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Abstract— Metal Inert Gas Welding (MIG) process is an 

important welding operation for joining ferrous and non-

ferrous metals. The MIG input welding parameters are the 

most important factors affecting the quality of Welding. 

This paper presents the effect of welding parameters like 

welding voltage, gas flow rate and root gap on tensile 

strength and hardness of dissimilar metals during welding. A 

plan of experiments based on Taguchi technique has been 

plan the experiment, acquire the data and to optimize the 

welding parameters as well as the process. Design of 

experiments using orthogonal array is employed to develop 

the weldments. The input variables considered here include 

welding voltage, gas flow rate and root gap. A total number 

of 9 experiments runs were conducted using an L9 

orthogonal array, and the ideal combination of controllable 

factor levels was determined for the tensile and hardness to 

calculate the signal-to-noise ratio. After collecting the data 

signal-to-noise (S/N) ratios were conducted and used in 

order to obtain optimum levels for every input parameter. 

Subsequently, using analysis of variance (ANOVA) the 

significant coefficients of each input parameter on tensile 

strength and Hardness were determined and validated. 
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I. INTRODUCTION 

MIG welding is a method which joins metals by heating to 

their melting point with an electric arc. The arc is produced 

between a continuous, consumable electrode wire and the 

metal being welded. The arc is shielded from contaminants 

in the atmosphere by a shielding gas.  It is a process suitable 

for both thin sheet and thick section components. Now-a-

days, to find out an optimum values of process parameters in 

manufacturing are the areas of great interest for researchers 

and manufacturing engineers. The input parameters play a 

very significant role in determining the quality of a welded 

joint. Design of experiments is a powerful statistical 

technique introduced by R. A. Fisher in England in the 

1920's to study the effect of multiple variables 

simultaneously. The DOE using Taguchi approach can 

economically satisfy the needs of problem solving and 

product/process design optimization projects. By learning 

and applying this technique, engineers, scientists, and 

researchers can significantly reduce the time required for 

experimental investigations. Taguchi Technique is applied 

to plan the experiments. Dr. Taguchi of Nippon Telephones 

and Telegraph Company, Japan has developed a method 

based on "ORTHOGONAL ARRAY" experiments which 

gives the way of conducting the minimal number of 

experiments. The method presented in this study is an 

experimental design process called the Taguchi design 

method. The parameter design is the key step in the Taguchi 

method to achieving high quality without increasing cost. 

The main steps included in the Taguchi parameter design 

are: selecting the proper orthogonal array (OA) according to 

the numbers of controllable factors (parameters) and running 

experiments based on the OA. The Taguchi method is a 

systematic application of design and analysis of experiments 

for the purpose of designing and improving product quality. 

In recent years, the Taguchi method has become a powerful 

tool for improving productivity during research and 

development so that high quality products can be produced 

quickly and at low cost. 

II. LITERATURE SURVEY 

Lenin N et al. [1] used Taguchi method to design process 

parameters that optimize mechanical properties of weld 

specimen for stainless steel and carbon steel. The MMA 

welding process was used for joining the stainless steel and 

carbon steel and the process parameter considered as 

welding speed, welding current and welding voltage. The 

process parameters were assigned to L-9orthogonal array, 

experiments were conducted and optimization condition was 

obtained along with the identification of most influencing 

parameters using S/N analysis, mean response analysis and 

ANOVA. 

G Haragopal et al. [2] used Taguchi method to 

design process parameters that optimize mechanical 

properties of weld specimen for aluminium alloy (AI-65032) 

that is used for construction of aerospace wings. The process 

parameters of MIG welding setup were considered as gas 

pressure, current, groove angle and pre-heat. These process 

parameters were assigned to L-9 orthogonal array, 

experiments were conducted and optimization condition was 

obtained along with the identification of most influencing 

parameters using S/N analysis, mean response analysis and 

ANOVA. 

Abbasi. K et al. [3] studied the effect of increased 

pressure on MIG welding arc. In this research a mixture of 

argon and carbon dioxide was used as a shielding gas. The 

variation of welding parameters like feed rate, arc voltage 

and arc current were observed on penetration. Variation of 

penetration with pressure at different wire feed speeds has 

also been studied. 

