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ABSTRACT

The objective of this paper is the optimization of the gas tungsten arc welding parameters on penetration depth 
and bead width. Taguchi L25 orthogonal array was used for the design of experiments. Welding experiments were 
performed on stainless steel specimens. Pilot experimentations were conducting to define the range of variables. 
Optimal parameters were determined through signal to noise (S/N) ratio approach. Significant factors have been 
determined through analysis of variance approach. The results showed that the penetration depth and bead width 
were increased with increase in current and decrease with increase in torch speed. It was concluded that the arc 
current is the significant factor for both the response parameters while torch angle is significant only for bead width. 
The results have been verified through confirmation test for each response parameter.
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INTRODUCTION

Gas tungsten arc welding (GTAW),is a type of arc 
welding process in which an electrode of non-consum-
able tungsten material and shielding gas is used forthe 
generationof arc among the electrode and base metal 
due to which the base metal is melted1. 

In GTAW different variables like electrode, electrode 
diameter, arc current, current type, torch angle, arc length, 
torch speed, shielding gas, shielding gas flow rate etc 
are used. Bead widths, reinforcement height, penetration 
depth and fusion zone are the parameters dependent on 
the settings of these variables during welding2. A brief 
literature review of prominent investigations of GTAW 
is given in the following paragraphs.

P. K. Giridharanet al3 conducted experiments on 3 mm 
thick 304L grade austenite steel to study the parametric 
effect of pulsed current, torch speed and pulsed current 
durationparameters on bead width, penetration depth, 
bead area and aspect ratio of 3 mm thickness 304L 
grade steel. They observed that the process parameters 
contribution decreased on response variables i.e. welding 
speed, pulsed current and pulsed current duration respec-
tively. S.C Juanget al4 conducted experiments on 304L 
grade steel of 1.5 mm thickness to study the parametric 
effect of arc length, torch speed, current and gas flow 
rate parameters on back and front height and back and 
front width. Their results showed that the contribution 

of torch speed,shielding gas flow rate, welding current 
and arc length, respectively decreased on the weld pool 
geometry dimensions. UgurEsmeet al5 conducted experi-
ments on 304L grade steel of 1.2 mm thickness to study 
the parametric effect of current, arc length, gas flow 
rate and torch speed parameters on tensile load, bead 
height, bead width, heat affected zone, penetration area 
and penetration. Torch speed was the most influential 
factor on response. The influence of other parameters arc 
length, current and gas flow rate decreased on response 
respectively. Y. S. Tarnget al6conducted experiments on 
Aluminum 1.6 mm plate’s thickness study theparametric 
effect, welding speed, arc length, polarity ratio, welding 
current and filler wire speed parameters on back and front 
height, back and front width of weld bead. Welding speed 
was the most significant factor followed by current and 
polarity ratio. P. Bharathet al7 conducted experiments on 
316 austenitic stainless steel of 3 mm thickness, to study 
the parametric effect of welding speed, operator, root gap, 
welding current and electrode parameters on bending 
strength and tensile strength. Current is significant for 
bending strength and others factors were insignificant. 
Welding speed followed by welding current and root 
gap was significant for tensile strength.

The above literature review reveals that previous 
studies are only focused on few combinations of GTAW 
parameters. The literature further reveals that optimiza-
tion of five process parameters of GTAW i.e arc current, 
torch angle, arc length, torch speed and shielding gas 
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flow rate each with five levels for stainless steel 304L 
grade welding has not been investigated till date. The 
objective of this paper is to apply Taguchi optimization 
technique to find the optimal results for GTAW simulta-
neously for the above parameters. The penetration depth 
and bead width was measured after welding specimens 
of stainless steel 304L grade. Optimum parameters were 
determined by Taguchi method. This method was also 
used in earlier study3,8-10. The predicted results were 
verified through confirmation test and compare with 
literature. The following section describes experimental 
details of the studies.

