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Abstract

Stir casting plays a major role in the production of Al-SiC10 % composites for aero space and automobile applications. However,
obtaining the composites with homogenous distribution of the SiC particles, low porosity and without clustering of reinforcement
particles are still a major problem faced by the research community. These kind of casting defects were overcome by the Additive
Manufacturing (AM) technology. In this research, AlISi10Mg parts were manufactured by Laser-Powder Bed Fusion (LPBF)
method, one of the AM techniques. The mechanical and morphological characteristics of Additive manufactured (AM) samples
were compared with the Stir Casted (SC) samples. Both AM and SC samples were analyzed for the porosity% using the Optical
Microscope (OM). From the porosity analysis, it was evident that the AM samples shows 14 % reduction in porosity when
compared with the SC samples. Mechanical testing such as tensile test, hardness test, fracture toughness test and double shear
stress were carried out. The results obtained from the tensile test reveals that the AM samples shows 28.6 % higher tensile
strength than the SC samples. Similarly, the hardness test for the AM samples shows 23.69 % higher hardness strength than the
SC samples. The fracture toughness test for the AM samples shows 50 % higher fracture toughness strength than the SC samples
and from the results of double shear stress test proves that the AM samples shows 32.55 % higher shear stress than the SC
samples. The outcome of this research proved that additive manufactured AlSil10Mg sample shows enhanced mechanical and
morphological properties when compared with the conventional stir casting process.
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1 Introduction

In the recent years, AM plays a major role in high end applica-
tions such as biomedical, automobile and aerospace [1]. In the
AM process, the materials were built up by the sintering of par-
ticles layer by layer [2]. It can build complex object with high
geometry and also it can manufacture a component which was
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impossible in conventional manufacturing methods [3]. Mostly
in the aerospace applications, AM is playing a significant role in
weight reduction and increasing performance which in turn re-
duces cost of space missions [4]. However, it was necessary to
analyze the inherent imperfection of this technology by evaluat-
ing the defects arising from the mechanical properties. Based on
increased mechanical performance, aluminium alloys are used in
the space industries due to their high strength to weight ratio and
low cost [5]. The AlSil0mg was the commonly used alloy in the
AM process, however the manufacturability through AM was
more challenging when compared with the stainless steels and
the titanium alloys [6].

Emilie et al. carried out an investigation on mechanical and
micro structural analysis of additively manufactured
AlSilOMg and also analyzed the fatigue properties on the
AlSi10Mg build parts. From the results, it was observed that
the building directions, heat treatment, platform temperature,
surface finish and powder layer thickness also play a
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significant role in improving the mechanical performance [7].
Wen Hao Kan et al. examined the effect of porosity percent-
age on the additive manufactured AISilOMg. It was clearly
evident from the outcome that the sub optimal density shows
an impact in the microstructure and the mechanical properties.
It was also proved that even when the defects were not orient-
ed properly, the toughness of the parts were improved [8].
Mulin Liu et al. carried out the experimental investigation
on the micro structural characteristics on the AlSi10Mg alloy
manufactured based on selective laser sintering. From the
analysis, it was observed that the fine eutectic Si particles were
present around the melt pools. The effective microstructure
was more evident in samples with higher inclination, which
exhibits deviations in hardness values [9]. Biagio Palumbo
et al. adopted nested effect modeling based on ANOVA and
design of experiments technique. The investigation of the in-
fluence of the different laser exposure strategies on the tensile
properties of the AlSi10Mg parts and also analyzed the vari-
ous mechanical and physical properties. From the result it was
obtained that optimized laser parameters were obtained for the
improved mechanical properties of AISilOMg parts [10].
Michaela Fousova et al. examined the impact of exposure
temperature before the processing of AlSil0Mg alloy based
on the selective laser sintering. The results show that for each
exposure temperature there will be a significant impact in
hardness values. From the TEM analysis, it was observed that
the presence of nano precipitate helps to increase the yield
strength of the alloy which subsequently decreases the elon-
gation. From the result, it was proved that the operating tem-
perature showed a significant impact in smooth operation of
the additive manufacturing parts [11].Noriko Read et al. ex-
amined the influence of various selective laser melting process
parameters on the porosity on the Al1Si10Mg alloy parts. From
the result it was observed that the optimized process parame-
ters shows reduced porosity with enhanced creep resistance
than cast alloy [12].Lucia Denti et al. evaluated the mechani-
cal and morphological properties of the A357.0 based on the
different orientation of the build parts. The result shows that
the tensile and shear strength of the build parts were improved
based on the optimized orientation [13].

