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Abstract. A composite material is a combination of two or more materials that have advantages such 
as being lightweight, higher strength, corrosion resistance, and low installation cost [1]. Composite 
materials are commonly found in aircraft, automotive, manufacturing, and other industries [2,4]. 
Composite materials based on the type of reinforcement consist of types of fibers, particles, and 
structures [5-14]. In this study, the particle composite material is made from a reinforcing powder 
made from liquid waste and used for the manufacture of motor vehicle body products (wing or bottom 
components). Composite reinforcing materials from liquid waste are obtained through the process of 
drying palm liquid waste or rubber in powder form. The manufacturing process of two-wheeled 
motor vehicle body products uses a casting process by making molds and products using the 
hand-laying coating method. The alloying material used in this research is Yukalac 156 BQTN-EC 
resin and reinforcement from liquid palm oil or rubber waste powder. The variation of the alloy 
becomes a parameter to evaluate the quality of the casting product analyzed in the form of the 
geometric characteristics of the product i.e. the dimensions and surface roughness. Variations of 
composite material alloys use a ratio of 1:1 to 5:1. From the results of the study, it is found that the 
dimensions are close to the design value with the smallest deviation at a composition ratio of 3:1 
which surface roughness values is 2.18 to 3.13 µm for mold dies and 6.45 to 8.02 µm for the product. 

Introduction 
Composite materials are part of the science of materials engineering that aims to obtain better 

mechanical properties. Composite materials are parts of advanced materials that have better 
mechanical properties criteria than metals or other materials. A composite material is a combination 
of two or more materials that have different constituent elements. Composite materials have 
advantages such as being lightweight, higher strength, corrosion resistance, and low installation 
costs. 

Composite materials are commonly found in aircraft, automotive, manufacturing, and other 
industries. Composite materials based on the type of reinforcement consist of types of fibers, 
particles, and structures [5-14]. Fiber composite materials are made of fiber reinforcement, particle 
reinforcement, or powder particle composite and sheet reinforcement structural composites. Other 
composite materials namely thermoplastic and thermoset. [14-16] 

In this study, the particle composite material is made of reinforcement powder made from liquid 
waste and used for the manufacture of motor vehicle body products (wing or bottom components). 
Composite reinforcing materials from liquid waste are obtained through the process of drying liquid 
palm oil or rubber waste using a rotary dryer in powder form [12-13]. The process of making 
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two-wheel motor vehicle body products from composite materials using casting process by making 
molds and products using the hand-laying coating method. The alloying composite material used in 
this research is Yukalac 156 BQTN-EC resin and powder reinforcement from liquid palm oil or 
rubber waste. 

By diversifying the alloy between resin and powder reinforcement, the product will be obtained in 
the form of a two-wheeled vehicle body and a product quality assessment is carried out which 
includes geometric features such as dimensions and surface roughness of the product. Variations of 
composite material alloys use a resin ratio and a reinforcement ratio of 1: 1 to 1: 5. 

Research Method 
This research method uses an experimental method by making a two-wheel motor vehicle body 

product from a composite material made of reinforcing powder from the drying of palm liquid or 
rubber waste. Liquid palm or rubber waste is obtained from the palm oil or rubber processing industry 
in the form of liquid waste from palm oil processing or crude rubber processing. The liquid palm or 
rubber residue is dried using a rotary dryer at a temperature of 1100C to produce a powder. The 
powder from this waste drying is used as a reinforcing element in the manufacture of composite 
materials as shown in Fig. 1. Powder-reinforced composite materials used for the manufacture of 
two-wheeled motor vehicle body components consist of resin, palm oil waste, catalyst, mirror glaze 
as can be seen in Figs. 1 to 3. 

The composite material for the body of a two-wheeled motor vehicle in the form of a wing or 
lower body is made of Yukalac resin alloy and reinforcing powder from the liquid waste drying 
process. Composite materials made by hand casting process have a resin and reinforcement 
composition of 1: 1 to 1: 5 and weight total for mold dies 600 gr and 250 gram for a product as shown 
in Table 1.  

The design of body dimensions of the two-wheeled motor vehicle has a height of 155 mm, a length 
of 200 mm, and a thickness of 5 mm (see Figure 4). The process of making two-wheel motor vehicle 
body components consists of making design drawings, mold patterns, molds, castings of mold dies 
and components, geometric analysis includes measuring component dimensions, surface roughness, 
and product shape. Design drawings, die patterns/products, mold dies, and products can be seen in 
Figs. 5-7. The mold dies pattern is made out of cardboard and then the mold is made using the hand 
layup casting method. Followed by making the product using a mold that has been coated with glass 
glaze so that the product components do not stick to the mold. After the components are formed, 
geometric tests are carried out by measuring the dimensions, shape, and surface roughness values of 
the component or product. 

