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Abstract— This paper aims to study the effect of welding 

parameters such as welding current, flux and gas flow rate on 

ultimate tensile strength and hardness on Fe 410 by using 

activated fluxes such as MgCO3, Fe2O3 and mixture of both 

these with 50%-50 fluxes. These parameters are optimized by 

L9 orthogonal array. Another statistical such as ANOVA is 

also used to determine the percentage contribution of these 

parameters and then a linear relationship is established 

between these parameters and the output by using Regression 

analysis. 
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I. INTRODUCTION 

MIG welding is also recognized by gas metal arc welding. It 

is a semi-automatic process by which the arc length and 

feeding of wire into the arc can be controlled automatically 

and operator skills required to positioning the gun at a correct 

angle and moving it along the seam at a controlled travel 

speed in the metal transfer depends upon modular and spray 

transfer. Primarily it was considered to be, fundamentally, a 

high-current density, small diameter, bare metal electrode 

process using an inert gas for arc shielding. His application of 

this process was for welding aluminum and As a result, the 

term MIG (Metal Inert Gas) welding was used and till now a 

days. Subsequent process developments included operation at 

low-current densities and pulsed direct current, application to 

a broader range of materials, and the use of reactive gases 

(particularly CO2) and gas mixtures. 

 
Fig. 1: Mechanism of MIG welding 

II. LITERATURE REVIEW 

A.K.Lakshminarayanan et al. [1] studied the effect of welding 

processes such as shielded metal arc welding, gas metal arc 

welding and gas tungsten arc welding on Tensile and Impact 

properties of the ferritic stainless steel confirming to AISI 

409M grade. From this investigation it is found that gas 

tungsten arc welded joints of ferritic stainless steel have 

superior tensile and impact properties compared with 

shielded metal arc and gas metal arc welded joints and this 

mainly due to the presence of finer grains in fusion zone and 

heat affected zone. 

 M .Yousefieh et al. [2] studied “Optimization of the 

pulsed current gas tungsten arc welding parameters for 

corrosion resistance of super duplex stainless steel welds 

using Taguchi method. In this present work, a design of 

experiment (DOE) technique, the Taguchi method, has been 

used to optimize the pulsed current gas tungsten arc welding 

parameters for the corrosion resistance of super duplex 

stainless steel welds. The optimum conditions were found as 

the second level of pulse current, second level of back ground 

current, third level of % on time and third level of pulse 

frequency. 

 S .K u manan et al. [3] determined submerged arc 

welding process parameters using Taguchi method and 

regression analysis. The % contribution of each factor is 

validated by analysis of variance method. The planned 

experiments were conducted in the semi-automatic 

submerged arc welding machine and SN ratios are computed 

to determine the optimum parameters. 

 E .T ABAN et al. [4] investigated the micro 

structural and toughness properties and mechanical properties 

of the gas metal arc welded 6 mm thick modified X2CrNi12 

SS with two different heat input and concluded that the grain 

size has dominant effect on impact toughness. Grain 

coarsening has no adverse influence either on tensile 

properties or on a bend properties but the heat affected zone 

impact toughness for sub-zero temperature generally 

decreases and this depends on the amount of grain coarsened 

microstructure and even  precipitates present. 

 Her-Yeuh Huang. [5] Studied the effect of A-flux on 

AISI 1020 carbon steel of 5mm thickness by GMAW. The 

input parameters were current, voltage, speed and joint gap 

while the output parameters were penetration, weld area, 

angular distortion, tensile strength, hardness, welding arc. 

Joint gap was not found to be an important parameter. MgCO3 

gave best result than Fe2O3 and SiO2. Due to A-flux there was 

increase in penetration and weld area while decrease in 

angular distortion further better tensile strength and hardness 

was achieved. 

 Sunil R. Wadhokar. [6]Performed parametric 

optimization on AISI 410 martensitic stainless steel of 5mm 

thickness by Taguchi technique using GMAW process. 

Influence of process parameters on penetration has been 

investigated by taking welding speed, welding current and 

wire diameter as input parameters. The most significant factor 

and predicted optimal parameter setting is identified by 

applying ANOVA and S/N ratio. By conducting the 

confirmation test the results were found to be closer to the 

optimize results. 

