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Abstract: The effects of the cutting parameters (cutting speed, feed rate and depth of cut) on the surface roughness in machining the
Nimonic C-263 alloy were investigated. The experiments were conducted using Taguchi’s experimental design. The effect of cutting
parameters on surface roughness was evaluated and the optimum cutting conditions for minimizing the surface roughness were
determined. A second order model was established between the cutting parameters and surface roughness, using the response surface
methodology. The experimental results revealed that among the parameters considered, the feed rate is the most significant which
influences the surface roughness, followed by the cutting speed. The predicted values and measured values are fairly close, which
indicates that the developed model can be effectively used to predict the surface roughness in machining the Nimonic C-263 alloy.

The predicted values are validated using the additive law.
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1 Introduction

Nickel based super alloys are finding wide
applications in the hot portions of jet turbines such as
blades, vanes, and combustion chamber, due to their
ability to operate at high temperatures for extended
periods of time. The machining of these materials is
needed to achieve a near-net shape. As these materials
possess high temperature characteristics, they place the
cutting tools under tremendous heat, pressure and
abrasion, leading to rapid flank wear, crater wear and
tool notching at the tool nose etc and make them highly
difficult to machine, which in turn, affects the
dimensional accuracy and surface integrity during
machining [1-2]. To resolve the machining difficulty
and to ensure the functional characteristics with the
desired quality, suitable machining conditions and
cutting tools are to be established [3]. Apart from the
above, it is also necessary to model the process
parameters in terms of the functional performance
characteristics. Of the functional characteristics,
machining induced surface topography is an important
one.

Among the many parameters that characterize
surface topography, surface roughness is still one of the
most important. It is used to evaluate the surface
integrity of the machined components, because it directly
controls the surface functions such as friction, wear,
lubricant retention and load carrying capacity. It also
significantly improves fatigue strength, corrosion
resistance, and creep life, which are prerequisites in the
case of aerospace components [4]. Though studies have
been carried out on the selection of the cutting conditions
and cutting tools with respect to the machining of
Inconel material, very few studies have been reported on
the machining of the Nimonic C-263 alloy. Thus, a
detailed machining was contemplated. Researchers in
this area attempted to develop models which can predict
the surface finish of a material for a variety of machining
conditions, such as speed, feed rate, and depth of cut.
Reliable models would not only simplify the
manufacturing process planning and control, but also
assist in optimizing the machinability factors of the
materials. Therefore, the purpose of this study is (i) to
study the effect of the machining parameters on the
quality of the machined surface, (ii) to develop a suitable
surface prediction technique and (iii) to evaluate the
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prediction ability of the model.

Previous studies on the effect of machining
parameters on the Nimonic C-263 alloy indicated that
lower cutting speed and higher feed rate were found to
cause lower surface finish. It was also reported that the
feed rate and depth of cut had a dominant influence on
the surface finish and surface damage [5]. The choice of
the cutting speed, feed rate, depth of cut and tool
materials was observed to produce good surface finish
and avoid catastrophic tool failure. It was observed that
an increase in the cutting speed, feed rate and depth of
cut affects the tool life and reduces the surface finish
during machining, and the increase in the rake angle and
change in approach angles increase the mean shear
strength in the shear zone, and also encourage work
hardening when machining nickel based alloys [2, 5]. In
order to obtain good surface quality and dimensional
properties, optimized cutting conditions have to be
employed, which also needs a suitable modeling
technique for better prediction [5—7]. Work hardening
and low thermal conductivity causes heat concentration
at the cutting tool chip interface, which causes thermo
mechanical stress. This in turn affects tool life, and
causes considerable surface damage. Hence, the right
choice of cutting condition and tool is very important to
increase the surface finish, and tool life, and to reduce
the cutting force [8]. Surface roughness plays an
important role in many areas and is a factor of great
concern in the evaluation of machining accuracy [9].

Several researchers have used Taguchi’s method for
the design of experiment. Taguchi’s method is a
statistical tool, adopted experimentally to investigate the
influence on surface roughness of the cutting parameters
such as cutting speed, feed and depth of cut [10]. It has
gained wide popularity in the engineering and scientific
communities [9, 11]. Taguchi’s method is a powerful
tool for the design of high quality systems. It provides a
simple, efficient and systematic approach to optimize
designs for performance, quality and cost [12].

