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Metal matrix composite (MMC) is a composite material with a dispersed phase in a metallic matrix. In this work, the stir
casting process is employed to fabricate aluminium MMC. The process parameters selected for this work are squeeze
pressure, squeeze time, die preheating temperature and stirring speed. The optimization of the process parameters are
carried out with an objective of the maximization of the tensile strength, compressive strength and hardness. The
aluminium scrap particles are used as the matrix material and alumina powder is used as the reinforcing material and it
is mixed with this matrix material after preheating the same in the fabrication of the MMC. Regression equation for the
responses, ANOVA analysis and grey relational coefficient are analysed and the Grey relational grade is determined by
integrating the grey relational coefficient of the response variable and ranking is done. The analysis of variance is
performed for the tensile strength, compressive strength and hardness and the R-square value are found to be 92.7%,
94.89% and 98.98% respectively.
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Introduction toughness and stiffness. Comparing to polymer matrix
the metal matrix can withstand high temperature in
Hybrid composites are a combination of different corrosive temperature. The standard metal matrix are
fibres combined into a single matrix. The combination titanium, aluminum and magnesium, it is useful in
of varying lengths and diameter gives better results aircraft applications. The are many attributes of metal
during hybridization. In recent times the development matrix application such as nozzles in combustion chamber,
of composites from Bio-fibres has significantly improved heat exchanger and housing application, member in
the competitiveness to synthetic fibres. The elements structural etc. The homogeneous distribution between
that influence the properties of the composites are the the reinforcing element and the matrix material will be
length and diameter of the fibres, weight ratio, fibre achieved in stir casting process [1]. Its advantages lie in
orientation, adhesion of the interfaces and fibre orientation. its simplicity, flexibility and applicability to large quantity
The mechanical characteristics like impact strength, production with cost advantage. Surface roughness is
tensile strength, the flexural strength of the Hybrid natural an important response variable in the determination of
fibre composite material was found experimentally. the machining characteristics of electric discharge
MMC is usually designated simply by the metal matrix, machining of glass fibre reinforced composites [2]. Several
material type, and form of reinforcement. The advantages optimization techniques such as Taguchi technique,
of MMC include higher specific modulus, higher strength, Response surface methodology, multi criteria decision
lower coefficient of temperature and improved properties making are used for investigating the relationship between
at a higher temperature. They have higher ductility and the process parameters and the response variable in
toughness than ceramics or ceramic matrix composites. machining of composite laminates [3, 4]. The mechanical
Laminar compounds can be found in a variety of properties of the composite laminates will rely on the
combinations all around. Various layers of materials bonding between the matrix material and the reinforcing
bonded together are termed as laminar composites. material [5, 6].
These may be multiple layers of alternating material or The stir casting is employed to fabricate Aluminium
of a pre-determined number of layers of material. The MMC. Silicon carbide is used as the reinforcing element
layers depend on the requirement or the purpose of the with aluminium alloy as the matrix material. Taguchi
composite. Metal matrix offers high strength, fracture grey relational analysis is used to obtain the optimum

results during machining of the MMC [7]. ANOVA
analysis is used to investigate the relationship beteen

*Corresponding author: - .
Tel : +91 9994595475 the process parameters and the responses during wire
E-mail: cryosenthil@yahoo.com electric discharge machining of hybrid MMCs [8]. The

546



Experimental investigation and parametric optimization of stir casting process parameters for aluminium metal 547

influence of WEDM on material removal rate and
surface roughness are investigated and it is observed
that silicon carbide reduces material removal rate and
improves surface quality and addition of boron reduces
the machining performance. Optimization techniques
are implemented to determine the optimum machining
conditions for WEDM of composite laminates [9]. The
multi objective function is analyzed for the deter-
mination of the optimum parameters in machinability
of the end milling operation [10]. Central composite
design is employed in the optimization of drilling
process parameters on natural fibre composite material
[11]. Epoxy based composite materials are fabricated
and tested for optimization of its mechanical properties
using several optimization techniques like Taguchi
technique, response surface methodology etc., [12].
Investigations on mechanical properties on aluminium
hybrid ceramic composites are investigated and optimi-
zation tools such as response surface methodology,
Taguchi Grey relational analysis are employed to
determine the optimum process parameters [13-15].
Stir casting technique is used to develop bamboo stem
ash aluminium hybrid composite reinforced with alumina
and it is reported that stir casting process is more
helpful in producing the homogeneous distribution of
the matrix and the reinforcement material [16].

