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Fused filament fabrication (FFF) is one of the low-cost 3D printing techniques for the preparation of
innovative composite structures using thermoplastic materials. The manufacturing of mechanically sus-
tainable composites structures are currently needed. In the recent past, few scientific studies have reported
modifying the mechanical properties of thermoplastic material using the metal spraying method by the FFF
process. In this study, the acrylonitrile butadiene styrene (ABS-based thermoplastic composites structures
have been prepared by Aluminum (Al) metal spray. To investigate the effect of Al spray reinforcement,
three input parameters have been selected: the number of sprayed layers (2, 3, and 4), infill pattern (line,
triangle, and cubic), and infill density (60, 80, and 100%). The results of the study suggested that maximum
strength at peak and maximum strength at break have been observed for composite structures prepared
with three number of Al spray layers, triangular-shaped infill printing pattern, and 100% infill density. The
genetic algorithm-based multi-objective analysis has been performed for the selection of optimum process
parameters. Results of the study were supported with crystallinity analysis using x-ray diffraction (XRD),
particle analysis using a scanning electron microscope (SEM), and fracture analysis using optical micro-
scopy.

Keywords ABS-Al composites, Al, ABS, FFF, metal
reinforcement, tensile strength

1. Introduction

Additive manufacturing (AM) or 3D printing technology is
used for the fabrication of complex structures by depositing
materials layer-by-layer on a build platform (Ref 1). AM
processes facilitate the manufacturing of prototypes in less time
and quickly fabricate complex structures than conventional
manufacturing methods in the commercial sectors (Ref 2). In
the last 10 years, the use of AM processes in different sectors
(automobile, manufacturing, aerospace, construction, and elec-
tronics) has been drastically increased due to better properties
comparatively to fabrication processes which are done with the
automation process with very less human interventions (Ref 3).
The products manufactured using this technique have a
significant advantage as it has less weight than a conventional
method; thus, it may be successfully implied to the components
that require substantially less weight (e.g., aeronautical and

automobile sectors). Also, the structures made using this
technology are jointless, which results in the better printing of
any complex or intrinsic structure (Ref 4). Due to much
flexibility in 3D printing technology, it is easy to change their
design very easily using computer-aided design (CAD) soft-
ware without changing any hardware specifications in a short
span of time (Ref 5). The first step involves in 3D printing is to
create a CAD model using any CAD software and save it in
standard tessellation language (.STL) file format. In the .STL
file, the model is converted to triangular facets (Ref 6). The
next step is slicing and setting up input parameters like layer
height, pattern design, orientation, etc. These input parameters
and slicing are performed using slicing software packages. The
final step is to print using a 3D printer among various
techniques are that available for 3D printing like FFF (Ref 7),
stereolithography (SLA) (Ref 8), selective laser sintering (SLS)
(Ref 9), and laminated object manufacturing (LOM) (Ref 10),
etc. With increasing experimentation, research, and applications
of 3D printing in other sectors, the material requires some
enhanced properties to match the requirements. Previous
researchers have reported outstanding ways of processing
composite preparation by using particles and fibers for making
mechanically sustainable composite structures. In the recent
past, graphene oxide (GO) and reduced graphene oxide (rGO)
were reinforced with different thermoplastic polymers using
other techniques (vacuum infiltration, casting, spray deposition,
solution mixing, dip coating, extrusion, and melt mixing) to
check the effect on the mechanical properties of final fabricated
product (Ref 11). According to previous research, primary
recycling has been done with polyamide 6 (PA6) to enhance
mechanical strength using extrusion and 3D printing technol-
ogy (Ref 12). Many studies have suggested that reinforcement
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of thermoplastic with different materials increases mechanical
properties compared to the virgin polymer matrix. Reinforce-
ment of thermoplastic polymers using twin-screw extruders
with other fillers helps to improve their mechanical properties
for final product fabrication using 3D printing technology. The
previous studies have been reported that reinforcement of Al in
thermoplastic has been significantly tuned the mechanical
properties of the ABS and PA6 thermoplastics (Ref 13). The
fracture morphology of the 3D printed part is one of the most
important concerns which decided the mechanical properties
(Ref 14). The 3D printing was processed with the combination
of polylactic acid (PLA), wood fiber (WF), and Poly (methyl
methacrylate) (PMMA). At the optimum reinforcement ratio, a
notable increase in tensile and bending strength was reported
(Ref 15). The addition of Bromine (Br) in PLA has been
significantly enhanced the stiffness by 27% (Ref 16). In
addition, the reinforcement of ZnO particles increased the
crystallinity of nanocomposite (Ref 17). The addition of the
WF has been significantly tuned the mechanical properties of
prepared composite structures (Ref 18). In the previous
research work, multiple layers of Al were sprayed on the
PLA matrix. Reinforced PLA-Al specimens have resulted in
better mechanical properties than the specimen prepared using
virgin PLA (Ref 19). Previous studies have reported the
reinforcement of glass fibers (GF) in polypropylene (PP)
feedstock filament which was fabricated using the screw
extrusion technique. The results of the study have been
suggested that the reinforced filaments provided better mechan-
ical properties as compared to virgin material (Ref 20).