Dey et al., investigated the influence of micro SiC addition
to the aluminium matrix composites using stir casting process.
Various weight fractions of SiC particles were incorporated to
find out the effect of micro SiC on the mechanical properties.
Fabrication was carried out by considering all the stir casting
parameters constant. The results reveals that the mechanical
properties and the tribological properties were increased by
the addition of micro SiC particles [14]. Prabaharan et al.,
examined the characteristics of aluminium matrix composite
when reinforced with SiC in different weight % using stir
casting. The tribological behaviour was assessed by dry slid-
ing wear at the different weight % of SiC in aluminium matrix.
Thus, it was proved that the mechanical and tribological
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characterization can be increased by adding SiC [15]. Surya
et al., investigated the tribological characteristics of alumini-
um matrix reinforced with SiC in different weight % using
powder metallurgy. The study reveals that wear loss and co-
efficient of frictions are influenced by sliding distance, load
and % reinforcement. Thus, the effect of SiC on tribological
characteristic influences the coefficient of friction of the alu-
minium matrix [16]. Karvaniset al. investigated the effect of
SiC particles on the aluminium matrix based on the mechan-
ical properties. From the result it was observed that the pres-
ence of SiC content increases the tensile strength and the com-
pression strength of the composites and also the presence of
SiC particles makes the materials much harder [17].
ShahinSoltani et al. investigated the influence of casting tem-
perature and stirring periods on the Al-SiC 3 wt% composites.
From the result it was concluded that the reduced stirring
speed helps for Al-SiC bonding interface and also observed
that the higher processing temperature helps in improved in-
corporation of SiC particles [18]. John Victor Christy et al.
evaluated the effect of stir casting parameters on the micro-
structure and mechanical properties of the aluminium matrix
composites. From the result it was observed that the compres-
sion strength, porosity and other mechanical properties were
considerably increased by the optimized stir casting parame-
ters [19]. Pradeepkumar et al. examined the morphological
and mechanical properties of the aluminium metal matrix
composites by varying the compositions of the matrix and
the reinforcements. From the outcome it shows that the hard-
ness, abrasive wear and ultimate tensile strength were im-
proved in aluminium-alumina metal matrix composites [20].
In this research LPBF, one of the additive manufacturing
techniques was compared with the conventional stir casting
process. AlSil0Mg alloy was chosen for Additive
manufacturing using LPBF. Al-SiC 10 % composite samples
were manufactured by stir casting process. Both AM and SC
samples were comparatively analyzed for the microstructural
and morphological analysis and also mechanical characteriza-
tion. The Micro structural analysis helps to analyze the poros-
ity% and the distribution of the reinforcement particles in AM
and SC samples. SEM analysis also helps to find the surface
morphology of the AM and SC samples. The microstructural
analysis reveals that the presence of micro pores gives high
strength to weight ratio by enhancing all the mechanical prop-
erties. Physical properties were evaluated to find the role of
density in both the AM and SC samples. Tensile test were
carried out for both AM samples and SC samples using
Universal Testing Machine. Form the tensile test, elongation
%, reduction in area %, tensile strength (MPa) and yield
strength (MPa) were compared between the AM and SC sam-
ples. Brinell hardness test were carried out to find out the
maximum hardness between the AM and SC samples. The
results from the hardness test shows that the AM samples
exhibits 23.69 % higher hardness when compared with the stir
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casted samples. Fracture toughness test and shear test was
carried out for both AM and SC samples. The AM samples
exhibits 50 % of higher fracture toughness when compared
with SC samples and also the AM samples shows 32.5 %
higher resistance to the crack propagation when compared
with the SC samples. The results proves the enhanced me-
chanical properties of the AM samples.

