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Abstract. Fused deposition modeling (FDM) is one of the most extensively used additive 

manufacturing (AM) techniques. This study contributes to the knowledge enhancement 

related to AM by presenting the details of experimental investigation conducted on FDM 

of three different materials i.e.  polylactic acid (PLA), acrylonitrile butadiene styrene 

(ABS) and carbon fiber (ePA-CF) and providing the common optimum fabrication 

parameters for FDM of PLA, ABS and ePA-Cf materials. A detailed analysis of the effect 

of two important FDM parameters, namely infill pattern (IP) and layer thickness (LT), 

on mechanical properties of the fabricated samples from the materials, has been done. 

The best mechanical properties of the PLA sample were obtained with LT of 0.15 mm 

and hexagon pattern, of the ABS sample were obtained with LT of 0.15 mm and triangle 

pattern, and of the ePA- CF sample were observed at LT of 0.15 mm and hexagon pattern. 

It was determined that elongation, yield (YS) and tensile strength (TS) decreased with 

increasing LT in all materials’ samples. While the fracture surfaces of PLA samples were 

smooth, and the layer lines were evident. Whereas the fracture surfaces of ABS samples 

were rough, and the lines were less distinct than PLA. On the other side, the fracture 

surfaces in ePA-CF samples had a fibrous structure. The voids formed between layers 

were seen the most in PLA and the least in ePA-CF samples. LT of 0.15 mm and hexagon 

IP. It was observed that the best results in terms of mechanical properties were obtained 

under LT of 0.15 mm and IP of hexagon conditions. 
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 1. INTRODUCTION    

In recent times, there has been a growing interest in technologies related to AM. AM 

technologies are becoming a promising alternative to traditional production methods such 

as machining, casting, and injection molding, because of their significant benefits such as 

suitability for mass production, affordability, customization, and quick prototyping [1-3]. 

The most frequently utilized AM techniques are FDM and selective laser sintering (SLS). 

These methods offer remarkable advantages over traditional manufacturing techniques [4-

8]. These advantages include properties such as low initial costs, material diversity, fast 

manufacture processes and the ability to easily produce complex parts [9-11]. Parts 

manufactured with these methods do not necessarily additional surface engineering 

processes such as heat treatment, chemical surface modification or mechanical processing. 

FDM and SLS are ideal for applications in sectors like medical, aviation and automotive, 

by enabling the manufacture of lightweight, high-strength and customized parts [12-15]. 

Additionally, FDM technology allows for the production of parts without geometric 

limitations and removes the necessity for milling or other post-processing steps commonly 

required in most metal-based 3D printing technologies. In this way, it makes it possible to 

reduce or eliminate stress in the produced material. FDM is emerging as a technology used 

in the production of workpieces with dimensional accuracy, repeatability and high strength. 

Lighter and three-dimensional complex geometries can be easily obtained with the effect 

of design freedom. For this reason, it is used in the production of prototypes for components 

used in the aviation, military and automotive sectors before the final product. As a result, 

faulty product costs are minimized in industrial businesses and the chances of businesses 

competing in the global market increase. FDM, also referred to as filament freeform 

fabrication (FFF), involves extruding plastic workpiece through heated print equipment. 

Components are built with continuously layering molten thermoplastic workpiece. 

Depending on the geometric structures, additional support structures may be required. 

Initially utilized for creating low-cost prototypes and concept models, this method is now 

favored for producing high-quality functional prototypes and concept models [16, 17]. The 

most used materials for FDM 3D printing include ABS, Polycarbonates (PC), Acrylonitrile 

Styrene Acrylate (ASA), and PLA. With the developments in material science, the 

materials used in the FDM method are constantly changing. The integration of carbon fiber, 

graphene, and other composite materials importantly develops mechanical properties of 

parts manufactured with FDM, making them more durable, lightweight, and functional. 

