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Abstract

The present work is concentrated with the turning of AISI 6061 Aluminium. This paper presents the influence of cutting parameters
like cutting speed, feed rate and depth of cut on the surface roughness of AISI6061 aluminium during dry turning. A plan of
experiments based on Taguchi’s technique has been used to acquire the data. An orthogonal array and the analysis of variance
(ANOVA) are employed to investigate the cutting characteristics of AISI 6061 Aluminium bars using carbide and TiAIN coated
carbide cutting tool. Finally the confirmation tests that have been carried out to compare the predicted values with the experimental
values confirm its effectiveness in the analysis of surface roughness.
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I. INTRODUCTION

Relentless efforts are being made by the various researches to improve the performance of the machining process. The efforts are
towards the improvement tool wear and surface finish. The life of the cutting tool in metal cutting plays an important role in the
quality and the cost of product .There are many factors influencing tool life like cutting speed, feed, depth of cut, tool geometry
and so on. Mild steel finds its application in air craft fittings, aerospace components such as bushings, shafts, valves, special screws,
and components for several chemical environments. During machining of Mild steel material it is found that extended the tool life
with the better surface finish for machining at low and medium cutting speed .In context this study becomes necessary to understand
the theory behind the performance of machining Mild steel material

Il. CUTTING TOOL MATERIALS
The classes of cutting tool materials currently in use for machining operation are high speed tool steel, carbide tool.

A. High Speed Steel

HSS tools are so named because they were developed to cut at higher speeds. Developed around 1900 HSS are the most highly
alloyed tool steels. The tungsten (T series) was developed first and typically contains 12 - 18% tungsten, plus about 4% chromium
and 1.7- 5% vanadium. Most grades contain about 0.5% molybdenum and most grades contain 4 - 12% cobalt. It was soon
discovered that molybdenum (smaller proportions) could be substituted for most of the tungsten resulting in a more economical
formulation which had better abrasion resistance than the T series and undergoes less distortion during heat treatment.
Consequently about 95% of all HSS tools are made from M series grades. These contain 5 - 10% molybdenum, 1.5 - 10% tungsten,
1 - 4% vanadium, 4% Chromium and many grades contain 5 - 10% cobalt. HSS tools are tough and suitable for interrupted cutting
and are used to manufacture tools of complex shape such as drills, reamers, taps, dies and gear cutters. Tools may also be coated
to improve wear resistance. HSS accounts for the largest tonnage of tool materials currently used. Typical cutting speeds: 10 - 60
m/min.

B. Carbide Tool-TiAIN

Carbide is a compound composed of carbon and a less electronegative element and it can be generally classified by chemical
bonding type. Solid carbide tools can be used more aggressively then high speed steel tools due to their superior wear resistance.
Solid carbide has more rigidity then high speed steel cutting tools, resulting in less deflection leading to improved dimensional
accuracy and position.
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Solid carbide are produced from —extra fine grain materials which have toughness approaching that of high speed steel, and
wear-resistance required for demanding metal cutting applications.

Coatings are frequently applied to carbide tool tips to improve tool life or to enable higher cutting speeds. Coated tips typically
have lives 10 times greater than uncoated tips.

TIiAIN is an extremely hard ceramic material, often used as a coating on titanium alloys, steel, carbide, and aluminum
components to improve the substrate's surface properties.

Applied as a thin coating, TiAIN is used to harden and protect cutting and sliding surfaces, for decorative purposes (due to its
gold appearance), and as a non-toxic exterior for medical implants. TiAIN coating is a wear resistant ceramic coating suitable for
a wide range of applications, materials, and cutting conditions where tool life extended and elevated feeds and speeds are required.
The friction coefficient helps chip flow, prevents buildup of work piece material at the tool edge and reduces cutting forces and
tool temperature

I11. WORK PIECE MATERIAL

A. Mild Steel

It has a minimum of 18% chromium and 8% nickel, combined with a maximum of 0.08% carbon. It is defined as a Chromium-

Nickel austenitic alloy. Grade 304 is the standard "18/8" stainless that you will probably see in your pans and cookery tools
These are some of its characteristics

— Forming and welding properties

—  Corrosion/ oxidation resistance thanks to the chromium content

—  Deep drawing quality

— Excellent toughness, even down to cryogenic temperatures which are defined as very Low temperatures