 Nabendu Ghosh et al. [7] has done research in MIG 

welding on AISI 409 ferritic stainless steel material of 3mm 

thickness for studying and analysing the effect of welding 

parameters like gas flow rate, nozzle to plate distance, and 

welding current. It has been found that for UTS, current is 
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dominant factor, then gas flow rate. While for percentage 

elongation, gas flow rate has more influence than current. 

 Rahul Malik et al. [8] studied optimization for 

hardness and tensile strength by using taguchi method on 

mild steel and high speed steel using MIG welding. For 

tensile strength the greatest effect in decreasing order was: 

voltage, current and gas flow rate respectively. For hardness 

the most influencing parameter was current then voltage and 

lastly gas flow rate. 

 Izzatul Aini Ibrahim et al. [9] investigated the effect 

of various parameters on hardness, penetration and 

microstructure by using robotic GMAW on mild steel 

material. Depth of penetration was increased by increasing 

the current while arc voltage and welding speed were the 

other factors contributing to it. 

III. MATERIAL & EXPERIMENTAL PROCEDURE 

A. Material Selection 

Fe 410 mild steel has been used for the welding purpose 

having dimensions as 150mm×80mm×8mm thickness. The 

chemical composition of mild steel is given in Table I. 

Material % present 

C 0.19 

Mn 0.57 

Cr 0.10 

Ni 0.06 

Mo 0.02 

S 0.03 

P 0.032 

Si 0.22 

Table 1: Chemical Composition 

B. Experimental Procedure 

Sample of 150mm×80mm×8 mm mild steel (Fe410) material 

plate has been used as it has a wide scale of application in 

industries. On optical emission spectrometer machine the 

sample was confirmed for Fe 410 from S.N. 

METALLURGICAL SERVICES, B-70, MIDC, Waluj, 

Aurangabad, and in table-1 chemical composition 

examination results are shown. The MS sheet is cut into the 

required shape by cutting process. On the backside of plate 

tracking was done to prevent distortion of welded sample. 

Lastly the pieces were cleaned by acetone. At the joint fine 

paste of flux and acetone was applied with the help of brush 

and welding was done. 

 
Fig. 1: Gas Metal ARC Welding Machine 

 The parameters that significantly affects the quality 

characteristics was investigated by S/N ratio. The higher the 

depth of penetration and UTS, better will be the welding 

performance. So larger-the-better signal to noise ratio is 

selected for maximizing the response. 

Input 

Parameters 

Levels of Parameters 

Level 1 Level 2 Level 3 

Current 

(Ampere) 
150 180 200 

Gas flow rate 

(Lit/min) 
8 9 10 

Flux used 

(gm/cm2) 

100% 

MgCO3 

100% 

Fe2O3 

50% MgCO3 + 

50% Fe2O3 

Table 2: Levels for DOE 

C. Design of Experiment by Taguchi Technique 

For the DOE, Taguchi technique in mini tab 18 was applied 

that reduces the number of experiments that are to be 

performed. According to the no. of factors and their levels 

the corresponding orthogonal array is chosen from the set of 

predefined orthogonal array. In this experiment 3 factors 

along with their 3 levels are chosen for which the 

corresponding OA is L9 as shown in the table-3. The levels 

for DOE is shown in table-2. 

No. of 

Experiment 

1.Welding 

Current 
Flux 

Gas 

flow 

rate 

1 150 Fe2O3 8 

2 150 MgCO3 9 

3 150 MgCO3+ Fe2O3 10 

4 180 Fe2O3 9 

5 180 MgCO3 10 

6 180 MgCO3+ Fe2O3 8 

7 200 Fe2O3 10 

8 200 MgCO3 8 

9 200 MgCO3+ Fe2O3 9 

Table 3: L9 Orthogonal Array 

IV. RESULTS & DISCUSSION 

A. Results & Analysis for UTS 

The results of the ultimate tensile strength in Mpa with 

Activated flux are as shown in the table below. It’s found that 

MgCO3 Flux maximum UTS at 150amp, 180amp, 200amp 

Sample 

Number 

Calculated Ultimate tensile 

strength(Mpa) 

1 165 

2 180.75 

3 155 

4 200 

5 223.00 

6 175.78 

7 197.55 

8 212 

9 187 

Table 4: UTS (Ultimate tensile stress 

 From above table it’s been found that MgCO3 flux 

with 180 ampere current gives maximum tensile strength then 

Fe2O3 Is next better flux for improving tensile strength 

property? 
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Chart 1: Means plot for UTS 

 From above figure we note that the optimum 

parameters for are 180 amp Current, MgCO3 flux and 10 lit/ 

min of gas flow rate. i.e. A2B2C3 which is Sample no. 5. And 

can be seen in the L9 orthogonal array. Here the optimum 

value of UTS. Is 223MPa. 

