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ABSTRACT 
Proper selection of process parameters levels positively affect the quality of products in different 

processes. In this study the problem of modeling and optimization of A-TIG welding process for 

AISI316L austenite stainless steel has been addressed using orthogonal array Taguchi (OA-Taguchi) 

method for designing the experimental matrix required and regression modeling and analysis of 

variance (ANOVA). The experiments have been carried out on AISI316L steel parts. Taguchi 

experimental design approach has been chosen to gather the data required. Then regression functions 

(linear, quadratic and logarithmic) have been fit on the experimental data. Then the best and most fitted 

model was selected based on the results of statistical tests. The statistical analysis showed that the 

quadratic model is the best one for aspect ratio. In the next stage Taguchi technique has been used to 

optimize the process measure. Based on the results the proposed model is quite efficient in modeling 

and optimization A-TIG welding process. 
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1. Introduction 

Activated TIG (A-TIG) welding process has been introduced to tackle the drawback of poor penetration 

in TIG welding process [1-3]. A-TIG welding process was first has been proposed by the Paton institute 

of electric in 1960 [4]. A-TIG welding in comparison with the conventional TIG welding, can increase 

the DOP for stainless steels [5]. This process can be considered as the TIG welding process in which 

an activating flux layer used on the weld surface before welding process started.  

There is an extensive body of research on the A-TIG welding process. Nonetheless, to the best of our 

knowledge, there is no study in which modeling and optimization of aspect ratio considered using 

Taguchi design of experiments, mathematical modeling and statistical analysis. Therefore, in this article 

regression models developed based on the experimental tests to establish the relations between input 

parameters and output characteristics of the A-TIG welding process. The proposed model has three 

inputs parameters namely; Welding current (I), torch speed (S) and welding gap (G), and the most 

important output characteristic (aspect ratio) has been considered. In the proposed approach, regression 

modeling has been performed on the experimental tests gathered base on the Taguchi design matrix. 

Then, different derived regression equations has been compared in order to choose the most fitted ones 

as the authentic representatives of the process using analysis of variance (ANOVA) technique. 

Moreover, based on the ANOVA results the percent contribution of each process parameters on the 

output characteristics has been determined. Next, to determine optimal values of process input 

parameters the selected model has been optimized using signal to noise (S/N) method. The proposed 

approach has been performed on AISI316L austenitic stainless steel sheets, a widely used alloy in 

various industries including petrochemical, food industries and oil pipelines due to its superb mixture 

of strength and ductility and oxidation and corrosion resistance. 
2. Experimental set up and equipment used 

There are different parameters affecting the A-TIG welding process among which, welding current (I), 

speed (S) and gap (G) are the most influential ones based on the literature review and screening method 

used [1-3]. To determine the possible working intervals of each process input parameter, welding 

references studied and some preliminary tests were conducted [2, 3]. Table 1, lists the process input 

parameters and their corresponding intervals and levels based on the initial test findings. Other input 

parameters with trivial effects have been considered at a fixed level. Sometimes the restrictions of the 
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machine used dictates the levels of the process input parameters. Welding gap has been considered at 2 

levels as the other parameters have been considered at 4 levels. Based on unequal parameters levels, 

orthogonal array Taguchi technique has been considered. In this study, the Taguchi method is used. 

Levels considered for the input variables are presented in Table 1. 

 Table 1. the process parameters and their corresponding levels 

level Welding gap(mm) Welding 

current(Amp) 

Torch 

speed(mm/sec) 

Symbol G I S 

Interval 0.75-1.50 100-280 1.00-3.33 

Level 1 0.75 100 1.00 

Level 2 1.50 160 1.67 

Level 3 - 220 2.67 

Level 4 - 280 3.33 

 

The proposed matrix, Taguchi Design, L32, has been considered (Table 2). As mentioned, the material 

used in this study is AISI316L steel parts. The welding machine used in this study has been showed in 

the Fig 1. In this study, Argon (with 99.7% purity) was used as the inert gas. AISI316L stainless steel 

sheets with dimension of 100 mm×50 mm×10 mm have been considered as specimens. In this study, 

titanium dioxide (TiO2) Nano-powder (+99%, 20-30 nm, amorphous) has been used as the activating 

flux. The details of preparing and mechanism of A-TIG welding process are well documented in Refs 

[3]. 

 
                                                         Figure 1. The welding machine used 

 

 

Then, for taking images an optical microscope has been used (Fig. 2). To determine samples aspect 

ratio, images were consequently processed by MIP (microstructural image processing) software (Fig. 

3). The average of two measurements for each sample was reported (Table 2). 
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Table 2. L32 experimental matrix and results of experiments 

No Welding gap Welding current Torch speed Aspect ratio 

1 0.75 100 1.00 1.31 

2 0.75 100 1.67 1.57 

3 0.75 100 2.67 1.56 

4 0.75 100 3.33 1.05 

5 0.75 160 1.00 1.33 

6 0.75 160 1.67 1.56 

- - - - - 

- - - - - 

- - - - - 

- - - - - 

- - - - - 

- - - - - 

27 1.50 220 2.67 1.054 

28 1.50 220 3.33 1.33 

29 1.50 280 1.00 1.56 

30 1.50 280 1.67 1.952 

31 1.50 280 2.67 1.80 

32 1.50 280 3.33 1.90 

 

 

 
                             Figure 2. Optical microscope and electro polish machine used 

 

Figure 3. The cross section of the welded specimens 
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Regression modeling is a mathematical approximating in order to determine the relationships between 

process input parameters and output characteristics. To carry out the regression modeling and statistical 

analysis procedure, the following stages are to be taken in to account [4]. First, process input parameters 

and output characteristics are identified. Then, interval for each process input parameter is determined 

through literature survey, preliminary experiments and screening method. Selection of an appropriate 

DOE matrix based on the process input parameters and their corresponding levels, such as full factorial 

design and fractional factorial design is the next step. Next, the experiments are conducted as the matrix 

opted and data collected. Finally, the process characteristics equations are driven by developing 

mathematical models and conducting significance test (F-test and P-test) and the most fitted models as 

the representative of the process characteristics are selected [5]. This statistical method has wide usage 

in different scientific areas such as engineering, physics, economics and other sciences. In this study, 

regression analysis is used for determining the relationship between input and output variables of the 

process. In order to model the process under consideration, different mathematical functions such as 

linear, second order (quadratic) and logarithmic are fitted on the experimental results of experiments. 

