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ABSTRACT
Metal cutting process is one of the complex process which
has numerous factors contributing towards the quality of
the finished product. CNC turning is one among the metal
cutting process in which quality of the finished product
depends mainly upon the machining parameters such as
feed, speed, depth of cut, type of coolant used, types of
inserts used etc. Similarly the work piece material plays
an important role in metal cutting process. Hard materials
such as stainless steel grades, Nickel alloys , Titanium
alloys are very difficult to machine due to their high
hardness. While machining these hard materials, optimized
machining parameters results in good surface finish, low
tool wear, etc. This study involves in identifying the
optimized parameters in CNC turning of martensitic
stainless steel. The optimization technique used in this
study are Response surface methodology, and Genetic
algorithm. These optimization techniques are very helpful
in identifying the optimized control factors with high level
of accuracy.

Key words: Turning, machining, response surface
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I.INTRODUCTION
Hard turning is a process, in which materials in the hardened
state (50–70 HRC) are machined with the single point cutting
tools. This has become possible with the availability of the new
cutting tool materials. Since a large number of operations are
required to produce the finished product, if some of the
operations can be combined, or eliminated, or can be substituted
by the new process, product cycle time can be reduced and
productivity can be improved. The traditional method of
machining the hardened materials includes rough turning, heat
treatment, and then grinding process. Hard turning eliminates the
series of operations required to produce the component and
thereby reducing the cycle time and hence resulting in
productivity improvement. The various advantages of hard
tuning are the higher productivity, reduced set up times, surface
finish closer to grinding and ability to machine the complex
parts. Various work materials which can be machined by the hard
turning process include high speed steels, die steels, bearing
steels, alloy steels, case hardened steels, white cast iron and alloy
cast iron. Rigid machine tools with adequate power, very hard
and tough tool materials with appropriate tool geometry, tool
holders with high stiffness and appropriate cutting conditions are
some of the prerequisites for hard turning.
Surface roughness plays an important role as it influences the
fatigue strength, wear rate, coefficient of friction, and corrosion
resistance of the machined components. In actual practice, there
are many factors which affect the surface roughness, i.e. tool
variables, work piece variables and cutting conditions. Tool
variables include tool material, nose radius, rake angle, cutting

edge geometry, tool vibration, tool overhang, tool point angle,
etc. Work piece variables include material, hardness and other
mechanical properties. Cutting conditions include speed, feed
and depth of cut. As the hard turning process involves large
number of parameters, the process control becomes complex and
it would be difficult to select the appropriate cutting conditions
and tool geometry for achieving the required surface quality.
Various researchers have developed the surface roughness
predictive models for the conventional turning, but these models
may not be useful for hard turning because hard turning differs
from that of the conventional turning process. So, it would be
necessary to study the effects of speed, feed, effective rake angle
and nose radius on the surface roughness so as to develop the
predictive models for hard turning. In hard turning process, the
cutting inserts are always provided with the negative chamfer
angle in order to increase the edge strength of the cutting tools.
This negative chamfer angle acts as a negative rake angle to the
insert. The total effective rake then becomes the sum of the
negative rake angle provided by the chamfer angle of the inserts
and the negative rake angle provided by the tool holder to the
cutting inserts.

II.LITERATURE REVIEW
The performance of hard turning is measured in terms of surface
finish, cutting forces, power consumed and tool wear. Surface
finish influences functional properties of machined components.
Surface finish, in hard turning, has been found to be influenced
by a number of factors such as feed rate, cutting speed, work
material characteristics, work hardness, cutting time, tool nose
radius and tool geometry, stability of the machine tool and the
work piece set-up, the use of cutting fluids, etc. König et al. [1]
have reported that CBN and ceramic cutting tools are widely
used in industries for the machining of the various hard materials.
In many applications, the cutting of ferrous materials in their
hardened condition can replace grinding to give significant
savings in cost and increase in productivity. Cutting tool
geometry plays a very important role in hard turning process. The
rake angle and the nose radius of the turning inserts directly
affect the cutting forces, power and surface finish. The edge
strength of the cutting inserts depends upon edge preparation, i.e.
by the honing radius, chamfer angles. Some investigations
related to the effect of tool geometry have been reported by the
researchers. Thiele and Melkote [2] have investigated the cutting
edge geometry and the workpieces hardness on surface
generation in the finish hard turning of AISI 52100 steel. CBN
inserts, with various representative cutting edge preparations,
were used as the cutting tool materials. This study shows that the
effect of edge geometry on surface roughness and cutting forces
is statistically significant. Specifically, large edge hones produce
higher average surface roughness values than small edge hones.
The effect of two factor interactions of the edge geometry and the
work piece hardness on the surface roughness is also found to be
important. Also large edge hones generate higher forces in the
axial, radial and tangential directions than small edge hones.
Dahlman et al. [3] have conducted the study on the influence of
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rake angle, cutting speed and cutting depth on residual stresses in
hard turning. Results show that a greater negative rake angle
gives higher compressive stresses as well as a deeper affected
zone below surface. The compressive stresses increase with the
increased feed rate. Zhou et al. [4] have investigated the effect of
chamfer angle on the wear of PCBN cutting tool. Results show
that chamfer angle has a great influence on the cutting force and
tool life. All the three force components increase with an increase
of the chamfer angle. The optimized chamfer angle, for the
maximum tool life as suggested by this study, is 15°. In this
study, cutting conditions were kept constant. Chou and Song [5]
have investigated the effects of tool nose radius on finish hard
turning with ceramic tools. In this study, surface finish, tool
wear, cutting forces, and, particularly, white layers were
evaluated at different machining conditions. Results show that
large tool nose radii not only give finer surface finish, but also
considerable tool wear compared to small nose radius tools.
Specific cutting energy also increases slightly with tool nose
radius. Large nose radius tools generate shallower white layers
when cutting by worn tools. For new tools, small nose radius
results in larger uncut chip thickness, and thus, induces deeper
white layers. Endres and Kountanya [6] have reported the effects
of corner radius and edge radius on tool flank wear. Results show
the interaction of corner radius and edge radius and their effects
on process performance, measured in terms of tool flank wear
and forces. The general conclusion is that an advantage exists in
using a larger corner radius when using a larger edge radius.
Mital and Mehta rate and cutting speed on surface roughness and
tool wear were experimentally

