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Abstract: In this paper, the Taguchi method is used  for the 

Optimization of Tungsten Inert Gas Welding on 6063 

Aluminum Alloy. The Taguchi method L27 is used to 

optimize the pulsed TIG welding process parameters of 6063 

aluminum alloy weldments for maximizing the mechanical 

properties. Analysis of Variance is used to find the impact of 

individual factors. Then the optimal parameters of the TIG 

welding process is determined and the experimental results 

illustrate the proposed approach. 
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I. INTRODUCTION 

luminum alloy 6063 widely used in defense 

aerospace and automobile application. The quality of 

weld joint is directly influenced by the welding input 

parameters during the welding process, therefore welding 

can be consider as multi input and multi output process. 

Tungsten inert gas welding is an arc welding process the 

metals are joined by heating them with an arc between 

electrode and the base metal. The TIG welding process is 

generally used for welding of these alloys. Some 

parameters are maintained as constant and others are 

variable. By varying the parameters the optimum welding 

condition is to be find out the taguchi method is designed 

to optimize a single performance characteristic. 

Optimization of multiple performance characteristics is 

much more complicated than optimization of single 

performance characteristic. In this paper the gray 

relational analysis is used to investigate multiple 

performance characteristic in taguchi method for 

optimization of TIG welding process. The gray relational 

analysis based on the gray theory can be used to solve 

inter relationship among multi performance characteristic 

effectively.  

Juang et al [1] conducted an experiment to obtain 

process parameters for optimizing weld pool geometry in 

the tungsten inert gas welding [TIG] of stainless steels. 

Here Taguchi method was adopted to analyze the effect of 

each welding process parameters on the weld pool 

geometry, and then to determine the process parameters 

with the optimal weld pool geometry.  

Wang et al [2] discussed about obtaining the 

weld pool vision information during aluminum alloy 

tungsten inert gas welding [TIG]. Here the relationships 

between the image sensing system and the characteristic 

of welding current were discussed in detail. A neural 

network method was used to extract the edge of the 

images of the weld pool. The result of detecting the edge 

with a neural network was excellent. It was observed that 

using the image sensing to control the TIG weld width for 

aluminum alloy is an effective method.  

Durgutlu et al [3] conducted an experimental 

investigation of the effect of hydrogen in argon as a 

shielding gas on TIG welding of austenitic stainless steel. 

Here hydrogen gas is added with the argon gas for 

welding. The microstructure, penetration and mechanical 

properties were examined. It was observed that the 

highest tensile strength was obtained from the sample 

which was welded under shielding gas of argon with the 

addition of hydrogen.    

Shahi et al. [4] discussed about the various 

primary welding variables which affect the mechanical 

strength of sub merged arc welding butt welded joints.  

Welding current was found to be most significant welding 

variable among welding voltage and the welding speed as 

regards to UTS, impact strength and hardness of the 

welded joints.  

A. Kumar et al. [5] TIG welding process is 

generally used for welding of Al-Mg-Si alloys. In any 

welding process, the input parameters have an influence 

on the joint mechanical properties. By varying the input 

process parameters combination the output would be 

different welded joints with significant variation in their 

mechanical properties. 

Fung et al. (2003) [6] studied the GRA to obtain 

the optimal parameters of the injection molding process 

for mechanical properties of yield stress and elongation in 

polycarbonate /acrylonitrile-butadiene-styrene (PC / ABS) 

composites.  

Shen et al. (2004) [7] studied different polymers 

(such as PP, PC, PS, POM) with various process 

parameters of the micro-gear. The simulation used 

Taguchi method and GRA was provided. Dharmalingam 

et al [8] conducted an experimental study on optimizing 

Tribological properties in aluminum hybrid metal matrix 

composites using Grey-Taguchi method. Here orthogonal 

array with grey relation analysis is used to optimize the 

multiple performance dry sliding characteristics of 

aluminum hybrid composites.  

An L27 orthogonal array was employed for the 

experimental design W.H. Yang [9] described the Taguchi 

method, a powerful tool to design optimization for 

quality, is used to find the optimal cutting parameters for 

turning operations. An orthogonal array, the signal-to-

noise (S: N) ratio, and the analysis of variance (ANOVA) 

are employed to investigate the cutting characteristics of 

S45C steel bars using tungsten carbide cutting tools.   

From the above literatures it is clearly identified that 

A 
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no one have undergone the research work in 6063 

Aluminum alloy so it chosen to do with aluminum alloy. 

 

II. EXPERIMENTAL PROCEDURE 

A. Materials 

The base material used in the investigation is 

aluminum alloy of 6063 grade. It is widely used in 

automobile sectors.  The chemical composition of the 

grade is obtained by spark test. The sparks ignited at 

various locations of the base metal samples and their 

spectrum was analyzed the chemical composition of base 

metal and weld metal is given in Table 2 1.  

B. Finding the working limits of the parameters 

Trial runs have been carried out using 2.95 mm 

thick rolled plates of AA 6063 aluminum alloy to find out 

the feasible working limits of TIG welding parameters. 

AA of 4043 Al of 3mm dia is used as filler material.  