— Low temperature properties responding well to hardening by cold working

— Ease of cleaning, ease of fabrication, and beauty of appearance
Table - 1
Chemical Composition for Mild Steel

Percentage | Composition
C 0.08
Mn 2
Si 0.75
P 0.045
S 0.03
Cr 18-20
Ni 10.5
N 0.1
Table - 2
Mechanical Properties of Mild Steel
Property Value
Density 8.00 g/cm3
Melting Point 1400-1450°C
Modulus of Elasticity 193GPa

Electrical Resistivity 0.072x10-6 Q.m
Thermal Conductivity | 16.2 W/m.K at 100°C
Thermal Expansion | 17.2x10-6 /K at 100°C

IV. TURNING MACHINE

The turning machines are, of course, every kind of lathes. Lathes used in manufacturing can be classified as engine; turret,
automatics, and numerical control etc. They are heavy duty machine tools and have power drive for all tool movements. They
commonly range in size from 12 to 24 inches swing and from 24 to 48 inches center distance, but swings up to 50 inches and center
distances up to 12 feet are not uncommon. Many engine lathes are equipped with chip pans and built-in coolant circulating system.

A. Turret Lathe

In a turret lathe, a longitudinally feedable, hexagon turret replaces the tailstock. The turret, on which six tools can be mounted, can
be rotated about a vertical axis to bring each tool into operating position, and the entire unit can be moved longitudinally, either
annually or by power, to provide feed for the tools. When the turret assembly is backed away from the spindle by means of a
capstan wheel; the turret indexes automatically at the end of its movement, thus, bring each of the six tools into operating position.
The square turret on the cross slide can be rotated manually about a vertical axis to bring each of the four tools into operating
position.
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On most machines, the turret can be moved transversely, either manually or by power, by means of the cross slide, and
longitudinally through power or manual operation of the carriage. In most cased, a fixed tool holder also is added to the back end
of the cross slide; this often carries a parting tool.

V. TAGUCHI METHOD

The Taguchi method involves reducing the variation in a process through robust design of experiments. The overall objective of
the method is to produce high quality product at low cost to the manufacturer.

The Taguchi method was developed by Dr. Genichi Taguchi of Japan who maintained that variation. Therefore, poor quality in
a process affects not only the manufacturer but also society.

He developed a method for designing experiments to investigate how different parameters affect the mean and variance of a
process performance characteristic that defines how well the process is functioning.

The experimental design proposed by Taguchi involves using orthogonal arrays to organize the parameters affecting the process
and the levels at which they should be varied; it allows for the collection of the necessary data to determine which factors most
affect product quality with a minimum amount of experimentation, thus saving time and resources.

Orthogonal Arrays (often referred to Taguchi Methods) are often employed in industrial experiments to study the effect of
several control factors. Popularized by G. Taguchi. Other Taguchi contributions include:

— Model of the Engineering Design Process

— Robust Design Principle

— Efforts to push quality upstream into the engineering design process an orthogonal array is a type of experiment where
the columns for the independent variables are “orthogonal” to one another.

A. Benefits

— Conclusions valid over the entire region spanned by the control factors and their settings
— Large saving in the experimental effort
— Analysis is easy

#. An Orthogonal Array, One Must Identify

Number of factors to be studied
Levels for each factor
The specific 2-factor interactions to be estimated

—  The special difficulties that would be encountered in running the experiment.
We know that with two-level full factorial experiments, we can estimate variable interactions. When two-level fractional factorial
designs are used, we begin to confound our interactions, and often lose the ability to obtain confused estimates of main and
interaction effects. We have also seen that if the generators are chosen carefully then knowledge of lower order interactions can be
obtained under that assumption that higher order interactions are negligible. Orthogonal arrays are highly fractionated factorial
designs.

The information they provide is a function of two things:
—  The nature of confounding
— Assumptions about the physical system.

. Study of Orthogonal Array

The effect of many different parameters on the performance characteristic in a condensed set of experiments can be examined by
using the orthogonal array experimental design proposed by Taguchi.

Once the parameters affecting a process that can be controlled have been determined, the levels at which these parameters should
be varied must be determined.

Determining what levels of a variable to test requires an in-depth understanding of the process, including the minimum,
maximum, and current value of the parameter.

