
Journal of Ceramic Processing Research. Vol. 23, No. 2, pp. 233~236 (2022)

(Received 31 January 2022, Received in revised form 11 March 2022, Accepted 21 March 2022)

https://doi.org/10.36410/jcpr.2022.23.2.233

233

J O U R N A L O F

Ceramic
Processing Research

Optimization of stir casting process parameter using response surface meth-

odology

Senthilkumar KMa,
*, Sivakumar Ab, Rohokale Milind Shivajic, S.K. Tamangd and Giriraj Me

aFaculty of Mechanical Engineering, Kumaraguru College of Technology, Coimbatore, India
bFaculty of Mechanical Engineering, Kongu Engineering College Perundurai, India
cFaculty of Mechanical Engineering, SKN Sinhgad Institute of Technology & Science, Lonavala, India
dFaculty of Mechanical Engineering, North Eastern Regional Institute of Science and Technology, Nirjuli, India
eFaculty of Design and Automation, Vellore Institute of Technology, Vellore, India

Response surface methodology is used to optimize the stir casting process parameters for the aluminium metal matrix
composite reinforced with boron carbide with several weight percentages. The stir casting process parameters used in this
work are the weight percentage of the reinforcing element, stir casting mixing time and particle size of the reinforcing element
used in the fabrication of the metal matrix composite. The levels are chosen and central composite design is implemented to
optimize the tensile strength of the metal matrix composite. The analysis of variance is calculated and the estimated regression
coefficients for the tensile strength are obtained. Also the residual plots and the contour plots are plotted and discussed here. 
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Introduction

Matrix is considered to be an important phase in the

formation of composite structure. Functions of the

matrix are to give rigidity and shape of the structure are

provided by the matrix material and good surface finish

is obtained by the presence of matrix material and near

net shape parts. The reinforcement in composite materials

increases the tensile strength, stiffness, elongation etc. The

reinforcing elements helps to carry the load effectively,

provide good stiffness, give high electrical conductivity

and excellent strength. The mechanical properties of

the fibre should be appreciable and Good orientation of

the fibres in the composite should be observed in the

fabrication of the composite material. The constituent

elements in a composite retain their identities. The

materials used in the composite do not dissolve or

completely merge into one another. The term composite

material refers to all solid materials which compose of

more than one component. These components are mostly

in separate phases. Short fibre reinforced composite are

further classified into two types namely, aligned and

randomly ordered fibre composites. Glass, aramid and

carbon fibres are generally used for composite materials.

Optimization of surface roughness is carried out using

RSM. It is inferred that the percentage of increase in

the weight percentage of the reinforcing elements

will increase the tensile strength of the metal matrix

composite [1].

Stir casting process is developed to prepare a titanium

oxide reinforce Al7075 composite with varying weigh

proportions and investigated the mechanical properties

of the composite [2]. Better material characteristics is

obtained in hybrid reinforcement and effective optimization

is also done [3, 4]. The multifunctional aspects of the

aluminium alloy metal matrix composite are finding

several applications in solar panel, aerospace technology,

antenna reflectors etc. [5-8]. The optimization techniques

are employed in the analysis investigations of the fibre

reinforced composite materials [9]. Several studies on

the reinforcement of silicon carbide in the fabrication

of the metal matrix composite with aluminium alloy is

investigated [10-13], however there are very limited

reviews are studied in the reinforcement of boron

carbide in the metal matrix composite. The natural

fibre composites possess high mechanical properties

and electrical properties. Also these fibres finds several

applications in automobile industries due to its excellent

tensile strength and hardness [14-16]. Optimization of

process parameters in machinng of GFRP composites

are analysed. Desirability based approach response

surface methodology are used and mathematical models

for the responses are developed and validated [17, 18].

Drilling of natural fibre reinforce composites are

demonstrated and mathematical models are developed

and validated. The grey relational analysis is used to

rank the optimum machining parameters for the composite

materials [19, 20]. The investigation of epoxy based
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composites are carried out and optimization of the

parameters are done [21, 22].