In the present study, the effect of the cutting
parameters on surface roughness during machining of the
Nimonic C-263 alloy was studied by utilizing a PVD
coated cemented carbide insert. Taguchi’s L,; array was
used for conducting the experiments, and to optimize the
surface finish and cutting conditions. To predict the
surface finish the response surface method was adopted.

2 Experimental

2.1 Work material and cutting tool

Nimonic C-263 alloy material of 80 mm diameter
and 300 mm length was used for all the experiments. The
chemical analysis was studied using the spark emission
spectrometer. The chemical composition of the work

piece material is as follows (mass fraction, %): 52.49 Ni,
0.19 Si, 0.46 Mn, 20 Cr, 6.29 Mo, 0.07 Cu, 1.0 Fe, 16.7
Co, 1.94 Ti, 0.48 Al 0.04 Nb, 0.15 W, 0.02 V, 0.02 C,
0.001 S, 0.007 Ta. The work material was solution
treated to a hardness of HRC 32. The work piece was
thoroughly cleaned, and the surface was skim-turned to
remove the heat treatment related surface defects, and
ensure the uniformity of the shape to eliminate errors in
the experimental results. The surface conditions of the
machined work piece and tool wear were studied, using
the JEOL JSM-6380LA analytical scanning electron
microscope (SEM). The typical SEM image of the work
material before experiments is shown in Fig. 1. The
turning method was selected to carry out the machining
trials.

C-263 alloy

The experimental study was carried out on a
NAGMATIL75 lathe with the following specifications:
center height of 165 mm, swing over bed of 305 mm,
spindle speed range of 54—1200 r/min, feed range of
0.048—0.716 mm/r and main motor of 735 W. The
machining tests were carried out under a dry cutting
environment. The selected cutting tool for machining
Nimonic alloy was of Sandvik make, with PVD coated
cemented carbide inserts CNMX 1204 A1-SM, 1105
Grade. The tool holder used for the turning operation
was a Sandvik PCLNR 2020 K12. The experiment setup
is shown in Fig. 2.

Each turning trial was carried out using a fresh
cutting edge so that the tool wear effect on the surface
topography and roughness could be the same, and the
variation due to the wear could be minimized. No
observable tool wear was found under the microscope,
since each cutting edge was used only once and the
turning time was very short. The typical SEM images of
the tool after a turning trial are shown in Fig. 3. The
evolution of tool wear and cutting force will be studied
in the future. The surface roughness was measured using
the surcoder with the following specification standards:
JIS94; cut off, 0.8 mm; filter, Gauss; sampling length,
0.8 mm; evaluation length, 4.00 mm; leveling, all;
and measuring speed, 0.5 mm/s. An average of three
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Fig. 2 Experiment setup

(a)

v=22 m/min, f~0.051 mm/r, d=0.5 mm; (b) v=54 m/min,
/=0.143 mm/r; d=1.00 mm

measurements was used to characterize the surface
roughness at each cutting condition.

2.2 Experimental design

In this study, the experimental design was planned
as per Taguchi’s method for optimization of cutting
parameters in the machining of Nimonic C-263 alloy.
This method is very attractive and effective to deal with
the responses influenced by a number of variables and
useful for studying the interactions between the
parameters. The objective of Taguchi’s quality loss
function is the quantitative evaluation of quality loss due
to functional variations. A quality characteristic is the
object of interest of a product or process. It is called as a
fundamental characteristic. The difference between the
functional value and objective value is emphasized and
identified as the loss function, which is given in equation

(1) [9-11].
2
L(y)=w=k(y—m>2 — k(o) (1)

where L(y) is the loss function, y is the value of the
quality characteristic, m is the target value of y, k is the
proportionality constant and ¢ is the mean square
deviation.

Equation (1) can be expressed by signal to noise
(S/N) ratio () and can be rewritten as:

n=-10lgo )

where # in the decibel (dB) scale measures the effect of
noise.

There are three categories of quality characteristics
in the analysis of the S/N ratio, (i) the-lower-the-better,
(i1) the-higher-the-better and (iii) the-nominal-the-better.
Regardless of the category of the quality characteristic,
the process parameter settings with the highest S/N ratio
always yield the optimum quality with a minimum
variance. The-lower-the-better category is always
preferred to calculate the S/N ratio for both the quality
characteristics of surface roughness and tool wear. The
equation for the calculation of the S/N ratio for
the-lower-the-better characteristic is given in Eq. (3) (in
decibels) [13].

.
q=—101g[lzk,?} =12, 3)
Iz

where R; is the value of the surface roughness for the ith
trial in » number of tests.

