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This study investigated how the extruder temperature, printing speed, and specimen geometry interact during a tensile test of
continuous carbon fiber-reinforced nylon matrix composites produced by the fused deposition modelling (FDM) process. The
investigation utilized statistical techniques. For this purpose, tensile examinations were done on manufactured samples using a
testing apparatus. The study’s objective is to identify the most efficient specimen geometry for tensile testing result
optimization and to maximize the 3D printing process’s capability for producing complex, freeform patterns in these
composites. In this study, the input parameters required for the response surface methodology (RSM) were varying extruder
temperature (240-255°C) and printing speed (60-80mm/s), and experimental responses included modulus, elongation at break,
and weight. The findings of the regression analysis showed output responses are influenced by both input variables. The results
showed that the strength of the samples was significantly influenced by the input parameters. To draw the surface and residual
plots, the software of design expert software was used. The interaction between the two input variables suggests raising the
extruder temperature and decreasing printing speed, which leads to printing heavier samples. Inversely, the diversity between
the forecasted and real responses for the optimal specimens is less than 10% which is assumed to be acceptable for the design
of experiments (DOE). The analysis took into account the lower and upper ranges of the input variable with the goal of
enhancing both the most modulus and fracture elongation while simultaneously degrading the weight of the specimens. To
achieve this objective, the extruder temperature and printing speed are between 240 and 250°C and 65 and 75mm/s, respectively.

1. Introduction

Recently, manufacturing processes have been one of the
most important challenges in the industry. Accordingly,
rapid prototyping (RP) technologies have appeared. This
technique speeds up the manufacturing process on various
scales [1, 2]. In the AM method, various materials such as
metals, polymers, and composites can be produced layer by
layer with the help of computer design [3, 4]. Laminated

object manufacturing (LOM) and stereolithography (SLA)
were the two first RP processes commercially available [5].
In the LOM process, physical prototypes are built by sequen-
tially laminating, bonding, and cutting two-dimensional
(2D) cross-sections generated by a CAD model [5]. The
filament material extrusion is an extrusion process that
deposits thermoplastic filaments through a hot nozzle tip
and fills them in line, or curved strand forms, following a
technological machine program. Stratasys Inc. first invented
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the filament material extrusion process with the trade name
fused deposition modelling (FDM), and later, this technology
became popular for its open 3D printing systems as fused fila-
ment fabrication (FFF) technology [6]. Nowadays, the mate-
rial extrusion process has become a trendy technology and is
applied in various applications, includingmanufacturing com-
plex, lightweight, and functional parts. The FFF process, in
addition to its advantages, has some disadvantages, such as
the surface quality, shape accuracy, and welding quality in
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Figure 1: The methodology framework.

Table 1: Independent parameters accompanied by the levels of design.

Independent parameter Notation Unit -2 -1 0 1 2

Extruder temperature ET °C 235 240 245 250 255

Printing speed BT mm/s 60 65 70 75 80

Table 2: Experimental layout and multiperformance results.

Experiment no.
Input variables Output variables

Extruder temperature (°C) Printing speed (mm/s) Modulus (MPa) Elongation (%) Weight (g)

1 245 80 17.68 7.79 10.28

2 250 65 23.08 4.46 10.17

3 245 60 24.30 3.77 10.14

4 245 70 26.37 4.72 10.18

5 245 70 24.76 7.87 9.96

6 235 70 26.53 2.71 10.21

7 255 70 25.22 2.92 9.27

8 240 65 23.15 3.33 9.18

9 240 75 26.36 2.86 9.29

10 245 70 24.14 2.58 9.2

11 250 75 26.08 4.53 10.83

Table 3: CarbonX filament properties [33].

Mechanical properties FDM CarbonX

Elongation at break (ISO 527) 3%

Tensile strength 63 Mpa

Tensile modulus (ISO 527) 3800 Mpa

Flexural strength (ISO 178) 84 Mpa

Flexural modulus (ISO 178) 3750 Mpa
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brief [6]. Quality metrics of the FFF 3D printed parts as time,
quality, and flexibility are also crucial for the well-being of the
production of the elements [7]. It is essential to choose the
correct parameters to prepare the models that will print.
Careful choices must be made during this preproduction
phase because it determines how right and sustainable the
final product will be [7].

