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ABSTRACT 

Aluminium matrix composites (AMCs) are now usage in aerospace, marine, automotive and biomedical industries 

because of their inherent properties like high strength to weight ratio, low density, less corrosive resistance etc. The 

present investigation was made development of Aluminium hybrid composite by using stir casting process reinforced with 

boron carbide (B4C) and tungsten carbide (WC) particles using design of experiment by Taguchi technique. The primary 

objective is to find the better parameters that give the highest tensile strength and hardness using Taguchi method to the 

castings. The test samples were prepared by varying the weight percentage of reinforcement, stirring speed and 

processing temperature in stir casting. An orthogonal array and analysis of variance were employed to investigate the 

influence of process parameters on the required properties. Optimum parameters were noted for attaining the maximum 

compression properties of composites by the application of Taguchi method. A mathematical model representing the 

tensile strength is developed using Taguchi method with the help of MINITAB software. 
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1. INTRODUCTION 

Aluminium matrix composites (AMCs) that have at least one or more reinforcements dispersed in the matrix find 

applications in field of aerospace, marine, automotive and defence. By controlling the processing parameter 

conditions, the method of manufacturing process and the choice of suitable reinforcement particles, an improvement 

in the static and dynamic properties of these hybrid composite materials can be achieved[1,2]. B4C is one of the 

most important particulate reinforcement materials for metal-matrix composites (MMCs) due to the excellent 

mechanical, physical and tribological properties, with low density, high hardness and high strength [3,4]. Fabricated 

pure aluminum 7075 alloy with reinforced B4C and WC using a stir casting technique and investigated the tensile 

strength. Hybrid composite samples presented high tensile resistance compared with the aluminum 7075 alloy-

based composites [5, 6]. Wettability is an important factor to avoid agglomeration and to achieve uniform 

distribution of reinforcement particles, so as to improve the mechanical and physical properties, especially in stir 

cast aluminum matrix composites [7]. Aluminum matrix composite with 7.5% of B4C particles provide high tensile 

strength and flexural strength compared with the conventional Al7075, especially for automobile components 

subjected to dynamic condition [8, 9, 10]. Aluminum 7075 metal matrix with B4C reinforcement by weight 

percentage of 0,1,2,3 and 4 were examined. Ultimate tensile strength increases by increasing weight percentage of 

boron carbide particle, the coefficient of friction increases as with decreases as percentage of boron carbide[11, 12]. 
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Al7075 reinforced with TiB2 composite were prepared using stir casting technique. Tensile strength and hardness of 

composites is increased with increasing the reinforcement on the base alloy, the micro structure shows the reinforcement 

particles are uniformly distributed in the matrix [13]. Fly ash is in the Aluminium 7075-T6 reinforced with Fly ash which 

is mostly used in the aircraft to reduce the weight of the components and increase the mechanical properties such as 

hardness, impact strength and tensile strength [14].In addition, of boron carbide with aluminum 6061alloy composite 

which contains higher tensile, flexural strength and hardness due to the presence of the high quantity of boron carbides in 

the composite [15].  

The objective of this study involved the characteristic evaluation of fatigue properties of aluminium 7075 T6       

(as cast and heat treatment composite) composites for varying percentages of boron carbide and tungsten carbide 

particulates and statistically Validating.  

2. MATERIALS AND METHODS 

2.1 AL7075-T6 (Al 7075-T6) 

Aluminium 7075 having good fatigue strength. It exhibits excellent machinability under both as cast and heat treated 

condition. The temper T6 grade heat treated alloy that is the solution heat-treated and artificially aged until it meets 

standard mechanical property. The figure shows the ingot of Al 7075 alloy. 

 
 

2.2. Boron Carbide (B4C)  

Boron Carbide (B4C) is one of the hardest materials known, ranking third behind diamond and cubic boron nitride. It is the 

hardest material produced in tonnage quantities.  Boron carbide powder is mainly produced by reacting carbon with B2O3 

in an electric arc furnace, through carbon thermal reduction or by gas phase reactions.  For commercial use B4C powders 

usually need to be milled and purified to remove metallic impurities. Boron Carbide has Extreme hardness, Good chemical 

resistance, Good nuclear properties, Low density properties. 
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2.3: Tungsten Carbide (WC) 

Tungsten carbide (WC), also referred to as cemented carbide, is a composite material manufactured by a process called 

powder metallurgy. Tungsten carbide powder, generally ranging in proportion between 70%-97% of the total weight, is 

mixed with a binder metal, usually cobalt or nickel, compacted in a die and then sintered in a furnace. Tungsten Carbide 

has high melting point, boiling point at standard atmospheric pressure, thermal conductivity and coefficient of thermal 

expansion. 

 
 

3. MATERIAL PROCESSING METHODOLOGY 

3.1 Stir Casting 

The aluminium 7075 -T6 is mixed with reinforced materials Boron carbide (B4C) and tungsten carbide (WC) where wt. % 

of Boron carbide and wt. % Tungsten carbide are varied for each trail. The stir cast equipment consists three mild steel 

stirrer blades and main furnace. The figure 4 shows experimental setup of stir casting process. 

