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quickly and with higher part quality, several RP techniques 
that are currently commercially available have potential 
applications in the sectors of engineering, architecture, and 
medicine [2].

One of the RP techniques created by Stratasys Inc., a 
leading manufacturer of 3D printers with its headquarters 
in the United States, is fused deposition modelling. Material 
for FDM is kept as filament on a spool or cartridge. Once it 
reaches the liquefier, where it is heated upto the semi-liquid 
state and extruded via nozzle, rollers direct the filament [3]. 
FDM is now most used additive manufacturing techniques. 
Unwound from a coil, a plastic filament delivers substance 
to an extrusion nozzle. The plastic is heated in the nozzle to 
melt it, and it contains a mechanism that lets you control the 
flow of the melted plastic. The mechanical stage on which 
the nozzle is attached can be adjusted both horizontally and 
vertically [4]. Each layer is formed by the deposition of a 
thin bead of extruded plastic when the nozzle is moved over 
the table in the necessary geometry [5]. Immediately after 
being squirted from the nozzle, the plastic cools, hardens, 

1 Introduction

Rapid prototyping (RP) techniques have evolved and con-
tinued to develop since the late 1980s, providing product 
designers and manufacturing engineers with an advanta-
geous approach for developing prototypes or conceptual 
models for testing [1]. At every stage of the product devel-
opment process, RP approaches are used to save time and 
money. Due to their versatility in creating models more 
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Abstract
Additive manufacturing, particularly the Fused Deposition Modeling (FDM) technique, has garnered considerable inter-
est across multiple industries owing to its capacity to efficiently and inexpensively fabricate intricate geometries. To 
ensure optimal performance and dependability, it is essential to comprehend the impact of FDM process parameters 
upon a mechanical properties of 3D-printed parts. The main objective of this work is to investigate the impact of FDM 
process parameters using Polylactic Acid (PLA) material. The research employs a experimental design utilizing the Box-
Behnken approach. Multiple sets of PLA specimens are produced using various FDM process parameters, including air 
gap, extruder temperature, layer thickness, infill density, and raster angle. Each specimen’s tensile strength is measured 
using a universal testing machine, and result obtained is statistically analyzed for identification of significant correlations 
between the process parameters and the mechanical performance of the printed parts. The results indicate that specific 
process parameters in the Fused Deposition Modeling (FDM) technique significantly affect the tensile strength of parts 
made from Polylactic Acid (PLA). The relationship between layer thickness and infill density and their impact on tensile 
strength, percent elongation, and maximum force is significant, underscoring the need for careful parameter optimization 
in the printing process.
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and bonds to the layer below. A diagramatic arrangement of 
the FDM process is shown in Fig. 1.

A process parameter is one which has a strong connec-
tion with the properties and quality characteristics of the end 
product. More than 20 process parameters are involved in 
FDM process as reported by various researchers [7]. The 
major FDM process parameters are shown in Fig. 2 and are 
discussed below.

a) Air Gap: A gap upon the layer deposited between two 
adjacent raster’s. If two adjacent layers overlapped an 
air gap is considered negative [8].

b) Temperature of Extrusion: It is material filament heat-
ing temperature during the FDM process. Material and 
print speed affect extrusion temperature [9].

c) Build Orientation: The notion of build orientation per-
tains to the spatial arrangement of a component with 
respect to the X, Y, and Z-axes on a build platform [10]. 
While certain research endeavors quantify the param-
eter of build orientation, others adopt a categorical 
approach towards it.

d) Infill Pattern: Dissimilar infill patterns are utilized in 
parts for producing a strong and durable internal struc-
ture. It is usually used are hexagonal, circle, and linear.

e) Raster Width: The term “raster width” designates the 
width of deposition bead in the identified manner, 
which is directly influenced by the diameter of a nozzle 
extrusion.

f) Raster Orientation: This is bead deposition path in 
X-axis of the FDM system building stage.

g) Infill Density: In the domain of 3D printing, the out-
ermost layers of an object created by a printer are 
intended to be solid and resilient. Internal structure, 
generally referred as infill, is concealed within these 
outer layers and assumes a variety of sizes, shapes, 
and patterns. Infill density refers to the volume fraction 
that is filled with filament material. The infill density of 
FDM-printed components determines their strength and 
weight.

h) Layer Thickness: This is the layer height along the FDM 
machine’s vertical Z-axis. Depending on the extruder 
nozzle diameter, it is usually smaller.

i) Print Speed: It refers to a rate of extruder movement 
along the XY plane during the extrusion process, cover-
ing a certain distance in particular unit of time. Printing 
process duration is influenced by the print speed in mil-
limeters per second (mm/s).

