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Abstract - In production engineering, welding is one of the prominent and widely used approach to join the assorted 
materials to achieve the prolonged strength and lifetime of the newly formed material. In traditional perspectives, the process 
of welding refers to a sculptural or fabrication based methodology to join the thermoplastics or metals with the integration of 
fusion. There are assorted effective approaches of welding which incorporate soldering and brazing to avoid the melting in 
the base material. The classical and prominent welding process includes Shielded metal arc welding (SMAW), Oxy-fuel 
welding (OFW), Gas tungsten arc welding (GTAW), Flux-cored arc welding (FCAW), Gas metal arc welding (GMAW), 
Submerged arc welding (SAW), Electric resistance welding (ERW), Electro-Slag welding (ESW), MIG, TIG, Plasma and 
many others. This research manuscript underlines and presents the effectual analysis of Gas integrated Tungsten Inert Gas 
(TIG) Welding, Metal Inert Gas (MIG) Welding and Plasma Welding Processes with the relative performance factors for 
assorted segments of production engineering. 
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I. INTRODUCTION 
 

Welding [1] refers to a unique and effectual process 
in production and manufacturing engineering that is 
used for joining two or more components. These 
components may be in form of metal or 
thermoplastics which can be fastened and 
strengthened with the applied heat as well as 
pressure. In welding, the specific degree of pressure 
and heat is applied so that the newly formed 
component should not be fragile. It makes the overall 
material stronger and with higher level of reliability. 

 
Fig.1. Welding Processes in broad taxonomy 

 
There are assorted types of welding processes [2] 
used to join the metals and thermoplastic modules. 
Following is the taxonomy of assorted welding 
processes and associated techniques. 

 
Fig.2. Gas, Resistance, Arc, Newer and Solid State Welding 

There are diversified advantages of welding which 
includes the cost effectiveness, automated processes, 
simplicity and strengthened joining of material [3]. 

 
The applications [4] of Welding includes 
 Pipelines 
 Joining of Machinery Elements 
 Tanks 
 Railways 
 Vessels 
 Structures of Bridges 
 Aircraft Engineering 
 Automotives 
 
II. ADVENT AND PROGRESSES IN WELDING 
APPROACHES 
 
2.1. Initiation and Developments in Welding 
Timeline 
At the earlier stages of engineering and production 
processes, there was forge welding which were 
evolved in Middle East and Europe. In Delhi, there is 
the Iron Pillar of Delhi from the era of 310 AD 
having a strong weight of around 6 metric tons. In 
middle ages, the bronze metal was used for welding 
and that era is known as the Bronze Age. In 4000 
B.C., there was bronze, silver, gold and iron which 
were incorporated in welding process. In the era of 
3500 B.C. Tin was evolved and then Pressure 
Welding came to the existence which was appended 
with hard soldering in 3000 B.C. In 2250 B.C. Cobalt 
by Persians combined silver and gold and in 1500 
B.C. iron smelting was used. In 1000 B.C. - Iron 
work, bending the hammering lapped joints pressure 
welding [5]. 
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In eighteenth century, the use of electric generator 
provided the spark to welding processes and arc 
welding was evolved with the integration of carbon 
and metal arc. In nineteenth century, the use of 
automatic welding came to existence which invented 
under powder smoothed arc welding approaches by 
the National Tube Company at Pennsylvania. Now 
days, there are assorted and effectual welding 
processes in engineering units which provides higher 
level of accuracy and integrity of the metals. 
 
2.2. Welding Approaches in Engineering Units 

 
Table 1: Arc welding [6] 

Name Characteristics 
Atomic 

hydrogen 
welding 

Metal electrodes with Hydrogen 
atmosphere 

Bare metal arc 
welding Electrode, no flux or shielding gas 

Carbon arc 
welding Carbon electrode 

Flux cored arc 
welding Electrode filled with flux 

Gas metal arc 
welding Electrode and shielding gas 

Gas tungsten 
arc welding Electrode, slow, high quality welds 

Plasma arc 
welding Electrode, constricted arc 

Shielded metal 
arc welding Flux 

Submerged arc 
welding Granular flux 

Magnetically 
Impelled Arc 

Butt 
No protection gas 

 
Table 2: Oxyfuel gas welding [7] 

