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 Additive Manufacturing (AM) technologies have been emerged as a fabrication method 

to obtain engineering components within a short span of time. 3D printing, also referred 

as additive layer manufacturing technology is one of the powerful methods of rapid 

prototyping (RP) technique that fabricates three-dimensional engineering components. 

fused deposition modelling (FDM) is one of the most commonly used additive 

manufacturing (AM) methods, with applications in modelling, prototyping, and 

production. Acrylonitrile–butadiene–styrene (ABS) is a widely used industrial 

thermoplastic that is also the most commonly used material in FDM technology. 

Understanding the impact of FDM build settings on material characteristics is essential 

for predicting the behaviour of ABS components. The purpose of this study is to 

determine the impact of specimen tensile and compressive behaviour on ABS 

components produced using FDM. The Ultimaker+2 printer is used to create ABS 

thermoplastic samples for the investigation. The samples are put through their tests using 

a modified form of ASTM D638 for tensile strength and ASTM D695 for compressive 

strength. An Instron testing machine is used to put the printed parts to the test. The 

approach employed was Design of Experiment (DOE). Three primary criteria are used in 

the plastics experiment: infill density, layer thickness, and infill pattern. We measured 

the tensile and compressive strengths of zigzag and gyroid specimens, as well as cross 

specimens. The highest compressive strength at break (25.01 MPa), Young's modulus 

(2.473 GPa), fracture strength (21.016 MPa), and ultimate tensile stress (23.1 MPa) were 

all discovered in a sample with 60% infill density, 0.05mm layer thickness, and a 

GYROID infill pattern. 
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1. INTRODUCTION 

 

New technologies are transforming our world. The term 

"complexity is free" is frequently used when it comes to 

additive manufacturing (AM), which will allow nearly any 

geometric form to be created. When balancing fabrication 

technique and cost, traditional production processes put many 

constraints on the geometry of a part. When doing design for 

manufacturing (DFM) using AM as the desired production 

technique, this weight of free complexity can be quite 

expensive. 3-dimensional (3D) printing is becoming 

increasingly popular in the industrial production industry [1]. 

When discussing additive manufacturing (AM), which 

allows almost anything to be fabricated when balancing 

fabrication technique and cost, the traditional manufacturing 

process puts many constraints on the geometry of a component. 

When doing design for manufacture (DFM), if the planned 

manufacturing technique is AM, this weight of free 

complexity may be highly costly. This is becoming 

increasingly essential in the product development industry for 

industrial production. Complex prototype goods with 

sophisticated functions and parameters such as temperature, 

printer speed, infill pattern, and so on can be created using 3D 

printing [2]. 

ABS is used in a wide range of industries because of its 

special characteristics, which include strong mechanical 

reaction, chemical resistance, excellent surface finish, and 

processing quality [1]. ABS is a robust and durable resin that 

is chemically resistant, although it is vulnerable to polar 

solvents. It has better compressive characteristics than HIPS 

and a slightly higher thermal distortion temperature. 

Acrylonitrile butadiene styrene has a large processing window 

and may be handled on a wide range of machines. Extrusion, 

injection molding, and blow moulding are all possibilities. It 

has a low melting point, making it ideal for additive 

manufacturing processes on a fused deposition modelling 

machine [3]. 

The most popular of all additive manufacturing (AM) 

processes is Fused Deposition Modeling (FDM), often known 

as Fused Filament Fabrication (FFF). This is owing to its low 

cost, simplicity of usage, and wide range of commercially 

accessible materials. FFF frequently uses polymers such as 

acrylonitrile butadiene styrene (ABS), polycarbonate (PC), 

polylactic acid (PLA), and polyether ether ketone (PEEK) [4].  

A heating block, an extruder (nozzle), and a platform make 

up fused deposition machines. The heater and the nozzle are 

set on a moveable frame that moves freely in relation to the 

building base or the other way around. After being placed in 
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the heater block, the filament feedstock is partially melted. 

Through the nozzle, the material is extruded. Figure 1. shows 

how to do this operation. The G-code provides instructions 

that are processed. G-codes are lines of instructions that 

contain the coordinates that the nozzle should follow. The 

distance between the nozzle and the platform is increased once 

a layer of material has been extruded in order to extrude 

another layer of material [5]. 

The FDM method used by Stratasys being with the creation 

of three-dimensional geometrical in a CAD software program, 

which can be converted to an STL coded file. In this format, 

the component's exterior design is represented with triangles 

using tessellation. After that, the geometrical is put into the 

FDM machine software program, where it is oriented in place 

and geometrically split into horizontal layers of the machine's 

necessary thickness. Depending on the position of the 

component and its shape, a support structure is built [4]. 

