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Abstract- The objective of this experimental study is to develop a single optimization method for lower surface roughness
and maximum metal removal rate in terms of process parameters while carrying out CNC turning operation. The
machining parameters which are controllable for this operation included spindle speed, feed rate and depth of cut and
developed a relationship between them to get minimum surface finish and maximum MRR. Taguchi orthogonal array, S/N
ratio and ANOVA were employed to study the performance characteristics in the CNC turning of EN 354 alloy steel using
CNMG 120408 GT cutting tool to find out the optimum level which affects the cutting parameters on surface roughness
and MRR. Experiments have been conducting using L9 orthogonal array on a STALLION 100 HS CNC turning machine.
The MINITAB-17 software was used to analysis the responses. The machining parameters are varied to investigate their
effect on output responses. Results of this study indicate that the cutting speed has the most significant factor followed by
feed rate on both responses.

Keywords: Surface Roughness, MRR, ANOVA, EN 354 Steel, MINITAB-17Software, Taguchi Method.

l. INTRODUCTION

Now a day it is need of the industries to increase the productivity and the quality of the machined parts in terms of
dimensional accuracy, surface finish, high production rate and low cost of machining. Machining efficiency is improved by
reducing the machining time with high speed machining. Surface roughness plays an important role in terms of good surface
finish because the good quality machined parts improved fatigue strength, creep life and corrosion resistance. It is a factor of
great importance in the evaluation of machining accuracy.™ So it required to focus on material removal rate and surface
roughness. For better surface finish and material removal rate, there is a good combination of machining parameters. Turning
is the most widely used among all the cutting process in which the part is rotated while a single point cutting tool is moved
parallel to the axis of rotation. Turning is a material removal process, a subtractive form of machining which is used to create
parts of circular or rotational form of desired geometry/shape by removing unwanted material in the forms of chip. The
essential elements of the turning process are machine or lathe, work piece material which is a piece of a pre-shaped part, the
fixture to which the material is attached. ™ EN 354 is a low carbon-nickel-molybdenum alloy steel which is used in the
present study. The reason for selecting EN 354 alloy steel as work piece material is that this alloy is widely used in the
automotive industry for the parts made by turning operations such as shaft, heavy duty gear, pinion cam shaft, roller bearing.
The proper selection of cutting tool material has different advantage such as reducing the manufacturing cost and lead time
improves surface texture and achieving high metal removal rates. Therefore, from view point of reducing cost and increasing
productivity, modeling and optimization of turning process are extremely important for the manufacturing industries &, So it
is very important to select the optimal machining parameters to maintain the desired quality of machining products.
Thereafter, an optimization technique is used to search the optimal control parameter setting for the desired response.
Optimization of machining parameters increases the utility for machining economics and also increases the product quality to
a greater extent . The objective of this experimental investigation work are to carry out the experiment by selecting different
process parameters and their ranges, applying Taguchi design of experiment and then analyzing the results obtained. Design of
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experiment technique i.e. Taguchi’s technique have been used to accomplish the objective. Taguchi parameter design uses the
orthogonal array concept, used to estimate main effects ©!. In this work, L9 orthogonal array based Taguchi optimization
technique is used to optimize the effect of machining parameter such as spindle speed, depth of cut, nose radius and feed rate
on material removal rate and surface roughness in CNC turning of EN 354 low carbon steel and ANOVA technique is
employed to analyze the percentage contribution and influence of process parameters.

1. LITERATURE REVIEW

The literature contains a good body of knowledge on the research of surface roughness, metal removal rate, tool wear rate etc.
in the past. In order to develop and optimize a surface roughness and metal removal rate it is essential to understand the
current status work in this area. The surface quality is an important factor to evaluate the productivity of machined component
as well as machine tools. In 1907 Taylor showed that an optimum cutting speed exists this could maximize metal removal rate
and minimize surface roughness ® Therefore a number of Researchers have been focused on an appropriate method to
evaluate the optimal value of the process parameters to predict the surface roughness and metal removal rate.