And eventually, by confidence level of 95%, the equation factors for aspect ratio in MINITAB 

environment were extracted. (Table 3). Table. 4, shows the results of the ANOVA for the quadratic 

model. 
 

                                                  Table 3. the proposed models  

Response 

Variable 

Mode 1 The fitted Model R2 Radj
2 

 

 

 

 

Aspect 

Ratio 

Linear W/D=1.035+0.2236G-

0.001458 I + 0.2422 S 

 

71.5 

 

68.5 

Second degree 

(quadratic) 

W/D=1.658+0.709G-

0.00913 I +0.000020 I*I – 

0.002554 G*I + 0.001293 

I*S 

 

90.5 

 

88.7 

logarithmic Ln(W/D)=1.186+0.1441LnG 

– 0.1952 LnI + 0.3331 LnS 

 

75.7 

73.1 

 

 

 
Table 4. result of ANOVA for the quadratic model 

source DF Adj ss Adj MS F-Value P-value 

Regression 5 2.5817 0.51633 49.94 0.000 

G 1 0.2506 0.25064 24.24 0.000 

I 1 0.1974 0.19743 19.09 0.000 

I*I 1 0.1721 0.17212 16.65 0.000 

G*I 1 0.1321 0.13211 12.78 0.000 

I*S 1 1.7464 1.74637 168.90 0.000 

Error 26 0.2688 0.01034 - - 

Total 31 2.8505 - - - 

 

One criteria of selecting the appropriate model, is correlation coefficient) R2 and Radj
2 (that has been 

calculated for all of the equations [3]. quadratic model for aspect ratio has correlation coefficients of 

90.5% and 88.7%, respectively, which shows the perfect fitting of these models on experimental data. 

Another statistic criterion is f-value which is compared against critical values obtained of the table, and 
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if it is greater, it means that, it is a good model. Results of analysis of variance (ANOVA) has been 

shown in Fig. 4.  

Fig. 4, illustrates the residual plots (including normal portability, residual versus fitted values, 

histogram, and residual versus observation order) for aspect ratio in which a good conformability of the 

developed models to the real process have been demonstrated [5]. 

  

Figure 4. Residual plot for aspect ratio 

 

  

Figure 5.  Percent contribution of welding parameters 
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The percent contributions of each parameter may be provided by ANOVA results (formula 1) [4]. The 

percent contributions of the A-TIG process parameters are shown in Fig. 5. Where, Pi is percentage of 

contribution for each parameters under consideration, SSi is sum of square, DOFi is degree of freedom 

of ith factor, and MSerror is mean sum of square of error [5, 6]. 

pi(%) = 
𝑆𝑆𝑖+(𝐷𝑂𝐹𝑖∗ 𝑀𝑆𝑒𝑟𝑟𝑜𝑟)   

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑟𝑒
                    (1) 

3. Optimizing the Process by Taguchi  
The optimum level of these significant parameters has been found by examining the level averages of 

the factors. For each process output response, the S/N ratio determined from the experimentally 

observed values has been statistically evaluated by ANOVA technique (Figure 6). Generally, a greater 

S/N corresponds to a better performance and hence the optimal level of each machining parameter is 

the level with the greatest S/N value [5]. As shown, Figure 5 demonstrates that the optimal combination 

of parameters settings for maximizing S/N value is 2-1-4 which correspond to G =1.5 mm; I=100 Amp; 

S=3.33 mm/sec. Result of optimization procedure has been illustrated in Table. 5. Based on the achieved 

results, the error is about 5%, considering the equipment used is acceptable. 

  

    Figure 6. The effect of machining parameters on signal to noise (S/N) 

 

Table 5. Results of optimization 

 

Set of parameters 

 

 

 

 

 

Predicted Aspect Ratio 

 

 

Experimental 

Aspect ratio 

 

 

Error (%) 

 
G I S 

 

 

1.50 

 

 

 

280 

 

1.00 

 

 

 

1.25 

 

 

1.32 

 

5 

 

4. Conclusion 
Proper selection of process parameters levels positively affect the quality of weldments in A-TIG 

welding process. In this study the problem of modeling and optimization of A-TIG welding process for 

AISI316L austenite stainless steel has been addressed. First, A-TIG welding modeling has been 

performed based on experimental data gathered as per L32 Taguchi DOE. Then, Aspect Ratio have been 

measured using MIP software. Then, regression modeling has been used to formulate the process 

characteristics as a function of input parameters (welding current, torch speed and welding gap). Next, 

655



 

ANOVA has been used in order to determine the most fitted models. Moreover, important parameters 

and their corresponding percent contribution on each process characteristics has been determined using 

statistical analysis. Next, S/N ratio method has been used to optimize the selected models and results 

confirmed using experimental tests. The result of optimization procedure shows the proposed model 

can accurately simulate and optimize the A-TIG welding process. 

 

Nomenclature 

G            Welding gap 

I              Welding current 

S             Welding speed 

S/N         Signal to noise 
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