Different combinations of pulsed current parameters have 

been used to carry out the trial runs. From the above 

analysis the following observations are made. The 

working range of the process parameters of current study 

shown in Table 2.2 and 2.3 

C. Experimental Procedure 

Pulsed current Tungsten Inert Gas Welding is a 

multi-factor metal fabrication technique. Various process 

parameters influencing weld bead geometry, weldment 

quality as well as mechanical-metallurgical characteristics 

of the weldment include pulse current, base current, pulse 

frequency, pulse width, welding speed, electrode 

diameter, nozzle gap, etc. To search optimal process 

conditions through a limited number of experimental runs, 

the present study has been planned to use three 

conventional process parameters viz. pulse current, base 

current, pulse frequency varied at three levels. Taguchi’s 

L27 orthogonal array has been selected to restrict the 

number of experimental runs.  Design matrix has been 

selected based on Taguchi’s orthogonal array design of 

L27 (3**3) consisting of 27 sets.  

Experiments have been conducted with these 

process parameters to obtain butt joint of two Aluminum 

alloy 6063 sheet  by TIG welding. Prior to welding, the 

base metal sheets were pickled with a solution of NaOH 

and HNO3, wire brushed, and degreased using acetone. 

The sheets to be welded were kept on steel backing bar 

and ends were clamped to maintain the alignment and 

gap. The weld joint is completed in single pass. 

Specimens for tensile testing were taken at the middle of 

all the joints and machined to ASTM E8M standards. The 

configuration of specimen used under tensile testing is 

shown in Fig 1(a).And the welded specimens were tested 

in the UTS machine and the tested specimens are shown 

in Fig 1(b&c). 

Tensile test was conducted using a computer-

controlled universal testing machine. All the welded 

specimens were failed in the weld region. The ultimate 

tensile strength of the weld joint is the strength of the 

weld. Ultimate tensile strength (MPa), and percent 

elongation (%) of the tensile specimens was measured. 

The experimental results for UTS (MPa) and EL (%) are 

listed in Table 2.4. 

In taguchi method signal-to-noise(S/N) ratio is 

used to represent the quality characteristic and the largest 

value of S/N ratio is required. There are three types of S/N 

ratio  the lower the better, the higher the better, and the 

nominal the better. The S/N ratio higher the better 

characteristic can be calculated using the Equation 1 
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 Where Yi is the i th experiment  and n is the total no of  

test. 

                

                  

 
 Fig 1 (a) Configuration of Tensile specimen 

Fig  1(b)  ASTM standard specimen (welded material) Fig 1(c) Fractured specimen of welded material 
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Table2.1 Chemical Composition of Base Material and Filler Material 

 

 Si Fe Cu Mn Mg Zn Ti Cr Pb Al 

Base material 0.48 0.43 0.067 0.047 0.38 0.17 0.018 0.025 0.014 98.24 

Filler material 4.8 - 0.17 0.24 0.05 0.05 0.05 0.05 - Balance 

 
 

                  Table 2.2 Working Range of the Process Parameters                                                        Table 2.3 Constant Process Parameters 

Process 

parameters 

Units                     Levels 

Lower Middle Higher 

Pulse 

current 

Amps 180 190 200 

Base 

current 

Amps 50 55 60 

Pulse 

Frequency 

 Hz 2 4 6 

Process parameter Constant 

value 

     Shielding gas 10lit/min  

 

      Shielding gas flow rate, 5lit/min 

      Electrode diameter, 3mm 

      Pulse ratio 50% 

      Pulse on time 50% 

 
 

 
Table 2.4 Design matrix has been selected based on Taguchi’s orthogonal array design of L27 

 

Exp. 

No 

Pulse 

current(amps) 

Base 

current(amps) 

Pulse 

width(Hz) 

Ultimatetensile 

strength(Mpa) 

Percentageof 

elongation(%) 

1 1 1 1 162.71 3.42 

2 1 1 2 145.93 3.70 

3 1 1 3 145.24 3.57 

4 1 2 1 144.99 3.77 

5 1 2 2 147.79 3.52 

6 1 2 3 152.03 3.47 

7 1 3 1 138.30 3.67 

8 1 3 2 172.20 3.27 

9 1 3 3 153.56 3.48 

10 2 1 1 160.67 3.44 

11 2 1 2 144.95 3.69 

12 2 1 3 158.3 3.52 

13 2 2 1 150.17 3.40 

14 2 2 2 145.59 3.73 

15 2 2 3 135.25 3.65 

16 2 3 1 143.89 3.48 

17 2 3 2 139.49 3.68 

18 2 3 3 138.13 3.63 

19 3 1 1 154.40 3.44 

20 3 1 2 166.44 3.21 

21 3 1 3 157.28 3.36 

22 3 2 1 161.93 3.24 

23 3 2 2 169.83 3.19 

24 3 2 3 144.95 3.48 

25 3 3 1 172.50 3.15 

26 3 3 2 165.42 3.25 

27 3 3 3 141.35 3.42 
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III. RESULTS AND DISCUSSION 

A. Analysis of variance (ANOVA) 

This method was developed by Sir Ronald Fisher 

as a way to interpret the results from actual experiments. 