The thermoplastics PLA, PLA, PLAi, polyphenylsulfone 
(PPSF), polycarbonate (PC), PETG, and Ultem 9085 are 
used in fused deposition modelling. The PLA material is 
taken into consideration in this work. The substance poly-
lactic acid (PLA) is frequently used. Because PLA is a ther-
moplastic that degrades naturally [11].

Manufacturing high-quality prototypes and functional 
components also demands low temperature and less energy. 
Numerous desktop 3D printers utilize PLA as their filament 
of choice due to its ability to be printed without a heated plat-
form [12, 13]. Compared to ABS, PLA has a lower ductility, 
lesser warp, and better tensile strength. Compared to ABS, 
PLA components need more care during post- processing 

Fig. 2 Common processing 
parameters in FDM process
 

Fig. 1 Fused deposition modeling process [6]
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[14]. PLA Medical implants and devices’ components Pack-
aging, food containers, trays, cutlery, salad bowls, straws, 
tea bags, coffee pods, flexible packaging film, bottles, and 
fibres (carpet, clothes).

FEM application in FDM (Fused Deposition Modeling) 
simulates and analyzes the mechanical behavior of items 3D 
printed using FDM [2, 15]. FEM solves differential equa-
tions by discretizing complex geometries into smaller parts 
[16, 17]. FEM can evaluate printed part structural integ-
rity, deformation, and stress distribution in FDM [18–20] 
FEM predicts stiffness, strength, and fatigue life by mod-
eling the part and assigning material attributes and bound-
ary conditions [21, 22]. It identifies weak points, optimizes 
design characteristics, and selects production parameters to 
improve part performance [23]. FEM in FDM lets engineers 
and designers test 3D-printed parts before prototype or 
manufacturing [24]. It identifies high-stress locations, opti-
mizes support structures, and explores alternative designs 
to improve part quality and functionality. FEM analysis can 
also reveal how layer thickness, infill density, and printing 
direction affect FDM-printed part mechanical properties.

In recent times, scholarly attention has been directed 
towards exploring the efficacy of diverse composite materi-
als and optimizion of the processing parameters for Fused 
Deposition Modeling (FDM) [25–28]. This is aimed at 
enhancing the mechanical properties and other desirable 
attributes of FDM components. According to sources [29–
33], thermal, mechanical, and electrical properties of manu-
factured components with these composites are superior to 
those of polymer printed parts that lack reinforcement. The 
study conducted by Kam et al. [34] involved an investiga-
tion of the utilization of modified PLA þ filament material 
through the implementation of an experimental design. The 
variables for the production of test parts to be utilized in 
the experiments were determined to be filling structures, 
including Rectilinear, Triangular, and Full Honeycomb, 
occupancy rates of 10%, 30%, and 50%, and table orienta-
tion parameters of 0, 60, and 45 [35]. According to Matsu-
zaki et al. [36], the incorporation of 6.6% carbon into PLA 
filament resulted in a tensile strength of 185.2 MPa, thereby 
improving the material’s tensile strength. Kam et al. [25] 
achieved a tensile strength of 57.1 MPa, which was compa-
rable to that of pure PLA filament (6.1%), by incorporating 
jute at an identical contribution rate. Furthermore, the type 
of additive utilized and the proportions of said additives 
play crucial role in determining mechanical characteristics 
of a substance. Variations in the quantity of a homogeneous 
additive incorporated into a uniform filament can result in 
significant alterations to the mechanical characteristics of 
the material. Nevertheless, it should be noted that augment-
ing the amount of the additive does not necessarily indi-
cate a proportional increase in the strength of the substance 