The purpose of this research is to investigate the unique 

effects of printing settings on mechanical characteristics. The 

impact of various processing factors on the mechanical 

properties of a 3D printed ABS component was investigated 

using an experimental approach utilizing a fractional 

orthogonal array design to optimize the printing process [6, 7]. 

Many printing settings used to create components using 

FDM have been investigated and reported. Some authors 

looked at the experimental to see how three process factors, 

such as layer height, raster angle, and raster width, affected the 

tensile characteristics of PLA specimens printed using them 

(FDM) [8]. To carry out the process, Taguchi was employed. 

To determine the optimum combination of process parameters, 

the value of experimental error was analysed using analysis of 

variance (ANOVA) and signal-to-noise (S/N) ratio analysis. 

Hu et al. [9] investigated the quality of production in the 

optimization of settings using Fused Deposition Modelling 

(FDM) for 3D printers of the polymer acrylonitrile-butadiene-

styrene (ABS). ABS was tested at different temperatures for 

3D printing while printing at the same speed. As a sample, an 

evaluation sample was picked (dog bone). The materials were 

described using differential scanning calorimetry (DSC), a 3D 

scanner, the melt flow index (MFI), bending and tensile tests, 

and notched toughness measurements. The ideal melting point 

was determined based on the sample's mechanical 

characteristics and printing quality. The findings revealed that 

for this material, selecting the proper 3D-printed temperatures 

and base temperature is critical. Temperatures around 245℃ 

are recommended for prototypes that should have more 

flexibility. On the other hand, for samples that do not require 

flexibility, temperatures of around 275℃ are recommended. 

As proven by DSC, there is no material deterioration due to 

the ABS material's brief contact time with the nozzle. 

The influence of FDM settings on flexural strength was 

investigated by Peko et al. [10] who utilizing a Makerot 

Replicator 2 printer to fabricate PLA samples. In this work, the 

influence of infill pattern, layer thickness, and infill density on 

the compression and tensile characteristics of 3D printed 

Acrylonitrile Butadiene Styrene (ABS) is investigated. The 

process parameters that were investigated were build 

orientation, layer thickness, and infill density. The 

significance of the influence of variables on flexural strength 

was investigated using a factorial Design of Experiment 

approach and Analysis of Variance (ANOVA). According to 

the findings of experiments and statical analysis (ANOVA), 

Flexural strength was affected by layer thickness and the 

connection between build construction direction and infill 

density. 

Rodríguez et al. [11] investigated the properties of ABS 

M30 produced using FDM (Vantage SE machine). In order to 

identify the best process parameter combination, Taguchi's 

DOE technique was combined with Grey Relational Analysis 

(GRA) multi-objective optimization. To enhance the 

dimensional accuracy and surface finishing of the components, 

the best combination of settings was determined utilizing GRA 

with raster angle at 0°, part orientation, layer thickness of 

0.254mm, zero air gaps, and raster width at 0.4564mm.  

Liu et al. [12] investigated the impact of the five factors: 

raster gap, deposition orientation, layer thickness, deposition 

style, and raster width on the mechanical characteristics 

(tensile strength, impact strength, and flexural strength) of 

PLA parts produced by FDM. To perform experimental 

research, the Taguchi system was utilized, and analysis of 

variance (ANOVA) was used to determine the significance 

and influence of each parameter on component quality. Finally, 

using grey relational analysis, a set of optimal process 

parameter combinations were created to maximise the 

comprehensive mechanical characteristics of FDM 

components. Aalaie and Rahmatpour [2] investigated the 

effects of part build angular position, layer thickness, raster to 

raster gap, raster angle, and raster thickness on the accuracy of 

dimension of FDM constructed components at three levels, as 

well as the interaction of part build orientation angle with all 

other factors. Lužanin et al. [13] investigated that, when 

compared to ABS monofilament, the mechanical behaviour of 

ABS was examined by analysing the elastic moduli and 

strength of FDM, which indicated a decline in modulus of 11-

37 percent and a strength loss of 22-57 percent. The 

mechanical characteristics of the construction pieces were 

considerably impacted by the build orientation. 

The purpose of this work is to investigate the mechanical 

characteristics of printed ABS components after printing, 

utilizing tensile and compressive tests. 

 
 

Figure 1. Schematic diagram of the FDM process [14] 

 

 

2. MATERIALS AND METHODS 
 

Ultimaker 2+ prints using Acrylonitrile Butadiene Styrene 

(ABS), a polymer commonly used in Fused Deposition 

Modelling. ABS is a robust and durable resin that is 

chemically resistant, although it is vulnerable to polar solvents. 