Table 1 Composition of composite material for dies and product (body of the  motor vehicle) 

Composition 
(Resin and Reinforcement) 

 

Weight total of dies 
[gr] 

Weight total of Product 
[gr] 

1:1 

600 250 

2:1 
3:1 
4:1 
5:1 
6:1 

 

                               
           Fig. 1 Reinforcement element       Fig. 2. Yukalac resin           Fig. 3 Mirror glaze 
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Fig. 4 Dimension of product [mm] 

                        
                        Fig.5 Patterns                   Fig. 6 Dies of product          Fig. 7 Product 
The position of the measuring point for the surface roughness value includes the front, side and top 

components of the body of a two-wheeled motor vehicle as can be seen in Fig. 8. Dimensions and 
surface roughness are measured using a caliper and surface roughness tester [17]. The specifications 
of the surface roughness tester can be seen in Table 2 and Fig. 9 which has a range of roughness 
measurements between 0.01 to 40 µm. 

 

 
Fig 8. Position of measurenment surface roughness 

 
Table 2 Specification of surface roughness tester TR 200 

Standard                                ISO/JIS/DIN/ANSI 

Range                                   Ra 0.01 – 40 µm 
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Fig. 9 Surface roughness tester 

The stage of research process begins by observing the body components of a two-wheeled motor 
vehicle, the materials used and the shape of the body components. From the advantages and 
disadvantages of material two-wheel motor vehicle body components, preliminary studies have been 
conducted to select materials and manufacturing methods that can be used as two-wheel motor 
vehicle body components. Then continuous by the preparation of equipment and the manufacturing 
process of motor vehicle body components using the casting process. The hand-layup method is 
chosen for the casting process of the body components followed by making the patterns, molds, and 
products. Molds and casting products are measured for dimensions, surface roughness, and shape 
(geometric characteristic) for evaluation quality of product/component. Next, it is analyzed and 
inferred from the results of the use of composite materials made from liquid waste for two-wheeled 
motor vehicle body components. The flow chart of this research process can be seen in Fig. 10. 

 
 

Fig. 10 Flowchart of reserach 

Results and Discussion  
The results of manufacturing two-wheel motor vehicle body products in the form of mold die and 

products using hand lay-up method casting process can be seen in Figure. 6-7. Mold dies and product 
shapes are measured and compared to design specifications. The result of making the die for a 1:1 
ratio of resin and powder reinforcement from liquid waste using the casting process obtained top 
dimensions of length 147.3 mm, height 44.7 mm, weight 430 gr, and surface roughness value of 5,865 
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µm. For side measurements, the length was 152 mm and height 113.5 mm with a surface roughness 
value of 7,670 µm. Measurements on the front of the body of a two-wheeled motor vehicle obtained a 
length of 32.22 mm, a height of 77.01 mm, and a surface roughness value of 4,580 µm.  

The results of mold measurements for motor vehicle body components with a 1:1 composition 
show that the front surface roughness is smoother than the top and sides. This indicates that the result 
of the casting process is uneven because of the ratio between the resin and the same amount of waste. 
For the measurement results, all parts shall have the same surface roughness and smoothness values 
to facilitate the flow of water or fluid when it touches the front of the body of a two-wheeled motor 
vehicle. The shapes and measurement results of the wing products or underside components of 
two-wheeled motor vehicles can be seen in Table 3. 

Table 3 Result of dies using composition of composite material 1:1 
Point of 
measure 

Shape Part Position Dimension 
of design 

[mm] 

Dimension 
of product 

[mm] 

Weight  of 
dies 
[gr] 

Average of 
surface 

roughness 
value [µm] 

1 
  

 

 
 
 

On top 
  

Height  44,57  
 
 
 
 
 
 
 
 

430,00 
  
  
  
  
  

5,87 
  Length   147,30 

2 
  

 

 
 
 
 

Side 
  

Height  152,00 7,67 
  Length   113,13 

3 
  

 

 
 
 

Front 
  

Height  77,01 4,58 
  Length   32,22 

For the die casting process result with 3:1 composition resin and powder reinforcement from liquid 
waste, the surface roughness result is smoother than the 1:1 composition as shown in Table 4. The 
measurement dimension and surface roughness values for the top are 152.78 mm in length, 46.10 mm 
in height, and 2 .95 µm in surface roughness values. The measurement of sides has a length value of 
154.99 mm, a height of 112.78 mm, and a surface roughness of 2,180 µm. At the front, the length 
measurement of the motor vehicle body component is 32.28 mm and height 107.71 mm with a surface 
roughness of 3.03 µm. From the initial design of the dies, it can be seen that this size has a value 
almost equal to the design of the composite material casting product. 