Experimental Methodology

Al7075 metal matrix is considered as the matrix and the

boron carbide particles are considered as the reinforcing

element in this work. Aluminium alloy Al 7075 possesses

high strength, toughness, fatigue resistance, improved

ductility and consist of zinc as the primary alloying

element. Al 7075 alloys find several industrial applications

in bicycle equipments, sports equipments, aircraft com-

ponents and so on. The stir casting process is used to

fabricate the composite and it is tested for its tensile

strength using the UTM. Stir casting is liquid state

method, in which the molten metal is stirred continuously

and the reinforcing element, he dispersed phase is added

to the molten metal to have a uniform composition of

the composite material. In this way the metal matrix

composites are prepared thereby getting the advantage

of the mechanical properties of both the matrix phase

and the dispersed phase in the finally fabricated composite

material. The percentage of boron carbide is varied from

3 percentage to 9 percentage with the Al7075 alloy. Stir

casting is useful in preparation of composite material

because of its mass production and economic aspects.

Stir casting employs stirring of the metal matrix and

the reinforcement material in high temperature, thereby

the mixing of the metal matrix and the reinforcing

material will take place effectively. This will improve

the mechanical properties of the composite material.

The experimental setup comprises of an electric

furnace and a stirrer. The current supplied to the furnace

is in the range of 230V AC and 50 Hz. The aluminium

alloy in the form of scraps is placed in the furnace and

heated to a temperature above 650 degree Celsius. This

is followed by adding the preheated reinforcing elements,

boron carbide in several weight percentages. The metal

matrix composites are fabricated and the specimens are

tested for the tensile strength, which are prepared as per

the ASTM standards. Universal tensile testing machine is

employed and the three readings are recorded for each

run and average of the three values is recorded here.

The design of experiments is used to optimize the

process parameters for stir casting process to obtain

maximum tensile strength for the metal matrix composite

specimen. The tensile strength is useful in determination

of the breaking force required for any material to break

and also it estimates how the material elongates when

the force is employed to the material. Since determination

of a breaking point of a material, tensile strength is the

primary and most important characteristics, in this

work tensile strength is considered.

The process parameters used in this work are

percentage of weight composition of the reinforcing

element, boron carbide, mixing time of the reinforcing

element to the metal matrix, Al7075 alloy and size of

the particle of the reinforcing element. The levels of

the process parameters are presented in Table 1.

This work focuses on selection of process parameter

employed for stir casting such as weight percentage of

the reinforcing elements, mixing time and size of the

reinforcing elements. These levels are recommended by

the industrialists practicing fabrication of the metal matrix

composites employed for several industrial applications

and it is also suggested by the previous researchers in

their work. Response surface methodology is useful in

determining the mathematical relationship between the

process parameters and responses. This is statistical

technique which is used to optimize the parameters

and to find the importance of interaction effects of the

parameters on the response variables used in the

optimization process. Central composite design is used

for conducting the experiments and the tensile strength

Table 1. Process parameters and its levels 

Parameters Level 1 Level 2 Level 3

Boron carbide Weight percentage, % 3 6 9

Mixing time during the stir casting process, min 6 8 10

Size of the boron carbide particle, µm 8 9 10

Table 2. Experimental data

Run
Weight 

percentage, 
%

Mixing 
time, 
min

Size of 
particle,

 µm

Tensile 
strength, 

MPa

1 6 8 9 201

2 3 6 8 214

3 6 8 10 207

4 9 10 10 209

5 3 8 9 211

6 3 10 8 221

7 3 6 10 208

8 3 10 10 204

9 6 6 9 212

10 9 6 10 205

11 6 8 9 215

12 6 8 9 211

13 6 8 9 217

14 6 10 9 218

15 9 8 9 212

16 9 10 8 214

17 6 8 8 209

18 9 6 8 206

19 6 8 9 201

20 6 8 9 200
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is recorded and the experimental data are presented in

Table 2.

