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Abstract The magnitude of wear should be at a minimum for numerous automobile and aeronautical components. In the

current work, composites were prepared by varying the cenosphere content using the conventional stir casting method. A

uniform distribution of particles was ensured with the help of scanning electron microscopy (SEM). Three major parameters

were chosen from various factors that affect the wear. A wear test was conducted with a pin-on-disc apparatus; the controlling

parameters were volume percentages of reinforcement of 5, 10, 15, and 20 %, applied loads of 9.8, 29.42, and 49.03 N, and

sliding speeds of 1.26, 2.51, and 3.77 m/s. The design of the experiments (DOE) was performed by varying the different

influencing parameters using the full factorial method. An analysis of variance (ANOVA) was used to analyze the effects of

the parameters on the wear rate. Using regression analysis, a response curve was obtained based on the experimental results.

The parameters in the resulting curve were optimized using the Genetic Algorithm (GA). The GA results were compared with

those of an alternate efficient algorithm called Neural Networks (NNs).
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1. Introduction

Aluminium Alloy (AA) 6063 is widely used in auto-

mobile and aeronautical industries. But their applications

are restricted due to its poor wear behavior. In recent

years, metal matrix composite has gained popularity in

improving the wear characteristics of aluminium alloy.

The wear properties are influenced by the metal matrix

layer formed on the worn surface of the composite. The

increase in the reinforcement content improves the wear

characteristics of a material.1) The addition of the Al2O3

particle content increases the wear resistance of the com-

posities.2) Wear resistance can be increased by incorpo-

rating aluminium diboride flakes in the aluminum matrix.3)

The stir casting method can be best suited to fabricate

aluminium based metal matrix composites.4) 

Cenospheres used as filler in aluminium casting reduces

cost, decreases density and increases hardness, stiffness,

wear and abrasion resistance.5) The presence of cenosphere

increases the damping capacity, coefficient of friction

making them suitable in industries like automotives, aero-

space.etc.6,7) The applied load has the highest impact on

the wear rate of the aluminium composites followed by

sliding distance, sliding speed and temperature.8,9) The

increase in the sliding velocity decreases the wear rate

whereas the increase in the normal load increases the

same for fiber reinforced composite.10)

1.1 Design of Experiments 

Design of Experiments (DOE) is an effective method

to find response with multi variables. It provides more

complete interactive information than typical fractional

factorial designs.11) DOE technique has been employed in

optimization of various parameters, which controls the

wear such as applied pressure, sliding distance and sliding

velocity with their significance in respect of wear.12,13) The

optimum conditions for dry sliding wear of the metal

matrix composites can be found using DOE method.14) 

In this study, experiments were conducted based on

DOE’s full factorial. The full factorial method will give

the best fitness curve in regression analysis. The three

parameters, namely, cenosphere content, speed and load

were considered for this study. The experiments were

conducted at various parameter levels for 5, 10, 15 and
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20 % by volume of cenosphere. Thus the total number of

experiments was 45. The various levels of the parameters

adopted are listed in Table 1.

1.2 Genetic Algorithm and Neural Networks

In the present study the experimental result was

optimized using non-traditional algorithms like GA and

NNs which are computerized to counter the difficulty in

solving manually.15) GA was used for wear optimization

due to its resulting global optimum and the ability to

handle large number of parameters where derivative or

numerical method cannot be applied. These advantages

make GA applicable in parameter optimization.16,17)

Genetic algorithms use an analogy for encoding chromo-

some and natural selection to evolve a good optimized

solution. Artificial neural networks, on the other hand

process information similar to the human brain for optimal

decision making. This processing methodology and archi-

tecture makes them superior to conventional techniques

on certain class of optimization problems. 

