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Abstract

Advances in Additive Manufacturing (AM) technology have
enabled the rapid and precise production of complex components,
including those used in Unmanned Aerial Vehicle (UAV)
structures. However, Acrylonitrile-Butadiene-Styrene  (ABS)
material prints often exhibit variations in quality due to the
influence of various interacting process parameters. This study
aims to analyze the impact of four parameters: infill pattern, layer
thickness, print speed, and chamber temperature on two important
mechanical properties: Ultimate Tensile Strength (UTS) and
elongation. The Taguchi method, using an L9(34) orthogonal array,
was applied to minimize the number of trials while preserving
important information. The tensile test data were analyzed using
the signal-to-noise ratio (S/N ratio) and Analysis of Variance
(ANOVA). The results showed that the infill pattern was the most
dominant parameter, accounting for 80.78% of UTS and 73.16% of
clongation. Chamber temperature has a significant effect on
elongation (19.78%), as it enhances interlayer bonding by
controlling temperature in the printing chamber. Layer thickness
contributes moderately to UTS (10.01%), while print speed has the
least negligible effect on both responses. These findings emphasize
the importance of selecting the appropriate parameter combination
to consistently improve ABS print quality and serve as a
foundation for developing process standards based on experimental
data.
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1 Introduction

Nowadays, the idea of a manufacturing method capable of
producing almost any shape has garnered considerable attention in
the design of parts for Unmanned Aerial Vehicles (UAVs).
Designing and manufacturing prototypes with complex shapes,
parameters, and functions can be a significant challenge when the
only manufacturing option is the conventional approach. Additive
Manufacturing (AM) technology has become widely popular in
addressing these challenges. Its primary advantage lies in its ability
to produce complex geometries with relatively low time and cost
requirements [1], [2]. Especially nowadays, UAV or drone systems
attract significant interest across different sectors due to their
flexibility for various purposes and their low operating costs.
UAVs can be broadly defined as autonomous, semi-autonomous, or

ground-based aircraft that lack a pilot and can be controlled
wirelessly using various communication protocols [3][4]. UAVs
come in various sizes, shapes, and weights depending on their
purpose and capabilities. These aircraft are classified by mission
altitude, weight, or wing type.

For civilian UAVs, wing type is the most common
classification. UAVs can be classified as fixed-wing, rotary-wing,
or hybrid depending on their wing structure. Endurance is the most
critical factor in UAV systems [5-7]. Takeoff weight is the most
critical parameter affecting endurance. To reduce takeoff weight,
lightweight and durable materials must be used in UAV systems.
Today, UAVs and drones have more complex airframes to enhance
aerodynamics and allow attachment of components, such as
cameras, to the airframe. Mold injection and machining, which are
conventional manufacturing techniques widely used in UAV and
drone production, can increase costs in terms of time and cost [7-9].
Furthermore, creating complex structures using traditional methods
is a significant challenge. Furthermore, conventional manufacturing
methods increase raw material costs and the crucial takeoff weight
of UAVs.

In recent years, 3D printing technology has become widely used
in the production of UAV components. Thermoplastic printing
materials and their derivatives used in 3D printing technologies
play a significant role in reducing production costs and airframe
weight [10][11]. Thermoplastic printing materials are much lighter
and easier to process than the metals commonly used in traditional
manufacturing [12].

UAV structures are generally required to have good strength
and reliability. However, the strength-to-weight ratio is an essential
key focus. Acrylonitrile-Butadiene-Styrene (ABS) is often used and
considered one of the best options. ABS offers ease of 3D printing,
affordability, and sufficient mechanical properties for UAV
applications, particularly when mechanical loads are not
excessively high. Compared to PLA, for example, ABS offers
better impact and temperature resistance, though it is often stiffer.
Previous research has also highlighted the importance of structural
design (e.g., sandwich or honeycomb) to maximize the
performance of ABS material [3—-6]. Overall, ABS is a popular and
viable choice for small UAVs.

However, the final ABS product is strongly influenced by the
3D printing process parameters. One of the main issues in 3D
printing with ABS is the high variability in print quality, which is
directly influenced by the complexity of the process parameters.
Unlike conventional manufacturing processes, which tend to be
stable, 3D printing is highly sensitive to changes in printing
parameters. Parameters such as nozzle temperature, bed
temperature, printing speed, layer height, infill density, infill
pattern, chamber temperature, and printing orientation can affect
layer bonding and the material's internal structure. For example, a
nozzle temperature that is too low can cause weak interlayer
bonding, while a printing speed that is too high can result in
premature cooling and dimensional defects [7-10].