2 Materials and Methods
2.1 Chemical Compositions

For the Additive manufacturing using LPBF, AISi10Mg alloy
was chosen. The chemical compositions were shown in the
Table 1. For the stir casting process, aluminum alloy (AI8011)
was chosen as matrix and Silicon Carbide (SiC) was chosen as
the reinforcement particles for this conventional manufactur-
ing process [21]. Aluminum 8011 alloy primarily consist of
98 % of aluminum with significant amount of bismuth, sili-
con, tin, ferrous, lead, copper, zinc, few traces of magnesium
and titanium. Silicon carbide is a hard covalently reinforced
material dominatingly created by the carbo thermal extracted
from silica normally utilizing the Acheson process. So, SiC
particles with 325 mesh was used as the reinforcement parti-
cles. Table 2. shows the chemical composition of aluminum /
aluminum 8011 alloy.

2.2 Stir Casting Process

Al-SiC 10 % samples were manufactured by stir casting pro-
cess. The stir casting process parameters were shown in the
Table 3. At first, the furnace was heated up to 800°C and then
Al-8011 aluminum alloy billets were placed inside the

Table 1 Chemical composition of AlSil0Mg alloy (weight %)
Elements Minimum Maximum S1 S2 S3
Manganese-Mn - 0.45 0.040 0.040 0.040
Silicon-Si 9.0 11.0 10.62 10.57 10.52
Nickel-Ni - 0.05 0.015 0.015 0.015
Copper-Cu - 0.05 0.019 0.021 0.021
Titanium-Ti - 0.15 0.012 0.012 0.012
Tin-Sn - 0.05 <001 <0.01 <0.01
Zinc-Zn - 0.10 <001 <0.01 <0.01
Lead-Pb - 0.15 0.011 0.011 0.011
Iron-Fe - 0.55 0.13 0.13 0.13
Magnesium-Mg  0.20 0.45 0.32 0.33 0.32
Others-Each - 0.05 <0.05 <0.05 <0.05
Others-Each - 0.05 0.046 0.033 0.023
Aluminium-Al - Balance Balance Balance Balance

Table 2 Chemical

composition of Elements Composition (%)

aluminum 8011
Silicon 0.213
Tron 0.40
Copper 0.10
Manganese 0.018
Magnesium 0.10
Titanium 0.009
Zinc 0210
Lead 0.009
Tin 0.030
Bismuth 0.002
Zirconium 0.002
Chromium 0.002
Aluminum 98.905

crucible. The working temperature of 750°C was made con-
stant. Then the SiC reinforcement particles were introduced
inside the molten aluminum melt. Stirring was carried out with
45° blade angle for a holding time of 10 min which was kept
40 % from the base. Finally, the molten aluminum was poured
into the mold to get the casted samples [22].

2.3 AM Based Laser Powder Bed Fusion Process

AM specimens were manufactured by LPBF, with an EOS
M280 system with the compressed air supply of 7,000 hPa;
20 m3/h, Yb (Ytterbium) fibre laser with nominal power of
400 W, diameter of laser beam at building area 100-500 pm.
Figure 1 shows Metal Additive manufacturing EOS M280
system. As mentioned by the manufacturer, laser power of
370 W, layer thickness of 30 umscanning speed of 1300
mm/s and hatching distance of 190 um were used as the pro-
cessing parameters for LPBF [22]. It was make sure that all the

Table 3  Stir casting process parameters

Working temperature 750° C

Capacity of the melting pot 1 kg of aluminum (max)

Stirring speed 250 rpm

Maximum operating temperature 900° C

Operating voltage 440 V, AC three phase 50 c/s
Holding time 10 min

App. power consumption 4 KW

Impeller position 40% from the base
Preheating furnace temperature 800° C

Stirrer blade angle 45°

Control Automatic by microcontroller
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AM samples were manufactured based on the same process
parameters to analyze the micro structural and mechanical
properties.

