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Abstract:- Modern industry mainly concentrates on the
quality by choosing the material and method. The machining
was carried out by turning operation in conventional lathe.
The input process parameters chosen are spindle speed, feed
rate and depth of cut and the output parameters measured
are machining time, material removal rate and surface
roughness. The analysis of the EN-8 and Cast Iron (C.I)
material were done using the empirical equation. The effect of
EN-8 and C.I materials were computed by comparing the
obtained values of experimental and emperical method.
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INTRODUCTION

The fore coming & modern machining industries are
mainly focused towards the achievement of high quality,
considering work piece factors such as dimensional
accuracy, surface finish, high production rate, economy of
machining process in terms of cost saving and better
performance of the product with reduction of impact on
environment. Surface roughness plays an vital role in
surface finish and is an important factor in the evaluation of
machining accuracy. Tool selection parameter has an
important role in determining the overall machining
performance, including cutting forces, tool wear, surface
finish and quality of the machined surface. The work piece
chosen was EN-8 and C.I. The tool chosen to machine EN-
8 is High Speed Steel and for Cast Iron is Carbide tool. The
turning operation was carried out for the performance
analysis. The input and output parameters were analyzed.

LITERATURE REVIEW
The cutting tool is used to remove the excess material from
the work piece by shear force deformation. They are
classified as single point, double point and multi point
cutting tool. S.Sathiyaraj et al [1] discussed about the
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optimization of metal removal rate, tool wear rate and
surface roughness by using tungsten carbide tipped tool and
titanium nitride coated tool on EN 8 alloy steel using
Taguchi method. Pranav R. Kshirsagar et al [2] reviewed
the effect of machining parameters such as cutting speed ,
depth of cut Dcand feed rate on the surface roughness (Ra)
in a turning of EN8 Steel and it is investigated using the
both Taguchi method and ANOVA. Puneet N P et al [3]
conversed about the the effect of cutting parameters has
been studied on the flank wear during CNC turning of EN8
steel. Ankit Dogra et al [4] investigated the effect of cutting
parameters and the work piece on the tool wear during a
machining of EN8 material. V. Baskaran et al [5] discussed
about modernistic approach to calculate the optimum
machining parameters in CNC turning of EN 8 steel using
coated carbide tool. FrankoPuh et al [6] discussed about the
multiple objectives optimization of turning process for an
optimal parametric combination to provide the minimum
surface roughness (Ra) with the maximum material-
removal rate (MRR) using the Grey-Based Taguchi
method and also investigated the design and fabrication of
an indigenously developed tooling setup for Electro
Chemical Honing (ECH) of an external cylindrical
components. Titanium alloys (T 6AL 4V) and EN8 Steel
are used as the work piece material for carrying out the
experimentation to describe the material removal and
surface roughness characters. Hemanandan Pugalenthi et al
[7] discussed about the investigation carried out to
determine the connection between cutting speed , feed rate
,depth of cut and the amplitude of vibrations with the
surface roughness. Shanmugam Murugappan et al [8]
discussed about turning of EN8 (AISI 1040) steel rod at
different speeds and feeds with constant depth of cut of
1.5mm under two different environments they are
cryogenic cooling environment using dry ice and dry

Volume 7, | ssue 02

Published by, www.ijert.org 1


www.ijert.org

Special Issue- 2019

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
ICONEEEA - 2k19 Conference Proceedings

