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Abstract 

The use of Fused Deposition Modeling (FDM) in additive manufacturing 

requires a material selection strategy that considers not only strength, but also 

the balance between stiffness, ductility, toughness, and surface resistance. This 

study evaluates the comparative mechanical performance of Acrylonitrile 

Butadiene Styrene (ABS) and Polyethylene Terephthalate Glycol (PETG) at 

25%, 50%, 75%, and 100% infill using FDM printing and performance-map 

analysis. Specimens were designed according to ASTM standards and printed 

using the same printer, hexagonal infill pattern, print speed, and build 

orientation, while material-specific parameters such as extrusion temperature, 

heated bed temperature, layer height, first-layer height, enclosure, and cooling 

fan setting were adjusted according to ABS and PETG processing requirements. 

Mechanical characterization included tensile, flexural, impact, Shore D 

hardness, and density tests. The highest tensile strength was obtained by PETG 

at 100% infill, reaching 40.74 MPa, while ABS at the same infill reached 38.72 

MPa. PETG also showed the highest elongation at break of 16.16%, flexural 

strength of 59.51 MPa, and impact strength of 0.053 J/mm². In contrast, ABS 

produced the highest surface hardness, reaching 84.17 Shore D at 100% infill, 

compared with 80.42 Shore D for PETG. The density values of both materials 

increased with infill and became similar at 100% infill, namely 1.00 g/cm³. 

These findings confirm a clear trade-off between strength, toughness, resilience, 

and hardness in FDM materials. PETG offers a more balanced mechanical 

profile for applications that require strength, deformation tolerance, and impact 

resistance, while ABS remains relevant for applications that prioritize rigidity 

and surface hardness. 
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INTRODUCTION 

Studies on fused deposition modeling (FDM) as an additive 

manufacturing (AM) technology in the industrial sector have increased 

significantly. This is driven by its ability to produce high design freedom, 

efficient use of materials, and relatively competitive process costs [1], [2], [3]. 

FDM is one of the most widely used AM methods, working by extruding 

thermoplastic material through a heated nozzle and forming objects gradually 

layer by layer according to a predetermined print path [4], [5], [6]. 

Acrylonitrile Butadiene Styrene (ABS) is a material commonly used in 

the FDM process due to its toughness, impact resistance, and relative stability 

under dynamic loads [7], [8]. However, ABS has several limitations, such as a 

tendency to warp, the need for high printing temperatures, and particle and vapor 

emissions during the printing process, which may limit its use in certain 

applications [9], [10], [11]. Therefore, the development and utilization of 

alternative materials are important for expanding the applications of FDM. 

In 2025, Romadhon et al conducted a comparative study between 

Polylactic Acid (PLA) and ABS fabricated using the FDM method with identical 

printing parameters and testing standards. The results of this study showed 

significant differences in mechanical characteristics between the two materials, 

confirming the importance of selecting the right material according to 

application requirements [2]. 

Polyethylene Terephthalate Glycol (PETG) has emerged as a widely 

used material in FDM-based 3D printing due to its combination of mechanical 

strength, flexibility, chemical resistance, and ease of processing [12], [13], [14]. 

PETG is between PLA and ABS, with better impact resistance and flexibility 

than PLA, as well as being more stable against distortion and producing lower 

emissions than ABS [15], [14], [16]. In addition, PETG's transparency and 

biocompatibility expand its potential for medical and biomedical applications 

[12], [17], [18]. However, comprehensive understanding of the mechanical 

performance of PETG relative to ABS, particularly when fabricated using 

identical printing parameters, remains limited. 

Several studies have examined the mechanical performance of FDM-

fabricated ABS and PETG through optimization of internal structure 

parameters. Yah Yun Aw et al. [19]  shows that increasing the infill density in 

ABS significantly increases tensile strength and flexural strength due to reduced 

porosity and improved interlayer bonding. Mahandika and Sukma [20] reported 

that variations in infill density (25–100%) in ABS+ significantly increased 

tensile strength starting at a density of 75%, with a maximum value of 17.10 

N/mm² at 100% infill. In PETG material, Srinivasan et al. [21] found that an 

increase in infill density is directly proportional to tensile strength, with the 

highest value being around 32.12 MPa at 100% infill. Hozdić and Hozdić [22] 
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shows that the shape and density of the infill significantly affect the maximum 

force and breaking force on PETG and carbon fiber reinforced PETG 

(PETG+CF). In addition, Kumaresan and Kanny [23] reported a maximum 

tensile strength of 43.09 MPa on PETG through optimization of the infill pattern 

and raster angle using Response Surface Methodology (RSM), with the raster 

angle as the most influential parameter. 

