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 
ABSTRACT 
 
A rice plant fiber reinforced composite is composed from a 
matrix in the form of polyester resin and a dispersed phase in 
the form of aluminum powder, fiberglass and rice plant fiber. 
This composite has the potential to replace asbestos as a brake 
lining material, because asbestos powder is harmful to human 
health. In use, the brake lining will move and rub against 
another component. The purpose of this research was to 
determine the effect of speed on wear rate and the coefficient 
of friction. The composite material mixture that has been in 
accordance with the composition is put into the brake lining 
mold and then pressed and sintered. Furthermore, tests for 
wear and friction resistance are carried out to obtain the wear 
rate and coefficient of friction. The results showed that the 
higher the speed the higher the wear rate. In dry operating 
conditions, increasing the speed from 1000 rpm to 3000 rpm 
will provide an increase in wear rate of 11.67%. Meanwhile, 
in wet operating conditions, the increase in speed from 1000 
rpm to 3000 rpm increases the wear rate by 11.35%. At the 
same speed, the wear rate under dry operating conditions is 
higher than the wear rate under wet operating conditions. In 
the friction test under dry operating conditions, there was an 
increase in the coefficient of friction of 10.46% when the 
speed was increased from 1000 rpm to 3000 rpm. The 
coefficient of friction also increased by 6.86% when the test 
was carried out under wet operating conditions. The 
coefficient of friction under wet operating conditions is lower 
than the coefficient of friction under dry operating conditions 
at the same speed. Metallographic observations of the friction 
surface show a cohesive failure due to friction. 
 
Key words:  Aluminum, Brake lining, Cohesive failure, 
Composite, Wear resistance.  
 
1. INTRODUCTION 
 
Component that play an important role in braking process of 
vehicle is braking lining. Brake is a safety tool to ensure the 
driver remains safe. Nevertheless, many problems arose in 
transportation due to failures in the braking system. Brake 
system in automotive engineering is a system that functions to 
reduce vehicle speed, stop the vehicle that is running, keep the 
 

 

vehicle stopped [1]. In the braking process, the kinetic energy 
will be converted into thermal energy [2]. 
 
Brake shoes and brake lining are components of the brake 
system, the brake shoe is commonly made of steel while the 
brake lining is usually made of asbestos. Brake lining is 
mounted on the brake shoe by riveting (large vehicle) or glued 
(small vehicle) and will rub against the drum. Because brake 
linings are components that rub against other components, 
brake linings must have high wear resistance properties [3], 
[4]. 
 
Friction on the brake lining made of asbestos will produce a 
powder that is harmful to human health [5]. Therefore, other 
materials are sought which besides having high wear 
resistance are also not harmful to human health. One of the 
materials that meet these requirements is a composite [6], [7]. 
 
Structural composite materials are a combination of 
composites and homogeneous materials. Composites are 
engineering materials made more than one material to obtain 
properties according to the requirements. However, the 
physical and chemical properties of the constituent materials 
in the composite remain separate in the final result of the 
material [8], [9]. Composites have many advantages, 
including lower assembly costs, higher strength, lighter 
weight, and higher corrosion resistance. Even, the tensile 
strength of carbon fiber composites is higher than the tensile 
strength of all metal alloys. The advantages result in lighter 
aircraft weight, greater carrying capacity, fuel savings and 
longer mileage [10]-[14]. 
 
In today's context, composites are materials made by humans 
and not naturally occurring materials. The constituent phases 
of the composite are chemically different. Although 
composites are also multiphase materials such as steel having 
ferrite and pearlite phases, the phenomenon of human-made 
composite forming is different from multiphase forming in 
steel which is a natural phenomenon. Composites have 
properties that are influenced by the properties, size, 
geometric shape, distribution and orientation of the dispersed 
matrix and phase. Composites usually have two forming 
phases called dispersed phases and matrix [15]. 
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In composites, matrix plays an important role to transmit the 
load throughout the composite reinforcing material. In this 
case, the composite reinforcing material is the dispersed 
phases. The dispersed phases are bound by a matrix[16].The 
dispersed phase of the composite material is the equivalent 
particles. The fiber reinforced composite phase is a fiber 
having a large length to diameter ratio. The reinforcing 
material plays the important role to bear the load applied to 
the composite. The properties of the dispersed phases are 
usually high strength, high toughness and rigidity. dispersed 
phases usually used in industry are glass, carbon, aramid and 
ceramic [17], [18]. 
 