The LPBF method will provide a way to fabricate the spec-
imens for investigations. The system involving dispenser unit
caring aluminium alloy powder (AISilOmg) with 15micron
which continuously supply the metal powder during the entire
printing processes. The dispenser duct was specially designed
to carry the aluminium alloy powder which has high material
stability [23]. The dispenser unit was connected with strong
build platforms which will helps to provide a space for the
development of specimens for evaluation. The high sensitive
re-coater will provide a way to material frameworks. The ex-
cess amount of powder material was collected in the collector
unit called as Interpretable Properties Chain Module
(IPCM).The process initiates with removing oxygen content
presents in the printing chamber and maintain as 0.1 % level.
The inert gas preferably Argon is chosen to reduce the
oxidization of sintering processes to create a stable printing
condition by maintaining constant pressure, keeping out the

Re-coater

| AISi10Mg
powder Bed

~ ==
MMDP Softwa’r 4 ‘

Fig. 1 Metal Additive manufacturing EOS M280 system (a) Collector
unit (b) MMDP software
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impurities, reducing the powder climbing and control the ther-
mal stresses [24].

The Electro optical system triggers the high intensity laser
beam with the range of 600—700 nm wave length by providing
Imw laser radiation which will solidify the powder particles
as per the geometrical dimensions fed in to the system already
[25].The laser calibration will be done for every continuous
cycles. The angular rotation of the laser dispensing system
will have 45° to 67° fusion. The special filter H13 and F9
comes in to function for collecting the unused and climbing
powdered molecules [26]. Before initialing the process, the
necessary primary verification was done with the simulation.
The specimens were primarily designed using the Solidworks
modelling software and it was imported to Material Magic
Data Preparation Software (MMDPS) for simulation and val-
idating the entire process Design for Additive Manufacturing
(DAM) [27]. Once the simulation process was successfully
validated the same parameters as fed into the Electro Optical
System Builder (EOS builder) [28]. Through the EOS builder
the LPBF process method will be initiated.

2.4 Micro Structural Analysis

Fabricated samples were cut into specimen size of 10 mm
x10 mm x10 mm using the Wire cut Electric Discharge
Machining process (WEDM). The specimens were analyzed
for their morphology using OM and SEM analysis. The speci-
mens were etched and polished before the analysis of the OM
and SEM.

2.5 Porosity Measurements

The porosity percentage can be estimated by measuring the
relative density of the specimen (P% + RD =100). Relative
density can be calculated by measuring the bulk density and
dividing it by the theoretical density of the specimen. Bulk
density can be measured using the Archimedes method. The
theoretical density can be calculated employing the rule of
mixtures. Part density of as built AISi10Mg test samples tested
as per ASTM B311 using the WEDM. The porosity in the
specimens was determined using Eq. (1).

P = I — (p experimental/p theoretical) x 100 (1)

2.6 Mechanical Characterizations

Tensile test performed for XY and Z direction test samples as
per ASTM E8/E8M specification. The same ASTM standards
were specified on both AM and SC samples. Universal
Testing Machine (HS0KL, Tinios Olsen Computerized mod-
el) was used for finding tensile properties (UTS, YS and % EI)
for the cast specimens and AM build parts. Hardness of as
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Fig. 2 a Double shear stress (a)
specimen ASTM 769 along XY

and Z direction. b Fractural

toughness specimen ASTM 399

along XY and Z direction

Recoater direction

(b)

build AlSi10Mg test samples tested as per ASTM E10. Brinell
macro- hardness tester (HR-320, Mitu Toyo South Asia Pvt
Ltd), was used for finding the hardness values for both AM
and SC samples. Fracture toughness for XY and Z directions
as built test samples tested as per ASTM E399 (Fig. 2b).
Materials Testing System (MTS 810) with 250KN load was

Fig. 3 Optical micrograph image
of the AISi10Mg samples (a) Z
direction and (b) XY direction

Inert gas flux

90°

90°

~~
o —

=

Inert gas flux

.M

‘/m‘ter direction

used to the find the fracture toughness of the samples. Shear
strength for XY and Z directions as built test samples were
fabricated as per ASTM E769 (Fig. 2a). Double shear stress in
Universal Testing Machine (H50KL, Tinios Olsen
Computerized model) was used to find the shear strength of
the AM and SC samples.

