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Abstract— This paper optimize and analyze the MIG 

welding parameter for improving strength of welded joint. 

This is about study of hardness and toughness with respect 

to various input parameters, which include welding current, 

wire feed rate, gas flow rate. Gas Metal Arc Welding is a 

process in which the source of heat is an arc format between 

consumable metal electrode and the work piece with an 

externally supplied gaseous shield of gas either inert such as 

argon and helium. This experimental study aims at 

optimizing various Gas Metal Arc welding parameters 

including welding voltage, welding current and welding 

speed by using factorial design approach to reduce the no of 

level and analyze the welded area of a mild steel specimen. 

Factorial design approach has been applied for finding the 

relationship between the various process parameters. 
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I. INTRODUCTION 

The MIG Welding is a process in which the source of heat is 

an arc format between consumable metal electrode and work 

piece, and the arc and the molten puddle are protected from 

contamination by the atmosphere (i.e. oxygen and nitrogen) 

with an externally supplied gaseous shield of gas either inert 

such as argon, helium or an argon-helium mixture or active 

such as carbon dioxide, argon-carbon dioxide mixture, 

which is chemically active or not inert . Initially GMAW 

was called as MIG Welding because only inert gasses were 

used to protect the molten puddle. The application of this 

process was restricted to aluminum, deoxidized copper and 

silicon bronze. Later it was used to weld ferrite and 

austenitic. 

Problem which are faced the manufacturer is the 

control of the process input parameters to obtain good 

welded joint with the required weld quality. Traditionally, it 

has been necessary to study the weld input parameters for 

welded product to obtain welded joint with the required 

quality. To do so,requires a time-consuming trial . Then 

welded speciemen are examined whether they meet the 

requirement or not. Finally weld parameters can be chosen 

to produce a welded joint that closely meets the joint 

qualities with very different parameters. In order to 

overcome this problem, various optimization methods are 

useful to define desired output variables through developing 

mathematical models to specify the relationship between the 

input parameters and output variables. 

II. OBJECTIVE 

The MIG welding process experimental work carried out for 

process parameters like welding current, wire feed rate and 

shielding gas flow rate. All research has been done on 

aluminum alloy, stainless steel and carbon steel plates, i did 

on  mild steel. 

This paper presents the influence of welding 

parameters such as welding current, gas flow rate, wire feed 

rate on AISI 1015 mild steel material. and analyze  the 

welding characteristics of material & optimize the welding 

parameters. The result computed is in form of contribution 

from each parameter, through which optimal parameters are 

identified for maximum hardness and toughness. 

A. Input parameters 

1) Gas flow rate 

2) Current 

3) Wire feed rate. 

Following points is analyzed. 

 Influence of gas  and current on weld joint for mild steel 

of 6mm thickness. 

 The effects of wire feed rate on the toughness and 

hardness of weld joint 

III. LITERATURE REVIEW 

The research on parameter of different types of welding for 

obtaining various responses in output have been done by a 

number of researchers using a wide range of materials. They 

make use of various types of methods, techniques and 

mathematical models for evaluating and obtaining results. 

Many researches have been done research work on different 

materials for obtaining maximum hardness and toughness. 

Chandresh N.. Patel used Full factorial method for 

Design of Experiment for optimization work. By use of the 

experimental data optimal process parameter combination 

was achieved by grey relational analysis (GRA) 

optimization technique. In this work, input parameters for 

MGAW welding were welding current, wire diameter and 

wire feed rate and the output parameter is hardness and 

toughness. AISI 1020 or C20 material was used for welding. 

Experiments were performed on plates of thickness 5 mm 

and double V-groove joint is used. And input parameters for 

MIG welding were welding current, wire diameter and wire 

feed rate and the output parameter is hardness. 

By analysis the percentage contribution of MIG 

welding for welding current is obtained 94.01 %, wire 

diameter of 0.402 % and wire feed rate of 0.016 % and the 

error is of 5.56 %. 

