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ABSTRACT 
Tungsten inert gas welding is an arc welding process that produces coalescence of metals by heating them with an arc between a 
non-consumable tungsten electrode and the base metal. TIG welding was developed for welding hard-to-weld lightweight metals. 
The quality of weld joint produced by TIG welding is directly influenced by the welding input parameters during the welding 
process. Hence, TIG welding can be considered as multi input and multi output process. Aluminium alloy 6063 is a medium 
strength alloy commonly referred to as an architectural alloy. It is normally used in intricate extrusions. It has good surface finish, 
high corrosion resistance and is easily weldable. The arc weld quality is strongly characterized by the depth of penetration. This is 
because shallow depth of penetration may contribute to failure of a welded structure since penetration determines the stress 
carrying capacity of a welded joint The input welding process variables which influence the weld bead penetration must therefore 
be properly selected to obtain an acceptable weld bead penetration and hence a high quality joint. Hence, it becomes imperative to 
investigate the mechanical properties of 6063 Aluminium alloy. This paper proposes a methodology using Taguchi method with 
Grey Relational Analysis to maximize the tensile strength on 6063 Aluminum Alloy. The Taguchi method L9 is used to optimize the 
pulsed TIG welding process parameters of 6063 aluminum alloy weldments for maximizing the mechanical properties. The grey 
relational grade obtained from the Grey relational analysis is used as the performance characteristic in Taguchi method.  By using 
grey relational grade in Taguchi method it is possible to obtain the optimum value of process parameters for maximizes the UTS in 
6063 Aluminum Alloy using TIG welding process. 
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INTRODUCTION 

 

Aluminium and its alloys play a vital role in engineering material field and in the area of joining process of 

these materials the tungsten inert gas welding process continues its apex position due to its versality and 

flexibility in adaptation. The weld quality obtained in TIG weldment differentiates the TIG process in 

comparison with other competing and emerging joining process. The Al-Mg-Si alloy has maximum strength. 

The use of aluminium in automotive industry, architectural fabrication, window and door frames, pipes etc., has 

influence the TIG welding on aluminium alloys. 

During welding process, mechanical properties are influence by  vaporization of alloying elements like 

magnesium  and it can it can affect the welded joints in a weld pool area.. In order to overcome this problem, 

http://www.azom.com/ads/abmc.aspx?b=2745


236                   K.M. Eazhil et al., 2017/Advances in Natural and Applied Sciences. 11(4) April 2017, Pages: 235-241 

 

various optimization methods can be applied to define the desired output variable through mathematical models 

to specify the relationship between the input parameters and output parameters. TIG welding process [1] is 

generally used for welding of aluminum alloys. The initial strength of the Aluminum alloys depends upon the 

alloying elements in the base metal such as silicon, iron, manganese and magnesium [2]. These elements 

increase the strength of an aluminum alloy either as dispersed phase or by solid solution strengthening. 

Optimization of process parameters is the key step in the Taguchi Method in achieving high quality without 

accumulating the cost. This is because optimization of process parameters can improve performance 

characteristics and the optimal process parameters obtained from the Taguchi method are insensitive to the 

variation of Environmental Condition and other noise factors. 

Taguchi method is a systematic approach to design and analyze experiments for improving the quality 

characteristics. The higher S/N ratio for one performance characteristic may correspond to the lower S/N ratio 

for another performance characteristic. As a result, the overall evaluation of the S/N ratio is required for the 

optimization of the multiple performance characteristics. To solve this problem, the grey relational analysis is 

adopted in this study. In the grey relational analysis, the S/N ratio is first normalized in the range between zero 

and unity, which is also called the grey relational generating. Next, the grey relational coefficient is calculated 

from the normalized S/N ratio to express the relationship between the desired and the actual S/N ratio. Then, the 

grey relational grade is computed by averaging the grey relational coefficient corresponding to each 

performance characteristic. 

Kumar et al. [6] investigated the welding of Al-Mg-Si alloys in TIG welding. From their investigation they 

have concluded that input parameters have an influence on the joint mechanical properties. By varying the input 

process parameters combination, there was a significant variation in their mechanical properties. 

Huang and Lin (2002) [8] applied the GRA to design the die-sinking EDM machining parameters. Fung et 

al. (2003) [9] 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. 

Hsuan-Liang Lin [10] presented an integrated approach using the Taguchi method (TM), grey relational analysis 

(GRA) and a neural network (NN) to optimize the weld bead geometry in a novel gas metal arc (GMA) welding 

process. 