Infill pattern is undoubtedly one of the most influential factors.
Each type of infill pattern has a different internal structure, thereby
distributing loads in distinct ways. Patterns such as grid, cubic,
honeycomb, and gyroid provide high tensile and compressive
strength, along with good load distribution in critical structural
areas [21][22]. Triangular patterns perform well in impact tests due
to their superior energy absorption capabilities. Honeycomb and
hexagonal patterns are recognized for their high elastic modulus,
making them suitable for applications that require high energy
absorption [23]. Not only do they significantly influence
mechanical strength, but material efficiency and printing time are
also closely related. Grid patterns print faster and use less material.
Gyroid or honeycomb patterns are more complex and take longer.
The selection of infill patterns is not merely aesthetic but an
essential part of the internal engineering of the printed structure. Its
selection must consider the type of forces acting on it, material
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efficiency, printing time, and the final application of the printed
product.

Another critical parameter in the 3D printing process is layer
height, which significantly affects the mechanical performance and
surface quality of printed components. A smaller layer height has
been shown to enhance both tensile strength and interlayer
adhesion, primarily due to the increased contact area between
adjacent layers that promotes better bonding during deposition [24].
In addition to mechanical benefits, a reduced layer height
contributes to improved surface finish, resulting in smoother
textures and finer resolution of printed features. This parameter also
plays a pivotal role in controlling dimensional accuracy,
particularly in terms of vertical height and angular geometry.
Empirical findings suggest that lower layer heights are associated
with minimized dimensional deviations, thereby enhancing the
geometric fidelity of the final print [25].

Moreover, chamber temperature is another influential variable
that significantly determines the quality, mechanical integrity, and
dimensional precision of the printed part, especially for semi-
crystalline and amorphous thermoplastic polymers such as ABS,
polypropylene, and Polyether Ether Ketone (PEEK). Maintaining a
uniformly high ambient temperature within the printing chamber,
typically 60-100 °C, is essential to mitigate common defects, such
as warping, shrinkage, and internal stress formation. A controlled
thermal environment facilitates homogeneous heat distribution,
which in turn improves layer fusion, reduces thermal gradients, and
minimizes the risk of structural porosity and microcracking [26],
[27]. This thermal stability ultimately contributes to the
dimensional stability and mechanical reliability of the printed
component.

The combination of these parameters not only affects the
geometric dimensions of the printed product but also significantly
affects mechanical properties, particularly tensile strength and
elongation. Many studies have mentioned the influence of each
parameter individually, but there is still a lack of systematic
approaches to identify the most influential parameters
quantitatively [18-22]. This makes the printing optimization
process a trial-and-error process, wasting time and materials.

Unfortunately, the relationship between these parameters is
complex and not always linear, making it difficult to predict.
Therefore, a scientific and systematic approach is needed to
understand the extent to which each parameter affects mechanical
properties, both individually and interactively, so that the printing
process can be optimized with greater precision. The need for static
and experimental analysis becomes essential. In this study, a
scientific approach using the Taguchi Method to design
experiments will be applied. It is hoped that the results of this
research will be helpful in efforts to consistently improve print
quality using ABS material as the printing material. Furthermore,
another significant hope is that it can serve as the basis for
developing an "ABS printing standard" based on experimental data.

2 Research methodology

This research was conducted using a systematic framework to
achieve results in line with the research objectives. To answer the
research questions described above, the following research stages
were carried out in sequence, as shown in Fig. 1.

2.1 Printing parameters and material

This process starts with designing a 3D model using CAD
software. Then, the 3D model is fed into the CreatWare slicer
software. Its purpose is to convert the 3D model into G-code. Using
the same slicer, the parameters specified in Table 1 are applied.

With its excellent strength and chemical resistance, ABS is the
ideal filament material. ABS has better compression and thermal
distortion characteristics than PLA [2]. All specimen configurations
will be manufactured according to the parameters outlined in Table
1. To ensure test results are accurate, all specimens will be made
from the same spool.