It is evident from the literature that previous investigators
have used different tools and techniques to maintain the
mechanical properties of the composites structures prepared by
3D printing processes. Previously, less has been reported for the
metal spray addition between thermoplastic layers by AM to
maintain better properties. As with the higher demand of 3D
printing in every industry for various applications having
different expectations from end products in terms of strength,
appearance, etc., materials and techniques must be compatible.
In this study, an attempt has been made to improve the
mechanical properties of ABS-printed using FFF with the
reinforcement of sprayed Al metal.

2. Materials and Method

ABS filament having a diameter of 1.75 mm was used as
printing material (Purchased from 3Idea Technology, China).
For reinforcement of Al on the ABS matrix, 99.5% pure Al
aerosol spray (Make: Wurth India Ltd, India) was used (having
a usage limit of temperature up to 300�C). For conducting the
experiments, samples were prepared according to ASTM D 638
type IV standards. The dimensional specification of the ASTM
D 638 type IV standard is shown in Fig. 1. Reinforcement of Al
spray between the ABS layers was performed using the
spraying method. For reinforcement of Al on custom layers, the
Al spray was performed manually. An acrylic type of mist spray
has been used for this research work. To maintain the
uniformity of Al in every spray, pilot tests were performed,
and it has been observed that on every single push of the spray
can, it is spraying approximately 65 mg of Al. The exact
quantity of Al spray is performed on every reinforced layer.

3. Experimentation

3.1 Preparation of ABS-Al Composite Structures

Based on the FFF technique, 3D printing of samples was
performed using PRUSA i3 MK2 3D printer (maximum build
plate temperature 110�C, extruder temperature 270�C, nozzle
diameter 0.4 mm). Reinforcement of Al was performed using
the spray method. In performing the process, 3D printing was
paused for spraying and resumed again after completing the
spraying process. The experimentation process is shown in
Fig. 2. To fabricate a composite structure as per ASTM D638
type IV, specimens CAD software named Solidworks 2016
software package was used. Slicing of the 3D model and input
parameters were set using Ultimaker Cura 4.5 software
package. In the printing of samples, some constants and
variables were used as input parameters.

The constant parameters used for printing samples are the
layer height of 0.1 mm, printing temperature of 240�C, builds
plate temperature of 80�C and printing angle of 45�. These
constant parameters have been selected based on the previously
reported studies (Ref 21, 22). The variable printing parameters
used in experimentation were the number of reinforced Al
layers, infill density and infill pattern. 2, 3 and 4 number of
reinforced Al layers. Three infill patterns, linear, triangular and
cubic, were used as three designs print differently with different
infill shapes. Infill densities were selected as 60, 80, and 100%
to know about the impact of Al reinforcement at different
porosity. The design of the experiment (DOE) was prepared
using Taguchi L9 (3^3) orthogonal array for the development
of ABS-Al composite structures (Table 1).

