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Abstract 

 
In this study, the effect of filament type and layer height on the dimensional accuracy of the 3D printed 

tensile test samples from PLA, PET-G, and ABS was investigated in depth. Based on the fused filament 

fabrication (FFF) technology, tensile test samples were produced with various layer heights (0.2 mm,     

0.3 mm, and 0.4 mm) while the other printing parameters were kept constant, except for nozzle and 

building platform temperature. Length, width, and height values of the produced test samples were 

measured, and obtained results were compared with design dimensions to observe the dimensional 

accuracy of each sample. Also, surface roughness measurements were performed on the samples to 

examine their final surface quality. From dimensional measurements, it was seen that the most accurate 

results were recorded for PET-G (in length and height) and PLA (in width) samples. Furthermore, the 

best surface quality was attained in PLA samples compared to other filaments. 
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Üç Boyutlu Baskı ile Farklı Katman Yüksekliklerinde Üretilmiş PLA, PET-G ve 

ABS Parçaların Boyutsal Doğruluğu Üzerine Bir Araştırma 

Öz 
 

Bu çalışmada, PLA, PET-G ve ABS'den 3D baskılı çekme testi numunelerinin boyutsal doğruluğuna 

filament tipi ve katman yüksekliğinin etkisi derinlemesine araştırılmıştır. Eriyik filament üretimi 

teknolojisine dayalı olarak, çeşitli katman yüksekliklerinde (0,2 mm, 0,3 mm ve 0,4 mm) çekme test 

numuneleri üretilirken, meme ve bina platform sıcaklığı dışındaki diğer parametreler sabit tutulmuştur. 

Üretilen test numunelerinin uzunluk, genişlik ve yükseklik değerleri ölçülerek, elde edilen sonuçlar 

tasarım boyutları ile karşılaştırılarak her bir numunenin boyutsal doğruluğu gözlemlenmiştir. Ayrıca, 

nihai yüzey kalitelerini incelemek için numuneler üzerinde yüzey pürüzlülük ölçümleri yapılmıştır. 
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Boyutsal ölçümlerden en doğru sonuçların PET-G (uzunlukta ve yükseklikte) ve PLA (genişlikte) 

numuneleri için kaydedildiği görüldü. Ayrıca PLA numunelerinde diğer filamentlere kıyasla en iyi yüzey 

kalitesi elde edilmiştir. 

 

Anahtar Kelimeler: Boyutsal doğruluk, Eriyik filament üretimi, PLA, PET-G, ABS 

 

1. INTRODUCTION 

 

In today's industrial world, although traditional 

manufacturing methods like machining, casting, 

welding, powder metallurgy, and plastic forming 

are more widespread for metallic [1,2], polymeric 

[3,4], composite [5-7], and ceramic [8] parts, this 

custom has begun to change in recent years. Three-

dimensional (3D) printing technology is one of the 

modern production technologies that facilitates the 

manufacturing of complex-shaped objects [9,10]. 

Also, 3D printing technology has a number of 

advantages in comparison with other traditional 

production methods since it provides the 

production with shorter time and less material 

usage. Especially in the last decade, the general 

tendency on 3D printers for production of polymer 

materials has grown dramatically due to their low 

melting temperature, easy accessibility and low 

cost. It is a common idea that the fused filament 

fabrication (FFF) technique is the most widespread 

strategy to create a 3D printed product or 

prototype. At this point, when the manufacturing 

steps of a part printed with FFF is focused on, it 

can be noticed that there are three main steps; 

designing, slicing and main manufacturing. The 

FFF-based 3D printer produces the final-shaped 

part with deposition of layers from filament 

material by managing the heated nozzle on the 

compatible path with g-code [11]. Although not 

limited to only some thermoplastic materials, 

acrylonitrile butadiene styrene (ABS), polylactic 

acid (PLA) and polyethylene terephthalate glycol 

(PET-G) filaments are frequently used in 3D 

printers working with FFF principles. 

