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Abstract— TIG welding is a fusion welding process having 

wide applications in industry. The welding parameters play 

a very important role in determining the quality of a welded 

joint in Tungsten Inert Gas Welding (GTAW). So proper 

selection of weldings parameters is necessary to obtain weld 

joint with increased tensile strength In this research 

multilevel factorial experimental design is considered which 

consists of two factors and three levels The working ranges 

of welding parameters for conducting experiments are 

obtained by from literature survey and trial.  In this work, 

TIG welding parameters influence on weld ability of 

Aluminum alloy 6082 specimens with dimension of 500mm 

long x 50mmwide x 5mmthick is investigated. The welding 

parameters such as arc gas flow rate, welding current, gas 

flow rate are taken into account which influence the tensile 

strength measured after welding. Regression analysis is used 

to determine the effect of the individual parameters and a 

suitable combination was found out. 
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I. INTRODUCTION 

TIG welding process is an arc welding process uses a non-

consumable tungsten electrode to produce the weld. The 

weld zone is protected from atmosphere with a shielding gas 

generally Argon or Helium or sometimes mixture of Argon 

and Helium. A filler metal may also feed manually for 

proper welding. GTAW most commonly called TIG welding 

process was developed during Second World War. With the 

development of TIG welding process, welding of difficult to 

weld material like Aluminum, Copper and Magnesium 

becomes possible. The use of TIG today has spread to a 

variety of metals like Al alloy stainless steel, and high 

tensile steels mild steel, Titanium alloy. Like other welding 

system, TIG welding power sources has been enhance from 

basic transformer types to the highly electronic controlled 

power source today[1]. 

A. Basic Mechanism of TIG Welding: 

TIG welding process is non-consumable arc welding process 

tungsten electrode to produce the weld [2-3]. The power is 

supplied from the power source through a  welding torch 

and is delivered to a tungsten electrode which is fitted into 

the hand piece. An electric arc is generated between the 

tungsten electrode and the work piece using a constant-

current welding power supply that produces energy and 

conducted across the arc through a column of highly ionized 

gas and metal vapours [4]. The tungsten electrode and the 

welding zone are protected from the surrounding air by inert 

gas. The arc can produce temperatures of up to 20000OC 

and this heat can be focused to melt and join two different 

part of material. The weld pool can be used to join the base 

metal with or without filler material. Schematic diagram of 

TIG welding and mechanism of TIG welding are shown in 

fig. 1. Tungsten electrodes are commonly available from 0.6 

mm to 6.5 mm diameter and 150 - 250 mm length. The 

current carrying capacity of each size of electrode depends 

on whether it is connected to negative or positive terminal of 

DC power source. The power source required to maintain 

the TIG arc has a drooping or constant current characteristic 

which provides an essentially constant current output when 

the arc length is varied over several millimeters. Open 

circuit gas flow rate of power source ranges from 60 to 80 V 

[5-6]. 

 
Fig. 1: Schematic Diagram of TIG Welding System. [Ref: 3] 

II. EXPERIMENTATION 

The base metal used for present work is 6082 Aluminum 

alloy with dimensions of the work piece as 500 mm x 50 

mm x 5 mm. Consumable filler rod (ER4043) of 3.5 mm 

diameter and Argon as inert gas was used for TIG welding. 

Chemical composition of base metal and filler wire is given 

in Table 1 and Table 2, respectively. 

Elements si fe mn Zn Cr 

percentage 
0.7-

1.3 

0.0-

0.5 

0.6-

1.2 

0.0-

0.2 

0.0-

0.25 

Table 1: Chemical Composition of Base Metal 

Elements Si Fe Mn Zn Ti 

Percentage 4.5-6.0 0.8 0.05 0.1 0.2 

Table 2: Chemical Composition of Electrode 

A. Selection of Process Parameters: 

The input welding process parameters selected for this work 

were welding current and gas flow rate. Tensile strength was 

taken as the output quality Response. Each of these 

parameters was varied at 3 levels. The range and levels of 

these parameters were decided on the basis literature survey 

and trial. The feasible range for the machining parameters 

was defined by varying current (160-200A), gas flow rate 

(20–24V), gas flow rate (10-14 l/min) for welding of 

selected base metal and electrode. The input welding 

parameters and their levels are given in Table 3. According 
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to the number of factors and their levels, multilevel factorial 

is selected from the regression analysis and design of 

experiment is presented in Table 4. 