III.METHODOLOGY
A. Design of experiments
Design of experiments is a standard tool to conduct the
experiment in an optimum way to investigate the effects of
process parameters on the response or output parameter. The
various steps involved in the design of experiments are
identifying the important process parameter, finding the upper
and lower limit of selected process parameter and developing the
box benhen design matix. The design matrix for three factors
involves three blocks in which each of two factors are varied
through the four possible combinations of higher and lower
limits. In each block a certain number of factors are put through

process. Response surface designs are employed to investigate
and predict the following conditions of a process. RSM
methodology is practical, economical and relatively easy for use.
They are the effect on a particular response by a given set of
input variables over some specified region of interest. The
required values of variables to obtain desirable or acceptable
levels of a response. The required values of variables to achieve a
minimum or maximum response and the mature response surface
near this minimal or maximal value. To describe the response
surface method by second order polynomials, the factor in the
experimental design should have atleast three levels. A three
level factorial experiment in which all possible combinations of k
factors at all the levels are used is called 3k full factorial design
which is employed

C. ANOVA
Since there are a large number of variables controlling the
process, some mathematical models are required to represent the
process. However, these models are to be developed using only
the significant parameters influencing the process rather than
including all the parameters. In order to achieve this, statistical
analysis of the experimental results will have to be processed
using the analysis of variance (ANOVA). ANOVA is a
computational technique that enables the estimation of the
relative contributions of each of the control factors to the overall
measured response. In the present work, only the significant
parameters will be used to develop mathematical models using
response surface methodology (RSM). These models would be of
great use during the optimization of the process variables. RSM
methodology is practical, economical and relatively easy for
use.Regression equation obtained as follows:
SurfaceRoughness=1.51539-0.01518*A-1.30442*B-0.47976*C0.00002A2-6.80272B20.02333C2+0.07857*A*B+0.00575*A*C+2.142*B*C
Where A- speed, B-Feed, C-Depth of cut

all combinations for the three factorial design, while the
other factors are kept at central values.
TABLE 1 MACHINING PARAMETER LEVELS
Parameters

Unit

Levels
Fig.1 contour plot for speed vs feed
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1
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m/min

80
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m/min
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0.185
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0.5

1.0

1.5
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cut
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B. RESPONSE SURFACE METHODOLOGY
Response surface designs are employed in the empirical study of
relationship between one or more measured response variables
and a number of independent or controllable variables of a
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VII. CONCLUSION
This paper provides a detailed study on the surface roughness of
the martensitic stainless steel (SS40). The detailed study and the
optimization procedure has been made to study the effect of
speed, feed and depth of cut while machining which would help
in real practice. The machining parameter ranges were analyzed
and then the experimentation was carried out according to the
optimization approaches. The results obtained from RSM are RSq obtained was 99.9% which indicates that selected parameters
(speed, feed, depth of cut )significantly affect the response
(surface roughness). The Best ranges obtained by using the
genetic algorithm approach are Cutting velocity (speed) -119.93
m/min, Feed-0.15 m/min and Depth of cut -0.5mm. Hence the
Optimal surface roughness from GA is 0.74 microns.