 

It is known that dimensional accuracy and surface 

roughness have great importance for some 

engineering applications such as polymer heat 

exchanger, gear mechanism, implant or scaffolds 

which can be fabricated with FFF. From the 

literature efforts, it can be seen that FFF method is 

widely used for the production of investment 

casting molds [12,13]. Besides, it was reported that 

FFF offered 50% cost reduction and time saving 

when it was compared with traditional metal mold 

fabrication process [14]. According to Wohler 

report [15], tooling manufactured with FFF include 

thermoplastic fixtures, jigs, guides, press fixtures 

which are often required in small quantities on an 

assembly line. Especially topology- optimized 

parts in aerospace and automotive sectors are 

mostly preferred to be FFF method because of its 

advantages over traditional manufacturing methods 

such as time consuming and ease of production of 

complex parts. 

 

When the literature efforts are examined, it is seen 

that the effect of FFF parameters on the 

mechanical behaviors were investigated with 

details [16,17]. However, only limited number of 

studies that focus on the influences of the FFF 

parameters on dimensional accuracy have been 

performed up to now by the researchers. In their 

study, Hanon et al. [18] focused on the influence 

of the print orientation, raster direction angle, 

filament color and layer height on dimensional 

accuracy of the dog-bone tensile test specimens. 

As a result of the study, they have expressed that 

FFF printers could create polymer parts with more 

than 98% of dimensional accuracy. In addition, 

layer height was found as one of the most decisive 

factors affecting the dimensional accuracy. On the 

other hand, it was emphasized by the same 

research team that the exact divisibility of the part 

height by the layer height also significantly affects 

the dimensional accuracy. Aside from this work, 

the effect of printing parameters on dimensional 

accuracy of FFF parts was also examined by Sood 

et al. [19]. In another study [20], dimensional 

accuracy analyses of the FFF parts were carried 

out with the help of grey relational grade analysis. 

According to obtained results, it was revealed that 

the best dimensional accuracy was obtained 3D 

printed part with layer height of 200 µm, raster 
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direction of 0
o
 angle and build orientation of 0

o
 

and 90
o
. Mohamed et al. [21] considered the effect 

of FFF parameters on the surface roughness and 

dimensional accuracy of the 3D printed parts. 

Maurya et al. [22] conducted a study in which the 

authors tried to comprehend the effect of layer 

height, raster angle and orientation on dimensional 

accuracy of 3D printed PLA parts printed by FFF 

technology. As a result of their study, the 

investigation group asserted that the best process 

parameter condition was found as the lowest layer 

thickness (0.1 mm), raster angle and orientation of 

0
o
. Additionally, it was noted that the dimensions 

of the 3D printed parts were smaller than the CAD 

model because of the shrinkage during cooling of 

the material after the deposition of layer. 

Nidagundi et al. [23], Anusree et al. [24], and 

Wang et al. [25] reported that the smallest layer 

height was determined as the optimal layer height 

level for the best dimensional accuracy levels of 

3D printed ABS parts according to Taguchi’s 

experimental designs. Unlike, the optimal level of 

layer thickness was decided to be medium level 

(0.178 mm) in other studies [19,26]. Similar to 

efforts were conducted on FFF applied ABS parts, 

some performances [27,28] were also carried out 

about influences of FFF parameters on PLA parts 

as well. These efforts showed that any direct 

relation between the layer height and dimensional 

accuracy was not observed when the findings of 

these studies were compared. Lastly, Zharylkassyn 

et al. [29] claimed that the layer thickness levels 

between 0.1 mm and 0.2 mm is more likely to be 

optimal for the dimensional accuracy of FFF parts 

that uses ABS or PLA materials when the studies 

in literature reviewed in depth.  

 

In this study, the effect of layer height on the 

dimensional accuracy of 3D printed tensile test 

samples prepared with three different materials 

(PLA, PET-G, and ABS) was investigated. To 

manufacture the polymer samples, FFF 

methodology was used. Using different polymer 

filaments, the effect of the base material on the 

dimensional accuracy was tested and evaluated. In 

addition, to analyze the product quality detailed 

roughness measurements were conducted on the 

sample surfaces. 

 

2. MATERIALS AND METHOD 
 

In this investigation, three different thermoplastic 

filaments were used. In this context, PLA, PET-G, 

and ABS filaments were selected due to their 

widespread usage in industrial and academic 

applications.  

 

All filaments were supplied from Microzey 

Company (Istanbul, Turkey). According to the 

supplier information, Table 1 given below shows 

the principal features of these filament materials. 

