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Abstract: Additive manufacturing (AM) known as 3D printing 

has been applied for applications in different fields such as 

aerospace, automotive, biomedical, and energy industries. 

Currently, with the rapid growth of this technology, there are a 

large number of 3D printing methods in the market. Each method 

has its own advantages, applications, and limitations. Materials 

used for printing also are classified into groups such as polymers, 

metals, ceramics, and cermets. Along with research on new 

materials, new printing technologies, 3D printers are more widely 

applied. For education field in universities, rapid prototyping from 

3D printing enables to build 3D models for graphic design and 

rapid prototyping courses. On the basis of inheriting the available 

research for training in universities, the authors propose the 

design and manufacture of 3D printers using FDM printing 

method. This paper presents the results of design and fabricating 

3D printer. The printing test results have demonstrated the 

functionalities of the designed machine. 

Index Terms: 3D printer, FDM, additive manufacturing, rapid 

prototyping, ABS, PLA.  

I. INTRODUCTION 

 In the field of modern manufacturing, computer aided 

design (CAD) systems, computer aided process planning 

(CAPP), computer aided manufacturing (CAM) 

programming, and computer numerical control (CNC) are 

widely applied. Figure 1 shows a closed loop from design to 

manufacture. In the traditional strategy, from 3D CAD model 

design to CAM programming to have G-code, then 

machining on the CNC machines to create products. 

Different from this traditional method, that is reverse 

engineering and rapid prototyping. Reverse engineering (RE) 

[1,2] is a closed loop between product design and product 

creation. RE includes analytical steps to obtain information 

about the product that is available such as information on 

functionalities, geometry, materials. Then proceed to restore 

the CAD model for detail or develop into a new 3D model. 

Finally, the 3D printer or CNC machine is used to make the 

product. 3D printing is a rapid prototyping (RP) technology 

[3,4] in which the product is made up of printing layers. 

There are many different printing methods available today. 

Some popular printing methods are selective laser melting 

(SLM), fused deposition modeling (FDM), direct metal laser 

sintering (DMLS).  
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Most materials can be used to create 3D printing products. 

The material can be in liquid, powder or solid form [5]. This 

technology is currently developing and refining, which can 

create plastic to metal products. In those applications, for 

education in universities [6], 3D models for training are 

focused on. Figure 2 shows some 3D models as the gearbox 

created by 3D printers for mechanical training. 

 

Fig. 1 A closed loop from design to manufacture with RE 

and RP 

 
Fig. 2 Gearbox with parts fabricated by 3D printing [4] 

 

Fig. 3 Mechanism of fused deposition modelling  

This paper presents the method of designing and 

manufacturing the 3D printer according to FDM printing 

technology (3D-FDM). The test results of the 3D printing 

process with ABS, PLA materials achieve the geometric 

accuracy of the printed product. 
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Figure 3 shows the principle of FDM printing with two 

different color printing materials. Using the method of 

extrusion of thermoplastic materials based on the principle of 

melting plastic fibers is deposited through a thermal nozzle 

on a surface. The nozzle movement is controlled according to 

the 3D data supplied to the printer. Each layer after settling 

will solidify and bond to the previously printed layer [4,5,7]. 

II. LITERATURE REVIEW 

3D printing is an advanced prototyping technology. 

Commercial printers are produced not only by companies 

such as 3D systems, Stratasys, Z Corporation [8-10] but also 

by universities such as Cardiff University in the UK. In the 

auxiliary manufacturing laboratory - Cardiff University, 

researches on printers for plastic and metal products have 

been studied since the 1990s [11,12].  

Currently, with the rapid growth of AM technology, there 

are a large number of 3D printing methods in the market. 

Selection of an appropriate method for a printed object is a 

difficult decision in consideration of the interactions between 

the quality, properties, cost, build envelope, build time and so 

on. In the literature, the knowledge based systems have been 

proposed to have fast response to users which 3D printing 

method is suitable for a specific application.  

 

Fig. 4 Classification of 3D printing methods 

To carry out this research, materials, printing method, and 

printing machine ability are analyzed and classified for 

developing the knowledge system as shown in Figure 4 [13]. 