Such developments are shaping the future of AM technologies, providing access to wider 

application areas and industrial sectors [18]. PLA turns into harmless lactic acid over time 

[19]. Therefore, it is immunologically inactive [20]. It is preferred for use in the medical 

implant (screw and pin) sector due to this feature.  ABS is becoming attractive in the 

industry to produce demanding consumer products due to its excellent impact and 

mechanical strength, dimensional stability and electrical insulation properties. Therefore, 

it provides significant advantages in the production of safety helmets, automotive 

dashboards and other interior components, pipe fittings, home security devices and small 

household appliances and communication equipment [21]. PA-CF composites are used in 

the production of equipment such as automotive brackets, inspection gauges, robotic end 

effectors, and under-hood applications in the automotive industry. In addition, the use of 

these materials in the industry can contribute to cost reductions and improved operational 

efficiency [22]. 
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We have reviewed some previous studies conducted on fabrication of various parts and 

components using FDM method. Yu et al. created specimens using the FDM method by 

blending PLA and PBS (Polybutylene Succinate) filaments together [23]. They examined 

the effect of PBS addition on PLA filaments with these samples. They concluded that 

among PBS/PLA mixtures, 10% PBS/PLA is an ideal mixture for biodegradable raw 

material. Sedlacek and Lasova [24] investigated the effect of short carbon fibers on the 

nylon PA6 polymer used in the FDM process. They examined the mechanical properties 

of samples printed horizontally and vertically with the FDM method. They found that short 

CFs significantly affected force (12%) and heat resistance of PA6 components. Comparing 

the longitudinal reinforcement of fibres in PA6 with the transverse reinforcement, they 

determined a 39% increase in strength and tensile modulus. Farashi et al. [25] conducted a 

meta-analysis study to investigate the effect of the PS and extruder temperature used in the 

FDM method on the tensile strength of the produced samples. They carried out their search 

strategies using appropriate search terms and statistical calculation methods. As a result of 

the study, it was seen that rising extruder temperature had favorable impact on tensile 

strength (Standard mean difference= 2.85, 95% Confidence interval [1.71, 3.98]), while 

increasing printing speed had a negative effect (SMD= - 2.49, 95% CI [-4.29, -0.69]). 

Bochnia et al. [26] researched mechanical features of FDM parts obtained from PLA and 

PLA-CF reinforced materials in terms of thin-walled practices. In their studies, samples 

with different thicknesses (1, 1.4 and 1.8 mm) and printing orientations (X, Y and Z) were 

subjected to tensile testing for two materials. They determined that CF-reinforced PLA 

samples had superior strength than samples made of pure PLA. Additionally, they observed 

a 40% lower tensile strength in the Z (vertical) direction compared to other sample types. 

Chalgham et al. [27] examined mechanical features of PLA parts manufactured by FDM 

method before and after heat treatment. Three-point bending tests were conducted to assess 

the effect of parameters like layer thickness (LT), printing temperature (PT), and PS on the 

mechanical properties. They found that the optimum parameters were in the X-Z printing 

direction, spraying temperature of 190 oC, PS of 90 mm/s and LT of 0.3 mm. They stated 

that the maximum force during bending increased by 2% as a result of subjecting the 

samples produced with optimum parameters to 75 oC thermal post-treatment. Samykano et 

al. [28] conducted the effect of three different manufacture parameters such as layer height, 

scanning angle and filling density on the mechanical properties of ABS samples in the 

FDM method. They found that the optimum production parameters were filling rate of 

80%, LT of 0.5 mm and scanning angle of 65o. They developed a mathematical equation 

using surface response methodology (R2: 85.80%) to numerically predict the tensile 

features of ABS workpiece and determine optimum production parameters. Khabia et al. 

[29] studied a comparative study on the mechanical features of components produced with 

three different FDM printers (Accucraft i250, Arya UNO+, and Zortrax M200) using ABS 

filament material combinations (Low-cost ABS filament and Z-ABS). They tested tensile 

parts according to ASTM D 638 standard on a 3382 electromechanical universal testing 

system. They determined that the sample exhibiting the best mechanical properties (Z-ABS 

filament material) was according to the production parameters found in the Ultimaker Cura 

3.6 slicing software. Pazhamannil et al. [30] evaluated the effect of production parameters 

like filling ratio, infill pattern (IP), extruder temperature, LT, PS and heat treatment 

processes on mechanical features of PLA and CF-PLA components prepared by the FDM 

method. They determined that the maximum mechanical properties of both filaments 

occurred at PS of 30 mm/s and infill rate of 90% for the gyroid pattern with layer height of 
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0.1 mm. They found that tensile properties of CF reinforced tensile samples were higher 

than those of standard polylactic acid. Additionally, after an annealing process at 95°C for 

