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Abstract — Manufacturers are concentrating on connecting
different materials to cut production costs and create
lightweight components. When their structural components
are comprised of different steels, steel constructions are
lighter and more cost-effective. The chemical, petrochemical,
nuclear, and power generation industries, among others,
utilise a range of dissimilar steel couplings. When
components are welded together, different junctions are
inevitable. Typically, joining dissimilar steels is more
difficult than joining similar steels; this is due to several
factors, such as differences in chemical composition and
thermal expansion coefficients. In this comprehensive review
article, we undertake a thorough examination of the research
and advancements in the realms of Tungsten Inert Gas (TIG)
and Metal Inert Gas (MIG) welding, with a specific focus on
their applications across diverse materials. The critical
analysis encompasses Vvarious perspectives, providing a
holistic view of the progress made in these welding
techniques. Gas tungsten arc welding is explored as a means
to assess the weldability of high-strength alloys, offering
insights into its efficacy and potential applications within this
specialized domain. The review delves into crucial process
parameters associated with both TIG and MIG welding,
elucidating their intricate effects on weld quality. By
scrutinizing the mechanical properties of welded joints,
including factors such as tensile strength, hardness, and other
significant structural attributes, a comprehensive evaluation
of the welding outcomes is presented. The primary objective
of this article is to serve as a comprehensive resource for
understanding TIG/MIG welding technology and its
profound impact on enhancing the microstructural,
mechanical, and metallurgical properties of engineering
materials. By synthesizing information from diverse
perspectives, this review aims to contribute to the collective
knowledge in the field, providing valuable insights for
researchers, practitioners, and enthusiasts seeking a deeper
understanding of the evolving landscape of welding
technology and its transformative effects on engineering
materials.
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I. INTRODUCTION

Welding, an indispensable process in modern manufacturing,
has witnessed remarkable transformations in recent years,
owing to the continuous evolution of technology and
materials. Among the various welding techniques, Tungsten
Inert Gas (T1G) and Metal Inert Gas (MIG) welding stand out
as versatile methods that have been instrumental in shaping
industries ranging from automotive to aerospace. The
amalgamation of precision, efficiency, and adaptability in

TIG/MIG welding has positioned these techniques at the
forefront of contemporary fabrication.

Recent advances in TIG/MIG welding have been
marked by a convergence of technological breakthroughs and
materials innovation. The integration of advanced alloys,
automation, and digital control systems has ushered in a new
era of welding capabilities, characterized by heightened
precision, improved quality of welds, and increased
efficiency. These advancements not only address the current
challenges in welding processes but also pave the way for
novel applications in diverse industries.

A. TIG Welding

Tungsten Inert Gas (T1G) welding is an arc welding process
characterized by the use of a non-consumable tungsten
electrode to create a weld. The welding zone is shielded from
the surrounding atmosphere by an inert gas, typically argon
or helium, and often involves the use of a filler metal. Power
is sourced from a rectifier and delivered through a handpiece
or welding torch to the tungsten electrode installed in the
handpiece.

The commencement of an electric arc takes place
between the tungsten electrode and the workpiece, facilitated
by a welding power supply that maintains a constant current.
This power supply generates energy conducted across the arc
through a highly ionized gas and metal vapors [1]. Both the
tungsten electrode and the welding area are shielded from
external air by an inert gas. The electric arc, which can reach
temperatures of up to 20,0000C, concentrates this intense
heat to melt and fuse two distinct parts of a material. The
resultant weld pool can be utilized to join the base metal,
either with or without the use of filler material. Refer to
Figure 1 for a schematic diagram illustrating the TIG welding
process.

weld  metd

Fig. 1: The TIG welding Process [2]
Tungsten electrodes are available in a range of sizes,
varying from 0.5 mm to 6.4 mm in diameter and 150 to 200
mm in length. The current-carrying capability of each
electrode size is contingent upon whether it is connected to
the negative or positive terminal of the DC power source. The
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power source essential for sustaining the TIG arc exhibits a
constant or drooping current characteristic, ensuring a
consistent current output even when the arc length undergoes
variations within several millimeters. This stability
minimizes the impact of natural arc length fluctuations during
manual welding on the welding current.

Equally critical is the power source's ability to
restrict the current to the designated value in instances of
electrode short-circuiting to the workpiece. Failure to do so
could result in an excessive current flow, potentially causing
damage to the electrode. The open-circuit voltage of the
power source typically falls within the range of 60 to 80 V.
These specifications collectively contribute to the efficient
and controlled operation of TIG welding processes.