Materials used for printing are classified into groups such as 

polymers, metals, ceramics, and cermets. In each group, 

materials are classified into types such as powder, solid, and 

liquid. For applications with plastic materials such as ABS, 

PLA in filament form, FDM is a suitable 3D printing method. 

Resent researches focus on evaluation of the quality of the 

FDM and applications of FDM for medical field [14]. For 

developing and refining the FDM technique, many vendors 

not only supply different AM systems to the market but also 

support the open source for users to develop the control 

system for specific applications [15]. In consideration of the 

printed part’s quality with FDM technique, evaluation of 

open source as well as material properties have been carried 

out [16,17]. One of important applications of the FDM 

technique is for education field with graphic design and rapid 

prototyping courses [6].  

The paper aims to present the results of the design and 

manufacture of the 3D printer with FDM technique. This 

research enables user to deeply understand about the FDM 

technique which supports well for education in universities as 

well as for researches on methods to improve the printed 

part’s quality. 

III. SYSTEMATIC PROCEDURE FOR DESIGN AND 

MANUFACTURE OF THE 3D-FDM PRINTER 

 

Fig. 5 Steps for design and manufacture the 3D-FDM 

printer 

The process of designing and manufacturing 3D-FDM 

printers is shown in Figure 5. From the survey and overview 

of 3D printing technology, the authors selected the design 

and overall design of the 3D printer based on analysis of 

existing designs such as Flash Forge, Ultimaker, 

DeltaRostock, and Rerap Prusa. Components of the 3D-FDM 

printer such as printing parts, control system, frame 

structures are calculated and designed. On that basis, the 

machining process planning, manufacturing parts, and 

assembling parts and components into the whole machine are 

carried out.  
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Experiments on the 3D-FDM printer are carried out to 

evaluate the functionality of the 3D-FDM machine. 

IV. DRIVER SYSTEM OF THE 3D-FDM PRINTER 

 

Fig. 6 Driver system for printing process 

Figure 6 illustrates the 3D-FDM machine's driver system. 

The motors (described by 1 and 2) drive the printing head 

(described by 11) to translate up and down along the Z axis 

through screws and shafts (described by 8 and 9). The 

printing head is driven to translate along the X axis by the 

motor (described by 5) through the belt conveyor (described 

by 7). The build platform (described by 10) translates along 

the Y axis using the motor (described by 12) through the belt 

conveyor (described by 6). The motors (described by 1, 2, 3, 

4, 5 and 12) are NEMA 17 42H42HM-0504A-18 motors. The 

motors (described by 3, 4) are used to drive the roll of plastic 

material for the printing head. 

 

Fig. 7 Printing head of the 3D-FDM printer 

The machine is designed to have a printing head moving 

translation along the X, Z axis. The build platform with the 

heat transfer table moves along the Y axis. To calculate the 

next parts of the 3D-FDM printer, the input parameters for 

design process include ABS, PLA materials, maximum 

printing size 310x310x250 mm, printing thickness between 

0.1 mm and 0.5 mm. 

Figure 7 shows the printing components including the 

printing head, heating material, and the cooling unit to ensure 

the printing head temperature. The printing unit is mounted 

on the rack and slide on the guide shaft to perform X-axis 

motion for printing. Figure 8 shows the material supply 

system including the motor for driving the filament material, 

rollers, and material supply components. The NEMA 17 

42H42HM-0504A-18 is used to drive the material roll. 

 

Fig. 8 Material supply system for the 3D-FDM printer 

V. CONTROL SYSTEM OF THE 3D-FDM PRINTER 

Figure 9 shows the 3D-FDM printer’s control system. The 

control program from computer is transferred to the MKS 

Gen V1.4 microcontroller via the USB port. The motors 

driving the X, Y, Z axes, the position sensors, and the 

temperature display are connected to the MKS Gen V1.4 

microcontroller as shown in Figure 10. 