M. Aghakhani et al.[4] used Taguchi’s method of 

design of experiments, a mathematical model was developed 

using parameters such as, wire feed rate(W), welding 

voltage (V), nozzle-to-plate distance (N), welding speed (S) 

and gas flow rate (G) in weld dilution. After collecting data, 

signal-to-noise ratios (S/N) were calculated and used in 

order to obtain the optimum levels for every input 

parameter. Subsequently, using analysis of variance the 

significant coefficients for each input factor on the weld 

dilution were determined and validated. Finally a 

mathematical model based on regression analysis for 

predicting the weld dilution was obtained. Result from this 

research work show that wire feed rate (W), arc voltage (V) 
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have increasing effect while nozzle-to-plate distance alone 

has almost no effect on dilution but its interaction with other 

parameters makes it quote significant in increasing the weld 

dilution. 

R.K Rajkumar et al. [5] studied about the effect of 

welding parameters on the mechanical properties of the 

metal. In this research the spot welding was performed on 

the two dissimilar metals (austenitic stainless steel and low 

carbon steel). Process parameter of spot welding setup was 

considered as welding current and the welding time while 

electrode force and tips were kept unchanged. The welding 

was performed on sixty three samples out of which forty 

three samples were used for tensile test & nine samples was 

used for hardness test and the rest for metallurgical studies. 

S.V.Sapakal & M.T. Telsang [6] used Taguchi 

method to design process parameters that optimize 

mechanical properties of weld specimen MS C20 material. 

Process parameters of MIG welding setup were considered 

as welding current, welding voltage, welding speed. These 

process parameters were assigned to L-9 orthogonal array, 

experiments were conducted and optimization condition was 

obtained along with the identification of most influencing 

parameters using S/N analysis, mean response analysis and 

ANOVA. 

K.Abbasi et al. [7] studied the effect of MIG 

welding parameters on the weld bead and shape factor 

characteristic. In this study the specimen used for welding 

was of mild steel. The welding parameters were chosen as 

current, arc voltage, welding speed & heat input rate. The 

depth of penetration and weld width were measured for each 

specimen after the welding operation and effect of welding 

speed and heat input rate parameters on depth of penetration 

and weld width were investigated. 

L.Suresh Kumar et al. [8] discussed about the 

mechanical properties of austenitic stainless steel for the 

process of TIG and MIG welding. In their  research the 

voltage was taken constant and various characteristics such 

as strength, hardness, ductility, grain structure, modulus of 

elasticity, tensile strength breaking point, HAZ were 

observed in two processes and analyzed and concluded that 

MIG welding is suitable where the higher ductility & higher 

hardness. TIG welded specimen can bear higher loads & 

have high yield strength.. 

Patil et al. [9] studied about the influence of the 

welding parameters like welding current, welding voltage, 

welding speed on ultimate tensile strength (UTS) of AISI 

1030 mild steel material during welding. Taguchi method 

was used to design process parameters. The result computed 

is in the form of contribution from each parameter, through 

which optimal parameters are identified for maximum 

tensile strength. From this paper, it is observed that welding 

current and welding speed are major parameters which 

influence on the tensile strength of MIG welded joint.  

Meet Shah et al. [10] used Taguchi method to 

design process parameter that optimizes mechanical 

properties of weld specimen for EN8 material (250mm * 

125mm * 6mm) which has wide application in automobile 

parts. The process parameters of MIG welding were 

considered as welding current, wire feed rate and gas flow 

rate. These process parameters were assigned to L-9 

orthogonal array, experiments were conducted and 

optimization condition was obtained along with the 

identification of most influencing parameters using signal to 

noise (S/N) analysis, mean response analysis and ANOVA. 