This error is found due to human ineffectiveness 

and machine vibration. it is conclude that the welding 

current is most significant parameter for MIG welding. 

Welding current is found to have effect on 

hardness. Increase in welding current, the value of hardness 

is increase in both welding 

IV. WORKING PRINCIPLE OF MIG WELDING 

A. Power Source 

Gas metal arc welding (GMAW) uses direct currents of 

electrode positive (DCEP) for most applications. This is 

because the DCEP connection provides stable melting rates 

for welding wires and facilitates the use of the advantages of 
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several droplet transfer modes, by choosing the size of wire, 

levels of current and voltage, and type of shielding gas. In 

the DC power sources, the thyristor type, tapped-transformer 

type, and sliding-transformer type have been used for 

various applications. In addition to these three types, 

inverter type power sources are used for a wide range of 

applications, particularly, in robotic welding because the 

inverter control power source facilitates smoother arc 

starting, and higher speed welding as compared with the 

thyristor control type. 

 
Fig. 1: Circuit diagram of MIG process. 

V. ELECTRODE SIZE 

The GMAW process uses a consumable, automatically fed 

wire electrode and is considered a semiautomatic welding 

process. Electrode diameters used in GMAW typically range 

from 0.6 mm to 1.6 mm. However, electrode diameters are 

manufactured from as small as 0.5 mm to as large as 3 mm. 

As a rule, electrode size selection is based on base metal 

thickness, welding position, and mode of metal transfer. 

Larger electrodes provides higher welding speeds and the 

higher amperages desired for spray transfer welding on 

heavier base metals. Beyond that, a few considerations 

should be made. 

When choosing an electrode, one must consider arc 

stability, solidification rate, mechanical properties, 

deposition rate, base metal compatibility, and parameter 

settings. Parameter settings for GMAW electrodes depend 

on: 

1) Diameter of the Electrode 

2) Mode of Transfer 

3) Shielding Gas Composition 

4) Welding Position 

5) Manual or Automated. 

Shielding Gases Argon and helium are the two 

inert shielding gases used for protecting the molten weld 

pool. The inert classification indicates that neither argon nor 

helium will react chemically with the molten weld pool. 

However, in order to become a conductive gas (plasma), the 

gas must be ionized. Different gases require different 

amounts of energy to ionize, and this is measured in terms 

of the ionization energy. For argon, the ionization energy is 

15.7 eV. Helium, on the other hand, has ionization energy of 

24.5 eV. Thus, it is easier to ionize argon than helium. 

A. Method of metal transfer 

Metal transfer refers to how filler metal is deposited to the 

base metal to form the weld bead. The common modes of 

metal transfer are short-circuit, globular, spray, and pulsed 

transfers. The mode of metal transfer is determined by many 

mitigating factors- 

1) Base Metal Type 

2) Filler Metal Composition 

3) Electrode Diameter 

4) Arc Current 

5) Arc Voltage/Arc Length 

6) Shielding Gas Composition 

7) Welding Position 

 
Fig. 2: spray transfer 

B. Mild Steel 

Mild steel is steel containing a small percentage of carbon, 

strong and tough but not readily(tempered), also known as 

plain carbon steel and low carbon steel. It is  most common 

form of steel because it provides material properties that are 

acceptable for many work and in industries and its price is 

relatively low while and. Mild steel contains approximately 

0.05–0.25% carbon making it malleable and ductile. Mild 

steel has low tensile strength, but it is cheap and easy to 

form. surface hardness can be increased through carburizing. 

It is mostly used when large quantities of steel are needed. 

The density of mild steel is approximately 7.85 g/cm3 and 

the Young's modulus is 200 GPa. The first yield point (or 

upper yield point) is higher than the second and the yield 

drops dramatically after the upper yield point. If a mild steel 

is only stressed to some point between the upper and lower 

yield point then the surface develop . mild steel contain less 

carbon than other steels and are easier to cold-form, making 

them easier to handle.mild steel can be classified when the 

carbon content is lower than 0.2 percent (American Society 

for Testing and Materials). 

