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Abstract— The Joining of the mild steel is often used in 

industry. This material is used not only in many of the steam 

pressure and water containing systems in power plants but 

also in the supports for these systems. In the fabrication of 

water and steam pressure containing system demands higher 

tensile strength along with higher percentage of elongation. 

The other mechanical properties at the weld bead should also 

be at the optimum level. Several process parameters interact 

in the complex manner resulting in direct or indirect influence 

on the mechanical properties. It is necessary to find out the 

optimum process condition capable of producing desired 

weld quality. Therefore to achieve the typical tensile strength 

and percentage elongation in TIG welding is the primary 

objective of this study. This is achieved by using Grey 

relational Analysis for the purpose of multi objective 

optimization. The optimum values for the tensile as well as 

percentage elongation along with their multi objective 

characteristics are found out and analyzed. 
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I. INTRODUCTION 

In industry most of the materials are fabricated into the 

desired shape mainly by one of the following methods viz. 

casting, machining, forming and welding. The selection of a 

particular technique depends upon different factors which 

may include cost, shape and size of the component, precision 

required, material and its availability. Sometimes one specific 

process may be used to achieve the desired object. However, 

more often it is possible to have a choice between the 

processes available for making the end product. Among the 

available options economy plays the decisive role in making 

the final choice [1]. 

Welding is a type of fabrication process which is 

used for joining metal parts by causing them to coalesce 

locally with each other for the purpose of fabricating the 

desired structure. This is done often by melting the 

workpieces and adding filler material to form a weld pool 

without or with application of pressure. Cooling of the joint 

so formed makes a permanent stronger bond between both 

workpieces. Permanent joint so formed cannot be separated 

easily unless broken. This process is found to be most 

economical and efficient means of making permanent joints, 

finds applications even in underwater and space. The source 

of heat may be an electric resistance, electric arc, chemical 

reaction, friction, or radiation of high intensity [2]. 

A. Tig Welding Operation: 

Manual GTAW is often considered the most difficult 

amongst all the welding processes commonly used in 

industry. Great skill and care are required to prevent contact 

between the workpiece and electrode during process and the 

welder must maintain a short arc length. GTAW normally 

requires two hands, since most applications require that the 

welder manually feed a filler metal into the weld area with 

one hand while manipulating the welding torch in the other. 

 
Fig. 1: GTAW Setup 

 Fig. 1 shows the typical GTAW setup actually used 

in the industry. In TIG welding the tungsten electrode is non-

consumable whereas shielding gas and filler wires are major 

consumables. 

            Welders often develop a technique of rapidly 

alternating between adding filler metal and moving the torch 

forward (to advance the weld pool). The filler rod is 

withdrawn from the weld pool when the electrode advances, 

but it is never removed from the gas shield to prevent 

oxidation of its surface and contamination of the weld. Filler 

rods composed of metals with low melting temperature (such 

as aluminium) require that the operator maintain some 

distance from the arc while staying inside the gas shield. The 

filler rod can melt before it makes contact with the weld 

puddle if held too close to the arc. As the weld nears 

completion, the arc current is often gradually reduced to 

allow the weld crater to solidify and prevent the formation of 

crater and cracks at the end of the weld [3]. 

II. LITERATURE REVIEW 

Arun Kumar et al. [6] performed the Multi-response 

optimization of process parameters for TIG welding of 

Incoloy 800HT by Taguchi grey relational analysis & 

optimize ultimate tensile strength, yield strength (at room 

temperature and 7500C),impact toughness. The parameters 

Current (90-110-130), voltage (10-12-14), Speed (1.2-1.5-

1.8) was chosen. He observed that, the welding current (58%) 

exerted a significant influence on multiple responses followed 

by welding speed (30%) and voltage (12%). 

Amit Pal et al. [7] in the analysis of MIG welding 

parameters for multi response optimization using Taguchi’s 

Orthogonal array and Gray Relational approach studied the 

effect of Wire feed rate (3.2-4.2-5.2 m/min.), Arc voltage (30-

35-40 volt), V-butt angle (50-60-70) on Tensile strength. The 

material used for the experimentation is AISI 1040 grade of 

steel plate having 10mm thickness. He conclude that, the 

most significant parameter is V-butt angle and Voltage is the 

least significant. 

Nabendu gosh [8] observed Parametric optimization 

of  MIG welding on 316L Austenitic Stainless steels by grey 

based Taguchi method. He analysed key parameters as gas 

flow rate, current and nozzle to plate distance. The quality of 

the weld has been evaluated in terms of yield strength 
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ultimate tensile strength and percentage of elongation. He has 

used X-ray radiographic tests before going for the mechanical 

tests and found certain defects such as lack of fusion and 

porosity. Hence in this work also we have performed the X- 

ray test before the mechanical tests are performed. 