The ABS-Al composite structures with each of 2, 3 and 4
sprayed Al layers were prepared by the FFF process. Three
samples were prepared to have two layers of Al, in such
samples the first layer was sprayed at 33% completion of
printing or the 13th layer of the sample and the second layer
was sprayed at 66% completion or the 26th layer. The next
three samples were prepared using the three spray layers. In
such samples, the first layer was sprayed at 25% completion
(10th layer), the second at 50% completion (20th layer) and the
third layer at 75% completion (30th layer). Similarly, the last
three samples were prepared with 4 Al sprayed layers. The first
layer was sprayed at 20% completion (8th layer), the second
layer at 40% completion (16th layer), the third layer at 60%
completion (24th layer) and the fourth and last layer was
sprayed at 80% completion of printing or on 32nd layer. The
spray interval is shown in Table 2. An SEM image that was
taken at a magnification of 1000x is shown in Fig. 3. It was
observed that very fine Al particles are equally distributed in

Fig. 1 ASTM D638 Type IV dimensional specifications
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the whole surface and closely attached, contributing to the
sample�s mechanical strength. Al particles were present in
micrometer (2 different particle sizes of Al particles are shown
in SEM image) varies from 2 to 8 lm with irregular shape
(coin-like structure, cubic and spherical) (see Fig. 3).

There are a total of nine samples prepared according to
parameters shown in Table 1 (repeated 3 times for each sample
to reduce the experimental errors). Per Table 1, all nine samples
were prepared using a modified FFF process, and the internal
structure of infill patterns (Line, triangle and cubic) are shown
in Fig. 4.

3.2 Tensile Testing

Tensile strength evaluation was performed on the universal
tensile machine (UTM) to determine the material�s mechanical

Fig. 2 (a) ABS Filament, (b) FFF process (c) Al spraying, (d) Resuming printing process after completing spray, (e) 3D printed Al reinforced
ABS composite structures

Table 1 Experimental design for FFF process

Exp No. No. of Al layers Infill pattern Infill density, %

1 2 Line 60
2 2 Triangle 80
3 2 Cubic 100
4 3 Line 80
5 3 Triangle 100
6 3 Cubic 60
7 4 Line 100
8 4 Triangle 60
9 4 Cubic 80

Table 2 Interval for Al spray process during FFF
process

Al spray
layer

Samples with 2
layers

Samples with 3
layers

Samples with 4
layers

1st layer 33% (13th layer) 25% (10th layer) 20% (8th layer)
2nd layer 66% (26th layer) 50% (20th layer) 40% (16th layer)
3rd layer … 75% (30th layer) 60% (24th layer)
4th layer … … 80% (32nd) layer

Fig. 3 SEM image of Al spray at 1000x magnifications
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properties. It was used for the quantitative value of force
needed to break the specimen made of homogeneous material
or any other composite material. The UTM manufactured by
Shanta Engineering India, having a maximum capacity of 5000
N, was used. Three samples made upon each experimental
condition were tested, and their average value was evaluated.

Figure 5(a) shows samples undergoing a tensile test, and
samples fractured after tensile testing are shown in Fig. 5(b).
The outcomes achieved from tensile testing are tensile strength
at peak, tensile strength at break, percentage elongation at peak
and percentage elongation at break. These results obtained from
tensile testing are shown in Table 3.

3.3 Photomicrographic and XRD Analysis

The optical photomicrographic analysis is an experimental
process that analyses different magnified images using an

optical microscope. For this research work analysis, 100x
magnified images were captured using an optical microscope
(Model No: SMZ745T; Manufacturer: Nikon) and roughness
and 3D rendering using ‘‘Gwyddion software version 2.59’’.
After that, with the help of the XRD machine (Model: D8
Advance eco; Manufacturer; Bruker Scientific Instruments,
Billerica, Massachusetts) best and worst sample according to
tensile strength has been analyzed.