Most previous studies have focused on PLA materials or analyzed the 

effects of process parameters partially, such as variations in infill density, print 

orientation, and layer thickness [24], [25]. The novelty of the present work lies 

in its direct PETG-ABS comparison across five property groups, namely tensile 

strength, elongation at break, flexural strength, impact strength, hardness, and 

density, using the same printer platform, ASTM-based specimen geometry, 

hexagonal infill architecture, and the same infill levels. Instead of discussing a 

single mechanical property, this study integrates the results into material 

performance maps so that the strength-ductility, flexural-impact, and hardness-

density trade-offs can be interpreted simultaneously. This approach provides a 

more practical basis for selecting FDM materials according to the required 

balance between stiffness, toughness, ductility, and surface resistance. 

METHODS 

Materials and Specimens 

The materials used in this study were ABS and PETG filaments with a 

diameter of 1.75 mm. The specimens were designed using SolidWorks software 

with reference to the relevant ASTM testing standards. The three-dimensional 

model was then converted into STL format and process 

ed using FlashPrint software to determine the printing parameters and 

slice it into print layers. The fabrication stage was carried out using a Flashforge 

Dreamer 3D printer based on the Fused Deposition Modeling (FDM) method. 

Details of the technical specifications of the equipment used are presented in 

Table 1. 

Table 1. Flashforge Dreamer printer specifications [2] 

Flashforge Dreamer 

Printing Technology FFF (Fused Filament Fabrication) 

Printer Dimensions 480 x 335 x 410 mm 

Print Dimensions 230 L x 150 W x 140 H 

Layer Resolution 100 - 500 microns 

Position Precision XY : 11 microns, Z : 2,5 microns 

Software and Firmware FlashPrint 

Number of Extruders 2 

Connectivity Wi-Fi, USB Cable, SD Card 

Heated Bed Yes 

AC input 100-240 V, ~2amps. 50-60Hz, 350W 
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The printing process was designed to keep the comparison as controlled 

as possible while still using material-appropriate printing conditions. Nozzle 

diameter, infill pattern, infill percentage, print speed, travel speed, wall 

configuration, and build orientation were kept constant for ABS and PETG. 

However, nozzle temperature, bed temperature, layer height, first-layer height, 

enclosure condition, and cooling fan setting were adjusted according to the 

processing requirements of each material to reduce warping, improve first-layer 

adhesion, and avoid poor interlayer bonding. Therefore, the comparison should 

be interpreted as a practical comparison between optimized ABS and optimized 

PETG printing conditions rather than a comparison in which only one process 

parameter was varied. 

The main variation in this study was the infill percentage of 25%, 50%, 

75%, and 100% with a hexagonal pattern, which was chosen because it provides 

a more even stress distribution. Other parameters such as wall thickness and 

print orientation were kept constant, so that the research variables focused on 

the type of material (ABS and PETG) and infill variations. Details of the 

configuration are presented in Table 2. 

Table 2. Printing parameter configuration 

Settings Material 

ABS PETG 

Nozzle Temperature (°C) 240 235 

Bed Temperature (°C) 110 80 

Layer Height (mm) 0,18 0,2 

First Layer Height (mm) 0,27 0,3 

Infill Shape Hexagon Hexagon 

Infill Percentage (%) 25, 50, 75, 100 25, 50, 75, 100 

Print Speed (mm/s) 60 60 

Travel Speed (mm/s) 80 80 

Enclosure yes no 

Fan Nozzle Only All On 

In this study, five replicates of test specimens were made for each test 

condition. Thus, a total of 40 specimens were obtained for each type of 

mechanical test, consisting of two types of materials, four variations in infill 

density, and five replicates. Tensile test specimens were produced based on 

ASTM D638 Type I, while bending tests referred to ASTM D790. Impact testing 

was carried out in accordance with ASTM D256, and surface hardness 

measurements were determined using the Shore D method based on ASTM 

D2240. Meanwhile, density testing was carried out with reference to ASTM 

D792. The dimensions of the test specimens for each test are presented in detail 

in Figures 1 to 5 in millimeters. 
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Figure 1. Dimensions of tensile test specimens [2] 

 

 

Figure 2. Dimensions of the bending test specimen [2] 

 

 