Name Characteristics 
Air acetylene 

welding Chemical welding 

Oxyacetylene 
welding Acetylene Combustion 

Oxygen/Propane 
welding Gas welding 

Oxyhydrogen 
welding Hydrogen Combustion 

Pressure gas 
welding Surfaces heating and pressure 

 
Table 3: Resistance welding [8] 

Name Characteristics 
Resistance 

spot welding Pointed electrodes 

Resistance 
seam 

welding 
Wheel-shaped electrodes 

Projection 
welding Localized Welds 

Upset 
welding Butt joint surfaces 

 
Table 4: Solid-state welding [9] 

Name Characteristics 
Coextrusion 

Welding Extruded Dissimilar metals 

Cold pressure 
welding Soft alloys Joining 

Diffusion 
welding No weld line visible 

Explosion 
welding Joining dissimilar materials 

Electromagnetic 
pulse welding Electromagnetic forces 

Forge welding Oldest and traditional welding 
process 

Friction welding Thin heat affected zone 
Friction stir 

welding Rotating tool traversed 

Hot pressure 
welding Inert gas atmosphere 

Hot isostatic 
pressure welding Hot inert gas applied 

Roll welding Rotating wheels 
Ultrasonic 
welding High-frequency vibratory energy 

 
Table 5: Other prominent welding 

Name Characteristics 
Electron 

beam 
welding 

Fast, high equipment cost 

Electroslag 
welding Thick Welds 

Laser beam 
welding Deep penetration 

Laser-
hybrid 

welding 
Join LBW with GMAW 

Percussion 
welding Electrical discharge 

Thermite 
welding Exothermic reaction 

Electrogas 
welding 

Electrode, vertical positioning, steel 
only 

Stud arc 
welding Welds studs 

 
 
III. MIG, TIG AND PLASMA WELDING 
 
3.1. Metal Inert Gas (MIG) Welding 
MIG is one of the widely used welding processes that 
is faster than other processes of welding in terms of 
time. MIG is faster than TIG welding and effective as 
MIG is involved in regular feeding of a metal based 
wire towards the welding process. The metal wire 
using in MIG welding is used to integrate as the filler 
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content for joining the metals or components. In 
classical industrial applications, MIG is used for large 
scale and heavy duty applications. 
 

 
Fig.3. MIG Welding Process 

 
Advantages 
 Easy to implement 
 Higher degree of efficiency 
 Large and Heavy duty integrations 
 Very less weld cleanup 
 User convenient 
 Less heat requirement 
 Minimum welding fumes 
 
Limitations 
 Needs External shielding gas 
 Overheads 
 Clean and Dust Free Environment required 
 Not cost effective 
 Limited and Specific Point and Location required 

for welding 
 Specific to thinner modules 
 Cannot be used for thicker modules 
 
3.2. Tungsten Inert Gas (TIG) Welding 
In case of TIG welding, a tungsten electrode is used 
so that the current can be transmitted in the metals to 
be joined.  In case of small applications or welding of 
small metals, TIG is considered effective. 
 

 
Fig.4. TIG Welding Process 

 
Advantages 
 Specific to high quality welding 
 A wide range of alloys can be integrated in 

welding 

 The thinnest metals or materials can be used in 
welded 

 Higher degree of accuracy and strength 
 More aesthetic 
 
Limitations 
 Needs dust free clean environment 
 More time consuming 
 Inert gas supply is mandatory 
 Complexities are more 
 Highly skilled professional is required 
 Low deposition rate 
 
3.3. Plasma Welding 
Plasma Arc Welding (PAW) is one of the high 
quality integrity based method used to join the metal 
based components. It is the process which utilizes the 
heat with tungsten electrode to provide the strength in 
the joining process. Plasma refers to a gas based 
mixture of electrons, positive ions and neutral gas 
molecules. 
 

 
Fig.5. Plasma Arc Welding 

 
Advantages 
 Fully controlled with higher level of quality. 
 The welded metals are clean and smooth as 

compared to other processes of welding. 
 Lesser skills are required from welding 

professional 
 More throughput 
 Higher level of penetration 
 
Limitations 
 Initial cost is more in some cases 
 Not cost effective 
 Higher degree of distortions 
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CONCLUSIONS 
 
In this research manuscript, the welding processes in 
production and manufacturing domain are addressed 
with the specific coverage of MIG, TIG and Plasma 
welding. Each of these welding processes is highly 
integrated and effective in terms of joining the metals 
in higher accuracy and complexity aspects. 
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