turning environment. Hemant Jain et ak [9] discussed about
a new method for the optimization and evaluation of
machining parameters for turning operation on Inconel-625
on CNC machining with the help of Taguchi Method and
obtained an optimal process parameters on turning setting
for maximizing the material removal rate of the
manufactured component. R.K.Bharilya et al [10]
discussed about he optimization of machining parameters
for turning operation of given work piece, the material
being Carburized Mild Steel (hard material), Aluminium
alloys and Brass (soft material) which were machined on
CNC machine and analysed through the cutting force
dynamometer. Paramjit Singh Bilga et al [11] focused
mainly on the optimization of foremost energy
consumption response parameters viz. energy efficiency,
active energy consumed by machine (AECM) and power
factor (PF). Mehmet Alper Sofuoglu Sezan Orak [12]
suggested the soft computing methods to predict stable
cutting depths in turning operations without chatter
vibrations and estimated stable cutting depths with
minimum error. Jingxiang Lv et al [13] investigated the
predicted accuracy of the material removal power in
turning processes, which could vary a lot due to different
methods used for prediction. Shirish Kadam et al [14]
discussed about the experimental studies of turning Super
Duplex Stainless Steel (DSS) with uncoated and Physical
Vapor Deposition PVD coated carbide inserts under dry
cutting condition. D. Manivel et al [15] the cutting
parameters are optimized in hard turning of austempered
ductile iron (grade 3) (ADI) using carbide inserts based on
Taguchi Method. Poorna Chandra et al [16] discussed
about the effect of machining parameters on cutting force
and surface roughness while machining alloy steels
following 1SO3685 standards. C.L. He et al [17] discussed
about the influencing factors and theoretical modeling
methods of surface roughness in turning process is
presented in this work. Recep Yigit et al[18] discussed the
results of an experimental investigation on the effect of
cutting speed on turning nodular cast iron with coated as
well as uncoated cutting tools. Varun Nayyar et al [19]
discussed about the machinability of different grades of
cast iron has been calculated in terms of cutting
temperatures, cutting forces, tool life, deformed chip
thickness and contact length in different continuous
machining operations. The tests performed are external
turning, boring and face turning. Jie Qin et al [20] studied
tool wear, tool life, chemical composition on worn flank
faces and failure mechanism of the cutting tools after
turning tests. The results showed the improved cutting
performance of the coated cutting tools can be attributed to
the increasing wear resistance and toughness of the cutting
tools with the covering of TiN/AI203 coatings, both in
continuous and varied depth-of-cut turning. J.V.C. Souza et
al [21] presented the results of an experimental
investigation about the effect of cutting forces on gray cast
iron turning using silicon nitride (Si3N4) based ceramic
tool. E.E.T. ELSawyaet al [22] investigated a series of
sixty-six cast iron samples with varied contents of
chromium, manganese and silicon were prepared. The
microstructure and the mechanical properties were studied.

Md Abdul Maleque et al [23] investigated wear behaviour
of Fe-C-Al and Fe-C-Si cast irons at different temperatures.
The microstructure of Fe-C-Al cast iron contains thinly
distributed graphite flakes in a ferrite-pearlite matrix while
Fe-C-Si cast iron shows graphite flakes in pearlite matrix.
The hardness value of aluminium modified cast iron is
higher (240BHN) than the gray cast iron(B180BHN). K.
Gajalakshmi et al [24] discussed about the classification of
three grades of cast iron viz., gray, malleable and white,
based on their texture is attempted, using Haralick features
extracted from gray level co-occurrence matrix (GLCM)
and histogram features extracted from local binary pattern
(LBP). M. Wasim Akram et al [25] discussed about the
wear mechanisms of this refrigerant using gray cast iron
interfaces were investigated under a wide range of
operating conditions.

Based on the literatures review, following are identified
based on performance:

e Selection of tool and work piece material plays a
crucial role in turning process.

e The combination of process parameters are
identified based on the Design of Experiments
(DOE) method.

e Also, the numbers of experiments to be
conducted are chosen based on the level of
process parameters with the help of DOE method.

e Machining parameters plays a vigorous role in
deciding the cost and quality of the product.

e Experiments are conducted to analyze the MT,
metal removal rate and surface roughness for
different combinations.

o Experimental investigation of C.I is needed due
to its high strength, ease of machinability, high
strength to weight ratio and comparatively low
cost.

EXPERIMENTATION

Turning plays the major role in analyzing the performance
of EN-8 and C.I material. Turning is a material removal
process which is used to create rotational parts by cutting
unwanted material. Figure 1 shows the Conventional lathe
machine used for turning operation. Experimental data for
turning of EN-8 and C.I with the HSS tool is carried out in
conventional lathe. Experiments were conducted based on
L9 orthogonal array by the recommendation of DOE. The
input parameters chosen are spindle speed (in rpm), feed
rate (in mm/min) and depth of cut (mm). The output
parameters measured are MT (in minutes), metal removal
rate (in g/min) and surface roughness (in um). The stop
watch, weighing machine and surface roughness tester are
used to measure the output parameters. Figure 3 shows the
EN-8 and C.I work piece material before machining
respectively. The material removal rate is the ratio of the
difference between weight of the specimen before and after
machining to MT which is measured by using weighing
machine and stopwatch. Figure 4 shows the EN-8 and
Figure 6 C.lwork piece material after machining. Surface
roughness measured by using surface roughness tester.
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MT - Machining Time
MRR — Metal Removal Rate
SR - Surface Roughness
DOC - Depth of Cut

Table 1: Level and ranges of input parameters

Fig 1: Conventional lathe

18}
[

Fig 2: Surface Roughness Tester

Level and ranges of Input parameters
S. .
No Parameter Units
) Level 1 Level 2 Level 3
Spindle
1 speed rpm 220 450 700
Feed .
2 Rate mm/min | 0.09 0.156 0.27
3 Depth of cut [ mm 0.75 1.00 1.25