@ Springer
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Fig. 4 Optical micrograph image
of the Al-SiC 10 % at (a) centre
and (b) outer [22]

3 Result and Discussion
3.1 Micro Structural Analysis

Figure 3 shows the optical micrograph of the AM samples
along the Z direction and XY direction. From the microstruc-
ture of the SC samples (Fig. 4) shows the distribution of the
SiC reinforcement particles and also few porosities with some
clustering of SiC particles were evident. This kind of defects
formed during the solidification process. This was due to the
entrapment of hydrogen gas during the solidification process.
The wettability between the matrix and the reinforcement was
also evident from the OM images. This was mainly due to the
pre-heating of reinforcement particles. The uniform distribu-
tion of the reinforcement particles was the result from the
effective stir casting parameters [29]. From the micrograph
of AM samples, the presences of micro pores were evident
which was considered to be one of the advantages of the AM
samples. In the Fig. 3a shows the sintering of particles along
the Z directions. Few micro pores are observed in this direc-
tion which was due to the particles entrapment due to the gas
expansion. The sintering of particles along the XY directions
also shows few micro pores [30]. The few micro pores with
circular shaped eutectic silicon phase mixture will helps to
bond the materials which resist the deformation movements.
Hence the presence of the pores will considered as one of the

Fig. 5 Scanning electron
microscope image of the
AlSi10Mg at (a) 50 pm and (b)
100 pm

@ Springer

advantages in the AM samples. Figure 5 shows the SEM
images of the AM samples at 50X and 100X. From the
SEM images of the AM samples, it was concluded that the
surface finish was poor when compared with the SEM images
of the SC samples in Fig. 6. This was mainly due to the
sintering effect caused by the laser which leads to the fusion
of the particles which eventually makes the surface rougher
when compared with the SC samples. In the fabrication of the
SC samples, the molten metal was poured in the mold, so the
surface of the casted specimen will have good surface finish
when compared to the AM samples [31]. Thus, the AM sam-
ples definitely requires a post processing operations to achieve
a good surface finish.

3.2 Physical Properties

Figure 7 shows the comparison of the porosity of the AM
samples and the SC samples. It was observed that the SC
samples exhibits 66 % higher porosity than the AM samples.
This was due to the presence of reinforcement in the SC sam-
ples which creates sites for the nucleation of the new grains as
well as pores. So this was the reason that the pure matrix
materials always exhibit lower porosity percentage than the
reinforced materials. It was well know that the porosity of the
particle reinforced composites was much higher than the pure
alloy [32]. Mostly porosity in the SC samples arises from the
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Fig. 6 Scanning electron
microscope image of the Al-SiC

(@

10 % at (a) 50 wm and (b) 100 um 8¢

o % / SiC Particles

[22]

o

CEG 15 0KV 50 1mm x1 00k SE

matrix shrinkage during the time of solidification and
also by the gas entrapment which eventually affects
the properties of the materials. At the time of solidifi-
cation process, entrapment of hydrogen gas takes place
which leads to the porosity in the casted samples [33].
The porosity of the stir casted samples can be reduced
by increasing the working temperature because gas en-
trapment occurs during the stirring of molten matrix. On
the comparison of density, it was obtained that the ex-
perimental density was close to theoretical density. The
presence of micro pores in the additive manufactured
AlSi!)Mg samples was due to the presence of Silicon
content which leads to the high nucleation sites. So the
occurrence of micro pores was higher when compared
to the SC samples [34]. The presence of micro pores
was higher in the AM samples. The strength to weight
ratio was increased due to the high concentration of the
circular shaped eutectic silicon phase mixture. The pres-
ence of circular shaped eutectic silicon phase mixture
will restrict the dislocation movements. It was evident
that the presence of low porosity which act as the emp-
ty space will also give rise to the enhancement of the
strength of the materials [35]. So, porosity of the stir
cased sample is much higher than the 3D printed sam-
ple. In this comparative study, the porosity results were
proved by the optical micrographs.

