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Abstract. Vibrational moulding process has a remarkable effect on the properties of castings during 

solidification processing of metals, alloys, and composites. This research paper discusses on the 

investigation of mechanical vibration mould effects on the tensile properties of titanium carbide 

particulate reinforced LM6 aluminium alloy composites processed with the frequencies of 10.2 Hz, 

12 Hz and 14 Hz. In this experimental work, titanium carbide particulate reinforced LM6 

composites were fabricated by carbon dioxide sand moulding process. The quantities of titanium 

carbide particulate added as reinforcement in the LM6 alloy matrix were varied from 0.2% to 2% 

by weight fraction. Samples taken from the castings and tensile tests were conducted to determine 

the tensile strength and modulus of elasticity. The results showed that tensile strength of the 

composites increased with an increase in the frequency of vibration and increasing titanium carbide 

particulate reinforcement in the LM6 alloy matrix. . 

 

Introduction 

Composite material is a combination of two or more chemically distinct and insoluble phases with 

its properties and structural performance superior to those of the constituents acting independently. 

Composites by definition, being a combination of different materials, offer a particular challenge 

when preparing it by liquid metal processing method such as SiC, TiC and SiO2 [1, 2]. Composite 

are considered as an important class of materials that have numerous attractive properties. Metal 

matrix composites often consist of a soft aluminum alloy matrix with brittle particles of, for 

example, tungsten carbide, titanium carbide, aluminium silicate or quartz [3]. These particles can 

vary in size, distribution and concentration in the matrix. One of the advantages of composite 

materials is that they can be engineered for specific applications[4]. Applying mechanical vibration 

during the solidification process is a simple technique that requires neither complicated procedure 

nor expensive setup. It can be applied to the existing processes and does not require extensive 

modifications on the equipments. It requires less energy as compared to electromagnetic vibration 
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and semisolid processes and less expensive. The low energy required the most environmentally 

friendly process compare to other grain refinement methods. There are three practicable methods of 

application of vibration; one is applying vibration to the entire mould, another method is applying 

vibration to the molten metal, and lastly by means of electromagnetic induction [5]. Abu Dheir et 

have also reported that certain mechanical properties were affected by the vibration which includes 

19% to 68% increase in elongation with a slight increase (3%) in ultimate tensile strength [6]. 

However, the literature review reveals that the application of mechanical, sonic and ultrasonic 

vibration has a number of notable effects such as grain refinement, increased density, degassing, 

shrinkage, and the shape, size and distribution of the second phase. Vibration energy has been used 

in many processes within the metallurgical and engineering fields [7, 8]. In this research work, 

MMC consisting of aluminum reinforced Titanium Carbide (TiC) particles were produced by sand 

casting using mechanical vibration mould during solidification process. Tensile testing was 

employed to evaluate tensile strength of TiC-particulate reinforced LM6 alloy composites. 

 

Experimental 

 

Material Preparation. The materials used in this work were Aluminium LM6 alloy as the matrix 

and TiC as reinforcement particulates with different percentages. Sodium silicate and CO2 gas was 

used to produce CO2 sand mould for processing composite casting. The aluminium alloy used was 

BS 1490-1988 LM6. The chemical composition of LM6 alloy is shown below in Table 1. 

 

Table 1. Chemical composition of LM6. 

Element Al Cu Fe Mg Mn Ni Pb Si Sn Ti Zn 

wt % 85.95 0.1 0.6 0.1 0.5 0.1 0.1 11.8 0.05 0.2 0.1 

 

Vibration table set up.  A mechanical vibration moulding set up is used to conduct the experiment 

and the vibration specifications in terms of frequency and amplitude are shown in Table 2.. 

