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Abstract
This paper presents the effect of process parameter in
turning operation to predict surface roughness. The
turning process by using CNC turning lathe is widely
used in industry because of its versatility and
efficiency. Applications of the turning process can be
found in many industries ranging from large engine
manufactures to small die shops. The parameters that
affect the turning operation are vibration, tool wear,
surface roughness etc. Among this surface roughness
is an important factor that affects the quality in
manufacturing process. The main objective of this
paper is to predict the surface roughness on
aluminium 6061, by optimizing the input parameters
such as spindle speed, feed rate and depth of cut by
using coated carbide tool. A second order
mathematical model is developed using regression
technique and optimization is carried out using BoxBehnken of response surface methodology. The
application of response surface methodology for
optimizing the input parameters such as spindle speed
(rpm), feed rate (mm/min) and depth of cut (mm), the
output parameter surface roughness can also be
optimized for economical production. Therefore, this
study attempts the application of response surface
methodology to find the optimal solution of the
cutting conditions for giving the minimum value of
surface roughness using design- expert 8.0 software.
Key words: spindle speed, depth of cut, feed rate,
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I. INTRODUCTION
Aluminum 6061 is good electrical and
thermal conductivities as well as good ductility and
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malleability alloy, is mainly used in application such
as aircraft and aerospace components, marine fittings,
transport, bicycle frames, camera lenses, drive, shafts,
electrical fittings and connectors, brake components,
valves, couplings. But some of the limitations during
machining of aluminum 6061 are lower strength at
elevated temperatures and limited formability affects
quality of desired output.
Response Surface Methodology (RSM):
Response surface methodology is a specialized DOE
technique that may be used to detail and optimize
transfer functions of a DFSS project .The method can
be used in the optimization phase of the DFSS
algorithm. Response surface methodology (RSM) is a
combination of statistical and optimization methods
that can be used to model and optimize designs. It has
many applications in design and improvement of
products and processes. And it is a fundamental
method to derive the relationship between the
different parameters affecting the process. RSM
works by applying different designed experiments to
obtain a polynomial model of the process keeping the
independent variable as the system output which is
minimized. A comprehensive algorithm of the
calculations involved. These approaches comprise a
systematic method of scheduling experiments as well
as gathering and analyzing records with a nearoptimum use of resources. The most widely employed
methodologies for surface roughness prediction in
terms of machining parameters are the Response
Surface Methodology (RSM). The various forms of
regression analysis concentrate on using existing data
to predict future results. It is used to examine the
relationship among several factors and the results.
Regression is applied to create models to predict the
results when combinations of factors interact under
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various conditions. It is one of the most widely used
statistical tools because it provides a simple method
of establishing a functional relationship among
variables. The relationship is expressed in the form of
an equation connecting the response or dependent
variable (y),and one or more independent
variables,x1,x2,x3,……..xn.
II. LITERATURE REVIEW
[1]An experiment has been conducted to observe the
significance of process parameters and influence of
the radial rake angle of the tool in end mill cutter.
Mathematical model has been developed to predict
surface roughness in terms of machining parameters
such as spindle speed, feed rate, radial, axial depth of
cut, and rake angle of cutting tool. The second-order
mathematical models, in terms of the machining
parameters, have been developed using Response
surface methodology (RSM). The experiment is
conducted on aluminum Al 6063 by HSS end mill
cutter, the surface roughness is measured by using
Surf tester SJ- 201
[2] The influence of machining process parameters
such as cutting speed (X1, m/min), feed rate(X2,
mm/rev), and depth of cut (X3, mm) on the output
parameters such as material removal rate and surface
roughness can also be optimized. Relationship
between material removal rate and input parameters
and between surface roughness and input parameters
are arrived through Minitab software. These
regression equations are solved using genetic
algorithm tool called user interface method and the
optimum combinations of input parameter for input
parameters for maximum material removal rate
(MRR) and minimum surface roughness (Ra) had
been arrived using mat lab software. The optimum
combination of input parameters for maximization of
material removal rate is found to be cutting speed
79.99m/min, feed rate 0.25mm/rev, depth of cut
0.1mm and best fitness value is 2122.23 mm3/min.
and the optimum combination of input parameters for
minimization of surface roughness found to be cutting
speed 79.9m/min, feed rate 0.15mm/rev, depth of cut
0.1mm and Best fitness for minimization of surface
roughness is 0.69 µm.
[5] To determine the optimum cutting conditions
leading to minimum surface roughness in milling of
mold surfaces by coupling response surface
methodology (RSM) with a developed genetic
algorithm (GA). RSM is utilized to create an efficient
analytical model for surface roughness in terms of
cutting parameters: feed, cutting speed, axial depth of
cut, radial depth of cut and machining tolerance. RS
model is further interfaced with the GA to optimize
the cutting conditions for desired surface roughness.