Parameters Code 
Level 

1 

Level 

2 

Level 

3 

Current (Amp) A 160 180 200 

Gas Flow Rate (l 

/min) 
B 10 12 14 

Table 3: Process Parameters and Their Levels 

Runs Blocks A B 

1 1 2 3 

2 1 3 1 

3 1 1 1 

4 1 2 2 

5 1 1 3 

6 1 3 3 

7 1 2 1 

8 1 1 2 

9 1 3 2 

Table 4: Design Matrix 

B. Preparation of Specimens by GTAW: 

The butt joints were made using the experimental layout 

shown in Table 4.  GTAW welding machine was employed 

for conducting the welding experiments. Before conducting 

the experiments the base metal sheets were cleaned with 

sand paper to remove the oxide layer. The weld joint is 

completed in a single pass. 

 
Fig. 2: Welded Specimens 

C. Tensile Properties of Welded Specimen: 

Welded specimens for tensile testing were prepared as per 

ASTM E8M standards with the weld line in the middle of 

the specimens Tensile testing was conducted using a 

computer controlled UTM of capacity 100kN Tones as 

shown in Fig. 3. The cross head speed of 2.54 mm/min was 

adopted for all the experiments. Each experiment was 

conducted thrice for better reproducibility of results.  

The quality characteristics were evaluated for all 

the conditions and are presented in Table 5. 

 
Fig. 3: A 100 kN Universal Testing Machine 

RunOrder Blocks 
Current 

(Amp) 

Gas Flow 

Rate (lt/min) 

UTS 

(Mpa) 

1 1 180 12 280 

2 1 160 12 274 

3 1 200 14 295 

4 1 180 10 250 

5 1 200 10 245 

6 1 180 14 310 

7 1 200 12 277 

8 1 160 10 244 

9 1 160 14 293 

Table 5: Quality Characteristics Data 

III. RESULTS AND DISCUSSION 

As per the ANOVA the optimum condition corresponds to 

current at level 2(180 A), Flow rate at level 3(14Lt/min) . 

The coefficients of variables as shown in table 6 are 

calculated using the above model by MINITAB software 

and the regression equation developed is: 

The regression equation is 

UTS = 106 + 0.050 Current (Amp) + 13.3 Gas Flow Rate 

(lt/min) 

Predictor Coeff SE Coeff   T  P 

Constant 106.22 28.01 3.79 0.009 

Current (Amp) 0.050 0.1291 0.39 0.712 

Gas Flow 

Rate (lt/min) 

13.250 

 
1.291 10.26 0.000 

Table 6: Regression Analysis Results 

Where, Coeff. Is weight of predictor in the model, 

SE is Standard Error (Variability in estimates), T is Coeff. 

/SE (ex:106.22/28.01 = 3.76), P is probability value for that 

level of T, and R-sq is validation criterion, i.e. in this case 

model accounts for 94.6% of the variance of the predictor 

i.e. the strength. 

Analysis of Variance for testing significance of 

regression 

Source DF SS MS F P 

Regressio

n 
2 

4219.

5 
2109.

8 
52.7

3 
0.00

0 

Residual 

Error 
6 240.1 40.0   

Total 

 
8 

4459.

6 
   

Table 7: ANOVA for Testing Regression 
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S = 6.32529     R-Sq = 94.6%    R-Sq(adj) = 92.8 

Where, DF is degree of freedom, SS is Sum of squares, MS 

is Variance (=SS/DF) and P is contributed percentage. 

A. Effect of Process Parameters on Tensile Strength: 

Figure 4 here shows the main effect plot of process 

Parameters on tensile strength hat different parameters like 

current and gas flow rate in GTAW process of for welding 

6082 alloy of Aluminum. From the figure, it can be seen 

that: 

 Effect of current: Tensile strength increases with      

the increase in current until optimum value which 

shows maximum tensile strength. The tensile 

strength will decrease when welding current 

increases beyond the optimum value. 

 Effect of gas flow rate: tensile strength is increase 

wth increase in gas flow rate constant. 

 
Fig. 4: Main Effect Plots of Process Parameters for Tensile 

Strength 

IV. CONCLUSION 

Optimum parameter range for weld ability of 6082 Al alloy 

specimens with dimensions of 500mm x 50mm x 5 mm for 

arc gas flow rate of 23 volt, current of 180ampere and gas 

flow rate of 12.5 Lt/min are carried out to be: 

 Tensile strength of 301 Mpa is obtained for 

welding current of 180 Amp 

 Maximum tensile strength is achieved at gas flow 

rate of 14 Lt/min 

 Gas flow rate has the greatest percentage 

contribution followed by current and  voltage 

 Gas flow rate is the significant factor for tensile 

strength but current and voltage are the non-

significant parameters in GTAW 

Hence, it can be concluded that as the welding 

speed increases at constant current and gas flow rate, the 

tensile strength will increase until an optimum value which 

shows maximum strength. The tensile strength will decrease 

when welding current increases beyond the optimum value. 
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