Table 2. Specification mechanical vibration 

Frequency (Hz) Amplitude (mm) 

10.2 0.120 

12 0.160 

14 0.207 

 

Furthermore, an accelerometer with a panel meter was used to measure the vibration 

parameters. An insulating plate was sandwiched between the table surfaces to protect the vibration 

table from the head. Figure 1a shows the vibrational moulding set up.  
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Titanium Carbide particulate reinforced composite casting processing. Only one type of pattern 

was used in this research work and the procedure for making the pattern involves the preparation of 

drawing, selection of pattern material. Carbon dioxide moulding process was used to process the 

cast specimens as per the standard moulding procedure. Four different weight fractions of TiC 

particle in the range from 0.2%, 0.6%, 1%, 2% were added in the LM6 alloy matrix. An induction 

furnace was used to melt the aluminium alloy at 750
o
C and the particulates are preheated to 200 

o
C 

in a heat treatment muffle furnace for 2 hours, which is transferred immediately in the crucible 

containing liquid LM6 alloy for mixing by an impeller blade of the vortex-stirring machine. The 

main concern was to maintain the temperature while transferring the molten metal to the mould and 

to ensure the quality of the cast product. Figure 1b shows the raw specimens before post processing. 

 

Tensile Testing. Tensile test was conducted to determine the mechanical properties of the 

processed TiC particulate reinforced LM6 alloy composites. The dimensions of the test samples 

were designed according to B557 M-94 and Figure 1c shows the test specimens. A 100 KN servo 

hydraulic INSTRON 8500 UTM was used to conduct the tensile tests. The test samples were 

subjected to a tensile load and the mechanical properties were determined. The tensile strength and 

Young’s modulus values were calculated after the testing.  

 

Figure 1 Vibration table setup (a), Specimens with the uncut gating system (b), Test specimens (c). 

Results and Discussion 

 

Tensile testing was performed on the specimens according to the ASTM standards. The 

crosshead speed was 2.00 mm/minute and at temperature 24
o
C. The tensile properties of the 

LM6/TiC MMC for different weight fractions at ambient temperature reveals an increases in tensile 

strength and Young’s modulus with increase in reinforcement content in the LM6 alloy matrix. 

Figure 2 shows the tensile strength results while Figure 3 shows the Young’s modulus results of 

0Hz, 10.2Hz, 12Hz and 15Hz of frequency. From the test results, the mechanical properties of the 

composites with vibration are better than the cast samples without vibration effect. The increase in 

tensile strength and Young’s modulus results were well supported by the literature citations [9-12]. 

There are two main causes of strengthening, firstly, due to the direct strengthening and secondly 
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due to the indirect strengthening [13, 14]. The explanations on the direct composite strengthening 

are based on load transfer from the matrix to the higher stiffness reinforcement particles. The 

indirect strengthening results from the changes in the matrix microstructure that takes place due to 

the presence of reinforcement particles. Mechanical vibration makes the solidified microstructure of 

aluminum matrix finer and homogeneous and decreased the amount of defects such as shrinkage 

cavity and inclusions. The densities of these thermally induced dislocations were also increased 

with an increasing weight fraction of TiC [15, 16], so the indirect strengthening contribution 

increases with increasing TiC content. 

 

 

Fig. 4. Average of tensile strength vs wt.% of TiC 
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Fig. 4. Average of Young’s modulus vs wt.% of TiC 

 

For a given reinforcement weight percentage, the Young’s modulus of the composite can be 

controlled by regulating the degree of particulate alignment. The contribution of particle alignment 

has a more significant effect at higher weight fractions. This is due to the contribution of the particle 

to the overall modulus of the composite increases with the increasing of weight fraction particularly 

when the particle has higher Young’s modulus than the matrix, as in this case are Titanium carbide 

and aluminum. 

 

Summary 

The tensile strength and Young’s modulus of elasticity were increased gradually as the TiC 

content in the composite increased from 0.2, 0.6, 1 and 2% by percentage weight fraction. The 

tensile behavior of the processed composites had strong dependence on the weight fraction addition 

of the second phase reinforcement particulate on the alloy matrix and various vibration frequencies 

during solidification processing. 
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