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Introduction 

In this investigation, Al 6061 alloy was matrix material. It 

has a medium to high strength, good surface finish, and 

excellent corrosion resistance. This alloy was used in many 

industrial applications such as aircraft and aerospace 

components, marine fittings, bicycle frames, camera lenses 

etc…Silicon Nitride (Si3N4) as a reinforcement material. It has 

high strength over a wide range of temperature, outstanding 

wear resistance etc…  

In a Stir casting technique using mechanical stirring the 

particulate reinforcement was distributed uniformly in all 

directions into the aluminum melt. Composites with up to 30% 

volume fractions can be suitably manufactured using this 

method Himanshu Kala et al. [1]. For good wetability we need 

to keep operating temperature at semisolid stage i.e. 630 for Al 

(6061) Rajeshkumar et al. [2]. An issue occurred with the stir 

casting technique was the segregation of reinforcing particles 

due to settling of particles during solidus. A development in stir 

casting technique was double-step mixing process for achieving 

good mechanical properties Zhou and Xu et al. [3]. In this 

process, first step the matrix material was heated up to its 

liquidus temperature. The melt was then cooled down to a 

temperature between the liquidus and solidus points to a semi-

solid state. In second step the preheated reinforcement particles 

were added and mixed. Again the slurry was heated to a fully 

liquid state and mixed thoroughly. 

The machining processes were classified in various heads. 

Which are used in produce various design of parts. Slandered 

and common processes are turning, facing, taper turning, 

knurling, threading, boring, drilling, chamfering, forming etc... 

S.V. Bhaskar Reddy et al. [4], Nafis Ahmad et al. [5], R. 

Saravanan et. al. [6], R. QuizaSardinas et al. [7], T. Srikanth et 

al. [8], Doriana M. D’ Addona, et al. [9] were worked with 

Genetic Algorithm for parameters of turning operation they 

determine the optimal machining parameters that minimize the 

surface roughness, production time, production cost without 

violating any imposed cutting constraints based on Genetic 

Algorithm approach 

 
Figure 1. Schematic diagram of plane turning process 

Genetic Algorithms (GA) were first developed by John 

Holland & Goldberg are one of the most evolutionary computing 

methods provides to an optimization of problems. A Genetic 

Algorithms was an evolutionary algorithm applies the principle 

of finding an optimal solution to a problem solver. In a Genetic 

Algorithm, the problem was encoded in a series of bit strings 

that were manipulated by the algorithm Shashi Prakash Dwivedi 

et al. [10]. In Genetic Algorithms we can use a population of 

solutions in each iteration, instead of single solution. The most 

influencing the optimal result was the number of the initial 

population, the type of the selection function, the cross over rate, 

and the mutation rate.  
Materials and Methods 

Work piece material 

 Al 6061/Si3N4 Metal Matrix Composite as a work piece 

material used for CNC Turning. The chemical composition of Al 

6061 alloy shown in Table 1. 

 Si3N4 used as a reinforcement material of particle size 

75µm. Si3N4 reinforcement help us to improve the wear 

resistance of Metal Matrix Composites (MMC). 
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ABSTRACT 

 This paper investigates the development of Al6061/Si3N4 metal matrix composites using 

stir casting technique and optimize the process parameters in turning based on Genetic 

Algorithm. In this metal matrix composites Al 6061 alloy reinforced with 3% and 5% 

weight by volume of Si3N4 particles of mean diameter 75µm was used. Experiments were 

performed in the CNC lathe by using CNMG inserts at various cutting conditions and 

parameters such as cutting speed, feed and depth of cut and surface roughness was found at 

different levels. The optimization of machining parameters was done by using Genetic 

Algorithm. 
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Composite preparation 

In this process Al 6061 was used as matrix material and 

reinforced with three different 0%, 3% and 5% weight by 

volume of Si3N4 particles of mean diameter 75µm. Stir casting 

setup was shown in Figure 2. In which Aluminium 6061 was 

melt in a conical shaped Graphite crucible by heating it in the 

muffle furnace up to 800
0
c temperature. The reinforcement 

Silicon Nitride (Si3N4) particles preheated at 300
0
c temperature 

for 1 hour Bharath et al. [11] to remove moisture content from 

the particles.  

