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Abstract— Composite materials are emerging chiefly in 

response to unprecedented demands from technology due to 

rapidly advancing activities in aircrafts, aerospace and 

automotive industries. These materials have low specific 

gravity that makes their properties particularly superior in 

strength and modulus to many traditional engineering 

materials such as metals. Fatigue is a major issue concerning 

the use of aluminum composites in structural applications. 

Fatigue leads to weakening of material majorly due to the 

strain bands formed in the material when it is subjected to 

repeated loading; the damage that occurs due to fatigue is a 

progressive and localized one. Henceforth in the current 

work, fatigue behavior of boron carbide and tungsten carbide 

dispersion strengthened high performance hybrid Al 7075 

metal matrix composites are evaluated. The main purpose of 

fatigue characterization is to distinctly evaluate the life cycle 

of components that are fabricated from metal matrix 

composites and eventually develop a framework model for 

the significant study of fatigue strength of the structure with 

persistent striations all along the interstitials of aluminum-

boron carbide and tungsten carbide interfaces. 
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I. INTRODUCTION 

The Aluminum alloys are extremely important as a result of 

their low density, their capacity to be fortified by 

precipitation, their incredible corrosion resistance, high 

electrical conductivity, and their high damping point of 

confinement. Aluminum composites have been extensively 

analyzed since the 1920's and are by and large used in aircraft 

components, electronic segments and car parts. They offer a 

generous variety of mechanical properties depending upon 

the compound structure of the Aluminum framework. They 

are exceptionally alluring for their isotropic mechanical 

properties (higher than their unreinforced amalgams) and 

their low cost. Among all the metal network compounds 

accessible, aluminum is a prevalent and alluring grid material 

to create metal lattice composites attributable to its fantastic 

properties, better formability qualities.  

II. OBJECTIVES OF THE RESEARCH WORK  

1) Development of hybrid metal matrix composite with 

different volume fraction of particle by using stir casting 

process 

2) Metallographic test by using the SEM. 

3) Conducting the test like fatigue behavior as per the 

ASTM standards on Al/B4C/WC hybrid metal matrix 

composite. 

III. MATERIALS AND METHODOLOGY  

A. Materials Used 

 Aluminum:  

Base metal or AA7075-T6 aluminium alloy, i.e., substrate 

chemical composition (% of weight), consists of 5.6% zinc, 

2.5%magnesium, 1.6%copper, 0.23% chromium, 0.3% 

manganese, 0.2%titanium, 0.4%silicon and 0.5% iron, and 

the remaining is aluminium. The composition and properties 

of aluminium 7075 as shown in table no 3.1. 

Properties Unit 

Density 2.81 g/cc 

Hardness, Brinell 150 

Ultimate Tensile Strength 572 MPa 

Tensile Yield Strength 503 MPa 

Modulus of Elasticity 71.7 GPA 

Poisson's Ratio 0.33 

Fatigue Strength 159 MPa 

Shear Modulus 26.9 GPa 

Shear Strength 331 MPa 

Melting Point 477 - 635 °C 

Table 3.1: Properties of Al 7075 

 
Fig. 1: Aluminium ingots 

 Boron carbide:  

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. 

Property Value 

Density 2.52 g/cm³ 

Melting Point 2445 (°C) 

Hardness 2900 - 3580 

Young's Modulus 450 – 470  GPa 

Table 3.2: Properties of Boron carbide 

 
Fig. 2: Boron carbide 

 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 
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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. 

Property Value 

Density 15.7 g/cm³ 

Melting Point 2445 (°C) 