60 minutes, they observed a 14.01% increase in the maximum stresses of PLA-CF 

materials. Reverte et al. [31] analyzed the mechanical and geometric properties of PLA and 

PLA-CF components prepared with FFF technique. They carried out tensile, bending and 

ILSS (Inter laminar shear strength) tests to obtain mechanical performance of dissimilar 

specimens. They observed that addition of CFs enhanced the mechanical characteristics of 

PLA-CF composites compared to pure PLA. Dhinesh et al. [32] investigated different types 

of raw materials (PLA and ABS combination) to provide better mechanical features of 

parts manufactured using AM technology. In their study, they produced samples with 

various compositions using the FDM method in order to present a new filament that could 

withstand higher tensions than traditional filaments. These different compositions (20% 

ABS and 80% PLA; 50% ABS and 50% PLA; 50% ABS and 50% PLA; 50% ABS and 

50% PLA; 20% ABS and 80% PLA; 80% ABS and 20% PLA) were researched for their 

resistance to tensile and bending loads. As a result of the study, they found that the ABS 

and PLA sandwiching concept exhibited better mechanical properties. AM technologies, 

despite bringing significant innovations to production processes, cannot ignore the 

challenges and limitations they face. Factors such as the properties of materials used in the 

manufacturing process, printing techniques, and surface quality can directly impact the 

performance of the final products. Anisotropy occurring during the printing process can 

lead to inconsistencies in the mechanical properties of manufactured parts, which can limit 

their use in industrial applications. In this context, research and development are focused 

on advancing AM technologies, overcoming these challenges and further improving 

processes. In the future, with the evolution of AM technologies and the exploration of new 

material combinations, it is expected that this technology will have the capacity to 

revolutionize industrial manufacture more broadly. In addition, AM offers significant 

advantages in issues such as sustainable production and reduction of environmental 

impacts. By reducing material waste and increasing energy efficiency, AM is poised to 

play a key role in sustainable manufacturing solutions. With these features, AM 

technologies will continue to have a central position in the manufacturing paradigms of the 

future. 

With an aim to contribute to the knowledge base and to develop a deeper understanding 

of the FDM of different materials, the present research work investigates the effects of 

different infill patterns (Hexagon, triangle and line) and layer thickness (0.15, 0.25 and 

0.35) on the mechanical properties of parts made of PLA, ABS and ePA- CF filaments and 

fabricated by FDM method. Different types of filament materials, as mentioned above, 

were chosen because they are widely used in industry and can provide the required 

mechanical properties suitable for a wide range of applications. In this study, we also 

developed the understanding of critical parameters to optimize the performance of 

components produced with FDM and to determine common production parameters for 

three different materials. 
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2. MATERIALS AND METHODS 

2.1 Material and 3D Printing System 

The experiments were carried out on samples produced using commercially available 

filaments based on PLA, ABS, and ePA-CF. ePA-CF material consists of a nylon 6/66 

copolymer with 20% carbon fiber (eSUN, Inc. China). Mechanical properties of materials 

supplied by the manufacturer were given in Table 1.  

Table 1 Mechanical features of PLA, ABS and ePA-CF [33] 

Properties PLA ABS ePA-CF 

Specific gravity (g/cm3) 1.2 1.04 1.24 

Tensile strength (MPa) 72 43 140 

Elongation (%) 11.8 22 10.61 

Print temperature (°C) 210-260 230-270 250-300 

Print speed (mm/s) 40-100 40-100 40-100 

The materials were supplied as ESUN [34] brand in the filament wound on a 1.75 mm 

diameter spool. PLA, ABS and ePA-CF samples were produced using the Creator 3 

desktop 3D printer manufactured by Flashforge [35]. The Flashforge Creator 3 is equipped 

with features such as a heated build plate and replaceable nozzles, which enable the use of 

wide range of workpieces. 3D printing system consists of a heated build plate, an extruder, 

a temperature control system, a mechanism capable of movement along the XYZ axes, and 

two heated print heads with various nozzle diameters. Details of these components of the 

printer are depicted in Fig. 1.  