Fig 3: EN-8 after machining

Fig 4: C.I before machining

Fig 5: C.I after machining

Table 2: Measured values of EN-8

S. Spee | Feed DO MT MRR SR
No | d (mm/min | C (min | (g/min) | (um)
(rpm) | ) )(mm )

1 220 0.09 0.75 | 2.70 | 6.29 2.84
2 220 0.156 1 0.93 | 21.40 3.54
3 220 0.27 125 | 1.78 | 12.89 2.76
4 450 0.09 1 116 | 14.57 2.49
5 450 0.156 1.25 | 040 | 79.76 3.32
6 450 0.27 0.75 | 0.75 | 31.97 2.54
7 700 0.09 125 | 0.76 | 71.60 2.84
8 700 0.156 0.75 | 025 | 7551 3.63
9 700 0.27 1 0.50 | 39.88 2.48

Table 3: Experimental results of C.1

S. Speed | Feed DOC | MT MRR SR

No. | (rpm) [ (mm/min) | (mm) | (min) | (g/min) | (um)
1 220 0.09 0.75 1.62 3.98 6.95
2 220 0.156 1 1.38 18.56 7.25
3 220 0.27 1.25 1.02 35.66 8.03
4 450 0.09 1 1.09 34.13 4.32
5 450 0.156 1.25 0.86 48.71 4.62
6 450 0.27 0.75 0.63 32.43 6.53
7 700 0.09 1.25 0.52 65.93 1.49
8 700 0.156 0.75 0.43 47.13 291
9 700 0.27 1 0.06 64.23 3.70

FORMULATION OF REGRESSION EQUATION
The main objective of the work is to validate the
experimental results and it is done by using empirical
equations. Empirical Equation is statistical software and a
primary tool used to form empirical formulae for the output
parameters such as MT, MRR and surface roughness using
spindle speed, depth of cut and feed rate as input
parameters. The experimental results of EN-8 and C.I are
given in table 4 and table 5 respectively. The empirical
equations are formulated to maximize Metal Removal Rate,
minimize MT and surface roughness and are given below.
Empirical equations are
Machining Time =2.472 - 0.185 depth of cut -

2.80 feed rate -

0.002093 spindle speed
Metal Removal Rate = -52.3  +44.5 depth of cut

+ 52.4 feed rate
+ 0.0827 spindle speed

Surface Roughness = 932 -1.50depth of cut
+ 10.19 feed rate - 0.00981 spindle speed
The table 4 shows the measured values of EN-8 and C.I
using Empirical Equations.
Table 4: Results of EN-8 using Empirical Equations

Empirical equations for Cl are
Machining = 3.13 - 0.00268 Spindle Speed -
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Time 2.17 Feed Rate - 0.50 Depth Of Cut proportional to the spindle speed. As the speed increases,
the MT decreases. The figures 7 and 10 show the

MRR = -33.3+0.1014 Spindle Speed - comparative result of MRR values obtained using the
42 Feed Rate + 33.7 Depth Of Cut experimental method and empirical method for EN-8 and
Surface = 3.32-0.000124 Spindle Speed - C.I respectively. The maximum deviation of MRR is of
Roughness 1.53 Feed Rate - 0.060 Depth Of Cut 63% and minimum deviation is of 7% for EN-8.The
maximum deviation of MRR is of 39% and minimum
The table 5 shows the measured values of C.I using variation is of 17% for Cl. The figures 8 and 11 show the
Empirical Equation comparative result of surface roughnelss values obtained
using the experimental method and empirical method for
Table 5: Results of Cl using Empirical Equation EN-8 and C.I respectively. The maximum deviation of SR
is of 57% and minimum deviation is of 6% for EN-8.The
S| spee Feed MT maximum deviation of surface roughness is of 18% and
Nl @ mm/m | PO (minu | MRR 1 SR minimum deviation is of 11% for CI. The feed rate and
o| PM | iy mm) | ey | @Min) | (um) depth of cut are the factors which influence the surface
) roughness. The surface roughness varies inversely to the
11220 | 009 |075 165 | 1085 | 863 depth of cut. The speed, feed and depth of cut are three
g ggg 8'56 125 é‘;g 52'471(7) g‘gg prominent parameters which affect the MT, metal removal
21450 | 0.09 1 075 13695 | 332 rate and surface roughness severely.
5| 450 | 0156 | 1.25 0.81 | 8523 [ 269
6| 450 | 0.27 0.75 038 [ 2815 [69
7] 700 | 0.09 1.25 0.53 | 64 35 S. | Spe | Feed | DO | MT MRR | SR
ol Tore [or 0w faoor o N et | @ C i | @i | G
- : : . 0. | (rp | min) | (m n)
m) m)
ESULTS AND DISCUSSION 1 1220 1009 075107 |1050 |3.11
The experimental results are validated by results from 2 | 220 | 0.156 |1 1.70 16.16 | 2.99
empirical equations and it is shown in figures 6,7,8,9,10 3 220 | 027 |125]132 19.79 | 2.80
and 11 . The figures 6 and 9 show the comparative results 4 | 450 | 0.09 1 1.22 42.25 | 3.06
of MT obtained by the experiments and empirical equation 5 | 450 | 0.156 | 1.25 | 0.96 47.90 | 2.95
for E_N—8 and C.I respe_ctlvely. The table 6 gives the 6 | 450 | 0.27 075 | 0.96 26.27 | 2.80
experimental and empirical values for EN-8 and C.I 21700 10.09 1.25 | 043 26.03 | 3.02
respectively. The maximum deviation of MT is of 73% and - - : : :
minimum deviation is of 2% for EN-8. The maximum 8 | 700 | 0.156 | 0.75
deviation of MT is of 66.48 % and minimum deviation is of 0.54 56.40 | 2.94
25.46% for Cl. The MT value varies for both the 9 [700 027 |1 0.16
experimental and empirical method due to the speed, feed 60.04 | 2.76