Multi objective optimization is carried out by employing
several techniques such as Taguchi analysis, RSM and
Grey relational analysis. These techniques provide the
optimal process parameters and are found to be more
efficient [17-19].

Experimental Methodology
The process parameters selected for this work are

Table 1. Process parameters and its levels

squeeze pressure, squeeze time, die preheating tempera-
ture and stirring speed. The squeeze pressure removes
the porosity in the casting process and it is a highly
influencing parameter. Three levels are chosen for each
process parameter and the ranges are presented in the
Table 1. The stirring time was kept at constant at
constant of 5 min for all the experiments. This time limit
brings an efficient method of homogeneous distribution
of the matrix material and the reinforcing elements.
When the stirring speed is uniform, the distribution of
the reinforcements was uniform an better hardness is
obtained in higher speeds. Increase in stirring speed
results in better distribution of the reinforced particles
an there by increases the hardness of the particle. The
responses considered in this work are; tensile strength,
compressive strength and hardness. The optimization
of the process parameters are carried out with an
objective of the maximization of the responses.

The aluminium scrap particles were cut in to very
tiny particles using power saw machine and these particles
are used as the matrix material in the fabrication of the
MMC. The pieces are pre treated to be free from dirt
and grease and then charged in the stir casting furnace.
The alumina powder is used as the reinforcing material
and it is also mixed with this matrix material after
preheating the same to a temperature of 250 °C. The
alumina powder is used as the reinforcing material and
it is also mixed with this matrix material after preheating
the same to a temperature of 250 °C. Alumina powder
improves the properties of the composite material in
terms f hardness, tensile strength and compressive
strength. The preheating is done since it removes the
dampness and makes the reinforcing elements easier to
mix evenly with the matrix material. To avoid the
thermoelectric voltage arising due to large differences
in temperatures, the molds are preheated. The matrix
and the reinforcing materials are placed in a preheated
die with the temperature ranges of 275 °C, 300 °C and

Parameter Level 1 Level2 Level 3 . . ; .
325°C. The stir casting setup is now monitored for the
Squeeze pressure, MPa 50 » 100 furnace temperature and when the crucible temperature
Squeeze time, Sec 20 30 40 reaches above 600 °C, the matrix materials are charged
Preheating temperature, Deg Cel 275 300 325 into the furnace and and the preheated reinforcing
Stirring Speed, rpm 500 350 600 elements are added to it constantly without turbulence
Table 2. Experimental Data
TS

1 1 1 1 500 131.27 329.25 48.36

2 1 2 2 550 148.35 326.82 523

3 1 3 3 600 159.11 345.25 572

4 2 1 2 600 132.98 339.87 49.46

5 2 2 3 500 156.35 357.36 53.8

6 2 3 1 550 140.96 361.25 57.8

7 3 1 3 550 138.25 361.09 52.19

8 3 2 1 600 129.65 367.95 54.9

9 3 3 2 500 151.78 375.36 589
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and the mixture is stirred using the stirrer continuously
for about 5 min.

The molten metal is then tapped from the bottom to
the die of the squeezing casting setup. Squeezing
pressure of 50, 75 and 100 MPa are employed to
squeeze the molten material from the furnace to the die.
The die is allowed to solidify the molten material for one
hour and then the sample is removed from the die and
investigated for its mechanical properties. The ASTM
standards are followed for testing the samples for the
mechanical properties investigation of the MMC. Universal
testing machine and Rockwell B hardness tester is used
to record the response for each sample and the
experimental data are presented in Table 2. In this work,
Lo orthogonal array is selected and nine samples are
prepared and Taguchi optimization methods are used for
the optimization of the process parameters of the MMC.