[34]. The experimental data indicates a direct correlation 
between the tensile strength and Izod impact values with the 
occupancy rate. The utilization of experimental design was 
employed in a prior investigation concerning PLA material. 
In the course of the procedure, various factors such as thick-
ness of layer, rate of material deposition, occupancy rate, 
and filling structures are duly considered. The authors assert 
that tensile strength is notably impacted by thickness of 
layer parameter, as evidenced by sources [37]. Pazhaman-
nil et al., [38]examines how process parameters affect FFF 
component ultimate tensile strength. The research shows 
that optimizing infill density, pattern, extruder temperature, 
layer thickness, and print speed can considerably increase 
the mechanical strength of polylactic acid and carbon fiber 
polylactic acid parts.

According to the findings of Belei et al. [39], the parame-
ters that have the greatest impact on the performance of FFF. 
On the other hand, the extrusion temperature and printing 
speed were found to have a lesser influence on the perfor-
mance of these parts. Patel et al., [40] examines how process 
variables affect the mechanical properties of Fused Deposi-
tion Modeling (FDM) pieces, a popular 3D printing tech-
nology. The study emphasizes optimizing layer thickness, 
printing speed, extrusion temperature, infill density, infill 
patterns, nozzle diameter, raster angle, and build orientation 
to increase product strength and dimensional accuracy. The 
study conducted by Peng et al. [41] examined effect of pro-
cessing parameters upon mechanical properties and inter-
layer adhesion of parts fabricated through FDM CF/PA6. 
Anisotropic CF/PA6 produced materials have a maximum 
tensile characteristics when printed along the tensile load 
direction. This indicates that printing direction affects mate-
rial mechanical behavior.

Mutyala et al., [42] investigates the effect of Fused 
Filament Fabrication (FFF) process parameters on the 
mechanical strength of Carbon Fiber Reinforced Poly-
etheretherketone (CFR-PEEK) outputs. The objective of 
this study is to investigate the influence of different param-
eters, including layer height, infill density, and printing 
speed, on the mechanical properties of CFR-PEEK compo-
nents. Sedlacek and Lasova [43] conducted an analysis on 
the impact of small carbon fibres on the nylon PA6 polymer 
utilized into Fused Deposition Modeling process. Samples 
printed horizontally and vertically were examined. The 
shortened carbon fibers significantly affected PA6 compo-
nents’ potency and heat resistance. Compared to transverse 
reinforcement, longitudinal reinforcement of short carbon 
fibers in PA6 increased strength and tensile modulus by 
39%. According to Liao et al. [44], the incorporation of 10% 
short carbon into polyamide PA12 resulted into enhanced 
flexural and tensile strength of printed components when 
compared to those made from pure PA12. Badini et al. 
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composites and to anticipate the tensile strength. The afore-
mentioned outcome was attained by performing experimen-
tation using Box-Behnken method, while taking into account 
diverse values of FDM process parameters. BBD was cho-
sen because it can accurately analyze parameter interactions 
and importance. Due to the scantiness of research on this 
particular material, the study aimed to provide the optimize 
levels of parameters to predict a tensile strength of FDM-
printed parts made from a current materials.

2 Materials and methods

2.1 Preparation of test specimens

In the preparation of Tensile Specimen for mechanical test-
ing the specimens are modeled using ultimaker CURA 5.0.0 
extended software as shown in Fig. 3 which has the fea-
ture of varying the major FDM parameters considered for 
mechanical testing [2]. Once the specimen model is created, 
software generates the appropriate G-code that to fed into a 
machine as input instructions. The specimens are printed by 
using TEVO-Trantula I3 printer.

A total of 41 tensile, specimens are made by different 
printing conditions. Specimens are prepared by three dif-
ferent infill densities (30%, 60%, and 90%).The other major 
FDM parameters varied Air gap, Extruder Temperature, 
Layer thickness, Raster angle. The general values for the 
material properties, Printer specification and variation of 
major process parameters are showing in Tables 1, 2 and 3 
respectively.