Twenty 20 specimens are made in this work. Response

surface methodology is incorporated and central composite

design is used to conduct twenty experiments as

suggested by the design expert software. The set of the

experiment are given by the design expert software and

for each experiment, the metal matrix composites are

prepared by varying the mixing time, weight percentage

of the reinforcing element and size of the reinforcing

particle. The specimens once prepared are tested for

tensile test in the UTM and the values are recorded.

Results and Discussion

The Analysis of variance for the tensile strength is

determined and presented in Table 3. It is observed that

the most influencing parameter is size of the particle

which is used as the reinforcing element in the metal

matrix composite. The estimated regression coefficient

for the tensile strength is presented in Table 4 and the

regression equation for tensile strength is obtained. The

normal probability plot for the tensile strength is shown

in Fig. 1 and it is inferred that all the recorded values

falls near to the median line and the results are found to

be satisfactory. The contour plots are plotted for the

tensile strength and it is shown in Fig. 2. The contour

Fig. 1. Normal probability Plots for Tensile strength.

Table 3. Analysis of Variance for Tensile strength

Source DoF Sequential SS Adjusted SS Adjusted MS F % of Contribution

Regression 9 1136.27 1136.27 126.252 0.82

Linear 3 590.51 590.51 196.836 1.27

Weight percentage 1 29.29 29.29 29.288 0.19 1.09

Mixing time 1 367.70 367.70 367.699 2.38 13.71

Size of particle 1 193.52 193.52 193.521 1.25 7.21

Square 3 95.38 95.38 31.795 0.21

Weight Percentage * Weight percentage 1 52.18 52.18 63.957 0.41 1.94

Mixing time * Mixing time 1 32.31 32.31 35.809 0.23 1.21

Size of particle * Size of particle 1 10.89 10.89 10.888 0.07 0.41

Interaction 3 450.38 450.38 150.125 0.97

Weight percentage * mixing time 1 3.12 3.12 3.125 0.02 0.12

Weight percentage * size of particle 1 171.13 171.13 171.125 1.11 6.37

Mixing time * size of particle 1 276.13 276.13 276.125 1.78 10.29

Residual error 10 1546.93 1546.93 154.693

Lack-of-fit 5 431.43 431.43 86.287 0.39

Pure error 5 1115.50 1115.50 223.100

Total 19 2683.20

Table 4. Estimated Regression coefficient for Tensile strength

Term Coefficient SE Coefficient T Value P Value

Constant 207.552 2.436 85.209 0.000

Weight percentage -0.829 1.616 -0.513 0.619

Mixing time 1.837 1.616 1.137 0.282

Size of the particle -2.370 1.616 -1.466 0.173

Weight percentage * weight percentage 1.073 1.573 0.682 0.511

Mixing time * mixing time 2.310 1.573 1.469 0.173

Size of particle * Size of particel -0.165 1.573 -0.105 0.919

Weight percentage * mixing time 1.125 2.112 0.533 0.606

Weight percentage * size of particle 2.125 2.112 1.006 0.338

Mixing time * size of particle -1.875 2.112 -0.888 0.395
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plots for tensile strength are plotted and it is concluded

that the optimal values of the stir casting process parameter

for obtaining maximum tensile strength is weight

percentage of boron carbide is 6%, mixing time in the

stir casting process is 6 min and size of the reinforcing

elements of the boron carbide is 9.

Conclusions

The Al7075 aluminium alloy is reinforced with boron

carbide for fabricating the metal matrix composite using

stir casting process. The stir casting process parameters

employed in this work is mixing time, percentage of

the reinforcing element and size the boron carbide

particle. The optimization of the tensile strength of the

metal matrix composite is done using response surface

methodology with central composite design. The analysis

of variance is performed and the contour plots are plotted

and investigated. Validation results are conducted and it

is noted that the tensile strength of the composite

material at the optimum results are found to 221 MPa

and very close to the predicted results.
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Fig. 2. Contour Plots for Tensile strength.


