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Abstract- Today CNC plasma arc machines are used to cut metal plates in industry. This t
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areas. Only straight path of the oxygen jet is affected during metal cutting process. Thi ccuracy
level, high finishing, and ability of machining any hard materials. Thus to produce i increases its
demand in the market. Taguchi and Analysis of Variances (ANOVA) approach ame cutting
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with the optimization of selected process parameters such as kerf and pe
Gas pressure, and Plate thickness. The experiments are conducted by usin
analysis was done by Minitab 17 software. Taguchi method, Signal to
parameters and output responses are also predicted in this paper. i
help of main effect plot and ANOVA table. ANOVA results pre
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1. INTRODUCTION ®
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NC plasma arc cutting machine is used to perform
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rkpiece material (as anode). Plasma arc grants high
ng process, which removes away the molten metal efficiently
the multi-parameter optimization of the PAC process (kerf and
penetration characteristics) i ally studied. All parameter optimization was conceded out, by using
ibility and effectiveness of all parameter optimization is experimentally
d [1-8]. This process is used in many industries (metal fabrication, automotive
etal art and sculpting.
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Fig. 1.1 CNC Plasma Arc Cutting Principle [5]

2. STEPS USE IN TAGUCHI METHODOLOGY
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Fig. 2.1 Flow Chart for Taguchi Methodology

Taguchi method was developed by Dr. Genichi Taguchi born in 1924 in Japan. This is a Fractional Factorial design
method based on orthogonal array. This method also requires a large number of experiments when the process
parameters increase. This technique is used to find best set of values of controllable factors to type the design less
sensitive with variation of noise, which means that Taguchi make a design more robust. Main performance
measuring character of Taguchi is signal-to-Noise ratio or simply known as S/N ratio [9-15]. There are three
different cases for S/N ratio:

2.1 Smaller is Better

It is used to minimize the response, means where output is undesirable.
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2
SNR = —10logy, [=L] 2.1
2.2 Larger is Better

This is used to maximize the response, means where output is desirable. This case can be converted is Smaller-is-
Better when we take reciprocal of all measured data and calculate the S/N ratio as Smaller-is Better.

yL
y2

2.3 Nominal is Better
This type is used when neither a lesser and nor a higher value is required for response.
V2
SNR = —10logy, [2] 23

Y - Measured output data of experiment, Y; - Measured output data of i'" experiment, 7 - Me easured output
data of experiments, 6% — Variance, ¢ - Standard deviation

Number of experiments used to design the orthogonal array for 3 parameters and 3 levels ma are cutting
machine parameters.
Minimum experiments = [(L- 1) xp] + 1 = [(

2.4 ANOVA

This is used to check whether means of more than two set quantities are
statistical tool applied on result of Taguchi experiment to determine perce
ratio of Taguchi method for this calculation [16-20].

3. STEPS USE IN TAGUCHI METHODOLOGY

For the experiments, Mild steel (carbon steel) - 1S206 A
was used. Gas pressure used during CNC plas
acetylene bottle (20 kg/ cm?). Electrical arc'rme
material in form of small kerfs by meltinggsheet
machine with a double gas flow torch. The speci
3.1. The cutting materials were permitted to ature. Each experiment was performed two times
and all measurements were taken along the straight line portion. In the present study, the major
performance characteristics consideredgare Kerf an ion. The cutting parameters such as speed, pressure and
thickness were analyzed and optimized With considera

al or no help of F-test. It is a
e contribution of factors. It use S/N

i\&ally use for industrial applications,

in oxygen bottle (150 kg/ cm?) and
e gas into plasma which starts removing
iments were conducted on a CNC plasma cutting
y linear cuts on metal sheet as shown in figure

Fig. 3.1 CNC Plasma Cutting Workpiece With Kerf
4. EFFECT OF CUTTING PARAMETERS ON CUT QUALITY
During CNC plasma arc cutting process, operation quality of cut which depends on three main parameters such as
cutting speed, oxygen pressure in touch and type of nozzle used [20-24].
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4.1 Cutting Speed
The rise in cutting speed decreases the quality of the cut resulting in rounding of the bottom edge to some extent and
also undercuts the edge which destroys the flatness. Slow speed results in unstable operation which causes gauges in
the face of the cut.
4.2 Oxygen Pressure in Touch
When oxygen pressure rise, Diameter of the stream increases which increases the width of cut and provides less

oxygen to oxidize the steel which results in loss of quality. Also when oxygen pressure is less the gauging takes
place and slag will not be removed from the surface of the metal.

4.3 Nozzle

When excessed oxygen pass through the cut of plate, which result in the bottom of the cut being wider than the top.
Increase in speed can reduce the cut width and face angle but at the cost of quality of surface. S nozzles can be
used to cut heavier thickness with dramatic reductions in speed with comparatively good qualit

5. RESULTS AND DISCUSSIONS

Results from all experiments by using Taguchi and ANOVA methods are showing in riments were
designed and conducted by employing Taguchi and ANOVAs method. The selegtion“e iate Model and the
development of response were carried out by using statistical. The analysis of va as performed to
statistically analyze the results. To decide about the adequacy of the mg OVAs method were
performed.