It has better compressive characteristics than HIPS and a 

slightly higher thermal distortion temperature [15].  

Therefore, ABS was chosen as a construction material; thus, 

the standard mechanical characteristics of ABS are shown in 

Table 1. 
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Table 1. Mechanical Characteristics of ABS [15-17] 

 
Elongation at Break 10-50% 

Elongation at Yield 1.7-6% 

Flexibility (Flexural Modulus) 1.6-2.4 GPa 

Hardness Shore D 100 

Strength at Break (Tensile) 22.1-74 MPa 

Strength at Yield (Tensile) 13-65 MPa 

Toughness (Notched-Izod Impact at Room 

Temperature) 
8-48 KJ/m2 

Toughness at Low Temperature (Notched-

Izod Impact at Low Temperature) 
7-22 KJ/m2 

Young's Modulus 1.79-3.2 GPa 

 

 

3. EXPERIMENTAL WORK 
 

3.1 Process parameters 
 

It is necessary to know that process parameters and their 

levels have been used because they are sufficient to study and 

evaluate process performance. They are infill density, infill 

pattern, and layer thickness. The Unigraphics NX software 

was used to create the specimens. The UG NX programme was 

used to design specimens according to the standard 

specifications for each mechanical property test, and then the 

designs had to be saved in Standard Triangle Language (STL) 

file form. The utility of the STL form is that the CAD packages 

support it. Then sliced using Cura software, the STL file is 

exported and opened in the Cura software slicing programs. 

The goal of the slicing programme is to split the specimen into 

the desired number of layers. The slicing programme can 

specify the process parameters [18]. The programme 

communicates the code to the printer and controls the extruder 

nozzle temperature (Figure 2). 

 

 
 

Figure 2. 3D model and specimen creation methodology for 

3D printing 

 

According to the material used, the settings of object 

position, settings of filament, settings of print, and settings of 

slicer have been controlled by the computer connected. 

Filament settings contain the length of extrusion for the 

printing, while printer settings provide full control of the 

settings of the bed temperature and filament extrusion. After 

checking the settings of all filaments, the settings slice tab, the 

printer axis, and extrusion, the printing will finally start. 

Ultimaker2+ is a Fused Deposition Modelling machine for 

manufacturing specimens as shown in Figure 3. It can support 

a wide range of materials, including ABS material, which was 

employed in this research [17, 19]. 

Technical properties such as ultimate tensile and 

compressive strengths were measured using specimens that 

were evaluated for compressive and tensile characteristics to 

the technical properties [20]. Figure 4 shows a 3D CAD 

geometric model created as a tensile test specimen using 

ASTM D638-02a specifications (Type I specimen, thickness 

7mm) using the tensile machine. ASTM D695 specifies the 

strength at break of a compressive property using the same 

machine as that of a tensile property with a crosshead speed of 

5mm/min and the full-range load at 25KN [21]. Figure 5 

shows the compressive strength sample. 

 

 
 

Figure 3. Ultimaker 2+ FDM Machine 

 

 
 

Figure 4. Type I tensile strength test specimen according to 

ASTM D638-02a [19] 

 

 
 

Figure 5. A specimen of compressive strength (all 

dimensions are in mm) [18] 

 

3.2 Design of experiments 
 

The selection of control variables and their levels is a most 

crucial step in the design of an experiment. The most 

researched process parameters include Layer thickness, infill 

density, and infill pattern, as shown in Table 2, which have 

substantial effects on filament (inter-layer and intra-layer) 

bonding, and thus influence the mechanical performance of 

FDM printed components. In addition, these parameters play 

a significant role from the perspective of mechanical 

properties. The allowed minimum and maximum values 

suggested by the equipment manufacturer, as well as 

experience and real-world industrial applications, are used to 

determine the levels of factors [22]. Table 2 lists the 

operational conditions under which testing is counted. 
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Table 2. The most important factors and their levels 

 
Fixed Factors Control Factors 

Factors Value Unit Factors 
Levels 

Unit 
1 2 3 

Print speed 60 mm/s Layer thickness 0.05 0.15 0.25 mm 

Shell thickness 0.2 mm Infill density 20 40 60 % 

part Orientation 45 degree Infill pattern ZIGZAG CROSS GYROID - 

diameter of Nozzle 0.4 mm      

temperature of Printing 200 ̊C      

temperature of Build plate 60 ̊C      

 

The choice of an orthogonal array in the Taguchi design is 

critical for getting reliable findings. This research takes into 

account three elements, each at three levels, as well as the 

interplay of orientation with the other components. L9 is the 

suitable orthogonal array in this situation. This array has 9 

rows for the trial or experiment conditions and columns for 

assigning variables or interactions. The variables and 

interactions are assigned as shown in Table 3 to avoid 

erroneous analysis, wrong conclusions, and to reduce the 

confounding impact of factors and interactions. 
 

