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ABSTRACT

The wide examination of fused deposition modeling (FDM) as an industrial additive manufacturing technique
appears because it provides design freedom alongside improved material efficiency and reasonable cost. This
study’s main objective is to investigate the relationship of FDM process parameters with the tensile proper-
ties and surface roughness of polyethylene terephthalate glycol (PETG) parts. A response surface methodology
(RSM) utilizing Box-Behnken design methodology studied three essential parameters consisting of infill density
and layer height, together with plate temperature. The analysis demonstrated that layer height proved to be the
main element affecting tensile strength because it contributed 80.9% of the experimental variations, while infill
density stood out as the leading determinant of surface roughness, which was responsible for 78% of the contribu-
tion. Experimental testing proved that the predictive model showed accurate results when validated through mea-
surements of tensile strength, which produced maximum errors of 1.28%, and surface roughness, which yielded
maximum errors of 6.54%. A desirability analysis indicated that the ideal parameters of the roughness and tensile
strength of the printed parts included an infill density of 64.24% combined with a layer height of 0.1813 mm and
plate temperature of 51.46 °C. These outcomes provide a comprehensive understanding of process parameter ef-
fects that result in quality PETG parts with mechanical performance. The two-axis optimization methodology for
PETG also enhances its use in functional engineering systems that require simultaneous mechanical durability
and manufacturing accuracy.

Keywords: polyethylene terephthalate glycol, FDM, process parameters, tensile strength, surface roughness.

INTRODUCTION appropriate for multiple purposes across industrial
fields and creative activities, including initial de-
sign phases as well as operational applications [2].

Multiple elements that include printing pa-
rameters material selection, and post-processing
practices determine the achievement of high-
quality end products in FDM printing systems.
FDM printing technology leads to component
characteristics that stem from different process-

ing parameters such as layer thickness, print-

Fused deposition modeling (FDM) classifica-
tion represents a well-known additive manufac-
turing process that produces components through
successive buildup of heated thermoplastic fila-
ments emerging from a nozzle [1]. The process
requires different thermoplastic materials, includ-
ing polylactic acid (PLA), acrylonitrile butadiene
styrene (ABS), and polyethylene terephthalate
glycol (PETQG), to deposit sequential layers on the

platform until proper solidification occurs. FDM
features affordability alongside design adaptability
and detailed production capabilities which render it

ing speed, temperature, fill density, and nozzle
diameter. The material’s tensile strength, along
with surface roughness dimensional accuracy,
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and porosity values, depend on the printing pa-
rameters [3, 4]. Material behavior during printing
heats produces the strength of layer bonds, which
ultimately decides product quality levels.

Several studies show that various FDM print-
ing parameters influence both the strength of
produced parts and their surface quality [5]. The
tensile strength and surface texture of printed
products depend on three main factors: size, thick-
ness, and deposition speed, together with extru-
sion temperature specifications as well as material
density and orientation angle values. Interlayer
bond strength increases with reduced voids when
printers use thinner print layers [6]. The denser the
infill density becomes, the better the mechanical
properties develop since structures with few de-
fects exhibit superior strength and durability [7].

The mechanical properties, together with the
surface finish, are strongly affected by how hot
manufacturers set the extrusion temperature. The
surface quality improves because heat lowers
material viscosity yet raises the risk of filament
failure and deformation at elevated temperatures.
Building platforms require an optimal temperature
to ensure first-layer adhesion because it stops de-
fects like warping and delamination from appear-
ing. The structural properties of printed layers,
together with surface quality, receive their defin-
ing qualities based on how the height value affects
attributes in exactly the opposite way [8, 9].