2. Experimental Procedures 

2.1 Raw material

The matrix material used in the experiment was

aluminium alloy (AA6063). It has good mechanical prop-

erties and is heat treatable and weldable. It has a specific

gravity of 2700 kg/m3. Cenosphere particles were used as

a reinforcement. It generally spherical in shape and range

in size from 1 µm to 500 µm. Cenosphere mainly consist

of silicon dioxide in two forms (amorphous and cry-

stalline), aluminium oxide (Al2O3) and iron oxide (Fe2O3).

The mixture of glassy crystalline particles like quartz,

mullite and various oxides forms cenosphere making it

heterogeneous. The characteristics of the particulate com-

posite greatly depend upon the nature, size, density and

its distribution. The composite produced possess dis-

persion and reinforcement due to the size range of

cenospheres. Particles were separated into different size

range and 1-100 micron was used as reinforcement.

The volume of cenosphere particles used for dispersion

was 5, 10, 15 and 20 %. AA6063 was melted in a

resistance furnace at 730 oC and stirred with a stirrer. It

was stirred upto 5-7 mins at an impeller speed of 480

rpm. The cenosphere particles were dispersed in the melt

using vortex method while the temperature was main-

tained at 700 oC. The melt with reinforced particulates

were poured into sand mould and allowed to solidify. 

2.2 Results of SEM Study

The microstructure of the composites was studied and

uniform distribution of fly ash particles in the matrix was

confirmed through SEM study. SEM analysis was carried

out for all volume content of cenospheres, but only 10 %

cenosphere content at different magnifications such as

5000X, 7500X and 27000X are presented in this study.

The results of the SEM analysis are shown in the

following Fig. 1.

The presence of cenosphere particles in the AA6063

matrix and micro voids between the particles and AA6063

matrix are seen in the images. It could also be observed

that machining and finishing of the surfaces has fractured

the particles present on the surface. The presence of

small fly ash particles exert pinning pressure restricting

the motion of grain boundaries as the pressure works

against the driving force pushing the boundaries. 

2.3 Determination of Density 

A vital criteria, the uniform distribution of reinforcing

particles in the molten metal greatly depends on the

density of the particles. Dense particles tend to slowly

settle at the base of the bath while less dense particles

remain suspended on the surface. This leads to difference

in the content of the particles during subsequent pouring

from one cast specimen to another or from one region to

Table 1. Factors and levels.

Parameter Levels

1 2 3

Sliding speed (m/s) 1.26 2.51 3.77

Load (N) 9.80 29.42 49.03

Fig. 1. SEM Image of Cenosphere Particulate Reinforced with AA6063.
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another within the same casting. Therefore, density analysis

is performed on specimens from different segments like

top, middle and bottom portion of the castings. 

Porosity, a casting defect, causes significant reduction

in mechanical properties. Proper distribution of the par-

ticles ensures good density distribution. A simple rule of

mixture helps to accurately predict the theoretical density

of the composite. Actual density was calculated using the

Archimedes method.

Theoretical density = (Density of AA6063 × Percentage

of AA6063) + (Density of cenosphere × Percentage of cen-

osphere) (1)

Experimental density = (Difference between apparent

weight to the weight of the sample) / (Rise in water

level)  (2)

Percentage of porosity = (Difference between the theor-

etical density and actual density) / (Theoretical density)

× 100 % (3)

Cenosphere has a density 700 kg/m3, which is lower

than that of AA6063 (2700 kg/m3) and hence an increase

in cenosphere content will decrease the density of the

composite.

Density and porosity of composite specimens reinforced

with cenosphere particles of different volume percentages

are shown in Table 2. The table indicates that cenosphere

reinforcement decreases the density of the composite,

thereby reducing its weight. This density variation can be

better understood by the difference in density between

the composite and AA6063. 

Table 2 clearly indicates an increase in porosity with

increase in cenosphere volume. The reason is that the

increase in small particles always forms a cluster in the

composite and the cluster regions are porosity localized

region. With increasing Mg content at higher cenosphere

volume of the matrix, the amount of porosity can be

reduced.