Table 3. L9 orthogonal array 
 

Sample 

no. 

Layer thickness 

mm 

Infill 

density % 

Infill 

pattern 

1 0.05 20 ZIGZAG 

2 0.05 40 CROSS 

3 0.05 60 GYROID 

4 0.15 20 CROSS 

5 0.15 40 GYROID 

6 0.15 60 ZIGZAG 

7 0.25 20 GYROID 

8 0.25 40 ZIGZAG 

9 0.25 60 CROSS 

 
 

4. RESULTS AND DISCUSSION 
 

In this investigation, ABS specimens were examined to see 

how different manufacturing factors affected their mechanical 

characteristics. Table 4 shows the results of a tensile and 

compressive test based on Taguchi L9 OA that was done with 

9 specimens (with three repeats). According to the 

compressive test results, sample no. 3 had the highest 

compressive strength at break (25.01 MPa) when printed at 

60% infill density, GYROID infill pattern, and 0.05 mm layer 

thickness. In addition, sample no. 3 had a value of (23.1Mpa) 

for ultimate tensile stress when printed at 60% infill density, 

GYROID infill pattern, and 0.05mm layer thickness. Figures 

6 and 7 show 3D images of specimens following tensile and 

compressive tests. 

 

 
 

Figure 6. After the tensile test, 3D printed tensile test 

specimens (as per Table 3) 

 

 
 

Figure 7. After compression testing, 3D printed specimens 

for compressive testing (as per Table 3) 

 

Table 4. Design of experiment and tensile and compressive test results (Mpa) 
 

Sample 

no. 

Layer 

thickness 

(mm) 

Infill 

density 

(%) 

Infill 

pattern 

Ultimate tensile 

stress (Mpa) 

Young's 

modulus 

(GPa) 

Fracture 

strength (Mpa) 

compression 

strength at break 

(Mpa) 

1 0.05 20 ZIGZAG 16.4 2.153 11.178 16.3 

2 0.05 40 CROSS 17.5 2.130 20.875 17.9 

3 0.05 60 GYROID 23.1 2.473 21.016 25.01 

4 0.15 20 CROSS 14.4 2.175 12.794 15.5 

5 0.15 40 GYROID 13.4 2.184 20.895 20.4 

6 0.15 60 ZIGZAG 12.8 2.236 12.525 23.5 

7 0.25 20 GYROID 10.3 2.276 10.101 19.6 

8 0.25 40 ZIGZAG 11.8 2.274 12.794 14.9 

9 0.25 60 CROSS 12.5 2.148 11.178 22.6 
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As indicated in Table 5, the signal-to-noise (SN) ratio was 

determined to optimize the input parameters. For the large is 

better type scenario, the SN ratio was computed as follows: 

 

(𝑆/𝑁)𝐻𝐵 = −10 log [
1

𝑛
∑

1

𝑦𝑖
2

𝑛

𝑖=1

] (1) 

 

where:  

𝑦𝑖  = Value of the characteristics in an observation i  

𝑛 = Number of repetitions in a trial  

 

Data analysis is done using Minitab R17 software. Taguchi 

results are presented for tensile and compression strength in 

Tables 6, 7, 8, and 9, respectively. 

The plots showing the major influence of the SN ratio on 

the tensile and compressive characteristics of the 09 set of 

samples are shown in Tables 6, 7, 8, and 9 and Figures 8 to 11. 

Layer thickness of 0.05 mm, infill density of 60%, and infill 

pattern GYROID are the optimum sets of the input parameters 

for ultimate tensile and compression strength as shown in 

Figures 8 to 11. 

As opposed to samples with greater layer thickness, samples 

with smaller layer thicknesses are stacked closer together, 

resulting in a better connection between layers. As a result, the 

mechanical characteristics of samples with a thinner layer are 

better. As shown in Figures 8 to 11, decreasing the layer 

thickness leads to an increase in the mechanical properties. 

The rank (1) for infill density, as shown in Tables 6, 7, 8, 

and 9, is an essential process parameter that has a considerable 

impact on mechanical characteristics. The best mechanical 

properties are achieved when the specimens' infill density is 

high, around 60%, as illustrated in Figures 8 to 11. 