Experiments were performed to investigate the
effects of one or more factors of the process parameters
(cutting speed, feed rate and depth of cut) on the surface
finish of the machined surface. When an experiment
involves two or more factors, the factors can affect the
response individually as well as interactively. The level
of variables used in the experiment is given in Table 1.

Table 1 Machining parameters and their levels

Level
Control parameter Symbol
1 2 3
Cutting speed/(m'min”") v 22 33 54
Feed rate/(mm-r ') f 0.051 0.102 0.143
Depth of cut/mm d 0.50 0.75 1.00

Taguchi’s design of experiment with a standard L,;
orthogonal array was selected to conduct the turning
experiments [12, 14]. It requires 27 runs and has 26
degrees of freedom. The coded values of the machining
parameters and the actual setting values are given in
Table 2. The analysis was made using Minitabl5
software. The level of each design parameter was
identified, and the analysis of the influence of the
machining parameters on surface roughness was
performed, using the response table for S/N ratios, which



C. EZILARASAN, et al/Trans. Nonferrous Met. Soc. China 21(2011) 1986—1994

indicates the response at each level of the control factors.
In addition, a statistical analysis of variance (ANOVA)
was performed to find which process parameter
significantly affects the response (surface roughness).
The typical profilography of the roughness listed in
Table 2 is shown in Fig. 4.

2.3 Response surface methodology

Apart from Taguchi’s design of experiment,
response surface methodology was adopted to determine
the relationship between the various process parameters
and the response. Response surface methodology (RSM)
is a collection of mathematical and statistical techniques
that is useful for the modeling and analysis of problems,
in which a response of interest is influenced by several
variables and the objective is to optimize the response
[15-16]. In order to study the effect of the process

Table 2 Experimental conditions and results

1989

parameters on the surface roughness, a second order
polynomial response surface can be fitted into following
equation.

k k
Y=ﬁoZﬁixi+Zﬂiixi2+zizjﬂ,-jx,-xj+g (4)
i=1 i=1

where Y is the corresponding response, and x; are the
values of the ith machining process parameter. The terms
p are the regression co-efficients, and ¢ is the residual
measure, resulting from an experimental error in the
observations. This quadratic model works quite well over
the entire factor space. The second order response
surface representing the surface roughness (R,) can be
expressed as a function of cutting parameters, such as the
cutting speed (v), feed rate (f) and depth of cut (d). The
relationship between the response (surface roughness)
and the machining parameters can be expressed as [17]:

Coded values Actual setting Roughness S/N ratio/
e % f d v/(m'min~") fl(mmer ) d/mm R,/pm dB
1 1 1 1 22 0.051 0.50 1.750 —4.861
2 1 1 2 22 0.051 0.75 1.651 —4.355
3 1 1 3 22 0.051 1.00 1.452 —3.239
4 1 2 1 22 0.102 0.50 2.250 —7.044
5 1 2 2 22 0.102 0.75 2.123 —6.539
6 1 2 3 22 0.102 1.00 1.932 —=5.720
7 1 3 1 22 0.143 0.50 2.750 —8.787
8 1 3 2 22 0.143 0.75 2.935 —9.352
9 1 3 3 22 0.143 1.00 2.652 —8.471
10 2 1 1 33 0.051 0.50 1.550 —3.807
11 2 1 2 33 0.051 0.75 1.530 —3.694
12 2 1 3 33 0.051 1.00 1.402 —2.935
13 2 2 1 33 0.102 0.50 2.730 —8.723
14 2 2 2 33 0.102 0.75 2.100 —6.444
15 2 2 3 33 0.102 1.00 1.853 —5.358
16 2 3 1 33 0.143 0.50 2.530 —8.062
17 2 3 2 33 0.143 0.75 2.752 —8.793
18 2 3 3 33 0.143 1.00 2.203 —6.860
19 3 1 1 54 0.051 0.50 1.490 —3.464
20 3 1 2 54 0.051 0.75 1.352 —2.620
21 3 1 3 54 0.051 1.00 1.252 —1.952
22 3 2 1 54 0.102 0.50 1.840 —5.296
23 3 2 2 54 0.102 0.75 1.753 —4.876
24 3 2 3 54 0.102 1.00 1.652 —4.360
25 3 3 1 54 0.143 0.50 2.420 —=7.676
26 3 3 2 54 0.143 0.75 2.350 —7.421
27 3 3 3 54 0.143 1.00 2.120 —6.527
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Fig. 4 Profilography of surface roughness under different
cutting conditions: (a) v=22 m/min, /=0.051 mm/r, d=0.75 mm,
R,=1.651 um; (b) v=22 m/min, f=0.143 mm/r, d=0.75 mm,
R,=2.935 pm