Literature review

Fixed Variables !
» infill density
» printing temperature

» bed temperature
» wall thickness

Independent Variables
» infill pattern
» layer thickness
» print speed
» chamber temperatur

Determination of
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©
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Fig. 1. Research flow chart

Table 1. Printing parameters of the testing specimens

Printing Parameters Values Unit

Nozzle diameter 0.4 mm
Nozzle temperature 260 C
Bed temperature 95 C

Shell thickness 0.8 mm
Infill density 60 %

There are many parameter configuration options available in
slicing software. For example, among infill shape parameters,
standard options include rectilinear, grid, triangular, honeycomb,
cubic, and gyroid. All these infill shapes are designed to create
lightweight structures while maintaining good strength. However,
in this study, only the Gyroid, Grid, and Cubic infill shapes will be
examined (Fig. 2). This selection is based on their better
performance compared to other infill shapes [2][33][34]. The other
independent variables used are shown in Table 2.

Fig. 2. Variety of infill pattern types from top to bottom: Gyroid,
grid, and cubic
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Table 2. Independent parameters and their levels

2.2 Design of the experiment

Levels To obtain a combination of variables that yields the best tensile
Parameters | ) 3 Unit strength and elongation while minimizing the number of trials
- - - without sacrificing important information, the experimental design
Infill pattern Gyroid Grid Cubic ) uses an L9(34) orthogonal array, as presented in Table 3. In this
Layer thickness 0.10 0.15 0.20 mm study, there were four independent parameters, each with three
Print speed 50 65 80 mm/s levels. A total of nine experimental combinations are shown in
Chamber temperature 40 50 60 ‘C Table 3. This design aims to minimize the possibility of incorrect
conclusions and reduce the influence of confounding variables.
Table 3. L9(3*) orthogonal array
Configurations Infill pattern Layer thickness (mm) Print speed (mm/s) Chamber Temp. (°C)
1 Gyroid 0.10 50 40
2 Gyroid 0.15 65 50
3 Gyroid 0.20 80 60
4 Grid 0.10 65 60
5 Grid 0.15 80 40
6 Grid 0.20 50 50
7 Cubic 0.10 80 50
8 Cubic 0.15 50 60
9 Cubic 0.20 65 40

2.3 Specimen preparations
ASTM D368 is used as the standard test method for tensile
properties of plastics, with plate dimensions as shown in Fig. 3.

Then, specimens are manufactured using a CreatBot 3D printer
with parameters as specified previously (Fig. 4). Next, the
specimens will proceed to the tensile testing stage.

- Thess

Overall Width
(19 mm) _

Gage Width
© (13 mm)

1
Tickness i
(7 mm)

Gage Length

(50 mm)
g . -
Length of Narrow Section
(57 mm)

Length of Narrow Grips (115 mm)
Length Overall (165 mm)

-

-

Fig. 3. Type I tensile strength test specimen according to ASTM D638

Fig. 4. CreatBot D1000 3D printer

2.4 Testing setup

Tensile testing was performed using a Tensilon RTI-1310 UTM
machine. Specimens were placed consistently in the exact location
for each test. The setup was performed in advance to set the test
conditions. Specimen dimensions were input into the machine, and
the moving speed was set at 10 mm/min, with a load cell of 5000
N. Actual settings can be seen in Fig. 5.

Fig. 5. UTM Tensilon RTI-1310 tensil -testing maciﬁé

2.5 Taguchi method

To ensure analytical accuracy and reliability, the experimental
data were processed using statistical software. The Taguchi method
was employed to evaluate the effect of each parameter, both
individually and in interaction with others. This method effectively
identifies the most influential factors affecting the response
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characteristics of 3D-printed specimens. The Taguchi approach
involves analyzing the signal-to-noise (S/N) ratio, which quantifies
the relative impact of controllable factors (the signal) versus
uncontrollable or random variations (noise). A higher S/N ratio
reflects greater process stability and more optimal outcomes [35].
Additionally, an Analysis of Variance (ANOVA) was
conducted to determine the statistical significance of each
parameter with respect to the measured mechanical properties,
namely Ultimate Tensile Strength (UTS) and elongation. This
multifactorial statistical approach includes the computation of
degrees of freedom, sum of squares, mean squares, F-ratios, and P-
values to rigorously assess the contribution and relevance of each
factor within the experimental design framework [19]. The
combined application of S/N ratio analysis and ANOVA offers a
comprehensive evaluation of parameter effects and supports
evidence-based decision-making for process optimization.

