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Abstract 

Aluminium composites are new generation of metal matrix composites that have the potentials of satisfying the recent demands of 

advanced engineering applications, for advanced structural, automotive, aviation, aerospace, marine, defence and other related 

sectors because of their ductile, light weight, highly conductive and high strength to weight ratio. In this present work, aluminium 

alloy AA6063 reinforced with boron carbide particles were prepared using stir casting technique. Wear and friction behaviour of 

AA6063 reinforced with the boron carbide were investigated using pin-on-disc wear tester. The operation was carried out in CNC 

machine and the surface roughness tester investigate the minimum surface roughness. The experiment reveals that wear of the 

composite is lower than the AA6063 alloy and the coefficient of friction was minimum. On the whole and in nutshell the study 

concluded through three areas namely mechanical properties, machining behaviour and tribological behaviour. The results shows 

that the experimental is very good agreement with the prediction value.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A composite material is a material made from two or more constituent materials with significantly different physical or chemical 

properties that, when combined, produce a material with characteristics different from the individual components. The individual 

components remain separate and distinct within the finished structure [1]. The new material may be preferred for many reasons: 

common examples include materials which are stronger, lighter, or less expensive when compared to traditional materials. More 

recently, researchers have also begun to actively include sensing, actuation, computation and communication into composites. The 

influence of the starting composition on the high temperature mechanical properties of ZrB2-based ceramics, obtained from fine 

commercial powders [2]. They consolidated the Ni-rich grain boundary phases start to melt at temperature above 800oC. The 

softening of these phases increase rapidly with the temperature, leading to catastrophic failure at temperatures higher than about 

10000C even at low stresses and these Ni-rich grain boundary phases easily react with oxygen, enhancing the oxidation propagation 

towards the bulk along the grain boundaries, thus creating defects and material degradation [3]. This mechanisms should be 

considered as secondary. An economic processing route, by which 2025 propeller blades can be manufactured by substituting high 

strain rate hammer forging for hydraulic pressing methods. Finally they depicted the addition of 0.12% Zr to 2025 results in ingot, 

extrusion, forging and fully heat-treated microstructures that do not differ significantly to a standard 2025 alloy composition. 

Formation of a coarse Zr rich phase takes place prior to homogenization and this limits the formation of the desirable cubic Al3Zr 

phase. Machining behaviour, tribological behaviour. They concluded the addition of graphite content increases the mechanical 

properties such as tensile strength, elastic modulus and decrease the hardness. In the tribological behaviours, it shows on increasing 

wear rate and decrease in friction co-efficient [4]. The machinability is improved with increase in graphite content. The addition 

of alumina in aluminium composites increases the wear rate and hardness of the composites. The sliding wear behaviour of Al2024-

Beryl particulate composites for different weight percentages of beryl particles. This microstructure study clearly reveals nearly 

uniform distribution of beryl particulates in the Al2024 matrix alloy. The micro hardness of composites increases as reinforcement 

content increases in the matrix alloy. The incorporation of beryl particles into the matrix alloy improves the sliding wear of the 

composites as compared to unreinforced matrix alloy [5]. To investigate the tribological performance of sintered Al–SiC–Gr hybrid 

composites. The effect of graphite on the friction coefficients and wear resistance of the resulting composites was also investigated 

using the general full factorial design of experiments. They revealed that wear loss and friction coefficient of the Al/SiC composites 

was reduced by the addition of 5 wt. % graphite. The addition of increased wt. % of graphite decreased the hardness, wear, and 

friction coefficient of the Al/SiC/Gr composites. All hybrid composite samples demonstrated lower wear losses and coefficients 

of friction than the graphite free composites. Develop an overview of stir casting process, process parameter, & preparation of 

AMC material by using aluminium as matrix form and SiC, Al2O3, graphite as reinforcement by varying proportion [6]. They had 

some conclusions as follows for uniform dispersion of material blade angle should be 45° or 60 ° & no of blade should be 4. For 

good wettability we need to keep operating temperature at semisolid stage i.e. 630 for Al (6061). At full liquid condition it is 
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difficult uniform distribution of the reinforcement in the molten metal. Preheating of mould helps in reducing porosity as well as 

increases mechanical properties. To fabricate hybrid aluminium matrix composites by powder metallurgy and evaluate their basic 

tribological properties. Finally they reveals that the hardness and density of the hybrid composites decreased with an increase in 

graphite content. The composites with 5 wt% Gr exhibited both excellent wear resistance and friction coefficients. The addition of 

solid lubricant particles as the second reinforcement in the aluminium matrix effectively improves friction and wear properties. 