4. Results and Discussion

4.1 Tensile Properties

Table 3 shows the tensile properties of ABS-Al hybrid
composite structures prepared by the modified FFF process.

Fig. 4 Internal structure of prepared parts prepared using line, triangle and cubic infill

Fig. 5 (a) Sample undergoing tensile test, (b) Fractured samples
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The maximum tensile strength was observed for sample 5,
whereas the minimum was for sample 2. Based upon the results
given in Table 3, the stress versus strain curves has been
plotted. The observed value of tensile properties is given in
Table 3, and the stress vs strain graph is shown in Fig. 6. The
maximum strength at peak and maximum strength at break
were observed for sample no. 5, having input parameters as
three reinforced Al sprayed layers, triangular-shaped infill
printing pattern and 100 % infill density, i.e., maximum infill
density. Based on Table 3, sample 5 exhibited better mechanical
strength because of the triangular shape with 100% density
enhanced maximum strength compared to others due to better
bonding between layers. Al gets deposited between porous
regions formed due to triangular patterns and increases its
tensile properties. The triangular infill pattern facilitating this
porous environment for the passing of Al in corresponding
layers is shown in Fig. 7.

The minimum values of tensile strength at break and tensile
strength at the peak were observed for sample no. 2, having
input parameters as two sprayed Al layers, triangular infill
pattern and 80% infill density. The triangular infill provides
more porosity and hence more hollow space, minimum no. of
reinforced Al layers resulted in low tensile strength values. All
the samples prepared with a minimum number of reinforced Al
layers (i.e., two layers) have shown lesser tensile strength due
to only two Al layers.

The Al reinforcement in the ABS layers has increased its
strength and reduced its elongation capacity. The maximum
elongation at peak and break were observed for sample no. 2, as
a smaller number of reinforced Al layers resulted in low
strength and perhaps increased its ductility. Minimum elonga-
tion at peak and break is observed at sample 7, with 4 Al layers
and 100% infill density.

Table 3 Tensile properties of ABS-Al composites structures

Sample no. Strength at peak, MPa Strength at break, MPa % Elongation at peak % Elongation at break

1 18.74 16.87 8 9
2 17.80 16.02 10 10
3 18.87 16.98 4 6
4 24.82 22.34 4 4
5 35.29 31.76 5 5
6 23.06 20.75 3 4
7 34.63 31.17 3 4
8 23.47 21.12 5 5
9 19.23 17.31 7 7

Fig. 6 Stress and strain plots for fractures ABS-Al composites structures

Fig. 7 Scope of passing to different layers in a triangular pattern
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4.2 Photo-Microstructure Properties

The samples manufactured on experimental condition 5 had
the best tensile results based on tensile strength results, whereas

experimental run no. 2 had the minor tensile strength of value.
For the fracture analysis, the fractured portion of the worst and
best tensile strength samples were captured at 100x magnifi-
cation, as shown in Fig. 8(a) and (b). According to Fig. 8(a) and

Fig. 8 100x Optical image, 3D rendering image and surface roughness graph sample no. 2 and sample no. 5
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(b) observed, Al-coating distribution in the tensile sample are
equally distributed in sample 5, but in the case of sample no. 2,
the no. of Al-coating is not adequately distributed. It is one of
the most important reasons that support that tensile strength
results because equally distribution of no. of layers concerning
Al-coating provides/gives more strength than other samples. 3D
rendering images are shown in Fig. 8(c) and (d) for the
fractured parts corresponding to experimental run no. 2