 
Figure 2. Stir casting setup 

 
Figure 3. Round rod along with Die 

For the purpose of complete melt of Al 6061 temperature 

raised above the liquidus temperature of 650
0
c. After some time 

period the temperature of Al 6061 slurry cooled down from 

liquidus to semi solid state. The die placed upon the furnace for 

preheating purpose. Now the molten Al 6061 was stirred for 5 

min for the homogenous melt form at stirring rate of 200rpm. 

Preheated Si3N4 particles were embedded in the molten by three 

steps mixing of melt Bharath et al. [11]. In every step before and 

after addition of reinforcement particles, mechanical stirring is 

carried out for a period of 5 min. The stirrer position was such 

that 1/3
rd

 of material should be below the stirrer and 2/3
rd

 of 

material should be above the stirrer Singla et al. [12]. After the 

complete addition of particles, the melt was stirred for a defined 

time. The melt was poured in the preheated mould to get a 

desired shape of composite. The casted part is shown in FIG.3. 

CNC Turning 

CNC Turning will be performing based on Taguchi’s 

method and as per L9 orthogonal array with considering three 

machining parameters (i.e. speed, feed, depth of cut). The 

experimental setup of CNC Turning as shown in FIG.4. The 

CNC Turning with larger shaft power up to 3700W, maximum 

spindle speed 4000 rpm, feed rate up to 5000mm/min. The 

specifications of CNC Turning as shown in Table 2. 

 

Figure 4. CNC turning setup 

Design of Experiment 

Experiments have been carried out by using Taguchi’s 

method and as per L9 orthogonal array with considering three 

machining parameters i.e. speed, feed, Depth of cut. Each factor 

has three levels. The cutting parameters and their levels are 

detailed in Table 3. The experimental inputs are mentioned in 

the Table 4. 

Measuring Equipment 

Surface roughness measured using Talysurf (Mitutoyo SJ-

210) shown in Figure 5. Surface roughness of the waviness 

measured in terms of the aggregate roughness Ra, using a 

Talysurf tester. 

 
Figure 5. Tallysurf SJ-210 equipment 

 Results and Discussions 

The main objective of this investigation was to find the 

optimal cutting parameters to minimize the surface roughness 

value by using optimization technique. In which Genetic 

Algorithm used as an optimization technique to identify the best 

combination of cutting parameters. 

Output responses of 0% wt. by volume of Si3N4 

The output responses of 0% addition of Si3N4 are shown in 

Table 5.  

Fitness function equation of surface roughness (Ra) will be 

created by using regression analysis with MINITAB 16. Fitness 

function equation of Ra of 0% wt. by volume of Si3N4 as 

follows. 

Ra = 3.70 – 0.00275 speed + 48.3 feed + 1.84 doc 

 
Figure 6. Result snap from MATLAB for Ra of 0% wt. by 

volume of Si3N4 

 
Figure 7. Graph for surface roughness Ra  

Considering population 4, current generation 51, the 

optimization values for cutting parameters are spindle speed-

1721.072 rpm, feed-0.055 mm/rev, depth of cut-0.506 mm. Best 

fitness for minimization of surface roughness is 2.5331µm.
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Table 1. Chemical composition (w. %) of Al 6061 alloy 
Component Amount (wt. %) 

Cr 0.04-0.35 

Ti 0.15 Max. 

Mn  0.15 

Cu 0.15-0.40 

Zn 0.25 Max. 

Fe  0.7 Max. 

Si 0.40-0.80 

Mg  0.8-1.2 

Others 0.05 Max. 

Al Balance 

 

Table 2. Specifications of CNC Turning 

Range of Spindle speed 150-4000 rpm 

Extreme shaft power 3.7 KW 

Range of feed rate 5000 mm/min 

Bed type 450 slant bed 

Max. swinging range of Dia. on chuck 80 mm 

Chuck size 100 mm 

 

Table 3. Cutting parameters & their levels 

Cutting parameters Levels 

1 2 3 

Speed (rpm) 750 1250 1750 

Feed (mm/rev) 0.05 0.075 0.1 

Depth of cut (mm) 0.5 0.75 1 

 

Table 4. Experimental design 

S.No Speed (rpm) Feed (mm/rev) Depth of cut (mm) 

1 750 0.05 0.50 

2 750 0.075 0.75 

3 750 0.1 1.00 

4 1250 0.05 0.75 

5 1250 0.075 1.00 

6 1250 0.1 0.50 

7 1750 0.05 1.00 

8 1750 0.075 0.50 

9 1750 0.1 0.75 

 
Table 5. Output responses of 0% wt. by volume of Si3N4 

S.No. Input responses Output responses  

Speed (rpm) Feed (mm/rev) Depth of cut (mm) Surface Roughness- Ra (µm) 