and depth of cut. The most influencing parameters are
speed and depth of cut. Spindle speed is the most
influencing parameter for MT. The MT is inversely

Table 6: Deviation of MT, MRR and SR values between experimental and empirical values of EN- 8

. Experimental values Empirical values
NSI Spindle Feed Depth of Machining Metal Surface Machining Metal Surface
0. speed rate cut . .
time removal rate roughness time removal rate roughness

1 220 0.09 075 1.65 10.85 8.635 1.62 3.98 6.95
2 220 0.156 1 1.78 20.70 5.33 1.38 18.56 7.25
3 220 0.27 1.25 0.90 28.47 9.59 1.02 35.66 8.03
4 450 0.09 1 0.75 36.95 3.32 1.09 34.13 4.32
5 450 0.156 1.25 0.81 85.23 2.69 0.86 48.71 4.62
6 450 0.27 0.75 0.38 28.15 6.98 0.63 32.43 6.53
7 700 0.09 1.25 0.53 64.0 3.55 0.52 65.93 1.49
8 700 0.156 0.75 0.50 35.94 5.48 0.43 47.13 291
9 700 0.27 1 0.25 79.54 3.29 0.06 64.23 3.70

Volume 7, I ssue 02 Published by, www.ijert.org 4


www.ijert.org

Special Issue- 2019

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
ICONEEEA - 2k19 Conference Proceedings

Machining Time

2
2. <\
[ .
o \A Experimental
S 1
= -
S 05 — Empirical
=
0
1 2 3 4 5 6 7 8 9
Experiment Number
Figure 6: machining time
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Figure 8: Surface Roughness

Table 7: Deviation of MT, MRR and SR values between experimental and empirical values of C.1
. Experimental Empirical values
Sl Spindle Feed Depth of Machining Metal Surface Machining Metal Surface
No. speed rate cut . .
time removal rate roughness time removal rate roughness
1 220 0.09 0.75 2.70 6.29 2.84 1.97 1050 311
2 220 0.156 1 0.93 21.40 3.54 1.70 16.16 2.99
3 220 0.27 1.25 1.78 12.89 2.76 1.32 19.79 2.80
4 450 0.09 1 1.16 14.57 2.49 1.22 42.25 3.06
5 450 0.156 1.25 0.40 79.76 3.32 0.96 47.90 2.95
6 450 0.27 0.75 0.75 31.97 2.54 0.96 26.27 2.80
7 700 0.09 1.25 0.76 71.60 2.84 0.43 76.03 3.02
8 700 0.156 0.75 0.25 75.51 3.63 0.54 56.40 2.94
9 700 0.27 1 0.50 39.88 2.48 0.16 60.04 2.76
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Figure 11: Surface Roughness
e The comparison results of both the method made

CONCLUSION

This work mainly focused on the performance of EN-8 and
C.land the input and output parameters are analyzed
experimentally. The experimental results are compared
with formulated empirical equations. The performance was
mainly computed based on the input and output parameters.
The investigation on turning process of EN-8 and C.I
e Level and Ranges of speed, feed and depth of cut
are chosen using the Design of Experiments

(DOE) method.

e  The turning operation of EN-8 and C.I is done in
order to give satisfactory result for the output

parameters

e The variations between the experimental and
empirical methods are in the acceptable range.

(1]

(2

(3]

in order to analyse the machinability of the EN-8
and C.I.
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