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Abstract: The disc brake motorcycle material has been developed by using aluminium matrix composite
(AMC) reinforced with matrix particulate ceramic. The composite has many advantages: lightweight, high re-
sistance to wear, and controllable strength by adjusting the reinforcement materials percentage. The main issue
is the environmental factor that influences the surface properties of the disc. The research aims to study ther-
momechanical and tribology characteristics to determine the effect of the environmental factor on the com-
posite's wear-out rate. The disc is made from matrix Al;SisMgeZn composite matrix with 10% SiC and 10%
graphite (v/v). The disc is produced by squeeze casting method and heated for 4 hours at 180 °C as artificial
aging heat treatment. Thermomechanical characteristics are carried out by observing the temperature changes
when a load is introduced to the disc. The pin-on-disc method is applied at three different speeds (60, 80, and
100 rpm) under the wet and dry surface on the disc for observing the tribological properties. Thermomechanical
characteristics of the disc are average braking time is 3.72 seconds, where the average braking distance is 515.8
cm at speed 40 km/hour with the average temperature of 46.12 °C. The wear-out rate results are steady, where
the highest wear out rate for the dry surface is 0.725 mm*/N.m and 6.133 mm*/N.m for the wet surface at 100
rpm.
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1 Introduction quality of its measurement and also focusing on sus-
In Indonesia, the automotive industry, particularly tainable manufacturing with a lower energy
for motorcycles, is increased significantly where the con-sumption for the production process [2],[3],[4].
total number of the motorcycle in Indonesia is more One of the critical parts for both safety and
than 120 billion by the end of 2018 [1]. Most of the comfortability is the braking system. The current
motorcycle factory is located in Indonesia and pro- generation of mo-torcycles is obligated to use a
ducing motorcycle for both local and overseas mar- disc brake system for the front and rear wheel.

ket. The increase in demand is followed by technol- The disc's basic requirements for the braking sys-
ogy development for the motorcycle to achieve a tem can stand with corrosion due to environmental
better comfortability, a higher safety and a better effect [5], low heat generation during braking [6],
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the low wear-out rate where at the same time should
produce sufficient friction for the brake pad [7]. The
disc is generally made from cast iron and stainless
steel, where it can meet the minimum requirements,
but it has some significant drawbacks; heavy, high
temperature during braking, and required enormous
energy for production [8]. Further research is re-
quired to overcome the drawbacks of the disc, and it
can be done by developing an alternative option for
the material of the disc. Among the ideal candidate
for the disc material, aluminium matrix composites
are suitable options by considering the basic re-
quirements of the disc and the manufacturing pro-
cess where it can be considered economically feasi-
ble and environmentally friendly with minimum less
energy to produce it [9].

Aluminium alloy is a lightweight material that is
sufficient to be used for disc brakes. The mechanical
strength of the aluminium can be improved by alloy-
ing with different material for reinforcement like
silicon carbide (SiC) and graphite [10]. Matrix com-
posites add two or more materials with different
properties to obtain the best matrix-material as a
new composite. In this case, the nature of SiC is
brittle, and graphite is ductile, then needs to be
found the ideal portion of the material that can im-
prove the overall properties as one composite with-
out shortcoming. The main advantages of alumini-
um matrix composites for disc brake compared to
cast iron and stainless steel are better mechanical
strength and stiffness, a proper thermal distribution
that reduces high-temperature braking and low
thermal expansion, and steady wear out,
light-weighted, and high corrosion resistance [11],
[12],[13].

In order to improve the disc quality for the brak-
ing system on a motorcycle, it needs to develop
a new material that can overcome the drawbacks
of the conventional disc on the braking system
[14]. This research is focused on the development of
ma-terial for disc braking system by using
aluminium matrix composites (Al:SieZnsMg) by
adding ceram-ic particulate of SiC (10%) and
graphite  (10%) as reinforcement. Aluminum
composite for disc brake is highly recommended to
substitute the convention-al disc brake material
which mainly using cast-iron [15]. The main
drawbacks for aluminum as disc brake material
are low mechanical behaviour and high wear—out
rate. The addition of 30% alumina particles able
to improve the mechanical strength of the aluminum
matrix composite for disc brake [16]. Another
study also proposed reinforcement material by using
clay to improve the aluminum matrix com-posite as
disc brake. It shows that the addition of 15 wt% of
clay able to reduce the wear out rate of the
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composite while maintaining the mechanical
strength during the test.