So far, various types of additive manufacturing methods
have been developed, such as selective laser sintering (SLS)
[8], selective laser melting (SLM) [9–11], and FDM [12].
Compared to other AM methods, the FDM technique is
widely used due to its excellent characteristics such as low
cost, easy operation, high accuracy and repeatability, and
dimensional stability. Currently, this technique is introduced
as an attractive subject in researches, highlighting the FDM
methods’ characteristics analytically and experimentally.
Considering the literature [13], the significant topic in the
field of FDM is examining manufacturing parameters’
impact on mechanical characteristics and optimization tech-
niques to obtain the best properties. Appropriate researches
have been performed in other fields like numerical analysis
[14, 15]. The significant effect of printing parameters on
the properties of the final manufactured component and
the use of novel geometric parameters. A key challenge in
manufacturing composite components via this method is
to find the relationship between the mechanical characteris-
tics of the parts and the process parameters [16].

Continuous carbon fiber-reinforced nylon matrix com-
posites have been widely used in various applications due
to their high strength-to-weight ratio and excellent durabil-
ity. In the past, the production of these specimens has been
limited by the use of traditional manufacturing methods,
which are not capable of producing complex shapes. The
advent of 3D printing technology has opened up new possi-
bilities in the production of these specimens, enabling the
creation of optimal mechanical characteristics [17]. Many
studies on the development of new composite materials
using natural fiber as a feedstock filament for FDM have
recently been published [18]. The mechanical behavior of
FDM 3D-printed carbon fiber-strengthened composites
was examined to give a premise for their plan and applica-
tion in different areas [19]. The effect of the process
parameters on the mechanical execution of the 3D printed
ceaseless carbon fiber-strengthened thermoplastic composite
sandwich structure and its potential for different applica-
tions requiring tall firmness and load-bearing capability
were examined experimentally and computationally to
improve the progression of modern, high-performance com-
posite structures [20]. In a study, the effect of 3D printing

technology on the mechanical characteristics, tensile
strength, and failure processes of 3D printed continuous car-
bon fiber-reinforced composites using various tab patterns
was assessed to provide optimizing design and processing
for diverse applications [21, 22]. The findings of a research
study improved the performance of composites by optimiz-
ing the surface and understanding the underlying process
[23]. The numerous operational variables that impact the
mechanical behavior of composites, such as fiber type, fiber
orientation, fiber volume fraction, printing settings, and
postprocessing processes, were considered in a study to
comprehend the constraints and opportunities of 3D print-
ing technology in the production of fiber-reinforced polymer
nanocomposites [24, 25]. In another research study, it was
examined several types of infill-patterns (IPs) to manufac-
ture fused deposition modelling (FDM) components consid-
ering improving mechanical properties such as tensile
strength, elongation, and Young’s modulus and the impact
of IPs on them. An experimental setup was done, and tensile
tests were performed to calculate mechanical responses [26].
The part produced by 3D printing has its accuracy varies
with the changes in the process parameters of the machine
such as quality, temperature, and speed. Taguchi method
was applied in order to achieve the optimum accuracy of
the printed part [27].

Table 4: Manufacturing parameters of FDM and their intended values.

No. Build parameters Unit Value Definitions

1 Nozzle diameter mm 0.4 It is the diameter of the extruder nozzle

2 Extrusion width mm 0.4 Single outline width of the plastic extrusion

3 Build orientation ° 45 The angle between the central axis and the horizontal direction

4 Build pattern — Triangular It is the build pattern of the specimen

5 Infill density % 20 It is the amount of material content

Layer 3

Feeder

Nylon filament

Heater

Nozzle

Layer 2
Layer 1

XMotor

Figure 2: Principle of FDM process and output layers [22].
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In the present study, a systematic experimental analysis
is designed and manufactured for FDM parts to examine
the impact of printing setting including extruder tempera-
ture and printing speed on the mechanical characteristics
of continuous carbon fiber-reinforced nylon matrix compos-
ites. One of the most critical parameters affecting the
mechanical properties of printed parts is the printing setting
parameters. Therefore, the focus is placed on comparing the
mechanical properties of printed samples based on various
process parameters. The findings of this study will contrib-
ute to the development of the composite material industry
by informing the design and manufacture of these compos-
ites for a variety of applications. In addition, they will be
helpful in understanding the link between the mechanical
characteristics of continuous carbon fiber-reinforced nylon
matrix composites and process parameters. The project is
crucial because it aims to make use of 3D printing’s potential
for producing these composites in freeform designs. The
specimens will go through tensile testing to establish their
mechanical characteristics, including their tensile strength,
elastic modulus, and elongation at break. Then, data from
the tensile testing will be statistically examined. In this study,
a comprehensive experimental and analytical examination of
process parameters on specific mechanical responses of
FDM parts is done. Also, the response surface method was
conducted to optimize the weight, maximum modulus, and
elongation of the manufactured specimens. The aim of the
study is to improve the weight efficiency and mechanical
properties of specimens produced by 3D printing.

