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ABSTRACT 

Fused deposition modelling (FDM) is one of the most economical additive manufacturing (AM)/3D printing 

methods for complex geometry components. FDM works by depositing layer by layer fabrication directly from 

CAD file. In the FDM process, the properties of parts depend on the proper selection of process parameters. 

Generally, the mechanical properties and surface quality of FDM parts are still relatively low compared to the 

typical manufacturing method. The study aims to fill the gap by modifying the current open-source 3D printer to 

improve the mechanical properties and surface quality by integrating the pressing mechanism.  This study 

investigates the effect of three different types of pressing mechanism (roller, ball, and press) and compares with 

normal open source and commercial 3D printer. This research investigates the tensile strength and surface 

roughness when the 3D components are fabricated using these different mechanisms. Each pressing tool has a 

different shape, size, ability, and function, which affect the application of pressing mechanism during 3D printing. 

Based on the results, the roller pressing mechanism shows a better effect on the FDM components. It was found 

that, when the roller mechanism is integrated with the 3D printer, the tensile strength and the surface roughness 

can be improved. The findings indicate that the roller mechanism can potentially be used as integrated pressing 

tools to be attached to the 3D printer in improving its properties. 
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INTRODUCTION 

Additive manufacturing (AM) or 3D printing has revolutionized manufacturing industry with increasing 

applications throughout different industries [1]. AM was previously known as rapid prototyping technology able 

to create three-dimensional structures in layer-by-layer from various material compositions without any 

geometrical complexity constraint.  AM was developed in the 1980s and progressively used in manufacturing, 

engineering, aerospace, architecture and other applications to develop prototypes and design models [2,3]. The 

technology simplifies the development of complex 3D objects directly from computer-aided design (CAD) data 

[4]. Besides, AM provides advantages in lowering production costs and being a method that allows the 

manufacturer to customize low-volume products in an economical and shorter timeframe [5,6]. The AM technique 

application can reduce the need for costly materials, moulds, and dies. The technique allow more flexibility for 

companies or individuals to experiment with new designs with minimal production cost [7,8]. Another supremacy 

of AM technology is its capability in reducing manufacturing carbon footprint by using less raw material, 

producing less waste material, producing lighter-weight products with optimized designs, and manufacturing parts 

on demand. Fused deposition modelling (FDM) is one of material extrusion type AM. It is the most common AM 
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techniques used in domestic and industrial sectors and is rapidly evolving compared to other AM processes. FDM 

technique was invented and developed by co-founder of Stratasys, S. Scott Crump in 1988 [9]. There are three 

main steps in FDM technique before printing such as modelling, slicing and conversion. The first step is designing 

the 3D model using any computer-aided design (CAD) software. After modelling, "slicer" software is used to 

divide the 3D model into a slice of layers. Later, the printing parameter, such as layer thickness, speed, and 

orientation is determined. The last step involves converting the slicing file into the G-code file and load at a 3D 

printer to begin printing [10]. Compared to commercial and high-end 3D printers, low-cost open-source 3D 

printers using FDM have more drawbacks and limitations in terms of speed, accuracy, and material density 

[11,12]. Nevertheless, the competitive price has attracted significant number of users around the world including 

the industries. 

The surface finish, strength, repeatability, accuracy, and other mechanical aspects of open-source 3D printers are 

among the interest of the researchers towards improving its quality. The inferiority of the printed parts using an 

open-source 3D printer has reduced the accuracy, mostly affected by the filling pattern [13]. The process 

parameter that affects the FDM parts mechanical strength is layer orientation, layer thickness, infill percentage 

and filling pattern [14].  The printed parts strength often decreases as it is close to the bonding between the 

individual fill density and the layer thickness [15]. Post-processing is generally required in the AM technique 

because its quality is not adequate compared to other matured manufacturing processes. The main problem in 

obtaining excellent surface quality is the staircase effect. According to Kumbhar, the open-source 3D printer 

higher resolution has made the surface quality lesser and more apparent due to the stairs case impact [16].  Manual 

post-process usually need for obtaining adequate surface roughness because complex geometries compromise the 

advantages of AM [17]. Printing layer by layer leads to staircase defects in the final sample, and mechanical 

properties and surface texture are affected depend on the layer thickness [14,18]. Several experiments have been 

explicitly performed to reduce the impact of the stairs and increase surface efficiency. Maidin et al., apply the 

vacuum method to hold the heat longer for the layer to bond better during the deposition process. The result shows 

9% improvement of surface roughness than standard print [19]. Adel et al. used hot air to melt microscopic corners 

to reduce staircase surface [20]. 

