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Abstract: Today’s automotive designers and material spe-
cialists regard lighter vehicles for less fuel consumption
(economy and ecology) and higher safety to passengers.
Metal matrix composites have been a large area of inter-
est. Aluminium composite is potentially applied in auto-
motive and aerospace industries, because it has a supe-
rior strength to weight ratio and is a light weight metal
with high temperature resistance. Composites containing
hard oxides and ceramics (such as alumina) are preferred
for highwear resistance alongwith increased hardness. In
thiswork, aluminaand zinc are reinforced inAl-LM25 alloy
through stir casting process, where alumina is varied 6%
and 12% in Al-5%Zn. Various mechanical analyses were
conducted and the effect of wear with different percentage
of alumina reinforcement was studied. The resulting prop-
erties are imported in apiston,modelledusing solidworks,
and analysed in ANSYS work bench. Imparting this new
material for pistons could introduce deep design and im-
provements in engine operation of a vehicle.

Keywords: LM25 alloy, Zinc and alumina, Stir casting, Me-
chanical and wear behaviour, analysis in ANSYS

1 Introduction
Engine piston is the most complex part compared to other
components in an automobile sector.Many researchworks
have been conducted on piston with regard to material
composition, geometry andmanufacturing technique. The
function of the internal combustion engine piston is to
receive the energy from expanding gases during combus-
tion and transmit it to the crankshaft by means of con-
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necting rod. The piston expands appreciably when it gets
heated during the operation; so actual clearances need to
be given, otherwise it will lead to engine seize. This report
is of replacing conventional piston material LM28 with a
new composite [Al-LM25 +Al2O3 + zinc]. Zinc is added 5%
throughout all three samples, and alumina is varied 6%
and 12%, respectively. The addition of zinc and alumina
reinforcement particles to the aluminiummatrix improves
the tensile strength, compressive strength and hardness
behaviour. The reinforcement material has more factor of
safety compared toun-reinforced alloymaterial because of
more yield strength due to the presence of reinforcements
in the matrix alloy. As per rule of mixture, the strength
of the composite drops similarly, with decrease in matrix
strength at increasing temperature. Composites produced
at an industrial scale are used for manufacturing of pis-
tons, cylindrical sleeves, disc sand brake drums. Speci-
mens casting is done through stir casting technique.

To find the mechanical properties, specimens are
subjected to various tests such as wear, hardness, ten-
sile, radiography and impact tests, and interpretation of
CAD/CAM/CAE is very helpful to design, analyse, opti-
mize and interpret the data. Compared to traditional alu-
minium alloys, there can be better stiffness, wear resis-
tance and creep resistance when the aluminium alloy ma-
trix composites are reinforced with ceramic particles. Be-
cause of the properties of aluminium such as low melt-
ing point, low density, thermal conductivity and high spe-
cific strength, a wide range of reinforcement particulates
such as SiC, Al2O3, B4C, TiC and TiB2. The objective of the
present work was to evaluate alumina’s influence on the
densification, strength and hardness in Al–Zn composite.
Krishnan (2013, IJMERR) fabricated composite plates sub-
jected to mechanical properties like flexural strength, im-
pact strength test of the various specimens are calculated
by using computer-assisted universal testingmachine and
Charpy impact testing machine. From the results, it is
found that pure basalt fibre combinationmaintains higher
values in both flexural and tensile tests, but for impact test
basalt fibre is slightly lower than jute fibre reinforced com-
posite [17].
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2 Methodology
In this work, stir casting, a conventional metal-forming
technology, is used. In this, the fabrication of composite
materials is done at liquid state: thedispersedphase (short
fibres, ceramic particles) is mixed in molten matrix metal
by means of mechanical stirring. This liquid composite
material is casted into products by conventional casting
methods. The project objective involves the evaluation of
wear rate, strength and hardness of Al-Zn-Al2O3 compos-
ite, where Al acts as the base metal matrix and zinc and
aluminium oxide act as the reinforcement metals. Silicon
is used to increase some of the wear and hardness prop-
erty.