 

Table 1. Properties of polymer filaments 

Property PLA PET-G ABS 

Colour Black Yellow Grey 

Diameter 1.75 1.75 1.75 

Density (kg/m
3
) 1240 1290 1040 

Bed temperature 60-80 60-80 80- 120  

Printing 

temperature (°C) 
190-210 210-250 220-250 

Elasticity 

modulus (MPa) 
1500 2100 1250 

Tensile strength 

(MPa) 
50 46 48 

Elongation at 

break (%) 
7 8 5 

 

PLA and PET-G samples were 3D printed by 

using Ender 3 Pro V2 model 3D printer (print size 

of 220x220x250 mm, maximum heated bed 

temperature of 110 ⁰ C, and maximum print speed 

of 180 mm/s). During the manufacturing, black 

and yellow colors were adopted for PLA and PET-

G respectively.  

 

Aside from PLA and PET-G samples, ABS 

samples were 3D printed with a Zaxe X2 model 

printer which offers a printing volume of 

200mmx200mmx200mm. Also, its maximum 

building platform temperature and nozzle 

temperature can reach up to 110 ⁰ C and 280 ⁰ C 

respectively. In addition, usually, 0.4 mm nozzle 

diameter and filament with 1.75 mm is preferred 

mostly in this kind of printer. Besides, during the 

production of ABS samples, grey color was 

chosen. In Table 2, all manufacturing parameters 

can be glanced at in detail. 
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Table 2. FFF parameters selected for 3D printing 

Parameter PLA PET-G ABS 

Layer height (mm) 0.2;0.3;0.4 0.2;0.3;0.4 0.2;0.3;0.4 

Infill rate (%) 100 100 100 

Infill type Line Line Line 

Build direction Flat Flat Flat 

Support structure None None None 

Adhesion type None None None 

Number of contours 3 3 3 

Fan speed (%) 100 100 100 

Raster angle (o) 45/-45 45/-45 45/-45 

Printing speed (mm/s) 40 40 40 

Nozzle temperature (oC) 210 240 230 

Building platform temperature (oC) 60 70 80 

 

For analyzing the dimensional accuracy of all of 

the filament types, the shape of well-defined 

tensile specimens was decided. According to the 

related standard of ASTM D638-14 Type IV, the 

determined printing design with height (thickness) 

of 3.4 mm can be seen in Figure 1. For this 

purpose, an assistant software and a slicing 

program (Ultimaker Cura 4.4.1) were utilized and 

they also can be seen with the used real-time 

printing machine in Figure 2 and Figure 3. 

 

 
Figure 1. Design dimensions for tensile samples 

 

 
Figure 2. Slicing software for real-time building 

 
Figure 3. 3D printing machine and some of the 

produced tensile samples 

 

3. RESULTS 
 

3.1. Dimensional Accuracy Analyze Strategy 

 

Figure 4 illustrates the measuring points of the 3D 

printed tensile specimens. Three different 

dimensions were taken as main control criteria: 

sample length (L1, L2 and L3), gage width (W1, W2 

and W3), and height (H1, H2 and H3). In addition, 

all measurement values obtained with digital 

caliper (Orion, 0.01 mm accuracy) were compared 

to the initial values of CAD design in order to 

ascertain the accuracy correctly. Table 3 indicates 

all measurement results for each product group. On 

the other side, standard deviation calculations were 

exhibited in related result graphs by error bars to 

show the precision (repeatability). 
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Figure 4. Measurement points on the samples 

 

3.2. Accuracy in Length 

 

A comparison graph can be found in Figure 5 for 

different polymers. It is noticed  from Figure 5 that  

accuracy values are above 99% for all product 

types. If the filaments are checked up with each 

other, it is evident that accuracy values calculated 

for PET-G samples are higher than that of the 

others. Looking at Table 3 and Figure 5, it can be 

underlined that the highest average accuracy value 

of 99.99% belongs to the sample printed with 

PET-G although the lowest average accuracy value 

of 99.21% is detected for the sample prepared with 

ABS. This observation can be attributed to the 

high thermal expansion coefficient of ABS 

compared to other filament materials. 

