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study the effect of process parameters such
as cutting speed, cutting current, and
standoff distance on Kerf width and dross
formation rate has been investigated using
Taguchi method. The obtained results
indicate that the cutting speed dominates
both quality criteria with an impact rate of
more than 57%, followed by cutting current
which was around 12%, while the nozzle
height showed very low impact on the
quality criteria. Furthermore, the results of
the conformation experiment indicate a
high convergence between model and
practical results in case of crack width and
a lower level of congruence in case of the
slag rate formation model due to narrow of
testing levels.
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CNC Plasma cutting process, Kerf, Dross,
Optimization of plasma cutting parameters.
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Abstract

CNC Plasma Cutting Technology is one of
the most important cutting techniques that
are widely used in the metal industries, due
to its high ability to cut complex designs
with great accuracy and low production
cost. The quality of the products of this
technology mainly depends on the rational
control of the process parameters. In this
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Interaction Plot for SN ratios
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Main Effects Plot for SN ratios
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Source DF Seq SS Adj SS Adj MS F P
Current 2 7.8415 7.8415 3.9208 23.68 0.000
Speed 2 57.4852 57.482 28.7426 173.58 0.000
Stand 2 1.2760 1.2760 0.6380 3.85 0.067
CurrentxSpeed 4 2.4093 2.4093 0.6023 3.64 0.057
CurrentxStand 4 1.1673 1.1673 0.2918 1.76 0.229
SpeedxStand 4 0.4112 0.4112 0.1028 0.62 0.661
Residual Error 8 1.3247 1.3247 0.1656
Total 26 71.9152

R —seq =98.2% R — Sq(Adj) = 94.0%
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Regression Analysis: Kerf versus current; speed; stand

Analysis of Variance

Source DF adj ss Adj MS F-Value P-Value

Regression 3 2.81517 0.93839 69.04 0.000
current 1 0.30681 0.30681 22.57 0.000
speed 1 2.44942 2.44942 180.20 0.000
stand 1 0.05894 0.058%4 4.34 0.049

Error 23 0.31263 0.01359

Total 26 3.12780

Model Summary

s R-sg BR-sg(adj) R-sg(pred)
0.11€5688 50.00% 88.70% 96.74%

Kerf = 1.52 4+ 0.01306 current
—.000527 speed
+ 0.01907 stand .... (1)
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Contour Plot of Kerf vs current; stand

current

Contour Plot of Kerf vs speed; stand
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Parameters

Response  Goal Lower Target Upper Weight Importance
Kerf Minimum 1.23  2.45 1 1

+~ Optimization Plot == [

Optimal current peed tand

. High 250 24000 140
D:0:8632 ¢ 165.01 [2400.0) [14.0]

Predict Low 65.0 1000.0 80

Kerf

Minimum

y = 1.2749

d = 096323
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(S/N ratio)

Level current speed stand
1 -15.458 -23.351 -17.744
2 -21.664 -20.237 -18.664
3 -15.698 -9.232 -16.412

Delta 6.206 14.119 2.253

Rank 2 1 3

Smaller is better
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Interaction Plot for SN ratios
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Source DF Seq SS Adj SS Adj MS F P

Current 2 222.48 222.480 111.240 49.07 0.000

Speed 2 990.47 990.468 495.234 218.45 0.000

Stand 2 23.09 23.090 11.545 5.09 0.037
Current*Speed 4 428.88 428.885 107.221 47.29 0.000
Current*Stand 4 41.64 41.640 10.410 4.59 0.032
Speed*Stand 4 9.44 9.443 2.361 1.04 0.443
Residual Error 8 18.14 18.137 2.267

Total 26 1734.14

R — seq = 99.0% R — Sq(Adj) = 96.6%
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Contour Plot of dross vs current; speed
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Regression Analysis: dross versus current; speed; stand

Enalysis of Variance

Source DF Adj 85 Adj M8 F-Value P-Value
Regression 3 53B.ele 179.53¢ 15.92 0.000
current 1 30.031 30.031 2.66 0.11e
speed 1 502.973 502.9%73 44.59 0.000
stand 1 5.611 5.611 0.50 0.488
Error 23 255.411 11.278
Total 26 798.027
Model Summary
s R-sg ER-sgladj) R-sg(pred)
3.35838 ©7.49% €3.25% 54.83%

Dross = 37.70 — 0.1292 current
— 0.00755 speed
— 0.186 stand ... (2)
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Contour Plot of dross vs current; stand
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