The addition of reinforcement material able to
improve the mechanical strength of the aluminum
composite and decreasing the wear out rate. Unfor-
tunately, most of the study focused on the addition
of non-ceramic material as the reinforcement. Ce-
ramic material is recommended as the reinforcement
material for aluminum composite as disc brake since
it promotes a better mechanical strength and
tem-perature distribution during braking [17],
[18],[19]. In this study, a new approach for
developing aluminum matrix composite by using
SiC and graphite is pro-posed. SiC and graphite
are considered as low cost material to be used as
reinforced material with supe-rior mechanical
performance and suitable to be used for aluminum
matrix composite [20],[21],[22].

Though the addition of SiC and graphite is high-
ly  recommended for aluminum  matrix
composite, there is limited study which focused on
the combi-nation effect of the material on
mechanical and wear out characteristic for
aluminum matrix composite. Therefore, this study
focused on the performance of aluminum matrix
composite by using SiC and graphite as
reinforcement material. The disc pro-duced by
the squeeze casting method will be tested to study
the disc performance using the thermome-chanical
test. To support the finding, hardness test, macro
and microstructure observation before and after
tests are conducted as well [23]. The thermo-
mechanical test is intended to find the wear-out rate
of the disc and can be used as important information
for the developed material [24].

2 Materials and Methods

The ingot material for the disc is Al-SisZnsMg rein-
forced with ceramic particulate 10% SiC and 10%
graphite (volume/volume fraction). The disc is pro-
duced by using squeeze casting and followed with
heat treatment for mechanical strengthening. The
aluminium matrix alloy is melted at an induction
furnace at temperature 850 °C. The ceramic particu-
late (SiC and Graphite with the average size of 0.45
um) is preheated in the furnace at a temperature of
1,000 °C for 1 hour to improve the wettability. It is
then poured into an aluminium matrix composite
and stirred at a speed of 5,000 rpm for 1 minute.
The composite is poured into mold that has preheat-
ed at 300 °C for 30 minutes. The squeeze casting is
done by applying pressure 30 MPa to the mold at
semi-solid temperature (when the mold at tempera-
ture 590 — 610 °C). After reaching the ambient tem-
perature, the disc is taken from the mold and then
proceed into three heat treatment process: solution

Volume 16, 2021



WSEAS TRANSACTIONS on APPLIED and THEORETICAL MECHANICS

DOI: 10.37394/232011.2021.16.20

heat treatment at temperature 350 °C for 1 hour,
guenching under and aging treatment at temperature
180 °C for 4 hours.

The various test follows the produced disc brake:
observation for the chemical composition using a
spectrometer under the ASTM E1251 standard and
surface hardness test. Thermomechanical perfor-
mance is carried out to find the temperature versus
load function. The thermomechanical test is done as
followed: the disc is attached to a spinning shaft
with various speeds then the braking force is applied
through the hydraulic braking system until the disc
is stopped. The temperature change on the disc from
the test, the braking distance, and braking time are
obtained and meet the SNI 4404: 2008 standard.
Tribological characteristic of the disc is observed as
the wear-out rate of the disc under various speed
and surface conditions (ASTM G99-04) with a spe-
cific load of 3.14 kg. The speed variations are 60,
80, and 100 rpm, where surface conditions are dry at
ambient temperature (30 °C) and WET. The micro-
structure of each test is observed by using an optical
and scanning electron microscope.