B. Metal Inert Gas (MIG) Welding

Metal Inert Gas (MIG) Welding, also known as Gas Metal
Arc Welding (GMAW), emerged in the 1940s as a pivotal
development in the field of arc welding. This welding
technique facilitates the joining of metals by subjecting them
to an electric arc formed between continuously fed wire
electrodes. The process employs shielding gas to safeguard
the molten weld pool from environmental contamination.
Throughout the welding operation, shielding gas is
consistently delivered via a welding gun.

MIG welding exhibits versatility, as it can be applied
to various metals and alloys, including aluminum, stainless
steel, -magnesium, nickel, carbon steel, silicon, bronze,
copper, and tubular metal-cored surface alloys. Key variables
influencing the MIG welding procedure encompass welding
current, welding voltage, travel speed, shielding gas type,
electrode size, electrodeposition, and electrode extension.

Research by Abbasi et al. (2012) investigated the
impact of MIG welding parameters on weld bead shape
features. Their findings revealed that an increase in welding
speed led to a corresponding increase in penetration depth up
to the optimal value of 1450 mm/min to achieve maximum
penetration, beyond which penetration declined [3].

The most influential process parameters affecting
MIG welding properties are current and voltage. The
penetration of the weld is specifically correlated with the
welding current. This underscores the critical role played by
precise control of welding parameters in achieving desired
weld characteristics in the MIG welding process.

This welding technique finds extensive application
across diverse engineering scenarios, owing to its myriad
advantages. These benefits include the production of high-
quality welds, as emphasized by Nadzam (1997), Anders
(2003), and Khanna and Maheshwari (2016). Additionally,
the method is recognized for its high production and
deposition rates, the production of spatter-free welds
exhibiting  exceptional  physical and  metallurgical
characteristics. Moreover, it possesses the capability to weld
dissimilar metals and accommodate a wide range of metal
thicknesses, further enhancing its versatility in various
welding applications.
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Fig. 2: The MIG welding Process [4]

Il. LITERATURE REVIEW

This section provides an overview of the existing literature
pertaining to TIG/MIG welding. A comprehensive literature
review on TIG and MIG welding indicates a substantial body
of research dedicated to understanding and advancing both
welding processes. Scholars and researchers have explored
various aspects of TIG and MIG welding, delving into topics
such as process optimization, material compatibility, welding
parameters, and the mechanical properties of welded joints.

Sathiya Paulraj conducted an investigation
involving various performance metrics, including ultimate
tensile strength, yield strength at both room temperature and
750 °C, and impact toughness. The optimization process
utilized a Taguchi L9 array in conjunction with grey
relational analysis. The optimal combination of three test
parameters—welding current set at 110 A, voltage at 12V,
and welding speed at 1.5 mm/s—was identified as
contributing to the highest grey relational grade for achieving
quality weld joints. Upon analyzing the analysis of variance
(ANOVA) results based on grey relational grade, it was
deduced that welding current (58%) exerted the most
significant influence on multiple responses, followed by
welding speed (30%) and voltage (13%). This indicates the
paramount importance of welding current in determining the
quality of weld joints. Notably, a correlation between the
mechanical and metallurgical qualities of the welds was
observed [5]. The exploration of methods aimed at
augmenting weld penetration and the advancements in the
TIG welding process has been thoroughly elucidated. A
comprehensive review of relevant literature highlights that
the majority of experimental research is dedicated to
enhancing both the TIG welding process and its associated
mechanical properties.

In this context, Activated Flux TIG (ATIG) welding
emerges as a noteworthy technique, exhibiting significantly
greater penetration compared to standard TIG welding. The
flux utilized in this method is believed to constrict the arc
within the molten weld pool, resulting in a weld bead width
that is halved compared to conventional TIG welding. This
reduction in bead width contributes to increased weld
penetration. Similarly, Flux Bounded TIG (FBTIG) welding
is identified as another approach capable of achieving full
penetration. Notably, the weld penetration in FBTIG welding
is influenced by the distance between the flux coatings on top
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of the plates across the weld joint —an increase in this distance
correlates with a decrease in weld penetration [6].