2.1 Numbering

The project involves three cases. Zinc is kept constant at
5%. Aluminium oxide percentage is varied as 6% and 12%.
In sample A, the basematerial LM25 is addedwith 5% zinc.
In sample B, the composition of sample A is considered
and 6% aluminium oxide is added. In sample C, the com-
position of sample B is considered and another 6% alu-
minium oxide is added (totally 12%). The dimensions are
selected based on the ASTM standards.

2.2 Stir casting process

The materials were taken in required composition and Al-
LM25 alone was taken 20% higher because of slag forma-
tion in stir casting process (total weight of three samples).
This alloy is heated in a furnace and it will get melted
at 750∘C. Care has to be taken to achieve better melting.
Scum powder is used for removing the slag and to avoid
defects of casting. The measured reinforcement of Zn (3
samples) is preheated to 500∘C and maintained at uni-
form temperature for 25 minutes to remove the moisture
content. The preheated zinc reinforcement is added to the
molten Al-LM25 alloy and stirred at 400 to 500 rpm.When
the molten metal has reached 800∘C, 5% of solid dry hex-
achloroethane tablets are used for degassing process. The
stirring molten metal creates a vortex and is kept for 10
minutes. The molten mixture of Al alloy and Zn is taken
and poured into a preheated mould and cooled to obtain
the sample A. Then 6% alumina is added into the remain-
ing molten metal, stirred again, poured into mould and
cooled to obtain sample B. Then 6% alumina is added and
sample C is obtained.

2.3 Testing

In order to investigate themechanical properties that need
to be given as an input in the CAE analysis, the hardness
test, wear, tensile and impact tests were carried out. Vick-
ers hardnesswasmeasured and the valueswere compared
with all samples. The samples were tested in an UTM to
study their behaviour under tensile load.

3 Results and discussion

3.1 Vickers hardness test

The Vickers pyramid hardness number is determined
based on an optical measurement system. It consists of in-
denting the test material with a diamond indenter, in the
form of a right pyramid.

Figure 1: Vickers hardness number for samples.

The sample taken for Vickers hardness test is�25 mm
× 8 mm. Ten readings of hardness are taken at various
points of the specimens and the average is shown in Fig-
ure 1.

3.2 Pin-on-disc wear test

The standard samples (pins– cylindrical shape) havingdif-
ferent weight percentage of alumina were prepared (�10
mm × 25 mm). At normal load 20 N, the wear tests were
conducted. Every wear test has been worked out for differ-
ent sliding distance of 1 km at a speed of 600 rpm and the
tangential force was observed simultaneously. Frictional
force and wear are measured by digital display of pin-on-
discmachine. Sliding occurs between the rotatingdisc and
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the stationarypin. Rotational speed, normal loadandwear
track diameter can be varied to suit the test conditions.

Figure 2:Wear comparison for samples.

The parameters which are available as functions of
speed and loadarewear and tangential force that aremoni-
tored through electronic sensors and recorded on a PC. Fig-
ure 2 shows the result of wear which gets reduced because
of the alumina reinforcement in different samples. The fric-
tion and wear rate have been studied.

3.3 Impact strength between samples

The Charpy impact test is a standardized high strain rate,
which is used to determine the amount of energy ab-
sorbed during fracture by a material. It is also known as
the Charpy V-notch test. This absorbed energy is a mea-
sure of a given material notch toughness and acts as a
tool to study temperature-dependent ductile–brittle tran-
sition. The value in Table 1 shows the ceramicmaterial alu-
mina which brings the strength and improves the impact
strength percentage.

The test specimen shows 12.3% change in impact
strength at 6% increment of Al2O3 with 5% zinc constant
and 3.13%change in impact strength at 6% to 12% increase
in Al2O3 in the third specimen (Figure 3).

Table 1: Percentage of Change in Impact Strength.

Sample
No.

Composites Impact
Strength
(nm)

% Change
in Impact
Strength

1 LM25 + 5% Zn 6 –
2 LM25 + 5% Zn + 6%

Al2O3

6.5 8.33

3 LM25 + 5% Zn +
12% Al2O Al2O3

7.2 10.8

Figure 3:Wear comparison for samples.