The GA reduces the surface roughness value in the
mold cavity from 0.412µm to 0.375µm corresponding
to about 10% improvement.
[9] The effects of cutting speed, feed rate, work piece
hardness and depth of cut on surface roughness and
cutting force components in the hard turning were
experimentally investigated. Four-factor (cutting
speed, feed rate, hardness and depth of cut) and threelevel fractional experiment designs completed with a
statistical analysis of variance (ANOVA) were
performed. Mathematical models for surface
roughness and cutting force components were
developed using the response surface methodology
(RSM). the ranges for best cutting conditions are
proposed for serial industrial production are feed
force (Fa) and the cutting force (Fv) are strongly
influenced by the depth of cut, (56.77%) and
(31.50%) respectively. On the opposite, the cutting
speed has a very small influence (0.14%). The best
surface roughness was achieved at the lower feed rate
and the highest cutting speed.
[12] Two independent data sets were obtained on the
basis of measurement: training data set and testing
data set. Spindle speed, feed rate, depth of cut, and
vibrations are used as independent input variables
(parameters), while surface roughness as dependent
output variable. On the basis of training data set,
different models for surface roughness were
developed by genetic programming. Accuracy of the
best model was proved with the testing data. It was
established that the surface roughness is most
influenced by the feed rate, whereas the vibrations
increase the prediction accuracy.
[13] In order to find out the effect of tool geometry
parameters on the surface roughness during turning,
response surface methodology (RSM) was used and a
prediction model was developed related to average
surface roughness (Ra) using experimental data. The
results indicated that the tool nose radius was the
dominant factor on the surface roughness. In addition,
a good agreement between the predicted and
measured surface roughness was observed. Therefore,
the developed model can be effectively used to
predict the surface roughness on the machining of
AISI 1040 steel within 95% confidence intervals
ranges of parameters. Tool nose radius is the most
significant factor on surface roughness with 51.45%
contribution in the total variability of model. Also,
approach angle and rake angle are significant factors
on surface roughness with 18.24% and 17.74%
contribution in the total variability of model. Using
response optimization show that the optimal
combination of machining parameters are (0.4 mm,
60°, -3°) for tool nose radius, approach angle and
rake angle.
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III. METHODOLOGY
A. FOR EXPERIMENTAL WORK
i) The material and tool inserts are selected based on
the problem identification study.
ii) Identifying different ranges of input parameters
and their levels.
iii) Measuring surface roughness (Ra) using surface
roughness tester SJ-210.
B. FOR THEORETICAL WORK
i) Formation of regression equation using designexpert 8.0 software.
ii) Calculation of predicted readings of surface
roughness (Ra)
C. FOR ANALYSIS WORK
i) Checking the adequacy of the models developed
ii) Comparing the optimization results with the
experimental results and finding out the percentage
error between them.
iii) Presenting the effects of the process parameters on
the mechanical properties in graphical form and
analyzing the results.
iv)Validation of results.