VI. EXPERIMENTAL DETAILS 

A. Workpiece Material 

In the welding experiments, a carbon steel wire ER70S-6 

with a 1.2 mm diameter is used. The work-pieces consisted 

of AISI 1015 low carbon steel with a thickness of 6 mm. 

The chemical composition (wt.%) of both base metal and 

electrode wire are given in Table 1. The GMAW process is 

used for the welding of a single V-butt joint with a single 

pass on 80x50 mm plates. 

Material C Si Mn P S 

AISI1015 0.20 0.26 0.45 0.02 0.01 

ER70S-6 0.01 1.00 1.55 0.02 0.03 

https://en.wikipedia.org/wiki/Carburization
https://en.wikipedia.org/wiki/Young%27s_modulus
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Table 1: Chemical composition (wt. %) of work material 

and electrode wire used 

B. Filler Metal 

The filler material use for the experiment is copper coated 

MS material electrodes with size of 1.20 mm diameter. 

C. Shielding Gas 

A shielding gas mixture, is selected for the experiments. It 

contains 20% CO2 and 80% Argon. 

D. Sample Preparation 

AISI 1015 Mild steel plates with the dimensions of 80x50x6 

mm are prepared with the bevel heights of 6 millimeter, 

bevel angle of . These specimens are then welded with a 

root gap distance 1 millimeter. Figure shows the single V 

groove butt joint preparations. 

 
Fig. 3: Sample specimen with bevel angle of 45 

E. Parameter Level 

As shown in Table three machine parameter visualizing Gas 

Pressure-GP (Psi), Current-C (Amp) and Voltage-V (Volt) 

were considered as input parameter. Based on the literature 

review of past researcher and studying the range available in 

Auto K600 Synergic is selected, number of levels and their 

values are shown in Table 2, so in this experiment 3 factors 

2-2-2 level full factorial design is performed. 

Parameter Gas Pressure Current Voltage 

Level (Psi) (Amp) (Volt) 

 (A) (B) (C) 

1 12 150 15 

2 15 170 20 

Table 2: Input parameter level and value 

VII. METHODOLOGY 

A. Factorial Design Approach 

Factorial experiments permits to evaluate the combined 

effect of two or more experiments variables. Information 

obtained from factorial experiments is more complete than 

those obtained from a series of single factor experiments, in 

the sense that factorial experiments permit the evaluation of 

interaction effects. For requiremet of factorial experiment, 

the information gathered can be use to make decisions, 

which have a board range of applicability. In addition to 

information about how the experiments variables operate in 

relative isolation, it can be predicted, what will happen when 

two or more variables are used in combination. In the case 

of factorial experiments, the population to which inferences 

can be made is more inclusive than the corresponding 

population for a single factor experiments. Factors may be 

classified as treatment and classification factors. 

 Classification factors group the experimental units into 

classes which are homogeneous with respect to what is 

being classified. 

B. Full Factorial Design 

We know that for full factorial design the number of 

possible design N , 

N= Lm 

Where L = number of level for each facto, and 

m = number of factors. 

Design Matrix by using factorial design approach -

2^n=8 (taking n=3) 

S. No. 

 

Voltage (V) 

 
Current (I) Gas flow rate(l/min) 

1 - - - 

2 - - - 

3 - - - 

4 - - - 

5 - - - 

6 - - - 

7 - - - 

8 - - - 

VIII. EXPERIMENTAL PROCEDURE 

A. Welding of Specimen 

The MIG welding of well-prepared specimens is done and 

the welding parameter of each specimen is taken according 

to design. 

S. 

No. 

Gas flow 

rate(I/min) 
Current(I) 

Wire feed 

rate(m/min) 

1 1.0 60 5 

2 2.0 60 5 

3 1.0 80 5 

4 2.0 80 5 

5 1.0 60 6 

6 2.0 60 6 

7 1.0 80 6 

8 2.0 80 6 

Table 4: Experimental data for welding 

IX. ANALYSIS OF RESULTS 

A. Analysis of Hardness 

In this project effect of main input welding parameters on 

the hardness of welded joint in MIG welding process were 

investigated. 