[45] studied properties in relation to alignment of reinforc-
ing fibres in polymer composites. Conversely, measure-
ments taken perpendicular to the fibers revealed a decrease 
of approximately 60% in these properties. FDM process 
parameters are optimized via particle swarm optimization 
by Dey et al., [46]. The study attempts to improve FDM-
printed items by optimizing process parameters. The study 
conducted by Tian et al. [47] aimed to examine the impact of 
various process parameters, including fiber content, melting 
temperature, layer thickness, and hatch spacing upon effi-
cacy of 3D-printed PLA composites. The findings indicate 
that there is a positive correlation between melting tempera-
ture and mechanical properties. However, it was observed 
that elevating temperature beyond 240 ◦C has a detrimental 
effect on the surface accuracy. Farashi et al., [48]conducts 
a meta-analysis to investigate the impact of printing speed 
and extruder temperature on the tensile strength of samples 
produced through Fused Filament Fabrication (FDM). The 
research encompasses an extensive examination of pertinent 
scholarly sources, wherein data pertaining to effect sizes 
is extracted from studies that meet the eligibility criteria. 
This meta-analysis presents compelling evidence regarding 
the influence of printing parameters on the tensile strength 
of samples produced through Fused Deposition Modeling 
(FDM).

Prevailing exploration emphasizes the significant influ-
ence of FDM processing variables upon a printed objects 
tensile strength, mainly focused upon widely used mate-
rials like PLA, ABS, and PA. However, there is a lack of 
dependable models for predicting mechanical properties 
of Fused Deposition Modeling printed parts by PLA using 
BBD techniue, and a limited research on present materi-
als. Although there is prior research available regarding the 
impact of process parameters on the mechanical character-
istics of parts produced through Fused Deposition Modeling 
(FDM), there appears to be a scarcity of studies specifically 
concentrating on the properties of parts printed using Poly-
lactic Acid (PLA) material. Hence, the primary objective of 
this article is to address the existing research void by con-
ducting a focused examination on the influence of process 
parameters on the tensile strength of PLA components. This 
study endeavors to offer significant insights and enhance the 
understanding within this particular domain. The present 
work aims to examine influence of Fused Deposition Mod-
eling processing parameters upon a tensile strength of PLA 

Table 1 Material properties
Properties Values
Infill (%) 30%, 60%, and 90%.
Bulk Density (g/cm3) 1.24 g/cm3

Layer Thickness 0.3 mm
Shell Thickness 0.3 mm
Printer TEVO-Trantula I3
Printing method FDM
Printing firm TGPCET, Nagpur
Colour White
Infill Pattern triangular
Bed Temperature 60° C

Fig. 3 CAD Model of Tensile test 
specimens based on the ASTM-
D638 (Type IV) standard
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over Tensile strength, Percentage elongation and Maximum 
Tensile Force in printing PLA material.

3.1 Effect of FDM parameters over the tensile 
strength

Tensile strength of a component in FDM may be subject to 
influence by a range of parameters. An impact of different 
FDM parameters upon Tensile strength of the component 

2.2 Tensile test specimen

Tensile test specimens were based on the ASTM-D638 (Type 
IV) standard. The model created within a software is saved 
as STL file and then converted into G-code, as an input for a 
FDM machine. The machine reads the G code and prints the 
specimen according to the instruction provided.

2.3 Design of field experimentation

The groups of independent variables which may influence 
the 3D printing operation phenomenon are identified as 
Related to Air Gap, extruder temperature, layer thickness, 
raster angle and infill density. The parameters which are 
constant during the experiment were recorded first. The field 
experiment was planned to record the mechanical strength 
of 3D printed specimen such as, Tensile strength, Bending 
strength, and Impact Strength. Table 4. Shows the different 
combinations for the independent variables for the experi-
mentation using Box-Behnken method.

3 Results and discussion

Variations in main FDM parameters affect the tensile 
strength of printed parts because the printing conditions for 
tensile testing specimens vary. Changes in FDM process 
parameters can affect the tensile strength of the resulting 
products. The Table 5 shows effect the of FDM parameters 

Table 2 Printer specification
Name TEVO-Trantula I3
Extruder Number 1
Printing Technique Fused Filament Fabrication(FFF)
Build Volume 22.3 cm (width)* 22.3 cm 

(length) * 30.5 cm (Altitude)
Resolution of Layer 0.40 mm Nozzle: 200 − 20 Micron
Accuracy of Build ± 0.2 mm
Accuracy of Positioning XY axis 0.011 mm; Z axis 