»
n
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35

2 3
X = Actual
T 25 density
£
2 2 u Experimental
E s density

’ = Porosity

1

.5

o

o

Al AlSi10mg

AlSiC10%

Fig. 7 Comparison of porosity % and density between the AM and SC
samples

SiC particles

Void formation

CEG 15 0kV 50 4mm x500 SE

3.3 Mechanical Properties
3.3.1 Tensile Test

Figure 8 shows the comparison of the tensile strength of the L-
PBF based AlSil0Omg with the stir casted AISiC10 %. From
the result it was obtained that the AM samples exhibits 28.6 %
higher tensile strength when compared with the stir casted
samples. The sample printed in the Z direction (Fig. 5) expe-
rienced higher tensile strength of 421 MPa. The sintering ac-
tion along the Z direction with the layer thickness of 30 um
was the main reason for the higher tensile strength [36]. The
sample printed in the XY-direction also shows 17 % higher
tensile strength than the stir casted sample. The direction of
the sintering of particles along the Z direction was perpendic-
ular to the direction of the applied tensile force which resist the
dislocation moments and finally led to the increased tensile
strength [37]. The propagation of the cracks which passes
through the grain boundary of the SiC particles was the main
reason for the lower tensile strength of the stir casted samples
when compared with AM samples.

Figure 9 shows the comparison of the yield strength of the
AM samples with the stir casted samples. From the result it
was observed that the AM samples along the XY directions
exhibits more yield strength of 11.5 % than the samples pre-
pared along the Z directions. This was mainly due the
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Fig. 8 Comparison of tensile strength between the AM and SC samples
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sintering of the particles along the XY direction which resist
the dislocation movements. If the bonding along the Z direc-
tion was perpendicular to the direction of the applied tensile
force then the propagation of cracks will easily pass through
the sintered particles which leads to the decreases the yield
strength in the AM samples along Z direction [38]. This was
the reason for lower yield strength of the sample fabricated
along the Z direction when compared with the sample fabri-
cated along the XY direction. The result also shows SC Al-
SiC10 % samples shows 222 MPa of yield strength which was
lower when compared with the AM AlSilOmg samples.
In the stir casted samples, the dislocation moments will
arise from the dendrite arms and also in the boundary
region of the SiC particles. The reason lies behind the
distribution of the SiC particles which reduces the yield
strength of the stir casted samples.

Figure 10 shows the comparison of elongation percentage
of the AM samples with the stir casted samples. The result
shows that the SC sample shows 27.1 % of more elongation
when compared with the AM samples this was mainly due to
the role of aluminium- silicon carbide bonding in the stir
casted samples. The elongation was mainly due to the ductile
nature of Aluminium which will be evident during the action
of external loads [39]. Even though the presence of SiC par-
ticles will restrict the elongation movements, SC samples
shows 27.1 % higher elongating when compared to the AM

Fig. 11 Comparison of reduction in area % between the AM and SC
samples

samples. It was evident that the ultimate tensile strength in-
creases with the decrease in the elongation percentage [40].
During the application of the external load, it was observed
that the AM samples along the XY directions shows 89.9 %
more elongation when compared with the AM samples along
the Z directions. This was due to the fact that the sintering
action along the Z directions will hold the particles together
and form a strong bonding which reduces the elongation
moments.

Figure 11 shows the comparison of the reduction in area of
the AM sample with the SC samples. The elongation % of the
samples was directly proportional to the reduction area % of
the samples. It was evident that the SC samples shows 73.7 %
more reduction in area when compared with the AM samples.
The ductile behavior of aluminium presence in the SC sam-
ples influences the elongation of the samples which consecu-
tively leads to the more reduction in area when compared with
the AM samples [41]. It was observed that the AM samples
printed along the XY direction shows higher reduction in area
when compared with the samples printed along Z direction.
The bonding will be week if the force was applied along the Z
directions. So this was the reason for the lower reduction in
area% in AM samples printed along the Z directions [42]. The
samples printed along the Z directions exhibits maximum ten-
sile strength of 421 MPa which was the main reason for the
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Fig. 10 Comparison of elongation% between the AM and SC samples
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Fig. 12 Comparison of hardness values between the AM and SC samples
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Fig. 13 Comparison of fracture toughness between the AM and SC
samples

lower reduction area % of the samples when compared with
the samples printed in XY direction and SC samples.

3.3.2 Hardness Test

Figure 12 shows the hardness comparison of the AM samples
with the SC samples. It was evident that the AM sample reveals
23.69 % higher hardness when compared with the SC samples.
The samples printed along the XY directions and Z direction
shows more or less same harness of 102 HBW. In the AM
samples, the fusion of one layer of AlSi particles over another
layer makes the samples harder when compared with SC sam-
ples. The reason lies behind the hardness of the AM samples
was the sintering of particles will makes the strong bond be-
tween the Al — Si and it will restrict the indentation effect more
when compares with the SC samples [43]. The deviations of
hardness values were observed in the SC samples. This was
mainly due to the distribution of SiC particles [44].