M.kaladhart was carried out “Determination of Optimum Process Parameters during turning of AISI 304 Austenitic
Stainless Steels using Taguchi method and ANOVA”. They investigated the effects of process parameters feed, speed, depth
of cut and nose radius on surface finish and material removal rate (MRR) to obtain the optimal setting of these process
parameters. And the Analysis Of Variance (ANOVA) is also used to analyze the influence of cutting parameters during
machining. Tian-Syung LANEP! were carried out “Parametric Deduction Optimization for Surface Roughness”. They
investigated with four parameters (cutting depth, feed rate, speed, tool nose runoff) with three levels (low, medium, high) were
considered to optimize the surface roughness for Computer Numerical Control (CNC) finish turning. H.Yanda’ were carried
out “Optimization of material removal rate, surface roughness and tool life on conventional dry turning of FCD700”. They
investigate the effect of the cutting speed, feed rate and depth of cut on material removal rate (MRR), surface roughness, and
tool life in conventional turning of ductile cast iron FCD700 grade using TiN coated cutting tool in dry condition. The effect
of cutting condition (cutting speed and feed rate) on MRR, surface roughness, and tool life were studied and analyzed. Low
surface finish was obtained at high cutting speed and low feed rate. Ihsan Korkut[*” were carried out “Determination of
optimum cutting parameters during machining of AISI 304 austenitic stainless steel” they describes that high strength, low
thermal conductivity, high ductility and high work hardening tendency of austenitic stainless steels are the main factors that
make their machinability difficult. In this study determination of the optimum cutting speed has been aimed when turning an
AISI 304 austenitic stainless steel using cemented carbide cutting tools. The influence of cutting speed on tool wear and
surface roughness was investigated. K.Senthil Kumar et al.* investigated The effect on surface roughness of machining
parameters Material-Duplex Stainless Steel The surface roughness is mainly influenced by the feed rate. With an increase in
feed rate, the surface roughness also increases considerably. The cutting speed and the depth of cut are less significant for
surface roughness than the feed rate From the ANOVA analysis, the parameter that has the most significant effect on surface
roughness is the feed rate.

I11. MRR and Surface Roughness Measurement

The metal removal rate has been calculated from the difference of weight of work before and after machining by using
following formula:

W=y
MRR = —t

Where,
W, = weight of work before machining

Ws = weight of work after machining
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t = machining time in minute
pa = density of alloy steel (7.85 g/mm3 )

There are several ways to describe surface roughness such as average roughness, Root mean square (RMS), maximum peak to
valley method and center line average method (CLA). Among them, average method is used commonly to measure the value
of surface roughness. In modern industry, there are several instruments which measure the surface roughness directly. The
instruments such as microscope, stylus type instruments, profile tracing instruments etc. The portable surface roughness tester
SRT- 6210 used in present experimental work. The portable SRT-6210 is shown in figurel:

Figure 1 SRT 6210

IV. TAGUCHI METHOD

A Japanese engineer G. Taguchi developed a methodology, based on the fewer experimental designs and providing a clear
understanding of the variation nature and the economic consequences of quality engineering in the world of
manufacturing.*?Design of Experiments (DoE) is a statistical technique, used to study many factors simultaneously and most
economically. The Taguchi method is a well-known technique that provides a systematic and efficient methodology for
process optimization and this is a powerful tool for the design of high quality systems.

Designing products/processes so as to be robust to environmental conditions

Designing and developing products/processes so as to be robust to component variations

Minimizing variation around a target value.

The philosophy of Taguchi is applicable widely. Taguchi method uses a special design of orthogonal arrays to study the entire
parameter space with a small number of experiments only.™ A statistical analysis of variance (ANOVA) is performed to see
which process parameters are statistically significant. ANOVA is used to determine the influence of any given process
parameters from a series of experimental results by design of experiments and it can be used to interpret experimental data.
With the S/N and ANOVA analyses, the optimal combination of the process parameters can be predicted. The selection of
orthogonal array (OA) is the most important steps in Taguchi technique. An OA is small set of possibilities which helps to
determine with least no. of experiments run. In the present work “higher the better” characteristic for metal removal rate and
the “lower the better” characteristic for the surface roughness were used. The steps included in the Taguchi design are:
Selection of quality characteristics.