Rakesh Kumar and Satish Kumar [11] studied 

about the influence of different input parameters such as 

welding current, arc voltage and root gap on the mechanical 

properties during the Metal Inert Gas Welding (MIG) of 

mild steel 1018 grade. The microstructure, hardness and 

tensile strength of weld specimen are investigated in this 

study. The selected three input parameters were varied at 

three levels. On the analogy, nine experiments were 

performed based on L9 orthogonal array of Taguchi’s 

methodology, which consist three input parameters. 

Analysis of variance (ANOVA) was employed to find the 

levels of significance of input parameters. Root gap has 

greatest effect on tensile strength followed by welding 

current and arc voltage. Arc voltage has greatest effect on 

hardness followed by root gap and welding current. 

Microstructure of weld metal consists of fine grains of 

ferrite and pearlite. 

III. METHODOLOGY 

A. Selection of base Materials  

 Stainless Steel AISI 304 

 Low Carbon Steel (Mild Steel) IS 2062 E 250 

Compon

ent 
C 

M

n 
S P 

S

i 
Ni Cr Fe 

Wt. % 
0.0

8 
2.0 

0.0

30 

0.0

45 

1.

0 

8-

12 

18-

20 

66-

74 

Table 1: Chemical Composition of Stainless steel 304 in 

wt% 

Component C Mn S Si P Fe 

Wt.% 0.17 0.95 0.024 0.029 0.019 98.80 

Table 2: Chemical composition of IS 2062 E250 Mild steel 

in wt% 

B. Selection of Process Parameters 

1) Input Parameters 

 Gas Flow Rate (Lt/min) 

 Arc Voltage  (Volt)  

 Root Gap (mm) 

2) Output Parameters 

 Tensile Strength 

 Hardness   

C. Design of Experiment 

Taguchi method is used to arrange the experiments. The 

Taguchi technique has become a powerful tool for 

improving productivity during research and development 

work, so that higher quality products can be produced 

rapidly at minimum cost. Dr. Taguchi has introduced a 

method based on “orthogonal array” methods which give 

much reduced “variance” for the experiment with “optimum 

settings” of control parameters. Taguchi’s orthogonal arrays 

are highly fractional orthogonal designs which can be used 

to estimate main effects using only a few experimental runs. 

Taguchi’s Signal-to-Noise ratios (S/N) serve as objective 

functions for optimization which help in data analysis and 

prediction of optimum results. 

1) Signal to Noise Ratios: 

The following three types of S/N ratio are employed in 

practice:  
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 Larger the better: 

S/NL = -  log (
 

n
∑

 

yi
 

n
i  ) 

 Smaller the better: 

S/NS = -10 log  
 

n
∑ yi

 n
i    

 Nominal the best: 

S/NN = -10 log (
y- 

s 
) 

Where n – no. of observations in atrial 

yi – it’s observed value of the response 

Symbol 
Welding 

Parameters 

Level 

1 

Level 

2 

Level 

3 

A 
Gas Flow Rate 

(Lt/min) 
10 15 20 

B 
Arc Voltage 

(Volt) 
36 38 40 

C Root Gap (mm) 0.5 1.5 2.5 

Table 1 Welding Parameters and their Levels 

1) L9 Three Level Taguchi Orthogonal Array 

Taguchi’s orthogonal design uses a special set of predefined 

arrays called orthogonal array (OA) to design the plan of 

experiments. These standard arrays stipulate the way of full 

information of all the factors that affects the process 

performance (process responses). The corresponding OA is 

selected from the set of predefined OAs according to the 

number of factors and their levels that will be used in the 

experiment. Below Table No. 2 shows L9 Orthogonal array 

from Table 1. 

 

No. of 

Experiments 

Process Parameters 

Gas Flow 

Rate 

(Lt/min) 

Arc 

Voltage 

(Volt) 

Root 

Gap 

(mm) 

1 10 36 0.5 

2 10 38 1.5 

3 10 40 2.5 

4 15 36 1.5 

5 15 38 2.5 

6 15 40 0.5 

7 20 36 2.5 

8 20 38 0.5 

9 20 40 1.5 

Table 2: L9 Orthogonal Array 

D. Experimentation Work 

Stainless Steel AISI 304 & IS 2062 E250 Mild Steel is 

selected as a base metal for performing the experimental 

work.  