Wang et al. [7] successfully employed the TIG
welding process to weld AA 6082-T6 aluminum alloy,
commonly used in engine casting. They utilized an AA 4043
filler rod modified with 0.08% titanium and 0.025%
strontium. The incorporation of titanium and strontium into
the welding wire resulted in improvements to the joint's
characteristics. In their study, Kulkarni et al. [8] employed
TIG welding to join two distinct metals, namely P91 steel and
P22 steel, and subsequently investigated the resulting
microstructure  and  mechanical  properties.  The
microstructural analysis unveiled the precipitation of M23C6
carbides in the carbon-enriched zone. Furthermore, during the
tensile test, it was observed that the work metal welded joint
of P22 steel experienced fracture. Following heat treatment,
the weld zone demonstrated a notable improvement in impact
resistance. In their research, Sharma and Dwivedi [9]
employed activated TIG welding to join two dissimilar
metals, P92 steel, and 304 H austenitic stainless steel. The
study also encompassed an examination of the microstructure
and mechanical properties at the welding junction.

Throughout the welding process, the efficacy of four
distinct fluxes—Cr203, Mo03, SiO2, and TiO2—was
assessed. The resultant welding joint underwent
examinations for hardness, tensile strength, and impact
resistance. Unfortunately, the impact resistance was found to
be relatively low when compared to the base metal. The
development of an untempered martensitic structure emerged
as the primary contributor to the observed decline in impact
toughness.

In a study conducted by Khalifeh et al. [10], stainless
steel (SS) and ferritic carbon steel were subjected to welding
using the TIG welding technique, employing four different
austenitic filler metals. The experimental findings revealed a
correlation between decreasing impact toughness and
increasing levels of delta ferrite in the weldments.

MIG welding has gained popularity as a welding
technology owing to its user-friendly nature, rapid welding
speed, and consequently, high production rates. Since its
introduction as a joining technique, MIG welding technology
has become widely utilized for welding metal alloys across
various applications, ranging from pressure vessels and
vehicle components to pipelines, building construction, and
aerospace applications [11]. It serves as a primary method for
welding large metal components together. However, despite
its advantages, MIG welding is not without its drawbacks,
including challenges such as insufficient penetration,
porosity, cracks, and the formation of a coarse structure.

The mechanical properties of a weld are intricately
tied to the input process parameters during welding.
Numerous researchers have dedicated their efforts to
enhancing the mechanical characteristics of welded joints by
manipulating various welding input process factors. In a
study conducted by Singh et al. [12], two different metal
alloys, Mild Steel and Austenitic Stainless Steel, were
successfully connected using the MIG welding process.
Employing specific parameters—25 V, 250 A, 12.5 m/min
wire feed rate, and 15 cm/min weld speed—the hardness of
the resulting welded joint was determined to be 82 HRB.

Valluru et al. (2017) explored the hardness of
specimens from MIG-welded steel, finding that the weld zone
(W2Z) exhibited greater hardness than the base metal (BM)
and less than the heat-affected zone (HAZ). Hardness
measurements for the weld zone and HAZ fell within the
ranges of 250 to 400 HV and 300 to 450 HV, respectively
[13].

In a study by Kalacska et al. (2017) on dissimilar
steel alloy joints (TRIP800 and TWIP1000) welded using
MIG, the addition of bainite and martensite to the heat-
affected zone resulted in a hardness of 500 HV. The achieved
ultimate tensile strength approached approximately 700 MPa,
closely resembling that of the parent metal TRIP800 [14].

Srivastava and Garg (2017) explored the Gas Metal
Arc Welding of IS 2062 mild steel plates, focusing on
penetration depth, bead size, and mechanical performance.
Optimal results were obtained at 32 V, 4.5 m/min wire feed
rate, and 160.1 mm/min weld speed [15].

Sun et al. (2017) delved into laser-MIG hybrid
welding of NV E690 steel plates with a thickness of 15 mm,
achieving maximum hardness and ultimate tensile strength at
490 HV and 1100 MPa, respectively [16].

Guo et al. (2018) investigated the impact of plasma-
MIG hybrid welding input parameters on the penetration
depth and mechanical behavior of 6 mm thick 5083 aluminum
alloy plate weld joints. The study revealed that increasing
plasma current and decreasing weld speed contributed to
increased penetration depth. The peak tensile strength of the
weld zone reached 274 MPa, approximately 86% of the base
metal's strength [17]. In 2021, Koli et al. explored the
influence of cold metal transfer on residual stresses in Gas
Metal Arc Welding (GMAW). They conducted experiments
on dissimilar aluminum alloy plates with different
thicknesses that were welded together. The findings indicated
areduction in residual stresses attributed to the CMT-GMAW
process [18]. In 2014, Meng et al. observed that the tensile
strength and microhardness achieved through the MIG-TIG
process surpassed those attained through the individual MIG
and TIG processes. The hybrid approach was noted to yield a
narrower Heat-Affected Zone (HAZ). Additionally, the study
highlighted that TIG-MIG hybrid welding has the potential to
enhance productivity compared to traditional welding
methods, as it enhances weld penetration depth, welding
speed, and the control over the width of the heat-affected zone
[19].