Table 3. Analysis of Variance for Tensile strength

Vinothkumar S and Senthilkumar P

Results and Discussion

Analysis of Tensile, Compressive strength and
Hardness

The analysis of variance is performed for the tensile
strength as shown in Table 3. The parameters squeeze
time and preheating temperature are considered to be
significant and the R-square value is observed to be
92.7% and it is highly accepted. The analysis of variance
is performed for the compressive strength as shown in
Table 4. The parameters Pressure and squeeze time are
considered to be significant and the R-square value is
observed to be 94.89% and it is highly accepted. The
analysis of variance is performed for the hardness as
shown in Table 5. The parameters pressure and squeeze
time are considered to be significant and the R-square
value is observed to be 98.98% and it is highly
accepted. The Regression Equation for tensile strength,

Degree of  Seq Sum of  Adjusted sum of  Adjusted Mean sum of
Source F value P value
Freedom square square Square
Regression 3 966.09 966.09 241.52 48.32 0.001
Pressure 1 60.484 60.484 60.484 42019 0.09566
Squeeze time 1 405.904 405.904 405.904 28.1987 0.00316
Preheating Temperature 1 447.725 447.725 447.725 31.1041 0.00255
Stirring speed 1 51.98 51.98 51.98 3.854 0.032
Error 5 19.99 19.99 5.00
Total 8 986.084
S =2.23566 R-Sq = 98.00%
Table 4. Analysis of Variance for Compressive strength
Degree of Seq Sum of Adjusted sum of  Adjusted Mean sum of
Source F value P value
Freedom square square Square
Regression 3 2233.33 2233.33 558.33 21.00 0.006
Pressure 1 1770.91 1770.91 1770.91 74.0512 0.00035
Squeeze time 1 444.62 444.62 444.62 18.5919 0.00762
Preheating Temperature 1 4.59 4.59 4.59 0.1921 0.67947
Stirring speed 1 13.2 13.2 13.2 0.1921 0.520
Error 5 106.37 106.37 26.59
Total 8 2339.70
S =5.15684 R-Sq = 95.5%
Table 5. Analysis of Variance for Hardness
Source Degree of Seq Sum of  Adjusted sum of Adjusted Mean sum of F value P value
Freedom square square Square
Regression 3 106.894 106.894 26.734 100.95 0.00001
Pressure 1 11.016 11.016 11.0161 50.029 0.00087
Squeeze time 1 95.122 95.122 95.1220 431.991 0.000005
Preheating Temperature 1 0.756 0.756 0.7562 3.434 0.123056
Stirring speed 1 0.042 0.042 0.042 0.0124 0.0000
Error 5 1.059 1.059 0.265
Total 8 107.995

S =0.514613 R-Sq =99.01%
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compressive strength and hardness are given in eq. (1-
3) respectively.

Tensile strength
=56.8 - 0.127 Pressure + 0.823 Squeeze time
+ 0.346 Die preheating Temperature
— 0.0589 Stirring speed (1

Compressive strength
=280 + 0.6872 Pressure + 0.861 Squeeze time
+ 0.035 Die preheating Temperature
— 0.297 stirring sped 2)

Hardness
= 32.7 + 0.0542 Pressure + 0.398 Squeeze time
+ 0.0142 Die preheating Temperature
+ 0.00167 Stirring speed 3)

The main effects plots for tensile strength is plotted
and shown in Fig. 1. It is observed that as the squeeze
pressure and stirring speed increases, the tensile strength
of the aluminium MMC decreases. Also when the
squeeze time and die preheating temperature increases,
the tensile strength increases. The main effects plots for
compressive strength is plotted and shown in Fig. 2. It
is observed that as the squeeze pressure and squeeze
time increases, the compressive strength of the aluminium

Main Effects Plot for Tensile strength
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Fig. 1. Main effects plots for Tensile strength.

Main Effects Plot for Compressive strength
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Fig. 2. Main effects plot for Compressive strength.
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Main Effects Plot for Hardness
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Fig. 3. Main effects plot for Hardness.