2.4 Determination of Hardness 

Hardness of the composite depends on the hardness of

the reinforcement and the matrix. Hardness is an inten-

sive property which leads to changes in other properties.

In the present investigation it was observed that the

hardness of the composite is higher than that of the

unreinforced alloy. The Brinell and Vicker’s hardness

tests were conducted according to ASTM E10-96 and

ASTM E92-82 respectively.

The variation of hardness with increase in cenosphere

content in the composite is shown in Fig. 2. It is clear

that the hardness increases with the increase in rein-

forcement percentage upto 15 percent and for the com-

posite containing 20 percent cenosphere, the hardness

decreases.

The hard cenosphere particles hinder the movement of

dislocations within the matrix and show greater re-

sistance to indentation thereby increasing the hardness.

An enormous amount of dislocations are generated at the

particle-matrix interface during solidification process,

which further increases the matrix hardness. Beyond 15

percent, the slight decrease in hardness might be due to

increase in porosity. Various other researchers have also

reported that the addition of hard ceramic particulates or

short fibres to metal alloys could lead to improved

strength, wear resistance and hardness.

2.5 Sliding Wear Test

The dry sliding wear tests were carried out at room

temperature under dry sliding condition. Cylindrical pins

of 10 mm diameter and 30 mm length were machined

from composite casting and metallographically polished.

The wear test specimens are shown in Fig. 3.

Sliding wear test was conducted at a rotating speed of

1.26, 2.51 and 3.77 m/s over a range of applied loads for

Table 2. Influence of cenosphere on Density and Porosity.

Cenosphere 

volume (%)

Density of composite (kg/m
3
)

Porosity (%)
Theoretical Experimental 

0 2700 2700 0

5 2440 2410 1.03

10 2140 2110 1.36

15 1880 1830 2.46

20 1670 1620 2.97 Fig. 2. Brinell and Vickers Hardness value.
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a predetermined time of 3 minute. The applied load on

the specimens was increased in steps by 9.8, 29.42 and

49.03 N. The disc was fabricated using En25 (corres-

ponding to AISI 4340) steel. The track diameter used

was 60 mm. The load on the samples was applied using

a mechanically operated loading mechanism. An experi-

ment was conducted to determine the tribological pro-

perties of wear surface in dry condition. 

Wear rate was computed by weight loss technique and

an average of five observations were considered. The

cleaned pin samples were weighed prior to and after the

wear tests using a Mettler microbalance with a precision

level of 0.01 mg. The wear rate of the AA6063 with 5,

10, 15 and 20 % of cenosphere were measured by varying

speed and applied load. The results were compared with

pure AA6063 and listed in the Table 3.

From the Table 3, there was a decrease in wear rate

with an increase in composition of cenosphere. But when

the composition of cenosphere in AA6063 increased above

15 % then there was an increase in wear rate due to the

decrease in hardness of composite.

3. Results and Discussions

Study of the ANOVA Table for a given analysis helped

to determine which of the factors need to be controlled

and which do not. ANOVA is a suitable method for

analyze the wear results (Hemanth et al 2011). The result

shows the effect of each parameter contributing to the

wear rate. The parameter A, B and C are cenosphere

content, load and speed respectively. The sign [1] and [2]

are minimum and maximum effects respectively.

The last column in Table 5 shows the percentage con-

tribution (P) of each factor on the total variation

indicating their degree of influence on result. It shows

that cenosphere percentage (P = 0.433) has the greatest

contribution on wear rate followed by load (P = 0.115)

and sliding speed (P = 0.0068). However, it was found

that interaction of two factors have more effect on the

wear rate. The wear rate was greatly affected by two

Table 3. Pin-on-disc wear test results.