Studies have extensively analyzed the con-
nection between machine parameters and the me-
chanical characteristics of FDM-produced com-
ponents with an emphasis on strength properties
and product surface conditions. The parameters
play an essential role in enhancing mechanical
performance and satisfying design criteria about
structural strength together with functional us-
ability of printed components, Mohd et al. [9] this
study evaluated the effect of the annealing pro-
cess on improving the tensile strength and surface
quality of 3D-printed ABS parts. Annealing tem-
peratures between 120 and 180 °C were used, with
annealing periods ranging from 20 to 60 minutes.
The sample treated at 120 °C/20 minutes achieved
the lowest surface roughness (0.622 pm) and the
highest tensile strength (75.681 MPa), while the
sample treated at 180 °C/60 minutes achieved the
maximum surface roughness (3.246 pm). The
samples achieved their best strength at 180 °C
during a 60-minute annealing process, and the
results indicated a significant difference between
the surface finish quality of the annealed-treated
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ABS and the mechanical performance results. A
study by Farashi et al. [10] evaluated the printing
process variable relationships with mechanical
characteristics of FDM-created samples through
studies of layer dimensions and orientation choic-
es. Results showed that layer thickness enhance-
ment leads to a maximum 20% reduction in ten-
sile strength in addition to decreased mechanical
properties by about 12% when tilting the print-
ing angle with higher extruder temperatures and
lower printing speeds. In another work, Lalegani
et al. [11] analyzed how the filler pattern, along
with density levels, affected the surface rough-
ness and tensile strength measurements of PLA
products produced by combining computer-aided
design (CAD) and fused deposition modeling.
four filler patterns — grid, triangular, zigzag, and
concentric were u sed. Results indicated that the
concentration arrangements produced both the
smoothest surface condition and the best tensile
strength using either method. Shirmohammadi
et al. [12] developed a technique that combines
artificial neural networks and particle swarm al-
gorithms to improve surface roughness results for
FDM 3D printing. They used a central composite
design to generate 43 experiments to study five
independent parameters, including nozzle tem-
perature, layer thickness, printing speed, nozzle
diameter, and material density. Results showed
an optimized additive manufacturing process
operated at 192.20 °C nozzle temperature, 100
um layer thickness, and printing at 97.06 mm/s
speed with 0.3 mm nozzle diameter, which de-
livered 24.88% material density and produced an
11.319 um surface finish. Mat et al. [13] focused
on assessing the influence of environmental pa-
rameters on dimensions in fused filament fabrica-
tion (FFF) printed components. This research uti-
lized acrylonitrile butadiene styrene material as it
worked with different layer dimensions (0.1 mm,
0.2 mm, and 0.3 mm) while using nitrogen gas
to reduce oxygen content in the printer chamber.
The study utilized laboratory testing to measure
tensile strength as well as surface roughness pa-
rameters for assessing how oxygen content affect-
ed printed object quality. Results showed maxi-
mum tensile strength reached 11.767 MPa in the
tests. Mani et al. [14] explored ways to optimize
the parameters of the fused deposition modeling
3D printing process to improve product quality
standards. Three parameter settings were used at
three levels to produce polylactic acid samples
conforming to ASTM requirements by adjusting
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the layer dimensions, nozzle temperature, and test
densities. An orthogonal matrix was generated
using the Taguchi design process for these pa-
rameters. Surface roughness tests, as well as ten-
sile and hardness measurements, were performed.
Analysis revealed that the optimal conditions for
delivering tensile strength consisted of using a
0.35 mm layer thickness and 65% fill density at
a nozzle temperature of 220 °C. In comparison,
the best parameters for producing hardness were
a 0.25 mm layer thickness and 65% fill density
at a nozzle temperature of 215 °C. The required
surface roughness was a 0.15 mm layer thickness
and 55% fill density at a nozzle temperature of
210 °C. Abdulridha et al. [15] focused on the ef-
fect of FDM process variables on the mechanical
and physical PLA samples. Six crucial production
parameters were investigated, which consisted of
packing pattern along with packing density, over-
lap ratio, layer thickness and shell thickness, and
the number of upper as well as lower layers. The
test results confirmed that the maximum tensile
strength of 55 MPa came from using 80% pack-
ing density, together with 0.25 mm layer thick-
ness, and 0.8 mm shell thickness, along with six
upper/lower layers and a 10% packing overlap.
Necmettin et al. [16] focused on the effects of
the mechanical and physical properties of PLA,
PETG, and ABS materials produced on tensile
strength, hardness, surface roughness, and water
absorption tests were used to compare the behav-
ior of these thermoplastics. The study revealed
that PETG experienced the highest tensile stress,
while ABS and PLA exhibited lower values. The
tests showed that PETG was the stiffest, while
PLA and ABS recorded lower values. Our analy-
sis found that ABS had the roughest surface with-
out sanding, but sanding improved the smooth-
ness of all samples. A large number of researchers
have looked in depth at how FDM parameters
impact part strength and surface quality, but op-
timizing these parameters for PETG has not been
widely explored. Many applaud PETG for being
both strong and flexible, as well as durable and
resistant to chemicals, and great where a strong
and attractive finish is desirable. There has been
only limited research done so far on how FDM
parameters shape both the strength and smooth-
ness of PETG.