(minimum tensile strength) and 5 (maximum tensile strength)
that were prepared by using optical photo microstructure that is
shown in Fig. 8(a) and (b) with the help of ‘‘Gwyddion
software version 2.59’’. Based on Fig. 8(c) and (d), a 3D image
of the fractured surface is similar over the entire area of
experimental run no. 5, whereas in the case of sample no. 2 has
unequal surface distributions. Lastly, by using ‘‘Gwyddion
software version 2.59’’, average surface roughness has been

Fig. 9 XRD curves for sample no. 2 and sample no. 5

Fig. 10 Genetic algorithm output plots
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determined, and the graph of the surface roughness is shown in
Fig. 8(e) and (f). The average surface roughness (Ra) value in
sample no. 2 was 43.44 nm, whereas 42.44 nm in the
experimental run no. 5. Lower Ra shows better mechanical
blending, providing better mechanical (tensile) strength.

Based on tensile strength results in the best and worst
sample has been analyzed by XRD from 5� to 90� with 2135
steps. According to Fig. 9, it has been observed that sample 2
and sample 5 has approximately similar patterns; this may be
due to the higher amount of ABS polymers contained are
present on the top of the sample surface. According to the XRD
library file, Fig. 10 graph is closer to ABS thermoplastic
polymers. In both cases, it was observed that only one peak in
sample no. 2 (63.814�) that may be present possibly due to
some foreign particles are present in that sample. ABS is
normally an amorphous material and according to XRD
analysis sample, no. 2 and sample no. 5 are 74.5% and
74.4% amorphous, respectively. So XRD analysis confirms that
working materials are ABS thermoplastic polymers.

Table 4 Function values and outputs of individual
maximization and multi-objective

X (1) X (2) X (3) Function value

PSMAX 3.590429 1.74323 100 37.38123
BSMAX 3.591457 1.743774 100 33.64427
PEMAX 2 1.785906 73.99827 10.26625
BEMAX 2.000033 1.833359 70.00481 10.29143
Multi-objective 3.963539 1.952382 100 6.67172

Fig. 11 Effect of infill density and infill pattern on peak strength

Fig. 12 Effect of infill density and infill pattern on breaking strength
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5. Multi-Objective Optimization Using Genetic
Algorithm

It has been observed from Table 3 that the tensile properties
of all nine samples (prepared under different experimental
conditions) are different from each other. Sample no. 5 showed
maximum values of 35.29 and 31.76 MPa during measurement
of strength at peak and break, respectively. On the other hand,
maximum elongation at peak and break was 10% in the case of
sample no. 2. Hence, input parameters have a significant impact
on tensile strength. During practical applications, all the tensile
properties are desirable and hence, there is a need to explore
manufacturing conditions where all the tensile properties are
maximized. To attain the optimum parametric settings, multi-
response optimization must be performed. The present study
used experimental data to derive regression equations through
Minitab analytical tool. Conclusively, four regression Eqs 1, 2,
3 and 4 were formulated for peak strength, breaking strength,
peak elongation, and breaking elongation, respectively.

Peak Strength ¼ 43:54 þ 27:63 � X 1ð Þ þ 15:51 � X 2ð Þ
� 2:114 � X 3ð Þ � 5:600 � X 1ð Þ � X 1ð Þ
� 3:683 � X 2ð Þ � X 2ð Þ þ 0:01172 � X 3ð Þ � X 3ð Þ
� 0:7433 � X 1ð Þ � X 2ð Þ þ 0:1388 � X 1ð Þ � X 3ð Þ

ðEq 1Þ

Breaking Strength ¼39:21 þ 24:85 � X 1ð Þ þ 13:95 � X 2ð Þ
� 1:903 � X 3ð Þ � 5:038 � X 1ð Þ � X 1ð Þ
� 3:313 � X 2ð Þ � X 2ð Þ þ 0:01055 � X 3ð Þ � X 3ð Þ
� 0:6667 � X 1ð Þ � X 2ð Þ þ 0:1250 � X 1ð Þ � X 3ð Þ