1 750 0.05 0.5 4.143 

2 750 0.075 0.75 7.629 

3 750 0.1 1.00 7.941 

4 1250 0.05 0.75 3.964 

5 1250 0.075 1.00 6.522 

6 1250 0.1 0.50 5.729 

7 1750 0.05 1.00 2.644 

8 1750 0.075 0.50 4.480 

9 1750 0.1 0.75 4.331 

 

Table 6. Output responses of 3% wt. by volume of Si3N4 

S.No. Input responses Output responses  

Speed (rpm) Feed (mm/rev) Depth of cut (mm) Surface Roughness- Ra (µm) 

1 750 0.05 0.5 3.317 

2 750 0.075 0.75 6.435 

3 750 0.1 1.00 8.982 

4 1250 0.05 0.75 3.394 

5 1250 0.075 1.00 3.955 

6 1250 0.1 0.50 4.809 

7 1750 0.05 1.00 2.366 

8 1750 0.075 0.50 4.171 

9 1750 0.1 0.75 2.544 
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Output responses of 3% wt. by volume of Si3N4 

The output responses of 3% addition of Si3N4 as shown in 

Table 6.Fitness function equation of 3% wt. by volume of Si3N4 

as follows 

Ra = 3.33 – 0.00322 speed + 48.4 feed + 2.00 doc 

 
Figure 8. Result snap from MATLAB for Ra of 3% wt. by 

volume of Si3N4 

Considering population 4, current generation 51, the 

optimization values for cutting parameters are spindle speed-

1748.356 rpm, feed-0.065 mm/rev, depth of cut-0.684 mm. Best 

fitness for minimization of surface roughness is 2.2327µm. 

 
Figure 9. Graph for surface roughness Ra 

Output responses of 5% wt. by volume of Si3N4 

 The output responses of 5% addition of Si3N4 as shown in 

Table 7. 

Fitness function equation of 5% wt. by volume of Si3N4 as 

follows  

Ra = 4.32 – 0.00292 speed + 43.8 feed + 0.57 doc 

Considering population 4, current generation 51, the 

optimization values for cutting parameters are spindle speed-

1638.952 rpm, feed-0.05 mm/rev, depth of cut-0.753 mm. Best 

fitness for minimization of surface roughness is 1.9794µm. 

 
Figure 10. Result snap from MATLAB for Ra of 5% wt. by 

volume of Si3N4 

 
Figure 11. Graph for surface roughness Ra  

Confirmatory test 

Confirmatory test was conducted to find the percentage of 

error between Experimental values (E) and Predicted values (P). 

The confirmatory test as shown in below Table 8. 

Conclusions 

The Al 6061 reinforced with different % wt. by volume of 

Si3N4 was successfully produced by stir casting method and 

different cutting parameters & their levels was considered for 

CNC Turning. The below conclusions to be made based on 

investigation carried out. 

1. The metal matrix composites having Al 6061 with 0, 3 and 

5% wt. by volume of Si3N4 were successfully reinforced using 

stir casting technique. 

2. The minimum surface roughness occurred at reinforcement of 

5% wt. by volume of Si3N4. 

3. The minimum surface roughness value 1.9795µm obtained at 

optimized cutting parameters i.e. spindle speed-1638.952 rpm, 

feed-0.05 mm/rev, depth of cut-0.753 mm.  

Table 7. Output responses of 5% wt. by volume of Si3N4 

 

S.No. 

Input responses Output responses  

Speed (rpm) Feed (mm/rev) Depth of cut (mm) Surface Roughness- Ra (µm) 

1 750 0.05 0.5 3.881 

2 750 0.075 0.75 6.983 

3 750 0.1 1.00 7.264 

4 1250 0.05 0.75 4.397 

5 1250 0.075 1.00 4.839 

6 1250 0.1 0.50 5.734 

7 1750 0.05 1.00 2.105 

8 1750 0.075 0.50 3.022 

9 1750 0.1 0.75 3.920 

Table 8. Confirmatory test Ra 

S.No. % wt. by vol. of Si3N4 Predicted-Ra (µm) value from GA(P) Experimental –Ra(µm) (E) Error %  ((E-P)/E) *100    

1 0 2.533 2.727 7.11 

2 3 2.232 2.214 0.83 

3 5 1.9795 2.1534 8.05 
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4. The confirmatory test was conducted and determined that the 

percentage of error within 8.05%.   

