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Abstract : This paper presents an experimental investigation on the optimization and the effect of the cutting
parameters on Material Removal Rate (MRR) in Plasma Arc Cutting (PAC) of EN-45A Material using Taguchi L
16 orthogonal array method. Four process variables viz. cutting speed, current, stand-off-distance and plasma
gas pressure have been considered for this experimental work. Analysis of variance (ANOVA) has been performed
to get the percentage contribution of each process parameter for the response variable i.e. MRR. Based on
ANOVA, it has been observed that the cutting speed, current and the plasma gas pressure are the major
influencing factors that affect the response variable. Confirmation test based on optimal setting shows the better
agreement with the predicted values.
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l. INTRODUCTION

PLASMA cutting is one of the thermal cutting processes, which uses the extremely constricted ionizing
stream of gas, known as plasma jet, to cut any onerous material [1]. This is the special type of cutting process
which can be used not only to cut hard and conductive materials but also to cut the non-conductive materials using
transferred and nontransferred modes respectively. Plasma is the fourth state of matter after solid, liquid and gas,
which exhibits some properties as that of gas but is actually different from the gas. Plasma is a good conductor of
electricity and it also responds to the electromagnetic field [2]. Plasma cutting process is not a new process but
still in order to achieve better quality results, we have to understand the mechanism and physics behind this
process.

1. PRINCIPLE OF PLASMA CUTTING

Plasma cutting is basically a thermal cutting process in which constricted arc is used for the cutting operation. In
this process, an inert gas like helium, argon or sometime compressed air is driven out from nozzle at a very high
speed and at the same time, arc formed between anode (work piece) and cathode (electrode), turns the gas into
plasma jet. Due to this, the gas dissociates into arc and thus becomes ionized. For example, polyatomic gas
dissociates into the arc and becomes partially ionized [3]. Thus, plasma beam generated by this way has a very
high temperature and high kinetic energy. It melts and even partially vaporizes the material and blows it away
from the surface of the material, thus produces the kerf as shown in Fig. 2.1. The temperature range in this process
is near about 20,000 °C to 30,000 °C

Fig. 2.1 Principle of PAC
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1. LITERATURE SURVEY

Plasma cutting process is not a new process but the main challenge in the field of plasma is to increase the energy
density so that hard materials can be cut by this process very easily and at a faster rate. For that, different
researchers did a lot of work as given in Table 3.1, not only to find out the various factors which affect the MRR
and other cut quality variables but also to improve and optimize those cutting variables. From Table 3.1, it is clear
that cutting speed, current, stand-off distance and plasma gas pressure are the most important process parameters
which affect the quality cut characteristics in PAC process. The objective of this paper is to find out the effect and
optimization of various parameters like cutting speed, current, stand-off-distance (S.0.D) and plasma gas pressure
on MRR in PAC of EN-45A material using Taguchi method. ANOVA is also used to find out the percentage
contribution of each parameter on the response variable i.e. MRR.

Table 3.1 : Chemical Composition Of En-45a Material

Content C Si Mn S P Cr W
Volume % 0.577 | 191 | 0.861 | 0.049 | 0.048 | 0.14 | 0.015

Table 3.2 : Mechanical Properties Of Material

Material EN-45A
Yield Tensile Strength 486.1 N/mm2
Ultimate Tensile Strength 774.3 N/mm?2
Young Modulus, E 2.1 x 105 N/mm2
Poisson’s Ratio 0.269
Hardness (HB) 274
Elongation 21.70%
0.00000808
Density (p) Kg/mm3
Melting temperature 1430°c

V. METHODOLOGY
A. Base Material

For research, we selected a medium alloy carbon steel EN45A material, which has a high degree of hardness,
fatigue strength and compressive strength. It is extensively used in automobile sector especially in manufacturing
of leaf spring, and also for machine building etc. The chemical composition of this material is given in Table 3.2.
EN-45A material is known as Spring steel or Manganese Silicon steel. The material EN-45A is widely used in the
motor vehicle industry and has many other engineering applications. The typical application of the material EN-
45A includes manufacturing of the conical springs, helical springs, spring plates and leaf spring. Mechanical
properties of this material are given in Table I1l. This steel consists 1.91 silicon percentages which makes this
material a very good scaling and corrosion resistant as compared to the Mild steel. This steel has a high resistance,
fatigue strength and toughness. It is hardened by the oil quenching process at 850-900 °C and then it is tempered
at the 470-530 °C. B. Experimental Set Up The experiment has been performed on Hycut air Computer Numerical
Control (CNC) plasma cutting machine. The compressed air has been used as the main cutting gas for the cutting
operation. The fixed variables and their set values are given in Table IV. The square blocks of size 70 mm x 70
mm x 12 mm thickness have been cut from the plate in order to find out the MRR. The materials were allowed to
cool at room temperature between the cuts.