 Initially the reinforcement are preheated at 400oc temperature in the empty crucible.  

 The Al -7075 ingot is preheated at 550 temperature for 1-2hrs after which the mixture is poured into crucible. 
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 The Al -7075 is melted up to 750c and preheated reinforcement is mechanically mixed with matrix. 

 The stirrer speed is maintained 100 to250 rpm for about 10 to 25 mints for uniform distribution of reinforcement.  

Later the mixture is poured into mould cavity. 

 The process parameters selected for stir casting the aluminium composites based on extensive review of literature 

and thorough evaluation of the capabilities of the equipment, are listed below in Table 4. 

 
 

3.2 Heat Treatment 

The Heat treatment is metal working process used to alter the physical and chemical properties of materials. The Al-7075 

is heated to T6 temperature grade and age hardening process is carried out at 480’c for 4hrs. The Al7075 T6 is mixed with 

reinforcement B4C and WC in solution form and solution hardening process is carried out for 120’c for about 24hrs before 

pouring into mould cavity. 

 

4. EXPERIMENTATION  

The compression test of the specimens were prepared as per ASTM E9 as in figure 4.4, and the average results for each of 

the composition were tabulated. One of major attributes of compression test is to get the UCS (ultimate compression 
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strength) for the specimens and its percentage reduction. An instron make universal testing machine of 300 k N Capacity 

which is servo controlled and hydraulic actuated is used for tensile tests on the specimens.  

 

Figure 6: Compression Test Specimen cross-section as per ASTM Standard 

 

The trials are carried out as per the design of experiments (DOE) comprehensively including Taguchi method L16 

orthogonal array using for characteristic evaluation. Taguchi method uses a special set of arrays called orthogonal arrays, 

which advocate minimum number of experiments with maximum information about all the factors that affect the 

outcome.[10] Taguchi Method involves identification of proper control factors to obtain the optimum results of the 

process. Orthogonal Arrays (OA) are used to conduct a set of experiments. Results of these experiments are used to 

analyse the data and predict the quality of components produced. [11] The L16 Orthogonal array has been used and the 

selected parameters like wt% of Boron carbide (B4C), wt% of Tungsten carbide (WC), Melting point Temperature, Stirring 

time, Stirring Temperature 

Table 4: Process Parameters of Taguchi method for Optimization Stir Casting [6] 

Experiment 

No 

Weight % of 

B4C 

Weight % of 

WC 

Melting Point 

Temperature 

Stirring 

Time 

Stirring 

Speed 

1 2.5 1 700 15 100 

2 5 2 71 20 150 

3 7.5 3 730 25 200 

4 10 4 750 30 250 

 

5 RESULTS AND DISCUSSIONS 

The objective of the present study is to optimize the compression strength of Al7075 T6/B4C/WC metal matrix composite 

using the Taguchi method. The compression testing is carried out using five control parameters, namely, wt % of boron 

carbide, wt% of tungsten carbide, melting point temperature, string time and string speed. Compression strength and 

Vickers hardness are taken as system responses.  

5.1 Compression Behaviour  

The compression strength for AA7075/B4C/WC as cast hybrid composite was higher with compared to base alloy. From 

the figure 5(a), The compression strength for AA7075/B4C/WC  heat treatment hybrid composite was higher with 

compared to base alloy and as cast hybrid composite it shows that 10 Wt % of B4C and 4 % of WC was the highest 

compression strength. Signal-to-noise ratio analysis is done considering compression strength as the performance index. 
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The analysis is carried out using larger-the-better criterion and the same is expressed as[7] 

  
𝑆

𝑁
= 10 log∑

1
𝑦2⁄

𝑛
                                                                                   (1) 

Here, 𝑦 is the experimental data and 𝑛 is the number of experiments. Table 5 shows the experimental results for 

compression tests. 

Table 5: Design of Experiments using Taguchi L16 Orthogonal Array Statistical Validation Methods 

Experiment 

No 

Weight 

% of 

B4C 

Weight 

% of 

WC 

Melting 

point 

temperat

ure 

Stirring 

time 

Stirring 

speed 

Compression strength 

Mpa 

As cast 
Heat 

treatment 

1 2.5 1 700 15 100 570.00 593.67 

2 5 2 700 20 150 613.33 641.00 

3 7.5 3 700 25 200 667.00 715.00 

4 10 4 700 30 250 683.67 744.33 

5 7.5 4 715 20 100 652.67 693.33 

6 10 3 715 15 150 640.33 670.67 

7 2.5 2 715 30 200 647.00 633.00 

8 5 1 715 25 250 585.00 608.33 

9 10 2 730 25 100 622.67 651.67 

10 7.5 1 730 30 150 591.00 615.33 

11 5 4 730 15 200 655.67 640.67 

12 2.5 3 730 20 250 629.33 653.67 

13 5 3 750 30 100 669.33 700.00 

14 2.5 4 750 25 150 619.00 628.33 

15 10 1 750 20 200 612.00 619.67 

16 7.5 2 750 15 250 654.00 692.00 

 

The experimental design being orthogonal, it is possible to separate out the effect of each control factor at 

different levels. the mean 𝑆/𝑁 ratio for factor at levels 1, 2, 3 and 4 can be calculated by averaging the 𝑆/𝑁 ratios for the 

experiments 1–4, 5–8, 9-12 and 13-16, respectively. The mean 𝑆/𝑁 ratio for the other factors at different levels can be 

calculated in a similar manner. In the response table of as cast condition and   heat treatment condition (Table 6), the mean 

𝑆/𝑁 ratio for each level of the controlling factors is shown figure 7[]. 