B. Hardness Testing 

Hardness may be defined as the ability of a substance to 

resist indentation of localized displacement. A hardness test 

is used to determine the hardness of weld metal. For 

hardness testing, the welded specimens are grinded first then 

performing Brinell hardness test on welds joint of each 

specimen. The results of Brinell hardness tests are as: 

1) Formulae for BHN: 

 
Where, F is Force used in KgF 

 D is the Diameter of the indenter in mm 

 Di is the Diameter of the indentation in mm 
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Fig. 5: Penetration of indentor on weld joint                                                                                                   

S.No

. 

Gas 

flow 

rate 

(l/min

) 

Current(Am

p) 

Wire feed 

rate(m/mi

n) 

Hardness(BH

N) 

1 1.0 60 5 163 

2 2.0 60 5 184 

3 1.0 80 5 152 

4 2.0 80 5 171 

5 1.0 60 6 162 

6 2.0 60 6 180 

7 1.0 80 6 184 

8 2.0 80 6 168 

Table 5: Results of hardness tests 

C. Analysis of Toughness 

1) Impact Testing 

For impact testing, preparation of V-notch on weld joints of 

each specimen are done first then performing Charpy impact 

test on prepared specimens. The Charpy piece is supported 

horizontally between two anvils and the pendulum strikes 

opposite the notch A Charpy test measures the welds ability 

to withstand an Impact force. Low toughness test readings 

indicates brittle weld metal and Higher toughness readings 

indicate the  toughness. The toughness values of the weld-

pieces are tabulated below. Weld-pieces are placed at the 

impact testing machine as simply supported. The hammer of 

the heavy weight is then released and corresponding values 

of weight provides the toughness values for weld pieces. 

 
Fig. 6:Charpy impact testing 

S.No

. 

Gas  flow 

rate(l/min

) 

Curren

t 

(Amp) 

Wire feed 

rate(m/min

) 

Toughness(jule

) 

1 1.0 60 5 70 

2 2.0 60 5 74 

3 1.0 80 5 68 

4 2.0 80 5 56 

5 1.0 60 6 124 

6 2.0 60 6 115 

7 1.0 80 6 106 

8 2.0 80 6 128 

Table 6: Results of impact tests 

D. Confirmation of Result 

From this project, it is observed that gas flow rate and wire 

feed rate are major parameters which influence on the 

hardness and toughness of welded joint. 

1) Results  show  that  among  main  input  welding 

parameters  the  effect  of  the  gas flow rate is 

significant.  Increasing  the  gas flow rate and 

decreasing  the  current  increases  the  hardness of 

welded joint. 

2) When Increasing the wire feed rate increases the 

toughness of welded joint. 

X. ADVANTAGES OF MIG WELDING 

MIG welding can be used on all thickness of steel pieces, on 

aluminium, nickel and even on stainless steel.The 

advantages of MIG welding are as: 

1) High quality welds can be produced  faster. 

2) Since a flux is not used, there is no change of 

entrapment of slag in the weld metal, resulting high 

quality welds. 

3) The gas shield protects the arc so that there is very little 

loss of alloying elements. Only minor weld spatter  

produce. 

4) MIG welding is versatile welding procee and can be 

used with a wide variety of metals and alloy. 

5) MIG process can be operated several ways including 

semi and fully automatic. 

6) The continuous wire feed eliminates the need to change 

electrodes. 

XI. APPLICATION OF MIG WELDING 

The applications of MIG welding are: 

1) MIG welding use as a rebuilding equipment. 

2) Use  in automotive repair. 

3) Use  in robotics. 

4) Use  in structural steel works. 

5) MIG welding is widely used in ship buildings and ship 

repairs yards. 

6) Used in the process industry for pipe work and 

fabrication of vessels. 
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