Run no.
Cenosphere 

(%)

Speed

(m/s)

Load

(N)

Wear rate 10−10

(m3/min)

1 0 1.26 9.80 2.61

2 0 1.26 29.42 5.46

3 0 1.26 49.03 6.21

4 0 2.51 9.80 4.10

5 0 2.51 29.42 5.09

6 0 2.51 49.03 5.59

7 0 3.77 9.80 3.23

8 0 3.77 29.42 4.47

9 0 3.77 49.03 4.97

10 5 1.26 9.80 2.58

11 5 1.26 29.42 4.78

12 5 1.26 49.03 5.17

13 5 2.51 9.80 3.23

14 5 2.51 29.42 4.65

15 5 2.51 49.03 5.04

16 5 3.77 9.80 2.84

17 5 3.77 29.42 3.87

18 5 3.77 49.03 4.39

19 10 1.26 9.80 2.56

20 10 1.26 29.42 4.44

21 10 1.26 49.03 4.71

22 10 2.51 9.80 2.29

23 10 2.51 29.42 4.31

24 10 2.51 49.03 4.17

25 10 3.77 9.80 1.35

26 10 3.77 29.42 3.04

27 10 3.77 49.03 4.17

28 15 1.26 9.80 3.34

29 15 1.26 29.42 4.76

30 15 1.26 49.03 4.96

31 15 2.51 9.80 3.34

32 15 2.51 29.42 4.76

33 15 2.51 49.03 4.96

34 15 3.77 9.80 2.57

35 15 3.77 29.42 3.95

36 15 3.77 49.03 4.81

37 20 1.26 9.80 2.94

38 20 1.26 29.42 5.64

39 20 1.26 49.03 6.43

40 20 2.51 9.80 4.39

41 20 2.51 29.42 5.20

42 20 2.51 49.03 5.74

43 20 3.77 9.80 3.79

44 20 3.77 29.42 4.85

45 20 3.77 49.03 5.44

Fig. 3. Wear Test Specimens.



326 V. Saravanan, Dr. P. R. Thyla and Dr. S. R. Balakrishnan

factors rather than a single factor. The interaction bet-

ween cenosphere % and load (P = 0.767), cenosphere %

and sliding speed (P = 0.946), and lastly load and sliding

speed (P = 0.99) show the significance of contribution on

specific wear rate. The co-efficients are given in the

second column of the Table 5 and error in the model is

given in the third column.

Fig. 4 shows the interaction effects of control para-

meters. If the effect of a factor is influenced by the level

change of another factor, there is an occurrence of

interaction between these two factors. Fig. 4 shows that

the effect of the three studied factors is influenced by the

level change of the other factors which results in non-

parallel lines. 

The slope reveals the stronger interaction between

factors. ANOVA shows that the material characteristic is

greatly influenced by the distance traveled, and the

contribution of load and sliding speed is less whereas the

ANOVA for Frictional force shows that load is the

primary factor in inducing the frictional force when

compared with sliding speed and distance. 

In case of DOE one cannot choose more number of

intermediate values for the factors considered. It would

result in enormous combinations of experiments and hence

the possibility of having a range of values is ruled out.

So there arises a need for a compatible tool that is

capable of handling a range of values for the factors.

Hence GA is chosen to be the preferred tool for optimi-

zation in this case. But GA needs an objective function

as its input. This is arrived by fitting the curve through

wear experimental results.

3.1 Objective Function

Multiple variable regressions are used to develop the

empirical model by determining an optimal set of model

coefficients. This empirical model is called a response

surface model. After finding the optimal set of model

coefficients, the empirical model f (.) is obtained. This

empirical model can be used as an objective function for

the optimization. 

MATLAB custom tool was used to fit the curve. The

curve was analyzed with different orders starting from

linear equation. But the seventh order curve gave the

better result with minimum error. This type of nonlinear

equation can only be solved using nontraditional algo-

rithms like GA and NNs. The symbols and units followed

in the equation are as follows.

Table 4. ANOVA Table.

Table 5. Regression information.

Fig. 4. Interaction matrix for the parameters.

Table 6. Regression Equation Parameters.