Composite are widely used in various fields. Composites are 
mostly implemented in the packaging materials [19], 
industrial equipment [20], the sports equipment [21], the 
automotive industry [22], [23], the aircraft and military [24], 
[25] and the aerospace applications [26], [27]. 
 
Natural fibers have the potential to be used as the dispersed 
phase in composites with polymer matrix. This natural fiber 
has beneficial properties. Natural fibers which have a 
combination of high strength, high toughness and light weight 
can be an alternative material for fiberglass as reinforcement 
in composites with polymer matrix [28], [29]. 
 
Pujari and Srikiran [30] investigated hardness, wear resistance 
and corrosion resistance properties of palm kernel reinforced 
composite. This composite was used as brake component 
material. The research showed the higher the volume fraction 
of palm kernelsthe higher the hardness and wear resistance of 
the composite. High corrosion resistance will be achieved at 
the palm kernel volume fraction of 30%. This research 
showed that that palm kernel composite can be applicated as a 
substitute of asbestos as a friction component material. 
 
Liu et al. [31] comprehensively considered the composition 
and manufacturing techniques in investigating the 
morphological and tribological properties of the corn stalk 
fiber reinforced composite. The composite with phenolic resin 
matrix reinforced with corn stalk fiber is applicated as a brake 
component. The wet granulation technology method was 
applied to make composites with a phenolic resin composition 
of 5 wt.% -13 wt.%. Furthermore, the influence of the 
phenolic resin composition on the morphological and 
tribological properties of the composites was observed 
systematically. The morphological and tribological properties 
of composite materials can be significantly improved by using 
wet granulation technology. This research also showed that 
the phenolic resin composition can be reduced by up to 7 wt.% 
while the coefficient of friction is still stable and wear 
resistance is still high. 
 
Composites that are used as brake lining will experience 
friction on their services. This friction will cause wear on the 
material so that the brakes will experience a decrease in 
performance. In addition, if friction produces a powder in the 

form of poison it can endanger human health. Therefore, it is 
necessary to look for other materials as substitutes. It is 
considered that the rice plant fiber reinforced composite can 
be applicated as a replacement brake lining material of motor 
cycle. The composite was chosen because they are non-toxic 
and have a hardness and wear resistance that conforms to the 
requirements of brake lining components [32]. Speed affects 
the friction experienced by the brake lining material. 
Furthermore, based on these considerations, the work aims to 
determine the effect of speed on the wear rate and the 
coefficient of friction of brake lining made of rice plant fiber 
reinforced composite. 
 
2. MATERIALS AND METHODS 
 
The research material was a rice plant fiber reinforced 
composite. The matrix of the composite was polyester resin of 
40%. Meanwhile, the dispersed phase consists of 10% 
aluminum powder, 10% fiberglass and 40% rice plant fiber. 
Aluminum powder used in this research has a mesh size of 60. 
The use of this composite is for brake lining which are an 
important component in the braking process. 
 
Composite material that has matched the composition are 
mixed. Then the mixture of composite materials is put into the 
mold (Figure 1). Furthermore, the composite is pressed with a 
compression force of 4.5 tons at temperature of 80 °C. 
Further, the brake lining was removed from the mold. After 
that, brake lining was put into the oven. In the oven, sintering 
process was conducted at temperature of 180 °C for 10 
minutes so that the bond between the brake lining is strong. 

 
Figure 1: Dies for manufacturing of brake lining 

 
After the brake lining was completed (Figure 2), the tests were 
carried out, namely micro-photo testing, wear and friction 
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testing under dry and wet conditions. The media used for 
testing in wet conditions is water. The friction test itself is 
performed to obtain coefficient of friction. 
 
