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One of the most cost-effective additive manufacturing (AM)/3D printing techniques for 

complicated geometry components is fused deposition modeling (FDM). FDM is a 

method of fabricating parts by depositing successive layers of material in accordance 

with computer-aided design file. The properties of the finished products manufactured 

with FDM are sensitive to the process parameters used. Most FDM items still lack 

adequate mechanical characteristics when compared to those produced using 

conventional methods. This investigation seeks to address this knowledge gap by 

fabricating tensile specimens from Polyethylene Terephthalate Glycol (PETG) filament 

in a variety of geometries, including grids, octets, triangles, and hexagons. To verify this 

claim, samples studied was printed with varying infill percentages (25, 50, 75, and 100) % 

to see how this impacted the mechanical characteristics such as tensile strength and 

fractured strain. Although the best results for tensile stress and hardness were achieved 

with a 100% infill percentage in all four printing situations, the triangles orientation 

consistently produced the best results. 
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1. INTRODUCTION

The development and widespread use of additive 

manufacturing (AM) methods like 3D printing in recent years 

may be attributed to the technologies’ adaptability, speed of 

reaction, and cheap cost [1]. The construction, medical, 

robotic, military, automotive, and aerospace sectors [1-15], to 

name a few, have all benefited from this technology. Moreover, 

AM offers benefits like reduced manufacturing costs and a 

means by which manufacturers may tailor low-volume items 

to individual customers’ preferences in a cost-effective and 

expedited manner [16, 17]. Less expensive materials, molds, 

and dies may be used thanks to applications of the AM process. 

With this method, businesses or individuals may save money 

while still trying out new ideas [18, 19].  

The ability of AM technology to reduce the carbon footprint 

of manufacturing is another area in which it excels. This is 

accomplished through the use of fewer raw materials, the 

generation of less waste material, the creation of reduced-

weight parts with enhanced specifications, and the production 

of parts on demand. One kind of additive manufacturing (AM) 

that uses material extrusion is called fused deposition 

modeling (FDM). It is the most widely used AM technology 

in both the home and industrial settings, and it is also one of 

the most quickly developing AM processes. AM of metal 

components involves heating, melting, solidifying, and 

cooling metal alloys with spatially varying temperatures over 

the whole part. Relying upon the product thermo-physical 

characteristics, the stiffness of the component, and the 

transient temperature fields, localized portions of a part may 

undergo permanent deformation [20].  

The sensitivity of different alloys to deformation and the 

associated dimensional inaccuracy of the final product may be 

evaluated quantitatively using a suitable model for the 

estimate of strain. Several studies in recent years have focused 

on optimizing the mechanical qualities of 3D printed 

components. Given that the properties of the printed items 

might be affected by a wide variety of process-level factors. 

The effect of deposition direction on the functionality of FDM 

parts has been analyzed and discussed by Casavola et al. [21] 

and Domingo-Espin et al. [22] through manufacturing samples 

with different orientations and analyzing the mechanical 

properties of the printed samples. Research on other 

parameters, such as raster angle [23], plate temperature [24] 

layer-to-layer thickness [25], and types of structure [26], has 

also been completed. The surface quality and mechanical 

strength of printed ABS specimens were studied by Vargas 

and Cordoba [27], who looked into the impact of the extrusion 

speed and the deposition distance on the process. Ultimate 

strength of 49 MPa and Young moduus of 1893 MPa were 

achieved with no degradation observed of the specimens’ 

outer surfaces.  

The FDM approach was investigated by Tymrak et al. [28] 

using low-cost commercial ReoRap printers to print ABS and 

PLA. Layer thicknesses ranging from 0.2 to 0.4 mm, angle 

variations between +45° and -45°, from 0° to 90°, and a speed 

equal 5 mm/min were the parameters used in fabrication. 

Maximum stress results for PLA were 33.68MPa and for ABS 

was 56.6MPa. Fill density values from 0% to 100% and the 

filling pattern were utilized as production factors by 

Guamantario [29].  The filling pattern was one of two typically 

employed in printing processes. The test findings revealed that 
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the mechanical strength of 3D printed items was affected by 

the density and fill pattern used in the printing process. Most 

importantly, the properties of additively manufactured 

components using 3D printing technique are affected by the 

filling factor, print and raster direction, and layer-to-layer 

thickness [30]. There is a great deal of studies [31-49] 

analyzing the effect of various variables on mechanical 

characteristics, especially tensile characteristics. Camposeco-

Negrete [50] analysed the impact of layer print size, infill 

shape, raster direction of 3D-printed parts using Taguchi and 

ANOVA methods. The outcomes referred to that  the printing 

plane  the most influential factor on tensile and yield strength, 

and dimensional accuracy of thickness printed parts. Zhao et 

al. [51] studied the mechanical properties of PLA printed 

components by altering the deposition layer size and raster 

angle and. Tensile strength enhanced when using higher 

printing angle. The purpose of the study investigated by 

Verbeeten et al. [52] was to analyse the effect of the printing 

speed and infill orientation angle on the strain-rate dependence 

of for the tensile 3D-printed PLA samples. They concluded 

that  changing the filling angle resulted in anisotropic effects 

to the samples. Hassanifard and Hashemi [53] investigated the 

strain-life fatigue through analyse the impact of printing angle 

and direction of PC and PLA printed components. The 

researchers stated that the filling density impacted the 

mechanical characterisitics of the manufactured samples. 