Acknowledgements      

With deep sense of gratitude, we acknowledge the guidance, 

help & active cooperation rendered by the following people 

whose guidance has sustained the effort which led to the 

successful completion. 

The authors would like to express their deep gratitude to 

Gnanavel Raja from Velammal College of Engineering, 

Redhills, Chennai for providing equipment facility. 

 Lastly we express our sincere thanks to all those who had 

been helpful directly or indirectly in bringing the paper to the 

present shape. 

References 

[1] Himanshu Kalaa, K.K.S Merb, Sandeep Kumarc “A Review 

on Mechanical and Tribological Behaviors of Stir Cast 

Aluminum Matrix Composites,” 3rd International Conference on 

Materials Processing and Characterization (ICMPC 2014). 

[2] Rajeshkumar Gangaram Bhandare, Parshuram M. Sonawane, 

“Preparation of Aluminium Matrix Composite by Using Stir 

Casting Method,” International Journal of Engineering and 

Advanced Technology (IJEAT) ISSN: 2249 – 8958, Volume-3, 

Issue-2, December 2013   

[3] Zhou, W., and. Xu, Z.M., "Casting of SiCp Reinforced Metal 

Matrix Composites,” Journal of Materials and Processing 

Technology, Volume 63, pp. 358-363, 1997. 

[4] S.V. Bhaskara Reddy, M. S. Shunmugam, T.T. Narendran, 

“Optimal sub-division of the depth of cut to achieve minimum 

production cost in multi-pass turning using a genetic algorithm,” 

Journal of Materials Processing Technology (1998), PP (101–

108).  

[5] Nafis Ahmad, A.F.M. AnwarulHaque, “Optimization of 

process planning parameters for rotational components by 

genetic algorithms”, 4th International Conference on Mechanical 

Engineering December 26-28, 2001, Dhaka, Bangladesh, pp. 

227-233. 

[6] R. Saravanan, P. Asokan, K. Vijayakumar, “Machining 

Parameters Optimization for Turning Cylindrical Stock into a 

Continuous Finished Profile Using Genetic Algorithm (GA) and 

Simulated Annealing (SA),” Int J AdvManufTechnol (2003) 

Springer-Verlag London Limited, pp 21:1–9.  

[7] Ramon QuizaSardinas, Marcelino Rivas Santana, Eleno 

Alfonso Brindis, “Genetic algorithm-based multi-objective 

optimization of cutting parameters in turning processes,” 

Engineering Applications of Artificial Intelligence, (2006),pp 

(127–133). 

[8] T. Srikanth, Dr V. kamala, “A Real Coded Genetic 

Algorithm for Optimization of Cutting Parameters in Turning”, 

IJCSNS International Journal of Computer Science and Network 

Security, June 2008, pp (189-193). 

[9] Doriana M. D’ Addona, Roberto Teti, “Genetic algorithm-

based optimization of cutting parameters in turning processes,” 

Forty Sixth CIRP Conference on Manufacturing Systems, 

(2013), pp. (323-328). 

[10] Shashi Prakash Dwivedi, Sudhir Kumar, Ajay Kumar, 

“Effects of Turning Parameters on Dimensional Deviation of 

A356/5% SiC Composite using Box-Behnken Design and 

Genetic Algorithm,” in Manufacturing Engineering, Vol. 2, No. 

1 (2014), 8-14. 

[11] Bharath, V., Nagaral, M. and Auradi, “Preparation of 

6061Al-Al2O3 metal matrix composite by stir casting and 

evaluation of mechanical properties,” International Journal of 

Metallurgical & Materials Science and Engineering, Vol.2, Issue 

3, pp. 22-31. 

[12] Singla, M., Dwivedi, D.D., Singh, L. and Chawla, 

“Development of Aluminium Based Silicon Carbide Particulate 

Metal Matrix Composite,” Journal of Minerals & Materials 

Characterization & Engineering, Vol. 8, Issue No.6, pp 455-467. 

[13] Dinesh Pargunde, Prof. Dhanraj Tambuskar, Swapnil S. 

Kulkarni, “fabrication of metal matrix composite by stir casting 

method,” International Journal of Advanced Engineering 

Research and Studies E-ISSN2249–8974. 

[14] Lakhvir Singh1, Baljinder Ram, Amandeep Singh, 

“optimization of process parameter for stir casted aluminum 

metal matrix composite using taguchi method,” International 

Journal of Research in Engineering and Technology eISSN: 

2319-1163 | pISSN: 2321-7308. 

