that the wear properties of composites increase along with the high hardness, high density, and low
porosity of the material.

Based on the graphic of the specific wear value in Figure 9, shows the average composite wear value with variation 3
(2.008 x 10°° mm?/kg) which is closest to the average value of Indoparts brand brake lining hardness (6.748 x 10" mm?/kg)
the difference between composite and comparator brake pads is still quite high at 66.4%. This can be because the
manufacture of composite materials does not use the sintering process after the compaction process. The sintering process
can increase the hardness value, so the wear value is also lower. In addition, the Indoparts brand brake pads are also given
other metal materials, such as brass so that the Aegle marmelos shell particles (AMSP) composite material still has a
higher wear value. Composite brake pads have to wear value requirements at the standard safety between 5x10- 5x10-3
mm?/kg. To obtain maximum results, it is recommended that further research add other metals and use the sintering
process after the compaction molding process is carried out.

4.0 CONCLUSIONS

Based on the research, observations, explanations, and data analysis conducted, it can be concluded that the addition
of the volume fraction of the Aegle marmelos shell particles affects the average value of hardness, toughness, and specific
wear on composite specimens. The highest average value of hardness of Rockwell ball is found in the volume fraction
variation of 30% of Aegle marmelos shell particles with a measure of 79.5 HRB. Meanwhile, the average hardness value
of Indoparts brake lining specimens is 79.7 HRB. For the average value of absorption energy in the composite specimens,
the highest was found in the volume fraction variation of 30% of Aegle marmelos shell particles with a value of 0.4275
Joule. The highest impact toughness/strength value in composite specimens was also found in the 30% volume fraction
variation of Aegle marmelos shell particles with the impact toughness/strength value of 0.01312 J/mm?. Meanwhile, the
toughness value of the Indoparts brand brake pad control specimens is 0.01489 ]/mm?. Meanwhile, the lowest specific
wear average value is found in the volume fraction variation of 30% of Aegle marmelos shell particles with a measure of
2.008 x 10® mm?/kg. Meanwhile, the average specific wear value of Indoparts brake pad specimens is 6.748 x 10
mm?/kg. That shows the value of hardness, toughness, and wear of the Aegle marmelos shell particles composite is close
to the value of Indoparts brake pads so that the composite material can be recommended as an alternative material for
motorcycle brake pads. The suggestions to be considered in further research are to use variations in particle size, the
addition of other metals such as brass, compaction loads, and the use of the sintering process. Then, do research on the
physical properties and other mechanical properties such as density, porosity, tensile strength, bending strength,
coefficient of friction, and compressive strength.
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