3 Results

3.1 Chemical Composition

The disc is made from aluminium matrix compo-
sites of Al;SisZnsMg with ceramic particulate 10%
SiC and 10% graphite (v/v), and before conducting
the physical test, it needs to be found the chemical
composition of the disc. The chemical observation
found that the increased amount of Zn and it might
be caused by crucible residual. It is also found that
the amount of Fe, Cu, Mn, and Cr on the disc but a
low concentration can be neglected to affect the me-
chanical properties of the aluminium matrix compo-
sites. Table 1 shows the average chemical content of
the disc.

Table 1. Chemical composition test from the disc

Meas- Compositions

et Al s Fe cu Mn zZn Cr
1 745 839 00784 1x10° 1x10° 5.98 11.0
2 73.6 823 00816 1x10° 1x10° 6.06 12.0
3 753 792 00682 1x10° 1x10° 6.04 10.6

Average 744 818 0.0761 1x10°  1x10° 6.03 11.2

The result from Table 1 shows each composition at
a different measurement point has small differences.
Thus, it can be said that the material of the disc is
uniform, and the casting process of the disc is done
correctly.
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3.2 Thermomechanical Characterization
The thermomechanical characteristics of the
disc brake made from Al;SisZnsMg reinforced
with ceramic particulate 10% SiC, and 10%
graphite were tested to find the temperature on
the disc that occurs due to loading during brak-
ing. The test using a speed of 40 km/hour per
SNI 4404:2008 standards. There are two brak-
ing models, static and dynamic braking.

Table 2. Detail of the load on braking system

Parameters Symbol Value
Force ratio from the brake lev- K 6
er
Force from the brake lever FK 88.6 N
The h)_/draullc pressure at mas- P. 167.2 N/cm?
ter cylinder
Force a_pplled by the brake pad F, 152 kN
to the disc
The braking friction force Fu 0.46 kN

The static braking is performed when the motorcy-
cle is at rest, and the front wheel is driven by an ex-
ternal driver (electric motor), and at this point, the
disc has not experienced inertia load from the mo-
torcycle. The dynamic braking is taken by measur-
ing the length and duration of the braking force to
stop the motorcycle at a speed of 40 km/h. The ap-
plied force for braking is steady, then the tempera-
ture of the disc, length, and duration is obtained pre-
cisely. The details of the load on the braking system
are given in Table 2.

AV\Vas

47.5

47

46.5

Temperature (°C)
N
W
n
Braking Time (Sec)

44.5

44

43.5
1 2 3 4 5 6 7 8 9
Number of tests

=@=Temperature
Fig. 1: The results of the static braking test

10

@=Braking Time

From Table 2, it can be seen that the braking
force is 1,52 KN while the friction force is 0.46 kN
at a speed of 40 km/hour. The temperature on the
disc during braking and braking timing is obtained
from the static test. The distance of the braking is
obtained from the dynamic test. The static test is
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repeated ten times to obtain more precise the aver-
age temperature and braking time. Figure 1 shows
the graphical results of the static test. After applying
the braking force of 1,52 kN at speed 40 km/hour,
the average temperature on the disc is 46.12 °C with
an average braking of 3.72 seconds.

Distance (cm)

1 2 3 4 5 6 7 8 9 10
Number of tests

Fig. 2: Braking Distance Testing Results.

The dynamic test was conducted and also repeat-
ed ten times. The dynamic braking force from the
friction force is applied and make the motorcycle
stopped. The friction force is 0.46 kN, and the aver-
age braking distance is 515.8 cm. Figure 2 shows
the graphical dynamic test for the disc. Since the
force has been applied to the disc from the static and
dynamic test, the friction and temperature affect the
morphological and the strength of the disc. It needs
to find the effect of the test on the disc. To make a
fair comparison, the disc is tested before and after
the braking test. From this perspective, it can find
the effect of the thermomechanical test and also the
properties of the disc to absorb the force that is ap-
plied for braking.