3 Results and discussion

The initial data obtained is the consistent percentage of the
operation, which will be discussed in a subsection. This data serves
as a basis for determining whether the operation's consistent value
is as expected. If so, it will proceed to the tensile testing stage. The
results of the tensile testing and elongation for the nine multi-
parameter configurations are presented in Table 4. Next, the data
processing for identifying the parameters most influential on tensile
strength and elongation will be discussed.

Table 4. Tensile test results with multi-parameter configuration
Conf. UTS (MPa) Elongation (%) Max. load (N) S/NR A (dB) S/NR B (dB)

1 13.934 5.096 1268 22.88 14.14
2 13.156 6.347 1197.2 22.38 16.05
3 14.218 5.652 1293.9 23.05 15.04
4 12.071 3.478 1098.5 21.63 10.82
5 10.138 4.069 922.55 20.11 12.19
6 12.696 4.500 1155.3 22.07 13.06
7 15.305 5.165 1392.8 23.69 14.26
8 15.670 4.556 1426.0 23.90 13.17
9 15.752 4.552 1433.4 23.94 13.16

3.1 Operation consistency

To minimize the risk of errors during testing, five identical
tensile specimens were tested. Variations in the cubic infill pattern
with a layer height of 0.20 mm, a print speed of 65 mm/s, and a
chamber temperature of 40°C were used as samples to assess the
consistency of specimen printing. This method was applied to
maintain process consistency [34]. Thus, the difference in the
maximum load that each specimen can withstand during the tensile
test is only slight or insignificant.

With the same configuration, specimen number 1 had the
highest maximum load value of 1433.4 N (Fig. 6). Conversely,
specimen number 2 has the lowest value of 1390.3 N. This test
resulted in a 3% difference between the two values. This indicates
that the results of printing specimens with a 3D printer are
sufficiently consistent. Therefore, the next step, tensile testing of
each specimen, can proceed.

1600

1400

1200

1000

Maximum Load (N)

800 A

600 +

Number of Specimens
Fig. 6. Maximum point load value for each specimen

3.2 Tensile test results

From Table 4, we can see that the UTS value is possessed by
configuration nine at 15.752 MPa, and the lowest is configuration
five at 10.138 MPa. The highest elongation value is in
configuration two at 6.34%, and the lowest is in configuration four
at 3.478%. These results indicate significant differences between
configurations. The elongation value is essential to note, as the
material is planned to be widely used as a structural component in
future UAV developments.

Table 4 also presents the results of multi-parameter S/N ratio
calculations relative to response parameters (UTS and elongation).
Configurations 8 and 9 have the highest S/N ratio values for UTS
(SNR A). Meanwhile, the highest S/N ratio value for elongation
(SNR B) is found in configuration 2. This indicates that these
configurations have good resistance to variability or disturbances,
resulting in more stable and reliable test results [35].

3.3 The Signal-to-Noise (SN) ratio response

To analyze the test data results in more depth, the average S/N
ratio was calculated to find the most influential level for each
parameter. The first step was to estimate the average S/N ratio per
level, compute the delta, compile the ranks, and determine the
optimal level (the parameter with the highest S/N value). Table 5
shows that the most influential parameter on UTS is the infill
pattern (A = 2.57). The most influential level for each parameter is
23.85 for level 3 in the infill pattern parameter (bolded number),
similarly 23.03 for layer thickness, and 22.86 for chamber
temperature. Meanwhile, the highest print speed is at level 1, with a
value of 22.95.

Table 5. Mean S/N ratio response values for each control parameter
relative to the UTS value (higher is better)

Level Infill pattern Layer thickness Print speed Chamber temperature

1 22.77 22.74 22.95 22.32

2 21.28 22.13 22.65 22.72

3 23.85 23.03 22.29 22.86
Delta 2.57 0.89 0.66 0.55
Rank 1 2 3 4

Fig. 7 shows the mean S/N ratio values for each level of the
four independent parameters. The assessment was based on the
principle of larger is better, which is commonly used in
optimization. The parameter with the most significant effect on the
UTS value, according to this graph, was the infill pattern, which
had the most extensive range of S/N ratios. In contrast, chamber
temperature had the least effect.

