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Aluminum matrix composites are widely employed in aerospace, military, automobile, and transport applications. The high-
strength with low-weight materials are required to fulfill the requirement of high-performance applications. The low-weight
materials are reinforced with hard reinforcements to obtain high-strength-to-weight properties for using high-performance
applications. The process parameters of fabrication technique define the mechanical and tribological properties. Many types of
optimization tools are used for optimizing the process parameters of fabrication method. In this research, the aluminum alloy 7050
and boron carbide are selected as matrix material and reinforcement material. The fabrication of Al7050/B4C composites is
produced by the stir casting method. The optimization on stir casting process parameters is done by using the Taguchi approach.
The L9 orthogonal array is chosen for this investigation. The chosen input stir casting process parameters are wt% B4C, stirring
time (10, 15, and 20min), stirring speed (300, 350, and 400 rpm), and melting temperature (700, 750, and 800°C). The micro-
hardness is selected as a valuable response parameter for optimizing the stir casting process parameters. The influencing stir casting
process parameter sequence is determined by using mean table. The influencing parameters of stir casting on microhardness are
stirring speed, stirring time, wt% B4C, and melting temperature. The 9wt% of boron carbide addition increases the microhardness,
and it is higher than the other wt%. The optimum combination of input process parameter combination is 9 wt% boron carbide,
750°Cmelting temperature, 350 rpm stirring speed, and 15min stirring time (A3B2C2D2). The percentage of microhardness value
improvement is 20.3%.

1. Introduction

Metal matrix composites (MMCs) are produced to fulfill the
requirement of growing industries by reinforcing the matrix
material. The piston rods, braking systems, piston, pins,
brake caliper, and brake disc are manufactured by the
MMCs. The MMCs have high-strength, better tribological,
and mechanical properties [1]. The MMCs application is
limited by its manufacturing problems [2]. The optimized
properties of the composites are obtained by the optimized
process parameters combination. There are many techniques
have been invented to produce MMCs, such as powder met-
allurgy approach, stir casting technique, vapor deposition
method, and squeeze casting. The stir casting is the better
one while comparing with other fabrication methods in
connection with large quantity manufacturing and simplicity

[3, 4]. The Taguchi approach is widely employed to optimize
the process parameter, and it is better than others because
of its characteristics in forming interaction relationships
between the process parameters [5, 6]. Analysis of variance
is widely employed to determine the significance of process
parameters and the contribution of input process parameters
on its responses [7, 8]. The various kind of hard and soft
reinforcements are used for increasing the properties of
matrix material. The SiC, TiB2, B4C, TiC, ZrO2, and TiO2

are used as hard reinforcement in fabricating composites to
enhance the properties of the matrix material [9, 10]. The
MoS2 and Gr are used as soft reinforcements for reducing
particularly friction coefficient of the MMCs [11]. The wear
resistance of the composites is mainly influenced by the
microhardness of the composite. The hard reinforcements
highly enhance the microhardness of the composites
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[12–14]. The influence of the stir casting process parameters,
such as stirring speed, melting temperature, and stirring
time, is determined on its responses. The reinforcement par-
ticle is analyzed by the hardness distribution [15]. There is no
research has been done to optimize the stir casting process
parameters of Al7050/B4C MMCs. In this research, optimi-
zation is done the determination of the influencing sequence
of stir casting process parameters on its microhardness.

2. Materials and Methods

The aluminum alloy 7050 is chosen as matrix material for
this investigation. The presence of elements in the aluminum
alloy 7075 is shown in Table 1. The boron carbide is selected
as ceramic reinforcement to enhance the properties of the
composites. The particle size of boron carbide is 15 µm, and
it is determined by the particle size analyzer [16]. The boron
carbide is added with the matrix Al7050 for enhancing the
microhardness and wear resistance of the composites. The
properties of matrix and ceramic reinforcement material are
shown in Table 2.