 

Therefore, this study aims to improve properties and surface quality of FDM by integrating three different pressing 

mechanisms on an open-source 3D printer. The results are observed analytically by comparing the tensile strength 

and the surface roughness of the printed component between the improved open-source 3D printers, normal open-

source 3D printer and commercial 3D printer. 

MATERIALS AND METHODS 

Sample preparation 

The experimental work was performed on samples printed using a normal open-source 3D printer, a commercial 

3D printer, and improved open-source 3D printers.  The improved open-source 3D printers implement three 

different pressing mechanisms, either a roller, ball or flat. The samples with varying layer thickness were printed 

to examine the tensile strength and surface roughness. The process parameter is shown in Table 1 by varying the 

layer thickness from 0.1 mm to 0.5 mm with a step of 0.1 mm. 

Table 1. Parameters used in the study 

Parameters Levels 

Layer thickness (mm) 0.1 0.2 0.3 0.4 0.5 

Solid infill speed (mm/s) 40 

Build orientation (º) 45 

Extrusion temperature (ºC) 230 

Fill density (%) 100 

Infill pattern Rectilinear 

Build plate temperature (ºC) 100 

Pattern spacing (mm) 5 
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The manufacturing process started with the virtual slicing of the CAD part into a defined layer. The material used 

for the fabrication of the specimen was acrylonitrile butadiene styrene (ABS). The specimen was drawn directly 

from CAD based on the standard test method for tensile properties of plastic conforming to the American Society 

for Testing Material (ASTM) D638 type 1 as shown 1 [21]. 

 

Figure 1. Computer-aided design (CAD) of dog bone type I standard shape sample 

Improved open-source 3D printer 

Mechanical pressing used in the study using three distinct types of roller pressing, ball pressing, and flat pressing. 

Each type of pressing was mounted separately to the open-source 3D printer. By pressing, the force was applied 

during the printing process to improve the mechanical behavior of printed specimen. Table 2 shows the schematic 

diagram of the attachment of three different types of pressing mechanisms.  

Table 2. Pressing mechanism attachment 

Pressing mechanism Schematic 

Roller pressing 

 

Ball pressing 
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Flat pressing 

 

 

The roller pressing acts as a pressure distributor consisting of two roller bearings mounted at the front and back 

of nozzle extruder. The diameter of material extruded is ± 1.75 mm, and the width of the roller is 4.0 mm. The 

roller presses the extruded material continuously during the 3D printing process. The distance between the nozzle 

tip and roller surface contact point specified the thickness of compressing extruded material. Position of maximum 

roller height is defined to prevent disrupting the first layer formation. Therefore, the height was kept constant for 

each type of mechanical pressing during this study. Next, the ball pressing mechanism uses 5mm diameter of eight 

ball bearings located around the nozzle.  The ball pressing allows the 3D printer to travel horizontally and 

vertically to compact the extruded material. The third pressing technique method is flat pressing, which uses a flat 

plate with a 0.1 mm width and presses the extruded material up and down continuously during the printing process.  

RESULTS AND DISCUSSION 

Effects on surface roughness and macrostructure 

The experiment results concerning different pressing mechanisms and types of 3D printer are plotted in Figure 2. 

The result clearly shows the roughness of the surface obtained as the layer thickness increases. As shown in Figure 

2, the surface roughness increases gradually as the layer thickness increases. 