Ismail et al. (2017) conducted an experiment to
assess the mechanical integrity of TIG-MIG hybrid welding
applied to stainless steel 304 and mild steel. For the hybrid
technique, half of the circular specimen underwent TIG
welding, while the other half underwent MIG welding.
Properties such as % decrease, percentage elongation, tensile
strength, and yield strength were analyzed. The experiment's
outcomes were compared with those of separately TIG and
MIG welded joints. The findings indicated that the TIG-MIG
hybrid approach serves as a viable alternative to both the TIG
and MIG methods. Moreover, under the specified parameters,
the hybrid technique consistently produced materials with
superior mechanical qualities [20].

Li et al. (2010) explored the impact of hybrid
welding on welding speed by combining MIG welding with
a fiber laser. Their findings revealed that the fiber laser-metal
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inert gas hybrid welding technique was approximately seven
times more productive than conventional MIG welding. In
another application, TIG-MIG hybrid welding has been
employed to mitigate spatter, acommon issue associated with
MIG arc ignition, presenting an innovative approach to arc-
ignition welding [21].

Tang et al. (2018) discussed the TIG-MIG hybrid
process for 304 stainless steel. They observed that the initial

Direct Current Electrode Positive (DCEP)), achieving non-
contact arc ignition between the MIG wire end and the
workpiece surface. Notably, no spatter was generated during
the ignition-to-stabilization process of the MIG arc [22].
Salazar et al. [23] reported the successful joining of AA 6061
and AA 7020 aluminum alloys using MIG and TIG methods,
with no issues of cracking, oxidation, or porosity. The
investigation yielded a depth penetration ranging from 2 to

TIG arc, utilizing Direct Current Electrode Negative 3.5 mm.
(DCEN), facilitated the subsequent MIG welding (with
Author work Material Variables Tools/Tests
6-mm-thick _ macroscopic
Bandhu et. al, Visually inspected for ASTM A387- Curr_em (A)=100 A, voltage metallography/ Optical
2023 (V)=13V, and gas flow rate :
any surface defects 11-2 steel (GFR)=21 L/min and scanning electron
plates microscopy

Ebrahimpour

Heat distribution and
stability of the MIG arc

torch angle

Finite element

optimization algorithm

speed (80,100,120)

et. al, 2022 in TIG-MIG hybrid simulation
welding
Y. Han et. al Numerical simulation of : Current (A)- TIG -100 to 250 N .
' o . Q235 mild steel | MIG-250, Voltage— MIG- 30 Numerical simulation
2019 arc and droplet behaviors
TIG-11.7t030
J. Huang et. al, hvbrid weldin MIG- 70-160 Wire feed rate-
2012 Y g 2.1,2.3,2.8,3.6,4
R. Zong et. al, Arc, droplet and weld Current— MIG- 250 TIG
2019 pool behavior 50,80,100,120,180,250
D. Kumar et. al, _Mglti _attribute Aluminum Taguchi meth_od
2020 optimization of EDM 2050 Grey re_Iatlon
process analysis
. Optimizafipn a8 Current (A)- 100-300, Torch
J. Sivakumar et. | process parameters for | 1625 q /min- TOPSIS
al, 2020 activated tungsten inert neong RBag¢ (mry/ming
: 4 60,75,90,105,120
welding
Y. Tang et. al, Arc study in TIG- MIG
2018 hybrid welding process
S. Shanavas et Weld ability of AA AA5052 H32 Current (A)- 160-190 Tensile test Micro
' al 2017 ' 5052 H32 by TIG and Fillerrod — AA Gas flow rate- 9,11,13 structure studies
' FSW process 4043 Weld speed(mm/min)- 100
Kumar etal, m\'j('aﬁ‘:&t:";%”émﬁze Al 606 Current (A)- 150,175,200 ANOVA, Taguchi
2022 : Gas flow rate (lit/min)- 8,9,10 methods/Tensile test
TIG welding parameters
Milyardi et.al, TIG welding of a butt Current (A)- 150,155,160 Taguchi method/ Radio
2018 joint of aluminum alloy Speed (mm/sec)-1,1.1,1.2 graphic test
Al 6061, Al
Zhu et.al, 2018 TIG \_Neldlng of 7003, Filler Tensile test
aluminum alloy rod- Al
5183,Al 5356
Prabu et.al, TIG welding of two AAS083- H111, .
2019 aluminum alloys Fillerrod- Tensile test
ER 4043
. SVM-ANN algorithm in Current (70A-120A), Speed
KZP;S?(?;OR. automated T1G welding stain%S:sLsteel (mm/min) (60-240), ANN algorithm
o to study the weld bead. wire feed rate (100 to 800)
Welded carbon steel Welding current
by activated — TIG (160A, 180A, 200A), arc gap
Vorgg.lgt. al, welding. JAYA (Imm, 2mm, 3mm) travel JAYA software