3.4 Tensile strength in UTM

The tension test is conducted at a velocity of 0.05 mm/min
in the universal tensile test machine of capacity 10 kN. The
ultimate tensile strength of a material is calculated by di-
viding the amount of the load at its failure point by the orig-
inal area, which is expressed in MPa. The addition of re-
inforcements (zinc and alumina) to Al-LM25 increases the
tensile strength of the specimen (Table 2).

These reinforcement particles in the metal matrix Al-
LM25 act as barrier to the deformation of a microstructure
by importing strength to the metal matrix. Hence the spec-
imenwith 6% of Al2O3 and 5%of zinc shows better tensile
strength behaviour than the other composition.
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Table 2: Tensile Strength Result Obtained in UTM.

3.5 Tensile strength in UTM

For solving numerical problems using computer as an in-
terface andobtaining the thermo-mechanical behaviour of
components, finite element analysis is one method. It has
been applied to a number of physical problems. The reduc-
tion of error has been done by piece-wise continuous func-
tion to obtain a solution. The complexity of problem needs
speed, efficient and optimal design. Kirloskar Rex Engine
specifications have been taken into consideration. The pis-
tonmodel is designed inmodelling software anduploaded
in ANSYS. In general, the piston will be designed for high
fatigue life cycles, usually > 108 life cycles (Table 3).

Table 3: Results Used for Analysis in ANSYS.

Samples A B C
Tensile (MPa) 303 365 406

Ultimate tensile strength
(N/mm2)

367 426 442

Poisson’s ratio 0.33 0.33 0.33
Young’s modulus (GPa) 72 76 79

Density (g/cm3) 2.785 2.84 2.9
Shear modulus 26 29 31

In this work, we have considered the effect of pressure
force and inertia force and it is assumed that side thrust
force is negligible, but in reality this may have some influ-
enceon stress anddeformationof piston.Also the tempera-
ture effect is neglected, as and the temperature is assumed
to be uniform. The pressure force and inertia force are ap-
plied on the crown (i.e. top face) of the piston.

Figure 4: Sample A deformation analysis.

The maximum von Mises stress induced in the piston
is 506 MPa, at the inner boss fillet area, which is due to
stress concentration effect and pressure application on the
top face of the piston. The stress at piston ring grooves
is approximately 240 MPa. The maximum displacement is
1.206 mm observed at the centre of the piston as shown in
Figure 4. The maximum elastic strain induced in the ma-
terial is 0.00702. The strain energy stored in the material
is 40 MPa. From Figure 5, the maximum von Mises stress
induced in the piston is 506 MPa, at the inner boss fillet
area, which is due to stress concentration effect and pres-
sure application on the top face of the piston.

Figure 5: Sample B deformation analysis.
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The stress at piston ring grooves is approximately 220
MPa. The maximum displacement is 1.013 mm observed
at the centre of the piston. The maximum elastic strain in-
duced in the material is 0.00743. The strain energy stored
in thematerial is 35MPa. FromFigure 6, themaximumvon
Mises stress induced in the piston is 506 MPa, at the inner
boss fillet area, which is due to stress concentration effect
and pressure application on the top face of the piston. The
stress at piston ring grooves is approximately 240MPa. The
maximumdisplacement is 1.101mmobserved at the centre
of the piston. The maximum elastic strain induced in the
material is 0.00729. The strain energy stored in the mate-
rial is 38 MPa.

Figure 6: Sample C deformation analysis.

4 Conclusion
The conclusions drawn from the present investigation are
as follows:

(a) The results confirmed that stir-formed Al alloy LM25
with Zn and Al2O3 reinforced composites is clearly
superior to base Al alloy LM25 in the comparison of
wear rate and hardness test.

(b) Dispersion of Zn and Al2O3 particles in aluminium
matrix improves the hardness of thematrixmaterial.

(c) Aluminium matrix composites have been success-
fully fabricated by stir casting technique with fairly
uniform distribution of Zn and Al2O3 particles.

(d) The hardness increases after addition of Zn and
Al2O3 particles in the matrix.

(e) Thewear rate of thefirst sample is less than the other
two samples. It shows Zn has good wear resistance
properties.

(f) Stir casting process, stirrer design and position, stir-
ring speed and time, particle preheating tempera-
ture, particle incorporation rate and so on are the
important process parameters.
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