Exp. Factor assignment Kerf | S/Nratio | Meal S/N ratio | Mean
No. Speed Pressure Plate (mm) (d (mm) (db) (mm)
(mm/min) (Bar) thickness
(mm)
1 380 0.12 15 ‘ . 22 26.8485 22
2 380 0.30 % 1.9 28 28.9432 | 28
3 380 0.45 50 1.2 51 34.1514 51
4 460 0.12 2.2 18 25.1055 18
5 460 0.30 1.7 23 27.2346 23
6 460 0.45 1.0 43 32.6694 43
7 540 0.1 1.9 -5.57507 1.9 14 22.9226 14
8 540 1.3 -2.27887 1.3 20 26.0206 20
9 540 0.7 3.09804 0.7 40 32.0412 40
5.1 Taguchi A r is Better) Versus Speed, Pressure, Thickness
Main Effects Plot for Means
Data Means
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Fig. 5.1 Factors Vs Mean of Means
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Table 5.2 Response Table for Means Table 5.3 Response Table for S/N Ratio
Level Speed Pressure | Thickness Level Speed Pressure Thickness
1 1.9333 2.2667 1.6667 1 -5.2620 -7.0169 -3.6354
2 1.6333 1.6333 1.6000 2 -3.8191 -4.1543 -3.1085
3 1.3000 0.9667 1.6000 3 -1.5853 0.5048 -3.9226
Delta 0.6333 | 1.3000 0.0667 Delta 3.6767 7.5217 0.8141
Rank 2 1 3 Rank 2 1 3
Main Effects Plot for SN ratios
Data Means
Speed Pressure
D -
-2 /
w =1 .——/—’_’__/
8
..H-I. -5 /
z =& : : : . : :
f_’ 380 450 oS40 0.12 0.30 0.45
g Thickness
m o 4
2 |
- - —
-5 4
-8 - r . T
15 25 50
Signal-to-noise: Smaller is better
2 FactorsWVs Nw of S/N Ratio
Model — Kerf Vs Speed, Pressure, Thickness
Source DF Variance F-Value %
Speed 0.301 20.85 19.07
Pressure 2.535 1.267 87.77 79.87
Thickness 0.008 0.004 0.31 0.41
0.028 0.014 0.63
3.175

5.2 Taguchi An

Table 5.5 Response Table for Means

: Penetration (larger is better) versus Speed, Pressure, Thickness

Table 5.6 Response Table for S/N Ratio

Level Speed Pressure | Thickness Level Speed Pressure | Thickness
1 33.67 18.00 28.33 1 29.98 24.96 28.51
2 28.00 23.67 28.67 2 28.34 27.40 28.70
3 24.67 44.67 29.33 3 26.99 32.95 28.10
Delta 9.00 26.67 1.00 Delta 2.99 8.00 0.59
Rank 2 1 3 Rank 2 1 3
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5.2.1 Effect of Factors on Penetration

Main Effects Plot for Means
Data Means
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g Fig. 5.4 Factors Vs Mean of S/N Ratio
e 5.7 Gernal liner model — penetration Vs speed, pressure, thickness

So F Adj. SS Variance F-Value %
Speed 2 124.22 62.11 34.94 9.45
Pressure 2 1184.22 592.11 333.06 90.15
Thickness 2 1.56 0.77 0.44 0.11
Error 2 3.56 177 0.27
Total 8 1313.56
CONCLUSION

In this section, the effects of process variables on response characteristics (kerf and penetration) of the CNC flame

cutting machining process were discussed. Optimal values of the responses and their confidence intervals (both for

confirmation experiment and prediction) are given as under:
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Table-(A) Confirmation test
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Performance Mean S/N ratio
n:;ssu;r?:ec;r Optimal set | Predicted Exp. Error Optimal Predicted | Exp. | Error
P of optimal value (%) set of optimal value (%)
parameters | value (mm) | (mm) parameter value (mm)
(mm)
Kerf A3,B3,C, 0.62 0.70 11.11 A1,B1,Cs -9.09 -8.43 7.81
Penetration A;,B3,Cs 50.11 51 2.0 A;,B3,C, 34.75 37.42 7.12

The important results from optimal set of process variables in CNC flame cutting machine are written as:
» ANOVA result shows that pressure of gases and speed of nozzle are significant parameters for
minimizing Kerf and maximizing Penetration.
» Kerf (11.11%) and penetration (2.0%) error in mean analysis were 0
experiments.
» Confirmation experiments present that Kerf (7.81 %) and penetration (7.1
achieved.
>
>

In kerf case optimum sets of parameter for mean analysis was Az
respectively.

In penetration case optimum sets of parameter for S/N ratio
respectively.
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