B. Design of Experiment
Design of experiment (DoE) is a technique of statistics which includes planning, conducting, analyzing and
interpreting the experiments in order to understand the effect of various parameters on the process performance
and also to determine the optimum variable values. For this experiment, Taguchi method was selected with four
variables and each having four different levels as shown in Table V. MRR which is defined as the ratio of weight
difference of the work piece before and after cutting operation to the product of density multiplied by the
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machining time (tm) is expressed in cm3 /s for this study. The weight difference is measured by the Precisa XT-
1220 M electronic weighing machine having readability equals to 0.001gm.

Table 4.1: Fixed Variables

Fixed Parameter | Set value
Material EN-45A
Sample size 70x 70
Thickness 12 mm

Nozzle diameter 10.5 mm (exit)
Plasma gas Air

TABLE 4.2 : Levels Of Cutting Parameters

Parameters Level 1 Level 2 Level 3 Level 4
Cutting speed, (V) 280 300 320 340
Current, (1) 50 55 60 65
S.0.D, (S) 2 4 6 8

Gas Pressure, (P) 63 68 73 78

In Taguchi method, the orthogonal array develops the basis for the experimental analysis. The selection of
orthogonal array (OA) is based on the total degree of freedom (DOF) of cutting process parameters. The DOF
related with four parameters is equal to the 12 (Parameters*(no. of levels-1)). The OA is selected in such a manner
that the DOF of OA should be greater than or equal to the DOF of process parameters. Therefore, L16 OA having
DOF equal to 15 has been selected for the present experiment. The layout of experiment and its corresponding

result is given in Table 4.2.

V. EFFECT OF CUTTING VARIABLES ON MRR

TABLE 5.1: Experimental Observed Values Of MRR And S/N Ratios

Exp. \% | MRR SIN

No. (mm/min) | (ampere) | S (mm) P (psi) | (cm3/s) | ratio
1 1 1 1 1 0.8701 | -1.2086
2 1 2 2 2 0.876 -1.1499
3 1 3 3 3 0.894 -0.9732
4 1 4 4 4 0.908 -0.8382
5 2 1 2 3 0.883 -1.0807
6 2 2 1 4 0.906 -0.8574
7 2 3 4 1 0.911 -0.8096
8 2 4 3 2 0.893 -0.9829
9 3 1 3 4 0.915 -0.7716
10 3 2 4 3 0.901 -0.9055
11 3 3 1 2 0.907 -0.8479
12 3 4 2 1 0.902 -0.8959
13 4 1 4 2 0.899 -0.9248
14 4 2 3 1 0.921 -0.7148
15 4 3 2 4 0.937 -0.5652
16 4 4 1 3 0.901 -0.9055

Average 0.9015 -0.902
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Fig. 5.1 Effect of various parameters on MRR
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A. Effect of Cutting Speed
Cutting speed is one of the most important parameters in plasma cutting process, and it decides the quality of cut.

From Fig. 2, it has been observed that MRR increases with the increase in cutting speed. Therefore, high cutting
speed (within limits) is recommended for cutting operation in order to get the higher MRR. It must be noted that
high speed should be within certain limits because if the cutting-speed will go beyond the limits, then there will

be a problem of arc stability which will cause decrease in the MRR.

B. Effect of Current
Cutting current plays a significant role in cutting operation. Too low or too high current cause quality cut

problems. From Fig. 5.1, it has been observed that the MRR first increases with increase in current and after
attaining the maximum value it starts decreasing sharply from current 60 to 65 A. The reason for the decrease in
MRR may be due to the fact that as the current increases beyond the limit there is a chance of turbulence in the
flow due to which arc cannot remain perpendicular, resulting in high cut quality problem (surface roughness) and
we know that surface roughness and MRR are inversely proportional to each other, therefore, MRR is decreasing

with increasing current from 60 to 65A.

C. Effectof S.O.D
S.0.D., also known as the arc gap, is defined as the distance between tip of nozzle and the work piece. The shape

of arc is totally dependent upon the arc gap. Larger the arc gap more will be the deflection of the arc from the
processing area and hence poor will be the quality cut. Fig. 5.2 shows the effect of arc gap on MRR. From this
figure, it has been concluded that MRR increases with increase in S.0.D from 2 to 6 mm S.0.D, after that MRR
starts to decrease from 6 to 8 mm S.0.D. The reason for this decreasing MRR is due to the fact that, as the arc gap
increases beyond a limit, then the arc takes the shape of reversed candle flame than cylindrical shape , resulting

in the poorer quality cut.