2. Methodological Framework and Experiments

2.1. Methodological Framework. Statistical modelling is
employed to determine the correlation between the parame-
ters of the process, material characteristics, and the quality of
the manufactured samples. It leads to optimizing the process
parameter settings to obtain desired outcomes. In addition,
mathematical optimization is utilized to find the main feasi-
ble solution within a complex of limitations. In 3D printing,
this technique uses formulizing an objective function to
determine the best optimal amounts of the parameters and
the combination of process parameters that maximize or
minimize the objective function. Responses were modelled
and analysed by means of the statistical technique called
RSM [28, 29]. The aim of RSM is to get the desired collection
of variables that presents the most (or less) response [30, 31].
RSM has a broad span of usages, including control, and the
optimization of the process [32]. Figure 1 shows the
methodology flowchart including design, manufacturing,
and testing.

The independent parameters with design levels are given
in Table 1. Design levels are directed to the values allocated
to a factor in an empirical scheme. This RSM scheme con-
tains a centre spot (extruder temperature: 245°C; printing
speed: 70mm/s) which is iterated threefold to specify the
inconsistency and prepare a prediction of the empirical
error. Moreover, the design software gives a fractional facto-
rial design to analyse the significant effects of the variables at
yield levels suggesting 8 experimental tests. The number of

10 mm

80 mm

4 mm

29 mm

249 mm

110 mm

(a)

(b) (c)

Figure 3: (a) 2D specimen with dimension. (b) Weighing of specimen. (c) Printed parts.
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experiments with two variables and 5 levels is 11 (including
3 replications at the centre point and 8 factorial points).
Table 2 provides the input parameters, responses, and the
relative error of model predictions.

2.2. Experimental Work. The parameters of the CarbonX
(Gen3) PA6 carbon fiber-reinforced nylon filament that
was utilized are shown in Table 3. As shown in Table 4,
the parameters including nozzle diameter, extrusion width,
build orientation, build pattern, and infill density are con-
stant parameters as the preset printing settings. The value
and explanation of these parameters are described in
Table 4.

Eleven samples of tensile test were created and manufac-
tured using 3D printing with a totally triangular fiber pattern
in accordance with the DOE results (Table 2) and fixed
printing settings (Table 3). Figure 2 depicts the fundamen-
tals of the FDM procedure using CarbonX (Gen3) PA6
carbon fiber-reinforced nylon filament as well as descrip-
tions of the printing settings. Designing samples and defin-
ing material attributes as construction factors required the
use of the simplified 3D program. Printing of the uniaxial
tensile test followed ASTM-D 638. Figure 3 depicts the
dimensions of both 3D printed samples and tensile test
samples made in accordance with ASTM-D638. The Instron
tensile testing machine was utilized to perform tensile tests
at a speed of 5mm/min (Figure 4). The printed examples
feature nondense cores with varying densities and 20%-
density shells. The infill density is therefore equal to the core
density, and the number of contours is equal to the number
of dense shells.

Elongation during break (%), part weight (g), building
time (ms), and maximum fracture load (N) were chosen as
the output parameters. The process of measurement was
regarded as a normal circumstance. To do this, a digital
timer determined the construction time after printing each
sample, and a precision weighing scale determined the
weight of the part. Tensile test also captured technical anal-
ysis such as maximum fracture load and break elongation. It
should be mentioned that the software decided the pro-
grammed weight after calculating the geometric parameters.
After a destructive test over a universal testing device, the
FDM-produced specimens are displayed in Figure 5. With
the specimen being loaded, material fibers tend to shift their
path towards the loading direction because the strength and
adhesion between fibers are exceeded by the tensile strength
of the material fibers. The more fibers are towards the tensile
direction in the tensile direction, the greater the extension at
fracture for the sample specimens.

3. Result and Discussion

A statistical technique called analysis of variance (ANOVA)
is used to compare differences between various groups. It
determines if an average difference between two or more
groups is meaningful or merely coincidental. The means of
three or more independent groups are compared using an
ANOVA to see if there is a statistically significant difference
between them. Which groups are significantly different from

one another and which groups are not can be determined
using the outcomes of an ANOVA. The specimens were
affixed to the tensile testing machine and subjected to elon-
gation. The resulting output parameters, including Young’s
modulus, fracture elongation, and the weight, were obtained
for the optimization The input and output parameters are
shown in Table 2.