 
Figure 7: Compression test Main Effect Plot for SN ratios for as cast and Heat Treatment 

 



“Investigation on Compression Properties of Al-7075/B4c/Wc Hybrid Composite using Taguchi Method”                                     651 

 
www.tjprc.org                                                                                                                                                                   editor@tjprc.org 

Table 6: Compression Test Response Table for Signal to Noise Ratios (As cast and Heat treated) 

Level 

Weight percentage 

of B4C 

Weight percentage 

of WC 

Melting 

Temperature 
Stirring Time Stirring Speed 

As-cast  
Heat 

Treated 
As-cast 

Heat  

treated 
As-cast 

Heat 

treated 
As-cast 

Heat 

treated 
As-cast 

Heat 

treated 

1 55.79 55.94 55.41 55.69 56.01 56.53 55.97 56.23 55.95 56.37 

2 55.99 56.21 56.04 56.31 56.00 56.26 55.94 56.28 55.79 56.10 

3 56.13 56.62 56.28 56.71 55.91 56.13 55.89 56.25 56.19 56.27 

4 56.11 56.52 56.29 56.59 56.10 56.28 56.21 56.54 56.08 56.56 

Delta 0.34 0.98 0.88 1.01 0.19 0.41 0.33 0.30 0.41 0.45 

Rank 3 2 1 1 5 4 4 5 2 3 

 

The response table includes ranks based on delta value rank 1 is assigned to the parameter with highest delta 

value, rank 2 to second highest delta value and so on. In this case as cast condition, wt % of WC has the highest delta value 

thus rank 1 is assigned to wt % of WC. Melting point temperature has the lowest delta value thus rank 5 is assigned to 

Melting point temperature. The heat treatment condition wt % of WC has the highest delta value thus rank 1 is assigned to 

wt % of WC, wt % of B4C has second delta value thus rank 2 is assigned to wt % of B4C, String time has the lowest delta 

value thus rank 5 is assigned to string time. The corresponding main effects plot for mean is shown in Figure 7. The 

optimize compression strength both as cast and heat treatment condition 10% of boron carbide, 4% of tungsten carbide, 

melting temperature 700˚C, stirring duration of 30 minutes and stirring speed of 200 rpm is the advanced set of factors that 

provides the optimum result. From the main effects plot, it is seen that the parameter wt % of Wc is the most significant 

parameter, while other parameters wt % of B4C second most significant parameter, melting point temptarure, string speed 

and string are also significant[6]. 

 
Figure 8: Compression Test Main effect plot for Means for as cast and Heat Treatment 

 

Table 7: Compression test Response Table for Means (Compression-As cast and Heat treated) 

Level Weight percentage of 

B4C 

Weight percentage of 

WC 

Melting 

Temperature 

Stirring Time Stirring Speed 

As-cast  Heat 

treated 

As-cast Heat  

treated 

As-cast Heat 

treated 

As-

cast 

Heat 

treated 

As-

cast 

Heat 

treated 

1 616.3 627.2 589.5 609.3 633.5 673.5 630.0 649.3 628.7 659.7 

2 630.8 647.5 634.3 654.4 631.3 651.3 626.8 651.9 615.9 638.8 

3 641.2 678.9 651.5 684.8 624.7 640.3 623.4 650.8 645.4 652.1 

4 639.7 671.6 652.8 676.7 638.6 660.0 647.8 673.2 638.0 674.6 

Delta 24.8 51.7 63.3 75.6 13.9 33.2 24.3 23.9 29.5 35.8 

Rank 3 2 1 1 5 4 4 5 2 3 
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CONCLUSIONS 

This study determined the effects of B4C and WC on compression strength Al 7075 composite. The robust L16 orthogonal 

array of Taguchi method with four levels of five factors used to optimise the compression strength. Analysis of signal-to-

noise (S/N) ratio of the responses also conducted to optimise the compression strength 

 The highest compression strength as cast and heat treatment condition value of 683.67MPa and 744.33 MPa 

respectively, were obtained from the DOE run L16 array containing 10 wt.% B4C, 4 wt.% WC, , melting 

temperature 700˚C, stirring duration of 30 minutes and stirring speed of 200 rpm. 

 Based on the Taguchi analysis, in as cast condition the wt % of WC major factor that influenced in the 

improvement of compression strength, Stirring Speed is second most influenced factor increase the compression 

strength of the composite and melting point temperature is the least influenced factor. 

 Based on the Taguchi analysis, in heat treatment condition the wt % of WC major factor that influenced in the 

improvement of compression strength, wt.% B4C is second most influenced factor increase the compression 

strength of the composite and stirring time is the least influenced factor. 
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