The mechanical and tribological properties of stir cast aluminium matrix composites containing single and multiple reinforcement 

[7]. Finally they consolidated the addition of alumina, SiC, B4C etc. particles in aluminium improves the hardness, yield strength, 

tensile strength while ductility is decreased. Addition of graphite in aluminium increases the tensile strength and elastic modulus 

but hardness is decreased [8]. Also it shows a decrease in friction coefficient in case of tribological behaviour. Organic 

reinforcements like coconut ash, rice husk ash also improved the mechanical properties of the aluminium along with the tribological 

behaviour of the composite. For Al MMCs with organic reinforcements, very limited work has been reported. The distribution of 

Sic particles was observed to be intra granular. SiC particles refined the grains of matrix alloy and were properly bonded to the 

matrix. The interface between SiC particle and aluminium matrix was clean without the presence of reaction products, pores and 

voids. SiC particles enhanced the micro hardness and UTS of the composite [9]. AA6061/15 wt. % SiC AMC exhibited 133.33% 

higher micro hardness and 65.2% higher UTS compared to unreinforced AA6061 alloy. The new materials, fabrication technology 

starting from metal powders has a huge potential to develop pioneering materials by more economical production systems, which 

will contribute to the development of highly efficient industrial technologies. The hardness of the composites including with UTS, 

impact strength, wear resistance, thermal properties were reviewed and on conclusion, it is discovered that as the reinforcement 

contents increased in the matrix material, the hardness of the composites also increased with increase in tensile strength and 

decrease in elongation [10 & 11].  

The Aluminium metal matrix composite plays a vital role in the field of composites, even though the aluminium and silicon 

combination was need so much research orientation. The wear rate and coefficient of friction corresponding with the sliding speed 

in hybrid Aluminium Metal Matrix composites are not given much importance. The main aim of this analysis is to estimate the 

optimal combination and significance of machining parameters for minimization of surface roughness and tool wear ratio.  

II. EXPERIMENTAL ARRANGEMENT 

 Composite Preparation 

The composites were fabricated by stir casting method to ensure uniform distribution of the reinforcements. The Al 6061 was cut 

into small pieces. Aluminium alloy was first melted in an electric furnace. B4C preheated to a temperature of about 620 0C, were 

added to the molten metal at 750 0C and stirred continuously. The stirring was carried out at 450 rpm for 5 minutes using twin 

blade mils steel impeller to ensure uniform distribution of the B4C particles into the Al6061 matrix.  The figure 1 represents the 

base metal aluminium and figure 2 represents the boron carbide powder particulate. 

 
Fig. 1: Aluminium 6063 

 
Fig. 2: Boron Nitride 
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The conventional stir casting process has been employed for producing discontinuous particle reinforced metal matrix 

composites for decades. The major problem of this process is to obtain sufficient wetting of particle by liquid metal and to get a 

homogenous dispersion of the ceramic particles. 

 Pin-on-Disc Testing Machine 

The friction and wear tests were conducted on a Koehler Instrument’s pin on disc wear tester. The setup consists of a cylindrical 

pin manufactured by the DMD process held rigidly in the arm with its flat face maintained perpendicular to the rotating surface of 

mild steel disc finished to a diameter of 165 mm. A normal contact load (L) is applied by the pin on the disc by means of a pulley 

supported hanging weight connected to the pin holding arm. During sliding, the rotational speed of disc can vary and the load can 

also be increased or decreased thus generating a particular frictional force at the sliding interface. As the pin slides on the disc, it 

forms circular worn tracks with certain amount of materials removed from pin and disc both depending upon their strength, 

hardness and surface condition. A pin on disc tribometer consists of a stationary "pin" under an applied load in contact with a 

rotating disc. The pin can have any shape to simulate a specific contact, but spherical tips are often used to simplify the contact 

geometry. Coefficient of friction is determined by the ratio of the frictional force to the loading force on the pin. The pin on disc 

test has proved useful in providing a simple wear and friction test for low friction coatings such as diamond-like carbon coatings 

on valve train components in internal combustion engines. The schematic representation of the pin-on-disc apparatus shown in 

figure 3.  

