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ABSTRACT 

Additive Manufacturing (AM) is a modern method of producing parts by depositing material layers on 

each other. The technology can be used to fabricate many different types of products for daily applications. 

Tensile Strength (TS) is one of the most important mechanical properties of fabricated products, such as 

3D-printed products. This study investigates the influence of Additive Manufacturing Parameters (AMPs) 

on the TS of manufactured products. 3D printed samples were produced using Fused Deposition Modeling 

(FDM) technology with Polylactic Acid (PLA) material. The AMPs investigated were temperature, speed, 

layer thickness, and bed temperature. TS tests were carried out on a tensile testing machine, and the 

results showed that AMPs have a great influence on TS. In addition, the optimal set of AMPs was found 

for the manufacturing process to improve TS. TS can be predicted using a response model obtained from 

response optimization analysis. The results of this study can be applied in various practical applications. 
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I. INTRODUCTION  

3D printing or Additive Manufacturing (AM) technology 
has made significant advances in manufacturing science and 
technology [1-4]. AM technology creates products with high 
precision and minimum waste of raw materials, without 
subtractive manufacturing techniques [5]. AM shows 
outstanding advantages in the production of thin, complex, and 
multi-material structure products [6-8]. AM is widely applied 
in many fields, such as manufacturing [9], construction [10, 
11], automobile [12], biology [13-16], medical [17], soft 
robotics [18], orthognathic surgery [19], food industry [20-22], 
medicine [23], electronics [24], liver surgery [25], dentistry 
[26], fashion [27], and aerospace [28]. Fused Deposition 
Modeling (FDM) is a popular AM technology using polymer 
materials and composite filaments. FDM shows good 
characteristics such as versatility, cost-effectiveness, diversity, 
and non-toxicity of materials.  

However, the FDM technology still needs to be extensively 
studied to improve the durability and mechanical properties of 
products such as Tensile Strength (TS). TS is one of the most 
important mechanical properties of fabricated products [29]. 

Polylactic Acid (PLA) is becoming popular and is widely 
applied in AM for practical applications. PLA is an easy-to-
process polymer. PLA 3D printing products can serve many 
applications, such as household products, decorations, 
household items, small furniture parts, medical models, 
medical instruments, and medical prosthetics, due to their 
safety and ease of sterilization [30]. Many studies seek methods 
and techniques to improve the characteristics of the 3D printed 
products such as the effect of processing factors on TS with 
printing angle [31], thickness of the printing layers [32], 
printing temperature [33], or using artificial neural networks to 
optimize mechanical properties [34] and finite element analysis 
to enhance the stiffness of the 3D printed gears.  

However, there is still a lack of studies on TS and AM 
fabrication conditions. This study investigates the influence of 
3D printing parameters on the TS of printed products, using 
FDM with PLA. The AM Parameters (AMPs) include the 
printing temperature, speed, thickness of the printing layer, and 
bed temperature. TS tests were carried out to determine the 
effect of AMPs on TS. In addition, TS was predicted using a 
regression model from response optimization analysis. 
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II. EXPERIMENT PROCEDURE 

PLA was used to fabricate the 3D products for the 
experiments. This material is suitable for many applications 
such as industrial manufacturing, educating models, and 
medicine applications. PLA has good characteristics of easy 
printing, high precision, and low deformation during the 
printing process. Table I shows the basic mechanical properties 
and reference printing parameters of PLA [35]. 

TABLE I.  BASIC MECHANICAL PROPERTIES AND 
REFERENCE PRINTING PARAMETERS OF PLA 

Property Typical value 

Nozzle temperature 185-205°C 

Heat bed temperature 55-60°C 

Melting point 175-180°C 

Softening temperature 50°C 

Elastic modulus 3.5 GPa 

Glass transition temperature 60-65°C 

Density 1.23-1.25 g/cm³ 

 
The 3D printer used for the experiments is an ANYCUBIC 

I3 Mega S 3D of the well-known Prusa series with the basic 
specifications shown in Table II [36]. Figure 1 shows images of 
AM samples that were modeled using NX software with 
detailed dimensions. The tensile test samples adhere to ASTM 
D638 [37]. 

TABLE II.  BASIC SPECIFICATIONS OF THE ANYCUBIC I3 
MEGA S 3D PRINTER 

Technical specifications Values 

Nozzle diameter 0.4 mm 

Printing Speed 20 ~ 100 mm/s 

Printing temperature Maximum 260ºC 

Bed temperature Maximum 110ºC 

 

 
Fig. 1.  Images of the 3D printing samples with detailed dimensions, 

including the bottom view on the left and the side view on the right. 