2.1. Fabrication of Composites. The matrix aluminum alloy
7050 is in the round rod shape and it is cut into a very large
number of small pieces. A small number of round rod form
pieces are kept into the crucible furnace. The 1wt% magne-
sium is used to increase the wettability of the reinforcements
with matrix. The deoxidation agent is used to prevent the
oxidation during casting. The boron carbide is preheated for
30min at 400°C. A different combination of parameters is
used for fabricating Al7050/B4C composites. The stir casting
different combination process parameters are wt% B4C, stir-
ring time (10, 15, and 20min), stirring speed (300, 350, and
400 rpm), and melting temperature (700, 750, and 800°C).
The 1wt%Mg is added to the molten metal for increasing the
wettability of B4C and Al7050 matrix material [17]. The
unwanted gas formation is avoided by using degassing tablet
[18]. The L9 orthogonal array combination specimens are
prepared by using stir casting setup. The small spices are kept
into the crucible furnace and heated to the required temper-
ature. The preheating is done on the required wt% of boron
carbide for 30min at 400°C. The preheated reinforcement is
fed into the crucible furnace, and stirrer is rotated at required

speed for required time. The molten melt is then fed into the
mold cavity to form casting. The process is repeated for all
combinations of process parameters. The nine specimens are
prepared at nine different process parameters. The stir cast-
ing arrangement is shown in Figure 1. The L9 combination
process parameters are shown in Table 3. The fabricated
composite’s size is a diameter of 2.5 cm and a length of
25 cm. The composite specimen is shown in Figure 2.

2.2. Testing of Composites. The orthogonal array L9-based
composites are fabricated using stir casting setup, and it is
further subjected to Vickers microhardness testing. The
microhardness tester LM 248 AT(LECO serial no XM8
116, Michigan) is employed to determine the microhardness
of Al7050-based composites, and it is shown in Figure 3. The
L9 specimen process parameter combination with micro-
hardness is shown in Table 4. Each specimen is subjected
to the applied load of 350 g for 15 s duration [19]. The micro-
hardness value is noted for each trial. The three trials are
done for each combination prepared specimen. The average
microhardness value is taken for the investigation. The Taguchi
technique is employed for the optimization on microhardness.

3. Results and Discussion

The orthogonal array L9 combination process parameters
are used for fabricating AL7050/B4C composites, and they
are subjected to Vickers microhardness test. The composite
specimens are fabricated by using L9 orthogonal array com-
bination of input process parameters of stir casting. The
influence of each input parameter of stir casting is deter-
mined by using an optimization technique. The optimization
is done with the help of Minitab 19 software.

The main effect plot for S/N ratio of microhardness is
shown in Figure 4 and Table 5. The larger is better criteria is

TABLE 1: Elements in Al7050.

Element Aluminum, Al Copper, Cu Magnesium, Mg Zinc, Zn Zirconium, Zr

Content % 89 2.3 2.4 6.1 0.12

TABLE 2: Properties of matrix and ceramic reinforcement.

Properties Al7050 Boron carbide

Density 2.8 g/cm3 2.52 g/cm3

Melting point 494°C 2,673°C
Tensile strength 515MPa 500MPa
Thermal conductivity 180W/mK 42W/mK

FIGURE 1: Stir casting arrangement.
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selected for optimization on stir casting process parameters
on microhardness response [20]. The main effect plot for
S/N ratio revealed that increasing boron carbide addition
increases the microhardness of the AL7050/B4C composites.
The highest microhardness value is obtained at 9 wt% (A3) of
boron carbide addition. The microhardness is increased from
700 to 750°C and falls at 800°C. The intermediate melting
temperature (B2) allows the matrix material to surround the
reinforcement material effectively. The intermediate temper-
ature is also an important reason for getting better bonding
strength. The stirring speed is the important input process
parameter in the uniform dispersion of boron carbide in the
A7050 matrix material. The stirring speed increases the micro-
hardness from 300 to 350 rpm and decreases at 400 rpm. The
highest microhardness is obtained at 350 rpm (C2) stirring
speed.

The stirring time is also an important input process
parameter in increasing the microhardness of the Al7050-
based composites. The microhardness is improved from 10
to 15min and decreases at 15min. The highest hardness value
is obtained at 15min (D2) stirring speed. The response table
shows the influencing input process parameter sequence on
microhardness of AL7050/B4C composites, and it is wt% B4C,
melting temperature, stirring speed, and stirring time. Based
on themain effect plot, the ideal combination of input process
parameters is 9wt% boron carbide, a melting temperature of
750°C, a stirring speed of 350 rpm, and a stirring time of
15min denoted as A3B2C2D.

