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Abstract—Welding is a critical industrial process used
to join two or more pieces of material by applying heat
and/or pressure until they coalesce. Gas Metal Arc
Welding (GMAW), commonly referred to as MIG
(Metal Inert Gas) welding, has emerged as one of the
most widely used techniques due to its efficiency, ease of
automation, and adaptability across various materials.
The objective of welding production is to meet service
requirements while minimizing costs, a goal supported
by Advanced Welding Manufacture (AWM) through
systematic scientific methods. This paper presents a
detailed overview of the MIG welding process, focusing
on its working principles, key parameters, and different
metal transfer modes. Additionally, the study examines
recent advancements in real-time process sensing, such
as seam tracking, machine vision, weld pool monitoring,
and machine learning integration. The aim is to
consolidate  previous research and highlight
improvements that enhance the performance and
automation potential of MIG welding.
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I. INTRODUCTION

Gas Metal Arc Welding (GMAW), introduced in the
1940s, is a highly effective welding method,
particularly in the automobile manufacturing
industry. It is widely used for producing vehicle body
panels, road trains, semi-tippers, and tradesmen vans
due to its versatility in both light and heavy-duty
applications. GMAW employs an electric arc
maintained between a continuously fed wire
electrode and the workpiece, generating the heat
required for fusion. The arc and weld zone are
shielded by a gas shroud to prevent contamination.
Commonly used with DC+ polarity, GMAW is
known for producing high-quality welds with low

distortion. The process accommodates a wide range
of materials, including carbon steel, stainless steel,
aluminum, magnesium, copper, and nickel, and
supports both manual and automated applications.

I1. WORKING PRINCIPLE

MIG/MAG welding is a versatile method applicable
to thin sheets and thick components alike. An arc is
formed between the wire electrode and the
workpiece, melting both and creating a weld pool.
The wire acts as both a heat source and filler metal. It
is fed through a contact tip which conducts current
and is surrounded by a shielding gas nozzle.

Fig. 1 GMAW Process

Wire electrodes may be solid or cored, and the wire
is fed continuously by a motor drive. Manual
MIG/MAG welding is semi-automatic, with the wire
feed rate and arc length controlled by the machine,
while the welder manages travel speed and
positioning. Mechanized and fully automated
systems are also used, especially in industrial
settings. The process typically employs a constant
voltage power source and positively charged wire,
with wire diameter and feed speed determining the
welding current.

WORKING OPERATION
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The working operation of Gas Metal Arc Welding
(GMAW) involves the following key steps:

1. Power Supply

Most gas metal arc welding (GMAW) applications
use constant voltage power supplies, which help
maintain arc length by adjusting heat input and
current when arc length changes. Shorter arcs
increase heat, speeding wire melt to restore length.
Alternatively, constant current power sources can be
used with voltage-controlled wire feed units to keep
arc length steady. In rare cases, constant current and
constant wire feed rate are used together for materials
like aluminum, requiring high operator skill. GMAW
typically uses direct current with a positively charged
electrode for better heat concentration, faster wire
melting, and deeper weld penetration. Alternating
current and negatively charged electrodes are rarely
used

2. Feeding the Electrode

The electrode used in GMAW, known as MIG wire,
is a metallic alloy chosen based on the base metal,
welding process, joint design, and surface conditions.
Electrode selection is critical to weld quality and
mechanical properties. Electrodes are designed to
match the base metal and avoid defects like porosity,
often containing deoxidizers (e.g., silicon,
manganese) and denitriders (e.g., titanium).
Electrode diameters typically range from 0.7 to 2.4
mm, with smaller sizes used for short-circuiting
transfer and larger ones for spray-transfer welding.

3. Shielding Gas Flow

The required shielding gas flow rate in GMAW
depends on weld geometry, speed, current, gas type,
and metal transfer mode. Flat surfaces need more gas
than grooves, and faster welding or higher currents
require increased flow. Helium demands higher flow
rates than argon. Different GMAW modes have
specific needs: short-circuiting and pulsed spray use
about 10 L/min, globular transfer needs around 15
L/min, and spray transfer typically requires 20-25
L/min due to its larger weld pool and higher heat
input.

4. Arc Formation

When the trigger is pressed, the electrode wire
touches the base metal, creating a short circuit. The
short circuit generates an electric arc, melting the
wire and base metal at the weld point.

5. Weld Pool Formation
The arc melts the wire and part of the base metal,
creating a molten weld pool. As the wire
continuously feeds and melts, it fills the joint,
forming the weld bead.

Fig. 2 Equipment for GMAW process

I1l. PARAMETERS INFLUENCING MIG
WELDING

Several parameters significantly affect the quality
and efficiency of the MIG welding process:

1. Welding Current: Affects deposition rate,
bead size, shape, and penetration. Direct
current electrode positive (DC+) is preferred
for deep penetration.

2. Arc Voltage: Influences arc length and
stability. It varies based on metal type, joint
configuration, electrode, and shielding gas.