From analysis the above studies, there is no such paper has 

analysed the infill patterns effect of the PETG printed samples 

on the mechanical properties.  Therefore, this study aims to 

investigate how adjusting certain parameters of the fused 

deposition modeling process affects the mechanical properties 

of 3D-printed PETG. The specimens were printed with 

varying infill percentages and geometric forms so that the 

effect of the print configuration parameter could be examined. 

Several configurations and infill percentages were employed 

to examine the mechanical characteristics of the printed 

components, and the tensile and hardness results were 

analyzed accordingly. 

 

 

2. MATERIALS AND METHODS  

 

2.1 Materials 

 

Polyethylene Terephthalate Glycol (PETG) filament with a 

1.75 mm diameter was employed with the 3D printing 

machine in the present work. The filament wire was heated and 

extruded in accordance with the layer-to-layer to 

manufacturing the 3D printing samples. PETG is a vastly 

known 3D printing filament, greatly employed due its good 

strength, relative flexibility, and temperature resistance in 

contrast with the PLA. PETG provides the strength of ABS 

parts with even more flexibility. It is perfect for practical prints 

that require a little elasticity property prior to breaking than 

PLA. Consequently, it displaced ABS as the second most 

popular 3D printing filament on the market. 

 

2.2 Methods 

 

The experiment specimens were manufactured utilizing the 

ANYCUBIC commercial 3D printer and the Fused Deposition 

Modeling (FDM) method, Figure 1 presents the 3D printer that 

used in the present work. The diameter of this printer’s nozzle 

is 0.4 millimeters. The tensile test samples were 3D printed 

using Polyethylene Terephthalate Glycol (PETG) filament 

with a 1.75 mm diameter. Four tensile samples of each 

configuration (grid, octet, triangle, and hexagon) were printed 

with four different infill percentages (25%, 50%, 75%, and 

100%). As can be seen in Figure 1, the printed specimen was 

constructed using the D638 type IV sample because this design 

is practical for the uses of the polymer material that are 

consistent with the study [38]. The sample’s 3D CAD model 

was created in Solidworks 2020 and exported as a “.STL” file. 

The STL file (3D model) was used with the Ultimaker Cura 

4.3 software for slicing. G-code is the file type that may be 

used by the 3D printer once it has been exported from the 

slicing program. The printing temperature was kept at 195℃, 

while the platform temperature was kept at 60℃. Printing 

settings also included a print speed of 50 mm/s, a wall 

thickness of 0.15 mm and a layer height of 0.1 mm. Figure 2 

shows the 3D-printed tensile samples. Table 1 shows the 3D-

printer experimental parameters used in the current study. 
 

Table 1. The printing parameters of the different printing 

patterns 
 

Infill Pattern Infill Percentage % 

Grids 25, 50, 75, 100 

Triangles 25, 50, 75, 100 

Hexagons 25, 50, 75, 100 

Octets 25, 50, 75, 100 

 

 
 

Figure 1. ANYCUBIC 3D printer 
 

 
 

Figure 2. Tensile test machine 
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3. RESULTS AND DISCUSSIONS 

 

3.1 Tensile strength 

 

The D638 type IV standard [54] was implemented in order 

to manufacture the 3D-printed test components, and those 

samples are shown in Figure 3. The printed specimens from 

each of the four instances were put through tensile testing on 

a double-acting hydraulic press that had a maximum loading 

capacity of 30 tons. This testing allowed the tensile properties 

of the specimens to be determined. In order to determine the 

tensile strength of each identical sample type, three different 

specimens were evaluated. It was determined that a speed of 5 

mm per minute was appropriate for the test. After carrying out 

a series of tensile tests, the results of which are shown in 

Figure 4, show the 3D-printed samples under a variety of 

situations. 

 

 
 

Figure 3. The 3D-printed tensile specimens 

 

 
 

Figure 4. The fractured 3D-printed tensile specimens 

 

The tensile strength of the PETG samples produced with 

triangular case and at varying percentages of infill are shown 

in Figure 5. When the infill percentage was 25%, the tensile 

strength was found to be 21.12 MPa, which was much lower 

than the highest value of 31.05 MPa that was recorded when 

the infill percentage was 100%. The tensile strength of the 

remaining two infill percentages, which were 50% and 75%, 

was 23.97 MPa and 24.23 MPa, respectively. As can be seen 

in Figure 6, the tensile strength of the grid case rose when the 

percentage of the material that was filled in was raised. In 

Figure 6, It can be seen how the tensile strength values of the 

grid case change depending on the percentage of infill that is 

used. There is no denying that an increase in the filling 

percentages will lead to an increase in the tensile strength. The 

grid case had a tensile strength of 27.05 MPa when it had 

100% infill percentage, however the result was only 21.06 

MPa when it had 25% filling percentage. The relationship 

between the tensile strength and the filling percentages of the 

hexagonal case is shown in Figure 7, which may be seen here. 