 

Figure 2. Surface roughness with varying layer thickness 

Generally, relatively rougher surface in FDM is contributed mainly to the nature of the process where it based on 

the continuous layering of extruded of cylindrical shaped material. Hence, the roughness is mainly affected by the 

diameter of the extruded material. During printing, the semi-molten extruded filament is laid down horizontally 

in the cylindrical shape at a specified thickness. The waviness due to the cylindrical shape is reduced by applying 

the pressing mechanism since the semi-molten filament is pressed before it is solidified. The observed results 

indicate that the lowest surface roughness reading was obtained while using a roller pressing open-source 3D 

printer in the range between 1.28 μm and 4.44 μm. Besides, the roughness reading of samples printed using a 
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standard 3D printer, a commercial 3D printer, ball pressing 3D printer, and a flat pressing 3D printer indicates a 

minimal difference between 4.53 μm to 8.67 μm, 3.70 μm to 7.44 μm, 3.65 μm to 7.36 μm and 4.11 μm to 7.67 

μm respectively. The roller pressing mechanism application allows continuous spreading and coalescing of the 

extruded filament to the neighbouring filament before it solidifies during the printing process. As the layer 

thickness increases, the surface roughness proportionally increases. This is due to the decreasing forming accuracy 

of the printed samples and the layer was affected by step effect. The surface roughness depends on the layer 

thickness and varies according to the surface and part orientation [14]. When there is a curvy shape, the staircase 

effect's tendency to occur is high as the layer thickness increases [22–24]. Thus, the smaller layer thickness 

produced a better surface quality result using a roller pressing mechanism since the mechanism compresses the 

surface layer and flattens the raster. However, using a flat pressing mechanism, the extruded material does not 

completely flatten the extruded filament. The movement up and down of flat pressing caused the material to stick 

to the pressing surface and not compressed totally; hence the rougher surface was obtained.  

Table 3. Sectional view of printed parts after compressed with three different types of the pressing mechanism 

Types of pressing Cross-sectional view of the printed sample 

Roller pressing 

 

 

 

Ball pressing 

 

Flat pressing 

 

 

Table 3 indicates the sectional view which shows the internal structure of the printed parts. The table generally 

shows the influence of different mechanism used and its effect on the structure of the sectioned filament and 

layers. The formed structure and shape are depend on the temperature, rheological properties, applied force, 

nozzle, capillary diameter, thermal properties and others [25]. The specimen compressed by the ball pressing 

mechanism turned the circular raster form into a semi-circular shape due to the limited contact surface between 



Properties of 3D printed structure manufactured with integrated pressing mechanism in FDM 

127 
 

the ball and the raster. During extrusion of filament through the heated nozzle, the filament is in a semi-molten 

state. Before the filament solidifies, the specimen is compressed by a ball-shaped pressing mechanism where the 

contact with ball surface helps to spread and coalesce the filament to the neighbouring extruded filament, thus 

reducing interlayers void. However, the contact width size has a significant effect on the bonding between the 

layers [26] and the greater the width, the stronger the bonding is. Thus, the raster is not fully compressed by ball 

pressing mechanism due to limited contact surface and reduce bonding.  

 

The results are compared with specimen produced using a standard open source and commercial 3D printer.  

Generally, in all conditions, forming a 3D object in a layer-by-layer fabrication consists of contiguous extruded 

material or raster with interstitial voids that lead to increased porosity in the printed part [27]. FDM prototypes 

consist of partially bonded polymer filaments and porosity or also known as voids [28]. The bonding quality 

determined porosity of the filaments during the FDM process. The quality of the bond depends on the growth of 

the neck formed. The filaments and the molecular diffusion and randomization at the interface will affect the 

printed part's porosity percentage [29]. Therefore, the polymer filaments bonding efficiency is essential in 

determining the tensile strength in this study. 

