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Abstract—Metal Inert Gas (MIG) welding, also known as Gas Metal Arc Welding (GMAW), is one of
the most widely adopted welding processes in modern manufacturing industries due to its high
productivity, ease of automation, and ability to produce quality weld joints. However, the occurrence
of welding defects remains a major challenge affecting weld integrity, mechanical performance, and
structural reliability. This review paper presents a comprehensive analysis of common weld defects
encountered in MIG welding, including porosity, cracks, undercut, lack of fusion, incomplete
penetration, slag inclusion, and spatter. The study examines the major causes of these defects, such as
improper welding parameters, inadequate shielding gas coverage, material contamination, equipment-
related issues, and operator errors. Furthermore, the effects of weld defects on tensile strength, fatigue
resistance, hardness, microstructural characteristics, and service life of welded components are
critically discussed. Various destructive and non-destructive testing techniques used for defect
detection and quality assessment are also reviewed. The paper highlights preventive measures involving
parameter optimization, process control, proper material preparation, robotic welding, loT-enabled
monitoring, and artificial intelligence-based defect prediction systems. The review concludes that
effective control of welding parameters and adoption of smart welding technologies can significantly
reduce defect occurrence, improve weld quality, enhance productivity, and ensure safer and more
reliable welded structures in industrial applications.

Index Terms—MIG Welding (GMAW), Weld Defects, Weld Quality, Defect Prevention, Welding
Parameter Optimization

. Introduction
1.1 Background of MIG Welding

Metal Inert Gas (MIG) welding, commonly referred to as Gas Metal Arc Welding (GMAW), is one
of the most widely adopted fusion welding processes in modern manufacturing because of its high
productivity, continuous wire feeding mechanism, and ease of automation. The process utilizes a consumable
wire electrode and shielding gas to produce clean, strong, and reliable weld joints. The stability of the electric

arc and proper selection of welding parameters significantly influence weld quality and mechanical
performance [1], [3], [4], [17].

MIG welding has become an indispensable joining technique in automotive manufacturing, shipbuilding,
pressure vessel fabrication, construction, aerospace, railway, and heavy engineering industries due to its
capability of producing high-quality welds with reduced production time [3], [4], [19].
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Key Points

Continuous consumable wire electrode.

Shielding gas protects the molten weld pool.

High welding speed and productivity.

Easy automation using robotic welding.

Suitable for steel, stainless steel, and aluminum alloys [1], [5], [17].

1.2 Importance of Weld Quality

Weld quality determines the structural integrity, reliability, and service life of fabricated components.
Sound welds improve tensile strength, fatigue resistance, and corrosion resistance, while defective welds may
cause premature failure and increased maintenance costs. Therefore, quality control during MIG welding is
essential for ensuring safe and economical industrial production [5], [20], [22].

Key Points

Produces reliable welded structures.
Improves fatigue life.

Reduces repair and rejection.

Ensures operational safety.

Minimizes manufacturing cost [3], [5], [20].

1.3 Problem Statement

Despite the advantages of MIG welding, weld defects remain a major challenge in industrial
fabrication. Defects such as porosity, cracks, undercut, incomplete penetration, and lack of fusion frequently
occur due to improper welding current, voltage, travel speed, shielding gas flow, and operator errors. These
defects reduce weld strength, increase production losses, and affect product reliability [1], [5], [16], [17].

Major Problems

Frequent occurrence of welding defects.
Improper heat input and parameter selection.
Inconsistent weld quality.

High rejection and repair cost.

Reduced mechanical performance [17], [23].

1.4 Objectives of the Review

The present review aims to summarize the existing knowledge related to weld defects in MIG welding
and identify effective prevention techniques reported in the literature.

Objectives
e To review common weld defects in MIG welding.
e To identify causes influencing defect formation.
e To analyze the effects of weld defects on mechanical properties.
e To review prevention and quality improvement techniques reported by researchers [1], [5], [9], [23],

[26].
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1.5 Scope of the Review

This review is limited to weld defects occurring during MIG (GMAW) welding and focuses on
industrial fabrication applications. The study discusses defect classification, causes, effects, monitoring
techniques, and preventive measures for improving weld quality [3], [4], [19].

Scope
e MIG welding process only.
e Industrial fabrication applications.
e Surface and internal weld defects.
e Defect prevention techniques.
e Weld quality improvement methods.

1.6 Organization of the Review Article

The review article is organized into three major chapters. Chapter 1 introduces the fundamentals and
objectives of the study. Chapter 2 discusses MIG welding principles, welding parameters, materials, and
classification of weld defects. Chapter 3 reviews the causes and effects of weld defects together with suitable
prevention techniques and quality improvement strategies.

II. FUNDAMENTALS OF MIG WELDING AND CLASSIFICATION OF WELD DEFECTS
2.1 Fundamentals of MIG Welding

MIG welding operates by establishing an electric arc between a continuously fed wire electrode and
the workpiece. The welding system consists of a power source, wire feeder, welding torch, shielding gas
cylinder, regulator, and grounding cable. Heat generated by the electric arc melts both the electrode and the
base metal, producing a strong metallurgical bond after solidification [3], [4], [14], [18].

Major Components

Power source
Welding torch

Wire feeder

Shielding gas cylinder
Consumable electrode
Ground clamp

Common shielding gases include Argon, CO,, and Argon-CO, mixtures, while metal transfer modes include
short-circuiting, globular, spray, and pulsed spray transfer [27], [32], [33], [34].

2.2 Types of Weld Defects in MIG Welding

Weld defects are generally classified into surface defects and internal defects depending on their
location within the weld.