Shekhar Srivastava [9] studied Process parameter 

optimization of gas metal arc welding on IS 2062 mild steel 

using response surface methodology. He used wire feed rate, 

voltage, gas flow rate, travel speed as input parameters and 

analyzed various mechanical properties such as tensile 

strength, bead height, bead width, and depth of penetration. 

Also the effect of all the individual input factors are studied. 

Experiments were done on the basis of box behnkon design 

technique. It was concluded that surface response 

methodology is powerful tool for optimization of welding 

process. Wire feed rate followed by the voltage and travel 

speed has been found as the sequence of the effective 

parameters. 

Keshav Anand et al. [10] in experimental 

investigation on the welding of stainless steel and mild steel 

(150*100*3) using GMAW. Experimentation is carried out 

by taking various input parameters such as torch angle, 

welding current and welding speed and the corresponding 

output parameters such as transverse shrinkage, angular 

distortion, deposition efficiency, hardness and tensile 

strength were compared. 

III. EXPERIMENTAL DETAILS 

A. Material 

The raw material includes all those consumables or non-

consumable used in the tungsten welding process. The TIG 

welding for mild steel (IS 2062 E250 Grade-A) is performed 

most often in the industry. This material is used not only in 

many of the water and steam pressure containing systems in 

power plants but also in the supports for these systems. Mild 

steel plates of the dimensions 100*50*6 mm are made as 

shown in the figure 2. 

According to the design of experiments we need 18 

such plates to perform the L9 orthogonal array design. Fig. 2 

shows raw material of the plates useful for welding. 

 
Fig. 2: Raw Material of Mild steel 

For gas tungsten arc welding of mild steels, the 

selection of a filler material is necessary to prevent excessive 

porosity. Before welding in order to prevent contamination 

oxides on the filler material and workpieces must be 

removed, and immediately prior to welding, alcohol or 

acetone should be used to clean the surface. The following 

table 1 shows the chemical composition of base metal i.e. 

mild steel (IS 2062 E250 Grade-A). 

Base Metal (IS 2062 E250 Grade-A) 

Chemical Composition 

C% Max. 0.23 

Mn% Max. 1.50 

S% Max. 0.05 

P% Max. 0.05 

Si% Max. 0.04 

C.E. % Max. 0.42 

Table 1: Chemical Composition of Base Metal 

The chemical composition test was performed at SN 

Metallurgical Services, Aurangabad. 

ER70S-6 is a premium mild steel solid rod 

formulated to provide high quality welds and trouble-free 

performance from heavy duty, high speed, spray transfer 

applications all the way to light duty low speed, short-arc 

applications. This filler rod is used in this study. 

B. Test Procedure 

Groove angles were made on the welding plates of 60 degrees 

and measured with the help of star protractor. Root face of 1 

mm was also made on the each side of the plate. Welding was 

performed taking the above orthogonal array as input 

parameters.  

 
Fig. 3: Welded Samples of Stainless Steel 

After welding process as per orthogonal array 

decided, the weld bead was cleaned thoroughly with clean 

cloth and acetone as shown in the figure 3. 

C. Machining of Welded Specimens for Various Testing 

After the samples were welded they were machined 

according to the ASTM standard and the outer positions were 

cut out to remove any discontinuities in the weld. 

 
   Fig. 4: AUTOCAD model of samples before weld  

 
Fig. 5: AUTOCAD model of samples to be prepared for 

Tensile Test 

Different samples were prepared for the tensile test 

with same orthogonal array process parameters. Fig. 4 and 5 

shows AUTOCAD design of the samples to be welded and 

then machined as per the ASTM Section IX Standard.  
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1) ASTM Standards of Tensile Test 

The welded flats of 200*50*6 mm are machined to the 

required standards as per the ASTM. More than two third of 

the grip section is loaded into the universal testing machine.  

Gauge Length 50 mm 

Width of reduced Section 13mm 

Radius of the fillet 13mm 

Overall length 200mm 

Length of the reduced section 60mm 

Length of the grip section 50mm 

Table 2: ASTM Dimensions for Tensile Test 

The actual dimensions used in the testing are as 

shown in the table 2 and figure 6 shows the nomenclature of 

standard specimen. 

 
Fig. 6. ASTM Dimension for Tensile Test of Specimens 

Following table 3 shows process parameters with 

their values at three levels and table 4 shows L9 orthogonal 

array. 

Level 
Current 

(Amps) 

Gas Flow Rate 

(Lit/min) 

Root Gap 

(mm) 

1 100 8 0 

2 125 12 1 

3 150 16 2 

Table 3: Process Parameters with Their Values at Levels 

Exp. 

No. 

Welding parameters 

Current 

(Amps) 

GFR 

(Lit/min) 

RG  

(mm) 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 4: Taguchi L9 Orthogonal Array 

The samples prepared for tensile testing after 

machining are shown in following fig. 7. 

