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Abstract: This paper presents Taguchi optimization of bevel angle in plasma jet cutting process of aluminium alloy 
EN AW 5083. Experimentations for this paper were carried out on the basis of standard L27 Taguchi's orthogonal 
array in which three plasma jet cutting parameters such as cutting speed, arc current and cutting height were 
arranged at three levels. From the analysis of means, analysis of variance and two-way interactions plot, significant 
plasma jet cutting process parameters and optimal combination of their levels that lead to minimal bevel angle were 
identified. The results showed that all three process parameters significantly affect bevel angle response. The 
predicted response at optimal plasma jet cutting conditions has a good fit with result of bevel angle from observed 
experiment. 
Key words: Taguchi optimization, bevel angle, plasma jet cutting, aluminium. 
 
Taguchi optimizacija ugla nagiba kod procesa rezanja mlazom plazme aluminijske legure 5083. Ovaj rad 
prezentira Taguchi optimizaciju uglaa nagiba kod procesa rezanja mlazom plazme aluminjske legure EN AW 5083. 
Experimenti za ovaj rad su sprovedeni na temelju standardnog L27 Taguchi otogonalnog plana gde su tri parametra 
procesa rezanja mlazom plazme: brzina rezanja, jačina struje i debljina rezanja podešeni na tri nivoa. Iz analize 
srednjih vrednosti, analize varijance i prikaza dvosmernih interakcija identifikovani su značajni parametri procesa 
rezanja mlazom plazme i optimalna kombinacija njihovih nivoa koja dovodi do minimalnog ugla nagiba. Predviđeni 
odziv u optimalnim uslovima rezanja mlazom plazme se dobro poklapa s rezultatom ugla nagiba iz izvedenog 
eksperimenta. 
Ključne reči: Taguchi optimizacija, kut nagiba, rezanje plazmenim mlazom, aluminijum. 
 
1. INTRODUCTION  
 
 Plasma jet cutting process is nonconventional 
manufacturing process that is very present today in 
metal and shipbuilding industry. This process uses 
energy of highly ionized gas in order to generate high 
temperature plasma jet that can be used to cut different 
materials at various thicknesses. Cut quality is the main 
cutting process response that is defined by 
characteristics such as kerf width, bevel angle, surface 
roughness, dross height, material removal rate and heat 
affected zone. It is desirable to set process parameters 
values in order to achive optimal cut quality. These 
process parameters are mostly cutting speed, arc 
current, cutting height and gas pressure. These 
parameters are usually defined by machine operator and 
they significantly affect cut quality characteristics. 
Many authors conducted scientific researches in order to 
describe influences of variable plasma jet cutting 
process parameters on cut quality responses and to 
define their optimal values. The most of these 
researches were conducted on steel materials [1-9]. 
     Aluminium is as material softer and more conductive 
than steel. According to that there exists some kind of 
insecurity in cutting of aluminium by plasma jet. In 
spite of that it can be cut by plasma jet and it is possible 
to define procees parameters values that lead to optimal 
cut quality characteristics. A few papers investigate 
influence of high temperature plasma jet on cut quality 
of aluminium. Common material in these papers is 