This study examined the complete optimi-
zation of FDM parameters, which control the
production of polyethylene terephthalate glycol
components through the study of infill density,

layer height, and plate temperature. Applying
sophisticated experimental design and statistical
methods, the research used the Response Sur-
face method alongside desirability function ap-
proaches to optimize multiple performance met-
rics while systematically considering strength
and surface quality. This research tries to uncover
relationships between main process variables and
main performance indicators for PETG. The new
aspect of this study is that it sets out in an orga-
nized way to tune FDM process parameters for
PETG and maximizes both the tensile strength
and the looks of finished parts.

METHODOLOGY

Material and method

The ANYCUBIC 3D printer executed the ex-
perimental tasks based on Figure 1. The research
material consisted of a grey PETG filament,
which had a diameter of 1.75 mm because it rep-
resents a popular choice for 3D printing applica-
tions due to its easy usage as well as durable me-
chanical features, and green nature. PETG proves
an exceptional filament for making prototypes
and production items, which span from consumer
items through architectural creations to educa-
tional models. The material provides both excel-
lent interlayer bonding and high stiffness proper-
ties and moderate tensile strengths, together with
low dimensional changes [17, 18]. Distribution of
PETG starting materials from renewable sources,
along with its biodegradable nature, makes it a
perfect choice for environmentally friendly ap-
plications. The performance of PETG is limited
compared with PLA and ABS because of these
filaments [19]. PETG offers reduced durability
against heat exposure from extreme temperatures
while maintaining brittleness as its main weak-
ness for applications that need resilient flexibility.
Surface roughness represents a well-recognized
difficulty in PETG printing because the printed
surface finish closely relates to the inputted print-
ing parameters, including layer height plate tem-
perature, and infill density. Surface roughness at
a high level will negatively impact the quality of
both the external appearance and the dimensions
of printed parts, particularly in intricate designs
or big models [20]. Despite these challenges,
PETG remains one of the most popular filaments
in 3D printing due to its versatility, accessibility,
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Figure 1. Printing process and measurements.

and ability to produce surface-stable parts with
minimal warping.

The standard triangle language (STL) file
created by Solidworks was transformed by the
Cura 4.13.1 to G code, which the machine can
read to print. Figure 2 a,b, depicts the solid mod-
el and sliced model used by the ASTM D638
Type 4 standards. Table 1 lists the levels of three
input parameters used to fabricate the PETG
filament to be used in this study. All the experi-
ments here use the same fixed FDM parameters
as listed in Table 2.

The production of the specimens was carried
out using the Box-Behnken methodology, where
15 runs (replicates) are required in the response
surface method (RSM) [21]. The input parameter
pairs have been coded as A, B, and C, respectively,
with their varying levels outlined in Table 3. For
DOE and statistical analysis, Minitab 17 software

a-Solid Model

was used [22]. This tool allowed for the evalu-
ation and optimization of process parameters to
obtain reliable results. The complete workflow,
from selecting FDM parameters to implementing
optimization techniques, is illustrated in Figure 3.

The mechanical properties of the fabricated
PETG specimens were evaluated through tensile
testing carried out on a WDW200E computer-
controlled electronic universal testing machine;
tensile testing of the fabricated specimens was
conducted on a WDW200E computer-controlled
electronic universal measuring machine by ASTM
D638 Type IV standards [23, 24] as shown in Fig-
ure 1. Testing was carried out at room temperature
with a constant crosshead speed of 1.5 mm/min,
and the three modes of data (load, deformation,
stroke, and time) were continuously recorded.
The peak load values taken from recorded data
and corresponding with precise measurements of

surface

wall Thickness

supported

b-Sliced Model

Figure 2. Solid and sliced models for tensile specimens
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Table 1. 3D printing parameters and their levels

Levels
FDM parameters Units
1 2 3

Infill density % 40 60 80

Layer height (mm) 0.15 0.20 0.25

Plate temperature °C 45 50 55
Table 2. Fixed parameters RESULTS AND DISCUSSION

Parameter type Values Units

Wall thickness 19 mm The gathering of data for tensile strength
Printing speed 55 mm/s and surface roughness from PETG samples ap-
Infill pattern Line i pears in Table 4 and is presented visually in Fig-

each specimen’s actual dimensions (rather than
CAD model parameters) were used for calcula-
tion with the peak load values to provide the ul-
timate tensile strength. These experimental mea-
surements served to determine stress values and
mechanical properties as well as to estimate the
tensile strength of each PETG test sample using
Equation 1.
il (1
o=
A
where: o — tensile stress (N/mm?); F — applied
force (N); 4 — cross section area (mm?).