Testing to obtain wear and coefficient of friction data was 
conducted with variations in speed of 1000, 1500, 2000, 2500 
and 3000 rpm. The constant pressure applied in the test was 20 
kg/cm2. 
 

 
Figure 2: Brake lining made of composite 

 
3.  RESULTS AND DISCUSSIONS 
 
A micro photograph of the composite is provided in Figure 3. 
The size of the aluminum powder was about 2.5 µm. The 
content of this aluminum powder in the material was 10%. 
The other content consists of 40% polyester, 40% rice plant 
fiber, and 10% fiberglass. 

 
Figure 3: The micro photograph of composite 

 
The wear rates were shown in Figure 4. The tests were carried 
out at speeds of 1000, 1500, 2000, 2500 and 3000 rpm under 
dry operating conditions resulted wear rates of 74.52, 75.81, 
77.84, 81.49 and 83.22 mm3/hour, respectively. Increased 
speed from 1000 to 3000 rpm resulted an increase in the wear 
rate of 11.67%. Furthermore, wear resistance testing carried 
out in wet operating conditions with speeds of 1000, 1500, 
2000, 2500 and 3000 rpm produced wear rate of 70.73, 72.88, 
75.32, 77.45 and 78.76 mm3/hour, respectively. These results 
indicated an increased wear rate by 11.35% when the speed 
was increased from 1000 to 3000 rpm. Figure 4 also shows the 
decreased wear rate when the brake linings were applicated in 
wet operating conditions compared to when applicated in dry 
operating conditions. The highest reduction in wear rate of 
5.36% occurred at speeds of 3000 rpm. 

 

 
Figure 4:Increased wear rate due to increased speed 

 
 
The trend that increasing the speed will increase the 
coefficient of friction can be seen in Figure 5. There was an 
increased coefficient of friction by 10.46% in the dry 
operating condition. At a speed of 1000 to 3000 rpm, the 
coefficient of friction increased from 0.593 to 0.655. While a 
similar trend was shown in wet operating conditions, the 
higher the speed the higher the coefficient of friction. Figure 5 
also shows that there was an increased coefficient of friction 
of 6.86% when the speed increased from 1000 to 3000 rpm. 
Speed of 1000 rpm produced a coefficient of friction of 0.583 
and a speed of 3000 rpm produces a coefficient of friction of 
0.623. At the same speed, the coefficient of friction due to the 
wet operating condition is smaller than it due to the dry 
operating condition. The highest decreased coefficient of 
friction of 5.68% occurred at a speed of 2000 rpm. This 
showed that the water media used in the wet operating 
condition functions as a lubricant. 
 
 

 
Figure 5: Increased coefficient of friction due to increased speed 

 
In friction testing, cohesive failure is seen occurring on the 
friction surface of the composite material (Figure 6). Cohesive 
failure occurs when a failure occurs in an adhesive material so 
that the adhesive material remains on both fractured surfaces. 
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Figure 6: Cohesive failure shown in fracture surface. 

5. CONCLUSION 
 
From the results of the research that has been done, it can be 
concluded as follows: 

1. Increased speed will increase the wear rate in both dry 
and wet operating conditions. The increase in speed from 
1000 to 3000 rpm in dry operating conditions resulted in an 
increase in the wear rate of 11.67%, while an increase in speed 
from 1000 to 3000 rpm in wet operating conditions increased 
the wear rate of 11.35%. At the same speed the wear rate due 
to dry operating conditions is higher than the wear rate due to 
wet operating conditions. 

2. Increasing the speed will increase the level of coefficient 
of friction in both dry and wet operating conditions. 
Increasing the speed from 1000 to 3000 rpm due to dry 
operating conditions causes increasing the coefficient of 
friction by 10.46%, while increasing the speed from 1000 to 
3000 rpm due to wet operating conditions increased the 
coefficient of friction by 6.86%. At the same speed, the 
coefficient of friction due to wet operating conditions is lower 
than the coefficient of friction due to dry operating conditions. 
3. Observations on the friction surface show the phenomenon 
of cohesive failure on the composite friction surface. 
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