3.3.3 Fracture Toughness Test

Figure 13 shows the comparison of the fracture toughness of
the AM samples with the SC samples. The AM samples along
the XY directions exhibits 50 % higher resistance to the crack
propagation when compared with the SC samples. It was

250

N
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=
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o

AM-SDSS-XY AM-SDSS-Z SC-SDSS

Fig. 14 Comparison of shear strength between the AM and SC samples

evident that the AM samples printed along the XY directions
creates more resistance to the propagation of cracks during the
higher stress intensity. This was due to direction of propaga-
tion of the cracks was perpendicular to the direction of the
fusion of particles along the XY directions [45]. In the AM
samples printed along the Z direction, the direction of the
fusion of the particles was parallel to the direction of propa-
gation of the cracks which led to the higher crack propagation
due to the higher stress intensity. So, this was the reason for
higher fracture toughness value of 31.99 MPam'/*for the sam-
ples printed along the XY directions. The stir casted samples
shows 50 % of lower fracture toughness when compared with
AM samples printed along the XY directions. The due to the
stress intensity, the propagation of cracks along the grain
boundaries of the SiC particles makes the samples weaker
when compare to the AM samples [46].

3.3.4 Shear Strength Test

Figure 14 shows the comparison of the shear strength of the
AM samples with the SC samples. The AM sample along the
XY directions reveals 32.55 % higher shear strength than the
stir casted samples. It was observed that the AM samples
printed along the XY directions shows more resistance to
the shear force, this was mainly due to the direction of the
fusion of the particles was perpendicular to the action of the
applied force [47]. But in the samples printed along the Z
directions, the direction of the shear force is parallel to the
direction of the fusion of the particle. So this was the main
reason for the higher shear strength along the XY directions
and lower shear strength along the Z direction [48]. In the stir
casted sample, during the action of shear force, the propaga-
tion of cracks arises from the voids and travel through the
grain boundaries of the SiC particles and propagate through-
out the samples [49]. So, this was the reason behind the lower
shear strength of 162 MPa in stir casted samples when com-
pared with the AM samples. Table 4 shows the comparison
table for mechanical characterization of AM samples and SC
samples.

4 Conclusions

Experimental investigations were carried out for the effective
manufacturing process. AM samples were manufactured by
L-PBF, one of the additive manufacturing techniques and SC
samples were manufactured by the conventional stir casting
process. The manufactured samples were tested for their me-
chanical performance. The following conclusions were made.
*  Micro pores were evident in the AM samples. The
presence of micro pores gives high strength to weight

ratio by enhancing all the mechanical properties.
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Table 4 Comparison table for

mechanical characterization of Mechanical properties AM samples SC samples
AM samples and SC samples
XY-Directions Z-Directions
Tensile strength in MPa 383.667 421.667 327.667
Yield strength in MPa 247.667 239 222
Elongation in % 9.833 5.176 12.5
Reduction in area (%) 13.53 8.763 23.513
Hardness in BHW 102.667 101 83
Fractural toughness in MPam'”? 31.99 23.49 21.29
Shear strength in MPa 215.451 197.633 162.532

» The presence of high concentration of the circular shaped
eutectic silicon phase mixture will resist the dislocation
movements in the AM samples.

*  From the result of the tensile test, the AM sample printed
in the Z-direction shows 28.6 % higher tensile strength
than the stir casted sample. The sample printed in the Z
direction experienced higher tensile strength of 421 MPa.

*  AM samples exhibits 23.69 % higher hardness when com-
pared with the SC samples. The samples printed along the
XY directions and Z direction shows more or less same
harness of 102 HBW.

* AM samples printed along the XY directions shows 50 %
higher resistance to the crack propagation when compared
with the SC samples. Higher fracture toughness value of
31.99 MPam'? was obtained for the samples printed
along the XY directions.

* AM sample printed along the XY directions shows
32.55 % higher shear strength than the SC samples.
Higher shear stress value of 215.45 MPa was obtained
for the samples printed along the XY directions.
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