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 This research applies 3D printing technology using ABS filament material in designing 

the body of an unmanned aircraft. A quantitative approach to the simulation results is used 

to highlight the technical superiority of unmanned airframes. The analysis includes aspects 

such as structural strength. These findings provide deep insight into the potential 

application of 3D printing technology in the aerospace industry, as well as its application 

to the design, production costs and performance of unmanned aircraft. The research results 

show that the use of 3D printing with ABS filament has the potential to produce a strong 

and light aircraft body. From the research, it was found that the ideal layer thickness 

parameter of 0.1 to 0.2 mm does not exceed half the size of the nozzle diameter of 0.4 mm 

to produce fine raster fibers on the aircraft body without a crew. From the research it was 

found that the ideal speed parameter for printing the aircraft body frame unmanned aircraft 

with ABS filament material at a speed of 30 mm/s to 50 mm/s to produce a stable raster 

fiber size on the aircraft body and the percentage parameter of a good fill for printing the 

body frame of an unmanned aircraft is at a value of 20% up to 40%. The research results 

found the best printing parameters for printing aircraft frames with the parameter formula 

of 0.15mm 3D layer height, 20% gyroid infill, with a speed of 30mm/s maximum tensile 

strength reaching 30.7 MPa. By considering the challenges and opportunities associated 

with the use of 3D printing technology, this research provides a solid foundation for 

further development in designing and producing unmanned aircraft bodies efficiently and 

innovatively. 
Keywords: 3D printing, ABS Filament, Unmanned aircraft. 

 

1. INTRODUCTION 

Fused Deposition Modeling (FDM) technology is a 3D 

design printing machine in CAD form to be printed into 3D 

objects [1]. In the aerospace industry, 3D printers have the 

potential to be used as a means of creating strong and light 

unmanned aircraft body frames [2], [3], [4]. FDM is a 

technology that is classified as "Material Extrusion". On an 

FDM machine, 3D objects are formed using melted resin 

and then printed layer by layer until a 3D object is formed 

[5], [6], [7]. Various types of plastic that can be processed 

using an FDM machine include acrylonitrile butadiene 

styrene (ABS) and polycarbonate (PC). The movement and 

direction of the machine print adjusts to the G-code 

program that has been created [8]. 

ABS (acrylonitrile butadiene styrene) plastic material is 

a very versatile material and has the potential to be 

developed to make the body frame for unmanned aircraft 

[9]. ABS is popular because it has good material 

characteristics. ABS material has an average density value 

of 1.07 𝑔𝑟𝑎𝑚𝑠 𝑐𝑚3⁄  with a tensile strength of 43 MPa [10] 

ABS material also has the ability to withstand heat reaching 

110ºC. ABS material has a melting point temperature of 

200 °C [11], [12], [13]. From its characteristics, ABS 

plastic material makes it possible to use it as raw material 

for making unmanned aircraft frames [14], [15], [16]. 

To determine the results of printing an unmanned 

aircraft body frame from 3D printing with good quality and 

strength, there are various indicators that must be 

considered: 1. Strength of the 3D printed result, 2. Success 

of the printing process, 3. Print time (lead time) [17], [18], 

[19]. 

 

2. RESEARCH SIGNIFICANCE 

The Cessna 172 Skyhawk is a four-seat, low-wing light 

aircraft manufactured by the Cessna Aircraft Company. It 

is one of the most popular aircraft in the history of general 

aviation and has been used widely throughout the world for 

a variety of purposes, including flight training, private 
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aviation, aerial surveying, and monitoring. The researcher's 

reference for designing the unmanned aircraft was a Cessna 

172 Skyhawk training aircraft with registration number 

PK-HAD. Field observations were carried out in the hangar 

of the Malang State Polytechnic, Indonesia. The shape of 

the Cessna 172 Skyhawk aircraft can be seen in Figure 1. 

 

 
Figure 1. Malang State Polytechnic Hangar 

 

From the results of observations made on a Cessna 172 

Skyhawk aircraft with registration number PK-HAD. In the 

State Polytechnic of Malang hangar, Indonesia, the 

dimensions and weight specifications for the Cessna 172 

Skyhawk training aircraft were obtained which are 

presented in table 1. 