If the difference between the minimum and maximum value of a parameter is large, the values being tested can be further apart
or more values can be tested. If the range of a parameter is small, then less value can be tested or the values tested can be closer
together.

The cost of conducting experiments must be considered when determining the number of levels of a parameter to include in the
experimental design. Typically, the number of levels for all parameters in the experimental design is chosen to be the same to aid
in the selection of the proper orthogonal array.

Knowing the number of parameters and the number of levels, the proper orthogonal array can be selected. Using the array
selector table shown below,
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Table -3
Study of Orthogonal Array
Levels Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm)
Low(1) 1000 0.5 0.1
Medium(2) 1250 1 0.125
High(3) 1500 15 0.15

The name of the appropriate array can be found by looking at the column and row corresponding to the number of parameters
and number of levels.
Once the name has been determined (the subscript represents the number of experiments that must be completed), the predefined
array can be looked up.
Links are provided to many of the predefined arrays given in the array selector table. These arrays were created using an
algorithm Taguchi developed, and allows for each variable and setting to be tested equally.
Taguchi Orthogonal Array Design
- L9 (3**3)
— Factors: 3
- Runs: 9
—  Columns of L9 (33) Array
Taguchi wanted to find a useful way of representing them statistically
Table - 4
Set up -orthogonal array
Speed (m/min) | Feed Rate (mm/rev)
1 1

w
=
o

Depth of Cut (mm)

N FRP(WRIWNIWIN|-
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—  Larger the better
—  Smaller the better
— On-target, minimum-variation

V1. PLAN OF EXPERIMENTS

The experiments were planned using Taguchi’s orthogonal array in the design of experiments, which helps in reducing the number
of experiments. The experiments were conducted according to a 3-level L9 orthogonal array.

The cutting parameters identified were cutting speed, feed and depth of cut. The control parameters and their levels are indicated
in Table.

Table -5
Parameter of Orthogonal Array
S.N | Cutting Parameters Unit Level 1 | Level 2 | Level 3
A Cutting Speed m/min 1000 1250 1500
B Feed Rate mm/rev 0.1 0.125 0.15
C Depth of Cut Mm 0.5 1 15

VI1.DESIGN AND ANALYSIS OF CUTTING PARAMETERS

The results of the cutting experiments were studied using the S/N and ANOVA analyses. Based on the results of the S/N and
ANOVA analyses, optimal cutting parameters for surface roughness were obtained and verified.

VIIl. SURFACE MEASURING INSTRUMENT

The surface roughness of the experiment was monitored by measuring with a Mitut Surfcorder is shown in figure. The Surfcorder
consists of various precision parts and should be treated with utmost care. The instrument is sensitive to vibration, shock, and heat
and when the instrument is used for measuring the surface roughness, it should always be placed on a measuring desk.

The machine should be calibrated before it is used for taking measurements. A precision reference should be used for calibration.
If the instrument-displayed Ra value does not agree with that specimen, then the gain volume of the drive should be adjusted to
agree with it. Before taking the reading of surface roughness, the following must be determined and set:
— Parameter: Ra (Average Surface Roughness)
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— Range: Based upon the estimated roughness
— Measuring Range: 520um / 0.008pum
— Standards: International Standards

Generally, the work piece surface to be measured is not uniform in roughness and varies depending on the portion or portions t

be measured so the population mean surface roughness can be obtained.

A. Analysis of Surface Roughness in AIS16061

Table - 6
Final Result in Experimental Process

S.N | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | Theoretical-Ra(um)
1 1000 0.1 0.5 1.128
2 1000 0.125 1 1.067
3 1000 0.15 1.5 0.931
4 1250 0.1 1 0.872
5 1250 0.125 0.5 0.766
6 1250 0.15 15 0.628
7 1500 0.1 0.5 0.548
8 1500 0.125 15 1.932
9 1500 0.15 1 2.182

1) Theoretical-Ra (um)

In theoretical process, Minitab software is used to generate the regression analysis which is showing the theoretical Ra value. The

regression analysis is following,
— Regression Analysis: Ra versus Speed, Feed, Depth of Cut

The Empirical equation is

Ra=-1.13 + 0.00102 speed + 6.5 feed + 0.141 doc
Table - 7
Final Result in Theoretical Process