 
Fig. 3: Pin-on-Disc Testing Machine 

III. RESULTS & DISCUSSION 

Commercially available AA6063 round bar of 20mm diameter and 100mm length has been used for this study. The B4C (Boron 

carbide) particulates are reinforced with the AA6063 in liquid state during the casting process. The uniform distribution of   B4C 

with AA6063 will form the composite material. The analysis taken place between the AA6063 grade and AA6063 + B4C 

composite, in its machining characteristics like surface roughness and tool wear. The surface roughness can be measured using 

surface roughness tester, whereas the wear test carried using pin-on-disc wear tester. 
Table – 1 

Parameters and Their Levels 

Parameters Units Level 1 Level 2 Level 3 

Cutting Speed Rpm 1200 1800 2200 

Feed rate mm/rev 0.05 0.08 0.10 

Depth of cut mm 0.6 0.8 1.0 

 Analysis of Surface Roughness 

The surface roughness of the machined composite specimens were investigated through surface roughness tester. The roughness 

measurements are tabulated in Table 2. 
Table – 2 

Surface Roughness Measurements for AA6063 (90%) + B4C (10%) 

Trial No. Cutting Speed (rpm) Feed rate (mm/rev) Depth of cut (mm) Ra (microns) 

1 1200 0.05 0.6 2.49 

2 1200 0.08 0.8 3.86 

3 1200 0.10 1.0 4.87 
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4 1800 0.05 0.8 2.56 

5 1800 0.08 1.0 3.64 

6 1800 0.10 0.6 4.59 

7 2200 0.05 1.0 2.36 

8 2200 0.08 0.6 3.31 

9 2200 0.10 0.8 4.02 

 Analysis of Pin-On-Disc Wear Tester 

Aluminium composites are been used in automobile parts since years. Hence it is required to study the tribological behaviour and 

improvement for such materials. Aiming at these aspects sliding wear behaviour has been investigated. The input parameters for 

the sliding wear are arranged in Table 3.  
Table – 3 

Input Parameters for Sliding Wear in Pin-On-Disc Wear Tester 

Sl.No Parameters Units Range 

1 Speed Rpm 320 

2 Track radius mm 50 

3 Frictional force N 30 

4 Time sec 1200 

The sliding wear tests are carried out for different time lengths and the wear characteristics has been explained and tabulated in 

Table 4. 
Table – 4 

Observation of sliding wear 

Time Wear (microns) Co-efficient of Friction Frictional force in N 

100 5.643 0.113 3.353 

200 23.811 0.153 4.439 

300 37.975 0.174 5.178 

400 39.687 0.202 5.803 

500 40.957 0.214 6.084 

600 46.251 0.233 6.853 

700 72.862 0.252 7.569 

800 74.901 0.271 8.025 

900 77.173 0.296 8.387 

1000 80.363 0.302 8.989 

1100 84.784 0.311 9.646 

1200 93.067 0.333 10.073 

The wear and friction behaviour of aluminium and boron carbide was investigated by using pin on disc wear tester and the graphical 

representation is shown figure 4, 5 and 6. 

 
Fig. 4: Time (sec) Vs Wear (microns) 
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Fig. 5: Time (sec) Vs Co-efficient of Friction 

 
Fig. 6: Time (sec) Vs Frictional Force in N 

IV. CONCLUSION  

From this work, the following conclusions were arrived 

1) The results confirmed that stir formed AA 6063 with B4C reinforced composite are clearly superior to base AA6063 

2) It is found that elongation tends to decrease with increasing particles wt. percentage, which confirms that boron carbide 

addition increases brittleness. 

3) Aluminum matrix composites have been successfully fabricated by stir casting technique with fairly uniform distribution of 

B4C particles. 

4) The hardness and impact strength increases after addition of B4C in the matrix. 

5) The wear and friction behaviour of B4C reinforced composites are improve compare to pure grade AA6063. 
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