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Abstract: This work is focused on the experimental investigation of surface roughness of machined surface
during hard turning of AISI 4140 steel (47HRC). The cutting insert used is coated carbide tool. The experiments
are carried out based on central composite design approach of Response surface methodology. The analysis
of variance (ANOVA) is carried out to find out the influencing parameter on roughness. The influences of
interaction of process parameters are analysed using surface plots. The regression model to predict roughness
in terms of cutting parameters is found. The feed rate is the most influencing parameter followed by cutting
speed. The Regression model is also found to significant.
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INTRODUCTION better performance. But the drawback involved with CBN

Nowadays the hardened steels have wide application expensive coated carbide is seen as a substitute for CBN
in the  automotive,  agriculture  and defence industry. Tools [8]. But Roughness is a major problem when using
Hard turning is slowly replacing traditional grinding [1]. carbide inserts as the wear rate is higher in hard Turning.
Hard turning has some distinct advantages like higher The decreased surface quality will lead to machine
material removal rate, the same machine for soft and hard downtime, which in turn amounts to an increase in
turning, less work cycle time and absence of hazardous production costs [9, 10].
cutting fluids [2-4].CBN tools and ceramic tools are widely Based  on  the literature on hard turning, it is
used in hard turning. E. Aslan et al. [5] have developed observed that most of the investigation on roughness
regression equation for estimating tool wear and during  the  hard  turning  is  limited  to  the  expensive
roughness during machining of AISI4140 steel using CBN or ceramic tools. As the cutting dynamics in hard
ceramic inserts. The optimal cutting conditions were also turning is a highly complicated process. The cutting
derived. H. Aouichi et al. [6] have developed regression parameter  influence  based  on  roughness  will be
equation to find the roughness and force components different while  using  less  expensive  coated  carbide
during hard turning of X38CrM0V5-1 steel. The cutting tool. In  such  context  a  detailed  investigation  on the
tool that is used is CBN tool. The optimal conditions to influence of process parameters and their interaction on
reduce the wear were also found out. Y. Sahin [7] has roughness using coated carbide steel during the hard
developed an empirical equation to compare the tool life turning of AISI4140 steel are taken in to account. The
between the CBN and ceramic inserts, during machining regression model in terms of cutting parameters is also
of hardened AISI 52100 bearing steel. CBN tools showed found.

and ceramic tools is that it is very expensive. Less
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MATERIALS AND METHODS

Experimental Procedures: The material used for
investigation is AISI4140 hardened to 47 HRC. Table 1
gives the details of chemical composition of the work-
piece material. The experiments are carried out in an
Industrial type Kirloskar lathe having 6.6 KW spindle
power. The cutting fluids are not used. ISO designate
CNMG120408, CVD coated Ti(C, N) + Al O durotomic2 3

carbide tool (SECO make) is the cutting tool. The nose
radius is 0.8mm. The PCLNR2525 M12 of the following
specifications is the tool holder: major cutting edge angle
= 95°, back rack angle = -6° and negative cutting edge
inclination angle = -6°. The experiments are carried out for
fixed lengths of 200mm.Details are shown in Fig. 1, 2.

Table 1: AISI 4140 Steel-Chemical Composition

Composition (Wt %)

C 0.4
Cr 1
Mo 0.2
Mn 0.9
P 0.03
S 0.035
Si 0.28
Fe 97.15

Fig. 1: Operational block diagram

Fig. 2: Experimental Setup

Fig. 3: Representation of ‘Ra’

Fig. 4: Roughness measurement

Roughness Measurement: The measurement of
roughness was done using surface roughness tester of
mitutoyo make (SJ-210). The roughness parameter
measured is ‘Ra’. The roughness Ra is the average height
from mean line (Fig. 3). It is calculated using the relation.
The detail of roughness measurement is shown in Fig. 4.

(1)

where,
l - Length considered
f(x) - Roughness profile function.
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Table 2: Factors and levels
Level V(m/min) f (mm/rev) d (mm)
1 70 0.08 0.3
2 120 0.1 0.45
3 170 0.12 0.6

Table 3: Experimental results 
Machining parameter Response factor
----------------------------------- ---------------------------------

Run No V(m/min) f(mm/rev) d (mm) R  (µm)a

1 120 0.1 0.45 0.788
2 36 0.1 0.45 0.889
3 70 0.12 0.3 1.109
4 170 0.08 0.6 0.412
5 120 0.1 0.45 0.768
6 70 0.08 0.6 0.621
7 170 0.08 0.3 0.397
8 120 0.13 0.45 1.292
9 120 0.1 0.45 0.768
10 120 0.1 0.7 0.769
11 120 0.07 0.45 0.492
12 170 0.12 0.6 0.927
13 120 0.1 0.2 0.759
14 70 0.12 0.6 1.129
15 70 0.08 0.3 0.614
16 120 0.1 0.45 0.77
17 204 0.1 0.45 0.504
18 170 0.12 0.3 0.887
19 120 0.1 0.45 0.778
20 120 0.1 0.45 0.782

Experiments Design: All the experiments are carried out
based on response surface methodology (Central
Composite deign) as per design of experiments, the
methodology followed are;

Finalizing levels for cutting parameter
Conduction of experiments as per the central
composite design
Finding the most influential parameter for the
roughness using ANOVA.
Development of regression model for roughness.
Analysing the effect of interaction of cutting
parameters on response surfaces using response
surfaces.

In Central  composite  designthe   numeric  factors
are varied by three levels represented as -1; 0; and + 1
with  = 1.68179. The cutting parameters and levels
assigned are shown in Table 2. All the experiments are
conducted based on the central composite design.
Another important aspect for central composite design is
only less number of experimental runs is required. 20
experiments are required for an input of 3 factors. The
details of experiments are given in Table 3.