3.1. Modulus of Elasticity (MPa). The comparison of the
effects of extruder temperature and printing speed on the
modulus of elasticity in 3D printing may reveal that while
neither factor is very important on its own, printing speed
is more important than extruder temperature. The findings
of an ANOVA can be used to draw this conclusion; they

Figure 4: Instron tensile testing machine.

Figure 5: Specimens after tensile testing.
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show that while there is no significant difference in the
means of modulus based only on extruder temperature
between groups, there is a significant difference in the means
of modulus based on printing speed. This shows that print-
ing speed, as opposed to extruder temperature, has a bigger
effect on the modulus of 3D-printed components. The
ANOVA (Table 5) prepares invaluable visions into the
impressive variables in the additive manufacturing of
CarbonX (Gen3) PA6 carbon fiber-reinforced nylon specimens
and their relative impacts. This table highlights the primary
parameters that mainly affect the results of the manufacturing.
Equation (1) displays the regression model, incorporating
coefficients of input variables in the manufacturing. Analyzing
the magnitudes of coefficients (derived from Eq. (1)) allows for
the identification of which input variables exert a substantial
influence on the outcome parameters. A positive coefficient
shows that an increase in the input variable leads to an increase
in the response parameter, whereas a negative coefficient shows
that an increase in the input variable results in a reduction in
the response parameter.

Modulus 3 = −1 69194E + 008 + 1 37884E + 006 × ET
+ 2 43198E + 006 × PS
− 19780 47147 × ET × PS
− 2813 53560 × ET2

− 62 63737 × PS2

+ 40 35922 × ET2 × PS
1

Figure 6 illustrates the response surface plot of modulus
output concerning printing speed and extruder temperature.

3.2. Elongation (mm) at Fracture. When extruder tempera-
ture and printing speed are compared for their effects on
elongation (a measure of a material’s capacity to stretch), it
may be discovered that extruder temperature has a greater
impact on elongation than printing speed. The results of

an ANOVA (Table 6) can be used to draw this conclusion;
they show that while the means of elongation based only
on printing speed do not significantly differ across groups,
the means based on extruder temperature do significantly
differ. This shows that extruder temperature rather than
printing speed has a stronger effect on the elongation of
3D-printed items. This shows no significant factor is affect-
ing between printing speed and extruder temperature since
the p values are more than 0.05. But if we compare printing
speed and extruder temperature among themselves, the
extruder temperature has more significance than printing
speed.

Fracture elongation −0 76 = +96 32072 − 0 77927 × ET
+ 1 58118E − 003 × ET2

2

When analyzing the manufactured specimens, evaluat-
ing the fracture elongation is critical as it enables the assess-
ment of the specimens’ ability to elongate before reaching
the point of failure. In this study, the ANOVA identified
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Figure 6: Response surface plot related to modulus output versus
printing speed and extruded temperature.

Table 5: Analysis of variance table of modulus.

Source Sum of squares Df Mean square F value p value prob > F

Model 1 438 × 108 6 2 397 × 107 8.69 0.0094

A-ET 2 955 × 106 1 2 955 × 106 1.07 0.3405

B-PS 3 892 × 107 1 3 892 × 107 14.11 0.0094

AB 49562.04 1 49562 04 0.018 0.8977

A2 1 930 × 106 1 1 930 × 106 0.7 0.4349

B2 5 619 × 107 1 5 619 × 107 20.37 0.0040

A2B 6 78 × 107 1 6 78 × 107 24.61 0.0026

Residual 1 655 × 107 6 2 758 × 106

Lack of fit 8 204 × 105 2 4 102 × 105 0.10 0.9033

Pure error 1 573 × 107 4

Cor total 1 604 × 108 12 3 932 × 106

R-squared 0.8968 R-squared (adj) 0.7936
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the principal variables in the manufacturing process. Equation
(2) generates coefficients of the input variable and the interac-
tion coefficients which are critical in constructing the regres-
sion model providing the role of each input variable and
their interactions on the fracture elongation. This permits an
excellent comprehension of how different parameters impact
the mechanical characteristics of the manufactured specimens.
Furthermore, these coefficients can be employed to ascertain
the best parameters of the input variables, leading to the
maximum fracture elongation. Based on the analysis of the
regression model, akin to the methods in the design experts
V11 program, it is viable to identify the optimal magnitude.
As shown in Eq. (2), the normal residuals plot (Figure 7(a))
and perturbation graphs (Figure 7(b)) were created to examine
the sufficiency of the regressionmodel and the precision of the
predicted elongation values at break. The normal residuals
plot prepares visions into the residual distribution and leads
validation provided that the deviations from normality in the
plot of the regression model assumptions show ability issues