[15] Bharath Va, Madev Nagaralb, V Auradib and S. A. Koric,  

“Preparation of 6061Al-Al2O3 MMC’s by Stir Casting and 

Evaluation of Mechanical and Wear Properties,” 3rd 

International Conference on Materials processing and 

Characterization (ICMPC 2014). 

[16] David Raja Selvam. J, Robinson Smart. D.S. Dinaharan. I, 

“Synthesis and characterization of Al6061-Fly Ashp-SiCp 

composites by stir casting and compocasting methods,” 10th 

Eco-Energy and Materials Science and Engineering 

(EMSES2012). 

[17] M.A. Hassan, T.C. Ofor, A.M. Usman and N.Y. Godi, 

“Development of Aluminium Metal Matrix Composite Using 

Stir Casting Method,” The International Journal Of Engineering 

And Science (IJES) || Volume || 3 || Issue || 8 || Pages || 36-39 || 

2014 || ISSN (e): 2319 – 1813 ISSN (p): 2319 – 1805. 

[18] P. Suresh, K. Marimuthu, S. Ranganathan, T. Rajmohan, 

“Optimization of machining parameters in turning of 

Al−SiC−Gr hybrid metal matrix composites using grey-fuzzy 

algorithm,” Trans. Nonferrous Met. Soc. China 24(2014) 

2805−2814. 

[19] Gurpreet Singh, Maninder Pal Singh, Gurmeet Singh, 

“Optimization of the machining parameters for surface 

roughness during turning of Al/SiC/Gr Hybrid MMC,” 

International Journal of Engineering Research & Technology 

(IJERT) Vol. 2 Issue 11, November – 2013. 

[20] Syed Altaf Hussain, V. Pandurangadu, K. Palani Kumar, 

“Optimization of surface roughness in turning of GFRP 

composites using genetic algorithm,” International Journal of 

Engineering, Science and Technology Vol. 6, No. 1, 2014, pp. 

49-57. 

[21] M.Sureshkumara ,M.Mohana priyaa , C SathishKumara, 

Dr.V.baskaranb, “Surface Roughness Optimization Of Metal 

Matrix Composite Using Taguchi Technique,” International 

Journal of Engineering Research & Technology (IJERT) Vol. 2 

Issue 3, March - 2013 ISSN: 2278-0181. 

[22] Brintha. N. C, Shajulin Benedict and Winowlin Jappes. J. 

T, “Machining Parameter Optimization Of Al/Sicp Composite 

Materials Using Genetic Algorithm,” International Journal of 

Engineering Research & Technology (IJERT) ISSN: 2278-0181 

Vol. 2 Issue 6, June – 2013. 

[23] Ramo´ n Quiza Sardin, Marcelino Rivas Santana, Eleno 

Alfonso Brindis, “Genetic algorithm-based multi-objective 

optimization of cutting parameters in turning processes,” 

Engineering Applications of Artificial Intelligence 19 (2006) 

127–133. 

[24] H. Ganesan, G. Mohankumar, “Optimization of Machining 

Techniques in CNC Turning Centre Using Genetic Algorithm,” 

Arab J Sci Eng (2013) 38:1529–1538 DOI 10.1007/s13369-013-

0539-8. 

[25] K.Saravanakumar, M.R.Pratheesh Kumar, Dr.A.K.Shaik 

Dawood, “Optimization of CNC Turning Process Parameters on 



  G.Sreekanth Reddy et al./ Elixir Mech. Engg. 84 (2015) 34007-34012 
 

34012 

INCONEL 718 Using Genetic Algorithm,” IRACST – 

Engineering Science and Technology: An International 

Journal(ESTIJ), ISSN: 2250-3498, Vol.2, No. 4, August 2012. 

[26] N.Zeelan Basha, G. Mahesh, N. Muthuprakash, 

“Optimization of CNC Turning Process Parameters on 

ALUMINUM 6061 using Genetic Algorithm,” Journal of 

Science and Modern Engineering (IJISME) ISSN: 2319-6386, 

Volume-1, Issue-9, August 2013. 

[27] Adnan Jameel, Mohamad Minhat , Md. Nizam, “Using 

Genetic Algorithm to optimize process parameters in turning 

operation,” International Journal of Scientific and Research 

Publications, Volume 3, Issue 5, May 2013. 