 

Fig. 1 Schematic representation of built orientation of samples in FDM of ABS, PLA, 

and ePA-CF 
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Table 2 Flashforge Creator 3 technical specifications 

Parameters Value 

Extruder number 2 

Print resolution ± 0.2 mm 

Layer resolution 0.05-0.4 mm 

Print speed  10-150 mm/s 

Maximum extruder temperature 300 Co 

Minimum extruder temperature 

 

 

 

 

 

120 Co 

Table 2 displays technical specifications of the Flashforge Creator 3 3D printing 

equipment. Samples were modeled with CAD software. The modeled files were transferred 

to the 3D printer as stereolithography files (STL) with good resolution and 0.0171 mm 

deviation. Flashprint 5 software was utilized to import STL files and generate G-code files 

compatible with the requirements of the Flashforge Creator 3. This process reveals the 3D 

printer's ability to work harmoniously with different materials such as PLA, ABS and ePA-

CF, and its efficiency in production. 

2.2 FDM Machine Settings and Specimen Fabrication 

The major aim of the study is to analyze the mechanical impact of different LT’es and 

IP’s on various types of materials. Experimental preliminary studies were conducted, 

taking into account the information provided by the material manufacturer. In this manner, 

production was repeated with varying parameters, and choosing of FDM printing settings, 

which influence geometric and mechanical performance of workpieces produced from 

ABS, PLA, and ePA-CF samples, was determined collaboratively (Table 3). Tensile test 

specimens were prepared according to ASTM D638-14 standard Type IV (Fig. 2) [36, 37]. 

A total of 81 tensile samples were fabricated. The samples were prepared according to three 

different LT (0.15, 0.25 and 0.35) and IP (Hexagon, triangle and line). 

Table 3 FDM process parameters considered in the present work 

Parameters Value 

Speed of base (mm/s) 60 

Printing speed (mm/s) 80 

Height of layer (mm) 0.15, 0.25 and 0.35 

Printing temperature (oC) 260 

Platform temperature (oC) 100 

Nozzle diameter (mm) 0.4 

Slice profile Fine 

Infill pattern Hexagon, triangle and line 

Infill density 100% 
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Fig. 2 Dimension and shape of specimens utilized for tensile test (dimensions are in mm) 

Irrespective of the 3D printer model in AM technology, it is essential to understand 

how printing thickness and direction affect the mechanical properties of the constructed 

models. Thanks to this, it is possible to correlate the test results presented with different 

types of printers. Fig. 3 shows the variably determined printing parameters.  

 

Fig. 3 Process parameters for FDM printed PLA, ABS and ePA-CF specimens, (a) IP 

types, (b) LT 
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The tensile samples of the printed examples on the Flashforge Creator 3 FDM printer 

are given in Fig. 4. Upon completion of the printing process, the support material was 

detached from the printing plate, and any remaining filaments were removed prior to 

cleaning the models. The geometries of the samples were re-measured after production to 

ensure compliance with the ASTM D638-14 Type IV standard. This process is crucial to 

evaluate whether the produced parts provide the specified features and tolerances. This 

control stage is of great importance in ensuring the accuracy and production quality of 3D 

printing, as well as ensuring that the final products exhibit the expected performance in 

their application areas. Finally, tensile experiments were conducted on samples. As a result 

of tensile experiments, the test results were determined with the arithmetic average of YS, 

TS and elongation. 

 

Fig. 4 Arrangement of parts on the printing plate of the Creator 3 print orientation 

 2.3 Procedure for Mechanical Properties Testing 

Tensile tests of PLA, ABS, and ePA-CF specimen were conducted on the Utest-Profi 

X6 tensile testing device at constant loading rate of 5 mm/min (Fig. 5). Test samples were 

subjected to tensile tests according to each IP and LT. As a result of the tensile tests, YS 

(N/mm2), TS (N/mm2) and elongation (%) values were obtained. Mechanical tests were 

carried out by following the EN ISO/IEC 17025 standard. In addition, three samples were 

produced for each parameter to ensure the reliability of the experimental results in the 

mechanical tests. The final elongation, yield strength, and tensile strength values were 

determined by the arithmetic average of the results obtained from these samples. Fractured 

surfaces were analyzed using Scanning Electron Microscope (SEM). For analysis, all 

specimens were initially cut to dimensions of 10×5×3 mm and prepared for SEM analysis. 

