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Abstract: By continually supplying a wire electrode and a shielding gas to protect the weld pool from air contamination, MIG
welding has been used to combine two metals or alloys. In comparison to other traditional techniques of combining the alloys
using straightforward arc welding processes, the delivery of inert shielding gas provides a number of advantages. Better tensile
strength, finer grain hardness, high weld quality and appearance, microstructure improvement, and metallurgical characteristics
over the parent metal are a few advantages of this welding process. Therefore, the main goal of this research is to analyse
current developments in the MIG welding industry and shed light on those areas that have not yet reached their full potential. As
a result, various MIG welding stories are gathered and examined in this study paper based on tests, parameters, and the types of
materials used for welding. According to the majority of the publications cited, current was discovered to be the dominant
parameter among them, however gas flow rate and angle of weld using modern techniques have not been employed up to that
level. Some suggestions for the manufacturing industries are noted below based on the evaluation, which may prove helpful for
industrial applications in the future.
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L. INTRODUCTION

Metal Inert Gas welding as the name suggests, is a process in which the source of heat is an arc formed between a consumable metal
electrode and the 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 inert gas such as argon, helium or an argon-helium mixture. No external
filler metal is necessary, because the metallic electrode provides the arc as well as the filler metal. It is often referred to in
abbreviated form as MIG welding [01].1t is common practice to use a shielding gas in MIG welding to help protect the weld joint
from being contaminated. As the name implies, inert gas metal welding does not use shielding. Without shielding hydrogen, MIG
welding is not possible. Another reason for this shielding gas suffocating the weld is because of the MIG welding process. This
helps to provide air clear space where welding and fusion arc and fusion wire can work [02]. Gas metal-arc welding overcomes the
restrictions of using electrode of limited length and overcomes the inability to weld in various positions, which is a limitation of
submerged-arc welding [03] Changing the weld parameters (weld speed, welding current, arc voltage) and changing the
composition of shielding gas, creates changes in penetration [04]. Gas Metal Arc Welding (GMAW), sometimes referred to by its
subtypes Metal Inert Gas (MIG) welding or Metal Active Gas (MAG) welding, is a semi-automatic or automatic arc welding
process in which a continuous and consumable wire electrode and a shielding gas are fed through a welding gun. A constant voltage,
direct current power source is most commonly used with GMAW, but constant current systems, as well as alternating current, can
be used. There are four primary methods of metal transfer in GMAW, called globular, short-circuiting, spray, and pulsed spray, each
of which has distinct properties and corresponding advantages and limitations [05].