Figure 3. Impact test specimen dimensions [2] 

 

 

Figure 4. Dimensions of hardness test specimens [2] 

 

 

Figure 5. Dimensions of density test specimens [2] 
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Mechanical Testing Procedures 

Mechanical testing was conducted based on ASTM standards to obtain 

comprehensive material characterization. Tensile testing was performed using a 

50 kN UTM with a crosshead speed of 5 mm/minute in accordance with ASTM 

D638 to determine UTS, elongation at break, and elastic modulus. Flexural 

testing used the three-point bending method in accordance with ASTM D790 

with a span distance of 16 times the thickness of the specimen to obtain the 

flexural strength and modulus. Impact testing was performed using a 2 J 

pendulum impact tester in accordance with ASTM D256 to determine the 

toughness of the material. Surface hardness is measured using a Shore D 

durometer based on ASTM D2240 with three test points per specimen. Material 

density is determined based on ASTM D792 using Archimedes' principle. All 

testing equipment is calibrated before testing to ensure the accuracy of the 

results. 

Data Analysis 

The tensile, flexural, impact, hardness, and density test data were 

quantitatively analyzed for each material-infill combination. The reported 

values represent the mean of five specimens for each condition (n = 5), which 

reduces the influence of specimen-to-specimen variation in the FDM process. 

Because the available manuscript dataset contains only the averaged values and 

does not include the individual replicate readings, standard deviation, 

coefficient of variation, and inferential significance testing could not be 

recalculated for the present revision. Accordingly, the comparison is treated as 

descriptive and trend-based. Future work should report the raw replicate data 

together with standard deviation, confidence intervals, and analysis of variance 

to strengthen statistical reliability. 

To evaluate the overall correlation between mechanical properties, the 

data was mapped in the form of scatter plot-based material performance maps. 

The performance maps used included: (i) the relationship between maximum 

tensile stress and fracture strain, (ii) the relationship between bending stress and 

impact energy, and (iii) the relationship between hardness and density. Each 

point on the map represents a unique material–infill combination, so that the 

systematic shift in point position reflects the influence of internal architecture 

variations on the mechanical response of the material. 

This mapping approach allows the identification of trade-offs between 

mechanical properties, such as between increased strength and decreased 

ductility, without simplifying the data into a single performance index. Thus, the 

mechanical characteristics of materials can be analyzed multidimensionally in 

accordance with the principle of performance-based material selection. The 

comparison between ABS and PETG is based on relative position, distribution 

trends, and the trajectory of mechanical property changes on each performance 
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map, allowing for a comprehensive evaluation of material response differences 

to infill variations. 

RESULT AND DISCUSSION 

Tensile Test, Bending Test, Impact Test, Hardness Test, and Density Test 

The values in Table 3 are mean values from five specimens per condition 

(n = 5). The individual replicate values were not available in the manuscript 

dataset; therefore, dispersion statistics are acknowledged as a limitation rather 

than estimated artificially. 

Table 3. Summary of mean ABS and PETG mechanical testing results (n = 5) 

Infill 

Tensile 

Strength 

(MPa) 

Elongation at 

Break (%) 

Flexural 

Strength 

(MPa) 

Impact 

Strength 

(J/mm²) 

Hardness 

(Shore D) 

Density 

(g/cm³) 

ABS PETG ABS PETG ABS PETG ABS PETG ABS PETG ABS PETG 

25% 12.90 14.98 10.79 12.73 34.87 41.37 0.019 0.019 60.67 56.92 0.54 0.54 

50% 16.06 18.80 10.73 15.78 41.93 43.90 0.038 0.037 77.83 70.33 0.72 0.70 

75% 19.51 23.63 10.19 13.42 51.68 55.10 0.038 0.054 82.92 78.92 0.83 0.81 

100% 38.72 40.74 11.74 16.16 58.06 59.51 0.052 0.053 84.17 80.42 1.00 1.00 

 

The test results table maps the mechanical characteristics of ABS and 

PETG at infill variations of 25-100%, including tensile strength, elongation at 

break, flexural strength, impact strength, hardness, and density. In general, 

increasing the infill strengthens the internal structure of the specimens and 

improves almost all mechanical parameters in both materials. This confirms that 

infill acts as a microarchitecture that controls stress distribution paths, load-

bearing cross-sectional area, void fraction, and failure mechanisms in FDM 

products. 