Modulus elasticity 670 - 707 GPa 

Shear modulus 262 - 298 GPa 

Compressive module 384 GPa 

Table 3.3: Properties of Tungsten carbide 

 
Fig. 3: Tungsten Carbide 

B. Methodology 

 
Fig. 4: Flowchart of research work 

IV. PREPARATION OF TEST SPECIMENS  

Detailed steps for the preparation of the nano composite are 

as follows, Both the base metal and the reinforcement were 

weighed depending on the requirement. Furnace was 

switched on and both the base metal and the reinforcement 

were heated separately to about 750 C. The molten metal was 

added with “coverall” (scum powder) to remove the slag,  

Degasified tablet (Hexa-Chloro-Ethane) was added and held 

immersed for a few seconds till all the gases were removed, 

Meanwhile, the mould boxes were heated using blow torch 

till the mould boxes lost all the moisture. The chill was placed 

and the boxes were arranged for pouring. The gap between 

the cope and drag boxes was sealed with clay. The pre 

weighed and preheated reinforcement was added using the 

graphite spoon provided to the molten metal in the furnace 

simultaneously stirring the melt @ 250 rpm to create vortex 

for about 15 mins. The reinforced molten metal was then 

carefully transferred to the mould boxes. The casting was 

allowed to cool, and after cooling it was removed from the 

mould and subject to hot rolling.  

 
Fig. 5: casting preparation 

 
Fig. 6: Schematic of Fatigue Test Specimen 

 
Fig. 7: Machined specimen for tests 

V. RESULTS AND DISCUSSIONS  

A. Microstructure  

Micro examination reveals homogenous dispersion of boron 

carbide and tungsten carbide particles in the aluminium 

matrix and ensures that the material possess desired 

mechanical properties. The B4C reinforced Al-B4C-WC 

matrix composite have rarely pore, compact structure, and 

good interfacial bonding. Presence of equiaxed grains with 

fine intermetallic precipitates is seen in the matrix of 

aluminium. During heat treatment thermally-induced 

dislodgments aid as heterogeneous nucleation spots for 

precipitate formation during the aging treatment. B4C in 
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aluminum leads to an accelerated age hardening, compared to 

the unreinforced alloy. 

 
(a) 

 
(b) 

 
(c) 

Fig. 8: (a) 6.1SEM image of Al 7075,(b) SEM image of Al 

with 2.5 % B4C and 2%WC,(c) SEM image of Al with 10 

% B4C and 2%WC 

B. Fatigue Test  

The experiments for fatigue characteristics are accomplished 

according to the plan of tests exhaustively based on the L16 

symmetrical cluster utilizing Taguchi strategy for scientific 

and statistically validated assessments.  

 The taguchi strategy is significantly utilized, 

particularly in circumstances where the settings of numerous 

variables are fundamental. The taguchi technique is broadly 

of assistance in testing composites and assessment of the 

properties of the materials fabricated. Consequently it is vital 

to pick suitable symmetrical clusters particularly if there 

should be an occurrence of different factors as in current 

work. A broad review of literature has been carried out and 

suitably a L16 symmetrical cluster is established for 

experimentations.  

Experiment no 

(As per L16 

orthogonal array 

Stress  Range 

in MPa 

Maximum 

Flexural strength 

in MPa 

Minimum 

Flexural strength 

in MPa 

Stress amplitude 

in MPa 

Number of cycle to 

failure Range 

1 288.44 144.22 -144.22 144.22 3.8x10^3-5.30x10^5 

2 340.28 170.14 -170.14 170.14 4.71x10^4-7.52x10^6 

3 370.5 185.25 -185.25 185.25 4.98x10^5-8.36x10^7 

Table 5.1: Fatigue test results 

 
Fig. 9: comparison of fatigue strength 

VI. CONCLUSION 

The fatigue strength of the composite specimens varies from 

a minimum of 144.22 MPa for the composite fabricated with 

2.5 wt. The fatigue life cycle of the specimens range from e3 

cycles to e9 cycles with varying weight constituents of the 

reinforcements and the process variables. 

 The Taguchi strategy established utilizing L16 

symmetrical cluster has given a scope of ideal parameters for 

the variables considered in the experimentation. 

 The improved arrangement of estimations of 10 wt. 

% of boron carbide, 3 wt. % of tungsten carbide remains, and 

stirring time of 15 minutes, stirring speed of 100 rpm and 

melting temperature of 715oC will yield the maximum fatigue 

strength dependent on the optimization of process variables 

obtained by taguchi methodologies.  

 The microstructure of the specimens clearly depict 

the uniform dispersion of reinforcements in the matrix phase 

thereby validating the use of stir casting process in the 

synthesis of a novel aluminum 7075 –boron carbide carbide 

–tungsten carbide  composites for advanced engineering 

applications. 
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