Experimental Procedure

Base metal austenite stainless 304L chemical composi-
tion was determined by spectromaxx analyzer. Specimen 
of thickness 3 mm was prepared by shearing machine 
and cleaned with acetone. Tungsten electrode, electrode 
vertex angle 60ᵒ, electrode diameter 1.6mm,mean arc 
voltage 15 V, argon shielding gas and purging gas 
flow rate 6 L/min were kept constant. Variables range 
determined through pilot experimentations as shown in 
table I. After performing welding, power hacksaw was 

used to cut the transverse section, plane cross-section 
was achieved by milling machine. Cold work effect 
produced during transverse cutting was minimized by 
grinding followed by polishing by silicon carbide abrasive 
paper to enhance edge flatness. Samples were etched in 
a mixture of HNO3 and HCl of ratio (1:3) for 3 minutes 
and then washed by distilled water. Penetration depth 
and bead width measured and macrographs of samples 
obtained through Olympus inverted metallurgical micro-
scope Model GX-71. Verified samples macrographs are 
shown in figure 1 and 2. Highest penetration 2.60 mm 
and lowest bead width 3.15 mm achieved as shown in 
table II.

TAGUCHI METHOD

Taguchi is a mathematical and statistical method using 
orthogonal array to decrease the number run of experi-
mentation and find the optimum parameters through signal 
to noise ratio. Larger the better quality characteristic 
of S/N ratio is used for response parameter penetration 
depth, smaller the better for response parameter bead 
width and nominal the better7,11. Taguchi L25 orthogonal 
array was applied in this study to conduct experiments 

Table 1. Control factor with levels

Factor Nota-
tion

Control Factors Levels
1 2 3 4 5

A Arc Current (Amp) 55 60 65 70 75
B Torch Speed (mm/min) 110 115 120 125 130
C Arc length (mm) 1.4 1.7 2 2.3 2.6
D Torch Angle (Deg) 60 75 90 105 120
E Shielding Gas Flow Rate (Ltr./min) 8 10 12 14 16

Fig 1. Confirmation test for penetration depth Fig 2. Confirmation test for bead width
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Table 2. Orthogonal L_25 table for response

TrialNo A B C D E Penetration 
depth (mm)

Bead Width 
(mm)

1 55 1.4 110 60 8 1.28 3.96
2 55 1.7 115 75 10 0.98 4.65
3 55 2 120 90 12 1.15 4.20
4 55 2.3 125 105 14 0.82 3.50
5 55 2.6 130 120 16 0.62 3.15
6 60 1.4 115 90 14 1.16 4.80
7 60 1.7 120 105 16 1.21 4.20
8 60 2 125 120 8 1.48 3.80
9 60 2.3 130 60 10 1.10 4.30
10 60 2.6 110 75 12 1.16 4.70
11 65 1.4 120 120 10 1.87 4.13
12 65 1.7 125 60 12 1.28 4.44
13 65 2 130 75 14 0.95 5.00
14 65 2.3 110 90 16 1.69 5.55
15 65 2.6 115 105 8 1.58 5.10
16 70 1.4 125 75 16 2.10 4.85
17 70 1.7 130 90 8 1.55 5.50
18 70 2 110 105 10 1.95 5.90
19 70 2.3 115 120 12 2.00 4.55
20 70 2.6 120 60 14 1.50 5.64
21 75 1.4 130 105 12 2.10 4.30
22 75 1.7 110 120 14 2.60 4.80
23 75 2 115 60 16 2.49 5.63
24 75 2.3 120 75 8 1.70 6.95
25 75 2.6 125 90 10 1.90 6.37

as shown in table II with their corresponding response 
parameters. Analysis of variance approach (ANOVA) 
wasapplied to find the considerablefactors12.

To find the S/N ratio for penetration depth13,

			   (1)

To find the S/N ratio for bead width14,

			   (2)

Where nis for number of replications for each exper-
iment and for the response parameter. The obtained S/N 
ratio for response parameters are shown in table III.

RESULTS AND DISCUSSION

Figure 3 and 4shows that with increase in current 
both the response parameters penetration depth and bead 
width are increased. With increase in arc length bead 
width is increased and penetration depth is decreased. 
With increase in torch speed both the response parameters 
are decreased. With increase in torch angle penetration 
depthis decreased for some interval and then further 
increased while bead width is increased for some inter-
val and then decreased. With increase in shielding gas 
flow rate both the response parameters shows fluctuating 
results.Penetration depth and bead width are increased 
with increase in current. The increase of arc current 
results in the accumulation of high amount of heat in 
the weld zone. Similarly the heat transfer is affected with 
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Table 3. Calculated S/N ratio for responses