 

Tabel 1. Sepesifikasi dimensi Cessna 172 

Cessna 172 dimensions 

Wingspan 11,0 meters 

Length 8,28 meters 

Height 2,72 meters 

Cessna 172 weight 

Empty Weight 1.691 pounds (767 kg) 

Maximum Takeoff 

Weight 

2.450 pounds (1.111 kg) 

Maximum Landing 

Weight 

2.450 pounds (1.111 kg) 

 

From the results of observations made on a Cessna 172 

Skyhawk aircraft with registration number PK-HAD. In the 

Malang State Polytechnic hangar, Indonesia, the 

performance specifications for the Cessna 172 Skyhawk 

training aircraft were obtained which are presented in table 

2. 

 

Table 2. Cessna 172 performance specifications 

Cessna 172 performance 

Maximum Speed 124 knots (229 km/jam) 

Cruising Speed 122 knots (226 km/jam) 

Service Height 14.000 kaki (4.267 meter) 

Takeoff Distance 690 kaki (210 meter) 

Landing Distance sekitar 520 kaki (158 meter) 

Rate of Increase 730  kaki/menit 

 

From the results of field observations carried out in the 

Malang State Polytechnic hangar, researchers were able to 

create a design plan for an unmanned aircraft as shown in 

Figure 2. 

 
Figure 2. Unmanned aircraft design. 

Obtained from the planned design, the aircraft has 

dimensions and weight specifications shown in table 3.  

 

Table 3. Dimension specifications 

Dimensi pesawat tampa awak 

Wing Span 1009 Milimeters 

Length 77,9 Milimeters 

Height 121 Milimeters 

Empty Weight 6,7 Kilogram. 

 

From table 3 we can explain the view of the aircraft 

from the perspective of the lateral axis which displays the 

wing span. It can be seen in Figure 3. 

 
Figure 3. Axis lateral plane view 

 

Table 3 explain the view of the aircraft from the 

perspective of the longitudinal axis which displays the 

overall length of the aircraft. It can be seen in Figure 4. 

 
Figure 4. Axis longitudinal view 

Table 3 explain the view of the aircraft from the Vertical 

Axis point of view which displays the overall height of the 

aircraft. It can be seen in Figure 5. 
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Figure 5. Axis vertical plane 

 

To engineer strong and light unmanned aircraft frame 

prints, researchers tried to combine the percentage of infill 

density with density variations of 20%, 30%, 40% and 

researchers also combined layer height with variations of 

0.1mm, 0.15mm, 0.2mm. By analyzing the combination of 

infill percentage (the geometric density of the aircraft body 

fill) and layer height (layer thickness) which are varied. It 

is hoped that the research will find 3D printing parameters 

that produce a strong and light aircraft body. 

 

3. RESEARCH METHODS 

In the 3D printing process of the aircraft body frame 

using a 3D printing machine with the Ender 3 Professional 

brand type, a product from the company Shenzhen Creality 

3D Technology, Jin Cheng Yuan, China. Machine 

specifications can be shown in Table 4 showing the 

specifications of the Ender 3 Professional machine 

 

Table 4. Ender 3 Professional Specifications. 

Parameters Value 

Model Number Ender 3 Pro 

Build Size 

Machine Size 

220*220*250mm 

440*440*465mm 

Rated Power 270 watt 

Rated Voltage AC115/230V 

Rated Current 4A/2.1A 

 

The filament material used to print the aircraft body 

frame is the Sunlu brand ABS (acrylonitrile butadiene 

styrene) polymer, a product of the Zhuhai Sunlu Industrial 

company, Guangdong, China. Table 5 shows the company's 

recommended 3D printing temperature standards. 

 

Table 5. ABS Filament Material Specifications. 

Rekomendasi Suhu Cetak Filament ABS 

Parameters Value 

Heated bed (℃) 95-110 

Extruder Temperature (℃) 220-250 

 

Mechanical test methods and design simulations are 

used to design unmanned aircraft frame designs. This 

method is more effective for determining the relationship 

of several 3D printing parameters to the mechanical 

strength of the planned aircraft body frame. Figure 6 

explains the schematic in this planning: 

 

 
Figure 6. Schematic of the research flow. 

Tensile test specimens to determine the mechanical 

strength of ABS (acrylonitrile butadiene styrene) filament 

material using the JIS Z2201 standard [20]. Figure 7 

explains the standard sizes of JIS Z2201 tensile test 

specimens. 

 
Figure 7. Tensile test specimen dimensions 

 

Table 6 shows the 3D printing parameters which were 

left constant as controlled variables in this experiment. 

 

Table 6. Controlled Variables. 