0.0025 mm;
Diameter of Filament 1.75 mm(±0.02)
Diameter of Nozzle 0.4 mm
Printing Speed 60 mm/s

Table 3 Variation of major process parameters
Sym bols Parameters Units Levels

(-1) (0) (+ 1)
A Air Gap mm 0 0.25 0.5
B Extruder Temperature 0 C 200 210 200
C Layer Thickness mm 0.15 0.3 0.45
D Infill Density % 30 60 90
E Raster Angle degree 30 45 60

Table 4 Different combinations for the Input Process Parameters
Sample Air Gap 

(mm)
Extrusion 
(°C)

Layer 
Thick ness 
(mm)

Infill 
Densi ty 
(%)

Ras-
ter

(A) (B) (C) (D) (E)
1 0.5 210 0.3 60 60
2 0.25 200 0.45 60 45
3 0.25 210 0.15 30 45
4 0.25 220 0.3 90 45
5 0.5 210 0.3 90 45
6 0.25 210 0.45 30 45
7 0.25 210 0.3 60 45
8 0.25 220 0.3 30 45
9 0.25 220 0.3 60 60
10 0.25 210 0.3 30 30
11 0.5 210 0.15 60 45
12 0.5 200 0.3 60 45
13 0.5 220 0.3 60 45
14 0 220 0.3 60 45
15 0.5 210 0.45 60 45
16 0 210 0.3 90 45
17 0 210 0.3 60 30
18 0.25 220 0.15 60 45
19 0.25 200 0.3 90 45
20 0.25 210 0.15 30 45
21 0.25 200 0.15 60 45
22 0.25 210 0.15 60 60
23 0.25 200 0.3 30 45
24 0.25 220 0.3 60 30
25 0.25 210 0.3 30 60
26 0 200 0.3 60 45
27 0.25 210 0.3 90 60
28 0.25 200 0.3 60 30
29 0 210 0.3 60 60
30 0 210 0.3 30 45
31 0.5 210 0.3 30 45
32 0 210 0.45 60 45
33 0.5 210 0.3 60 30
34 0.25 210 0.45 90 45
35 0.25 220 0.45 60 45
36 0.25 210 0.45 60 30
37 0.25 210 0.15 60 30
38 0.25 210 0.45 60 60
39 0.25 210 0.3 90 30
40 0.25 200 0.3 60 60
41 0 210 0.15 60 45
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specimen was produced utilizing a 0.25 mm air gap, a layer 
thickness of 0.3 mm, an extruder temperature of 210 °C, 
a 90% infill density, and a 300° raster angle. By contrast, 
the minimum tensile strength recorded during the experi-
ment was a considerably lower of 2.72 MPa. This sample, 
denoted by the number 37, was manufactured using the 
same air gap (0.25 mm), extruder temperature (210 °C), and 

is illustrated in Fig. 4. The experimental findings have 
revealed interesting results related to a tensile strength of a 
components. The results of the tests conducted indicate that 
out of the multiple samples examined, the maximum ten-
sile strength observed was a notable 18.48 MPa. The afore-
mentioned excellent result was attained during the 39th test, 
through the utilization of a set of particular parameters. The 

Table 5 Effect of FDM parameters over the Tensile strength, Percentage elongation and Maximum Tensile Force
Input Process Parameters Output Process Parameters

Sample Air Gap 
(mm)

Extrude (°C) Layer Thickness 
(mm)

Infill Den-
sity (%)

Raster 0 Tensile Strength 
(MPa)

Elongation 
(%)

Maxi-
mum 
Force 
(kN)