B. ANOVA & Main Effect Plots 

Each experiment has a combination of various factor levels, 

it is necessary to differentiate the individual effect of all 

variables, which may be done by adding performance 

parameter values for respective levels. ANOVA of Fe 410 

mild steel material data for penetration is shown in Table IV. 

 Fig.3 shows that effect of the current is more on 

penetration followed by voltage then gas flow rate. 

Source DF 
Adj 

SS 
Adj MS F 

% 

Contribution 

Current 2 4.6690 2.33449 43.98 56.19 % 

FLUX 2 3.3647 1.68237 31.69 40.49 % 

GFR 2 0.1683 0.08413 1.58 1.97 % 

Error 2 0.1062 0.05308   

Total 8 8.3081    

S=0.230395 R- 
Sq=99.59% 

R- 
Sq(adj)=98.34% 

Table 5: ANOVA for UTS of Fe 410 Mild Steel Material 

 From the ANOVA calculations it is found that the 

percentage contribution of current is highest which is 56.19 

%, followed by flux with 40.49 % and then gas flow rate with 

1.97 %. 

 The tensile strength with and without flux is 

compared at 150 ampere 

Current With flux(UTS) Without flux(UTS) 

150 amp 

Fe2O3-  165mpa 

MgCO3-180,75mpa 

Fe2O3+MgCO3 

136.97mpa 

C. Results & Analysis for Hardness 

The results of the hardness are as shown in the table below 

Sample Number Calculated hardness(Hv) 

1 305 

2 315 

3 283 

4 375 

5 313 

6 320.88 

7 303 

8 285 

9 311.13 

Table 6: Vickers Hardness at HAZ (HV) 

 
Chart 2: Effect of Process Parameters on Hardness 

 From above figure we note that the optimum 

parameters for are 180 amp Current Fe2O3 flux and 9 lit/ min 

of gas flow rate. These parameters can be seen in the L9 

orthogonal array. Here the optimum value of hardness is 375 

HV. 

D. Analysis of Variance (ANOVA) Calculation 

Analysis of Variance (ANOVA) calculation for hardness 

was performed in Excel software. Sum of squares and mean 

of squares along with the percentage contribution of all the 

parameters are obtained. 

Source DF 
Adj 

SS 
Adj MS F 

% 

Contributioon 

Current 2 1.8882 0.944103 322.9 48.10 % 

GFR 2 1.4528 0.726412 248.5 37.01 % 

FLUX 2 0.7058 0.352933 120.7 17.9 % 

Error 2 0.0058    

Total 8 3.9250    

Table 7: ANOVA Results for Hardness of SS 304 weld 

 The ANOVA results for hardness as shown in table 

8 indicates that current is the most significant factor with 

48.10%, followed by flux with 37.01 % and gas flow rate 

with contribution of 17.9 %. 

E. Confirmation Test 

The regression equations for Ultimate tensile strength and 

hardness are obtained by using Minitab software 17. 

1) Regression Equation 

UTS (MPa) = = 50.1 + 0.674 Current - 7.46 Flux + 3.80 Gfr 

Hardness (Hv) = 337 + 0.070 Current - 11.5 Flux -         

1.5 GFR 

Table below shows the results obtained from the 

confirmation test. 

Test 
Predicted 

value 

Experimental 

value 
Error 

UTS (MPa) 290.91 335.16 13.2 % 

Hardness (Hv) 299.4 375 20.1 % 

Table 8: Confirmation Test for UTS & Hardness 

V. CONCLUSIONS 

The percentage contribution of various parameters for 

ultimate tensile strength are as follows: 180 amp Current, 

MgCO3 flux and 10 lit/ min of gas flow rate. 

 The optimum conditions for hardness are 180 amp 

Current, MgCO3 flux and 9 lit/ min of gas flow rate. 
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