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Abstract—The quality of the surface finish of the machined job is one of the most important product quality characteristics. 
In the present study the Taguchi methodology has been used for modelling and optimization of surface roughness in end 
milling of aluminium silicon carbide composite plates (Al2024-SiCp) using carbide end mills. Four machining parameters, 
the spindle speed, the feed rate, the depth of cut and number of flutes were used in the experiment. The average surface 
roughness (Ra) was chosen as a measure of surface quality. Using Taguchi method for design of experiment (DOE), other 
significant effects such as the interaction among milling parameters are also investigated. The application of the 
methodology is demonstrated through an experimental study in which end milling of aluminum metal matrix composite is 
carried on CNC Vertical milling machine. 
 
Keywords— Stir casting, End milling, Surface roughness (Ra), Taguchi optimization technique. 
 
I. INTRODUCTION  
 
Milling is the most extensively used machining 
process which may be employed in at least one stage 
of fabrication in manufacturing industries. In the 
present days CNC milling machines are commonly 
used as they possesses versatility, flexibility and 
allows manufacture of products in shorter time at 
reasonable cost and good surface finish. One of the 
main perceptions of quality in mechanical products is 
its physical appearance. One of the most important 
factors in physical appearance is the surface 
roughness. A number of research publications 
addressed this issue of surface roughness 
measurement and analyses. This paper evaluates 
surface quality in end milling operation of Al 2024-
SiCp metal matrix composite. This material is 
selected as this is most widely used in automobile and 
aerospace industry. The effect of spindle speed, feed 
rate, depth of cut, number of flutes with respect to 
varying percentage weight of silicon carbide is 
studied on surface roughness. Alloy 2024 plate 
products are used in Sheet products, usually Alclad, 
are used extensively in commercial and military 
aircraft for fuselage skins, wing skins and engine 
areas where elevated temperatures to 250°F (121°C) 
are often encountered.End milling is one of the 
important milling operations, which is commonly 
used in manufacturing industries due to its capability 
of producing complex geometric surfaces with 
reasonable accuracy and surface finish [1 During 
finish milling, the depth of cut is small. 
Technological parameter range plays a very important 
role on surface roughness [1]. In end milling, use of 
high cutting speed, low feed rate and low depth of cut 
are recommended to obtained better surface finish for 
the specific test range in a specified material [2]. 
Cutting feed is the most dominated factor for surface 