The results of the casting process for two-wheeled motor vehicle body components with 
compositions resin and powder reinforcement from liquid waste 0, 1:1, and 3:1 are shown in Table 3. 
In Table 3 it can be seen that the surface roughness results of 3:1 composition resin and powder 
reinforcement from liquid waste are smoother than the 1:1 composition. The measurement results 
show that dimensions for the top were 152.78 mm long, 46.10 m high, and surface roughness value 
2.95 µm. The sides have a dimension with a length value of 154.99 mm, a height of 112.78 mm, and 
a surface roughness of 2,180 µm. At the front, the length measurement of the motor vehicle body 
component is 32.28 mm and height 107.71 mm with a surface roughness of 3.03 µm. From the initial 
design of the dies, it can be seen that this size has a value almost equal to the design of the composite 
material casting product. 

The results of the casting process for two-wheeled motor vehicle body components with resin and 
powder reinforcement from the liquid waste composition of 0, 1:1, and 3:1 can be seen in Table 5. 
Table 5 shows the smoother surface roughness results of the front with resin and powder 
reinforcement from the liquid waste composition. 3:1. While for the upper and side components of the 
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body of a two-wheeled motor vehicle, the composition of resin and powder reinforcement from liquid 
waste1:1 has a higher fineness compared to other compositions. Composition 0 was used as a 
comparison to determine the strength of the resin material as part of the body components of a 
two-wheeled motor vehicle. 

Table 4 Result of dies using composition of composite material 3:1 
Point of 
measure 

Shape Part Position Dimension 
of design 

[mm] 

Dimension 
of product 

[mm] 

Weight  of 
dies 
[gr] 

Average of 
surface 

roughness 
value [µm] 

1 
  

   

 
 
 

On top 
  

Height  46,10 380,00 
  
  
  
  

2,95 
  Length   152,78 

2 
  

  

 
 
 
 

Side 
  

Height  112,78 2,18 
  Length   154,99 

3 
  

 

 
 
 

Front 
  

Height  107,71 3,03 
Length   32,28 

In terms of the manufacturing dimensions of the body components of two-wheeled motor vehicles, 
it can be seen that the composition of resin and powder reinforcement from liquid waste 3:1 has a 
dimensional measurement value that is closer to the design value. Where the design dimensions 
covering height, length, and thickness are 172 mm, 145 mm, 3 mm for the upper body components of 
a two-wheeled motor vehicle. For the body components of two-wheeled motor vehicles which are 
155 mm, 112 mm, 3 mm, and the upper part of the body components of two-wheeled motor vehicles 
which are 47.41 mm, 85.45 mm, 3 mm. The measurement result for two-wheeled motor vehicle body 
components with 3: 1 resin and powder reinforcement from the liquid waste composition is 171 mm, 
145 mm, 2.87 mm for the upper part of the two-wheeled motor vehicle body component, the side part 
of the two-wheeled motor vehicle body component is 154 mm, 119 mm, 2.97 mm and the upper body 
components of a two-wheeled motor vehicle are 47.35 mm, 84.04 mm and 2.99 mm. 

From the results of the manufacture of two-wheeled motor vehicle body components using the 
casting process using the hand lay-up method and dimensional measurements using calipers and 
surface roughness testers, the best values were obtained on the 3:1 resin and powder reinforcement 
from the liquid waste composition as shown in Table 5. 