R, = fo+ L")+ Bo(f)+ By (d) + Byv* +
Bsf* + Bed® + By (vf) + B (vd) + Py (fd) (5)

3 Results and discussion

3.1 Effect of control parameters on surface roughness

In Taguchi’s method, the terms of signal and noise
represent the desirable and undesirable values. The
objective of using the S/N ratio is a measure of
performance to develop products and processes
insensitive to noise factors [14]. The S/N ratio indicates
the degree of the predictable performance of a product or
process in the presence of noise factors. Process
parameter settings with the highest S/N ratio always
yield the optimum quality with a minimum variance. The
S/N ratio for each parameter level is calculated by
averaging the S/N ratios obtained when the parameter is
maintained at that level. The calculated S/N ratio for
three factors on the surface roughness in machining the
Nimonic C-263 alloy for each level is shown in Table 3.
From Table 3, it can be seen that among the process
parameters, the feed rate has the highest S/N ratio,
indicating its dominant influence on the surface roughness,
compared with the cutting speed and depth of cut.

The quality characteristic considered in the present
study is the-lower-the-better characteristic. The surface

roughness observed at low cutting speed is more than
that observed at higher cutting speed. From Fig. 5, it is
observed that at a higher cutting speed of 54 m/min, the
surface roughness is minimized. Contrary to the cutting
speed and depth of cut, the minimum surface roughness
is seen at the lowest level of feed rate. At higher feed rate

Table 3 Response for surface roughness
S/N ratio

Level
Depth of cut

—6.4133
—6.0104

Feed rate
—3.4362
—6.0400

Cutting speed
1 —6.4853
2 —6.0751
3 —4.9102 —7.9945 —5.0470
Difference 1.5751 4.5583 1.3663
Rank 2 1 3

1
L
=

T

Mean S/N ratio
th
wh

22 33 54
Cutting speed/(m*min™")

(b)

Mean S/N ratio
1
(=21

0.050 0.102 0.143
Feed rate/(mm-r")

(c)

Mean S/N ratio
&
i

=0.5F

-7.0

0.50 0.75 1.00
Depth of cut/mm

Fig. 5 Mean S/N graph for surface roughness: (a) Effect of
cutting speed on mean S/N ratio; (b) Effect of feed rate on
mean S/N ratio; (c) Effect of depth of cut on mean S/N ratio
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the scallop height is higher, thus contributing to a higher
roughness value. The results clearly show that the
roughness of the machined surface is predominantly
influenced by the feed rate. It is evident that optimum
cutting results with respect to surface roughness are
obtained at a cutting speed of 54 m/min, feed rate of
0.051 mm/r and depth of cut of 1 mm.

Table 4 shows the results of the analysis of variance
(ANOVA) for the S/N ratio of the surface roughness.
The ANOVA table shows that all the cutting parameters
are significant. The calculated F value is more than the

table value: ' (0.05, 2, 20)=3.49 at 95% confidence level.

From Table 4, it is seen that the feed rate has the highest
F value calculated, indicating its higher significance
compared with the cutting speed and the depth of cut.

Table 4 Results of ANOVA for S/N ratio of surface roughness

Percentage of
Degree of Sumof Mean  F-

Source contribution,

freedom squares square value

P/%

Cutting
2 12.019 6.010 18.56 9.89

speed
Feed rate 2 94.133 47.067 14538 77.47

Depth
2 8.872 4436 13.70 7.30

of cut
Error 20 6.475 0.324 5.34
Total 26 121.500 100

3.2 Response surface analysis

From the observed data for surface roughness, the
response function was determined in uncoded units with
the help of Minitab 15 software. The mathematical
relationship established for correlating the surface
roughness and the machining parameters in the
machining of the Nimonic C-263 alloy is given by

R.=0.9310+0.00421+10.8365+1.0414d—
0.0001v*+18.1737/%-1.012364*—
0.0733v/+0.0024vd—0.65081d (6)

The adequacy of the developed model was
evaluated by using the analysis of variance. It essentially
consists of partitioning the total variation in an
experiment into components ascribable to the controlled
factors and error. Table 5 shows the results of ANOVA.
In the ANOVA table, the sum of the squares is used to
estimate the square of deviation from the grand mean.
F-value is an index used to check the adequacy of the
model, in which the calculated value of F' should be
greater than the F-table value. The model is adequate at
95% confidence level. From the analysis of Table 5, it is
apparent that, the F' calculated value is greater than the
F-table value (F(0.05, 9, 17)=2.49) and hence the second
order response function developed is quite adequate.