PETG consistently demonstrates superior mechanical performance in 

terms of tensile and flexural strength, accompanied by higher elongation 

compared to ABS. This combination places PETG in the “strong-ductile” 

material domain, while ABS tends to be “strong-rigid.” In impact tests, the 

difference between the two materials becomes more apparent at medium to high 

infill, where PETG shows better energy absorption capabilities. Conversely, 

ABS maintains higher surface hardness values, although the difference becomes 

smaller at high infill. 

The density values of both materials increase with increasing infill and 

show very little difference at equivalent infill levels. This similarity is primarily 

attributed to the identical specimen geometry and the same nominal infill 

percentages used in slicing, which caused the bulk printed density to be 

governed more by the programmed solid fraction and void volume than by the 
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small difference in intrinsic filament density. Because density was determined 

as bulk specimen density, it includes the contribution of internal pores and 

printed architecture. Therefore, similar density values should not be interpreted 

as identical material composition, but as comparable printed solid fraction under 

the selected infill settings. 

The Effect of Infill Percentage on the Tensile Behavior of ABS and PETG 

Materials 

 

 

Figure 6. ABS and PETG stress-strain performance map at various infill levels 

Figure 6 shows the relationship between infill percentage, maximum 

tensile stress, and fracture strain in ABS and PETG specimens produced using 

the Fused Deposition Modeling (FDM) process. The test results show that infill 

percentage is a key parameter that significantly affects tensile mechanical 

response, with different behavior characteristics in each material. 

In ABS material, increasing the infill percentage from 25% to 100% 

resulted in a significant increase in tensile stress, from 12.9 MPa to 38.72 MPa. 

This increase is related to the reduction in internal porosity and the increase in 

effective cross-sectional area capable of transferring tensile loads. Conversely, 

the ABS fracture strain value is relatively stable in the range of 10–11%, even 

showing a slight downward trend at medium infill (50–75%). This indicates that 

the increase in internal density in ABS contributes more to strength 

improvement than to toughness improvement, making the material stiffer and 

more prone to brittle fracture at high infill. 

Unlike ABS, PETG material shows a simultaneous increase in strength 

and toughness as the infill percentage increases. The tensile strength of PETG 

increases from 14.98 MPa at 25% infill to 40.74 MPa at 100% infill, 

accompanied by an increase in elongation at break from 12.73% to 16.16%. This 

behavior can be associated with better interlayer bonding, higher deformation 

tolerance, and the viscoelastic character of PETG. Under tensile loading, PETG 

can redistribute strain more gradually across deposited roads and layer 
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interfaces, delaying crack initiation and delamination. In contrast, ABS tends to 

show a more rigid response, so stress concentration at raster boundaries can 

promote earlier localized fracture. 

Comparative analysis shows that across all infill variations, PETG has 

higher elongation at break than ABS, while the tensile strength values of both 

materials are relatively comparable at 100% infill. Thus, PETG is more suitable 

for applications that require resistance to deformation and energy absorption, 

while ABS is more appropriate for components that prioritize structural strength 

and rigidity. 

Overall, these results confirm that infill percentage optimization must 

consider the interaction between the strength and toughness of the material, as 

well as the intrinsic mechanical characteristics of the filament used, in order to 

achieve optimal mechanical performance according to application requirements. 

The Effect of Infill Percentage on the Flexural Strength and Impact 

Resistance of ABS and PETG Materials 

 

 

Figure 7. Flexural stress–impact strength performance map of ABS and PETG at 

various infill levels 

The results of flexural and impact testing on ABS and PETG materials 

produced by Fused Deposition Modeling (FDM) show that the infill percentage 

plays a dominant role in determining flexural load-bearing capacity and energy 

absorption capability. An increase in infill generally increases flexural stress and 

impact strength due to reduced internal porosity and increased effectiveness of 

interlayer load transfer. 

In ABS, flexural stress increased significantly from 34.87 MPa (25%) to 

58.06 MPa (100%), along with increased structural stiffness. However, the 

increase in impact strength was not linear, with relatively stagnant values at 50–

75% infill (≈0.038 J/mm²). This phenomenon indicates that even though the 

structure becomes stiffer, the failure mechanism of ABS is still dominated by 
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brittle crack propagation at the raster interface, so that the increase in density is 

not fully converted into impact toughness. 