 
Fig. 7: Machined Sample used for tensile test 

IV. RESULTS AND DISCUSSION 

A. Result and Analysis of the tensile test 

The results of tensile test are enlists in table 5 

Sample Number Calculated UTS (MPa) 

1 492.210 

2 562.051 

3 597.121 

4 570.988 

5 576.154 

6 549.667 

7 497.994 

8 511.790 

9 517.056 

Table 5: Calculated UTS from Load Observed on UTM 

For the evaluation of the optimum results software 

MINITAB 17 was used in this experimentation work. Table 

5 represents calculated tensile strength from the observed 

load.  In this software the means plot is plotted with the 

calculations of the S/N ratio. The following are results 

obtained from MINITAB 17. The broken samples are shown 

in the fig. 8. 

 
Fig. 8: Weld Samples after Tensile Test 

 
Fig. 9: Means Plot for Tensile Test from MINITAB 17 

The ANOVA Calculation of the ultimate tensile 

strength was performed in Excel Software. Sum of Squares 

and mean square readings are calculated. From these readings 

the F ratio and % Contribution of F are observed as shown in 

table 6. 

Source DF SS MS F %C 

Current 2 1.3411 0.6705 3.2857 45.24 

GFR 2 0.5534 0.2767 1.3558 18.66 

RG 2 0.6618 0.3309 1.6213 22.32 

Residual Error 2 0.4081 0.2040   

Total 8 2.9645    

Table 6: ANOVA Calculations for Tensile Test 

It is clear from the ANOVA table 6 that the 

percentage contribution of current is maximum (About 45 %) 

for the tensile strength. It was followed by root gap, which 
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had 22.32 % contribution in the tensile strength. Gas flow rate 

had least effect among the three input parameters.  

B. Results and Analysis of Percentage elongation 

Results of percentage elongation observed are enlists in 

following table 7. 

Sample 

Number  

Percentage 

Elongation 

1 16.00 

2 19.96 

3 26.00 

4 16.20 

5 23.00 

6 13.98 

7 16.40 

8 14.00 

9 10.96 

Table 7: Results of Percentage Elongation 

For the evaluation of the optimum results software 

MINITAB 17 was used in this experimentation work. Table 

7 represents calculated percentage elongation from the 

samples.  In this software the means plot is plotted with the 

calculations of the S/N ratio. The following are results 

obtained from MINITAB 17. Figure 9 and 10 represents the 

window of MINITAB 17 software for means plot.  

 
 Fig. 9: Means Plot for percentage elongation from 

MINITAB 17 

The ANOVA Calculation of the percentage 

elongation was performed in Excel Software as shown in 

table 8. Sum of Squares and mean square readings are 

calculated. From these readings the F ratio and % 

Contribution of F are observed. 

Source 
D

F 
SS MS F %C 

Current 2 18.2069 9.1034 9.6746 42.13 

GFR 2 3.3856 1.6928 1.7990 7.83 

RG 2 19.7382 9.8691 10.4883 45.67 

Residual 

Error 
2 1.8819 0.9409   

Total 8 43.2127    

Table 8: Anova Table for Percentage Elongation 

C. GRA for Multi Objective optimization 

The grey relational analysis (GRA) is one of the powerful and 

effective soft-tool to analyze various processes having 

multiple performance characteristics Grey relational Analysis 

(GRA) Technique is used to solve the problems of the 

systems that are complex and multivariate. Generally, GRA 

is carried out for solving complicated problems which have 

interrelationships among the designated performance 

characteristics. The purpose of grey relational analysis the 

multi-objective problem has been converted into single 

objective optimization using GRA technique. 

Normalize the measured values of Ultimate tensile 

strength and Percentage elongation ranging from zero to one. 

This process is known as Grey relational normalization. If the 

target value of original sequence is infinite, then it has a 

characteristic of “the larger the better” than the original 

sequence can be normalized as follows: 

𝑥𝑖(𝑘) =
𝑦𝑖(𝑘)−min𝑦𝑖(𝑘)

max𝑦𝑖(𝑘)−min𝑦𝑖(𝑘)
                    (1.1) 

If the expectancy is “the smaller the better” than the original 

sequence should be normalized as follows: 

𝑥𝑖(𝑘) =
max 𝑦𝑖(𝑘)−𝑦𝑖(𝑘)

max 𝑦𝑖(𝑘)−min𝑦𝑖(𝑘)
                  (1.2) 

Following data pre-processing, a grey relational 

coefficient is calculated to express the relationship between 

the ideal and actual normalized experimental results. The 

Grey relation coefficient can be express as follows: 

ζ i (k) =
Δmin+ψΔmax

Δ0i (k)+ψΔmax
                      (1.3) 

In Grey relation analysis, the grey relation grade is 

used to show the relationship among the sequences. The Grey 

relation grade also indicates the degree of influence that the 

comparability sequence could exert over the reference 

sequence. Therefore, if a particular comparability sequence is 

more important than the other comparability sequence to 

reference sequence will be higher than other grey relation 

grades. In this study, the importance of both the comparability 

sequence and reference sequence is treated as equal. Tables 

7, 8 & 9 represents the calculations of the GRC and GRG. 