 

 
Figure 8. Ultimate Tensile strength Main effects plots 

 

 
Figure 9. Young's Modulus Main effects graphs 

 

Table 5. S/N ratios for tensile and compressive characteristics (MPa) 

 

Sample 

no. 

Layer 

thickness 

(mm) 

Infill 

density 

(%) 

Infill 

pattern 

S/N ratio of 

ultimate tensile 

stress 

S/N ratio of 

Young's 

modulus 

S/N ratio of 

fracture 

strength 

SN ratio of 

compression 

strength 

1 0.05 20 ZIGZAG 21.138 6.661 20.809 24.244 

2 0.05 40 CROSS 22.607 6.568 20.648 25.057 

3 0.05 60 GYROID 24.910 7.143 24.851 27.458 

4 0.15 20 CROSS 23.167 6.749 22.321 23.807 

5 0.15 40 GYROID 24.297 6.785 24.097 26.193 

6 0.15 60 ZIGZAG 26.361 6.989 27.667 27.421 

7 0.25 20 GYROID 23.694 7.864 22.463 25.845 

8 0.25 40 ZIGZAG 24.506 7.136 25.693 23.464 

9 0.25 60 CROSS 27.421 6.641 23.647 27.959 

 

Table 6. SN ratios of Ultimate Tensile strength in order of 

importance 

 
Level Layer thickness Infill density Infill pattern 

1 25.21 22.67 24 

2 24.61 23.8 24.4 

3 22.89 26.23 24.8 

delta 2.32 3.56 0.4 

rank 2 1 3 

 

Table 7. S/N ratios for Young's Modulus in order of 

importance 

 
Level Layer thickness Infill density Infill pattern 

1 7.214 6.929 6.829 

2 6.841 6.652 6.925 

3 6.791 7.264 7.092 

delta 0.423 0.612 0.262 

rank 2 1 3 

Table 8. S/N ratios for Fracture strength in order of 

importance 

 
Level Layer thickness Infill density Infill pattern 

1 22.10 21.86 24.72 

2 24.69 23.48 22.21 

3 23.93 25.39 23.80 

delta 2.59 3.52 2.52 

rank 2 1 3 

 

Table 9. S/N ratios for compression strength in order of 

importance 

 
Level Layer thickness Infill density Infill pattern 

1 25.81 24.63 25.04 

2 25.76 24.9 25.51 

3 25.59 27.61 25.6 

delta 0.22 2.98 0.09 

rank 2 1 3 
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Figure 10. Main effects plots for fracture strength 

 
Figure 11. Main effects plots for compression strength 

 

When evaluating the mechanical characteristics of all 

samples, the findings show that the effect is strong when the 

infill pattern is a GYROID. The filament path is therefore seen 

as rigid and stronger because the order of bonding intersects 

with the other in opposite directions, giving a more dense and 

rigid structure than the cross and zigzag pattern. The 

intersecting direction will give higher mechanical properties 

compared to the other pattern, thus the optimum values at 

GYROID for each mechanical property, as shown in Figures 

8 to 11. 

 

 

5. CONCLUSIONS 

 

One of the benefits of FDM three-dimensional printing is 

that varied infill densities may be used to create different 

products. As a result of this benefit, time and material 

consumption, as well as final product cost, can be reduced. It 

may be deduced from the tensile test finding that infill type 

and density have an influence on compressive and tensile 

characteristics. The tensile and compressive characteristics of 

the material increase as the density rises from 20% to 60%. 

According to the finding, the infill has a maximum strength of 

60%. The "GYROID" infill pattern has the highest 

compression and ultimate tensile strength. 

Infill density, thickness of the layer, and infill pattern are the 

three most significant factors in determining tensile and 

compression strength. As the thickness of the layer lowers, a 

large number of layers are needed, the distorting impact would 

be decreased, and the strength would improve as a result. 

For mechanical characteristics, the optimum layer thickness 

was 0.05 mm, whereas the layer thickness of 0.25 mm for 

samples was not noteworthy in any of the samples evaluated. 

Young's modulus (2.473 GPa), maximum compressive 

strength at break (25.01 MPa), fracture strength (21.016 Mpa), 

and ultimate tensile stress (23.1 MPa) were measured for the 

functional prototype based on the 3D printed ABS matrix with 

layer thickness (0.05 mm), infill density (60 percent), and 

GYROID infill pattern. As a result, we found that experiment 

number three is the best choice for a 3D-printed structure for 

applications needing higher resistance. 
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