ðEq 2Þ

Peak Elongation ¼13:00 � 20:83 � X 1ð Þ þ 5:667 � X 2ð Þ
þ 0:5167 � X 3ð Þ þ 2:167 � X 1ð Þ � X 1ð Þ
� 2:333 � X 2ð Þ � X 2ð Þ � 0:004167 � X 3ð Þ � X 3ð Þ
þ 1:333 � X 1ð Þ � X 2ð Þ þ 0:05000 � X 1ð Þ � X 3ð Þ

ðEq 3Þ

Breakingelongation¼�28:00�22:50�X 1ð Þ
þ3:500�X 2ð Þþ0:2500�X 3ð Þ
þ2:500�X 1ð Þ�X 1ð Þ�1:500�X 2ð Þ�X 2ð Þ
�0:002500�X 3ð Þ�X 3ð Þ
þ1:000�X 1ð Þ�X 2ð Þþ0:05000�X 1ð Þ�X 3ð Þ

ðEq 4Þ

where X (1) is No. of layersX (2) is Infill patternX (3) is Infill
density

These equations can be used for the prediction of each
tensile property based upon input process parameters X(1),
X(2) and X(3). Although, the maximized value for each tensile
property can be attained by careful selection of process
parameters. However, it is impossible to attain a maximized
value of all the tensile properties at single parametric settings as
regression equations differ for each tensile property. To solve
this multi-response optimization problem, the weights are
assigned to each tensile property and combined Eq 5 has been
formulated.

where W1, W2, W3, and W4 are weights assigned to peak
strength, breaking strength, peak elongation, and elongation,
respectively. In present experimentation, equal weights were
assigned as all the tensile properties are critical for rapid
prototyping and functional prototyping applications. After
assigning equal weights (W1 = W2 = W3 = W4= 0.25), the
function values and individual parameter levels are calculated
for each response (see Table 4).

This tabular data can achieve maximized output for each
response, i.e., peak strength, breaking strength, peak elonga-
tion, and elongation. The levels of each input parameter, i.e.,

Multi� objective optimization

¼ W1 � 43:54 þ 27:63 � X 1ð Þ þ 15:51 � X 2ð Þ½
� 2:114 � X 3ð Þ � 5:600 � X 1ð Þ � X 1ð Þ � 3:683 � X 2ð Þ � X 2ð Þ
þ 0:01172 � X 3ð Þ � X 3ð Þ � 0:7433 � X 1ð Þ � X 2ð Þ þ 0:1388 � X 1ð Þ
� X 3ð Þ �W2�� ½39:21 þ 24:85 � X 1ð Þ þ 13:95 � X 2ð Þ � 1:903 � X 3ð Þ
� 5:038 � X 1ð Þ � X 1ð Þ � 3:313 � X 2ð Þ � X 2ð Þ
þ 0:01055 � X 3ð Þ � X 3ð Þ � 0:6667 � X 1ð Þ � X 2ð Þ
þ 0:1250 � X 1ð Þ � X 3ð Þ� �W3 � ½13:00 � 20:83 � X 1ð Þ
þ 5:667 � X 2ð Þ þ 0:5167 � X 3ð Þ þ 2:167 � X 1ð Þ � X 1ð Þ
� 2:333 � X 2ð Þ � X 2ð Þ � 0:004167 � X 3ð Þ � X 3ð Þ þ 1:333 � X 1ð Þ � X 2ð Þ
þ 0:05000 � X 1ð Þ � X 3ð Þ �W4�� ½ � 28:00 � 22:50 � X 1ð Þ þ 3:500 � X 2ð Þ
þ 0:2500 � X 3ð Þ þ 2:500 � X 1ð Þ � X 1ð Þ � 1:500 � X 2ð Þ � X 2ð Þ
� 0:002500 � X 3ð Þ � X 3ð Þ þ1:000 � X 1ð Þ � X 2ð Þ þ 0:05000 � X 1ð Þ � X 3ð Þ�

ðEq 5Þ
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Fig. 13 Effect of infill density and infill pattern on peak elongation

Fig. 14 Effect of infill density and infill pattern on breaking elongation

Fig. 15 Effect of infill density and number of layers on peak strength
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X(1), X(2) and X(3) can be selected to customize the tensile
strength. However, in the last row, the multi-objective function
value was calculated which along with levels of each input
parameter.