with the model’s outcomes. The perturbation graphs in
Figure 7(b) demonstrate the impact of the input variable on
the fracture elongation. The graphs provide the reconnais-
sance of the significant parameters that mainly affect the
response parameter. The value and direction of the perturba-
tion show that the effect of the variable on the fracture elonga-
tion is able to be identified. Figures 8(a) and 8(b) show the
effect of the IP on the fracture elongation. Increasing the IP
causes more printing of PVA, leading to a higher elongation.
This correlation is related to the raised length of the sample
as more material is deposited. It gives adjusting input param-
eters, like printing speed, a main effect on the elongation
characteristics of the manufactured specimens. With this
understanding, researchers optimized the printing process by
carefully adjusting the input variables to obtain the desired
elongation levels preserving other quality properties.

3.3. Weight. The ANOVA (Table 7) for the part weight (g)
versus printing speed and extruder temperature reveals that
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Figure 7: (a) Normal residual plot. (b) Perturbation plot.

Table 6: Analysis of variance of elongation at fracture.

Source Sum of squares Df Mean square F value p value prob > F

Model 0.043 2 0.021 3.09 0.0904

A-ET 5 997 × 10−3 1 5 997 × 10−3 0.87 0.3742

A2 0.037 1 0.037 5.31 0.0440

Residual 0.069 10 6 93 × 10−3

Lack of fit 0.020 6 3 411 × 10−3 0.28 0.9198

Pure error 0.049 4 0.012

Cor total 0.11 12

R-squared 0.3816 R-squared (adj) 0.2580
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there is no significant factor, but among extruder tempera-
ture and printing speed, printing speed is more significant.
This table gives us an idea of how the printing speed and
extruder temperature play a role in affecting part weight. If
a significant difference exists between the means of various
combinations of printing speed and extrusion temperature
on component weight, it can be determined using an
ANOVA. A significant difference in the ANOVA findings
indicates that there is no chance effect and that the effect
of one or both of the parameters (printing speed and extru-
sion temperature) on component weight is real.

Weight 3 = −2 95554E + 006 + 12088 01049 × ET
+ 84494 69355 × PS − 345 47276 × ET × PS
− 603 02722 × PS2 + 2 46565 × ET × PS2

3

Figure 9(a) indicates the normal plot of residuals which
are closely aligned with the red line showing that the residuals
follow a normal distribution, confirming the assumptions of
the regression analysis, adequately obtaining the inherent var-
iability in the data, and providing well-founded estimates for
the weight. The spike in Figure 9(a) that drifts notably from
the style is an outlier suggesting that the anticipated model
for weight is not robust enough to predict such extreme values.
Figure 9(b) illustrates the perturbation graph of the process
parameters on the weight of the parts. By investigating the
value and direction of the perturbation lines, the effect of these
variables on the weight can be assessed. The graph indicates
that increasing the value of the input parameter reduces the
weight of the sample. Determining the impact of variables
on the weight of specimens is critical for obtaining desirable
weight in manufactured parts. It is possible to qualify and
adjust the weight of the manufactured specimens by carefully

Table 7: Analysis of variance for part weight.

Source Sum of squares Df Mean square F value p value prob > F

Model 2 874 × 105 5 57485.53 6.80 0.0129

A-ET 35840.82 1 35840.82 4.24 0.0785

B-PS 1115.75 1 1115.75 0.13 0.7272

AB 198.03 1 198.03 0.023 0.8827

B2 17422.47 1 17422.47 2.06 0.1943

A2B 2 533 × 105 1 2 533 × 105 29.95 0.0009

Residual 59203.39 7 8457.63

Lack of fit 7552.64 3 2517.55 0.19 0.8948

Pure error 51650.75 4 12912.69

Cor total 3 466 × 105 12

R-squared 0.8292 R-squared (adj) 0.7072
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Figure 8: (a) The plot of response surface for fracture elongation output versus IP and pattern. (b) Contour illustrating the interaction
between plot IP and pattern.
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controlling the input variables. The insights derived from the
normal residual plot and perturbation graph contribute to an
understanding of the correlation between the process parame-
ters and the weight of the specimens.

