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Abstract: Nowadays aluminum alloys are produces excellent and superior properties and these
alloys are used in different industrial sectors like, agriculture, constructions, aerospace,
automobile, utensils, and general engineering industries because of this alloys is very favourable
in microstructure behavior, hardness, less weight ratio, high strength and having good mechanical
properties. In this work the aluminum alloy LM12 is the base material this is reinforced with the
silicon carbide. The metal matrix composite fabricated by using the stir casting techniques with the
uniform distribution of SiC and this confirmed by using the SEM, EDX and XRD analysis. The
MMC’s evaluate the mechanical properties such as tensile test experimented results are
comparison with the Finite element analysis. The FEA model has been prepared by using the
ABQUS software evaluate the maximum stress, deformation and load carrying capacity and
calculate the Density and Porosity of MMCs’.In this all MMC’s obtained results are compared
with the pure AALM12 alloy without of silicon carbide addition. The reinforced silicon carbide
varies with the 0%, 5%, 10%, 15% &20%wt.fraction. Increment of SiC in MMC’s the tensile test
results are increases, density of MMC’s also increases but porosity is decreases with increasing of
SiC.These are the properties evaluations are presented in this paper.

Keywords: 23umSiC, AALM12, MMC'’s Fabrication, Tensile test experiment results compare
with FEA, Density and Porosity test SEM ,EDX and XRD analysis of MMC's.

IJSER © 2021
http://www.ijser.org



1. Introduction

Aluminum alloy metal matrix composites
are very popular aluminum alloy many
series used in different industrial sectors.
These are mainly used in aircraft structure
design one of the major criteria due to their
high strength ratio and less in weight ratio.
Due to this mandate in high recital of the
aircrafts weight reduction methods are used
in aviation sector and new materials are
under search in automobile sectors used. (1-
3). The aluminum alloys reinforced with
silicon carbide (MMC’s) having possess
superior symbols in order to decrease the
weight and consequently proved to be
improved structural components to provide
strength to the structure. Enormous research
work has been experiencing in the area of
MMC’s. Because of their weight to strength
ratio, MMC’s are gradually replacing the
popular aluminum .alloys which were used
post world war in Aircraft and in other
Applications like agriculture, automobile
sectors and construction fields etc. (4-6).
Current work is describes the production
of MMC’s by using the popular
technology of stir casting technique,
tensile test experimented results as well as
FEA results are analysis, density test and
porosity. Aluminum alloy LM12 with
reinforcement of silicon carbide with
various %wt and compositions of
AALM12 has been shown in below fig.
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Element Wt.% Element Wit%
Copper 09-11 Zinc 0.8 max
Magnesium | 0.2-0.4 Lead 0.1 max
Silicon 2.5 max Tin 0.05 max
Iron 1.0 max| Titanium | 0.2 max
Manganese [0.6 max| aluminum | Balance

Nickel 0.5 max
Compositions of AALM12

2. Development of metal matrix

composites
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Fig:1 Stir casting set up

The MMC'’s are fabricated by using the
popular stir casting technique, this setup
have been shown in the fig:1. The
AALM12 aluminum alloy bars were kept
inside the crucible furnace which is made
up of graphite material and the heating
source is supplied by the electrically. The
aluminum alloy is slowly turn into molten
stages when it is exceeded the temperature
of 650°C -750°C. Their after calculated
weight percentage of SiC slowly pour into

the molten metal with uniform speed,
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meanwhile maintain the stirrer speed in
uniformly ranges from 300rpm-400rpm
and this is operated by supporting of
electrical motor and Also different wt%
SiC composites are  fabricated with

followed same procedure.

Fig:2 Cast product and SiC
3. Experimentation

3.1 Density measurement test

Density and Porosity From the literature
review, it is found that the density of the
composite mainly depend on the relative
proportion of the matrix and its reinforcing
materials. The measured density of the
material is defined as ratio of weight of the
composite material with its volume. But the
theoretical density of the composite
material in terms of weight fraction of the
different constituent based on the concept
of “Rule of Mixture”.by the following
equation as given in Eq.