Figure- 1 cutting tool AK10 Carbide insert
C.EXPERIMENTAL SET UP AND CUTTING
CONDITIONS
Machining process was carried out in CNC
lathe. The machining process involved various cutting
parameters such as cutting speed, depth of cut, feed
rate. The measurements of average surface roughness
(Ra) were taken on surface roughness Tester SJ210.Three measurements of surface roughness were
obtained at different surface of machined work piece
and average value is used in the further analysis
D. SURFACE ROUGHNESS TESTER SJ-210
The Surface roughness tester used for measuring
surface roughness (Ra) in this experimental analysis
is given below

IV. EXPERIMENTAL DETAILS
A. WORK PIECE MATERIAL
The work material used was
aluminium 6061 and its chemical composition and
hardness are tested and hardness value is found to be
43 HRC. The table below shows the chemical
composition of aluminium 6061.
Table 1 chemical composition for alumunium 6061
Weight (%)
6061
Al
Bal
Si
0.40-0.80
Fe
0.70 max
Cu
0.15-0.40
Mn
0.15
Mg
0.8-1.2
Cr
0.04-0.35
Zn
0.25 max
Ti
0.15 max
Others each
0.05 max
Others each
0.15 max

B.CUTTING TOOL
AK10 Carbide Inserts for Turning Ground
and Polished for Aluminium Uni-tip was used for
turning.

Figure- 2 Surface roughness Tester SJ-210
E.CNC LATHE
The CNC Lathe used for machining Purpose
shown below along with specification,

Figure- 2 CNC XL Turning Lathe
Specification:
Control system-fanuc emulated
Spindle power-1Hp
Spindle speed-100 to 3000 rpm
Max. Turning dia-32mm
Rapid traverse rate-1.2m/min
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Exp.no

Input
Parameters

X2
X1
1
1500 0.08
2
1500 0.06
3
1500 0.06
Cutting
Units
4
2000 0.06
parameter
5
1500 0.04
spindle
rpm
6speed
1500 0.06
7Feed rate 2000
0.08
mm/min
8Depth of cut
1000
mm 0.08
9
1000 0.04
10
1500 0.04
11
1500 0.06
12
2000 0.04
13
1000 0.06
14
1500 0.06
15
1500 0.08
16
2000 0.06
17
1000 0.06

Output
F.CO
Parameter MBI
s
NATI
ON
X3
Y1
OF
0.6 0.696
PAR
0.7 0.687
AME
0.7 0.684
Levels
0.6 0.628
-1
0
1
0.8 0.683
1000 1500 2000
0.7 0.688
0.7
0.04 0.72
0.08
0.12
0.7
0.6 0.72
0.7
0.8
TERS
0.7 0.76
AND
0.6 0.67
THEI
0.7 0.673
R
0.7 0.65
LEVE
LS
0.6 0.681
0.7 0.672
In this
0.8 0.686
experi
menta
0.8 0.7
l
0.8 0.682

X3-Depth of cut (mm)
2) Output parameters
Y -surface roughness Ra (µm)
Table 3 Experimental values

analys
is the parameters has been conducted in three levels 1, 0, 1
Table 2 Combination of Parameters and their
Levels

G. EXPERIMENTAL VALUES
1) Input parameters
X1 -spindle speed (rpm)
X2 -Feed rate (mm/min)

H.ANOVA TABLE
Analysis of Variance used to test the difference
between 3 parameters which has been experimented
and also it shows the significant values
Table 4 ANOVA table
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I. REGRESSION EQUATIONS
Regression equations were formed using designexpert 8.0 software for surface roughness Ra (Y)
The regression equation for Surface Roughness Ra
(Y) is
Y= +0.53925-5.37950E-004*X1-7.39875*
X2+2.13100*X3+2.75000E003*X1X2+2.55000E004*X1X3-2.87500*X2X3+5.14000E-008*
X12+47.12500* X22-1.59000* X32
V.RESULTS AND DISCUSSIONS
The interaction effect of process parameters on
the surface roughness is discussed below.