RESULTS AND DISCUSSION

The experimental results for Roughness are depicted
in Table 3. The roughness range varies from 0.397 to
1.292. Based on the results, The following analysis are
made.

ANOVA for Roughness: The analysis of variances
determines the most influencing cutting variables on
roughness. The details of ANOVA formulated based on
experimental data are given in Table 4.

Indication of p-value <0.005(95% confidence level)
means the variable is significant. ‘p-value’ is calculated
based on F-Value. It is evident from the Table 4, the model
for roughness is significant and feed is the most
contributing factor for roughness followed by cutting
speed.  The  depth of cut does not have any influence.
The experimental results and this result inference have
good correlation.

Regression Equations: The Roughness depends on the
process parameters V, f and d.The ‘Ra’is the function of
the process parameters. Mathematically it can be
represented as;

The regression equation is a nonlinear quadratic
equation as given below.

(2)

where, a , a , a , a ….. are the coefficients, Y is the0 1 12 11

output and X , X  are the inputs. In this work Roughnessi j

is the output and the cutting parameters are the input.
Based on the experimental data given in Table 3, the

following quadratic equation is derived.

R  = + 0.52915 + 7.18487 * 10  * V – 6.63679 * f + 0.19036a
4

* d + 2.5 * 10  * V * d + 1.58333 * f * d – 1.31105 * 104 5

* V  + 90.85885 * f  – 0.39606 * d2 2 2

(3)

Prediction of the Roughness values for any value
within the range specified in Table 1 is given by the above
equation. The prediction ability is specified by the R2

value. For the above regression equation the R  value is2

0.9801. Closeness to ‘1’ indicates good correlation with
measured value. Fig. 5 shows the normal probability plots
of residual (error). The residual (error) is given by the
following equation.
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Table 4: ANOVA for Roughness
Factors Sum of squares Degree of freedom Mean Square F Value p-value Prob> F Significant
Model 1.03 9 0.11 383.22 < 0.0001 Significant
V 0.16 1 0.16 550.80 < 0.0001 Yes
F 0.82 1 0.82 2762.16 < 0.0001 Yes
D 7.150x10 1 7.150x10 2.40 0.1525 No4 4

Vxf 5.000x10 1 5.000x10 1.677x10 0.9681 No7 7 -3

Vxd 9.800x10 1 9.800x10 0.33 0.5791 No5 5

Fxd 1.805x10 1 1.805x10 0.61 0.4545 No4 4

Residual 2.98x10 10 2.98x103 4

Total 1.03 19

Fig. 5: Normal Residual Plot

Fig. 6: ‘Ra’Vs. ‘V’ plot for f=0.1mm/rev and d=.45 mm
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Fig. 7: ‘ Ra’ Vs ‘f ‘ plot for V=120 m/min and d=.45 mm

Fig. 8: ‘Ra’Vs. ‘d’ plot for V=120 m/min and f=0.1 mm

Residual = Measured value- predicted value. (4) feed is the most impacting factor on roughness followed

It is evident from Fig. 5, that the residuals are any influence on response.
distributed close to the straight line indicating normal The surface finish seems to better in higher cutting
distribution. speed (Fig. 6.). This may due to disappearance of built up

Main Effects Plots: Fig. 6, 7 & 8 shows the main effect length. Another fact may due to drop in cutting forces
plot. It is useful is analysing the effect of cutting [12] which in turn stabilize the machining system there by
parameters on roughness. From the plot it is clear that the improving surface finish.

by cutting speed and depth of cut which does not have

edge formation and due to decrease in chip-tool contact
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Fig. 9: Interaction (V x f) on ‘Ra’

Fig. 10: Interaction (V x d) on ‘Ra’

The surface quality deteriorates as the feed increases does not have much influence on roughness and the
(Fig. 7), The reason behind this may be due to increse in difference in roughness values is marginal i.e. the values
associated vibrations and the geometrical aspects. The are almost constant for variation of depth of cut for a fixed
roughness value is directly propotional to square of feed. feed and cutting speed.
The high feed results in dynamic instability which in turn
deteriorates the surface finish. The value of roughness is Response Surface Analysis: The response surface
with the limit of 1.6µm indicating the effectiveness of analysis results are given in Fig. 9, 10 and 11. The
coated carbide tool in the hardturning operation. curvilinear nature of the plots indicates quadratic fit.

The variation of roughness for increase in depth of The  interaction  effect  of  cutting  speed  (V) and
cut is shown in Fig. 8. It is evident that the depth of cut feed   (f)   on   the   roughness   (Ra)   is  shown  in  Fig.  9.
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Fig. 11: Interaction (f x d) on ‘R ’a

From the ANOVA table it is clear that the interaction REFERENCES
doesn’t have much significance. High cutting speed and
low feed results in minimum value of roughness.

The interaction effect of cutting speed (V) and depth
of  cut  (d)  on the roughness (Ra) is shown in Fig. 10.
From the ANOVA table it is clear that the interaction
doesn’t have much significance. A combination of high
cutting speed and low depth of cut results in minimum
value of roughness.

CONCLUSION

This work proposes an experimental study on the
influence  of  machining parameters and their interaction
on the roughness during the hard turning of AISI4140
steel (47 HRC) using less expensive coated carbide steel.
The following conclusion can be drawn from the
investigation.

Based on the analysis of variance it is found that the
feed is the most influencing process parameter on
Roughness followed by cutting speed and the depth
of cut doesn’t have influence.
Based on the surface plots, it is found that the
interactions of process parameters are not found to
be significant. 
The regression model to predict roughness in terms
of cutting parameters is found to be significant with
R  value of 0.98.2
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