In this work, tensile test sample surface
roughness was evaluated using the Pocket Surf
profile measurement device, as shown in Figure
1. The Ra parameter was calculated three times
for each specimen by three measurements of the
roughness perpendicular to the orientation of the
layer at 3 different places on the sample to obtain
a roughness value. Finally, these three measure-
ments were averaged to give the final measured
surface roughness value for each printed part.

ures 4 and 5 through bar charts. Experimental
tensile strength increased from 40.013 MPa to
44.666 MPa with a 40% infill density (level 1)
paired with a 0.20 mm layer height (level 2) and
a 45 °C plate temperature (level 1). This is sig-
nificant as it exceeds the 28.53 MPa maximum
expected tensile strength reported in reference
[25]. The combination of an infill density at lev-
el 2, a layer height at level 2, and a plate tem-
perature at level 2 produced a specimen with
surface roughness values decreasing sharply
from 9.560 um to 6.130 pm. The study dem-
onstrates how specific process variables affect
the simultaneous enhancement of PETG-based
3D printing mechanical outcomes and printing
surface quality.

Using the RSM technique in MINITAB 17,
Analysis of Variance (ANOVA) was used to
evaluate how tensile strength and surface rough-
ness changed concerning input parameters. A
P-value of less than 0.05, or a 95% confidence
interval, was used as the statistical significance
criterion for the analysis, which was based on
experimental data described in Table 5. A model
term was considered statistically significant if
its P-value was less than this threshold.

Identify the control factors and their
levels

surface roughness, Tensile strength)

Experimental and Predicted values

> Initialization > > RSM Approach > > Statistical Analysis >
s I — i '
1 start 3 Select the appropriate RSM Design f Identify the optimallevel of each Factor
= E (Box-Behnken designs (BBD)) i ¥
| . -
Define the 3d printer PETG E — . I Model prediction of each objective |
parameters problems and objectives | FDM printing (Conduct experiments) | ¥
3 ; | Determine optimal factor |
E
|
|
|
|
|
i
i
|

|
|
|
|
|
|
|
|
|
2
]
i Testing and Compute (Printing time,
|
|
|
|
|
|
|
1
|
|
|
|

T ¥ comparison
Selection the level number of each Run and measure the response of each | 1 |
factor T experiment by BBD End

Figure 3. Overview of process parameters optimization and prediction methodology
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Table 3. Box-Behnken design’s coded and real printer parameter combinations

Exp. No. Coded parameters Actual parameters
A B c Infill density (%) | Layer height (mm) | Plate temperature (°C)
! - - 0 40 0.15 50
2 ! - 0 80 0.15 50
3 - L 0 40 0.25 50
4 ! ! 0 80 0.25 50
> i 0 -1 40 0.20 45
6 ! 0 -1 80 0.20 45
! ! 0 1 40 0.20 55
8 ! 0 1 80 0.20 55
9 0 - -1 60 0.15 45
10 0 1 -1 60 0.25 45
11 0 -1 1 60 0.15 55
12 0 1 1 60 0.25 55
13 0 0 0 60 0.20 50
14 0 0 0 60 0.20 50
15 0 0 0 60 0.20 50

Table 4. Experimental results for tensile strength and surface roughness

Exp. No. Infill density (%) Layer height (mm) Plate te([)'rép)erature Tensi(llt\a/l;tar‘()angth Suﬁace(J?nL;ghness
1 40 0.15 50 41.720 7.590
2 80 0.15 50 43.512 7.066
3 40 0.25 50 41.812 7.640
4 80 0.25 50 41.370 8.350
5 40 0.20 45 44.666 8.310
6 80 0.20 45 41.390 9.560
7 40 0.20 55 42.857 8.680
8 80 0.20 55 44.665 8.830
9 60 0.15 45 41.847 7.860
10 60 0.25 45 40.013 7.980
1 60 0.15 55 42.572 6.730
12 60 0.25 55 41.914 8.150
13 60 0.20 50 43.116 6.460
14 60 0.20 50 43.913 6.980
15 60 0.20 50 43.981 6.130