For the deviation of dimensional values and surface roughness of two-wheel motor vehicle body 
components based on the ratio of resin and powder reinforcement from liquid waste from 1:1 to 5:1 
can be seen in Figs. 11-12. Where the deviation of the dimensional values and surface roughness of 
the smoothest product for the body components of a two-wheeled motor vehicle is found in the ratio 
of resin and powder reinforcement from liquid waste 3:1 (see Figure 11-12). 
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Table 5 Result of product using variant composition resin and powder reinforcement from liquid 
waste for composite material 3:1 

Composition Resin and liquid waste 0 
  

1:1 
  

3:1 
  

Point of 
measure 

Shape Part Position Dimension 
of design 

[mm] 

Dimension 
of product 

[mm] 

Average 
of surface 
roughness 

value 
[µm] 

Dimension 
of product 

(mm) 

Average 
of surface 
roughness 

value 
[µm] 

Dimension 
of product 

(mm) 

Average 
of surface 
roughness 

value 
[µm] 

1 
  
  

 
0 

 
1:1 

 
3:1 

Front 
  
  

Height 172,00 163,00 6,62 
  
  

163,00 9,28 
  
  

171,00 6,45 
  
  Length  145,00 144,00 143,00 145,00 

Thickness 3,00 1,47 2,55 2,87 

2 
  
  

 
0 

 
1:1 

 
3:1 

Side 
  
  

Height 155,00 152,00 5,58 
  
  

154,00 7,00 
  
  

154,00 7,80 
  
  Length  111,88 116,00 118,30 119,36 

Thickness 3,00 1,82 1,80 2,97 

3 
  

  
 

0 

 
1:1 

 
3:1 

On top 
  

  

Height 47,41 43,53 7,25 
  

  

45,03 5,02 
  

  

47,35 8,02 
  

  Length  85,45 82,00 82,90 84,04 

Thickness 3,00 1,03 2,70 2,99 

Fig. 10 a and b show the dimensional deviations result that occur from the manufacture of 
composite materials by the casting process using the hand lay-up method. The largest deviation in 
each product of a two-wheeled motor vehicle body component has a spreadsheet on each side of the 
measuring point. As in the front, sides, and on top, show that the difference in the resulting 
dimensional values. The casting results using the hand lay-up method close to the design value were 
obtained on a 3:1 composition resin and powder from liquid waste. In the composition of resins and 
other powders from liquid waste, there are significant differences between the front, side, and on top 
dimensions. Meanwhile, the surface roughness value has a similar value in the composition of resin 
and powder from liquid waste 2:1, but the surface roughness value is higher (rough) than the others 
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composition of composite material. For low surface roughness (smooth) obtained with a composition 
of resin and powder from liquid waste 5:1 as shown in Fig. 11. This indicates that the more liquid 
waste powder, the more solid the combination with the resin will be. 

 

  
a 

a. Length and composition of composite material          b. Height and composition of composite material 

Fig. 10 Dimension and composition of composite material (product) 

 

Fig. 11 Surface roughness value and composition of composite material (product) 

Conclusion 
The manufacture of powder-reinforced composite materials by a casting process using the hand 

layup method for two-wheeled motor vehicle body components the following conclusions is the 
composition of resin and powder-reinforced from liquid waste composite materials affects the 
dimensions and surface roughness of mold dies and products. The casting results using the hand 
lay-up method are close to the design value were obtained on a 3:1 composition resin and powder 
from liquid waste. In the other components of resins and powders from liquid waste, there are 
significant differences between the front, side, and on top dimensions values. 

By ratio 3:1 composition resin and powder-reinforced produces a dimension value is close with the 
dimensional design value of the product, i.e. the length 145 mm, height 171 mm and the thickness 
2.87 mm for the front of the two-wheeled motor vehicle body component, the side part of the 
two-wheeled motor vehicle body component is 154 mm, 119 mm, 2.97 mm and on top of body 
components of a two-wheeled motor vehicle are 47.35 mm, 84.04 mm and 2.99 mm. The surface 
roughness was obtained from 6.45 µm to 8.02 µm. 

For die with 3:1 composition resin and powder reinforcement from liquid waste, the surface 
roughness result is smoother than the 1:1 composition. The measurement dimension and surface 
roughness values for the top are 152.78 mm in length, 46.10 m in height, and 2 .95 µm surface 
roughness values. The measurement of sides has a length value of 154.99 mm, a height of 112.78 mm, 
and a surface roughness of 2,180 µm. At the front, the length measurement of the motor vehicle body 
component is 32.28 mm and height 107.71 mm with a surface roughness of 3.03 µm.  
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The surface roughness value has a similar value in the composition of resin and powder from 
liquid waste 2:1, but the surface roughness value is higher (rough) than the other components of 
composite material. For low surface roughness (smooth) was obtained with a composition of resin 
and powder from liquid waste 5:1. 
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