Parameter  Value 

Nozzel diameter (mm) 0,4 

Nozzel Temperature (℃) 240 

Bed Temperature (℃) 80 

Wall Thickness (mm) 1,6 

 

Table 7 shows several 3D printing parameters that were 

given variations to serve as independent variables in the 

experiment. 

 

Table 7. Independent Variables Print parameters. 

Parameter Value 

Low Middle High 

Speed (𝒎𝒎/𝒔) 30 40 50 

Infill density (%) 20 30 40 

Layer height (𝒎𝒎) 0,1 0,15 0,2 
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Mechanical strength testing using the tensile test 

method on specimens was carried out using the Tarno 

Grocki Universal Testing Machine. Figure 8 explains the 

process of the tensile test experiment. 

 

 
Figure 8. Tensile test process. 

 

4.  RESULTS AND DISCUSSION 

4.1  Experimental Results 

To determine the effect of the combined 3D object 

printing process parameter formula on the design of the 

unmanned aircraft frame, the mechanical characteristics 

were tested using a tensile test, on tensile test specimens 

using the JIS Z2201 standard, Table 8 explains the results 

of the tensile test findings as follows: 

 

Table 8. Tensile test results. 

 

Code 

 

Layer  

height  

(𝒎𝒎) 

Infill 

density 

(%) 

Speed 

(𝒎𝒎/𝒔) 

Tegangan 

(MPa) 

Ya1 0,1 2 30 26,5 

Ya2 0,1 30 40 24 

Ya3 0,1 40 50 27,2 

Yb1 0,15 20 30 30,7 

Yb2 0,15 30 40 30,1 

Yb3 0,15 40 50 28,6 

Yc1 0,2 20 30 27,7 

Yc2 0,2 30 40 28,8 

Yc3 0,2 40 50 26,7 

 

From table 8 a performance diagram can be made from 

the tensile test results which can be seen in figure 9 

 
Figure 9. Performance of tensile test results. 

From the tensile test results using the JIS Z2201 

standard, three 3D object printing parameter formulas were 

obtained which produced three different qualities. Low 

quality (Ya2) with a 3D printing parameter formula of layer 

height 0.1mm, 30% gyroid infill, with a speed of 40mm/s. 

Maximum tensile stress reaches 24 Mpa. Figure 10 explains 

the strain and stress graph from the tensile test results of the 

Low quality print parameter formula. 

 
Figure 10. Stress and strain graph for Low Quality print 

results. 

  

Middel Quality (Yc1) with a 3D layer height formula of 

0.2mm, 20% gyroid infill, with a speed of 30mm/s 

maximum tensile strength reaching 27.7 Mpa. Figure 11 

explains the strain and stress graphs from the tensile test 

results of the Low Middel printing parameter formula. 
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Figure 11. Stress and strain graph for Middle Quality 

print results. 

 

 High Quality (Yb1) with 3D printing parameter 

formula layer height 0.15mm, gyroid infill 20%, with a 

speed of 30mm/s maximum tensile strength reaching 30.7 

MPa. Figure 12 explains the strain and stress graph of the 

tensile test results of the High Middel printing parameter 

formula. 

 
Figure 12. Stress and strain graph for High Quality print 

results. 

 

4.2  Simulation Results 

To determine the strength of the aircraft body, a 

simulation was carried out on the design of the aircraft body 

with dimensions as in Figure 2. The simulation was carried 

out on four parts of the aircraft including: (1) Fuselage, (2) 

wing, (3) horizontal stabilizer, and (4) vertical stabilizer. To 

find the maximum stress that occurs on the aircraft when it 

is in working condition. The simulation carried out loads 

reaching 100N. 

Simulation results of the stress that occurs in the 

fuselage part which functions as the body of an unmanned 

aircraft when it receives a load of 100N. It can be seen in 

Figure 13. 

 
Figure 13. Fuselage stress concentration 

 

If we describe the maximum and minimum stresses that 

occur in the fuselage section of the aircraft into a graph, 

they can be seen in Figure 14. 

 

 
Figure 14. Voltage graph on the fuselage 

Figure 14 shows the minimum stress that occurs in the 

fuselage of the fuselage is 0.161 Mpa, the average stress 

distribution in the fuselage of the fuselage is 0.350 Mpa, 

and the maximum stress that occurs in the fuselage of the 

fuselage is 0.585 Mpa. 