Infill Pattern Layer Thickness Print Speed Chamber Temperature

24.0

23.57

23.01

22.57

Mean of SN ratios

22.04

21.57

21.01

Gyll'old Cﬂ"’iﬂ Cu‘bm O.iﬂ 0.‘15 0.50 5‘0 6‘5 8‘0 4b 5‘0 6b
Fig. 7. Presents the mean S/N ratio plotted against UTS, where a
higher value indicates better performance

Table 6 shows that the infill pattern has the most significant
effect on elongation (A = 3.05), consistent with the UTS response.
However, in the following ranking, chamber temperature becomes
the second most influential parameter with a value of 1.44,
followed by layer thickness and print speed.
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Table 6. Mean S/N ratio response values for each control parameter
relative to the elongation value (higher is better)

Level Infill pattern Layer thickness Print speed Chamber temperature

1 15.08 13.08 13.46 13.17

2 12.03 13.81 13.35 14.46

3 13.53 13.76 13.83 13.01
Delta 3.05 0.73 0.48 1.44
Rank 1 3 4 2

The signal-to-noise (S/N) ratio values are presented graphically
in Fig. 8 to provide a more precise visualization of each process
parameter's influence. The vertical distance between the maximum
and minimum average S/N ratio values serves as an indicator of the
relative contribution of each parameter to the observed elongation.
A greater difference suggests a more substantial effect. Based on
the graphical trend, the infill pattern and chamber temperature have
the most pronounced impact on elongation, indicating their critical
roles in determining the mechanical behavior of 3D-printed ABS
specimens.

Laver Thickness

Infill Pattern

Print Speed Chamber Temperature

155

15.01

1437

1407

Mean of SN ratios

13.09

12,0

Gyll'oid Gll'td Cu‘bl: U.iO O.iS 0.‘20 5‘0 6‘5 EIU 4‘0 5‘0 6b
Fig. 8. Presents the mean S/N ratio plotted against elongation,
where a higher value indicates better performance

3.4ANOVA

The ANOVA calculations in this study are based on S/N ratio
data that reflect UTS and elongation values, not only to optimize
the mean response but also to reduce variability and improve
robustness against noise. The analysis results are presented in Table
7 for the S/N ratio against the UTS response value and Table 8 for
the S/N ratio against the elongation response value below. Tables 7
and 8 show that the error value is zero, indicating no residual
errors. Such conditions may arise when using a Taguchi design
with a 34 configuration. For comparison, Darsin M. and colleagues
[36] also reported no errors when conducting experiments with a
similar Taguchi design.

Table 7. ANOVA values calculated based on S/N ratio data for
UTS responses

Control variable DF AdjSS AdjMS F-Value P-Value
Infill pattern 2 10.0162  5.0081 & &
Layer thickness 2 1.2414 0.6207 e &
Print speed 2 0.6581 0.3290 e E
Chamber temperature 2 0.4839 0.2419 & *
Error 0 & &
Total 8 12.3996

Table 8. ANOVA values calculated based on S/N ratio data for
elongation responses

Control variable DF AdjSS  AdjMS F-Value P-Value
Infill pattern 2 139832  6.9916 & &
Layer thickness 2 0.9938 0.4969 & &
Print speed 2 0.3858 0.1929 e .
Chamber temperature 2 3.7812 1.8906 e e
Error 0 . i
Total 8 19.1440

3.5 Percentage of contribution

The extent to which each control parameter influences the
response variable can be quantified using a percentage contribution
analysis. This method involves calculating the proportion of the
total Sum of Squares (SS) attributable to each factor relative to the
total SS obtained from the ANOVA. The resulting ratio is
multiplied by 100 to express the contribution as a percentage,
enabling a comparative evaluation of each parameter's significance.
The detailed outcomes of this calculation, including the respective
contributions of all examined factors, are presented in Table 9.

Table 9. Percentage contribution for control variables UTS and
elongation

Percentage of contribution (p)

Parameters UTS Elongation
Infill pattern 80.78% 73.16%
Layer thickness 10.01% 5.20%
Print speed 5.31% 2.02%
Chamber temperature 5.31% 19.78%
Error 0% 0%
Total 100% 100%

3.6 Discussion of parameter effects
3.6.1 Infill pattern

In terms of tensile testing results, specimens with a cubic infill
pattern had the highest and most stable UTS values, followed by
those with a gyroid and a grid pattern. The cubic pattern has a
three-dimensional interlocking structure that distributes load evenly
throughout the specimen volume, enabling it to withstand tensile
forces more effectively and to produce high, stable UTS values.
The cubic structure also tends to produce better interlayer bonding,
reducing stress concentration and the risk of delamination [37].