The outcome showed that layer height sig-
nificantly influences tensile strength because the
P-value reached 0.038. Tensile strength improves
when the interlayer cohesion is enhanced through
the reduction of layer height. The results and find-
ings showed infill density as the main determinant
of surface roughness because its P-value reached
0.010 at the 95% confidence level. The density of
infill material determines internal void presence,
so print surfaces remain smoother because shrink-
age and surface deformation are minimized.
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The analysis depicts the influence of infill
density together with layer height and plate tem-
perature through Figures 6 and 7 regarding ten-
sile strength and surface roughness measurement.
Tensile strength exhibits a substantial enhance-
ment when the layer height decreases abruptly
from 0.2 mm to 0.25 mm, according to Figure 6,
while Figure 6 also shows that plate temperature
elevation from 50 °C to 55 °C leads to a moderate
strength gain. The results indicate infill density
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Figure 5. Surface roughness of PETG printed specimens

produces minimal impact on tensile strength be-
cause it demonstrates low result variability.

Infill density stands as the parameter that in-
fluences tensile strength the least based on the
findings, while layer height and plate temperature
showcase the strongest effects according to the
Pareto chart. Improving the mechanical perfor-
mance of 3D-printed components depends heav-
ily on proper optimization of layer height and
plate temperature, according to these experimen-
tal outcomes.

Figure 7 demonstrates that surface roughness
depends mostly on infill density because rough-
ness substantially reduces while infill density rises
from 60% to 80%. Infill density plays an impor-
tant role in improving the surface quality of 3D-
printed parts, according to the results. Surface
deformation and shrinkage increase as infill densi-
ties decrease because FDM prototypes have more
voids, which results in higher roughness. The ef-
fect of plate temperature on surface roughness
turns out to be moderately negative through the
temperature range from 50 °C to 55 °C. The re-
duction in thermal non-uniformities and extrusion
variations seems to explain the better results at
higher build temperatures. The influence of layer
height on surface roughness remains inconsistent
because it displays minimal detectable traces.

The Pareto chart confirms that infill density
stands as the top influencing factor for surface
roughness, while plate temperature comes sec-
ond, with layer height showing the least impact.
The quantitative assessment using percentage
breakdowns helps explain how each parameter
affects total measurement variations. Layer height
as an element produced the highest contribution
rate to tensile strength measurements, amount-
ing to 80.9% at a 95% confidence level, and in-
fill density became the primary factor for surface
roughness, with a 78% contribution. The table in
Figure 6 presents the significance levels and op-
timal values for each factor that influences final
results while showing the paramount importance
of parameters in performance outcomes (Table 6).

Tensile strength and surface roughness rela-
tions are illustrated in Figures 8 and 9 through in-
teraction graphs. The graphs show how different
levels of a secondary variable influence connec-
tions between the primary factor and continuous
measurement results. Each line depicts a different
parameter level, while a mean scale represents
the levels of the secondary parameter. These
non-parallel lines in the graphs reflect important
synergistic effects of FDM process parameters,
which influence the overall characteristics of test
specimens together.
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Table 5. Analysis of variance results for tensile strength and surface roughness