From the above literature, it can be inferred that a lot of work has been carried out to study the application 

of Taguchi method in optimizing the process parameters for various process. But very minimum work is 

available in using grey relational analysis based Taguchi method to optimize the process parameters in 6063 

Aluminum Alloy using TIG welding process. 

Hence, in this research work a Grey based Taguchi method was employed to optimize the process 

parameters for maximize mechanical properties in 6063 Aluminum Alloy using Grey Based Taguchi method in 

GTAW process. 

 

Experimental Procedure: 

2.1 Finding the Working Limits of the Parameters: 

The base material used in the investigation is aluminum alloy of 6063 grade. Trial runs have been carried 

out using 2.95 mm thick rolled plates of 6063 aluminum alloy to find out the feasible working limits of TIG 

welding parameters. 4043 Aluminum of 3mm diameter is used as filler material. The composition of base 

material and filler material are shown in Table:1.  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 were obtained and shown in Table 2 and 3. 

 
Table 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: Working Range of the 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 

 
Table 3: Constant Process Parameters 

Process parameter Constant value 

Shielding gas 10lit/min 

Shielding gas flow rate, 5lit/min 
Electrode diameter, 3mm 

Pulse ratio 50% 

Pulse on time 50% 
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2.2 Experimental Procedure: 

For a multi-factor fabrication technique Pulsed current Tungsten Inert Gas Welding is a feasible method. 

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. By limited number of  experimental runs to get an optimum 

result, 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 L9 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 

L9 (3**2) consisting of 9sets.  

Experiments have been conducted with these process parameters. To get good quality weld prior to 

welding, the base metal sheets were soaked with a solution of NaOH and HNO3, wire brushed, and degreased 

using acetone. The plates 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. 

 

 
Fig. 1: Configuration of Tensile specimen 

 

  
 

Fig. 2: TIG welding machine (model: ITG300P 

AC/DC) 

 

Fig. 3: Computer-controlled Universal Testing 

Machine 

 

Specimens for tensile testing were taken at the middle of all the joints and machined to ASTM E8M 

standards shown in Figure 1. By using a computer-controlled universal testing machine which shown in Figure 

2 tensile test is performed. All the welded specimens were failed in the weld region. The strength of the weld 

joint is checked by calculating the Ultimate strength of the welded specimens for the same, Ultimate tensile 

strength (MPa), and percentage of elongation (%) of the welded specimens are measured. The experimental 

results for UTS (MPa) and EL (%) are listed in Table 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 i.e 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. 

The response table for the calculated values is displayed in the Table 5. 
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Where Yi is the i the experiment and n is the total no of test. 

 
Table 4: Design matrix has been selected based on Taguchi’s orthogonal array design of L9 

S.No Pulse current[amps] Base current[amps] Pulse width[Hz] 
Ultimate tensile 

strength[MPa] 

Percentage of 

elongation [%] 

1 1 1 1 162.71 3.42 

2 1 2 2 147.79 3.52 

3 1 3 3 153.56 3.48 
4 2 1 2 144.95 3.69 

5 2 2 3 135.25 3.65 

6 2 3 1 143.89 3.48 
7 3 1 3 157.28 3.36 

8 3 2 1 161.93 3.24 

9 3 3 2 165.42 3.25 

 

Table 5: Response Table For  UTS 

S.No A B C 

1 154.7 155.0 156.2 
2 141.4 148.3 152.7 

3 161.5 154.3 148.7 

Delta 20.2 06.7 07.5 

Rank 1 3 2 

 

 
 

Fig. 4: Effect of welding parameters on UTS 

 

1. Details of Gray relational analysis: 

3.1 Gray Concepts:  

The gray analysis model was developed many decades ago but it has been extensively applied only in the 

last few years for broadly applied in evaluating or judging the performance of the complex projects with paltry 

information. Here we have performed 9 trails instead of 27 trails to reduce the cost of experimental runs that 

involved in the project, so to get an optimum result grey relational analysis technique is implemented. Data to be 

used in Grey analysis must be pre-processed into measurable indices for normalizing raw data for another 

analysis. In the system inputs and outputs of the parameters are taken in account for the effective analysis. These 

inputs and outputs are related by the system’s structure and characteristics. Analysis of these elements can be 

used for system evaluation and for system control, whether the system and its elements are understood or not. 

 

3.2 Data Preprocessing: 

Gray data processing must be performed before gray correlation coefficients can be calculated. A series of 

various units must be transformed to be dimensionless. Usually, each series is normalized by dividing the data in 

the original series by their average. 