aluminium alloy 5083. Aluminium alloy 5083 is quite 
present in shipbuilding industry where aluminium plates 
are mostly cut by plasma jet before welding and 
assembling in ship sections. Due to that it is very 
important to identify optimal plasma jet cutting 
conditions in order to minimize further postprocessing 
operations. Peko et al. [10] described an influence of 
cutting speed and arc current on surface roughness of 
cut. They conducted mathematical modeling of surface 
roughness using artificial neural network approach. 
Experimental results were obtained according to 
Taguchi L9 orthogonal array. Generated mathematical 
model was used to create surface plot and to define 
process parameters values that minimize surface 
roughness. Peko et al.[11] analyzed influence of cutting 
speed, arc current and cutting height on kerf width 
response. Experiments were conducted using Taguchi 
L18 orthogonal array. Using experimental data a feed-
forward backpropagation artificial neural network 
model was developed. Mathematical model was verified 
using Mean Square Error (MSE) between experimental 
and predicted data of kerf width. Verified model was 
used to generate 2D and 3D plots that show effects of 
process parameters on kerf width values and to define 
cutting areas that result with minimal kerf widths. Peko 
et al. [12] conducted  research of the heat affected zone 
occurred in material during plasma jet cutting process. 
Heat affected zone analysis was done by measuring 
hardness changes on the material cross sections and by 
microscopic observations of the material structure. 
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Variable process parameters whose effects were 
analyzed in the research are cutting speed and arc 
current.  
     It is obvious that there exists an open space for 
further scientific investigations in plasma jet cutting 
process of aluminium alloys. It is possible to apply 
different methods and techniques in order to 
mathematically describe an influences of variable 
process parameters on cut quality responses and to 
define optimal cutting conditions. These findings can be 
very useful for further cutting process improvements.  
     This paper applies Taguchi method for identification 
of optimal plasma jet cutting parameters which 
minimize bevel angle as main cut quality response. 
Procees parameters whose effects were analyzed are 
cutting speed, arc current and cutting height. 
 
2. EXPERIMENTAL PROCEDURE 
 
     Experiments were performed on aluminium sheet Al 
5083, thickness 3 mm. CNC machine that was used for 
cutting was FlameCut 2513 (Fig. 1.). Experimental plan 
was defined according to Taguchi L27 othogonal array 
where three process parameters: cutting speed (v), arc 
current (I) and cutting height (H) were varying on three 
levels. These levels are listed in Table 1. Constant 
proccess parameters during experimentations were: 
outlet nozzle diameter: 1.2 mm, plasma gas: compressed 
air, plasma gas pressure: 6 bar. In each experimental 
trial straight cut length 80 mm was made. 
 

 
Fig. 1. CNC plasma jet cutting machine FlameCut 2513 
 

Level Cutting 
parameter 

Unit 
1 2 3 

Cutting 
speed, v mm/min 2000 4000 6000 

Arc 
current, I A 45 65 85 

Cutting 
height, H mm 1 1.5 2 

Table 1. Plasma jet cutting parameters and their levels 
 
     Bevel angle was choosen as output cut quality 
response. It is one of the most important cut quality 
responses in plasma jet cutting process because it 
defines geometrical accuracy of produced parts. Bevel 
angle (α) was calculated using the following formula:  
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where s is sheet thickness, Wt and Wb are top and 
bottom kerf widths. Top and bottom kerf widths were 
measured using universal optical microscope on three 
equally distanced places along the length of the cut. The 
average bevel angle values for each experimental trial 
are listed in Table 2. 
 

Exp. 
trial 

v 
(mm/min) 

 I (A)  H (mm) α (°) 

1 2000 45 1 7.782 

2 2000 45 1.5 6.993 

3 2000 45 2 6.013 

4 2000 65 1 3.805 

5 2000 65 1.5 4.745 

6 2000 65 2 2.252 

7 2000 85 1 3.367 

8 2000 85 1.5 3.633 

9 2000 85 2 1.327 

10 4000 45 1 9.044 

11 4000 45 1.5 9.722 

12 4000 45 2 8.876 

13 4000 65 1 5.313 

14 4000 65 1.5 5.048 

15 4000 65 2 5.682 

16 4000 85 1 2.891 

17 4000 85 1.5 3.272 

18 4000 85 2 2.796 

19 6000 45 1 11.539 

20 6000 45 1.5 12.662 

21 6000 45 2 10.444 

22 6000 65 1 8.643 

23 6000 65 1.5 9.648 

24 6000 65 2 9.360 

25 6000 85 1 7.360 

26 6000 85 1.5 8.428 

27 6000 85 2 7.360 

Table 2. Plasma jet cutting experimental plan and bevel 
angle results 

 
 In Table 3 are given an examples of bevel angles 
(blue lines) that appear on cuts depending on different 
process parameters values. 
 