 

Table 3. The raw results obtained from dimensional measurements of tensile test samples 

Material 
Sample 

No 

Layer 

height 

(mm) 

Length measuring (mm) 
Width measuring 

(mm) 

Height measuring 

(mm) 

Specimen 

weight (g) 

L1 L2 L3 W1 W2 W3 H1 H2 H3  

PLA 

1 0.2 114.52 114.56 114.58 6.18 6.20 6.20 3.33 3.31 3.32 5.8501 

2 0.2 114.60 114.62 114.61 6.25 6.26 6.29 3.28 3.28 3.31 5.8476 

3 0.2 114.57 114.58 114.55 6.17 6.19 6.21 3.33 3.30 3.33 5.8492 

4 0.3 114.86 114.84 114.88 6.22 6.20 6.22 3.21 3.19 3.20 5.4191 

5 0.3 114.73 114.75 114.88 6.16 6.13 6.12 3.20 3.14 3.22 5.4095 

6 0.3 114.60 114.68 114.77 6.20 6.17 6.15 3.13 3.14 3.20 5.3919 

7 0.4 114.71 114.82 114.69 6.28 6.27 6.31 3.44 3.43 3.42 5.7749 

8 0.4 114.62 114.63 114.68 6.28 6.29 6.28 3.35 3.33 3.35 5.6961 

9 0.4 114.68 114.66 114.67 6.38 6.39 6.36 3.36 3.35 3.36 5.6964 

PET-G 

1 0.2 114.95 114.93 114.91 6.23 6.16 6.23 3.34 3.36 3.35 5.8617 

2 0.2 114.62 114.69 114.68 6.16 6.19 6.17 3.34 3.33 3.32 5.8289 

3 0.2 115.12 115.10 115.12 6.44 6.44 6.43 3.31 3.31 3.31 5.7993 

4 0.3 114.99 115.01 115.01 6.44 6.45 6.45 3.14 3.14 3.18 5.7555 

5 0.3 115.03 115.02 115.01 6.34 6.33 6.32 3.13 3.14 3.13 5.4854 

6 0.3 114.92 114.92 114.91 6.26 6.26 6.27 3.16 3.15 3.16 5.5189 

7 0.4 115.01 114.99 115.02 6.43 6.44 6.41 3.33 3.29 3.32 5.7560 

8 0.4 115.01 114.99 114.99 6.43 6.42 6.44 3.33 3.32 3.31 5.7222 

9 0.4 114.89 114.92 114.91 6.33 6.30 6.32 3.35 3.36 3.33 5.7942 

ABS 

1 0.2 114.57 114.57 114.56 6.54 6.56 6.53 3.51 3.52 3.50 5.3539 

2 0.2 114.10 114.12 114.18 6.21 6.26 6.21 3.62 3.66 3.65 5.3787 

3 0.2 114.48 114.50 114.47 6.21 6.25 6.23 3.59 3.59 3.58 5.3376 

4 0.3 114.56 114.58 114.56 6.33 6.31 6.29 3.72 3.71 3.72 5.3731 

5 0.3 114.14 114.16 114.13 6.28 6.29 6.30 3.68 3.69 3.67 5.3901 

6 0.3 114.47 114.48 114.50 6.31 6.30 6.30 3.61 3.65 3.66 5.3991 

7 0.4 114.59 114.57 114.58 6.55 6.54 6.53 3.55 3.57 3.60 5.0693 

8 0.4 114.49 114.48 114.49 6.32 6.32 6.31 3.56 3.61 3.59 5.0805 

9 0.4 114.09 114.08 114.11 6.33 6.29 6.31 3.68 3.65 3.62 5.0699 
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Figure 5. Accuracy values in length; PLA(a), 

PET- G(b) and ABS(c) 

 

3.3. Accuracy in Width 

 

Graphical highlights of the accuracy values in 

width for additively manufactured tensile samples 

can be followed in Figure 6. It can be brought 

forward by glancing at Figure 6 that accuracy 

results exceed almost 91% for all samples. When 

the comparative analyses are conducted depending 

on the filament type, there is no inconvenience to 

state that accuracy results appointed for PLA 

samples are more than that of the others. It can be 

asserted that this outcome can be clarified with the 

solidification process time of the polymers. For 

instance, in their study, Alsoufi et al. [30] 

expressed that ABS parts exhibited higher 

dimensional errors when compared with PLA parts 

due to the solidification process that allows more 

contraction. From the knowledge provided by 

Table 3 and Figure 6, it is inferred that the 

maximum average accuracy value of 97.72% is 

seen for the sample built with PLA whereas the 

minimum average accuracy value of 90.94% is 

recorded for the sample printed with ABS. 