Parameters Symbol Unit

Volume % of Cenosphere C %

Disc Speed S m/s

Load Applied L N

Wear Rate Y m
3
/min
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Y = −0.00017*C7 + 0.047*C6*L − 0.014e-3*C5*S*L

− 0.023*C5
− 340.49*C4*L3 + 0.32*C3*S*L3

+ 4041.49*C3*L3 + 50.99e-6*C2*S2*L3
−3.79e-6*C2*S2*L2

−9.43*C2*S*L4 + 81254.55*C2*L5
−266.029e-6*C*S2*L4

+0.053e-6*C*S2+30282121.13*C*L6
−15253512.63*C*L5

+ 5206.21162e-6*S2*L5
− 1712230684.09*L7

+ 887411605.85*L6 (4)

The experimental wear rate and the wear rate found

using the equation was compared which gave an average

error less than 0.01. Fig. 5 shows the wear rate by varying

the cenosphere percentage. There is a more wear rate

with high speed and load followed by low speed and

load.

3.2 GA Implementation 

The above function was used as an objective function

and fitness was determined to achieve the fit. Thus the

above function was optimized using the heuristic developed

by GA application program interface (API) given in “GA

toolbox” in MATLAB. Since the performance of the

present methodology depends on the GA parameters like

the initial population, number of generation, cross over

probability and mutation probability, the trial runs were

carried out to assign the values of these parameters. The

results are shown below.

Initial Population = 100

Number of Generation = 100

Cross Over Probability = 0.80

Mutation Probability = 0.005

The bounds for each parameter are important to generate

the population for each generation and it was set. These

bounds can be changed depending upon the application.

Cenosphere volume % was considered between 5 % and

20 %. Speed of the disc was considered between 1.26

and 9.42 m/s. Load applied was considered between 9.81

and 147.15 N. The optimum value achieved after GA run

is shown in the Table 7.

Optimum wear rate = 0.0067 e−13 m3/min

3.3 Neural Networks Implementation

Neural Networks was applied for the above experi-

mental data. NNs were trained by probabilistic Neural

Networks (PNN) and General Regression Neural Networks

(GRNN) configurations. The Fig. 6 shows the scatter

between predicted and actual result. The Fig. 7 shows the

relative variable impact based on NNs training. It shows

that load has major impact on wear rate followed by

cenosphere content and speed.

GA provides multiple optimum points thereby giving

Table 7. GA optimized results.

Factors Value

Cenosphere (volume %) 15.45

Speed (m/s) 3.05

Load (N) 44.13

Fig. 5. Wear rate vs cenosphere volume %.

Fig. 6. Predicted vs actual NN result.

Fig. 7. Relative variable impact on wear rate.
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the user options to choose when there is difficulty in

choosing one.18) The multiple optimums of GA and NN

are compared in the Table 8. It can be concluded that

GA gives better results than NNs.

A confirmation test was conducted as the final step in

design of experiment process. Dry sliding wear test was

conducted using specific set of optimized parameters to

validate the accuracy of statistical analysis carried out in

this study. The experimental values and computed values

from the regression model were compared. Table 9 shows

the confirmation experiment and its results. From the

confirmation test, the actual wear rate was found to be

varying from the one calculated using regression equation

and the errors were 6.5 % and 7.7 % for wear rate. As

these values were nearer to the actual data with mini-

mum error, design of experiments was effective for

calculating wear rate from the regression equation with

GA.

4. Conclusions

Experiments were conducted based on DOE full

factorial method and the results were analyzed using

ANOVA. This study proves that cenosphere significantly

affects the wear rate. Volume % of cenosphere has the

highest influence on wear rate followed by applied load

and sliding speed for composites. The minimum wear

rate can be obtained by optimum cenosphere percentage.