     

2000 mm/min 
65 A 
2 mm 

4000 mm/min 
65 A 
2 mm 

6000 mm/min 
65 A 
2 mm 

     

4000 mm/min 
45 A 
2 mm 

4000 mm/min 
65 A 
2 mm 

4000 mm/min 
85 A 
2 mm 

Table 3. Bevel angles depending on process parameters 
values 
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3. TAGUCHI OPTIMIZATION 
 
     Taguchi methodology is a powerful tool for 
product/process quality improvement. This 
methodology is used for efficient identification of near 
optimal settings of the control parameters making the 
product/process insensitive to the noise factors [13,14]. 
Two major tools used in the Taguchi method are 
orthogonal arrays (OAs) and signal to noise (S/N) ratio 
[13,14]. Taguchi found out empirically that S/N ratios 
give the (near) optimal combination of the parameters 
levels, where the variance is minimal, while keeping the 
mean close to the target value, without using any kind 
of model [13,15]. 
 
3.1 Determining the optimal levels of the plasma jet 

cutting parameters 
     Taguchi method was used to identify the near 
optimal plasma jet cutting process parameters that result 
with minimal bevel angle values. In plasma jet cutting 
process, the lower bevel angle values are desirable in 
order to reach high cut quality, therefore smaller-the-
better S/N ratio can be calculated as: 
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where yi is i th observed value of the response, n is 
number of observations in a trial. 
     Calculated S/N values are given in Table 4. 
     The bevel angle experimental results and its 
corresponding S/N values were analyzed using the 
analysis of means (ANOM) and analysis of variance 
(ANOVA) with the MINITAB statistical software. 
     The ANOM response graph for the main effects of 
the plasma jet cutting parameters on mean S/N ratio for 
the bevel angle is presented in Figure 2. As shown in 
Figure 2 all three cutting parameters significantly affect 
the formation of bevel angle in the plasma jet cutting 
process. Cutting speed (v) and arc current (I) have the 
most significant influence on the bevel angle whereas 
the influence of the cutting height (H) is little bit 
smaller. As seen, the optimal plasma jet cutting 

condition for minmizing bevel angle is v: 2000 mm/min, 
I: 85 A and H: 2 mm. 
     To more precisely identify the optimal process 
parameters levels the interactions effects plot (Fig. 3) 
and ANOVA analysis were generated (Table 5). From 
these results it is revealed that interactions v*I and v*H 
are the most influential on the bevel angle response. 
Figure 4. presents contour interaction v*I effect plot on 
S/N values of bevel angle.  It is obvious from 
interaction effect plot that previously defined optimal 
cutting condition can be confirmed (Table 6). 
 

Exp. 
trial 

v 
(mm/min) 

 I (A)  H (mm) 
S/N 
(dB) 

1 2000 45 1 -17.822 
2 2000 45 1.5 -16.893 
3 2000 45 2 -15.581 
4 2000 65 1 -11.606 
5 2000 65 1.5 -13.524 
6 2000 65 2 -7.053 
7 2000 85 1 -10.544 
8 2000 85 1.5 -11.206 
9 2000 85 2 -2.458 

10 4000 45 1 -19.126 
11 4000 45 1.5 -19.755 
12 4000 45 2 -18.964 
13 4000 65 1 -14.507 
14 4000 65 1.5 -14.062 
15 4000 65 2 -15.090 
16 4000 85 1 -9.220 
17 4000 85 1.5 -10.295 
18 4000 85 2 -8.929 
19 6000 45 1 -21.243 
20 6000 45 1.5 -22.050 
21 6000 45 2 -20.377 
22 6000 65 1 -18.733 
23 6000 65 1.5 -19.688 
24 6000 65 2 -19.425 
25 6000 85 1 -17.337 
26 6000 85 1.5 -18.514 
27 6000 85 2 -17.337 

Table 4. Calculated S/N ratios for each trial 
 

 
Fig. 2. Main effects plot of the S/N ratios for the bevel angle 
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Fig. 3. Interactions effects plot of the average S/N ratios for the bevel angle 

 

Source of 
variation 

Degrees of 
freedom 
(DOF) 

Sum of 
squares 

(SS) 

Mean square 
(MS) 

F p ρ (%) 

v 2 265.579 132.789 78.66 0.000 42.558 
I 2 243.737 121.869 72.19 0.000 39.058 
H 2 25.498 12.749 7.55 0.014 4.085 

v*I 4 37.913 9.478 5.61 0.019 6.075 
v*H 4 32.129 8.032 4.76 0.029 5.148 
I*H 4 5.676 1.419 0.84 0.537 0.909 