3. Welding Speed: Determines the extent of
weld metal deposition. It must be optimized
based on process requirements.

4. Electrode: Acts as a consumable that melts
to form the weld. Electrode type and
diameter must match the application.

5. Gas Flow Rate: Must be controlled to ensure
proper shielding and weld quality.

6. Shielding Gas Composition: Impacts arc
characteristics, metal transfer mode, and
weld properties.

The shielding gas, used for atmospheric shielding,
affects the type of metal transfer in the process, the
penetration depth, and the bead shape. The ionization
potential of the gas is the ability of the gas to give up
electrons and is the characteristic which determines
the plasma characteristics of the arc. The ionization
potential (IP) of the gas can have an effect on welding
characteristics such as Arc heat, stability, & starting.
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e Helium with high lonization potential inhibits
spray transfer in steels.

e CO; with moderate lonization potential also has
limited spray transfer.

e Argon with low IP promotes the Spray mode
particularly at higher currents.

MODES OF METAL TRANSFER
GMAW allows control over the metal transfer mode,
which affects weld characteristics.

1. Short Circuit Transfer:

Short-circuit transfer (SCT), or short-arc GMAW, is
a GMAW variation developed to weld thinner steel
with reduced heat input, minimizing distortion and
residual stress. Unlike globular transfer, SCT forms
droplets that bridge the gap between the electrode and
weld pool, causing rapid short circuits and arc re-
ignitions about 100 times per second, appearing
continuous. It offers better weld quality, less spatter,
and allows welding in all positions, though with
slower deposition rates. However, it requires precise
control of voltage, current, and wire feed rate, and
may lead to poor fusion and shallow penetration on
thicker materials. It is limited to ferrous metals.

2. Spray Transfer:

Spray transfer was the first GMAW metal transfer
method, ideal for welding aluminium and stainless
steel using inert gases. It produces a smooth, spatter-
free weld by rapidly transferring molten metal from
the electrode to the workpiece via a stable arc. As
current and voltage increase, metal transfer shifts
from globules to fine droplets and even a vaporized
stream. Due to high heat input and large weld pools,
it is best suited for thicker materials (over 6.4 mm)
and is generally limited to flat or horizontal positions.
While not ideal for root passes, it allows high
deposition rates, up to 600 mm/s, and can be more
versatile with smaller electrodes and lower heat.

/4! /!\ Jh\ JL

Argon Argon - Helium Helium COy

Fig. 3 Metal transfer modes
3. Globular Transfer:
Globular metal transfer in GMAW is the least
preferred method due to its high heat, poor weld
surface, and spatter. It was developed for cost-

effective steel welding using cheaper carbon dioxide
gas and offers high deposition rates with fast welding
speeds. However, it produces large, irregular molten
droplets that detach unpredictably, leading to uneven
welds and spatter. This method is mainly used for flat
or horizontal positions on thicker materials due to the
large weld pool it creates.

4. Pulsed Spray Transfer:

Pulse-spray GMAW is a variation of spray transfer
that uses pulsed current to create one small droplet
per pulse, reducing overall heat input and minimizing
the weld pool and heat-affected zone. This makes it
suitable for welding thin materials and allows
welding in all positions with no spatter. It provides a
stable arc, can be used on most metals, and supports
thicker wire. Compared to short-arc GMAW, it has a
slightly lower maximum speed (85 mm/s) and
requires primarily argon shielding gas with low COx,
as well as specialized equipment for generating
pulses (30-400 per second). Its versatility and low
heat input have made it increasingly popular.

IV. ADVANCEMENT AND REAL TIME
SENSING

Recent innovations in GMAW include the integration

of real-time sensing technologies:

e  Seam Tracking: Uses sensors to follow the weld
seam accurately.

e Machine Vision: Enhances process control and
defect detection.

e Weld Pool Monitoring: Maintains weld quality
by observing pool dynamics.

e  Machine Learning: Optimizes parameter settings
and predicts weld outcomes using data-driven
models.

These advancements enable increased automation,
improved weld quality, and reduced human
intervention, making GMAW an essential component
of modern manufacturing systems.

V. CONCLUSION

Gas Metal Arc Welding continues to be a vital and
evolving technique in the fabrication industry. Its
ability to accommodate various materials and be
integrated into automated systems makes it ideal for
diverse industrial applications. This paper highlights
the foundational principles, operational parameters,
and advanced technologies contributing to the
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ongoing improvement of MIG welding, paving the
way for smarter, more efficient welding processes in
the future. Recent advancements in MIG welding,
particularly the adoption of digital controls and
robotics, have greatly improved weld quality,
efficiency, and safety. Digital systems allow precise
parameter control and real-time feedback,
simplifying setup and reducing skill requirements.
Robotics  enhance  productivity and ensure
consistency in industrial applications, especially in
sectors like automotive and manufacturing. Together,
these technologies have elevated GMAW as a critical
process in modern fabrication across various
industries. Digital controls have revolutionized MIG
welding by enabling precise adjustments to welding
parameters, simplifying setup, and providing real-
time feedback. This enhances weld quality, reduces
errors, and lowers the skill barrier. Additionally,
integrating robotics boosts productivity, ensures
consistent quality, and improves safety by handling
complex or hazardous tasks. Together, these
advancements set new standards for efficiency and
reliability in modern welding.
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