D. Effect of Plasma Gas Pressure
According to Jeffus , any gas or mixture of gases can be used for the plasma cutting. Plasma gas pressure also

plays a very important role in cutting process. From Fig. 5.2, it has been concluded that MRR first decreases with

increase in gas pressure from 63 to 68 psi but after 68 psi gas pressure the material removal rate starts increasing.
It may be noted that there is a sharp increment in the MRR from the 73 to 78 psi. This may be occurring due to

the fact that higher plasma gas pressure leads to increase in the mean arc voltage and its fluctuations, due to this
more heat is transferred into the component [10], resulting in higher MRR. VI.OPTIMIZATION OF PLASMA

CUTTING PROCESS PARAMETERS After finding out the effect of various parameters on MRR, next step is
to find out the percentage contribution of each parameter and also to optimize the value of those parameters.
ANOVA method has been used to find out the % contribution of each parameter. ANOVA table (Table VII)
clearly reveals that cutting speed, current and plasma gas pressure are the most significant factors (P value < 0.05)

and the % contributions of these parameters are also represented in Fig. 6.1.

G-142

www.viva-technology.org/New/IJRI



VIVA-Tech International Journal for Research and Innovation Volume 1, Issue 4 (2021)

ISSN(Online): 2581-7280
VIVA Institute of Technology
9" National Conference on Role of Engineers in Nation Building — 2021 (NCRENB-2021)

4. Optimization Of Plasma Cutting Process Parameters
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Fig. 6.1: % contribution of various parameters

After finding out the effect of various parameters on MRR, next step is to find out the percentage contribution of
each parameter and also to optimize the value of those parameters. ANOVA method has been used to find out the
% contribution of each parameter. ANOVA table (Table VII) clearly reveals that cutting speed, current and plasma
gas pressure are the most significant factors (P value < 0.05) and the % contributions of these parameters are also

represented in Fig. 6.1.
Table 6.1 Response Table For S/N Ratio

Level Cutting speed Curremt 5.0.D Pressure

[ -1.0425 0994 -09548  -0.9072
2 019327 09069 09229 -0.9764
3 -0.8552 07990 0607 09663
4 07776 09057 -DE6E%G  -0.758]
Delta  0.2649 01975 0.0942 0.2183
Rank 1 3 4 2
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Fig. 6.2 Main effect plots for S/N ratios

The response table, Table 6.1, provides the main effects on MRR. Fig. 6.2 shows the S/N ratio plots for the MRR.
For this experiment, higher-the-better S/N ratio has been used. From the response table and S/N ratios, we can
conclude the optimum parameter combination for MRR is V4 13 S3 P4
.  Cutting speed = 340 mm/min.

o Current =60 A

¢S.0.D=6mm

o Gas pressure = 78 psi.
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VI. OPTIMAL VALUE OF MRR AND CONFORMANCE TEST

In order to predict the optimal value of the performance characteristics i.e. MRR, only significant parameters of
the process are included which are found by the ANOVA method. The optimal values are found using (1) and (2):

I, = s+ Eiz1(Ni — Na)

(1) where: I]p is the optimum value of the S/N ratio; I]a is the total mean of multi response S/N ratio; I]i is the
mean of multi response S/N ratio at the optimum value (from Table VIII), and n is the number of control factors
that significantly affects the MRR. Table 7.1 shows the value of I]a and I]i obtained from Tables VI and VIII,
respectively.

The value of the MRR corresponding to

Table 7.1
Values Of MRR S/N Ratio

ini. i 0 A ik e
0902 -07776 0790 -DBROT  -D.7SE]

A. Confirmation Test After the optimal level of process variables has been found out, a verification test needs to
be conducted in order to check the accuracy of the analysis, done by ANOVA method. For the validation of this
result, two confirmation experiments were performed at the optimum parameters settings for MRR. Table 7.2
summarizes the results obtained from the predicted value using (2) as well as the confirmatory experiments.
Validation experiments confirmed the predicted value of MRR at 95 % confidence level.

Table 7.2 Comparison Between Predicted And Confirmatory Results

P.C 0.C.0.CP PV C.MV. % Error
MRER ViS5 Py 09452 cm'/s 09834 e’ /s 4.04

Note: P.C- Performance characteristics, O.C.0.C.P- Optimum combination of cutting parameters, P.V-
Predicted Value, C.M.V- Confirmatory Mean value.

VII. CONCLUSION

The aim of this paper was to investigate the effect of machining parameters on MRR and to obtain the
optimal conditions for maximizing the response variable, i.e. MRR in PAC of EN45A steel using Taguchi OA
with ANOVA method. The optimal combination of the cutting process parameters is obtained as V4l 3 S3P4
(highest level of cutting speed and gas pressure and middle level of current and S.0.D). Based on ANOVA, the
most effective parameters in descending order are: Cutting speed, gas pressure, current and S.0.D. The S.O.D is
the least effective factor within a specified test range. To check the validity of the analysis, two confirmation tests
have been carried out. The comparison between predicted value and the confirmation test result value shows an
improvement of 4.04% in the MRR, which indicates that the experiments in this study possess excellent
repetitiveness and has a great potential for the future references.
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