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Abstract — The squeeze casting of aluminum composites is a rapidly developing process that offers the potential for 
widespread utilization in automobile and aerospace industries, in squeeze casting process metal is solidified under 
mechanically applied pressure. The near net shaped components can be produced by squeeze casting. It has been shown 
that squeeze casting enhances the mechanical properties of cast metals. In the present work, the elemental SiC and Al2O3  
powders are mixed with aluminum molten metal to produce the Al-SiC- Al2O3 hybrid composites.  Optimization is one 
of the techniques used in manufacturing sectors to get best manufacturing conditions. Experiments were conducted based 
on L9 orthogonal array by varying the input parameters. Mechanical properties such as ultimate tensile strength, hardness 
and wear rate were taken as output responses. Experiment results reveal that squeeze pressure is the most influencing 
factor on mechanical properties .Good agreement between confirmatory and experimental results has been found from 
confirmatory tests. 
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I. INTRODUCTION 
 The squeeze casting process has the capability of producing near net shape castings that are essentially pore 

free. The high pressure during solidification keeps the molten metal in direct contact with the die surface providing true 
to die dimensions in the casting, the close contact with the die surface during solidification results in rapid solidification 
of the casting. This rapid solidification produces a fine secondary dendrite arm spacing in the castings, so that good 
strength and ductility can be attained. 
  The main aim of making metal matrix composites is to combine the desirable properties of metals and ceramics.  
Due to easy availability, high strength to weight ratio and ductility aluminium is the most widely used metal in 
automobile and aircraft industries. In motor-cars metal matrix composites (MMCs) are employed in braking systems and 
engine components.  Senthil et al., studied the influence of squeeze pressure, melt temperature, die preheating 
temperature, die insert material and compression holding time on mechanical properties of LM24 aluminium alloys and 
concluded that squeeze pressure is the major contributing factor for the improvement of mechanical properties [1]. While 
preparing metal matrix composites, the selection of reinforcement particle size also influences the strength of material in 
the squeeze casting process. The smaller the grain size the better the improvement in properties [2].In squeeze casting the 
major parameters influencing the casting density and surface roughness are applied pressure, pressure duration, die and 
pouring temperature. Increase in squeeze pressure and pressure duration improves surface finish and casting density but it 
affects die life [3] Vijian et al. reported that squeeze casting exhibited remarkable grain refinement and substantial 
improvement in mechanical properties [7]. Kim et al. stated that squeeze casting accounted for a 15%–40% improvement 
in mechanical properties from the gravity die casting process [10]. 

Though many research works on squeeze cast aluminum alloys have been reported in literature, some gaps have 
been identified from the literature. Previous studies using squeeze casting technology to fabricate alloys only. It is 
understood that addition of ceramic materials can enhance the mechanical properties and life of components. This study 
aims at optimizing the fabrication process in order to achieve improved strength and mechanical properties. The effect of 
squeeze casting process parameters like squeeze pressure, pouring  temperature, die preheating temperature on 
mechanical properties of Al6061/SiC/Al2O3 hybrid aluminium composites was investigated. Optimum parameters are 
found by taguchi method. Materials are selected to meet the growing needs of automobile industry. 
  

II. EXPERIMENTS 

2.1 Orthogonal array design 
 

Taguchi Method is a statistical approach to optimize the process parameters and improve the quality of components 
that are manufactured.  Taguchi method stresses the importance of studying the response variation using the signal–to–
noise (S/N) ratio, resulting in minimization of quality characteristic variation due to uncontrollable parameter [15]. 
Taguchi method is based on performing evaluation or experiments to test the sensitivity of a set of response variables to a 
set of control parameters (or independent variables) by considering experiments in “orthogonal array” with an aim to 
attain the optimum setting of the control parameters. Orthogonal arrays provide a best set of well balanced (minimum) 
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experiments. There are three forms of signal to noise (S/N) ratio that are of common interest for optimization by 
taguchi method, they are larger-the-better, smaller-the-better and the nominal-the- best 

2.2 Experimental setup 
The squeeze casting setup consists of two stainless steel spacers, stainless steel plunger, die, and base as shown in 

Figure.1 The cylindrical die is designed in order to minimize leakage, provide uniform pressure, and ensure smooth 
ejection of the cast . The die cavity has an internal diameter of 50 mm with length 250 mm. White graphite is used as 
lubricant. Main purpose of using lubricant is, it prevents adhesion and sticking of the composite specimen to the inner die 
wall. Pressure is applied by using the hydraulic plunger. A ceramic electric heater of capacity 400 °C was used to preheat 
the die. Aluminium 6061 alloy was melted in electric resistance crucible furnace. Homogenous distribution of 
reinforcement particle into the matrix material is the major factor which decides the final quality of casting. To attain the 
uniform distribution, silicon carbide and alumina powders are added with molten metal in the furnace and thoroughly 
mixed with the help of mechanical stirrer. After degassing the melt, a metered quantity of molten alloy was poured into 
the preheated die cavity. 