finish. The most important interactions, that effect 
surface roughness of machined surfaces, are between 
the cutting feed and depth of cut, and between cutting 
feed and cutting speed [11]. Surface Roughness is 
affected negatively if the applied force is increased 
[14].  Surface roughness at the same feed rate 
becomes higher when a small nose radius is used 
[13].  
Zhang et. al. in 2007 studied Taguchi design 
application to optimize surface quality in a CNC face 
milling operation for aluminum. The Taguchi design 
is an efficient and effective experimental method in 
which a response variable can be optimized, given 
various control and noise factors, using fewer 
resources than a factorial design. This study included 
feed rate, spindle speed and depth of cut as control 
factors, and the noise factors were the operating 
chamber temperature and the usage of different tool 
inserts in the same specification, which introduced 
tool condition and dimensional variability. An 
orthogonal array of L9(34) was used; ANOVA 
analyses were carried out to identify the significant 
factors affecting surface roughness, and the optimal 
cutting combination was determined by seeking the 
best surface roughness (response) and signal-to-noise 
ratio. Finally, confirmation tests verified that the 
Taguchi design was successful in optimizing milling 
parameters for surface roughness. BAJIC et. al. in 
2008 observed the cutting parameters on face milling 
for surface roughness. Cutting speed, feed rate and 
depth of cut had been taken into consideration. A 
series of experiments have been carried out in 
accordance with a design of experiment (DOE). In 
order to obtain mathematical models that are able to 
predict surface roughness two different modeling 
approaches, namely regression analysis and neural 
networks, had been applied to experimentally 
determined data. Obtained results have been 
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compared and neural network model gives better 
explanation of the observed physical system. Optimal 
cutting parameters have been found using simplex 
optimization algorithm.  
P.S. Sivasakthivel et al. (2010) conducted 
experiments on aluminum Al 6063 by high speed 
steel end mill cutter and tool wear was measured 
using tool maker’s microscope. The helix angle is the 
most significant parameter which reduces tool wear. 
The tool wear is minimal in between 400 – 450 helix 
angles. The increase in spindle speed and axial depth 
of cut reduces the tool wear. The decrease in radial 
depth of cut reduces tool wear. Sundara Murthy et al. 
(2010) studied provides the optimum cutting 
conditions for end milling of Aluminum 6063 under 
minimum quantity lubrication machining. The highest 
cutting speed, medium feed rate and medium depth of 
cut produces lowest surface roughness. Kromanis et 
al. (2008) developed a technique to predict a surface 
roughness of part to be machined according to 
technological parameters & find relationships 
between surface roughness (Average absolute 
deviation of the surface) of machined workpiece and 
used technological parameters (cutting speed; feed; 
depth of cut). They concluded that technological 
parameter range also plays a very important role on 
surface roughness. Study results can be used by 
technologists and other manufacturing specialists to 
set up cutting parameter in end-milling. Jaharah A. G 
et al. (2008) found that new challenge in machining 
(High speed milling of Ti-6Al-4V using coated 
carbide tools) is to use high cutting speed in order to 
increase the productivity. Effect of feed rate on 
surface roughness is more significant compared to 
other cutting parameters. The top layer of the 
machined surface experiences work hardening 
process, which is higher than the average hardness of 
the workpiece material.  
Navneet K. Prajapatiet. al. in 2013 suggested that 
Efficient turning of high performance SS 316 
austenite steel material can be achieved through 
proper selection of turning process parameters to 
minimize surface roughness and maximize material 
removal rate. In this present paper outlines an 
experimental study to optimize and study the effects 
of process parameters in CNC turning on Surface 
roughness and material removal rate of SS 316 
(austenite steel) work material in dry environment 
conditions using physical vapour deposition (PVD) 
coated ceramic insert with 0.8mm nose radius and 
80°negative rhombic angle. The full factorial method 
and analysis of variance are employed to study the 
performance characteristics in CNC turning 
operation. Three machining parameters are chosen as 
process parameters: Cutting Speed, Feed rate and 
Depth of cut. The experimentation plan is designed 
using design of experiment, L27orthogonal array and 
Minitab-16 statistical software is used. Optimal 
values of process parameters for desired performance 
characteristics are obtained by analysis of variance 

(ANOVA). Prediction models are developed with the 
help of grey relational analysis method using 
Minitab-16 software and finally the optimal and 
predicted results are also verified with the help of 
confirmation experiments.  
The experiment is conducted on Al 2024-SiCp stir 
cast plates. The processing of the job is done by solid 
carbide two, three and four fluted end-mill tools 
under finishing conditions. The machining parameters 
evaluated are spindle speed, feed rate, depth of cut 
and number of flutes. The experiments are conducted 
by using L-27 orthogonal array as suggested by 
Taguchi. Signal-to-Noise (S/N) ratio and Analysis of 
Variance (ANOVA) is employed to analyze the effect 
of milling parameters on surface roughness. 
 
II. MACHINING PARAMETERS  
 
The three primary factors in any basic turning 
operation are speed, feed, and depth of cut. Other 
factors such as kind of material and type of tool have 
a large influence, of course but these three are the 
ones the operator can change by adjusting the 
controls, right at the machine.  
Speed: The cutting speed is the cutting speed of 
cutter of milling machine, measured in meter per 
minute (m/min). The preferred speed is determined 
based on the material being cut. Excessive cutting 
speed will cause premature tool wear, breakages, and 
can cause tool chatter, all of which can lead to 
potentially dangerous conditions. Using the correct 
cutting speed for the material and tools will greatly 
affect tool life and the quality of the surface finish. 
For a given machining operation, the cutting speed 
will remain constant for most situations; therefore the 
cutting speed will also remain constant. Facing 
operations on a lathe however involve the machining 
of a constantly changing diameter. Ideally this means 
changing the cutting speed as the cut advances across 
the face of the work piece, this was harder to do in 
practice and was often ignored unless the work 
demanded it. The introduction of CNC controlled 
lathes has solved this awkward problem as variable 
speed electric motors are a practical solution to the 
problem.  
 