S.N | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | Theoretical-Ra(um)
1 1000 0.1 0.5 0.610
2 1000 0.125 1 0.843
3 1000 0.15 15 1.076
4 1250 0.1 1 0.903
5 1250 0.125 0.5 1.028
6 1250 0.15 15 0.831
7 1500 0.1 0.5 0.600
8 1500 0.125 15 1.424
9 1500 0.15 1 1.616

1 )

q

Expermintal Ra value

Theoretical Ra value

Fig. 1: Comparison Graph for Experimental-Ra (um) VS Theoretical-Ra (1um)-Uncoated Tool

#. Analysis of Surface Roughness in AlIS16061

11PVD Coated Carbide Tool
The Analysis of surface roughness in AlSI 6061 by using uncoated carbide tool process is shown following tables, figures and
calculations,
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Table - 8
Final Result in Experimental Process
S.N | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | Experimental Ra(um
1 1000 0.1 0.5 1.243
2 1000 0.125 1 1.128
3 1000 0.15 1.5 1.031
4 1250 0.1 1 0.704
5 1250 0.125 0.5 0.751
6 1250 0.15 15 0.720
7 1500 0.1 0.5 0.820
8 1500 0.125 1.5 0.851
9 1500 0.15 1 0.939

1) Theoretical-Ra (um)
In theoretical process, Minitab software is used to generate the regression analysis which is showing the theoretical Ra value. The
regression analysis is following,
— Regression Analysis: Ra versus Speed, Feed, Depth of Cut
The Empirical equation is
Ra =1.47 - 0.000459 speed + 1.41 feed - 0.158 doc
Table - 9
Final Result in Theoretical process

S.N | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | Theoretical Ra(um)
1 1000 0.1 0.5 1.073
2 1000 0.125 1 1.029
3 1000 0.15 15 0.985
4 1250 0.1 1 0.809
5 1250 0.125 0.5 0.853
6 1250 0.15 15 0.850
7 1500 0.1 0.5 0.823
8 1500 0.125 15 0.720
9 1500 0.15 1 0.835

4= Expermintal Ra value

¥-Theoretical Ra value

1 5 9
Fig. 2: Comparison Graph for Experimental-Ra (um) VS Theoretical-Ra (um)-PVD Coated Tool

IX. ANALYSIS OF THE S/N RATIO

In the Taguchi method, the term ‘signal’ represents the desirable value (mean) for the output characteristic and the term ‘noise’
represents the undesirable value (S.D) for the output characteristic. Therefore, the S/N ratio is the ratio of the mean to the S.D. S/N
ratio is used to measure the quality characteristic deviating from the desired value. The S/N ratio ) is defined as
n=—10log (M.S.D)

Where,

M.S.D is the mean square deviation for the output characteristic. To obtain optimal cutting performance, the—lower—the—better
quality characteristic for surface roughness must be taken.

The M.S.D. for the lower the better quality characteristic can be expressed as:

M.S.D= =y, Sir2
M
Where,
Si is the value of the surface roughness for the i-th test.
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Taguchi method is a scientifically disciplined mechanism for evaluating and implementing improvements in products, processes,
materials, equipment, and facilities.

These improvements are aimed at improving the desired characteristics and simultaneously reducing the number of defects by
studying the key variables controlling the process and optimizing the procedures or design to yield the best results.

The method is applicable over a wide range of engineering fields that include processes that manufacture raw materials, sub
systems, products for professional and consumer markets.

In fact, the method can be applied to any process be it engineering fabrication, computer-aided-design, banking and service
sectors etc. Taguchi method is useful for 'tuning' a given process for 'best' results.

There are 3 Signal-to-Noise ratios of common interest for optimization of Static Problems;

1) Smaller-the-better: This is usually the chosen S/N ratio for all undesirable characteristics like “defects “etc. for which the ideal
value is zero. Also, when an ideal value is finite and its maximum or minimum value is defined (like maximum purity is 100%
or maximum Tc is 92K or minimum time for making a telephone connection is 1 sec) then the difference between measured
data and ideal value is expected to be as Small as possible. The generic form of S/N ratio then becomes, n = -10 Logio [mean
of sum of squares of measured data]. This is usually the chosen S/N ratio for all undesirable characteristics like “defects “etc.
for which the ideal value is zero.