From the confirmation test, errors associated with wear

rate was 6.5 % and 7.7 % resulting in the conclusion that

the DOE was successful for calculating wear rate from

the regression equation with GA. Non-traditional algo-

rithms like GA and NNs best suits to solve the complex

problems like above requirements. A comparison of both

the methods concludes that GA gives better result for

wear reduction. 

References

1. Dhinakar A, Panneer Selvam T and Raghuraman S, Int.

J. Adv. Mater. Sci. Eng., 3, 13 (2014).

2. A. Baradeswaran, A. Elayaperumal and R Franklin Issac,

Procedia Eng., 64, 973 (2013).

3. S. Koksal, F. Ficici, R. Kayikci and O. Savas, Mater.

Des., 42, 124 (2012).

4. M. Nagaral, Shivananda B K, Shambhuling V S and V.

Auradi, Int. J. Res. Eng. Technol., 3, 800 (2014). 

5. K. N. Shivakumar, S. D. Argade, R. L. Sadler, M. M.

Sharpe, L. Dunn and G. Swaminathan, J. Adv. Mater.,

38(1), 1 (2006).

6. M. Ramachandra and K. Radhakrishna, J. Mater. Sci.,

40(22), 5989 (2005).

7. P. Sathyabalan, V. Selladurai and P. Sakthivel, Am. J.

Eng. Appl. Sci., 2(1), 50 (2009).

8. N. Radhika, A. Vaishnavi and G. K. Chandran, Tribology

in Industry, 36(2), 188 (2014).

9. R. S. Rana, R. Purohit, A. K. Sharma and S. Rana,

Procedia Mater. Sci., 6, 503 (2014).

10. G. Agarwal, A. Patnaik and R. Kumar Sharma, Int. J.

Eng. Res. Appl., 2(6), 1148 (2012).

11. P. Deprez, P. Hivart, J. F. Coutouly and E. Debarre, Adv.

Mater. Sci. Eng., 2009, 1 (2009).

12. M. Yunus and F. Rahman, Int. J. Adv. Eng. Sci. Technol.,

9, 193 (2011).

13. Sudheer M, Ravikantha P., Raju K and Thirumaleshwara

Table 8. GA and NN result comparison.

S. No.
Cenosphere

(%)
Speed (m/s) Load (N)

Wear Rate by GA

 (E-10 * m3/min)

Wear Rate by NN

(E-10 * m3/min)

1 15.45 3.05 43.26 0.006 5.55

2 8.14 3.06 43.45 0.061 4.34

3 15.43 3.61 43.85 0.121 5.44

4 13.95 3.04 41.49 0.139 4.18

5 6.99 2.74 24.03 0.913 4.57

6 5.76 2.86 31.88 0.112 4.64

7 6.48 2.72 19.52 0.135 4.62

8 12.93 2.74 27.86 0.264 4.31

9 14.64 2.62 41.49 0.753 4.43

Table 9. Results of confirmation experiment.

Experiments
Cenosphere 

(%)
Speed (m/s) Load (N)

Experimental Wear 

Rate (m3/min)

Predicted Wear Rate 

(m3/min)
Error (%)

1 15.45 3.05 44.15 7.67E-13 7.08E-13 7.7

2 8.14 3.07 44.15 6.7E-12 6.26E-12 6.5



Optimization of Wear Behavior on Cenosphere -Aluminium Composite 329

Bhat, Adv. Tribol., 2012, 1 (2012).

14. V. C. Uvaraja and N. Natarajan, Int. J. Eng. Technol.,

2(4), 694 (2012).

15. Y. M. Mohan and T. Seshaiah, Int. J. Eng. Res. Appl.,

2(1), 311 (2012).

16. T. Dereli, I. Filiz and A. Baykasoglu, Int. J. Prod. Res.,

39(15), 3303 (2001).

17. M. Reibenschuh, F. Cus and U. Zuperl, J. Indus. Eng.

Manage., 3(2), 383 (2010).

18. A. Turkcan and S. Akturk, J. Intell. Manuf., 14(3-4), 363

(2003).