Feed: It is the velocity at which the cutter is fed, that 
is, advanced against the work piece. It is expressed in 
units of distance per time for milling (typically inches 
per minute [ipm] or millimeters per minute); with 
considerations of how many teeth (or flutes) the 
cutter has then determining what that means for each 
tooth. 
 
Depth of Cut: It refers to the amount of material 
being taken per pass. This is how deep the tool is 
under the surface of the material being cut. This will 
be the height of the chip produced. Typically, the 
depth of cut will be less than or equal to the diameter 
of the cutting tool.  
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III. OUTPUT RESPONSE PARAMETERS  
 
Material Removal Rate:  
Material removal rate is the volume of material 
removed per unit time from the work piece surface. 
We can calculate material removal rate as the volume 
of material removed divided by the time taken to cut. 
The volume removed is the initial volume of the work 
piece minus the final volume. The cutting time is the 
time needed for the tool to move through the length 
of the work piece this parameter strongly influences 
the finishing grade of the work piece.  
Material removal rate basically depend upon the feed 
rate, spindle speed, tool diameter and depth of cut. It 
is important output characteristic in milling or every 
machining process because MRR has direct relation 
with the production. And quick and high production 
is the need of modern production system. Thus every 
company focuses on the optimization of the technical 
parameters for high material removal rate. In end 
milling, the cutter generally rotates on an axis vertical 
to the work piece. It can be tilted to machine tapered 
surfaces. Cutting teeth are located on both the end 
face of the cutter and the periphery of the cutter body. 
In the end milling we use the multipoint cutting tool 
and the MRR is high comparatively than single point 
cutting tool use in turning. But milling is use in high 
speed machining in the modern industry and for 
higher production there is the necessity of high MRR.  
 
Surface Roughness: Roughness is a measure of the 
texture of a surface. It is quantified by the vertical 
deviations of a real surface from its ideal form. If 
these deviations are large, the surface is rough; if they 
are small the surface is smooth. Roughness is 
typically considered to be the high frequency, short 
wavelength component of a measured surface. 
Surface roughness is an important measure of product 
quality since it greatly influences the performance of 
mechanical parts as well as production cost. Surface 
roughness has an impact on the mechanical properties 
like fatigue behavior, corrosion resistance, creep life, 
etc. surface roughness tester to measure surface 
roughness of work piece. 
 
Methodology:  
Quality as par Taguchi 
According to Taguchi, quality of a manufactured 
product is loss by that product incurred to the society 
from the time it is shipped. Financial loss or Quality 
loss may be given by:   
L(y) = k(y-m) ² 
y   objective characteristic 
m           target value 
k            constant 
k = Cost of defective product / (Tolerance) ²=A/Δ² 
 
Taguchi Design Approach: The Taguchi technique 
involves reducing the variation in a process through 
robust design of experiments. To achieve desired 

product quality, Taguchi suggested a three-stage 
process: 
 1.  System Design: Right combination of materials, 
parts, processes and design factors that will satisfy 
functional and economical specifications. 
2.  Parameter Design: To find the appropriate control 
factor levels to make the system less sensitive to 
variations in uncontrollable noise factors, i.e., to 
make the system robust. 
3. Tolerance Design: Tolerances of those factors 
which have the largest influence on variation are 
adjusted to achieve the target quality level. 
The overall objective of the method is to produce 
high quality product at low cost to the manufacturer. 
Taguchi’s parameter design offers a single and 
systematic technique to optimize the design 
performance, quality and cost (Phadke 1989). 
 