In Figures 10(a) and 10(b), considering the effect of
extruder temperature in the 3D-printed specimens, decreas-
ing the extruder temperature decreases the weight of the
specimens since the specimens do not possess high density.
The output includes a graph with the x-axis (extension)
and the y-axis (force). The elongation follows linearly up

to a determined force, and the elongation continues to
increase without changing the load. The force abruptly
decreases when the sample breaks.

4. Optimization

The regression analysis included information regarding the
lower and upper values of each variable, as presented in
Table 8. According to the statistical analysis, the objective
was to enhance both the most modulus and fracture

240
242

244
246

248
250

9

9.5

10

10.5

11

A: ET

W
ei

gh
t (

gr
)

B: PS

75
73

71
69

67
65

(a)

240 242 244 246 248 250

A: ET

Weight (gr)

B:
 P

S

75

73

71

69

67

65

10

10

10

9.5

5

10.5

10.5
9.5

(b)

Figure 10: (a) The plot of response surface for weight output versus IP and pattern. (b) Contour plot IP and pattern.

–4.00

1

5

10

20
30

50

70
80

90

95

99

–3.00 –2.00

Externally studentized residuals

Normal plot of residuals
N

or
m

al
 %

 p
ro

ba
bi

lit
y

–1.00 0.00 1.00

(a)

11

10.5

10

9.5

9

–1.000 –0.500 0.000 0.500 1.000

W
ei

gh
t (

gr
)

Deviation from reference point (coded units)

Perturbation

B

A

A

B

(b)

Figure 9: (a) Residuals’ normal plot. (b) The plot of perturbation.

9International Journal of Polymer Science



elongation concurrently decreasing the weight. Table 9 pre-
sents the statistical analysis according to Table 2, identifying
three specimens that exhibited specific characteristics. Addi-
tionally, Figure 11 displays an overlay plot, emphasizing the
specimens situated within the optimal input variable regions
highlighted in yellow. With reference to the statistical analy-
sis and the use of the recommended specimens, there is an
optimal balance among improved modulus and fracture
elongation e concurrently degrading the weight.

5. Conclusion

Considering the previous findings on 3D printing of PA6-CF
composites, the performance of these materials can be

enhanced by altering the carbon fiber content, optimizing
printing parameters, and refining heat treatment conditions.
In this study, CarbonX (Gen3) PA6 carbon fiber-reinforced
nylon filament, which is a relatively new filament and claimed
to have good properties, was manufactured by FDM, in which
two input variables, printing speed and the extruder tempera-
ture, were varied, and after doing tensile testing, themechanical
properties including modulus, elongation at tensile, fracture
elongation, and the weight of parts were taken into account
as responses for 11 parts in the RSM analysis approach. The
most important results of this study are as follows:

The fiber-reinforced nylon filament properly could be
printed by considering the effect of extruder temperature
and printing speed.
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Figure 11: (a) Desirability and (b) overlay plot depicting pattern and intensity of the PVA 3D manufacturing.

Table 8: Analysis regarding the minimum and maximum ranges of each variable.

Limitations
Variable Aim Minimum limit Maximum limit Minimum weight Maximum weight Significance

A-ET Within range 240 250 1 1 3

B-PS Within range 65 75 1 1 3

Modulus Maximize 17.6771 26.5325 1 1 3

Fracture elongation Maximize 2.57491 7.86669 1 1 3

Weight Minimize 9.18 10.83 1 1 3

Table 9: Results of the statistical analysis.

Solutions
Number ET PS Modulus Fracture elongation Weight Desirability

1 247.038 69.525 25.302 5.320 9.809 0.598 Selected

2 244.039 65.000 25.597 5.087 9.794 0.580

3 242.544 75.000 24.123 4.731 9.623 0.532

4 242.847 75.000 23.928 4.812 9.674 0.532
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Both printing speed and extruder temperature have an
impact on the quality of 3D-printed parts.

Depending on the quality metric being taken into
account (modulus, percent elongation, and component
weight), the precise influence of printing speed and extruder
temperature can change.

The outcomes may not be transferable to other procedures
or materials because they depend on the particular conditions
and materials employed in the 3D printing process.

Overall, the weight of the part varies between a mini-
mum of 9.18 gm and a maximum of 10.83 gm.

The maximum modulus for the specimen reached
26.53MPa, attributed to the continuity of the molten mate-
rial enhancing this parameter. Consequently, raising the
extruder temperature contributes to the improvement of
the modulus.

An overlay plot was generated to illustrate the optimal
states for the input variables.

Further experiments are needed to find out if the results
can be generalized to other materials such as chopped or
continuous fiber materials.
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