Table III shows the Box-Behnken experimental matrix with 
processing parameters used to analyze the impact of AMPs on 
the TS of the product including the printing temperature (Tp), 
speed (V), layer thickness (h), and bed temperature (Tb). The 
input parameters were set to three values according to three 
levels: -1, 0, and 1. Figure 2 shows the BESTUTM 050MD 
Universal Compression/Tensile Testing Machine that was used 
to perform the tensile test.  

TABLE III.  PROCESS PARAMETERS AND THEIR LEVELS 

Parameters Unit Symbol 
Levels 

-1 0 1 

Temperature ºC Tp 190 210 230 

Printing speed mm/s V 40 60 80 

Thickness of the printing layer  mm h 0.1 0.2 0.3 

Bed temperature ºC Tb 30 45 60 

 
Fig. 2.  BESTUTM 050MD Universal Compression/Tensile Testing 

Machine. 

TABLE IV.  EXPERIMENTAL DESIGN AND RESULTS 

Run 
Tp 

(℃) 

V 

(mm/s) 

h 

(mm) 

Tb 

(℃) 

TS 

(kN/mm²) 

1 210 60 0.2 45 0.046 

2 210 40 0.2 30 0.049 

3 210 80 0.3 45 0.045 

4 190 60 0.2 30 0.045 

5 210 60 0.3 30 0.042 

6 210 60 0.1 30 0.037 

7 190 60 0.2 60 0.035 

8 210 40 0.2 60 0.046 

9 190 60 0.3 45 0.043 

10 230 80 0.2 45 0.043 

11 190 40 0.2 45 0.044 

12 210 60 0.2 45 0.044 

13 210 80 0.2 60 0.046 

14 230 60 0.2 60 0.045 

15 210 60 0.2 45 0.044 

16 230 60 0.1 45 0.045 

17 230 40 0.2 45 0.048 

18 210 40 0.3 45 0.045 

19 190 60 0.1 45 0.040 

20 210 60 0.3 60 0.041 

21 210 80 0.1 45 0.039 

22 210 80 0.2 30 0.040 

23 230 60 0.2 30 0.042 

24 210 60 0.1 60 0.043 

25 230 60 0.3 45 0.043 

26 190 80 0.2 45 0.042 

27 210 40 0.1 45 0.043 

 

III. RESULTS AND DISCUSSION 

Figure 3 shows the specimens after the TS tests. Table IV 
shows the experimental results of 27 specimens, with the 
highest strength of 0.049 kN/mm

2
. Analysis was carried out 

using Minitab software with the significance level chosen as 
0.05 (α = 0.05). 

 

 
Fig. 3.  Specimens after TS tests. 
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Figure 4 shows the main effects of AMPs on the TS of the 
samples. Figure 4(a) shows the effect of Tp on TS, indicating 
that TS gradually increases as the nozzle temperature increases. 
This may be due to the improvement in interlayer adhesion 
when the temperature was high enough for the PLA material 
layers to fuse better. However, at higher temperatures there was 
no obvious decrease, indicating that this temperature range 
(from 190°C to 230°C) is suitable for maintaining adhesion 
without damaging the material. Figure 4(b) shows the effect of 
V on TS, indicating that TS tends to decrease as V increases. At 
high V, the time it takes for the new material layer to bond to 
the previous printed layer is short, leading to a decrease in 
interlayer adhesion and resulting in a lower TS. At slower V 
values, there is an improvement in the bonding process, 
resulting in patterns with higher TS. Figure 4(c) shows the 
effect of h on TS, indicating that increasing h resulted in a 
decrease in TS. This may be because in thicker layers, the 
adhesion between them reduces as a result of poor material 
mixing. Thinner layers improve TS because they are better 
bonded, and the gaps between them are reduced. Figure 4(d) 
shows the effect of Tb on TS. As Tb increases, TS increases. A 
higher Tb improves the adhesion of the resin layer to the 

substrate, leading to a reduction in warping or delamination of 
the samples. 

Figure 5 shows the interaction relationships of the AMPs 
that affect the TS of the product. Figure 5(a) shows the 
interaction effect of Tp and V on TS. TS increases sharply with 
increasing nozzle temperature, especially at low print speeds. 
Figure 5(b) shows the interaction effect of Tp and h on TS. At 
the h of 0.1 mm, the nozzle temperature increases, and the TS 
increases sharply. However, at thicker layers, increasing nozzle 
temperature does not bring about a significant improvement in 
TS. Figure 5(c) shows the interaction effect of V and h on the 
TS, indicating that both V and h play an important role in TS. 
Figure 5(d) shows the interaction effect of the Tp and Tb on 
TS. The Tp and Tb interaction has the most significant 
influence on TS. This is a reason to focus on the processing 
parameters of controlling the TS of the product. Figure 5(e) 
shows the interaction effect of the V and the Tb on TS, where at 
low V and high Tb, TS reaches the maximum value. Figure 5(f) 
shows the interaction effect of the h and Tb on TS. The 
interaction of h and Tb influences TS, indicating that the 
combination of these factors also needs to be carefully 
considered to achieve the best results. 