Exp. No. 
Measured Values S/N Ratio 

UTS % El UTS % EL 

1 492.21 16 53.84 24.08 

2 562.051 19.96 54.99 26.00 

3 597.121 26 55.52 28.29 

4 570.988 16.2 55.13 24.19 

5 576.154 23 55.21 27.23 

6 549.667 13.98 54.80 22.91 

7 497.994 16.4 53.94 24.29 

8 511.79 14 54.18 22.92 

9 517.056 10.96 54.27 20.79 

Table 9: S/N Ratios of the Measured Values 

Exp. 

No. 

Normalized values of UTS and 

percentage elongation 

UTS Percentage elongation 

1 0 0.3351 

2 0.6657 0.5984 

3 1 1 

4 0.7509 0.3484 

5 0.8001 0.8005 

6 0.5476 0.2007 

7 0.0551 0.3617 

8 0.1866 0.2021 

9 0.2368 0 

Table 10: Normalised Values of Responses 
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In grey relational analysis total performance of multi 

objective optimization is depending on value of grey 

relational grade. According to performed experiment design, 

it is clearly observed from Table 11 that the TIG Welding 

process parameters ‟setting of experiment no. 3 has the 

highest grey relation grade. Thus, the 3rd experiment gives the 

best multi-performance characteristics among the 9 

experiments. To find out optimum process parameter main 

effect plot is plotted by using MINITAB-17 as shown in 

fig.10. 

Exp. 

No. 

Grey relational 

coefficient 
Grey 

relational 

grade 

Order 

UTS % El 

1 0.3333 0.4292 0.381278 8 

2 0.5993 0.5545 0.576945 3 

3 1 1 1 1 

4 0.667 0.4341 0.550825 4 

5 0.7144 0.7148 0.714631 2 

6 0.525 0.3848 0.454941 5 

7 0.3460 0.4392 0.392652 6 

8 0.3807 0.3852 0.382973 7 

9 0.3958 0.3333 0.364581 6 

Table 11: Grey Relational Coefficients and Grey Relational 

Grades 

 
Fig. 10: Means Plot for Multi-objective optimization 

Source DF SS MS F %C 

Current 2 28.282 14.141 3.11 39.52 

GFR 2 7.651 3.825 0.84 10.69 

RG 2 26.557 13.276 2.92 37.11 

Residual Error 2 9.066 4.533   

Table 12: Anova for Multi Objective Optimization 

V. CONFIRMATION TEST 

The regression model for the tensile strength and percentage 

elongation are calculated from software MINITAB 17. These 

models are as follows: 

Tensile strength= 509.8 - (20.8*Current) + (17.1*Gas Flow 

rate) + 19.6*Root Gap 

Percentage elongation= 16.34 - (3.43*Current) + (0.39*Gas 

Flow Rate) + (3.57*Root Gap) 

Test 
Predicted 

value 

Experimental 

value 
Error 

Tensile 

Strength 
558.7 569.45 1.88% 

Percentage 

Elongation 
24.4 25.1 2.78% 

Table 13: Confirmation Test for Tensile Strength and 

Percentage Elongation 

Table 13 enlist the confirmation test and percentage 

error for tensile strength and percentage elongation. 

VI. CONCLUSIONS 

The study was successfully carried out for both the tensile 

Strength and percentage elongation. The optimum values for 

the responses were noted and analyzed. The major findings 

were as follows: 

 The optimum values for tensile strength was observed as 

125 Amps of current, 16 Lit/min of gas flow rate and 2 

mm of root gap. 

 From the ANOVA, the maximum contribution was 

found of current i.e. 45.24% followed by root gap i.e. 

22.32% and gas flow rate.  

 The optimum values for percentage elongation found out 

as 100 Amp of current, 12 Lit/min, of gas flow rate and 

2 mm of root gap. 

 From the ANOVA, the maximum contribution was 

found of root gap i.e. 45.67% followed by current i.e. 

42.13% and gas flow rate 

 For multi-objective optimization of tensile strength and 

percentage elongation, optimum values were found out 

to be 100 Amps of current, 16 Lit/min of gas flow rate 

and 2 mm of root gap. 

 From the ANOVA, the maximum contribution was 

found of Current i.e. 39.52 % followed by root gap i.e. 

37.11 % and gas flow rate 
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