53,
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Hardness Rockwell B (HRB)

After

Before
Fig. 3: The hardness test results of the composite
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Both samples were characterized by applying
force 0.98 kN randomly using ball indenter (di-
ameter 1/16 inch) and the result is shown in
Figure 3. The force from the indenter is applied
at five different positions on the disc. The aver-
age hardness number of the disc before and af-
ter the thermomechanical test is 51.46 HRB and
51.56. The differences of the hardness number
on the disc considered low where it can be said
that the effect on the braking load does not
change the strength of the disc. It can be said
that the developed matrix aluminium matrix
composites by adding ceramic particulate show
desirable performance.

3.3 Wear Out Characteristic

Figure 4 shows the wear-out rate of the disc where
the test is conducted on the dry surface. The wear-
out rate occurs at 60 rpm with an abrasion volume
of 79.21 mmd® with the wear-out rate of
2.018603466 mm®*N.m. At speed 80 rpm, it is ob-
tained the abrasion volume is 237.65 mm? where the
wear-out rate 3.907303278 mm?/N.m.
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Fig. 4: The wear-out rate of the disc during dry (a)
and wet (b) test
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For the speed at 100 rpm, it is obtained the
abrasion volume is 475.3 mm? with the wear-
out rate 6.132982361 mm®/N.m. The wear-out
rate of the developed matrix aluminium matrix
composites from Al7SisMgeZn composite ma-
trix with 10% SiC and 10% graphite is in-
creased linearly to the sliding distance where
the increase of the sliding distance will increase
the wear-out rate.

3.4 Morphological Observation
Metallographic observations in Figure 5 (a) show
the surface of the disc brake before the thermome-
chanical test. It shows slight scratches due to the
machining process after the thermomechanical test
is carried out with the braking force of 1.52 kN, a
friction force of 0.46 kN, and an average tempera-
ture change of 46.12 °C shown in Figure 5 (b) shows
that there is a deep scratch caused by friction be-
tween the disc brake and disc pad. The applied brak-
ing force of 1.52 kN and the heat generation during
the braking test (with the average temperature of
46.12 °C) that occurs on the thermomechanical test
does not change the microstructure of the disc brake
made of matrix aluminium matrix composites.

before (a) and after (b) thermomechanical test
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The dominant structure is globular with little
dendrite structure, as shown in Figure 6. The porosi-
ty level occurs due to the slow process of pouring
molten metal into the mold and quick freezing that
trapped the air. It is caused by the addition of ce-
ramic particulate for reinforcement with a high con-
centration (10% of SiC and 10% of graphite).
Thermomechanical testing does not cause defects in
the disc brake. It just affects the surface of the disc
(scratches) which is normal for disc since the brak-
ing force is applied and make friction on the disc.
The scanning electron microscope observation
(SEM) are conducted to observe the micro and mac-
ro structures on the surface. The trail width on the
surface is affected from the pin on disk test during
wear out rate measurement under different surface
conditions and dry and wet surface with various
speeds.

After

Before

Fig. 6: Surface structure for the disc brake before
and after thermomechanical test with magnification:
(a-b) 50x ; (c-d) 100x ; (e-f) 200x ; (g-h) 500x.
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Figure 7 shows the SEM result for the macro-
structure observation of the sample. Figure 7a — 7¢
shows the SEM result of the sample tested under the
dry surface. Under 30x magnification (Figure 7a),
the trace of the wear out on the surface has a width
of 1.413 mm. For the sample under the wet surface
test (Figure 7d), with the same magnification, the
trace of the wear out on the surface is wider (1.877
mm). The microstructure for both samples (dry
and wet, Figure 7b and 7e) has an identical pattern
where particle clumps are observed. At 150 x
magnifica-tion (Figure 7c and 7f), both samples of
the groove from the wear out the test are observed
clearly. The research finding is related to another
research con-ducted by Satryo Soemantri [25]
where the rate of wear out increases due to the
presence of water con-tent on the surface. The
presence of water increases the friction rate
between disc brake and disc pad in order to
maintain the braking performance, if the wear out
rate is the same as dry surface, the braking
performance will decrease and sliding distance
in-creased which is dangerous for high response
brak-ing for motorcycle.