Let the original reference sequence and sequence for comparison be represented as x0(k) and xi(k), i=1, 2, ..., 

m; k=1, 2, ..., n, respectively, where m is the total number of experiment to be considered, and n is the total 

number of observation data 

 If the target value of the original sequence is ‘‘the-larger-the-better’’, then the original sequence is 
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normalized as follows, 
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If the purpose is ‘‘the-smaller-the-better’’, then the original sequence is normalized as follows, 
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However, if there is ‘‘a specific target value’’, then the original sequence is normalized using, 
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where OB is the target value. 

Alternatively, the original sequence can be normalized using the simplest methodology that is the values of 

the original sequence can be divided by the first value of the sequence, xi
(0)(1). 
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where xi
(0)(k): the original sequence 

x *i(k): the sequence after the data preprocessing 

max. xi
(0)(k): the largest value of xi

(0)(k) 

min. xi
(0)(k): the smallest value of xi

(0) (k) 

 

3.3 Gray Relational Grade: 

For the tensile strength larger the better characteristic equation is  predominant that we earlier used to find 

the results listed in table 4. To find the data preprocessing the equation number 21 is to be consider and the 

values are utilized in equation 6 to calculate the relational coefficient. 
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where Δ0i (k) is the deviation sequence of reference sequence x0* (k )and comparability sequence x*i (k), 
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A gray relational grade is a weighted sum of the gray relational coefficients, and is defined as follows. 
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Here, the gray relational grade γ (x0*, xi*) represents the level of correlation between the reference and 

comparability sequences. If the two sequences are identical, then the value of the gray relational grade equals to 

one. The GRA is actually a measurement of the absolute value of data difference between the sequences, and 

can be used to approximate the correlation between the sequences. 

 

Results: 

The experiment values of ultimate tensile strength are listed in the Table 3. From the values obtained for 

UTS, the S/N ratio is calculated by using the equation 1. The deviation sequence is obtained from the 
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normalized S/N ratio. The normalized S/N ratio is calculated and determined by the equations 2 and 6.  

The deviation sequence Δ0i is calculated as follows; 

 

Δ0 i = X0 (k) - Xi (k) = 1-0.937=0.063 

 

The same calculation is used for i=1-9 and the results are given in the table. 

 
Table 6: S/N Ratio, Normalized S/N ratio and Deviation Sequence Value 

S.No S/N ratio Normalized S/N ratio Deviation Sequence Grey relational grade Rank 

1 44.23 0.937 0.063 0.888 2 

2 43.39 0.557 0.443 0.530 6 
3 43.73 0.710 0.290 0.633 5 

4 43.22 0.480 0.520 0.490 7 

5 42.62 0.208 0.792 0.387 8 
6 42.16 0.000 1.000 0.333 9 

7 43.93 0.801 0.199 0.715 4 

8 44.18 0.914 0.086 0.853 3 
9 44.37 1.000 0.000 1.000 1 

 

From that table Δ max and Δ min are obtained. Then the grey relational co efficient and grey relational grade 

for each value is calculated and the results are tabulated in the table 6. Average Grey Relational co efficient for 

each level of testing parameter is calculated as per taguchi method.  

 

Conformation Test: 

The optimal process parameter obtained from the above analysis is to be verified to enhance the quality 

characteristics using the optimal parametric combination. 

The estimated Grey relational grade 
^

  using the optimal level of the design parameters can be calculated 

as, 
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where m  is the total mean Grey relational grade, 


i is the mean Grey relational grade at the optimal level, 

and o is the number of the main design parameters that affect the quality characteristics.  

 
Table 7: Confirmation Test 

Factor levels 
Initial Factor Setting 

Optimal Process Condition 

Predicted Experiment 

A1B1C1 A3B1C1 A3B1C1 

UTS 162.71 …….. 169.46 

% of elongation 3.42 …….. 3.03 

Overall Grey relational grade 0.888 0.7150 0.7401 

  

Conclusion: 

The following conclusions can be arrived from the investigation. 

1.) Taguchi method is a very effective tool for process optimization under limited number of experimental 

runs.  

2.) 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. 

3.) The pulse current of 200 A, base current of 50 A and the pulse frequency of 2Hz. gives  maximum 

UTS of 169.46MPa and lower elongation of 3.03% 

4.) The Grey Relational Analysis based orthogonal array of Taguchi method is highly successful in 

optimizing the base current in TIG welding process of 6063 Aluminum Alloy. 
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