The adequacy of the model is further analyzed by

Table 5 ANOVA table for response function of surface
roughness

Degree of  Sum of Mean
Source F-value P
freedom  squares square
Regression 9 592868 5928676 2293 0
Residual
17 0.488 48 0.488 477
error
Total 26 6.4175

The analysis was done using uncoded units; S=0.169 5, R-Sq=
92.4%, R-Sq(adj)=88.4%.

using R-Sq values. R-Sq is defined as the ratio of
variability explained by the model to the total variability
in the actual data and is used to measure the goodness of
the fit. The more the R-Sq approaches unity, the better
the model fits the experimental data. In this study, the
R-Sq value is 92.4% which shows the higher correlation
that exists between the experimental and the predicted
values.

Figure 6 illustrates the contour maps in the feature
plane based on Eq. (6), for each of the response surfaces
at different depths of cut. These response contours can
help in the prediction of the surface roughness at any
zone of the experimental domain [15, 18]. It is clear from
these figures that the best surface finish occurs at a
higher cutting speed and depth of cut; however, it
increases with an increase in the feed rate.

Surface roughness is actually the trace left by the
geometry of the tool wedge on the machined surface.
The surface roughness is mainly controlled by the feed
rate, plan approach angle, cutting edge angle and nose
radius. From Fig. 7, it is seen that with an increase in the
feed rate, the surface roughness increases for all the
cutting speeds. At a cutting speed of 22 m/min, around
1.1 pm increase of surface roughness is observed, but at
a higher cutting speed, there is a reduction in the level of
surface roughness. At a higher feed rate the height of the
ridges (roughness) is increased, thus contributing to a
higher surface roughness. Along with the effect of the
feed rate and geometry of the cutting wedge, the
roughness of the machined surface is affected by the chip
formation process, which includes cutting speed,
properties of the metal being machined, elastic and
plastic deformation of the surface layers, roughness of
the cutting wedge and tool wear. As the cutting speed is
increased, the condition for built up edge formation
deteriorates due to a rise in temperature, which leads to a
corresponding reduction in the height of the micro
irregularities (roughness) which can be seen distinctly
from Fig. 8. Along with the rise in temperature, reduced
friction and plastic deformation could also influence the
reduction in the surface roughness when the cutting
speed is increased.



1992 C. EZILARASAN, et al/Trans. Nonferrous Met. Soc. China 21(2011) 1986—1994

0.14[@) _2.75~
o=
2257
0.2
:
E 010
]
s
3 P
2 0.08 C2.00 1.75
0.06
1 1 1 1 1 l/
25 30 35 40 45 50
Cutting speed/(m*min™")

0.14 Tb) / ~
2.25
1-2.50
0.12 /

£
£ 0.10F
2
E -~
b1 1-2.00 1.75
i 0.08/
0.06F /
1 1 1 1 ..+-| 50 |
25 30 35 40 45 50
Cutting speed/(m*min")
0.14F(o) 227

7
0.12¢

T 1.8

E 120

-Ef U|U/

z

e

f

2 0.08r _
1.4

1.6 '
0.061

25 30 35 40 45 50
Cutting speed/(m*min’")

Fig. 6 Surface roughness contours in velocity-feed planes at
different depths of cut: (a) At depth of cut of 0.5 mm; (b) At
depth of cut of 0.75 mm; (c) At depth of cut of 1 mm

From Fig. 9, it is seen that at a higher depth of cut, a
reduction in the surface roughness is observed. At a
higher depth of cut, the surface layer may get work
hardened, leading to a reduction in surface roughness.
The level of variation in the value of surface roughness
in different combinations of cutting parameters is
observed to be less when turning the Nimonic-C 263
alloy, which corresponds to the results reported by
EZUGWU and OKEKE [2]. The SEM micrographs of
the machined surface generated at high level of cutting