2) Larger-the-better: n =-10 Logio [mean of sum squares of reciprocal of measured data]. This case has been converted to smaller-
the-better by taking the reciprocals of measured data and then taking the s /n ratio as in the smaller-the-better.

3) Nominal-the-best: n=10logio square of mean/variance. This case arises when a specified value is most desired, meaning that
neither a smaller nor a larger value is desirable.

Table - 10
Results for S/N Ratio (Uncoated Carbide Tool)

S.N | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | S/N ratio (dB)
1 1000 0.1 0.5 1.387
2 1000 0.125 1 0.740
3 1000 0.15 15 0.484
4 1250 0.1 1 1.411
5 1250 0.125 0.5 1.391
6 1250 0.15 15 1.428
7 1500 0.1 0.5 0.011
8 1500 0.125 15 4.054
9 1500 0.15 1 4.937

A.  S/N Ratio for Uncoated Carbide Tool
The s/n ratio response tables and graphs are shown as following,
Table - 11
S/N Response Table for Surface Roughness
S No Cutting Mean S/N Ratio(dB)
) Parameters | Level-1 | Level-2 | Level-3 | Delta | Rank
A Speed 0.377 0.458 -2.993 | 3.451 1
B Feed Rate 0.936 -1.134 | -1.960 | 2.897 2
C Depth of Cut | -1.364 | -1.422 | 0.629 | 2.051 3
Main Effects Plot for SN ratios
UNCOATED
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Fig. 3: S/N Response (Speed, Feed Rate, Depth of Cut) For Surface Roughness-Uncoated Tool
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Table - 12
Results for S/N Ratio (Pvd Coated Carbide Tool)

S. No | Speed (m/min) | Feed Rate (mm/rev) | Depth of Cut (mm) | S/N Ratio(dB)
1 1000 0.1 0.5 0.721
2 1000 0.125 1 0.773
3 1000 0.15 15 0.542
4 1250 0.1 1 1.508
5 1250 0.125 0.5 1.679
6 1250 0.15 15 1.842
7 1500 0.1 0.5 1.492
8 1500 0.125 15 1.594
9 1500 0.15 1 1.602

& S/N Ratio for Pvd Coated Carbide Tool

The s/n ratio response tables and graphs are shown as following,

Table - 13
S/N Response Table for Surface Roughness
S No Cutting Mean S/N Ratio(dB)
) Parameters | Level-1 | Level-2 | Level-3 | Level-1 | Rank
A Speed -0.679 1.676 1.563 2.356 1
B Feed Rate 0.759 0.833 0.967 0.208 2
C Depth of Cut | 0.905 0.778 0.876 0.126 3
Main Effects Plot for SN ratios
PVD COATED
Sg;ej ) | Feed Rae |
1.54 e ’
1 ':J Y - —
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Fig. 4: SIN Response (Speed, Feed Rate, Depth of Cut) For Surface Roughness-Pvd Coated Tool

X. ANALYSIS OF THE VARIANCE (ANOVA)

The purpose of the analysis of the variance (ANOVA) is to investigate which design parameters significantly affect the quality
characteristic. This is accomplished by separating the total variability of the S/N ratios, which is measured by the sum of the
squared deviations from the total mean S/N ratio, into contributions by each of the design parameters and the error. First, the total
sum of the squared deviations SST.

The total sum of squared deviations SST is decomposed into two sources, the sum of squared deviations SSd due to each design
parameter and the sum of squared error SSe. The percentage contribution by each of the design parameters in the total sum of
squared deviations SST is a ratio of the sum of squared deviations SSd due to each design parameter to total sum of squared
deviations SST.

Statistically, there is a tool called an F- test named after Fisher to identify the parameter that has significant effect on the quality
characteristic.

In performing the F-test, the mean of squared deviations SSm due to each design parameter needs to be calculated. The mean of
squared deviations SSm is equal to the sum of squared deviations SSd divided by the number of degrees of freedom associated
with the design parameter.

Then, the F-value for each design parameter is simply the ratio of the mean squared deviations SSm to the mean squared error.
In general if F > 4, then it means that the change of the design parameter has significant effect on the quality characteristic.