 

 
Fig 1. Squeeze casting die 

2.3 Tensile test 
Tensile properties dictate how the material will react to forces applied in tension. A tensile test is a fundamental 

mechanical test where a carefully prepared specimen is loaded in a very controlled manner while measuring the applied 
load and the elongation of the specimen over some distance. Tensile tests are used to determine the modulus of elasticity, 
elastic limit, elongation, proportional limit and reduction in area, tensile strength, yield point and other tensile properties. 
The specimens are prepared according to ASTM- E8 standards 

 

 
Fig .2 Tensile test samples 
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2.4 Hardness test 
 Hardness test involves a small indenter being forced into the surface of the material being tested under 
controlled conditions of load and rate of application. The depth or size of the resulting indentation is measured, which in 
turn is related to a hardness number the brinell hardness test method consists of indenting the test material with a 5 mm 
diameter ball subjected to a load of 250 kg. The full load is applied for 1 minute. The diameter of the indentation left in 
the test material is measured by microscope. 
 

 
Fig 3. Hardness test samples 

2.5 Wear test 
A computerized pin- on- disc test machine was used for wear tests. The wear testing was carried out at a constant 

sliding velocity of 1m/sec with normal loads of 10N. A cylindrical pin of size 10mm diameter and 25mm length prepared 
from composite casting was loaded through a vertical specimen holder against horizontal rotating disc. Before testing, the 
flat surface of the specimens was abraded by using 2000 grit paper. The rotating disc was made of carbon steel of 
diameter 120mm. Wear tests were carried out at room temperature without lubrication for 2 minutes. 
 

 
Fig 4 Wear test samples 

 
III. RESULTS AND DISCUSSION 

 
If there is an experiment having 3 factors which have three levels, then total number of experiment is 27. Then 

results of all experiment will give 100 accurate results. In comparison to above method the Taguchi orthogonal array 
make list of nine experiments in a particular order which cover all factors. Those nine experiments will give 99.96% 
accurate result [15] 

The analysis was done using MINITAB 15. The squeeze casting cast process parameters, namely squeeze pressure, 
pouring temperature and die preheating temperature at 3 levels are arranged in L9 orthogonal array. Effect of each control 
factor on tensile strength, hardness and wear rate was carried out with the S/N response table. The response tables for 
tensile strength, hardness and wear rate are also presented in table 2, 3, 4. It could be seen from these tables that the 
factor squeeze pressure have strongest influence on UTS, hardness and wear rate. Regardless of the category of 
performance characteristics, the greater S/N ratio gives better performance. Therefore, the optimal level of process 
parameters is the level with the greatest S/N value. The response graph shows the change of the S/N ratio when the 
setting of the control factor is changed from one level to the other. The best tensile strength, hardness and wear rate were 
at the higher S/N values in the graphs. It could be seen in Fig. 5 that the optimum process condition became A3B2C2 for 
main control factors. That is, the optimal process parameters for the tensile strength, hardness and wear rate are the 
squeeze pressure at level 3, pouring temperature at level 2 and die preheating temperature at level2 
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Table 1.Experimental observations and S/N ratio 

S.n

o 

Squeeze 

pressure 

(MPa) 

A 

Melt 

temper

ature 

(°C) 

B 

Die 

preheatin

g 

temperat

ure (°C) 

C 

UTS 

(MPa) 

Hardn

ess 

values 

(BHN) 

Wear 

rate 

(mm3/m) 

S/N 

Ratio for 

UTS 

 