3.0
=22 m/min
250 B8 v=33 m/min
- I v=54 m/min
2.0F
st
Y
1.0F
0.5F
0
0.050 0.102 0.143
Almm-r)
Fig. 7 Effect of feed rate at different cutting speeds on surface
roughness
2.5
I /=0.50 mm
B ¢=0.75 mm
2.0F Jd=1.00 mm
e 1.5f
=
= 1ot
0.5F
0
22 33 54
vi(m min~")

Fig. 8 Effect of cutting speed at different depths of cut on
surface roughness

3.0 Bl /~0.051 mm/r
- B3 /~0.102 mm/r
25¢ 3 /-0.143 mm/r
2.0F
E
2 15¢
-4
1.0
0.5
0
0.50 0.75 1.00
d/mm

Fig. 9 Effect of depth of cut at different feed rates on surface
roughness

speed and low level of feed rate is shown in Fig. 10, in
which a smooth surface is observed. However, the
surface generated at low level of cutting speed and high
level of feed rate shows damages such as mechanical
surface damage and feed marks which are shown in
Fig. 11. It is due to the fact that, at high level of feed rate
and low level of cutting speed, the rubbing action takes
place between the work piece and the insert due to
friction.
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Fig. 10 SEM micrograph of machined surface with carbide
insert at v=54 m/min, /=0.05 mm/r, and d=1.00 mm

insert at v=22 m/min, =0.143 mm/r, and d=1.00 mm

4 Validation of experimental results

The predicted results need to be validated to study
the effectiveness of the model. Different techniques are
followed for validation. In this study, a simple additive
law technique is adopted. Based on the optimal condition
given in section 3.1, the minimum possible surface
roughness was calculated from the following equation
[11]:

k
ﬂpredicted =1+ 2(771 - 77m) (7)
j=1
where #, is the grand mean of S/N ratio; #; is the mean
S/N ratio at optimum level; &k is the number of main
design parameters that affect quality characteristics.
Npredictea=—1.746 3; R,=1.102 9 um.

Figure 12 shows the validation of the experimental
results for the surface roughness. The test numbers 1 and
2 show the comparison of the experimental results with
the additive model equation. The result shows that there
is a small variation in the predicted value for both tests.
The validity of the response surface model was checked
by using test numbers 3, 4 and 5, shown in Fig. 12. The
figure shows the experimental values and their
corresponding predicted values through Eq. (6). The
verification tests were conducted randomly for the three
selected test conditions. It is observed that the predicted
values are very close to the experimental results. Also

when comparing the additive model and the response
surface model, the obtained error is always smaller when
the response surface model is used. It is realized from the
verification test results that the surface roughness of the
machining process is greatly improved by an optimal
setting of machining parameters.

The comparison of the test results between the
experimental and predicted values through Eq. (6) is
shown in Fig. 13. From this figure, it can be seen that the
predicted values are close to the experimental values,
indicting the effectiveness of the mathematical
relationship established in Eq. (6) for surface roughness
while turning the Nimonic C-263 alloy.

2.5

Il Predicted value
20 EH Experimental value

1 2 3 4 5
Test number
Fig. 12 Verification of test results for surface roughness

3.5
3.0F

+—Experimental value
0.5¢ =—Predicted value through Eq. (6)

0 Il 1 1 1 1 1 1
1 5 9 13 17 21 25

Number of experiment

Fig. 13 Comparison of test results between experimental and
predicted values through Eq. (6)

5 Conclusions

1) The effect of machining parameters on the
surface roughness was evaluated with the help of
Taguchi method, and the optimal machining conditions
to minimize the surface roughness were determined.

2) The feed rate was observed to be the dominant
parameter for achieving less surface roughness, followed
by the cutting speed and depth of cut.

3) The best possible machining condition for
obtaining better surface roughness was cutting speed of
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54 m/min, feed rate of 0.051 mm/r and depth of cut of
1.00 mm for turning the Nimonic C-263 alloy with PVD
coated carbide tool.

4) The results indicated that the increase of feed rate
increases the surface roughness, whereas the increase of
cutting speed and depth of cut decreases the surface
roughness under all cutting conditions. The surface
generated in high level of feed rate shows damages such
as mechanical surface damage and feed marks.

5) The adequacy of the developed model was
evaluated by using the analysis of variance. Based on the
F-test, the model is adequate at 95% confidence level,
and hence, the second order response function developed
is quite adequate. From the R-Sq values of 92.4% a
higher correlation was observed between the
experimental and predicted values.

6) The verification test results revealed that the
determined optimal combination of the machining
parameters satisfies the real requirements of the turning
operation in machining the Nimonic C-263 alloy.
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