Conversely, PETG showed a simultaneous increase in flexural strength 

and impact toughness. Flexural strength increased from 41.37 MPa to 59.51 

MPa, while impact strength rose from 0.019 J/mm² to 0.053 J/mm² with 

increasing infill. This response reflects more homogeneous interlayer bonding 

and viscoelastic deformation, which allow PETG to absorb impact energy 

through plastic deformation, strand stretching, and crack deflection before final 

failure. ABS, although stiffer, is more likely to localize damage at bead 

interfaces; therefore, the increase in infill does not translate as effectively into 

impact resistance. 

A direct comparison shows that at high infill, PETG has a more balanced 

flexural strength to impact toughness ratio than ABS. Although the maximum 

flexural stress values of both materials are relatively comparable, PETG exhibits 

better crack and delamination resistance, making it more suitable for 

applications with dynamic flexural loads and shock loads. 

Overall, these results confirm that infill optimization in FDM structures 

must consider the balance between stiffness and toughness, as well as the 

intrinsic mechanical characteristics of the material, in order to achieve optimal 

structural performance. 

The Effect of Infill Percentage on the Hardness and Density of ABS and 

PETG Materials 

 

 

Figure 8. Hardness-density performance map of ABS and PETG at various infill 

levels 

Increasing the infill percentage consistently increases the density and 

Shore D hardness of FDM-printed ABS and PETG, indicating a reduction in 

void fraction and an increase in solid material continuity. The density of both 

materials increases almost linearly from approximately 0.54 g/cm³ at 25% infill 
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to 1.00 g/cm³ at 100% infill, reflecting the effectiveness of infill percentage in 

controlling the internal structure. 

In ABS, the increase in density was followed by a significant increase in 

hardness, from 60.67 Shore D to 84.17 Shore D, indicating the formation of a 

stiffer structure that is resistant to local deformation. In contrast, PETG exhibits 

lower hardness values at equivalent densities (56.92–80.42 Shore D), reflecting 

the viscoelastic character and intrinsic toughness of the material. 

The difference in hardness response at comparable densities confirms 

that hardness is not solely controlled by density, but also by the intrinsic 

mechanical properties of the material and the quality of the interlayer bonds. 

Therefore, the selection of infill and material must consider the balance between 

surface rigidity and structural toughness requirements in FDM applications. 

Discussion (Implications) 

The results show that increasing infill percentage consistently increases 

specimen density, which directly contributes to higher tensile strength, flexural 

strength, impact toughness, and surface hardness in ABS and PETG materials 

produced by FDM. From a practical perspective, 100% infill gives the highest 

mechanical performance, but it also increases material use and printing time. 

Therefore, the infill level should be selected according to service requirements 

rather than maximized automatically. PETG is recommended for components 

subjected to dynamic loading, impact, repeated handling, snap-fit deformation, 

protective covers, fixtures, and functional prototypes that require strength 

together with deformation tolerance. ABS is more appropriate for components 

that prioritize rigidity, dimensional stability, and surface hardness, such as 

housings, supports, rigid brackets, and parts requiring local indentation 

resistance, provided that warping control and printing emissions are properly 

managed. 

In accordance with previous PETG studies [15], [14], [16], PETG 

demonstrates a more balanced performance between strength and toughness. At 

high infill, PETG achieves tensile and flexural strength values comparable to 

ABS while maintaining greater elongation at break and impact strength. This 

confirms that mechanical performance is not solely determined by density or 

infill percentage, but also by polymer behavior, cooling conditions, raster 

bonding, and layer-interface quality. Overall, these findings support 

performance-based material selection: PETG should be selected when 

toughness and energy dissipation are dominant requirements, whereas ABS 

should be selected when hardness and rigidity are more critical. 

CONCLUSION 

The results of this study confirm that variations in infill percentage play 

a crucial role in determining the mechanical and physical characteristics of ABS 

and PETG materials produced through the FDM process. Increasing infill from 
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25% to 100% consistently increased density and improved tensile strength, 

flexural strength, impact strength, and hardness. At 100% infill, PETG achieved 

the highest tensile strength of 40.74 MPa, elongation at break of 16.16%, 

flexural strength of 59.51 MPa, and impact strength of 0.053 J/mm². ABS 

showed the highest hardness value, reaching 84.17 Shore D at 100% infill, 

indicating its stronger surface resistance and rigidity. Thus, PETG provides a 

better strength-toughness balance for components exposed to dynamic or impact 

loading, while ABS is more suitable for components requiring high stiffness, 

dimensional stability, and surface hardness. Future work should include raw 

replicate data, standard deviation, coefficient of variation, and statistical 

significance testing to strengthen quantitative comparison between materials 

and infill levels. 
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