ANOVA for tensile strength
Source DF Adj SS Adj MS F-Value P-Value Efr:ﬁ:‘jzgﬁ
Model 9 23.7732 2.6415 8.02 0.017 93.52
Linear 3 4.6754 1.5585 4.73 0.064 18.4
A 1 0.0017 0.0017 0.01 0.945 0.006
B 1 20.5790 20.5790 7.83 0.038 80.9
C 1 20.0947 20.0947 6.36 0.053 79
Square 3 11.0443 3.6814 11.17 0.012 43.47
A*A 1 0.0537 0.0537 0.16 0.703 0.21
B*B 1 10.5093 10.5093 31.90 0.002 41.34
c*C 1 0.5802 0.5802 1.76 0.242 2.3
2-Way interaction 3 8.0535 2.6845 8.15 0.023 31.7
A*B 1 1.2476 1.2476 3.79 0.109 4.9
A*C 1 6.4602 6.4602 19.61 0.007 25.4
B*C 1 0.3458 0.3458 1.05 0.353 1.4
Error 5 1.6473 0.3295 6.5
Lack-of-Fit 3 1.1846 0.3949 1.71 0.390 4.6
Pure error 2 0.4627 0.2313 1.82
Total 14 25.4206 100
ANOVA for surface roughness
Source DF Adj SS Adj MS F-Value P-Value Efr:fr?tﬁgﬁ
Model 9 13.0903 1.45447 14.70 0.004 96.36
Linear 3 2.8577 0.95257 9.63 0.016 21.03
A 1 10.6074 10.60742 16.24 0.010 78
B 1 10.0325 10.03248 10.43 0.023 73.8
C 1 0.2178 0.21780 2.20 0.198 1.6
Square 3 9.3609 3.12029 31.53 0.001 68.9
A*A 1 4.8965 4.89653 49.48 0.001 36
B*B 1 0.0007 0.00066 0.01 0.938 0.005
c*C 1 5.0551 5.05512 51.08 0.001 37.22
2-Way interaction 3 0.8717 0.29056 2.94 0.138 6.41
A*B 1 0.1467 0.14669 1.48 0.278 1.1
A*C 1 0.3025 0.30250 3.06 0.141 2.22
B*C 1 0.4225 0.42250 4.27 0.094 3.1
Error 5 0.4948 0.09896 3.6
Lack-of-Fit 3 0.1275 0.04251 0.23 0.869 0.94
Pure error 2 0.3673 0.18363 2.7
Total 14 13.585 100

Note: DF denotes degrees of freedom, Adj SS represents the adjusted sum of squares, and Adj MS stands for the

adjusted mean squares.

As explained in Figure 8, The best tensile
strength for 3D-printed parts emerges when the
device operates at 0.20 mm layer height with
45 °C plate temperature while maintaining 40%
infill density. Figure 9 shows that material surface
roughness reaches its minimum when the system
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operates with a combination of 60% infill density,
which is linked to 50 °C temperature, coupled
with a 0.20 mm layer height. The obtained data
shows that determining interactive effects be-
tween factors remains vital for optimizing both
mechanical performance and surface quality of
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Table 6. The significance and ideal values for every parameter

Parameters Infill density % Layer height (mm) Plate Temperature (°C) Significant
Optimized tensile strength 40 0.20 45 Layer height
Optimized surface roughness 60 0.20 50 Infill density

parts made through 3D printing. Can achieve
high-quality final printed parts by controlling sys-
tem parameters, leading to improved print results.

Equations 2 and 3 provide quadratic math-
ematical models that model the interactions be-
tween input variables and both tensile strength
and surface roughness responses. These math-
ematical expressions evaluate total response ef-
fects by using linear and quadratic expressions
with interaction terms. Mathematical equations
function as predictive and optimization tools to

explain extended knowledge about system out-
comes affected by parameter interactions and in-
dividual parameters.

Tensile Strength (MPa) =
=—-1.6— 0.815 x A + 209.8 x
X B+ 1.32x C+ 0.000301 x A2 — (2)
—675 x B> — 00159 x C* — 0558 x
XAXB+001271 X AXC+ 118 X B X
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Surface Roughness (um) =
= 256.6 — 0.205 x A — 100.2 %
X B — 6.68 x C + 0.002879 x 4% — (3)

5.4 x B? + 0.04680 x C% — 0.309 x
xAXB—0.00275X AXC+ 1300 X BXC

Table 7 shows an evaluation of the experi-
mental findings for PETG part tensile strength
and surface roughness by the RSM model, which
implements Equation 4. Information in Table 7
and Figures 10 and 11 demonstrates that the ex-
perimental and predicted value error amounts to
1.28% for tensile strength and 6.54% for surface
roughness. The RSM model delivers reliable pre-
dictions regarding mechanical properties, togeth-
er with surface roughness measurements for the
manufactured PETG specimens, because of its
low error percentage figures. Experimental and
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predicted data match closely, which demonstrates
that RSM provides reliable modeling and perfor-
mance forecasting for PETG parts.