Simulation results of the stress that occurs on the wing 

of an unmanned aircraft when it receives a load of 100N. It 

can be seen in Figure 15. 

 

 
Figure 15.wing stress concentration 

 

If we describe the maximum and minimum stresses that 

occur on the aircraft wing into a graph, they can be seen in 

Figure 16. 
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Figure 16. Stress graph on the wing 

Figure 16 shows the minimum stress that occurs in the 

aircraft wing is 0.214 Mpa, the average stress distribution 

in the aircraft wing is 0.376 Mpa, and the maximum stress 

that occurs in the aircraft wing is 0.429 Mpa. 

Simulation results of the stress that occurs in the 

horizontal stabilizer section of an unmanned aircraft when 

it receives a load of 100N. It can be seen in Figure 17 as 

follows: 

 
Figure 17. Concentration of horizontal stabilizer. 

If we describe the maximum and minimum stresses that 

occur in the horizontal section of the aircraft stabilizer into 

a graph, they can be seen in Figure 18. 

 

 
Figure 18. Stabilizer horizontal voltage graph 

 

Figure 18 shows the minimum stress that occurs in the 

aircraft wing is 0.038 Mpa, the average stress distribution 

in the aircraft wing is 0.072 Mpa, and the maximum stress 

that occurs in the aircraft wing is 0.083 Mpa. 

Simulation results of the stress that occurs in the 

vertical part of the unmanned aircraft stabilizer when it 

receives a load of 100N. It can be seen in Figure 19. 

 

 
Figure 19. Vertical concentration of stabilizer. 

 

If we describe the maximum and minimum stresses that 

occur in the vertical part of the aircraft stabilizer into a 

graph, they can be seen in Figure 20. 

 
Figure 20. Stabilizer vertical stress graph 

Figure 12 shows the minimum stress that occurs in the 

aircraft wing is 0.80 Mpa, the average stress distribution in 

the aircraft wing is 1.46 Mpa, and the maximum stress that 

occurs in the aircraft wing is 3.45 Mpa. 

From the simulation results on four parts of an 

unmanned aircraft, including: (1) Fuselage, (2) wing, (3) 

horizontal stabilizer, and (4) vertical stabilizer. The voltage 

found that occurs throughout the entire aircraft section is 

presented in table 9. 

 

Table 9. Stresses on Airplane parts. 

Aircraft Components 

Fuselage 0,585 Mpa. 

wing 0,429 Mpa 

horizontal Stabilizer 0,083 Mpa 

Vertikal Setabilizer 3,45 Mpa. 

 

From table 9, a diagram of the distribution of stress data 

that occurs on the body of the unmanned aircraft that has 

been planned can be made. The voltage distribution 

diagram can be seen in Figure 21. 
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Figure 21. Stress distribution on the aircraft body. 

 

From the stress distribution, it is clear that the stress 

occurs in the aircraft body. The stress that occurs in the 

vertical part of the stabilizer is 3.45 Mpa, the stress that 

occurs in the fuselage part is 0.58 Mpa, the stress that 

occurs in the wing part is 0.42 Mpa, and the stress that 

occurs in the horizontal stabilizer. 

 

5. CONCLUSIONS 

From the research, it was found that the ideal layer 

thickness parameter of 0.1 to 0.2 mm does not exceed half 

the size of the nozzle diameter of 0.4 mm to produce fine 

raster fibers. This is because if the layer height thickness 

value exceeds half the nozzle diameter, pores will appear. 

or gaps between layers, the impact of which will cause a 

decrease in the mechanical strength of the designed aircraft 

body frame. 

From the research, it was found that the ideal speed 

parameter for printing a planned aircraft body frame using 

ABS filament material is at a speed of 30 mm/s to 50 mm/s 

to produce a stable raster fiber size and strong adhesion 

between raster fibers, if the process speed printing too fast 

will cause the melted ABS filament that comes out of the 

nozzle to cool too quickly so that the size of the rater fibers 

is not as stable, which causes a decrease in the adhesion 

between the raster fibers. 

From the results of research using simulation, it can be 

concluded that ABS filament has great potential to be used 

as a material for making aircraft body frames. with a safe 

working load limit of 100 Newtons, the maximum stress 

value was found to be 3.45 MPa, while the stress value that 

the material could withstand from the tensile test results 

was 30.7 MPa at the best print parameter formula, layer 

height 0.15mm, gyroid infill 20% , with a speed of 30mm/s. 
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