(A) (B) (c) (D) (E) (X) (Y) (Z)
1 0.5 210 0.3 60 60 8.846 1.84 0.69
2 0.25 200 0.45 60 45 8.846 3.42 0.69
3 0.25 210 0.15 30 45 10.81 0 0.620 0.81
4 0.25 220 0.3 90 45 10.726 0.86 0.81
5 0.5 210 0.3 90 45 8.527 0.4 0.66
6 0.25 210 0.45 30 45 8.342 0.34 0.63
7 0.25 210 0.3 60 45 9.302 1.24 0.72
8 0.25 220 0.3 30 45 8.739 0.38 0.66
9 0.25 220 0.3 60 60 6.753 3.34 0.51
10 0.25 210 0.3 30 30 5.423 0.76 0.42
11 0.5 210 0.15 60 45 9.685 0.56 0.72
12 0.5 200 0.3 60 45 11.923 0.7 0.93
13 0.5 220 0.3 60 45 12.011 1.06 0.9
14 0 220 0.3 60 45 10.63 0.98 0.81
15 0.5 210 0.45 60 45 10.63 2.4 0.81
16 0 210 0.3 90 45 12.315 0.74 0.93
17 0 210 0.3 60 30 7.752 1.78 0.6
18 0.25 220 0.15 60 45 8.342 0.64 0.63
19 0.25 200 0.3 90 45 8.14 0.56 0.63
20 0.25 210 0.15 30 45 7.087 0.5 0.54
21 0.25 200 0.15 60 45 7.874 0.6 0.6
22 0.25 210 0.15 60 60 4.724 1.9 0.36
23 0.25 200 0.3 30 45 4.688 0.7 0.36
24 0.25 220 0.3 60 30 7.813 0.92 0.6
25 0.25 210 0.3 30 60 10.156 0.86 0.78
26 0 200 0.3 60 45 8.984 0.96 0.69
27 0.25 210 0.3 90 60 6.202 3.6 0.48
28 0.25 200 0.3 60 30 8.915 2.94 0.69
29 0 210 0.3 60 60 8.521 2.85 0.689
30 0 210 0.3 30 45 7.891 2.691 0.771
31 0.5 210 0.3 30 45 5.039 0.78 0.39
32 0 210 0.45 60 45 9.69 1.26 0.75
33 0.5 210 0.3 60 30 6.356 0.52 0.48
34 0.25 210 0.45 90 45 13.672 0.32 1.05
35 0.25 220 0.45 60 45 11.328 0.48 0.87
36 0.25 210 0.45 60 30 9.69 0.4 0.75
37 0.25 210 0.15 60 30 2.734 0.3 0.21
38 0.25 210 0.45 60 60 10.547 0.86 0.81
39 0.25 210 0.3 90 30 18.482 7.042 3.69
40 0.25 200 0.3 60 60 7.548 2.8 0.57
41 0 210 0.15 60 45 9.302 0.6 0.72
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percentage elongation manifested by the constituents. The 
39th sample demonstrated an impressive percentage elon-
gation of 7.042%, which stands as the highest recorded 
value. In order to achieve the remarkable elongation, dis-
tinct parameters were utilized, which encompassed an air 
gap of 0.25 mm, a layer thickness of 0.3 mm, an extruder 
temperature of 210 °C, an infill density of 90%, and a raster 
angle of 300°. By contrast, the experiment yielded a nota-
bly lower value of 0.30% for the percentage elongation. The 
aforementioned outcome was derived from the thirty-sev-
enth specimen, which exhibited resemblances in relation to 
the air gap (0.25 mm), extruder temperature (210 °C), and 
raster angle (300°) with the antecedent sample. However, 
some characteristics varied significantly. The sample’s layer 
thickness was 0.15 mm and infill density was 60%. The 
adjustments significantly reduced elongation relative to the 
remaining specimens.

The results show how Fused Deposition Modeling 
(FDM) settings affect component elongation. An optimal air 
gap, extruder temperature, layer thickness, infill density, and 
raster angle increase component elongation. High percent-
age elongation proves this. In contrast, when the optimal 
parameter settings are not adhered to, such as by decreasing 
the layer thickness and infill density, a significant decrease 
in elongation capacity is observed, as indicated by lowest 
recorded value.

raster angle (300°). There were, however, significant varia-
tions in other parameters. The thickness of the layer in the 
given sample was decreased to 0.15 mm, while the density 
of infill was reduced to 60%. The modifications made led to 
the major reduction in a tensile strength when compared to 
the remaining specimens.