 
Fig. 9 Control system of the 3D-FDM printer 
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Fig. 10 Connection of MKS Gen 1.4 to control devices 

VI. MODEL OF THE MANUFACTURED 3D-FDM 

PRINTER 

Figure 11 shows the structure of a 3D printer designed and 

manufactured. The Marlin software was chosen as the 3D 

printing driver software. Marlin is an Arduino-based program 

for 3D printing controllers using the Atmel’s AVR 

microcontrollers. For each design of the 3D printers, it is 

necessary to set the following information: information of the 

control circuit; printer name; number of plastic extrusion; 

source type; temperature sensor; set up the extruder 

temperature stabilization; minimum allowable temperature; 

maximum allowable temperature; power supply for heat 

table; set up to prevent temperature problems for the printer; 

set the print area size; and set up the LCD controller. 

Repetier-Host V1.6.2 software is used to create G-code for 

3D printer. The parameters on the Repetier-Host software 

must be properly installed with the 3D printer to be used. 

The specifications of the 3D-FDM printer are as follows: 

- 3D printer with FDM printing technology; 

- Printing materials: ABS, PLA plastics; 

- Maximum product size: 310x310x250mm; 

- Printing thickness: 0.1 ÷ 0.5 mm. 

 

Fig. 11 Model of the manufactured 3D-FDM printer 

VII. TESTING THE FUNCTIONALITY OF THE 

3D-FDM PRINTER 

 

Fig. 12 Steps for printing process on the 3D-FDM printer 

To evaluate the machine's functionality, the printing 

process test was carried out with ABS material. The 

step-by-step process of an experimental print is shown in 

Figure 12 [18]. Table 1 shows the printing parameters for 5 

different printing tests. The size of the printed part is 

50x50x30mm. The printing results are shown in Figure 13. 

The 3D-FDM printer ensures the geometry precision, smooth 

printing surface, not warped. 

 

Fig. 14 Parts of the printing head printed by the 3D-FDM 

printer 

The 3D-FDM printer works well on the basis of the above 

experimental results. The printed products ensure the 

requirements of geometric precision as well as surface 

smoothness. With that result, some parts were printed by the 

3D-FDM printer. Figure 14 shows the printing head parts 

printed by the 3D-FDM printer with ABS material replacing 

the metal parts. Figure 15 shows the gear parts of the ABS 

material printed by the 3D-FDM printer. 
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Table 1: Printing Parameters for Five Samples 

Printing parameters Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

First  Layer height (mm) 0.4 0.2 0.2 0.2 0.2 

Layer height (mm) 0.3 0.3 0.3 0.15 0.2 

Perimeters 3 3 6 3 4 

Solid layer (Top) 3 3 10 8 10 

Solid layer (Bottom) 3 3 10 8 10 

Fill density (%) 20 40 5 10 10 

Fill pattern Zigzag Zigzag Zigzag Zigzag Zigzag 

Top/Bottom fill pattern Zigzag Zigzag Zigzag Zigzag Zigzag 

External Perimeter (mm/s) 60 60 60 60 30 

Small Perimeter (mm/s) 15 15 15 15 15 

Infill (mm/s) 80 80 80 80 40 

Solid infill (mm/s) 20 20 20 20 20 

Top solid infill (mm/s) 15 15 15 15 15 

Support material (mm/s) 60 60 60 60 60 

Bridges (mm/s) 60 40 40 40 20 

Gap fill (mm/s) 20 20 20 20 20 

Travel (mm/s) 130 130 130 130 130 

Filament diameter (mm) 1.75 1.75 1.75 1.75 1.75 

Extrusion multiplier 1 1 1 1 1 

Extruder/Bed First (0C) 200/60 200/60 200/60 200/60 200/60 

Extruder/Bed Other (0C) 195/60 195/60 195/60 195/60 195/60 

 

Fig. 13 Samples of the Expremental Printing 

 

Fig. 15 Gears printed by the 3D-FDM printer 

VIII. CONCLUSIONS 

The 3D-FDM printer has been designed and manufactured. 

The experimental printing process with ABS material for 

precision printing in geometric dimensions ensures that the 

machine meets the technical specifications required. Some 

ABS plastic parts assembled on the 3D-FDM printer have 

been printed to replace some metal parts. This paper presents 

the results of the design and manufacture of the 3D printer 

using the FDM printing method which achieves the required 

technical features. The optimum printing parameters to 

ensure product quality for different plastics will be carried 

out as the further research. 
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