1. LITERATURE REVIEW

Ueyama and Nakata (2010) [06] suggested that by employing pulsed MIG welding, Mg alloy weld beads were produced. The welds'
tensile strength is almost 91% more than that of the underlying metal. However, the primary issues with MIG welding of
magnesium alloy continue to be spattering and welding stability. The parameter range for MIG welding of magnesium is
constrained due to the accuracy required for the energy input into the filler wire. With variable filler wire sizes, wire speeds, and
even base metal thicknesses, the parameters should adjust correctly. A power supply that allows for independent, non-linked
changes in the parameters of wire speed, base current and time, pulse current and time, base voltage, and pulse voltage is necessary
for the successful MIG welding of magnesium. If not, the power supply might not provide the right parameter for MIG welding of
magnesium. Reutzel et al., (2011) [07] have put forth a volumetric double ellipsoidal heat source to represent both laser and GMA
energy in a three-dimensional thermal finite element model. Zhang recently employed a similar strategy for the laser GMAW-P
hybrid welding method. The original geometry in the works described above assumes that weld reinforcement is known and present
prior to welding.
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Such a method does not take into account the energy deposit from the arc or laser that actually takes place on the weld pool's
distorted surface as a result of pressure effects. Gao et al. (2012) [08] have published a preliminary result for laser-MIG hybrid
welding of AZ31 Mg alloy to produce one acceptable joint. It was hypothesised that by maximising the interaction of two heat
sources, the instability problem in laser-MIG hybrid welding of magnesium alloys may be solved. Comprehensive studies on how
welding parameters affect process characterization and joint performance are, however, lacking. Schubert et al., (2008) [09]
According to their hypothesis, the temperature-time-cycle, mixing, and chemical compositions in areas with high crack sensitivities
govern the production of hot cracks in aluminium welding. Additionally, in hybrid laser-MIG welding, deep-penetration hybrid
welds without gaps or pores can be accomplished with extra heat and mass inputs from the arc and the filler droplets revealed a
technique in which a double electrode GMAW (DE-GMAW) was suggested which uses a non-consumable tungsten electrode to
skip some of the melting current in a traditional GMAW process. While the base metal current in DE-GMAW could still be adjusted
at the correct level, it was advised that the welding current be raised to speed up the welding process. A novel procedure known as
consumable DE-GMAW was recently created by improving the DE-GMAW process by switching out the non-consumable tungsten
electrode for a consumable welding wire electrode. Zhou and Tsai (2013) [10] investigated the complex transport processes seen in
spot hybrid laser-MIG keyhole welding, mathematical models and research methods are given. Numerous studies have looked at the
fatigue characteristics of welded metals because they are crucial to the design of automobile components and because fatigue
accounts for more than 90% of component failure. In order to identify the ideal welding circumstances, the effects of the welding
process parameters and the welding metal on the fatigue strength have been studied. A unified approach that takes into account the
effects of the strength mismatch ratio, post-weld heat treatment, and notch placement has been used to forecast the fatigue
parameters of high strength low alloy steel welds, including the fatigue crack initiation life, fatigue crack propagation life, and total
fatigue life. Similar fatigue life predictions of AISI 304L cruciform joints that were gas tungsten arc welded have been made and
compared to experimental results. It has been claimed that the results from electron beam welding are superior to the fatigue
behaviour of gas tungsten arc welds in stainless steel. Souza et al., (2014) [11] evaluated the significance inductance for the
MIG/MAG process when working in the short-circuiting mode. It is well known that inductance controls the current
increasing/decreasing rates (di/dt), which has an impact on the stability of the short-circuit transfer and, as a result, the creation of
spatter. These writers claim that since the circuit inductance also depends on the arc, current, cables, etc., it is not possible to
manage the influence of this parameter in welding alone by adjusting the inductance setting. As a result, settings for inductance
locations rather than values are offered by commercial power sources. The "inductance factor” would thus be a better term to
describe this setting. Rajakumar et al., (2022) [12] examined the mechanical properties of robotic-GMAW and conventionally
produced low carbon steel joints. In comparison to traditional MIG welding, robotic MIG welding demonstrated higher mechanical
characteristics and efficiency. Robotic GMAW welding at a current of 450A and a speed of 350 mm/min produced the highest
tensile strength of 647 MPa and the micro hardness of 275 HV in the HAZ. Robotic MIG welded joints have a slightly greater micro
hardness than traditional MIG welded joints. Khamari et al., (2023) [13] published a feasibility comparison between GMAW and
shielded metal arc welding (SMAW) for IS 2062 plates of various thicknesses. In order to improve welding conditions, the work
demonstrated a link between tensile strength, toughness, and micro hardness under three welding currents using 1S 2062 steel plates.
Haragopal et al., (2016) [14] the purpose of this work is to improve the mechanical qualities of MIG welded aluminium alloy joints
by optimizing the process parameters like current values. The studies were carried out in accordance with an 19 orthogonal array. It
was determined that the influence of current on ultimate tensile strength and pressure for impact energy was the greatest among the
other parameters. Joints which were welded with high current values gave the highest tensile strength. Kim et al. (2017) [15] made
an attempt in which multi pass welding and a neural network were utilised to construct an intelligent algorithm that could grasp the
relationship between the process parameters and bead height and use that relationship to anticipate the process parameters for the
ideal bead height in GMAW process. Regression analysis, graphical techniques, and response surface methodology are statistical
tools that can more or less accurately predict the outcomes from the process parameters. However, the results are only applicable to
the anchor points used for the regression analysis. Yanling Xu et al. (2018) [16] studied GMAW with pulse frequency, welding
current, welding voltage, feed speed, weld frequency, gas flow rate, welding speed, wire diameter, shielding gas as input process
parameters and tracked welding seam. After number of experiments on different specimen they concluded that out of different
parameters used during experiment welding current has a significant effect on tensile strength of joints in MIG welding process.
Tanaka et al (2019) [17] have created the plasma MIGW procedure to keep the MIGW arc stable. Metal transfer can be stabilised
and the oscillation of the liquid column can be controlled thanks to the plasma MIGW's use of ionisation shielding gas flow. As a
consequence, 100% argon shielding effectively stabilised the MIGW arc. The arc stability in pure argon MIGW is the product of
these experiments.
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The issues with the convex weld bead and shallow penetration that are caused by pure argon MIGW are not mentioned, though.
Because of the molten pool's low temperature and high surface tension, convex weld beads form, and inadequate heat input results
in shallow penetration. Therefore, increasing the amount of droplet heat is preferred to enhance bead form and shallow penetration.
Due to the peculiar correlation between the welding current and the wire feed speed in the standard MIGW, it is challenging to
enhance the amount of heat of droplets. Satyaduttsinh P. Chavda, Jayesh V. Desai, Tushar M. Patel (2020) [18] studied Taguchi's
DOE Method and the MIG welding procedure. They proposed the notion of applying Taguchi's DOE Method to optimise the MIG
welding process's parameters. In this study, they evaluated many earlier works from various papers and discussed the benefits of the
Taguchi approach. They came to the conclusion that the most important parameters in the GMAW process include current, voltage,
speed, shielding gas, gas flow rate, wire feed rate, wire diameter, etc. These parameters will affect the different weldment
characteristics. G. Haragopal, P VV Ravindra Reddy and J VV Subrahmanyam (2021) [19] proposed a technique for formulating
process parameters that enhance the mechanical characteristics of the aluminium alloy weld specimen (Al-65032) used in the
manufacture of aeronautical wings. Process variables such gas pressure, current, groove angle, and preheat temperature should be
taken into account in the investigation. The ideal balancing of the process parameters was achieved.

1. CONCLUSIONS AND RESEARCH IMPLICATIONS

In conclusion, MIG welding, or Gas Metal Arc Welding (GMAW), offers several research implications across various areas. From
above discussions which were limited to only the last decade, researchers can focus on optimizing the welding process parameters to
improve efficiency and weld quality. They can investigate the factors influencing weld quality and defect formation to minimize
defects and enhance overall performance. Exploring the applicability of MIG welding to advanced materials can expand its potential
applications. Integrating MIG welding with automation and robotics systems can enhance productivity and precision. Research can
also address the environmental impact of MIG welding by exploring alternative shielding gases and reducing emissions. Finally,
investigations into health and safety aspects can lead to the development of guidelines and strategies to protect welders from
occupational hazards. Overall, research in MIG welding can contribute to advancements in process optimization, material joining,
automation, environmental sustainability, and worker safety.

V. LIMITATIONS
The literature review was limited to the last decade to explore the significant effects of the MIG welding in application.
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