Fig.3 contour plot for feed vs depth of cut

D.GENETIC ALGORITHM
Genetic algorithm is a heuristic search technique used in
computing to find exact or approximate solutions to optimization
and search problems. They are categorised as global search
heuristics and are particular class of evolutionary algorithms that
use techniques inspired by evolutionary biology such as
inheritance, mutuation, selection and cross over. The key issues
such as chromosome encoding, selection process and evalution
methodology. In addition a local search mechanism is proposed
for selecting the initial population to improve the performance of
GA. Genetic algorithm in general is a purpose search algorithm
suitable for optimization problems due to its processing approach
and due to its structure and it is able to return a set of optimal
solutions. MATLAB is a high performance language for
technical computing which is used to optimize the objective
function of different materials in genetic algorithm.
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IV. ANALYSIS AND DISCUSSION
The surface quality of the machined parts is the value of surface
roughness or the waviness are mainly decided by the three
factors speed, feed and depth of cut beyond the levels influenced
by the other factors. The surface roughness is mainly a result of
three controllable factors and hence it is easier to attain the
physical dimensions. A detailed study could give the effect of
speed, feed, depth of cut, nose radius and other factors on the
surface roughness. These studies and effects of factors on surface
roughness have been evaluated and models are developed to
address the requirements of the end operator, who decides the
input parameters based on the specified requirements. The goal
of this study is to obtain a mathematical model that relates the
surface roughness to three machining parameters in turning
operation, precisely to the speed, feed and depth of cut. Therefore
two approaches have been used such as response surface
methodology (RSM) and analysis of variance (ANOVA).
Genetic algorithm approach can be used for the fine tuning of the
results obtained to get the optimized solution .

www.ijmer.com

441 | Page

International Journal of Modern Engineering Research (IJMER)
www.ijmer.com
Vol.2, Issue.2, Mar.-Apr. 2012 pp-539-542
ISSN: 2249-6645
[10]

C.Y.Chan, C.F.Cheung, W.B.Lee, S.Ton, H. Wang
(2011)‖ Dynamic modelling of shear band formation and
tool-tip vibration in ultra-precision diamond turning‖
International Journal of Machine Tools & Manufacture 51
512–519

[11]

A. Attanasio, C. Cappellini, G. Rotella, R. M’Saoubi, D.
Umbrello (2011) ―Tool wear effects on white and dark
layer formation in hard turning of AISI 52100 steel‖
ScienceDirect Wear

[12]

Ilhan Asilturk, Harun Akkus (2011) ―Determining the
effect of cutting parameters on surface roughness in hard
turning using the Taguchi method ― published on
ScienceDirect Measurement

[13]

Chandra Nath, Kui Liu, Mustafizur Rahman, Xinquan
Zhang (2011)
―Experimental study on ultrasonic
elliptical vibration cutting of hardened steel using PCD
tools‖ Journal of Materials Processing Technology 211
1701– 1709

[14]

[15]

[16]

[17]

Harpreet Singh, Jagdev Singh, Rupinder Singh, Simran
preet, Singh (2011) ‖ Investigation on wear behaviour of
cryogenically treated TiAlN coated tungsten carbide
inserts in turning‖ Gill International Journal of Machine
Tools & Manufacture 51 25–33
K.S. Al-Athel, M.S.Gadala‖ The use of volume of solid
(VOS) approach in simulating metal cutting with
chamfered and blunt tools‖ International Journal of
Mechanical Sciences 53 (2011) 23–30
M.P. Johansson, L. Karlsson, Knutsson, M. Oden (2011)
―Machining performance and decomposition of
TiAlN/TiN multilayer coated metal cutting inserts‖
Surface & Coatings Technology 205 4005–4010

[18]

Yi-Chi Wang, Yi-CheChiu, Yu-PengHung (2011)
―Optimization of multi-task turning operations under
minimal tool waste consideration‖ Robotics and
Computer-Integrated Manufacturing 27 674–680

[19]

Aman Aggarwal, Anil Gupta, Hari Singh (2011)
―Taguchi-fuzzy multi output optimization (MOO) in high
speed CNC turning of AISI P-20 tool steel‖ Expert
Systems with Applications 38 6822–6828

[20]

E.Altus, J. Saffury (2010) ―Chatter resistance of nonuniform turning bars with attached dynamic absorbers—
Analytical approach‖ Journal of Sound and Vibration 329
2029–2043

[21]

Asif Iqbal, Naeem Ullah Dar (2010)‖Optimal formation
of fuzzy rule-base for predicting process’s performance
measures‖ Expert Systems with Applications 38 4802–
4808

[22]

Erol Turkes, Suleyman Nes eli, Suleyman Yald (2011)
―Optimization of tool geometry parameters for turning
operations based on the response surface methodology‖
published on ScienceDirect Measurement 44 580–587

[23]

A. Aramcharoen, P.T. Mativenga, M.F. Rajemi (2010)
―Sustainable machining: selection of optimum turning
conditions based on minimum energy considerations‖
Journal of Cleaner Production 18 1059–1065

[24]

M. Anthony Xavior, M. Adithan (2009) ―Determining
the influence of cutting fluids on tool wear and surface
roughness during turning of AISI 304 austenitic stainless
steel‖ journal of materials processing technology 2 0 9
900–909

[25]

E. Daniel Kirby, Julie Z. Zhang, Joseph C Chen (2007)
―The development of an in-process surface roughness
adaptive control system in turning operations‖ Springer
Science Business Media, LLC

G. Buza, Z. Kalazi, G. Kaptay A. Sytcheva, N.V.
Verezub, A. Fedorov, O. Verezu
(2011) (2011)
―Performance of a cutting tool made of steel matrix
surface nano-composite produced by in situ laser melt
injection technology‖ Journal of Materials Processing
Technology 211 750–758

www.ijmer.com

442 | Page

