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ABSTRACT 
 

 Accompanying the development of mechanical industry, the demand for alloy materials having high hardness, toughness and impact 
strength are increasing. As these materials pose severe difficulty to be machined by conventional methods, CNC end-milling machines are 
employed to machine them. The ultimate requirement of any machining process being fine surface finish, is accurately satisfied by CNC 
end milling process. Hence this project aims at obtaining the best surface finish by optimizing various process parameters affecting the 
machining conditions. With the assistance of genetic algorithum , various number of experiments will be conducted by varying the process 
parameters at various levels. The output response variable being surface roughness, will be measured for all the number of experiments 
conducted. As the lowest value of surface roughness indicates the best surface finish, the optimum parameter level combination would be 
analyzed which gives desired surface finish. These optimized values of various parameters would then be used in performing machining 
operation in order to obtain desirable outputs. 
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INTRODUCTION 

 
 Intense international competition has focused the 
attention of manufacturers on automation as means to 
increase productivity and improve quality. To realize 
full automation in machining, computer numerically 
controlled (CNC) machine tools have been 
implemented during the past decades. CNC machine 
tools require less operator input, provide greater 
improvements in productivity, and increase the 
quality of the machined part. 
 Among several CNC industrial machining 
processes, milling is a fundamental machining 
operation. End milling is the most common metal 
removal operation encountered. It is widely used in a 
variety of manufacturing industries including the 
aerospace and automotive sectors, where quality is 
an important factor in the production of slots, pockets, 
precision molds and dies. The quality of the surface 
plays a very important role in the performance of 
milling as a good-quality milled surface significantly 
improves fatigue strength, corrosion resistance, or 
creep life. Surface roughness also affects several 

functional attributes of parts, such as contact causing 
surface friction, wearing, light reflection, heat 
transmission, ability of distributing and holding a 
lubricant, coating, or resisting fatigue. Therefore, the 
desired finish surface is usually specified and the 
appropriate processes are selected to reach the 
required quality. 
 Several factors will influence the final surface 
roughness in a CNC milling operation. The final 
surface roughness might be considered as the sum of 
two independent effects: 1) the ideal surface 
roughness is a result of the geometry of tool and feed 
rate and 2) the natural surface roughness is a result of 
the irregularities in the cutting operation. Factors 
such as spindle speed, feed rate, and depth of cut that 
control the cutting operation can be setup in advance. 
The develop techniques to predict the surface 
roughness of a product before milling in order to 
evaluate the fitness of machining parameters such as 
feed rate or spindle speed for keeping a desired 
surface roughness and increasing product quality.  
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I. Experimental Details: 
 Aluminum alloy(Al6063) reinforced with silicon 
carbide particles of size 40 μm with 5%, 
10%,15%,and 20% weight manufactured through stir 
casting route is used for experimentation.The 
dimensions of the specimens were 75mm × 50mm × 
25mm. The experiments were conducted on CNC 
end milling machining center with 12mm diameter, 4 
flute carbide end mill cutter.The chemical 
composition of Al6063 is given in table-1.Thirty one 
experiments are carried out according to the central 

composite design (CCD). The surface roughness (Ra) 
of the machined test specimens was measured using 
a Talysurf tester. The level of parameters selected for 
the experiments were given in the table-2.The 
experimental design matrix also given in the table-3. 
 
A. stir casting method: 
 The melting was carried in a tilting oil-fired 
furnace in a range of 750 ± 10ºC.A schematic view 
of the furnace has been shown in figure-1. 
 

 
Table 1: Chemical Composition Of Al6063.  

Material Al Cu Mg Si Fe Mn others 
Al6063 98.5 0.03 0.59 0.60 0.22 0.02 0.04 

 
 
Fig. 1: Schematic view of stir casting setup. 
 
1.Motor                        5.Particle injection chamber  
2.Shaft                          6.Insulation hard board                   
3.Molten aluminium    7.Furnace                       
4.Thermocouple           8.Graphite crucible. 
 
 First of all stirring system has been developed by 
coupling motor with gearbox and a mild steel stirrer. 
All the melting was carried out in a graphite crucible 
in an oil-fired furnace. Scraps of aluminium were 
preheated at 460°C for 4 to 5 hours before melting 
and mixing the SiC particles were preheated at 
1200°C for 2 to 4 hours to make their surfaces 
oxidized. 
 The furnace temperature was first raised above 
the liquidus to melt the alloy scraps completely and 
was then cooled down just below the liquidus to keep 
the slurry in a semi-solid state. At this stage the 
preheated SiC particles were added and mixed 
manually. Manual mixing was used because it was 
very difficult to mix using automatic device when the 
alloy was in a semi-solid state.  
 After sufficient manual mixing was done, the 
composite slurry was reheated to a fully liquid state 
and then automatic mechanical mixing was carried 
out for about 20 minutes at a normal stirring rate of 
700 rpm. 
 In the final mixing process, the furnace 
temperature was controlled within 750 ± 10°C. 
Pouring of the composite slurry has been carried out 
in the sand mould prepared according to the 
specifications. 

B. Scanning Electron Micrope Result: 
 The SEM images were taken with secondary 
electrons using JEOL -6390 equipment. The results 
are shown in the figure-2. 
 