ANOVA is a mathematical technique which breaks total 

variation down into accountable sources.  

Sum of squares is calculated by the magnitude of 

each error value can be squared to provide a measurement 

of total variation present. Error variance, usually termed 

just variance, is equal to the sum of squares of error 

divided by the degree of freedom of error. Error variance 

is a measure of the variation due to all the uncontrolled 

parameters, including measurement error involved in a 

particular experiment. 

 

Table 3.1 S/N Ratio, Normalised S/N ratio and 

Deviation Sequence Value 

EXP.NO 

S/N 

ratio  

Normalised 

S/N ratio 

Deviation 

Sequence 

 

1 44.23 UTS 0.233 

2 43.28 0.767 0.686 

3 43.24 0.314 0.705 

4 43.23 0.295 0.71 

5 43.39 0.29 0.633 

6 43.64 0.367 0.515 

7 42.85 0.485 0.891 

8 44.72 0.109 0.000 

9 43.73 1.000 0.471 

10 44.12 0.529 0.286 

11 43.22 0.714 0.715 

12 43.98 0.285 0.352 

13 43.53 0.648 0.567 

14 43.26 0.433 0.695 

15 42.62 0.305 1.000 

16 42.16 0.000 0.743 

17 42.89 0.257 0.872 

18 42.86 0.128 0.886 

19 43.77 0.114 0.452 

20 44.42 0.548 0.143 

21 43.93 0.857 0.377 

22 44.18 0.623 0.257 

23 44.6 0.743 0.058 

24 43.22 0.942 0.715 

25 44.68 0.285 0.019 

26 44.37 0.981 0.167 

27 43.01 0.833 0.185 

 

The F-test is simply a ratio of sample variances 

as shown in below equation. When this ratio becomes 

large enough, the two sample variances are accepted as 

being unequal at some confidence level. To determine 

whether an F ratio of two sample variances is statistically 

large enough, three pieces of information are considered. 

These are the confidence level, degree of freedom 

associated with the sample variance in the numerator and 

degree of freedom associated with the sample variance in 

the denominator. F-test values are found from   F-test 

table. Percentage of Contribution, the portion of the total 

variation observed in an experiment attributed to each 

significant factor and interaction is reflected in the percent 

contribution. The percent contribution is a function of 

sum of square of significant factor. The percent 

contribution indicates the relative power of a factor and 

interactions to reduce variation. The table 3.3 shows the 

contribution of different parameters in the tungsten inert 

gas welding of EN AW 6063 aluminium alloy. In the 

table A represents the pulse current, B represents the base 

current, and C represents pulse frequency.  ANOVA 

results are shown in Table 4. Observation of this table 

pulse current is the most dominant factor having 

percentage of contribution as 27.64% followed by pulse 

frequency 13.85% and base current 10.90% are influenced 

in the ultimate tensile strength. 

 

 
Table 3.3 Response Table For  UTS 

 

Level A B C 

1 0.5266 0.5585 0.5676 

2 0.4420 0.5034  0.6088* 

3  0.6978*  0.6045* 0.49 

Delta 0.2558 0.1011 0.1188 

Rank 1 3 2 

 
Fig 3.1  Effect of welding parameters on UTS 
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Table 3.4 ANOVA Table for UTS 

 

IV. RESULTS 

Optimization of Tungsten Inert Gas Welding on 6063 

Aluminium Alloy by using Taguchi Method. Taguchi 

method is a very effective tool for process optimization 

under limited number of experimental runs. Essential 

requirements for all types of welding processes are higher 

tensile strength with lower elongation. This study has 

concentrated on the application of Taguchi method 

coupled with Grey relation analysis for solving multi 

criteria optimization problem in the field of TIG welding 

process. 

Based on ANOVA the contribution of each 

parameters are calculated pulse current is the most 

dominant factor having percentage of contribution as 

27.64% , followed by  pulse frequency  13.85% and base 

current 10.90% are influenced in the ultimate tensile 

strength. 

V. CONCLUSION 

Taguchi experimental design for determining the 

welding parameters was successful. Accordingly the 

optimal combination of welding parameter for TIG 

welding is included. The pulse current of 200 A, base 

current of 60 A and the pulse frequency of 4Hz. It is the 

recommended levels of the controllable parameters of the 

pulse current TIG welding process as the minimization of 

the percentage of elongation and maximization of ultimate 

tensile strength.  
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SOURCE DF 
SEQ 

SS 

ADJ 

SS 

ADJ 

MS 
F 

% of 

Contribution 

A 2 880.7 880.7 440.35 10.69 27.64 

B 2 341.8 341.8 170.90 4.15 10.90 

C 2 441.2 441.2 220.60 5.35 13.85 

A*B 4 382.0 382.0 95.50 2.32 11.99 

B*C 4 579.0 579.0 144.75 3.51 18.55 

A*C 4 211.1 211.1 52.77 1.27 6.73 

ERROR 8 329.6 329.6 41.20  10.34 

TOTAL 26 3185.3     