Compared to other parameters, the infill pattern contributes
80.78% of the total contribution to the UTS value and 73.16% to
the elongation value. The high influence on UTS is supported by
the fact that this parameter significantly controls the cross-sectional
area and effective load distribution. UTS is very sensitive to
changes in the internal structure pattern because the infill structure
directly determines the path of tensile stress distribution.
Meanwhile, as the infill structure becomes stronger (cubic or
gyroid) or denser, this enhances stiffness and tensile strength but
reduces elongation because the structure becomes stiffer and less
flexible. Therefore, the percentage contribution to elongation
decreases to 73.16%, though it remains the highest value compared
to other parameters [38].

3.6.2 Layer thickness

An unusual phenomenon was observed in this control
parameter. Previous studies [21][24][25][39] concluded that lower
layer thickness would increase UTS because a greater number of
layers results in a more uniform stress distribution. However, in
this study, the highest average S/N ratio relative to UTS occurred at
level 3 (Table 5), which is inconsistent with previous research. The
authors suggest that excessively thin thicknesses may also cause
warping and thermal deformation if chamber temperature is not
controlled, which is closely related to the chamber temperature
control parameter. The relationship between the two parameters
requires further investigation in subsequent studies.

Meanwhile, the contribution to the elongation value is not too
significant, at 5.20%. This occurs because thicker layers produce
more ductile, flexible parts, allowing greater plastic deformation
before failure. Meanwhile, in lower layers, despite strong adhesion,
the material tends to be more rigid and brittle, causing elongation to
decrease [40].

3.6.3 Print speed

Print speed, defined as the rate at which the nozzle moves
during printing, influences the mechanical properties of 3D-printed
components, particularly tensile strength. Based on the percentage
contribution analysis, this parameter accounts for 5.31% of the
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variation in UTS and 2.02% of the variation in elongation.
Although these values indicate a relatively minor influence
compared to other process parameters, the effect of print speed is
still noteworthy. An increase in print speed tends to reduce the UTS
of ABS specimens, which is attributed to under-extrusion. This
condition often leads to the formation of micro-voids and weak
interlayer adhesion, ultimately compromising the structural
integrity of the printed part. Nonetheless, the overall influence of
print speed remains statistically insignificant when compared to the
more dominant factors in the study.

3.6.4 Chamber temperature

As shown in Table 9, the contribution value of this parameter is
5.31% to UTS and 19.78% to the elongation value. Higher chamber
temperatures contribute to a decrease in internal porosity and an
increase in interlayer bonding. The significant influence on
elongation values makes it the second-highest contributor after
infill pattern due to strong adhesion, minimal porosity, and slower
layer cooling, allowing for greater plastic deformation before
cracking occurs [41].

The results of this study indicate that optimizing the infill
pattern and chamber temperature can significantly enhance the
tensile strength of 3D-printed ABS materials. This improvement is
highly relevant to the development of UAV structures, which
require lightweight materials with high mechanical reliability. The
enhanced tensile performance achieved through appropriate process
parameter selection suggests that AM can be effectively utilized to
produce structurally dependable UAV components. Furthermore,
the findings of this work provide a scientific basis for our
subsequent research, which aims to evaluate the performance of
ABS materials when applied to the structural spar of UAV wings
under realistic loading conditions.

4 Conclusions

Each print parameter has a significant, but varying, effect on the
mechanical properties of ABS. In general, the infill pattern
parameter accounts for 80.78% of UTS, as the internal infill pattern
significantly influences stress distribution and tensile strength.
Slightly lower, the contribution to elongation is lower (73.16%) due
to an increase in the contribution of the chamber temperature
parameter (19.78%). Layer thickness moderately affects UTS; a
thickness of 0.2 mm tends to be optimal as it produces balanced
interlayer bonding. However, its effect on elongation is more
complex and less significant.

Print speed is the least influential parameter on both values,
UTS and elongation. Unlike chamber temperature, this parameter
significantly affects both. UTS increases due to reduced porosity
and enhanced interlayer bonding, while elongation rises due to the
release of internal stress during slow cooling. The ideal temperature
range is 50-60°C.
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