1) Preparation of Specimen 

To prepare the plate specimens, 9 stainless steel & 9 mild 

steel plates of dimension (100 x 75 x 6) mm were used. 

After cutting of plates a single V joint 60 degree angle was 

made. CO2 is used as a welding gas and SS 309 electrode 

wire is used for welding the specimen. 

 
Fig. 1: Welding of Stainless Steel and Mild Steel. 

 
Fig. 2: Samples after MIG Welding 

2) Testing of Specimens 

 Tensile test: Tensile test is carried on the Universal 

Testing Machine. A tensile test helps in 

determining tensile properties such as ultimate 

tensile strength, yield strength, % elongation, % 

reduction in area and modulus of elasticity. 

 Hardness Test: Hardness test is carried on the 

Vicker Hardness Testing Machine. The samples 

used for measuring Hardness are first rubbed with 

emery paper and then cleaned with acetone 

solution. The diagonals of the indents formed by 

pyramid- shaped diamond indenter on the samples. 

IV. RESULTS AND DISCUSSION 

A. Taguchi Analysis for Tensile Strength and S/N Ratio 

RUN 

(i) 

Gas 

Flow 

Rate 

(L/min) 

Voltage 

(Volt) 

Root 

Gap 

(mm) 

Tensile 

Strength 

(N/mm
2
) 

S/N 

Ratio 

S/Ni 

1 10 36 0.5 376 51.5038 

2 10 38 1.5 472 53.4788 

3 10 40 2.5 479 53.6067 

4 15 36 1.5 459 53.2363 

5 15 38 2.5 473 53.4972 

6 15 40 0.5 478 53.5886 

7 20 36 2.5 450 53.0643 

8 20 38 0.5 459 53.2363 

9 20 40 1.5 464 53.3304 

Table 3 Calculated S/N ratio for tensile strength using 

Minitab 16 software 

Level Gas Flow Rate Arc Voltage Root Gap 

1 52.86 52.60 52.78 

2 53.44 53.40 53.35 
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3 53.21 53.51 53.39 

Delta 0.58 0.91 0.61 

Rank 3 1 2 

Table 4 Mean Response Table for Signal to Noise Ratio for 

Tensile Strength 

 
Fig. 3: Graph for S/N Ratio of Different parameters for Tensile Strength 

B. Analysis of Variance (ANOVA)  

Analysis of variance is a statistical method used to interpret 

experimental data and make the necessary decision. 

ANOVA is statistically based decision tool for detecting any 

difference in average performance of group of items tested. 

The ANOVA (general linear model) for mean has been 

performed to identify the significant parameters to quantify 

their effect on performance characteristic. 

Source DF 
Seq 

SS 

Adj 

MS 
F 

% 

Contribution 

Gas Flow 

Rate 
2 0.5072 0.2536 0.72 14.96% 

Arc 

Voltage 
2 1.4781 0.7390 2.11 43.60% 

Root Gap 2 0.7052 0.3526 1.01 20.80% 

Residual 

Error 
2 0.6999 0.3499  20.64% 

Total 8 3.3904    

Table 5 ANOVA results for tensile strength 

Where 

DF= degree of freedom 

SS=sum of squares 

MS=mean squares 

F= Fisher Ratio, ratio of variance of source to the variance 

of error. 

C. Taguchi Analysis for Hardness and S/N ratio 

The result of Hardness of welded zone (WZ), parent 

material (PM) and heat affected zone (HAZ) on different set 

of combination of parameters is shown in the table 6. On the 

basis of these results we calculate the S/N ratio separately 

for every single no of experiments. For S/N Ratio: Nominal 

is best is used. 

