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Abstract

Additive manufacturing (AM), especially Fused Deposition Modeling (FDM), has emerged as a widely
adopted and versatile method for producing three-dimensional components. The process involves the
deposition of a thermoplastic filament in a semi-molten state, which solidifies in successive layers to
form the final structure. While this method enables the production of complex geometries at relatively
low cost, the printed parts often exhibit inferior surface quality and reduced mechanical performance
compared to components manufactured by traditional techniques. Such drawbacks are primarily
attributed to the layer-wise fabrication process, which may result in poor interlayer adhesion, and
anisotropy in mechanical properties.To improve part performance, various studies have investigated
the influence of process parameters on mechanical properties using statistical design approaches.
Among these, the Taguchi method has been effectively employed to identify significant factors impacting
flexural strength. Experimental findings suggest that shell thickness has the most dominant effect on
flexural performance, followed by layer thickness, while infill percentage and other process parameters
play comparatively minor roles. These results highlight the importance of optimizing shell thickness to
enhance structural strength in FDM-printed parts, thereby offering valuable insights for achieving
improved reliability and functional application of additively manufactured components.
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INTRODUCTION
REVIEW

A comparative survey between the process
parameters and mechanical strength for PLA-CF
composite is conducted, and the variations in their
properties along with corresponding parameters are
discussed. Components are printed by method
fused deposition modeling find out the flexural
strength of the specimen by conducting experiment
on it [1] have used different methods to upgrade the
properties of PLA, altering the printing process
parameters, and utilizing additives to discuss the
upgradation of mechanical properties [2].
Mechanical Properties of PLA Filament which is
blended with Recycled PLA Materials by using
layer thickness and PLA build material which is
mixed with recycled PLA material. And find out
the tensile strength and flexural strength of the
specimen by conducting experiment on it Failure
Analysis and tensile strength of components printed
with material ABS w.r.to layer thickness and
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Orientation [4]. Optimization of Charpy-impact strength of 3D-printed carbon fiber/polyamide
composites by taguchi method by changing the infill density, raster angle, extruder temperature, and
printing speed. [5] Continuous fiber reinforced thermoplastic composites tested using three-point
bending [6] and comparison also done using Scanning Electron Microscope (SEM) [7]. Most of the
researcher are printed components by changing Build direction, infill percentage, and layer height and
found out strength of the material [8] and also printed components by using, extrusion width, printing
temperature, and printing speed [9]. And also selected unidirectional and mixed-isotropic
configurations [0°/90°/+45°/-45°] conducted tensile and flexural test[10], Investigation of the
Mechanical Properties of a Carbon Fiber-Reinforced Nylon Filament for 3D Printing the components
by using parameters building direction, the infill percentage, found out thermal stresses and Hardness
altering raster angle, layer thickness, number of coatings [12] Interfacial bonding strength of short
carbon fiber/acrylonitrile-butadiene-styrene composites fabricated by fused deposition modeling by
changing printing speed and layer thickness and determine X-ray pu-CT Tensile test [13]. Analysis
mechanical properties of a carbon fiber-reinforced polyamide by changing Layer height Printing pattern
Infill density Nozzle temperature Build plate temperature, Printing speed [14] and found out its tensile
and Flexural strength [15] was investigated in the 3D printing of continuous carbon fiber reinforced
thermoplastic (CFRTP) tensile test specimens, which were fabricated in the longitudinal direction to
evaluate their mechanical properties [16]. Studies also examined variations in viscosity and breaking
strength [17, 21, 22]. Key process parameters such as printing temperature (240 °C) and extrusion rate
(120%) were fixed [18], while factors including build orientation, raster orientation, nozzle diameter,
extruder temperature, infill density, shell number, and extrusion speed were varied [19]. Further
research focused on optimizing printing temperature and feed rate to produce high-quality composite
parts [20, 27].

In this work, the mechanical properties, particularly flexural strength, of FDM-printed PLA-CF parts
were studied by varying infill percentage, shell thickness, and layer thickness using the Taguchi
statistical technique. A comparative study of the mechanical behavior of PLA and carbon fiber-
reinforced PLA properties as shown in Table 1 for thin-walled applications was also carried out. The
article reports how specimens with different thicknesses, material deposition strategies, and printing
orientations were designed, fabricated, and measured to assess geometric and dimensional accuracy,
followed by flexural testing and scanning electron microscopy (SEM) analysis [23, 24, 31-41]. In these
studies, printing temperature [25] and printing speed [26,42,43,44,45] were kept constant, while the
influence of slicing parameters on flexural strength of FDM-printed CF/PLA composites was
investigated [28-30].

The flexural test specimens, with dimensions of 125 mm x 12.7 mm x 6 mm, are shown in Figure 1.
The slicing parameters considered—Iayer thickness, infill percentage, and shell thickness—play a
significant role in determining part strength. Flexural strength tests (ASTM D790) were performed by
varying these parameters according to the experimental plan outlined in Table 2.