These manufacturing conditions would yield a combined
maximized value for all the response parameters. Thus, after
rounding-off, the optimum parameter settings were 4 layers
with triangle pattern and 100% infill density. Genetic algorithm
plots in Fig. 10 indicated that the best fitness value of 6.67172
was attained after 100 generations. Furthermore, it can be
visualized from Genetic algorithm plots that the best score
occurred after 100 generations, whereas mean values were
obtained after 35 generations. On the other hand, the worst
scores were attained after one generation.

MATLAB has been used to investigate the impact of
manufacturing conditions on response. Figure 11 plots the
effect of infill density and infill pattern on peak strength. In
contrast, Fig. 12 shows the impact of infill density and infill
pattern on the breaking strength of 3D printed polymer
composite parts. It can be deduced that a triangle pattern with

100% density yields maximum peak and breaking strength. The
ABS polymer parts reinforced with Al spray can be strength-
ened by using these manufacturing conditions. Generally, the
increase in density positively impacts tensile strength, which
has also been experienced during the present examination.

Figure 13 and 14 plots the effect of variable infill density
and infill pattern on peak and breaking elongations, respec-
tively. It was noticed that maximum values of breaking peak
and elongation occur at 75-95% infill density with a triangle
pattern. The minimum values of breaking elongation occur at
100% density with a cubic pattern. The combined effect of
100% density and cubic pattern reduces the flexibility of the
polymer.

Figure 15 and 16 shows the variation in peak strength and
breaking strength with several Al layers and infill density.
Similar trends have been observed in both plots, i.e., density in
the range of 90-100% with three layers yield maximum
response. Previous studies have also observed that the addition
of metal particles inside 3D printed polymer layers strength-
ened the parts. Moreover, the additional support is provided by

Fig. 16 Effect of infill density and number of layers on breaking strength

Fig. 17 Effect of infill density and number of layers on peak elongation
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higher density. In the present study, the metal spray is
accommodated by minor voids in layers which provided
required bonding strength to resist the tensile loading.

Figure 17 and 18 show the variations of peak elongation and
break elongation with changing infill density and number of
layers, respectively. It has been noticed that there is an almost
similar impact on both the response parameters. A smaller
number of layers with the range of 75-90% infill density exhibit
maximum peak and breaking elongation.

The individual responses of each parameter have been
plotted and discussed. In general, the higher values of infill
density and triangle pattern yield higher tensile strength values.
The number of layers must be smaller to attain maximized
elongation values, whereas layers can be increased to improve
the peak and breaking strength. Genetic algorithms have
predicted similar findings. The findings of this study can be
used to design and manufacture functional prototypes with
customized tensile strength. The selection of metal spray
concentration and layer count can also be varied to attain
desired output.

6. Conclusions

Followings are the conclusions of this study:

• The Al spray reinforcement in between the ABS layers
has been increased tensile strength. Maximum strength at
peak and maximum strength at break are obtained in sam-
ple no. 5, having input parameters 3 Al spray layers, trian-
gular-shaped infill printing pattern and 100% infill density.

• The minimum values of tensile strength at break and ten-
sile strength at the peak has been observed for sample no.
2, having input parameters as 3 Al layers, triangular infill
pattern and 80% infill density. This sample has a mini-
mum value due to less density and less Al-sprayed layer
than other combinations.

• Per the discussion of response optimization, the higher
values of infill density and triangle pattern yield higher
tensile strength values. To attain maximized elongation

values, the number of layers must be smaller, whereas lay-
ers can be increased to improve the peak and breaking
strength. Genetic algorithms have predicted similar find-
ings.
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