Measured Density = Mass/Volume
Theoretical Density calculation by using

rule of mixture using of tensile test
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specimen ASTM E-8 as per the ASTM
D792 - 20

Pc= fmPm +  frpr [15]
Where:

p = density of matrix
m = mass of matrix
R= Mass of reinforcement
f = Mass fraction
saffics m is the matix and Saffics
r is the reinforcement

Calculate the density composition of 5%
wt of SiC

M. is the mass of the Composite
Specimen (Matrix Reinforcement) =
62.5536 gram

R, is the mass of reinforcement ( for
5%wt of SiC) = 3.12768 gram

M,, is the mass of matrix =(62.5536 -
3.12768)=59.425 gram

P M, 59425
™ (M, +R,) 59.425+ 3.127
=0.95
R 3.127
fr= (M., + R,,) _ (59.425 + 3.127)
= 0.05

Substituting (2) & (3) in (1)

Pe = fmPm + frpr =0.95 x 2.94
+ 0.05x3.21
= 2.953 gram/cm?
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% Porosity

= Theoritical Density

M d Density Densit
— Measured —— Densi
Theoritical Y

5% SiC Porosity
= 2.945 — 2.896/2.945
x 100 = 1.961

Similarly method used to calculate the

porosity of MMC’s.
Table:1 Properties

.| Theoretical | Measured .
Congsmo density density Density (%) Po(r;)s;lty
(gm/em®) | (gm/cm?®)
Pure LM12 2.94 2.881 0.596 2
5%SiC 2.945 2.896 0.707 1.961
10% SiC 2.967 2.928 0.389 1.314
15% SiC 2.98 2.959 0.201 0.704
20% SiC 2.994 2.975 0.181 0.634
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Fig:3 Density of MMC’s
The average theoretical and measured
density values of the AALM12 alloy and its
respective composites were given in table 4
It was observed that the addition of SiC
particles into the AALM12 alloy matrix
significantly increases the density of the
resultant composites in compare to the base

alloy show in fig:3.
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3.2. Tension test

Fig:4 Tensile test samples

Calculation the Elasticity of composites
by using volume fraction method

Elastic modulus is measure of the stiffness
of a materials.Anisotrop prevails in many
Composites. Silicon carbide (SiC) is much
stiffer than LM12 aluminium alloy. Kerner
found equation for estimating the modulus
of a composite is linearly increases that
contains spherical particles in a matrix as
follows:

for Ep = Em and mp, is the matrix poison’s
ratio. V, ( sic) is the volume fraction and Em
is the elastic modulus of the matrix, m is the
mass,p is the density and subscripts SiC
and Al refer to the Silica carbide and
aluminum alloy respectively

Volume fractions of SiC were calculated
using the formula

The addition of SiC particles into the
AALM12 alloy matrix significantly
increases the volume fraction of the
resultant composites in compare to the base

alloy.
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Fig:5 Volume fraction
The volume fraction of the MMC’s is
increased linearly with increased reinforced

that show in fig:5.
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3.3. SEM and EDX analysis
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Fig:6 SEM and EDX images

The SEM analysis is carryout the studied of
the reinforcements of SiC is distribution and
confirmation of inside the matrix are
essential to the final properties of
composites prepared through stir casting
process shown

in fig To investigate

distribution ~ of  reinforcements  on
composites by using the SEM analysis was
performed that observed from the images
and it showed that particles were
homogenously and uniformly distributed
[6]. That showed in SEM images and some
clusters of SiC particles are observed in

SEM micrographs few researcher
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XRD analysis of MMC’s
The EDX analysis is observed

alloy LM12 metal
composites from the SEM images that shown
in the fig: 6.10. But Al, Mg and Cu particles

in the

aluminum matrix

are shown in XRD and EDX analysis
composites. It shows the qualitative analysis
and indicating the presence of Al, Mg, SiC
and Cu in the composites material of different
reinforced SiC. On the other hand, a high
amount of SiC have been indicating due to
the surface modification of composites,
which are the compositions are having in the
composites that is confirmed from this
analysis show in fig:6. [7]

Young’s modulus of MMC’s is given by

Kerner equation

Vp 15(1 —m,,)

E.=E, |1+ X
¢ m 1-V, 8 -10m,,

Where En is Youngs modulus
of the Matrix i.e 71 GPa
Vp is the volume fraction of particulate

Mm = poisons ratio
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0.04606
" 1-0.04606
15(1 — 0.33)
*8-10(0.33)
= 78.199 GPa
The calculated the young’s modulus of metal

Ecsysic = 71 [1

matrix composites by using the karner
question, the results shows that linearly
increased with increased reinforced SiC.
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Fig:7 Elasticity modulus

Table:2 Properties

Compositions | E using Volume
Karner fraction in
Eqn. %

Pure 71

5%SiC 78.199 4.606

10%SiC 86.312 9.313

15%SiC 95.426 14.076

20%SiC 105.766 18.908

The Elasticity modulus of metal matrix
composites linearly incrases with increased