The tensile strength was improved by incrementing the infill 

percentage, and the greatest value of 24.56 MPa was obtained 

when the infill percentage was 100%, whilst the lowest value 

of 18.15 MPa was recorded when the infill percentage was 

25%. With reference to Figure 8, which illustrates the impact 

of the infill rate on the tensile strength values of the octet case, 

showing that the tensile strength improves with rising the 

filling rate. The tensile strength of the material was measured 

to be at its highest level of 24.12 MPa when it included an infill 

percentage of 100%. On the other hand, the value was found 

to be at its lowest level when it contained just 25% of the total 

volume. 

 

 
 

Figure 5. Impact of the infill percentage on the tensile 

strength of the triangle case 

 

 
 

Figure 6. Tensile strength of the grid case with various 

percentage 

 

 
 

Figure 7. Impact of the infill percentage on the tensile 

strength of the hexagonal case 
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Figure 8. Impact of the infill percentage on the tensile 

strength of the octet case 

 

Increasing the tensile strength of the 3D-printed 

components that occurs in conjunction with an increase in the 

filling percentage is attributable to an increase in the volume 

of the printing material that is present within the internal 

structure of the samples. Increasing the filling percentage 

causes more layers to be produced in the internal structure. 

This causes the samples to endure more plastic strain before 

they fracture, which in turn increases their tensile strength.  

Consequently, it can be referred that the resulting tensile 

strength increases with increasing the infill percentage for all 

3D printed geometric shapes, this attributable to the increment 

in the sample stiffness and lowering in its susceptibility 

distortion. 

 

3.2 Fractured strain 

 

Figure 9 illustrates how the percentage of infill affects the 

fractured strain in the 3D-printed samples used for the triangle 

case study. It was evident from the results that an increase in 

the filling factor led to an increase in the fractured strain. It 

was discovered that the greatest fractured strain was 12.27%, 

which was recorded with a percentage of infill equal to 100%, 

while the 25% filling factor leads to a fractured strain of 9.39%. 

Figure 10 depicts the impact that the infill percentage of the 

grid printing case has on the grid printing case. When the 

filling factor was adjusted to 25%, the fractured strain was 

only 10.17%, but when the filling factor was increased to 

100%, the final strain was 12.29%. This shows that the 

fractured strain grows as the filling factor increases. Figure 11 

presents a comparison of the filling percentage of the 

hexagonal filling pattern with the other filling patterns. The 

findings revealed that an increase in the filling ratio is 

associated with an increase in the fractured strain. As can be 

observed in Figure 10, the greatest cracked strain that was 

recorded was 9.11%, and this was achieved when the filling 

percentage was 100%. The minimum number was 4.89%, 

while the infill percentage was set at 25%. Figure 12 depicts 

the shifts that take place in the fractured strain of the octet 

pattern case as a function of the different infill percentages. 

The fractured strain had the maximum value when it was equal 

to 14.26% when the filling factor was equal to 100%, while it 

had the lowest value when it was equal to 12.67% when the 

filling percentage was equal to 25%. The improvement in the 

fractured strain with increasing the filling factor of all printing 

cases is due to increase the strength of the internal structure of 

the 3D-printed components and this resulted in increasing the 

samples durability when its subjected tensile loading and thus 

the fractured strain of the samples with higher infill percentage 

was higher than those with lower filling percentages. 

 

 
 

Figure 9. Variation in the fractured strain with the infill 

percentage of the triangle case 

 

 
 

Figure 10. Variation in the fractured strain with the infill 

percentage of the grid case 

 

 
 

Figure 11. Variation in the fractured strain with the infill 

percentage of the hexagonal case 

 

 
 

Figure 12. Variation in the fractured strain with the infill 

percentage of the octet case 
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4. CONCLUSIONS 

 

This article investigates the FDM 3D printing product’s 

mechanical properties. In this study, we used a filament made 

of polyethylene terephthalate glycol (PETG). Several infill 

percentages were used to print tensile specimens in a wide 

variety of 3D-printing patterns, including grids, octets, 

triangles, and hexagons. The following are inferences that may 

be drawn from the data:  

1. The tensile strength and fractured strain findings vary 

significantly depending on the filling pattern and infill 

percentage. 

2. The 3D-printed samples with the greatest tensile strength 

were those filled with triangles, while the ones with the lowest 

value were those filled with octets.  

3. The tensile strength of all four filling patterns increased 

when the filling percentage was raised. 

4. The octet case exhibited the greatest fractured strain, 

while the hexagonal filling pattern showed the lowest. 

5. The commercial FDM 3D printers might be used as a 

cost-effective and high-quality option for manufacturing 

components with exact dimensions and great precision. 
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