I

Fig. 7: The morphological surface of the disc brake
before (a) and after (b) thermomechanical test
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4 Discussion

The aluminium matrix composite with ceramic par-
ticulate has a significance improvement based on
the static and dynamic test. The average temperature
during braking test is 46.12 °C which indicates a
suitable heat generation during braking. It shows the
applied force for the braking can be absorbed suffi-
ciently by the disc which improve the braking re-
sponse. It also proved by the average braking time
which only 3.72 seconds. A responsive braking sys-
tem without generating too much heat on the disc is
desirable which help to improve the durability of the
disc brake. According to those parameters, there is
no reduction on the braking performance from the
presence of ceramic particulate for the developed
disc which is usually occurred for the typical disc
brake [26].

The addition of ceramic particulate helps to
maintain the hardness level of the disc brake. The
average hardness level for the disc before and after
braking test is 51.46 and 51.56, which illustrates an
adequate hardiness level. An excessive increasing
for the hardness level after braking test is unac-
ceptable since the disc can be fractured suddenly
during the braking [27]. The change in hardness
level also affect the braking distance. According the
Figure 2, the braking distance is fluctuated as the
result of the change in hardness level after repeated
braking test. Even though, the fluctuation is nearly
low, which also shows a noticeable performance for
the braking system after repeated test [28].

The wear out characteristic varies between dry
and wet test. As seen in Fig. 4, the wear out rate is
increased significantly for wet test. The environ-
ment effect does not influence significantly for the
braking performance which can be observed from
the sliding distance between dry and wet test. It
proves that the composite able to maintains the
braking performance under wet surface [29]. Mor-
phological observation is also supported that the
composite able to maintain its performance without
significant change after thermomechanical test.
Overall, the proposed composite able to meet the
ideal criteria for disc brake in motorcycle and since
it uses aluminum as the main material, the cost pro-
duction can be reduced significantly and can be con-
sidered as an alternative for disc brake material for
motorcycle.

5 Conclusion

Based on the thermomechanical test result for the
disc made of aluminium matrix composites with
aluminium-based alloy (Al;SisZnsMg) and ceramic
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particulate (10% SiC and 10% graphite) able to
strengthen the mechanical structure of the disc. The
average temperature on the disc is 46.12 °C, and it is
considered low enough compared to the disc-based
of cast-iron and stainless. Furthermore, the braking
response is relatively good, with a braking time of
3.72 seconds with a braking distance of 515.8 cm.
The hardness test showed the average hardness
number for the disc before thermomechanical test-
ing is 51.46 HRB, and it increased slightly to 51.56
HRB after the thermomechanical test. It can be said
that the test does not affect the disc while it is good
evidence that the developed disc aluminium matrix
composites with ceramic particulate as reinforce-
ment have good thermomechanical characteristics,
and it is suitable to be applied for the disc braking
system on a motorcycle. The overall conclusions
are:

1. The average hardness number (HRA) for the disc
is 52.6, while the minimum and maximum values
are 51 HRA and 54.6 HRA, respectively.

2. The wear-out rate of the disc is dependent on the
rotational speed and surface condition (dry or
wet), and the lowest wear out rate is found to be
0.310580517 mm®/N.m, and the highest is
0.724692222 mm*/N.m

3. From the SEM observation, it is found that there
is matrix aluminium o, eutectic for Si, SiC, and
graphite, and also there are small porosity on the
surface, which might be caused by the material
handling and quenching process

4. The trace of the wear out for the disc with the
wet surface is found to be wider than the dry sur-
face, where the trace is 1.413 mm and 1.887 mm
for the wet surface.

Though the overall performance of the proposed
aluminum matrix composite shows an excellent me-
chanical strength and wear out rate, further research
is still needed, particularly for life cycle assessment
of the proposed material. Further research is also
needed to test the disc brake under high braking
force for high-speed motorcycle.
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