Table 1: Summary of Literature Review
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I11. BIBLIOMETRIC ANALYSIS

Bibliometric analysis serves as a research methodology
aimed at comprehending global research trends within a
specific field based on the academic publications found in
databases such as Scopus or WoS. This approach
distinguishes itself from other forms of academic research,
such as review papers, by focusing on presenting the ultimate
outcomes of a particular topic.

The scientific community is showing growing
interest in the field of bibliometric analysis, particularly
spurred by the rapid advancements in computers and the
internet. This method, which has its roots in library and
information science, is increasingly recognized as a
fundamental approach for researching and analyzing
scientific endeavors.

Fig. 3: Year wise publication on TIG/MIG Welding process

Fig. 3 illustrates the chronological distribution of
research paper publications in the field of TIG/MIG welding
from 2001 to 2023. The selected timeline offers a
comprehensive view of the evolving trends within this
domain. The discernible trend depicted in the figure indicates
a sustained growth in research activity, highlighting the
ongoing expansion of this research area. The continuous
publication of research articles underscores the dynamic
nature of TIG/MIG welding, emphasizing its role in
consistently delivering diverse welding solutions over the
specified timeframe.

Fig. 4: Author’s publication in the area TIG/MIG Welding
Fig. 4 provides insight into the key contributors
within the research area, highlighting the top 10 authors who
have made significant contributions to research publications.
Notably, E.T. Akinlabi emerges as the leading contributor,
with the highest number of publications, underscoring a
substantial and influential presence in the field. Following
closely is N. Madushele, demonstrating a noteworthy

contribution to the body of research in this domain. This
ranking of authors sheds light on the individuals who have
played pivotal roles in shaping and advancing the discourse
within the specified research area, with E.T. Akinlabi and N.
Madushele standing out as particularly impactful
contributors.

IV. CONCLUSION

In conclusion, the recent advances in TIG/MIG welding have
significantly contributed to the efficiency, precision, and
overall improvement of welding processes. The integration of
advanced materials, automation, and digital technologies has
played a pivotal role in enhancing the capabilities of
TIG/MIG welding, leading to higher-quality welds and
increased productivity.

Looking ahead, the future of TIG/MIG welding
research is poised for exciting developments. Continued
exploration into innovative materials, such as advanced
alloys and composites, promises to further expand the
applicability and performance of these welding techniques.
Additionally, the integration of artificial intelligence and
machine learning in welding systems holds the potential to
optimize process parameters and adapt in real-time to
dynamic welding conditions.

Furthermore, environmental sustainability is
becoming an increasingly important consideration in welding
processes. Future research in TIG/MIG welding is likely to
focus on developing eco-friendly practices, minimizing
energy consumption, and reducing the environmental impact
of welding operations. After a comprehensive review of
studies conducted by various researchers, the following
conclusions have been consolidated:

1) Hybrid TIG-MIG welding exhibits the capability to weld
both similar and dissimilar structural materials, including
stainless steel, aluminum alloy, titanium alloy, and
magnesium alloy.

2) Substantial challenges faced by researchers in the hybrid
TIG-MIG welding (HTMW) variations arise from the
diverse thermal and physical properties of different
materials.

3) The HTMW method has been successful in examining
the microstructures and mechanical properties of welded
joints. Mechanical properties, such as Ultimate Tensile
Strength (UTS), hardness, Yield Strength (YS), and
strain, have been extensively researched, while other
qualities like fatigue strength, fracture resistance,
distortion, and residual stress, have not received
adequate examination.

4) The impact of HTMW process operating parameters on
the geometry of weld beads has also been addressed.
Notably, in terms of polarity and electrode spacing, Gas
Flow Rate (GFR), and TIG current are identified as the
most influential operational parameters.
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