 

 
Fig. 4.  Main effects for  TS: (a) The effect of printing temperature on TS, (b) The effect of printing speed on TS, (c) The effect of printing layer thickness on 

TS, (d) The effect of the bed temperature on TS. 

 
Fig. 5.  Interaction effects of printing parameters on TS: (a) Temperature and speed, (b) Temperature and layer thickness, (c) Speed and layer thickness, 

(d) Temperature and bed temperature, (e) Speed and bed temperature, (f) Layer thickness and bed temperature. 
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Figure 6 shows the Pareto chart of the effects of AMPs on 
TS. This chart shows that Tp has the highest effect on TS with 
the effect value above the normalization threshold of 2.179 as 
analyzed by Minitab. V stands in the second position of the 
effects, followed by h and Tb at the final position. The chart 
also shows the interaction effects of the AMPs on TS, with the 
highest effect being the combination of Tp and Tb. The 
combined effect of V and Tb is in the second position during 
the printing process. The following combinations of AMPs, in 
descending order, include the couples of h and Tb, Tp and h, V 
and h, and Tp and V. Figure 7 shows the response surface 
regression of TS with Tp, V, h, and Tb. 

 

 
Fig. 6.  Pareto chart of the standardized effects for TS. 

A TS regression equation was formulated from the 
experimental data [38]: 

�� �  � 0.013 
  0.000783 �
 �  0.000415 � 
  

    0.245 ℎ �  0.001919 �� �  0.000002 �
 ∗ �
 
  

     0.000002 � ∗ � �  0.2042 ℎ ∗ ℎ �  

     0.000006 �� ∗ �� �  0.000002 �
 ∗ � �  

     0.000625 �
 ∗ ℎ 
  0.000011 �
 ∗ �� 
  

     0.000500 � ∗ ℎ 
  0.000008 � ∗ �� �  

     0.001167 ℎ ∗ ��    (1) 

 

Fig. 7.  Response surface regression: TS versus Tp, V, h, and Tb. 

The regression model has R
2
 of 81.40% and R

2
(adj) of 

59.71%, respectively. R
2
 is used to evaluate the accuracy of the 

regression model. The correction coefficient R
2
(adj) shows that 

the change in TS is determined by the change in input 
parameters at the level of 59.71%. Figure 8 shows the results of 
the response optimization analysis. The objective is to 
investigate the AMP set for the maximum value of TS. The 
results show that this function can achieve a maximum TS of 
approximately 0.0493 kN/mm². This optimal TS is higher than 
the values of the tests after 27 experiments, with the maximum 
value of 0.049 kN/mm² recorded from experiment no. 2 (see 
the experimental design table). The optimal printing parameter 
set included a printing temperature of 190

o
C, a printing speed 

of 40 mm/s, a printing layer thickness of 0.2737 mm, and a bed 
temperature of 30°C, as shown in Table V. 

TABLE V.  OPTIMIZATION PARAMETERS FOR THE 3D-
PRINTING PROCESS OF PLA MATERIAL 

Tp 

(℃) 

V 

(mm/s) 

h 

(mm) 

Tb 

(℃) 

TS 

(kN/mm²) 

190 40 0.2737 30 0.0493 

 

 

Fig. 8.  Response optimization analysis of processing parameters on TS.



Engineering, Technology & Applied Science Research Vol. 15, No. 3, 2025, 22663-22668 22667  
 

www.etasr.com Trinh et al.: The Influence of Processing Parameters on the Tensile Strength of 3D Printed Products 

 

IV. CONCLUSIONS 

AM is a modern manufacturing technology to produce parts 
by depositing material layer by layer, used to create products 
for daily applications. TS is an important mechanical property 
of products such as 3D printing samples. This study 
investigated the influence of AMPs on the TS of 3D-printed 
products. The results show that the printing speed has the 
greatest influence on TS, followed by the printing temperature, 
the thickness of the printing layer, and the bed temperature, 
respectively. The optimal parameters set was built for the AM 
process to improve TS. The response model was built using 
response optimization analysis to predict the TS. The results of 
this study can be applied in various practical applications.  
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