However, such use of ANOVA for analysis of 2k factorial designs and fractional factorial designs is "confusing and makes little
sense”, instead it is suggested to refer the value of the effect divided by its standard error to a F-table.
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Factorial ANOVA can also be multi-level such as 33, etc. or higher order such as 2x2x2, etc. but analyses with higher numbers
of factors are rarely done by hand because the calculations are lengthy. In this project work i used take Factorial ANOVA can be
used multi-level such as 33, etc. or higher order such as 3x3x3.

A. ANOVA for AISI 6061 Uncoated Carbide Tool

Table shows the results of ANOVA for surface roughness of AlISI 6061 by using uncoated carbide tool. Cutting speed, feed rate
and depth of cut are the significant cutting parameters for affecting the surface roughness.

However, the contributions are in the following order, feed rate, cutting speed and then depth of cut. The optimal cutting
parameters for surface roughness are the cutting speed, the feed rate and depth of cut.
—  SSError =SS (total)-SS (A)-SS (B)-SS(C)
— SS (Total) =2.581
- SS(A)=0.982
- SS(B)=0.322
— SS(C)=0.643
—  SSError = 2.581-0.982-0.322-0.643

Table - 14
Results of the Analysis of Variance for Surface Roughness

Source SS | df | MS | F-ratio | F-table | Contribution | Contribution (%)
Speed 0.982 | 2 | 0491 | 1.550 19 0.380 38
Feedrate | 0.322 | 2 | 0.161 | 0.509 19 0.125 125
Depthofcut | 0.643 | 2 | 0.321 | 1.015 19 0.249 24.9
Error 0.633 | 2 | 0.316 0.245 245
Total 2581 | 8 100

H. ANOVA for AISI 6061 by using Pvd Coated Carbide Tool

Table shows the results of ANOVA for surface roughness of AlISI 6061 by using pvd coated carbide tool. Cutting speed, feed rate
and depth of cut are the significant cutting parameters for affecting the surface roughness. However, the contributions are in the
following order, feed rate, cutting speed and then depth of cut. The optimal cutting parameters for surface roughness are the cutting
speed, the feed rate and depth of cut.

— SSError =SS (total)-SS (A)-SS (B)-SS(C)
— SS(Total) =0.289

- SS(A) =0.258

- SS(B) =0.0009

- SS(C) =-0.006

— SSError =0.289-0.258-0.0009+0.006

Table - 15
Results of the Analysis of Variance for Surface Roughness

Source SS df MS F- ratio | F-table | Contribution | Contribution (%)
Speed 0258 | 2 | 0.129 7.033 19 0.891 89.183
Feed rate 0.0009 | 2 | 0.0004 | 0.026 19 0.003 0.341
Depthof cut | 0.006 | 2 | 0.003 | 0.173 19 0.022 2.205
Error 0.036 | 2 | 0.018 0.126 12.679
Total 0.289 | 8 100

XI. CONCLUSION

A. Uncoated Carbide Tool

In this study, the Taguchi optimization method was applied to find the optimal process parameters, which minimizes the surface
roughness during the dry turning of AISI 6061 Aluminium. A Taguchi orthogonal array, the signal to noise (S/N) ratio and the
analysis of variance (ANOVA) were used for the optimization of cutting parameters.

ANOVA results shows that feed rate, cutting speed and depth of cut affects the surface roughness by 38.04%, 12.50% and
24.91% respectively. A confirmation experiment levels A1B2C3 are predicted. If the level A1B2C3 are suitable for the operation
of turning, but here coolant to be needed and also not sufficient for different depth of cut.

H. Coated Carbide Tool

In this study, the Taguchi optimization method was applied to find the optimal process parameters, which minimizes the surface
roughness during the dry turning of AISI 6061 Aluminium. A Taguchi orthogonal array, the signal to noise (S/N) ratio and the
analysis of variance (ANOVA) were used for the optimization of cutting parameters.
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ANOVA results shows that feed rate, cutting speed and depth of cut affects the surface roughness by 89.18%, 0.34% and 2.20%
respectively. A confirmation experiment levels A3B2C3 are predicted. If the level A3B2C3 are suitable for the operation of turning,
but there is no need for coolant and also sufficient for different depth of cut

ANOVA for surface roughness shows that is the depth of cut is the most significant controlled factor for the turning operation
when the minimize surface roughness. Multiple linear regression models to be developed a surface roughness using minitab-17
which is statistical software. The model fits nearly with experimental values for the surface roughness and the equation can be
used to the surface roughness predict for other machining condition.
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