The contour plots for microhardness are shown in
Figure 5(a)–5(e). The combination of wt% B4C, melting
temperature for microhardness, combination of wt% B4C,
stirring speed, for microhardness, combination of wt% B4C,
stirring time for microhardness, combination of stirring time,
melting temperature for microhardness, combination of stir-
ring speed, melting temperature for microhardness and com-
bination of stirring time, stirring speed for microhardness is

analyzed. All input process parameters are influenced by
microhardness because all input parameters intersect with
others.

The confirmation test specimen is fabricated, and it is
further subjected to energy-dispersive X-ray analysis test
(EDAX) and scanning electron microscope (SEM) test to
confirm the presence of AL7050 matrix and boron carbide
reinforcement materials, respectively [21, 22].

The EDAX and SEM of AL7050/9wt% B4C are shown
in Figure 6(a)–6(b). The uniform dispersion of reinforce-
ment material is obtained in the fabrication of AL7050, and
it is confirmed by the Figure 6(a) SEM image [23]. The
EDAX test result exhibits the presence of elements like
aluminum, boron, carbide, and zinc. Figure 6(b) confirms
that there is no oxide formation and porosity in the fabri-
cated composite. The confirmation test is conducted on the
AL7050/B4C composites, and the microhardness response is
noted at the 350 g for 15 s condition. The obtained microhard-
ness value is 195, and it is higher than the initial setting (162).
The percentage of microhardness value improvement is 20.3%.
The increase of microhardness of manufactured composite is
mainly by increasing the bonding strength of the matrix with
reinforcement.

4. Conclusions

The AL7050/B4C metal matrix composites are manufactured
as per L9 orthogonal array-based input process parameters

TABLE 3: L9 stir casting process parameters.

Ex. no wt% B4C Melting temperature (°C) Stirring speed (rpm) Stirring time (min)

1 3 700 300 10
2 3 750 350 15
3 3 800 400 20
4 6 700 350 20
5 6 750 400 10
6 6 800 300 15
7 9 700 400 15
8 9 750 300 20
9 9 800 350 10

FIGURE 2: Fabricated composite specimen.

FIGURE 3: Microhardness tester.
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combination successfully by employing stir casting method.
The microhardness test is done on all AL7050-based com-
posites to determine the hardness of the composites.
The Minitab 19 is used for this investigation. The larger is
better criterion is selected for S/N ratio of microhardness.
The 9wt% of boron carbide addition increases the

microhardness and it is higher than the other wt%. The
intermediate melting temperature (750°C), intermediate stir-
ring speed (350 rpm), and intermediate stirring time
(15min) input process parameters produce composites with
higher microhardness. The optimum combination of input pro-
cess parameter combination is 9wt% boron carbide, 750°C
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FIGURE 4: Main effect plot for S/N ratio for microhardness.

TABLE 5: Response table for signal-to-noise ratios (larger is better).

Level wt% B4C Melting temperature (°C) Stirring speed (rpm) Stirring time (min)

1 44.39 44.72 44.80 44.81
2 44.84 44.97 44.94 44.92
3 45.30 44.84 44.79 44.80
Delta 0.91 0.25 0.14 0.12
Rank 1 2 3 4

TABLE 4: L9 stir casting process parameters with microhardness.

Ex. no wt% B4C (A) Melting temperature (°C) (B) Stirring speed (rpm) (C) Stirring time (min) (D) Microhardness

1 3 700 300 10 162
2 3 750 350 15 171.5
3 3 800 400 20 164
4 6 700 350 20 173
5 6 750 400 10 175.5
6 6 800 300 15 175
7 9 700 400 15 182
8 9 750 300 20 185
9 9 800 350 10 185.5
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FIGURE 5: (a) Contour plots of microhardness with melting temperature and wt% of B4C; (b) contour plots of microhardness with stirring
speed and wt% of B4C; (c) contour plots of microhardness with stirring time and melting temperature; (d) contour plots of microhardness
with stirring time and stirring speed; (e) contour plots for microhardness with stirring time and wt% of B4C.
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melting temperature, 350 rpm stirring speed, and 15min stirring
time (A3B2C2D2). The percentage of microhardness value
improvement is 20.3%.

Data Availability

The data used to support the findings of this study are
included in the article. Should further data or information
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