Analysis of Variance (ANOVA): In addition to the 
Signal to Noise Ratio (S/N ratio), the results have 
been subjected to Analysis of Variance (ANOVA) to 
evaluate the impact of control factors (process 
parameters) on surface roughness. In addition to the 
Signal to Noise Ratio (S/N ratio), the obtained results 
have been tested using statistical Analysis of 
Variance (ANOVA) to indicate the impact of process 
parameters on surface roughness. 
 

푆푁 = 푙표푔
푦
푠  

 
Where 

푦 = 	
1
푁 푦 ,  

 

푠 =
1

푁 − 1 푦 , − 푦  

 
i= Experiment number 
u= Trial number 
푁 = Number of trials for the experiment 
 
The group mean for group is: 
 

푦 =
∑ 푦 ,

푛  

The grand mean is:  
 

푦 =
∑ ∑ 푦 ,

푛  
 
n = n1+n2+ ……..+nk 
 
yi,j = the measurement from group i, observation-
index j.  
k = number of groups  
ni = number of observations in group i 
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n = total number of observations, 
The hypothesis that the means of a given set of 
normally distributed populations, all having the same 
standard deviation, are equal. This is perhaps the 
best-known F-test, and plays an important role in the 
analysis of variance [17]. The name was coined by 
George W. Snedecor, in honour of Sir Ronald A. 
Fisher. Fisher initially developed the statistic as the 
variance ratio in the 1920s. 
F = (Explained Variance orbetween group 
variability)/(Unexplained Variance or     within group 
variability) 
A type I error (raising a false alarm), also known as 
an error of the first kind, occurs when the null 
hypothesis (H0) is true, but is rejected. The type I 
error rate or significance level is the probability of 
rejecting the null hypothesis given that it is true. [19]. 
It is denoted by α (alpha) and is also called the alpha 
level. By convention, the significance level is set to 
0.05 (5%), implying that it is acceptable to have a 5% 
probability of incorrectly rejecting the null 
hypothesis. [18] 
A type II error, also known as an error of the second 
kind, occurs when the null hypothesis is false, but 
erroneously fails to be rejected. (e.g., fire breaking 
out and the fire alarm do not ring).The rate of the type 
II error is denoted by the Greek letter β (beta) and 
related to the power of a test (which equals 1−β). 
p-values: Hypothesis tests are used to test or check 
the validity of a claim that is made about a data set. 
This claim that’s on trial is called the null hypothesis. 
The alternative hypothesis is the one you would 
believe if the null hypothesis is untrue.  
The evidence in the trial is your data and the statistics 
that go along with it. All hypothesis tests ultimately 
use a p-value to weigh the strength of the evidence 
[20]. The p-value is a number between 0 and 1 and 
interpreted in the following way: 
 A small p-value (typically ≤ 0.05) indicates 
strong evidence against the null hypothesis, so you 
reject the null hypothesis. 
 A large p-value (> 0.05) indicates weak 
evidence against the null hypothesis, so you fail to 
reject the null hypothesis. 
p-values very close to the cut-off (0.05) are 
considered to be marginal (could go either way). 
Always report the p-value so your readers can draw 
their own conclusions. 
This ANOVA analysis was done for a significance 
level of 0.05 (α), i.e., for a confidence levelof95%. 
 
CONCLUSION & FUTURE WORK  
 
From the above literature survey we found that most 
effected parameters to cutting condition are cutting 
speed, feed rate and depth of cut and they are easily 
controlled by operator at the machine at same time. 
All turning operation will be performed on CNC face 
milling machine. In which input parameters are 
cutting speed, feed and depth of cut and the response 

parameters are material removal rate and surface 
roughness. We will use surface roughness tester to 
measure surface roughness and MRR will measured 
by mathematical equation. We will use Al2024-
SiCpwork piece material for face milling operation. 
For Experimental design extended Taguchi method 
will be used for optimization process & find out 
number of readings. To identify the significant factor 
and to find out percentage contribution of each input 
parameter for obtaining optimal conditions we will 
use ANOVA method. Using the signal to noise ratio 
and mean ANOVA calculations, the optimum output 
characteristics will be predicted by Minitab. 
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