Error 8 13.505 1.688   2.164 
Total 26 624.037     

The standard tabulated value of F-ratio: F0.05,2,8 = 4.46, F0.05,4,8 = 3.84 
Table 5. Results of ANOVA for S/N ratio 

 

 
Fig. 4. Contour interaction v*I effect plot on S/N values of bevel angle 

 
Plasma jet cutting parameter Optimal level 
Cutting speed, v (mm/min) 2000 
Arc current, I (A) 85 
Cutting height, H (mm) 2 

Table 6. Optimal plasma jet cutting process conditions for the bevel angle response 



 

5 

3.2 Confirmation experiment 
     Once the optimal plasma jet cutting conditions are 
selected, final step in Taguchi optimization 
methodology is to predict and verify the expected 
response through the confirmation experiment. 
However, there is no need to conduct confirmation test 
if the optimal plasma jet cutting parameters combination 
is already included in the experimental plan. In this 
case, since the optimal combination of process 
parameters (Table 6) corresponds to the 9-th 
experimental trial, no confirmation experiment was 
conducted. 
     Taguchi prediction of S/N ratio under optimum 
conditions ( opt̂ ) can be calculated using the following 

equation [13]: 

 



p

i
opt,ioptˆ

1

                                 (3) 

where is   total mean S/N ratio, opt,i  mean S/N ratio 

for i-th parameter at the optimal level, p number of 
parameters that significantly affect the quality 
characteristic. 
     In order to statistically judge the closeness of the 
predicted ( opt̂ ) and observed value of S/N ratio ( obs̂ ), 

the confidence interval (CI) was determined using 
equation [16]: 
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F
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where Fα(1,fe) is F value at a confidence level of (1-α), Ve 
error variance, and n is defined as: 

         
v

N
n




1
                                                          (5) 

where N is total number of experiments, ν is total 
degrees of freedom of all parameters. 
     At the 95% confidence level, the CI is ± 2.612. Since 
the prediction error is within CI value the optimal 
combination of plasma jet cutting parameter levels can 
be validated. These results are given in Table 7. Bevel 
angle obtained under optimal cutting conditions is given 
in Figure 5. 
 

S/N predicted ( opt̂ ), dB -3.71636 

S/N observed ( obs̂ ), dB -2.45817 

Prediction error, dB 1.25819 
CI, dB ± 2.612 

Table 7. Validation of optimal process parameters levels 
for minimization of bevel angle 

 

 
Fig. 5. Bevel angle obtained with optimal process 

parameters values (v: 2000 mm/min, I: 85 A,  H: 
2 mm) 

4. CONCLUSION 
 
     This paper presented application of Taguchi 
optimization methodology for minimization of bevel 
angle in plasma jet cutting process of aluminium alloy 
5083. Experimentations were conducted on sheet 
thickness 3 mm according to Taguchi L27 orthogonal 
array. From conducted experimental research and 
derived analysis next conclusions are made: 

 All three process parameters significantly 
affect bevel angle response in plasma jet 
cutting process. 

 Cutting speed and arc current have the highest 
influence while the cutting height has a smaller 
influence on the bevel angle as cut quality 
characteristic. 

 ANOVA and two-way interactions plot show 
that interactions cutting speed-arc current and 
cutting speed-cutting height are statistically 
significant. 

 Obtained results indicate that cutting speed 
should be kept at the lowest level, while arc 
current and cutting height at the highest level 
in order to reach minimal bevel angle. 

 Taguchi method was proven as a quick and 
efficient way to find optimal plasma jet cutting 
conditions. 

 Lack of Taguchi method is in defining near 
optimal process parameters values. In order to 
define precisely optimal process parameters 
levels that lead to the optimal process response 
different mathematical modeling and 
optimization techniques should be applied. 

 Complexity of plasma jet cutting process 
requires taking into account other cut quality 
characteristics such as kerf width, surface 
roughness, dross height, material removal rate 
and conducting multi-objective optimization. 
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