S/N Ratio 

for 

hardness 

S/N Ratio for 

wear rate 

1 50 650 150 201 65 0-00057 46.063 36.230 64.852 

2 50 700 200 219 66 0.00051 46.808 38.387 65.848 

3 50 750 250 204 58.5 0.00061 46.192 35.342 64.293 

4 75 650 200 228 71.5 0.00048 47.158 37.054 66.357 

5 75 700 250 232 73.5 0.00049 47.309 37.276 66.196 

6 75 750 150 231 68 0.00053 47.272 36.605 65.514 

7 100 650 250 236 67 0.00041 47.458 36.495 67.937 

8 100 700 150 238 76 0.00043 47.531 37.535 67.330 

9 100 750 200 232 78.5 0.00046 47.309 37.833 66.749 

 
Table 2. S/N ratio response table for UTS 

Level A B C 

1 46.36 46.89 46.96 

2 47.25 47.22 47.09 

3 47.43 46.92 46.99 

Delta 1.08 0.32 0.14 

Rank 1 2 3 

 
Table 3. S/N ratio response table for hardness 

Level A B C 

1 35.99 36.59 36.79 

2 36.98 37.07 37.09 

3 37.29 36.59 36.37 

Delta 1.30 0.47 0.72 

Rank 1 3 2 

 
Table 4. S/N ratio response table for wear rate 

Level A B C 

1 65.00 66.38 65.90 

2 66.02 66.46 66.32 

3 67.34 65.52 66.14 

Delta 2.34 0.94 0.42 

Rank 1 2 3 
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Fig 5. Response curve for UTS, Hardness and Wear rate 

 
3.1 Analysis of variance 

 
Using Minitab 15, ANOVA is performed to determine which parameter and interaction significantly affect the 

performance characteristics. Table shows the ANOVA results for tensile strength hardness and wear rate respectively. 
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ANOVA calculates the F- ratio, which is the ratio between regression mean square and mean square error. In general 
when the F- value increases, the significance of the parameter also increases. From ANOVA results it is seen that 
squeeze pressure is the most significant factor influencing the UTS, hardness and  wear rate 

 

Table  5. Analysis of variance- tensile strength 

Source SS DOF MSS F ratio P value 

Squeeze 
pressure 

1270 
 

2 635.4 
 

 
15.84 

 
0.059 

Melt 
temperature 

118.2 
 

2 59.11 
 

 
1.47 

 
0.404 

Die 
preheating 

temperature 

14.89 
 

2 7.44 
 

 
0.19 

 
0.843 

Error 80.22 
 

2 4.11 
 

  

Total 1484 
 

8    

 

3.2 Regression analysis 

The correlations between the factors (squeeze pressure, pouring temperature, die preheating temperature) and 
the measured parameters (tensile strength hardness and wear rate) were obtained by multiple linear regressions. 
Eventually, the following equations were fitted for UTS,  hardness and wear rate 
UTS = 177.6 + 0.547 squeeze pressure + 0.0067 pouring temperature + 0.0067 die preheating temperature 
Hardness = 66.2 + 0.200 squeeze pressure - 0.0200 pouring temperature+ 0.0167 die preheating temperature 
Wear rate = 0.000379 - 0.000003squeeze pressure 
 
3.3 Confirmatory tests 

The optimum settings were verified by conducting confirmatory experiments. From the table given below, it can 
be seen that the actual and predicted values fall within 10% variation. Therefore, these optimal settings are suggested for 
the preparation of this composite. The confirmatory test results are shown in table  
 

Responses Predicted Confirmatory 

 

Ultimate tensile 

strength (MPa) 

 

238.33 

 

236 

 

Hardness 

(BHN) 

 

75.54 

 

78 

 

Wear rate 

(mm3/m) 

 

0.00034 0.00038 

 
 

IV. CONCLUSION 
 
In this study, the optimal squeeze casting parameters of Al6061-Sic-Al2O3 composites have been specified using the 

Taguchi method, the experiments were conducted based on L9 orthogonal array by considering three factors and three 
levels. The parameters considered in this work are squeeze pressure, pouring temperature and die preheating temperature   
According to the results; the following conclusions have been made 
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 The combination A3 B2 C2 that means squeeze pressure 100 MPa, melt temperature 700 °C and die temperature 200 
°C are recommended to obtain higher mechanical properties in squeeze casting of  Al6061-SiC-Al2O3  composites. 

 From ANOVA. It was found that the influence of squeeze pressure has the large impact on UTS, hardness and wear. 
 The enhanced mechanical properties in squeeze cast composites are due to the microstructural refinement. Optical 

microscope image shows the fine microstructure 
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