The findings indicate that properties can be notably 
enriched by utilizing certain parameters, including an ideal 
air gap, extruder temperature, layer thickness, raster angle, 
and infill density, as demonstrated by the attainment of the 
maximum recorded tensile strength. On the other hand, 
when the optimal settings are not adhered to and there are 
deviations, such as a reduction in layer thickness and infill 
density, a significant reduction in tensile strength can occur, 
as evidenced by the lowest recorded value.

3.2 Effect of FDM parameters over the percentage 
elongation

The percentage elongation of a component in Fused Depo-
sition Modeling (FDM) may be subject to influence by a 
range of parameters. The impact of different FDM param-
eters upon the percentage elongation of the component is 
illustrated in Fig. 5.

The examination of diverse FDM parameters also 
involved the assessment of the upper and lower limits of 

Fig. 4 Effect of FDM parameters 
over the Tensile strength
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magnitude of the applied force by the component in com-
parison to the remaining specimens.

The aforementioned results highlight the significant 
impact that FDM parameters have on the force properties 
of the constituents. They show how parameters like air gap, 
extruder temperature, layer thickness, raster angle and infill 
density, can have a important effect upon a force exerted by 
the components. The maximum force ever measured is an 
example of the tremendous improvement possible with the 
right parameter settings. On the other hand, if the parameter 
settings are not optimized and the layer thickness and infill 
density are reduced, there can be a significant reduction in 
the force exerted by the components. This is evident from 
the lowest recorded value.

3.4 Combined effect of FDM parameters over 
the tensile strength, percentage elongation and 
maximum force

The impact of different FDM parameters on the Tensile 
strength, percentage elongation and Maximum Force of the 
component is illustrated in Fig. 7 whereas Fig. 8 shows the 
highest and lowest Tensile strength, percentage elongation 
and Maximum Force.

3.3 Effect of FDM parameters over the maximum 
force

The Maximum Force of a component in Fused Deposition 
Modeling (FDM) may be subject to influence by a range 
of parameters. The impact of different FDM parameters on 
Maximum Force of component is illustrated in Fig. 6.

The maximum and minimum forces applied by the 
components were also looked at when investigating vari-
ous FDM parameters. The greatest measured force of 3.69 
kN was recorded in the 39th sample. The aforementioned 
impressive force was attained through the utilization of pre-
cise parameter configurations, which encompassed an air 
gap measuring 0.25 mm, a layer thickness of 0.3 mm, an 
extruder temperature of 210 °C, an infill density of 90%, 
and a raster angle of 300°. By way of comparison, it was 
observed that the 37th sample displayed the minimum force 
during the entirety of the experiment, registering a mere 
0.21 kN. This sample’s air gap (0.25 mm), extruder tem-
perature (210 °C), and raster angle (300°) were comparable 
to the previous sample. Nevertheless, notable discrepan-
cies in additional parameters were observed. The thickness 
of the layer in the given sample was reduced to 0.15 mm, 
while simultaneously decreasing the infill density to 60%. 
The modifications made led to a significant decrease in the 

Fig. 5 Effect of FDM parameters 
over the percentage elongation
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whereas the 37th sample, with modified parameters, exhib-
ited the lowest tensile strength of 2.72 MPa. Similarly, the 
39th sample had the highest percentage of elongation, at 
7.042%, while the 37th sample had a substantially lower 

The experimental findings provided noteworthy informa-
tion on the components’ applied forces, % elongation, and 
tensile strength. The 39th sample, utilizing specific param-
eters, attained the highest tensile strength of 18.48 MPa, 

Fig. 7 Combined effect of FDM 
parameters over the Tensile 
strength, percentage elongation 
and Maximum Force

 

Fig. 6 Effect of FDM parameters 
over the Maximum Force
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temperature- 2100, infill density-60%, layer thickness- 
0.15 mm, and raster angle-300 is taken).

3. From the above results it is conclude that the layer thick-
ness and Infill density has a direct effect on the Tensile 
strength, % elongation and Maximum Force.

4. As the Values of Layer thickness increases the Tensile 
Strength, % Elongation and Force applied increases and 
vice versa.

This research advances FDM additive manufacturing by 
revealing how FDM process factors affect PLA part mechan-
ical characteristics. It helps engineers and designers opti-
mize the printing process, improve component strength and 
performance, and increase FDM’s use in diverse industries.
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