MMC increases. As the die preheating temperature and
stirring speed increases, the compressive strength of the
MMC shows very low significant change. The main
effects plots for hardness is plotted and shown in Fig.
3. It is observed that as the squeeze pressure and
squeeze time increases, the hardness of the aluminium
MMC decreases. Also when the stirring speed and die
preheating temperature increases, the hardness of the
MMC shows very low significant changes.

S/N ratio, Grey relational Coefficient and Grey
relational grade

The signal to noise ratio values for the response
variables, viz. Tensile strength, compressive strength
and hardness is shown in Table 6. Higher S/N ratio
indicates better performance. From the S/N ratio, the
experimental run 3, indicates the better optimal values
for the maximization of tensile strength, the experimental
run 9 represents the better optimal values for the
maximization of the compressive strength and hardness
for the aluminum MMC. Grey relational analysis is a

Table 7. Grey Relational coefficient and Grey Relational Grade

Table 6. Signal to Noise ratio value of the response variable

S/N ratio
Expt. Run Tensile Compressive 1y 4hoc
strength strength
) 42.36 50.35 33.69
2 43.43 50.29 34.37
3 44.03 50.76 35.15
4 42.48 50.63 33.89
5 43.88 51.06 34.62
6 42.98 51.16 35.24
7 42.81 51.15 3435
8 42.26 51.32 34.79
9 43.62 51.49 35.40

method of calculating grey relational degree and deter-
mining the contribution measure of the main behavior
of the system or the influence degree between the
system factors. The deviation sequence, grey relation
coefficient and the grey relation grade are also computed
and presented in Table 7. The grey relation coefficient

Deviation Sequence Grey Relational coefficient Grey Relational
Expt. Run Rank
TS cs H TS Ccs H Grade
1 0.942 0.950 1.000 0.347 0.345 0.333 0.342 9
2 0.341 1.000 0.602 0.594 0.333 0.454 0.460 7
3 0.000 0.606 0.147 1.000 0.452 0.772 0.741 2
4 0.878 0.720 0.886 0.363 0.410 0.361 0.378 8
5 0.084 0.357 0.459 0.857 0.584 0.522 0.654 3
6 0.592 0.278 0.094 0.458 0.643 0.841 0.647 4
7 0.687 0.281 0.613 0.421 0.640 0.449 0.503 6
8 1.000 0.145 0.356 0.333 0.775 0.584 0.564 5
9 0.229 0.000 0.000 0.686 1.000 1.000 0.895 1
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Fig. 4. Main effects plot for Grey relational grade.

Table 8. Response Table for Means for Grey relational grade

Lot posre S Dby Sire
1 0.5148 0.4076 0.5177 0.6303
2 0.5597 0.5595 0.5778 0.5370
3 0.6543 0.7613 0.6329 0.5611
Delta 0.1398 0.3536 0.1153 0.0933
Rank 2 1 3 4

values are integrated to obtain the grey relation grade
and ranking of the nine experiments are performed. It
is observed that the experiment run 9 (squeeze pressure
100 Mpa, Squeeze time 40 secs, Die preheating tem-
perature 300 °C and stirring speed 500 rpm) represents
the best optimized combination in producing the
maximum tensile strength, compressive and hardness
of the aluminum MMC.

The response table for grey relation grade is presented
in Table 8 and the main effects plots for the grey
relational grade is shown in Fig. 4. It is observed that
the squeeze time is the highest influencing parameter in
the determination of the maximization of the response
variables. The next influencing parameters are squeeze
pressure, die preheating temperature and stirring speed.
The optimum parameters are determined and the ex-
periments are validated to check the consistency of the
Taguchi technique.

Conclusion

In this work, aluminum MMC is fabricated using stir
casting process and the process parameters selected for
this work are squeeze pressure, squeeze time, die pre-
heating temperature and stirring speed. The aluminium
scrap particles were cut in to very tiny particles and

used as the matrix material and alumina powder is used
as the reinforcing material after preheating the same.
ANOVA analysis is performed and R-square value for
tensile strength, compressive strength and hardness are
observed to be 92.7%, 94.98% and 98.98% respectively.
The deviation sequence, grey relation coefficient and
the grey relation grade are also computed and discussed.
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