To make samples suitable for SEM analysis, conductive coating is often required. In this 

process, the surface of the specimen was coated with the sputter coater method (Quorum 

SC7620 machine, 6 minutes, chamber pressure of 200 bar, argon gas and current of 15mA). 
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This process ensures that the sample becomes conductive under the electron beam, 

improving image quality and preventing high-energy electrons from damaging the sample. 

 

Fig. 5 UTEST PROFI X6 tensile testing machine 

3. RESULTS AND DISCUSSION 

Mechanical features of workpieces produced with FDM technology vary depending on 

the printing parameters used. These variations are crucial concerning the broad 

applicability and performance of printed parts. Changes in manufacture parameters can 

directly affect tensile strength, which is a critical mechanical property that expresses the 

resistance of a material to tensile force. The main FDM parameters that can be adjusted 

during printing include layer height, infill density, PS and temperature. Each of these 

parameters can influence the material's behavior during printing and the microstructure of 

the final part. These changes in microstructure are reflected in the macroscopic mechanical 

features of workpiece. Experiments for commonly used FDM filament materials have 

shown that printing parameters have significant effects on elongation, YS and TS. 

3.1 Effect of FDM Variables on Mechanical Features 

It was observed that TS and YS decreased in PLA, ABS and ePa-CF samples with 

increasing LT (Fig. 6). In PLA samples, the highest YS (18.95 MPa) and TS (20.45 MPa) 

were obtained in the hexagon pattern and LT of 0.15 mm, while the lowest YS value (10.17 

MPa) was measured in line pattern and LT of 0.35 mm, and the TS value was (8.48 MPa) 

in the triangle pattern and LT of 0.35 mm (Fig 6a). In ABS samples, the highest YS (17.11 

MPa) was obtained in the hexagon pattern and LT of 0.15 mm, while the highest TS (19.97 

MPa) was determined in the triangle pattern and LT of 0.15 mm. The lowest values (TS: 

16.90 and YS: 12.52 MPa) were observed in the triangle pattern and LT of 0.35 mm (Fig. 
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6b). In ePA-CF samples, the highest YS (22.11 MPa) and TS (25.25 MPa) were obtained 

in the hexagon pattern and LT of 0.15 mm, while the lowest values (TS: 15.96 and YS: 

14.53 MPa) were obtained in the line pattern and LT of 0.35 mm (Fig. 6c).  

It is well-established that carbon fiber reinforced materials exhibit higher strength, 

attributed to strength of fibers and bonding between the fibers and the matrix [38]. 

Additionally, it is thought that as a result of incorporating carbon fibers into the composite 

material, the load-carrying capacity of the material increases, thus minimizing deformation 

under load [39]. Moreover, the uniform dispersion (homogeneous) of carbon fibers 

contributes to an elevated degree of crystallization, effectively preventing localized stress 

concentrations. Therefore, enhances the material's resistance to fracture [40]. Upon detailed 

examination during production, it was observed that the accumulation of individually laid 

fibers layer by layer results in the creation of a layer through integration of polymer bands 

within, facilitated by the thermal diffusion process. In this context, it was determined that, 

in addition to interlayer relationships, layers exist adhesion among the accumulated fibers 

within a specific layer. Changes in the number of structural layers within all materials have 

been observed to more significantly influence elastic and plastic stress properties as LT 

increases. This is thought to be due to the combined adhesion force between the 

intermediate layers. 

 

Fig. 6 TS and YS depending on LT, (a) PLA, (b) ABS, (c) ePA-CF 

It was observed that with increasing LT in PLA, the elongation decreased by 22.96 

(Hexagon), 5.05 (Triangle) and 11.07% (Line) patterns, respectively (Fig. 7a), while it 
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decreased by 23.64 (Hexagon), 6.35 (Triangle) and 6.96% (Line) patterns for ABS (Fig. 7 

b). It was also observed that the ePA-CF material decreased by 30.06 (Hexagon), 32.33 

(Triangle) and 33.06% (Line), respectively (Fig. 7c). 