 

Figure 2 shows the sectional view of the specimen of the 3D printed at the layer thickness of 1.0 mm when the 

extruded material being compressed at different pressing conditions. Throughout the sectional areas, the existence 

of porous areas can be seen between the filaments. The porous area contributes to the low interfacial and 

contributes to the specimens lower strength [30]. Generally, the filaments are circular shaped when the specimens 

are printed using the standard and commercial 3D printer. The materials are laid down contiguously as it is 

extruded from the heated nozzle, as indicated in Figure 4(a) and Figure 4(b). Once different configuration of 

pressing mechanisms is attached and applied during printing, some of sectioned filaments are semi-circular in 

shape and seem uneven. This is contributed to the force applied to the surface from the pressing mechanism used. 

The extruded material compressed by the ball pressing mechanism has limited contact surface between the ball 

and the raster, as shown in Figure 2(c). The ball was unable to press the raster evenly, and the voids can still be 

observed. Figure 4(d) indicates that the filament arrangement becomes disorganized due to some of the filaments 

tend to stick to the pressing plate during the processing. Figure 4(e) shows that the compressed filament coalesced 

and becomes contiguous as the uniform force is applied evenly on the deposited materials during the 3D printing 

process. 

 

 

      (a)                       (b) 
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          (c)                                                                          (d)      

 
(e) 

Figure 2. The cross-sectional view of a sample printed at a layer thickness of 1.0 mm by (a) Normal open-

source 3D printer (b) Commercial 3D printer (c) Ball pressing 3D printer (d) Flat pressing 3D printer (e) Roller 

pressing 3D printer (Magnification factor: x35) 

Effects on tensile strength 

The specimen manufactured by different mechanisms was tested in order to study the effects of different pressing 

mechanism on the specimen strength. The result of tensile strength is shown in Figure 5. The result clearly shows 

that the 3D printer with roller pressing has the highest tensile strength. The strength has improved due to the 

compactness, additional material and minimum internal void region between the printing layer [8].  Gurrala and 

Regalla found that the part strength was mainly influenced by the intralayer attachment, interlayer attachment, 

and the formation between the filaments [31]. 

 

Figure 3: Tensile strength with different pressing conditions in comparison to normal and commercial 3D 

printer 

The result shows at layer thickness 0.2 mm, and the average tensile strength values varied approximately from 26 

to 37 MPa for different types of 3D printer. The pressing mechanism application significantly influences the air 

gap, binding layer and material rigidity that enhances mechanical strength. Meanwhile, the samples printed using 

roller pressing 3D printer has substantially improved better than other approaches. During roller pressing onto the 

deposited layer surface, the semi molten filament is pressed and forced the excess material to flow, spread and 

filled up at the porous area. Thus, leading to stronger interlayer bonding and increases the specimen strength as 

the raster becomes closer to one another with higher contact surface area. There is a tendency of the extruded 
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filament for the flat pressing 3D printer, which is still in the semi-molten state to stick to flat plate causing it to 

peel off and contributes to low bonding between the filaments. This can be seen in the disorganized structure of 

the sectioned filament which has caused the bonding between the layers are not strong compared to the roller type 

pressing. For the ball pressing type 3D printer, only certain surface is being pressed during printing. Hence, 

through application of ball pressing, the raster unable to evenly press the material as roller type mechanism. 

Nevertheless, it produces a better result than a standard open-source 3D printer and a commercial 3D printer. 

CONCLUSION 

Integration of pressing mechanism to an open-source FDM 3D printer has a noticeable effect on the strength and 

the surface roughness of the specimens. Three distinct types of pressing mechanisms are applied, and the quality 

is compared to the standard open-source 3D printer and a commercial 3D printer. Based on the results, the 3D 

printer integrated pressing mechanism able to improve 3D printed part properties, primarily when the roller 

mechanism is used. Applying pressure during the processing is one way to produce coalesced and contiguous 

filament with smooth surface quality and higher tensile strength. It is known that the integration of the pressing 

mechanism will affect the dimensional accuracy. Hence, further investigation may need to be performed on 

geometrical and machine control to compensate this. Application of roller pressing mechanism in the open-source 

3D printer has successfully improved the surface roughness and tensile strength which may open up new 

possibilities for further research. 
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