Selection of factors and interaction to be evaluated.

Selection of numbers of levels for factors

Selection of appropriate OA

Assignment of factors and interaction to the columns

Conduct of experiments

Analysis of results

Conformation of experiments

A. Design of Experiment
The objective of Design of experiment is to determine the variables in a process that are the critical parameters and their target
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values and so on the basis of selected parameters, experimental design is carried out. The Taguchi experimental design is done
for L9 Orthogonal array (OA) for three parameters which are spindle speed, feed and depth of cut. Minitab17 software was
used for analyze the data.

Tablel The range and level of process parameters

Sr. no. Process Unit Range Level 1 Level 2 Level 3
Parameters
1. Cutting speed m/min 125-225 125 175 225
2. Feed rate mm/rev 0.05-0.15 0.05 0.10 0.15
3. DOC mm 0.8-1.2 0.8 1.0 1.2

An L9 OA experimental setup was selected to satisfy the minimum number of experimental conditions for the factor and
levels presented the present study.

V. EXPERIMENTAL DETAILS

A. Work Piece Material

EN 354 is a low carbon case hardening alloy steel which requiring high toughness due to presence of nickel. It is a nickel-
chromium-molybdenum alloy steel which has good core strength. Work piece of diameter 40mm and length 300mm was
prepared from bar stock so that it can be accommodated in the CNC lathe machine and all the trails can be performed. The
chemical composition of EN 354 alloy steel is:

Table2 Chemical composition of EN 354 Alloy Steel

Material C% Mn% Si% S% P% Cr% Ni% Mo%

EN 354 Steel 0.20max .50-1.0 0.35max | .040 .040 .75-1.25 1.50-2.0 | .10-.2

B. Cutting Tool Inserts

The selection of cutting tool material has also great advantage such as reducing the manufacturing cost and lead time,
machining more hard materials, improving surface integrity and obtaining higher metal removal rates. Thus commercially
available uncoated carbide tool of Kyocera CNMG120408 GT with nose radius 0.8 is used in this investigation as shown in
figure2

Figure 2 The turning insert
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C. Equipment Used

The CNC turning process must have the capability of high speed, versatility, flexibility and robustness in response to the ever
changing demands of the customers. A HMT CNC turning center STALLION 100HS is used for experimentation as shown in
fig. The lathe equipped with variable spindle speed from 100rpm to 3000rpm and a 5.5 kW motor drive has been used in this
tests. The control system of CNC lathe machine is based on the Siemens 802D which controls the different input parameters.
The machine set up is shown in figure3as:

Figure 3 HMT STALLION 100 HS CNC lathe

The work piece material which is turned on CNC machine shows in figure4 as:

if B
;

{7/, AN

Figure4 Show the work piéce material after machining

1

Selection of Orthogonal Array and Experimental Design
Table 3 Shows the L9 Orthogonal Array

Sr. No. Factor 1 Factor 2 Factor 3
1. 125 0.05 0.8
2. 125 0.10 1.0
3. 125 0.15 1.2
4, 175 0.05 1.2
5. 175 0.10 0.8
6. 175 0.15 1.0
7. 225 0.05 1.0
8. 225 0.10 1.2
9. 225 0.15 0.8

V1. ANALYSIS AND DISCUSSION

The experiments were conducted to study the effect of process parameters over the output response characteristics with the
process parameters as given in Table 3 The experimental results for the surface roughness and material removal rate are given
in Table 4 Experiment was simply repeated two times for obtaining S/N values. In the present study all the designs, plots and
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analysis have been carried out using Minitab statistical software.