Additionally, as long as the layer height values 

increase, accuracy results exhibit generally a 

downward trend for all types of filament materials.  

 

 
Figure 6. Accuracy values in width; PLA(a), 

PET- G(b) and ABS(c) 
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3.3. Accuracy in Height 

 

Figure 7 demonstrates the elaborative accuracy 

analyses of 3D printed polymer samples. It can be 

understood from Figure 7 that accuracy values are 

above 90% for all sample types. Besides, it will be 

right to claim that PLA and PET-G samples 

display more superior outcomes than ABS 

samples. From Table 3 and Figure 7, it can be 

propounded that the highest average accuracy 

value of 99.11% belongs to the sample printed 

with PET-G. As opposed to this, the lowest 

average accuracy value of 90.68% is ascertained 

for the sample manufactured with ABS filament. 

As for the effect of the printing layer height, it is 

obvious that there is not any apparent 

ascending/descending relationship between 

accuracy and layer height. This situation can be 

explained by the combined impact of division 

availability of the design height by printing layer 

height and different thermal expansion/ 

conductivity properties of the filaments. 

 

 
Figure 7. Accuracy values in height; PLA(a), PET- G(b) and ABS(c) 
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3.4. Surface Roughness Measurments 

 

Together with the dimensional analyses, the 

surface roughness features of the manufactured 

PLA, PET-G, and ABS samples are also 

significant and these roughness values were 

measured owing to the fact that they influence the 

final product quality on a large scale. It is right to 

tell that the filament material plays a critical role in 

the surface roughness of the produced samples. 

Therefore, to reveal the differences between 

surface roughness values of the 3D printed 

samples with different filament materials, 

measurements were carried out perpendicular to 

the raster angle with a Hommel Tester T500 model 

profilometer as given illustration in Figure 8. 

 

 
Figure 8. Schematic view of the measurement 

direction for surface roughness 

 

In Figure 9, all measured surface roughness results 

can be examined depending upon the filament 

material type and printing layer height parameters. 

According to measured data collected as Ra 

criteria, the best surface quality (with 2.65 µm) 

belongs to samples manufactured with PLA in 

spite of the fact that the worst quality (with 17.3 

µm) is attained for the ABS samples. Furthermore, 

it can be expressed looking at Figure 9 that there is 

an affirmative interaction between the surface 

roughness and printing layer height. Similar 

observations were also reported by Haque et al. 

[31]. This positive relationship between surface 

roughness and layer height can be explained with 

the difference of the top and bottom points on the 

path during surface roughness measurement; 

higher layer heights lead to a higher difference 

between top and bottom points on the path. 

 
Figure 9. Surface roughness results of additively 

manufactured samples; PLA(a), PET-G(b) 

and ABS(c) 

 

4. CONCLUSIONS 
 

As a consequence of this work scrutinizing the 

dimensional accuracy success of the FFF 

methodology on different polymer parts by 

changing layer height factor, the following result 

remarks can be listed; 
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 For rapid prototyping and rapid testing, FFF is 

a promising methodology and different 

thermoplastic polymers can be comfortably 

produced with this technique. 

 For longitudinally examination, the accuracy 

values reach almost 99.9% for PET-G samples 

because of their low thermal expansion 

coefficient. The accuracy results keep 

substantially stable with increasing printing 

layer height. 

 Average mass values are 5.65 g (0.19 standard 

deviation), 5.72 g (0.13 standard deviation) and 

5.27 g (0.15 standard deviation) for PLA, PET-

G and ABS parts. 

 From the point of width accuracy, the highest 

calculated average accuracy level exceeds 

97.7% for the sample prepared with PLA. Also, 

if the printing layer height increases, the 

accuracy values, in particular with PET-G and 

ABS samples, gain a downward tendency. 

 From the data collected in height analyses, it is 

seen that there is not a direct reciprocal 

correlation between printing layer height and 

accuracy levels of polymer parts. 

 As the printing layer height elevates from 0.2 

mm to 0.4 mm, measured surface roughness 

values also go up regardless of the polymer 

filament type. Besides, the best surface quality 

belongs to the sample produced with PLA 

owing to its better bonding capacity.  
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