R
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(Vo
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Root 

Gap 

(mm) 

Har
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(HV

10) 

Har

dnes

s 

PM 

(HV

10) 

Har

dnes

s 

HAZ 

(HV

10) 

S/N 

Rati

o 

1 10 36 0.5 282 195 240 
14.7

965 

2 10 38 1.5 275 196 220 
15.0

978 

3 10 40 2.5 285 197 200 
13.1

602 

4 15 36 1.5 279 201 225 
15.3

910 

5 15 38 2.5 265 194 210 
15.5

453 

6 15 40 0.5 275 202 206 
14.8

817 

7 20 36 2.5 265 205 219 
17.2

861 

8 20 38 0.5 270 197 210 
15.2

614 

9 20 40 1.5 275 190 205 
13.8

439 

Table 6 Hardness Reading & S/N Ratio (Using Minitab 16 

software) 

LEVEL Gas Flow Rate Voltage Root Gap 

1 14.35 15.82 14.98 

2 15.27 15.30 14.78 

3 15.46 13.96 15.33 

DELTA 1.11 1.86 0.55 

RANK 2 1 3 

Table 7: Mean Response Table for Signal to Noise Ratio for 

Hardness 
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Fig 4: Graph for S/N Ratio of Different Parameters for Hardness 

D. Analysis of Variance (ANOVA) For Hardness 

Source DF Seq SS 
Adj 

MS 
F 

Percentage 

Contribution 

Gas 

Flow 

Rate 

2 2.1224 1.0612 0.89 20.17% 

Arc 

Voltage 
2 5.5372 2.7686 2.31 52.62% 

Root 

Gap 
2 0.4697 0.2348 0.20 4.46% 

Residual 

Error 
2 2.3943 1.1971  22.75% 

Total 8 10.5235    

Table 8: The ANOVA Results For Hardness 

E. Discussion 

1) Result Discussion of Tensile Strength 

Regardless of the category of the performance 

characteristics, a greater S/N value corresponds to a better 

performance. Therefore, the optimal level of the welding 

parameters is the level with the greatest S/N value. Based on 

the analysis of the S/N ratio, the optimal welding 

performance was obtained at 15 Lt/min gas flow rate (level 

2), 40 V arc voltage (level 3) and 2.5 mm root gap (level 3). 

Fig.3 shows the main effects plot for S/N ratio of all three 

parameters and table 4 shows the result of optimum 

parameters for maximum tensile strength. 

From Table 5, ANOVA helps in finding the effect 

of each parameter in welding. Arc voltage affect the tensile 

strength maximum by 43.60% followed by root gap 

20.64%.and gas flow rate has minimum affect only 14.96%. 

The errors are due to human ineffectiveness and machine 

vibration. 

2) Result Discussion for Hardness Testing 

In our experimental analysis for hardness of weld zone, 

parent metal and heat affected zone, the ranks indicate the 

arc voltage has the greatest influence on the S/N ratio. Here, 

because our goal is to increase the weldability by keeping 

the hardness at nominal value, we want factor levels that 

produce the highest mean. In Taguchi experiments, we 

always want to maximize the S/N ratio. Based on the 

analysis of the S/N ratio, the optimal welding performance 

was obtained at 20 Lt/min gas flow rate (level 1), 36 V arc 

voltage (level 1) and 2.5 mm root gap (level 3). Fig. 4 shows 

the main effects plot for S/N ratio of all three parameters 

and table 7 shows the result that we should set the factors 

for hardness. 

From Table 8, arc voltage affect the hardness 

maximum 52.62% followed by gas flow rate 20.17% and 

then root gap 4.46%. The errors are due to human 

ineffectiveness and machine vibration. 

F. Conclusion 

The Stainless steel AISI 304 and low carbon steel IS 2062 E 

250 were used for the present study to explore the different 

input process parameters on the tensile strength and 

hardness of the weld samples. The L9 orthogonal has been 

used to assign the identified parameters. ANOVA analysis 

was performed for the analysis purpose which shows that 

arc voltage is the most significant parameters that influenced 

the tensile strength and hardness of the weld. The optimum 

welding condition obtained for highest tensile strength by 

Taguchi Method is at gas flow rate 15 Lt/min, arc voltage 

(40 volt) and root gap (2.5 mm). The optimum welding 

condition obtained hardness by Taguchi Method is at gas 

flow rate 20 Lt/min, arc voltage (36 volt) and root gap (2.5 

mm).  
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