SiC as shown in fig:7.
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Fig:8 FEA Model

NUMBER OF ELEMENTS IS 2296
NUMBER OF NODES IS 2964
NUMBER OF NODES DEFINED BY THE USER 2964
TOTAL NUMBER OF VARIABLES IN THE MODEL 8892

(DEGREES OF FREEDOM PLUS MAX NO. OF ANY LAGRANGE MULTIPLIER
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Fig:9 Number of elements and nodes

(b)

FE analysis of MMC’s
FE analysis of Strain

FE analysis of maximum Stress

Fig:10 FE analysis (a-c)
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The FEA model of tensile test specimen
prepared as per the ASTM E-8 by using
ABAQUS software and Finite element
analysis at the maximum stress, strain and
Deformation at Ultimate tensile strength
condition for the different compositions of
MMC’s[11].

5. Results and Discussions

Density and porosity

From the indicating the table:1 the density
calculated by using the Rule of mixture this is
present to the cast density of AALM12 -SiC
composite is prepared and founded density is
increases with increased SiC.it is found that
the density values are very close to theoretical
ones that indicates the soundness of the
composites but marginal difference could be
due to the presence of entrapped gases and
shrinkage porosity is decreased

SEM, EDX and XRD analysis

That showed in SEM images and some
clusters of SiC particles are observed in SEM
micrographs for the confirmed in the
composites. The EDX analysis is observed in
the al alloy LM12 metal matrix composites
from the SEM images that shown in the fig:6.
But Al, Mg and Cu particles shows SEM
image, XRD and EDX pattern A Alloy
LM12composite. It shows the qualitative
analysis, indicating the presence of Al, Mg,

SiC and Cu.
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Mechanical properties

The tested tensile specimens FEA model are
shown in Fig:8.The young’s modulus of
MMC’s calculated by wusing the Karner
equation. The young’s modulus of MMC’s
increased linearly with increased SiC that
shown infig:7.Three samples were tested for
each trial of test. The average values of yield
strength and ultimate tensile strength. Effect
of matrix alloy on mechanical properties are
shown in the influence of matrix alloy on the
yield strength (YS) of Al-SiC composites. It
can be seen that the reinforced with SiC of Al
alloy LM12 matrix alloy exhibits larger YS
than unreinforced SiC of Al alloys LM12.The
influence of SiC on the MMC’s the UTS of
metal matrix composite increased with
increased SiC as compared with unreinforced
alloys Experimented and FEA results as

shown in Fig.13.

Fig:13 EXP and FEA Results comparison
The increased SiC with AALM12 metal

matrix alloy contributes larger UTS than base
material of AALM12 alloys and decreases the
elongation of MMC’s due to hardened

material.
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Table:3 UTS Properties of MMC'’s

EXP FEA
Compositions Deformation Deformation
UTSMPa UTSMPa
mm mm
PRAE) | s | s | mas | 2w
LM12

SU%SIC 9177 242 9331 2.3

10%SiC 93.01 2.25 93.02 2.21

15%SiC 109.85 2.15 1099 2.04

20%SiC 87.97 2.25 87.97 2.16

The comparison of experimental ultimate
tensile strength and Finite element analysis
results means numerical approach method
both the results are correlated.as well as
deformation of MMC’s also followed same
phenomena. The both results are increased
with increased reinforced SiC as show in

above table: 3
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Conclusions

Based on the results of this investigation
following conclusions were drown
1.Aluminum alloy LM12-SiC composites
were prepared by using the stir casting
techniques succeffully, the 23micron meter
size of SIiC have been wused as
reinforcement.

2. The density and volume fraction of metal
matrix composites is increased with
increased SiC and porosity of AALM12
MMC’s is decreases.

3.The tensile yield stress and ultimate
tensile strength of metal matrix composites
Increased with incorporation of silica
carbide. Higher amount of silica carbide
shows more influence on properties.

4.The maximum stress developed in the
middle of the component and in the region
of gage length due to the sudden change in
the cross section near the gage length which
is leads to high stress concentration as
shown in the figure:10. Equivalent Stress
and Maximum Principle Stress is obtained
for each specimen and outcomes were

obtained as shown in the figure.
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5. The finite element analysis is approaches
to the simulation of the tensile test results
are presented by using the ABAQUS
software. In this analysis the experiment

Increased with increased SiC that can show in

both the cases results are correlated. The

percentage elongation.

The composite is decreased with increased SiC
because the uniform distribution of
reinforcement in composites that’s changes
the properties of composites and make it

strength and strong so percentage elongation

is decreases.
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