Fig.4. Surface interaction dimensional views and
direct effect views of spindle speed and feed rate
over surface roughness.
Fig.3 shows the interaction
and direct effect of feed rate and spindle speed on
surface roughness. The above interaction figure
evidenced that the spindle speed and feed rate on the
surface roughness of turning process has a significant
effect. As the spindle speed increases from 1000 rpm
to 2000 rpm the surface roughness value is reduced
from 0.72 to 0.66 µm, where feed rate has the inverse
relationship on surface roughness compared to the
spindle speed. From the result it is concluded that the
change in feed rate (0.04-0.08 mm/min) has a
significant effect on surface roughness (0.72-0.66µm)
at higher spindle speed (2000rpm) whereas the
change in feed rate (0.04-0.08 mm/min) has no
significant effect on surface roughness (0.71-0.72µm)
at lower spindle speed (1000 rpm). The conclusion
can also be verified from the ANOVA table 4.

Source

Sum
Mea
of
n
Squ d Squ
ares f are
0.01
0.00
1693 9 1299

Model
Aspindle
0.00
speed
324 1
sl Input
B-feed
0.00
Parameters
rate.
0435 1
C-depth
0.00
of cut
1058 1
0.00
3025 1
AB
0.00
AC
065 1
0.00
X2 1
BC X1 0132
1
1000 0.00
0.04
A^2
2
1500 0695
0.04 1
3
2000 0.00
0.06
B^2
1496 1
0.00
1064 1
C^2
0.00
Residual
1599 7
Lack of 0.00
Fit
136 3
Pure
0.00
Error
0239 4
0.01 1
Cor Total 3291 6

0.00
324
0.00
0435
0.00
1058
0.00
3025
0.00
065
0.00
X0132
3
0.7
0.00
0695
0.6
0.00
0.6
1496
0.00
1064
0.00
0228
0.00
0453
5.97
E-05

pvalu
e
F
Valu Prob
>F
e
5.68 0.01
9014 60
14.1 0.00
8841 70
Output
1.90 0.20
Parameters
5399 99
4.63 0.06
EXP
PRE
2949 84
ERI
DIC13.2 0.00
MTED
4638 83
ENT
2.84 0.13
7424
54
AL
0.57 0.47
9119Y1 15
0.760
3.04 0.750
0.12
4489 0.661
45
0.670
6.55 0.630
0.03
0.628
1352 76
4.66 0.06
1251 77

7.59 0.03
2127 97

signif
icant

Err
or
in

1.265
1.304
0.002

Signi
ficant

Fig.5. Surface interaction dimensional views and
direct effect views of spindle speed and depth of
cut over surface roughness
Fig.4 shows the interaction and direct effect of depth
of cut and spindle speed on surface roughness. The
above interaction figure evidenced that the spindle
speed and depth of cut on the surface roughness of
turning process has a significant effect. From the
Fig.4 it has been concluded that the lower spindle
speed (1000 rpm) with the increase in depth of cut
550

IRACST – Engineering Science and Technology: An International Journal (ESTIJ),
Vol. XXX, No. XXX, 2013

(0.6 to 0.8 mm) has a significant effect on surface
roughness (0.62-0.69µm) at higher spindle speed
(2000rpm) whereas the increase in depth of cut (0.6 to
0.8 mm) has no significant effect on surface
roughness (0.64 to 0.63µm) at lower spindle speed
(1000 rpm).The conclusion can also be verified from
the ANOVA table 4.

•
•
•

•

•

The obtained experimental data can be used
to predict the surface roughness 'Ra' by
developing the regression model using DoE
A good surface roughness was obtained at
the feed rate (0.04-0.05 mm/min) and
spindle speed (1700-2000 rpm).
The change in feed rate (0.04-0.08 mm/min)
has a significant effect on surface roughness
(0.72-0.66µm) at higher spindle speed
(2000rpm).
The change in feed rate (0.04-0.08
mm/min) has no significant effect on surface
roughness (0.71-0.72µm) at lower spindle
speed (1000 rpm).
A feed rate less than 0.06 and depth of cut
less than 0.70 have been preferred for
obtaining good surface finish.
VII.REFERENCES
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