The findings revealed that material features were considerably developed by use of 

certain parameters like LT and IP, with the highest tensile strength values recorded being 

achieved. However, the effect of LT on elongation, TS and YS cannot be generalized as a 

linear or one-way relationship. The effect may vary depending on the 3D printing 

technology used, printing parameters and material properties [41, 42]. When evaluated in 

general, it was observed that the best results in terms of mechanical properties were 

obtained under LT of 0.15 mm and IP of hexagon conditions. 

 

Fig. 7 Elongation depending on LT, (a) PLA, (b) ABS, (c) ePA-CF 

3.2 Influence of FDM Parameters on Fracture Surface Characteristics 

Regardless of the IP, it was observed that samples with increased LT exhibit behavior 

closer to a brittle fracture type. SEM images were captured to gather data on impacts of 

reinforcement elements and structure orientation on morphology of accumulated layers 

(Fig. 8). In PLA and ABS samples (Fig. 8a and b), it was seen that the flat orientation, 

where the fracture surface was located on a plane, shows brittle behavior. The cross-

sectional shapes of the layers, their periodicity and formation of intrafilamentary voids 

between the accumulated strips were determined. This is believed to be due to the lower 
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part of the sample sticking together because of the softened nature of melted filament 

passing through nozzle during extrusion, while the upper part exhibits a circular, convex 

structure after cooling [43]. These voids may be the reason for low tensile strength (Fig. 8a 

and b). Some air voids between layers appear to be more evident for the PLA sample (Fig. 

8a).  

 

Fig. 8 Fracture surfaces of the examined workpieces, (a) PLA, (b) ABS, (c) ePA-CF 

When the PLA material (Fig. 8a), was examined, it was seen that the fracture surface 

was smooth, and the layer lines were clear. This indicates that the breakage occurs due to 

interlayer separation caused by insufficient bonding between layers during printing [44-

46]. The fracture surface of ABS samples was observed to be rougher and exhibits distinct 

layer lines compared to PLA samples (Fig. 8b). This is evident that fractures in ABS 

materials generally occur at the junctions of the layers. Because these regions are weak 

compared to the general material structure. Furthermore, fracture is thought to occur along 

the direction in which layers of material are stacked. It shows that this situation is due to 

the anisotropic structure of ABS materials [47]. 
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Additionally, whitening occurs in ABS materials under strain (Fig. 9). This is a sign 

that the material has undergone plastic deformation before fracture. During tensile testing, 

stress whitening may occur, especially in areas close to the breaking point. In most 

scenarios, fracture of thermoplastic components is characterized by stretching of 

filamentous macromolecules, allowing a high degree of deformation in the material [48]. 

This situation is associated with the rearrangement and elongation of the mentioned 

macromolecules. Moreover, the fracture surfaces of thermoset polymeric components 

generally do not show significant plastic deformation due to the high degree of cross-

linking between their macromolecules. This is thought to occur as a result of cross-links 

forming a tight bonding between macromolecular chains and thus limiting the plastic flow 

of the material [49-51]. 

For the ePA-CF material, carbon fiber reinforcement material is clearly visible on the 

fractured surfaces (Fig. 8c). This, in addition to high strength and hardness, significantly 

affects the fracture mechanism of the material [52]. Additionally, directional fractures were 

observed on the fracture surface for the ePA-CF material. This situation is thought to be 

due to the material exhibiting anisotropic properties [53-55]. It seems that fiber orientations 

and lengths are the most effective factors in determining mechanical properties in carbon 

fiber reinforced materials [56, 57]. In addition, a damage mechanism occurs due to the 

separation and pulling of fibers from matrix and local deformation occurs in matrix around 

fibers. When the SEM images were examined in detail, no elongation, wear and 

characteristic voids near some fibers were observed in the fiber-reinforced matrices. It was 

found that most of CFs were not aligned in the direction of the print layers, as if they were 

pieces broken off from longer fibers. No printing layer could be observed in the ePA-CF 

material. The layers were roughly identified and determined based on orientation of fibers 

(Fig. 8c). The increase in LT is tough to result in a less homogeneous structure for the ePA-

CF material, consequently weakening the connections between layers. 