II. Response Surface Methodology: 
 Response surface modeling was used to establish 
the mathematical relationship between the response 
(Yu) and the various process parameters. The general 
second order polynomial response surface 
mathematical model, which analyses the parametric 
influences on the various response criteria, can be 
described as follows: 

 
 Where Yu is response and xi (1,2, … ,k) are 
coded levels of k quantitative variables. The 
coefficient b0 is the constant term; the coefficients bi, 
bii, and bij are the linear, quadratic, term; the 
coefficients bi, bii, and bij are the linear, quadratic, 
and interaction terms. After logarithmic 
transformation the nonlinear form of Equation 1 was 
converted into a linear   form, which then was used 
to develop response surface regression model. 
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Fig. 2:  SEM photographs of unreinforced Al6063 and MMCs. 
 
III.  Finding The Limits Of The Process Variables: 
1. The Working ranges of all selected factors are 
fixed by  literature survey and machine specifications. 
2. The upper limit of a given factor was coded as 2 
and lower limit was coded -2. The coded values were 
calculated using the equation, 

Xi = 2 [2X - (Xmax + Xmin)] / [( Xmax - Xmin)] 
Where 
Xi is the required Coded value of a parameter X 
X is any value of the parameter from Xmin to Xmax 
Xmin is the lower limit of the parameter and 
Xmax is the upper limit of the parameter. 

 
Table 2: Levels of  parameters. 

Factors/ Coding levels -2 -1 0 +1 +2 
Spindle Speed, N (RPM) 

Feed rate, f (mm/ rev) 
Depth of cut, d (mm) 

Silicon carbide,S (%wt) 

1500 
0.01 
0.5 
0 

2000 
0.02 

1 
5 

2500 
0.03 
1.5 
10 

3000 
0.04 

2 
15 

3500 
0.05 
2.5 
20 

 
IV.  Genetic algorithm: 
 Genetic algorithms are a family of 
computational models inspired by evolution. These 
algorithms encode a potential solution to a specific 
problem on a simple chromosome–like data structure 
and apply recombination operators to these structures 
so as to preserve critical information. Genetic 
algorithms are often viewed as function optimizers, 
although the range of problems to which genetic 
algorithms have been applied is quite broad. The 
objective of the optimization is to achieve minimum 
average surface roughness by adjusting the cutting 
conditions with the help of numerical optimization 
technique. Genetic algorithms are search algorithms 
for optimization, based on the mechanics of natural 
selection and genetics. The optimization problem in 
this study will be solved by coupling the RSM 
surface roughness model with the GA algorithm. In 
the solutions of the optimization techniques GA will 
begin with a set of chromosomes (bit strings) which 
will be randomly generated or selected. 
 The entire set of these chromosomes will 
comprise a population. The chromosomes will evolve 
several iterations or generations and will make new 
generations called off springs using crossover and 
mutation techniques. The chromosomes will be 

evaluated using fitness criteria and the best one will 
be kept and the others will be discarded. 
 In this work, MATLAB 7.0 Toolbox GA was 
used to develop the GA program. The GA, written in 
MATLAB programming language, selects 
chromosomes based on objective value and level of 
constraint violation. 
 
Result And Discussion 
 
 Roughness apparatus measurement for surface is 
used (Talysurf-4), it is produced by (Rank tayllor 
hobson)  English company Shown in figure-3. 
 The data was further analyzed to study the 
interaction among process parameters and the main 
effects plot and interaction plots were generated and 
shown in figure-4. 
 
V. Conclusions: 
The experimental study reveals following conclusions: 
1. The results of study suggest that with increase in 
composition of SiC, an increase in hardness, impact 
strength. 
2. The best results has been obtained at 20% 
weight fraction of 40 μm size of SiC particles. 
3. RSM found successful technique to perform 
trend analysis of surface roughness with respect to 
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various combinations of design variables (spindle 
speed, feed rate, depth of cut, % of Sic). 
4. RSM model reveal that feed rate is the most 
significant design variable to predict the surface 
roughness response as compared to others. 

 
 
 

 
Table 3:  Experimental Design Matrix and Results. 

Ex.No 
Coded Values 

X1         X2        X3       X4 

Surface roughness 
(Ra) 

Experi mental value 
(µm) 

1 2000 0.02 1 5 3.405 
2 3000 0.02 1 5 2.811 
3 2000 0.04 1 5 5.033 
4 3000 0.04 1 5 4.228 
5 2000 0.02 2 5 3.471 
6 3000 0.02 2 5 2.801 
7 2000 0.04 2 5 5.031 
8 3000 0.04 2 5 4.311 
9 2000 0.02 1 15 3.977 
10 3000 0.02 1 15 3.394 
11 2000 0.04 1 15 5.788 
12 3000 0.04 1 15 4.944 
13 2000 0.02 2 15 4.070 
14 3000 0.02 2 15 3.401 
15 2000 0.04 2 15 5.803 
16 3000 0.04 2 15 5.053 
17 1500 0.03 1.5 10 5.201 
18 3500 0.03 1.5 10 4.637 
19 2500 0.01 1.5 10 2.678 
20 2500 0.05 1.5 10 6.007 
21 2500 0.03 0.5 10 4.061 
22 2500 0.03 2.5 10 5.298 
23 2500 0.03 1.5 0 3.333 
24 2500 0.03 1.5 20 2.638 
25 2500 0.03 1.5 10 4.182 
26 2500 0.03 1.5 10 4.176 
27 2500 0.03 1.5 10 4.220 
28 2500 0.03 1.5 10 4.162 
29 2500 0.03 1.5 10 4.154 
30 2500 0.03 1.5 10 4.198 
31 2500 0.03 1.5 10 4.288 

 

 
  
Fig. 3:  Roughness apparatus measurement. 
 

 
           
Fig. 4: Main effects plot for surface roughness. 
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