Trial. No Penetration depth  
S/N ratio

Bead width S/N 
ratio

Trial. No Penetration depth  
S/N ratio

Bead width S/N 
ratio

1 2.144 -11.953 14 4.557 -14.885
2 -0.175 -13.349 15 3.973 -14.151
3 1.214 -12.465 16 6.444 -13.714
4 -1.724 -10.881 17 3.806 -14.807
5 -4.152 -9.966 18 5.800 -15.417
6 1.289 -13.624 19 6.020 -13.160
7 1.655 -12.465 20 3.521 -15.025
8 3.405 -11.595 21 6.444 -12.669
9 0.827 -12.669 22 8.299 -13.624
10 1.289 -13.442 23 7.923 -15.010
11 5.436 -12.319 24 4.608 -16.839
12 2.144 -12.947 25 5.575 -16.082
13 -0.445 -13.979

Fig 3. Plots of effects for means of penetration depth.
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Fig 4. Plots of effects for means of bead width.

Table 4. Analysis of Variance for Penetration depth (mm), using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Arc Current (Amp) 4 4.4503 4.4503 1.1126 12.2 0.016
Arc Length (mm) 4 0.3569 0.3569 0.0892 0.98 0.508

Torch Speed (mm/s) 4 0.6393 0.6393 0.1598 1.75 0.300
Torch Angle (Deg) 4 0.2927 0.2927 0.0732 0.8 0.581

Shielding Gas Flow Rate 
(Ltr./min)

4 0.1247 0.1247 0.0311 0.34 0.838

Error 4 0.3643 0.3643 0.0910
Total 4 6.2284
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Table 5. Analysis of Variance for Bead Width (mm), using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Arc Current (Amp) 4 9.5712 9.5712 2.3928 19.9 0.007
Arc Length (mm) 4 1.1869 1.1869 0.2967 2.47 0.201

Torch Speed (mm/s) 4 1.3519 1.3519 0.3380 2.81 0.170
Torch Angle (Deg) 4 4.8449 4.8449 1.2112 10.1 0.023

Shielding Gas Flow Rate 
(Ltr./min)

4 1.4533 1.4533 0.3633 3.03 0.154

Error 4 0.4803 0.4803 0.1201
Total 4 18.888

Fig 5. Plots of effects for S/N ratios of penetration depth
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Fig 6. Plots of effects for S/N ratios of bead width.

the increase of torch speed, which results in the decrease 
of penetration depth and bead width. This inference is 
in conformity with earlier study14. ANOVA results show 
that arc current is the significant factor for penetration 
depth and for bead width arc current and Torch angle 
are the significant factorswith a p-value less than 0.05 
as shown in table IV and V respectively.Same results 
have been reported in earlier studyin15. The optimum 
values for penetration depth with the highest S/N ratio by 
Taguchi method, arc current 55Amp, arc length 1.4mm, 
torch speed 110 mm/s, torch angle 120ᵒ and shielding 
gas flow rate of 8Ltr./min as shown in figure 5.

The optimum values for bead width with the highest 
S/N ratio by Taguchi method, arc current 55Amp, arc 
length 1.4mm, torch speed 130 mm/s, torch angle 120ᵒ 
and shielding gas flow rate of 12 Ltr./min as shown in 
figure 6.

Confirmation test

Confirmation test was conducted to validate the 
obtained optimal results. Therefore confirmation tests 
for the response parameters penetration depth and bead 
width conducted with its optimal process parameters. 
The optimal process parameters predicted S/N ratio 
obtainedfrom Eq. (3)16 is 9.948 for penetration depth 
and -8.542 for bead width.

 				   (3)

Where is the predicted S/N ratio, is the ‘total mean’ 
of S/N ratio, is the ‘mean’ of S/N ratio at optimum level 
and q the number of control factors. Confirmation test 
experiments values at the optimal settings parameters 
for the response parameters penetration depth is 3.20mm 
and for bead width is 2.80mm and their S/N ratios are 
10.102 and -8.299 respectively. The S/N ratio values of 
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confirmation tests are improved by 1.5% for penetration 
depth and 2.9% for bead width.

CONCLUSION

In this study, five factors with five levels for GTAW 
have been selected for the experiments. Taguchi L25 
orthogonal array has been applied to optimize the 
response parameters penetration depth and bead width 
for GTAW process. Optimal parameters have been found 
for each response parameter. It is found that arc current 
is the most significant for both the response parameters 
penetration depth and bead width while torch angle is 
significant only for bead width. The predicted results were 
verified through confirmation test and it showed a better 
agreement among the measured and predicted results.
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