This is proven by the decrease in the tensile strength of the part. It is also thought that 

thicker layers are more pronounced and may increase the roughness of the fracture surfaces. 

 

Fig. 9 Fracture surfaces of the ABS specimen 
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More material deposition is required in all samples produced by increasing the LT. 

Therefore, a long printing time is required. Longer printing times result in increased 

thermal effects on the produced samples. This causes thermal stresses in the samples. It is 

thought that these stresses cause cracks to form on the fracture surfaces and change the 

fracture behavior of the part. 

 

Fig. 10 Microscopic images of the orientations of hexagon, triangle and line patterns  

A common defect in FDM manufacturing is the development of internal stresses within 

the workpiece during printing, which is attributed to the rapid cooling and heating cycles. 

This situation brings about uneven temperature changes, resulting in the formation of 

residual stresses. Fast cooling ensures rapid solidification of the accumulated layer. When 

newly extruded filament is deposited onto solidified layer, a local re-melting impact occurs, 

facilitating bond formation between the filament and solidified layer [58]. However, as the 

LT increases, the cooling and solidification rate decreases. This causes uneven heating and 

cooling of the workpiece. Due to this uneven temperature change, rise in both previously 

laid layer and the newly deposited layer. These stresses affect dimensions and shape of 

final workpieces. Materials can exhibit various distortions, including transverse or 

longitudinal shrinkage, bending, and angular distortion. It is thought that deterioration can 

be prevented by changing the IPs of the samples. Because IP structures change the number 

a 
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of connections (Number of points) and shapes between layers in the samples. It is known 

that this situation will provide a higher mechanical strength to the material [59]. For this 

reason, it is thought that internal stresses can be minimized in samples produced by using 

the optimum IP and LT [60].  

Microscopic images for hexagon, triangle and line patterns are given in Fig. 10. These 

images show surface conditions according to different infill pattern and height of layer 

characteristics. Orientation lines and small voids between layers were observed on the 

surfaces of the examined materials. It is thought that these surface conditions occur 

depending on the production characteristics in line with the independent variables used, as 

mentioned before. 

4. CONCLUSION 

In this research investigation, mechanical features of PLA, ABS and ePA-CF materials 

produced with FDM method in different IP and LT were experimentally investigated. It 

was determined that workpiece with the best mechanical features among the samples 

produced was the one produced with ePA-CF in a LT of 0.15 mm and a hexagon pattern. 

The best mechanical properties for the PLA sample were determined with a LT of 0.15 mm 

and a hexagon pattern. It was seen that the worst mechanical features were given in LT of 

0.35 mm and triangle pattern. It was found that the ABS sample exhibited the best 

mechanical properties with a LT of 0.15mm and a triangle pattern. Conversely, the worst 

mechanical properties were observed with a LT of 0.35 mm and triangle pattern. For the 

ePA- CF material, the best mechanical properties were observed in samples manufactured 

with LT of 0.15 mm and a hexagon pattern. The worst mechanical properties were detected 

in samples with LT of 0.35 mm and line pattern. It was revealed that tensile, YS and 

elongation values decrease as a result of increasing LT. It was stated that the air voids 

between the layers occurred the most in the PLA sample and the least in the ePA-CF 

sample. The fracture surfaces of samples produced with PLA were found to be smooth with 

distinct layer lines. It was understood that this was due to insufficient bonding between 

layers. It was found that the fracture surfaces of workpieces manufactured with ABS were 

rough and layer lines were less distinct than the PLA sample. Since ABS samples had an 

anisotropic structure, it was stated that the fracture occurs along the direction in which the 

layers were stacked. Observations revealed that the carbon fiber reinforcement material 

was prominently visible on the fracture surfaces of samples produced from ePA-CF 

material. Fractures were found to occur in a more fibrous structure. It was established that 

correctly matching printing parameters with the material used was crucial. It was found 

that reducing the number and size of voids within the internal structure of samples and 

altering the base material with the addition of different ingredients such as CF, further 

improves mechanical properties. 
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