Table 1. Properties of PLA-CF filament.

Properties Specifications
Density 1.27 Kg/m?3
Nozzle Temperature 210°C

Print Speed 80mm/s
Melting Range 180°C to 230°C
Bed Temperature 80°C

Infill pattern Grid type
Orientation e
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Table 2. Selected FDM process parameters.

Factor Levels Values
Layer Thickness (mm) 4 0.1,0.2,0.3,04
Infill % (%) 4 20, 40, 60, 80
Shell Thickness (Count) 4 2,4,6,8

13.2 mm

I _B/1J2.7 mm
 hed b

125 mm

Figure 1. ASTM D790 Flexural specimen dimensions.

Figure 2. Specimen printing on FDM.

Figure 3. Printed specimens.

After printing the test specimens on the FDM machine (Figure 2), the samples (Figure 3) were
subjected to three-point bending tests (flexural tests) using an Instron 1195 testing machine (Figure 4).
The tested specimens are presented in Figure 5.
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Figure 5. Flexural specimens after testing.
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Figure 6. Main effects plot for S/N ratio.

RESULT
The test findings for each experiment carried out by the Taguchi's L16 OA are reviewed as the first

stage in the analysis in the current study. Applying Larger is the Best features to each trial yields the
S/N ratios, as indicated in Table 3. The highest value of S/N denotes an ideal control factor.
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Table 3. Flexural strength results

Figure 7. Flexural strength vs layer thickness.

Figure 6 displays the plot of the average S/N ratio values for each factor at various levels and the
optimal values for achieving the desired thickness value are shown by the factors at levels A2, B2, and
C3. The Maximum Flexural strength achieved at 0.4 mm Layer thickness. Flexural strength is inversely

S.N. | Layer thickness | Infill % | Shell thickness | Flexural strength (MPa) | S/N ratio
1 0.1 20 2 69.27 36.81
2 0.1 40 4 79.77 38.04
3 0.1 60 6 87.26 38.82
4 0.1 80 8 85.45 38.63
5 0.2 20 4 92.58 39.33
6 0.2 40 2 84.32 38.52
7 0.2 60 8 85.25 38.61
8 0.2 80 6 89.12 39.00
9 0.3 20 6 74.16 37.40
10 0.3 40 8 74.91 37.49
11 0.3 60 2 65.87 36.37
12 0.3 80 4 74.88 37.49
13 0.4 20 8 97.19 39.75
14 0.4 40 6 93.75 39.44
15 0.4 60 4 88.35 38.92
16 0.4 80 2 71.15 37.04
O Flexural strength Mpa
120
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£ 80 ] —_—'_— I N
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proportional to Layer Thickness shown in Figure 7.

The Maximum Flexural strength achieved at 20 Infill%, Flexural strength is Directly proportional to

Infill % shown in Figure 8.
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Figure 8. Flexural strength vs infill %.
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Figure 9. Flexural strength vs shell thickness.

Table 4. Analysis of variance.

Source DF | AdjSS | Adj MS | F-Value P-Value
Layer Thickness | 3 | 635.35 211.7 6.76 0.024 (Significant)
Infill % 3 26.39 8.7 0.28 0.838 Non-(Significant)
Shell Thickness 3 | 484.87 161.6 5.16 0.042 (Significant)
Error 6 | 18791 | 31.318
Total 15 | 13345
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The Maximum Flexural strength achieved at 8 mm Shell thickness. Flexural strength is Directly
proportional to Shell Thickness shown in Figure 9.and also, from the table shell thickness parameter
got significant value got P value <0.05 shown in Table 4, not only that layer thickness also got
significant factor. The regression equation is shown below equation 1.

R = 58.47 + 42.35tL + 8.72tS - 0.11I. 1)

The results of the three-point bending test (Fig. 4) for PLA-CF specimens are summarized in Table
3. It was observed that the flexural strength values exceeded the tensile strength values, since the
modulus of rupture represents the maximum stress at the outermost fiber of the beam. The highest
flexural strength of 97.19 MPa was obtained for a layer thickness of 0.4 mm, infill percentage of 20%,
and shell thickness of 8 mm, while the lowest value of 71.15 MPa was recorded for a layer thickness of
0.4 mm, infill percentage of 80%, and shell thickness of 2 mm. The reduced flexural strength in the
latter case is attributed to weak interlayer bonding inherent to rapid prototyping samples.

CONCLUSION

Effect of three process parameters layer thickness, infill percentage and shell thickness are studied
on flexural strength of test specimen. Experiments were conducted using taguchi. The optimum
parameter foe maximum strength is layer thickness 0.4mm, infill percentage 20 and shell thickness
8mm. Even though increase of layer thickness and less infill deposition of material, by increasing of
shell thickness can significantly improve a components flexural strength. Suitable for making strong
frames and support structures.
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