Error % =

Measured value — Predicted value 4)
|( )| x 100
Measured value

Optimized results

Desirability analysis (DA) optimizes several
factors by allocating each a desirability score
between 0 and 1, depending on whether greater
values are desired or smaller values. By joining
individual scores, an overall desirability index is
formed to choose the most preferable input val-
ues. Following this approach helps manage many
different response factors and makes choices
for optimal process improvements and product
design.The desirability analysis, equipped with
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Table 7. Experimental versus RSM values for surface roughness and tensile strength

No. | T pay | " ifength apay | % Er | PG | surtace roughness | % BT
1 41.720 4213 0.97 6.590 7.41 2.33
2 43512 43215 0.68 8.066 7.19 1.78
3 41.812 42.11 0.71 7.640 7.51 1.6
4 41.370 40.96 0.98 8.350 8.5 2.12
5 44.666 44.168 1.11 8.310 8.5 2.72
6 41.390 416 0.49 9.560 9.48 0.8
7 42.857 4265 0.48 8.680 8.7 0.88
8 44.665 45.16 1.11 8.830 8.6 2.56
9 41.847 41.93 0.214 7.860 7.8 0.62
10 40.013 40.21 0.49 7.980 7.87 1.26
1 42,572 42.37 0.47 6.730 6.83 1.49
12 41.914 41.85 0.213 8.150 8.19 0.604
13 43.116 43.67 1.28 6.460 6.52 0.98
14 43913 43.67 0.55 6.980 6.52 6.54
15 43.981 43.67 0.71 6.130 6.52 6.42

13 % Error T
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Figure 10. Comparison using the percentage error between the experimental and predicted tensile strength
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Figure 11. Comparison using the percentage error between the experimental and predicted surface roughness

a response optimizer, optimized both tensile
strength and surface roughness performance as
part of the RSM framework. The optimization
results displayed in Figure 12 illustrate how the
desirability value reached 0.8645 and signifies
the achievement of an appropriate conflicting re-
quirement balance. A set of optimal inputs for the
3D printer consisted of 64.24% infill density while
also needing 0.1813 mm layer height alongside

51.46 °C plate temperature. Under these experi-
mental conditions, the predicted tensile strength
measurement reaches 43.85 MPa with an excep-
tional desirability outcome of 0.825. The surface
roughness optimization reached 6.45 um when
the essential parameters produced a desirability
value of 0.904. This indicates moderate optimi-
zation. Surface roughness expands simultane-
ously as both infill density and plate temperature
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Figure 12. Optimization of tensile strength and surface roughness

increase, yet higher layer height results in de-
creasing tensile strength. By effectively handling
conflicting factors, the selected parameter set
achieves both improved mechanical strength and
satisfactory surface roughness.

CONCLUSIONS

This study focused on achieving optimal
FDM process settings for PETG material to en-
hance roughness quality while increasing tensile
strength performance. The creation of predictive
models to link observed responses with important
process parameters was accomplished through a
Box—Behnken design operating within the frame-
work of response surface methodology. The in-
vestigation produced important outcomes that are
summarized as follows:

e The best tensile strength measurement result-
ed from using 40% infill density with 0.2 mm
layer height at 45°C plate temperature.

e With an infill density of 60%, a layer height
of 0.2 mm, and a plate temperature of 50 °C,
the minimum surface roughness was achieved
at6.13 pm.

e Tensile strength variations were primar-
ily explained through the changes in layer
height among all tested parameters, with a
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contribution of 80.9%. Surface roughness
demonstrated the highest dependence on infill
density since this factor accounted for 78% of
the total variation.

e [t was discovered through desirability analy-
sis that the best values for maximum tensile
strength and smooth surface were 64.24% in-
fill density, a layer height of 0.1813 mm, and a
plate temperature of 51.46 °C. This configura-
tion enhances the support of functional appli-
cations that require mechanical durability and
accuracy.

e Tensile strength and roughness values were
predicted with limited errors, with predictive
models showing high accuracy at 1.28% for
tensile strength and 6.54% for roughness. This
confirms that RSM helps optimize both PETG
for aerospace brackets and for automotive pro-
totype parts.

The study established through their study that
RSM successfully identifies optimal FDM process-
ing parameter sets for PETG to create improved
mechanical and surface geometrical components.
Research expansion for the future should focus on
including infill patterns together with print speed
and composite materials as additional factors to
enhance FDM process flexibility for aerospace,
automotive, and bioengineering applications.
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