Table 4 Experimental results for Surface Roughness and MRR

Sr. No. Value of SR(Ra) in um Value of MRR in gm/min
1. 1.19 0.007
2. 1.48 0.020
3. 1.23 0.033
4. 0.68 0.022
5. 1.03 0.016
6. 0.83 0.048
7. 0.51 0.030
8. 0.69 0.065
9. 0.79 0.040

Table 5 The S/N ratio for SR and MRR

Sr. No. | Factor 1 Factor 2 Factor 3 SR S/INRATIO | MRR S/IN ratio for
MRR
Cutting speed | Feed rate DOC (gm/min)
1. 125 0.05 0.8 1.19 -1.510 0.007 43.09
2. 125 0.10 1.0 1.48 -3.405 0.020 33.97
3. 125 0.15 1.2 1.23 -1.798 0.033 29.62
4. 175 0.05 1.2 0.68 3.349 0.022 33.15
5. 175 0.10 0.8 1.03 -0.256 0.016 35.91
6. 175 0.15 1.0 0.83 1.618 0.048 26.37
7. 225 0.05 1.0 0.51 5.848 0.030 30.45
8. 225 0.10 1.2 0.69 3.223 0.065 23.74
9. 225 0.15 0.8 0.79 2.047 0.040 27.95

ANOVA Table 6 for MRR

Source DF Seq SS Adj SS Adj MS F P %C
Cutting 2 100.67 100.67 50.33 74.66 0.013 37.78
Speed
Feed rate 2 86.85 86.85 43.42 64.41 0.015 32.60
DOC 2 77.54 77.54 38.77 57.50 0.017 29.10
Residual 2 1.34 1.34 0.67 0.050
Total 8 266.41
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ANOVA Table 7 for SR
Source DF Seq SS Adj SS Adj MS F P %C
Cutting Speed 2 54.40 27.20 27.20 93.2 0.011 77.09
Feed rate 2 11.69 11.69 5.84 20.04 0.048 16.5
DOC 2 3.89 3.89 1.94 6.67 0.13 5.5
Residual error 2 0.583 0.583 0.29 0.08
Total 8 70.57

MINITAB 17statistical software has been used for the analysis of the experimental data. The ANOVA technique is help to
determine which parameter is most significant.

A. Plots for MRR

The main effect plot for MRR as shown in figure6 These show the variation of individual response with cutting speed, feed
rate and depth of cut separately. From figure 5 the residual spread along straight line that the residual are distributed normally.
From the ANOVA table 6 the most significant factor foe the MRR is cutting speed with contribution of 37.78% followed by
feed rate with contribution 32.60%.

Residual Plots for MRR .
Interaction Plot for MRR
Normal Probability Plot Versus Fits Data Means
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Figure 5 Residual plot and Interaction plot for MRR
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Main Effects Plot for SN ratios
Data Means

SPEED FEED DOC

27 -

28 -

29
g -30 -
31 -
E -32
33 -
34 -

35 -

-36 -

T T T T T T T T T
125 175 225 0.05 o.a0 0.415 0.8 1.0 1.2

Signal-to-noise: Larger is better

Figure 6 Main effect plot for S/N ratio of MRR

B. Plots For Surface Roughness

The main effect plot for SR is shown in figure8. From figure 7 the residual spread for SR lie along straight line that suggest
the residual are distributed normally. From the ANOVA table 7 for SR the most significant factor is cutting speed with
contribution 77.09% followed by feed rate with contribution of 16.5%. Other factors are less significant since p value is more
than 0.05 for the confidence level 95%.
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Figure 7 Residual plot and Interaction plot for SR
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Figure 8 Main effect plot for S/N ratio of SR
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VIl. CONCLUSION

In this study, the surface roughness and MRR in the surface finishing process of EN 354 alloy steel were analyzed through
Taguchi design. The following conclusions have been drawn from the study:

The experimental results showed that the Taguchi parameter design is an effective way of determining the optimal cutting
parameters for achieving low surface roughness.

The MRR is mainly affected by cutting speed (37.78%) and depth of cut (32.60%) and for SR the most significant factor are
cutting speed (77.09%) followed by feed rate(16.5%). The depth of cut has least effect on both responses.

The best setting of input process parameters for MRR in turning within the selected range is as follows: cutting speed is 225
mm/min, feed rate is 0.15 mm/rev and depth of cut is 1.2 mm gives the optimal parameter design for MRR.

The best setting of input process parameters for SR in turning within the selected range is as follows: cutting speed is 225
mm/min, feed rate is 0.05 mm/rev and depth of cut is 1.2 mm gives the optimal parameter design for SR
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