Surface Defects

e Spatter
e Undercut
e Overlap
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e Excessive reinforcement
Internal Defects

Porosity

Slag inclusion

Lack of fusion
Incomplete penetration
Cracks

These defects reduce mechanical properties and increase the possibility of structural failure if not properly
controlled [1], [5], [17], [29].

2.3 Welding Parameters Affecting Weld Quality
Several welding parameters directly influence weld bead formation and defect occurrence.
Important Parameters

Welding current

Arc voltage

Wire feed rate

Travel speed
Shielding gas flow rate
Electrode angle

Improper adjustment of these parameters alters heat input, penetration depth, bead geometry, and cooling rate,
thereby affecting overall weld quality [1], [9], [16], [17], [36], [38].

2.4 Materials Used in MIG Welding

MIG welding is commonly employed for joining mild steel, stainless steel, and aluminum alloys
because of their good weldability and wide industrial applications. Proper joint configuration, surface
cleaning, and edge preparation are essential to minimize defect formation and ensure sound weld quality [5],

[71, [8], [21].
Materials

e Mild Steel
o Stainless Steel
e Aluminum Alloys

Joint Preparation

Butt joints

Lap joints

Fillet joints

T-joints

Proper edge cleaning and preparation

Suggested Figures
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e MIG Welding Process
e C(Classification of Weld Defects
e Metal Transfer Modes

Ill. CAUSES AND EFFECTS OF WELD DEFECTS
3.1 Causes of Weld Defects
Weld defects originate from several process, material, equipment, and human-related factors.
Process-Related Causes
Improper welding current and voltage.
Excessive or insufficient heat input.

Improper travel speed.
Inadequate shielding gas flow [1], [17], [36].

Material-Related Causes

Contaminated workpiece surface.
Incorrect filler wire selection.
Moisture and oxide layers.

Poor edge preparation [4], [7], [19].

Equipment-Related Causes

Faulty wire feeding mechanism.
Improper grounding.

Gas leakage.

Blocked contact tip and nozzle [3], [23].

Human Errors

Incorrect torch angle.

Poor welding technique.

Inadequate operator experience.
Improper parameter setting [3], [17].

3.2 Effects of Weld Defects

The presence of weld defects significantly reduces the performance and durability of welded structures.

Mechanical Effects
e Reduced tensile strength.
e Lower fatigue resistance.
e Reduced hardness.
e Loss of ductility [5], [20], [22].

Metallurgical Effects

e Residual stresses.
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e Distortion.
e Heat-affected zone enlargement.
e Unfavorable microstructural transformation [14], [18], [29].

Operational Effects

Reduced service life.

Increased structural failure risk.

Higher maintenance and repair costs.
Reduced production efficiency [20], [23].

Suggested Table
Weld Defect Major Causes Effect on Weld Quality
Porosity Poor shielding gas, contamination Reduced tensile strength and
leakage

Excessive heat input, residual

Cracks Joint failure
stresses

Lack of Fusion Low current, poor penetration Weak bonding

Incomplete Penetration | Low heat input Redu(?ed load-carrying
capacity

Undercut High current, long arc Reduced fatigue strength

Spatter Excessive voltage, unstable arc Poor surface finish

Slag Inclusion Improper cleaning Internal discontinuities

Overlap Slow travel speed Stress concentration and poor
appearance

V. DETECTION, ANALYSIS, AND PREVENTION TECHNIQUES
4.1 Weld Defect Detection Methods

The identification of weld defects is essential for ensuring the quality, reliability, and safety of welded
components. Both destructive and non-destructive testing (NDT) methods are extensively used in
manufacturing industries to evaluate weld integrity. While destructive tests determine the mechanical
performance of welded joints, NDT techniques detect internal and surface defects without damaging the
component [3], [14], [20], [39].

Destructive Testing Methods

e Tensile testing
e Bend testing
e Impact testing

These methods evaluate the strength, ductility, toughness, and overall mechanical performance of welded
joints [5], [20], [22].

Non-Destructive Testing (NDT) Methods

Visual inspection
Ultrasonic testing (UT)
Radiographic testing (RT)
Dye penetrant testing (DPT)
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e Magnetic particle inspection (MPI)

NDT techniques are widely employed for detecting cracks, porosity, lack of fusion, slag inclusion, and other
discontinuities while maintaining component integrity [3], [14], [20].

4.2 Prevention Techniques for Weld Defects

The prevention of weld defects depends on proper process planning, parameter optimization, material
preparation, and continuous monitoring. Appropriate control of welding variables significantly improves weld
quality and minimizes production losses [1], [5], [9], [17].

Parameter Optimization

Optimization of welding current and voltage.

Selection of appropriate travel speed.

Proper control of heat input.

Optimization using Taguchi, Response Surface Methodology (RSM), and Design of Experiments
(DOE) [9], [11], [12], [36].

Process Control Techniques

Selection of suitable shielding gas.

Correct electrode stick-out.

Proper torch angle and welding position.

Stable wire feed rate and arc length [17], [27], [32], [33].

Material Preparation Techniques

Thorough surface cleaning.

Proper edge preparation.

Removal of rust, oil, moisture, and oxide layers.
Selection of compatible filler wire [4], [7], [19].

Automation and Smart Monitoring
Modern welding industries increasingly utilize intelligent technologies for improving weld quality.

Robotic MIG welding

IoT-based welding monitoring

Vision-based inspection systems

Al-assisted weld defect prediction

Real-time process monitoring [23], [24], [26], [39].

Suggested Figures

e Weld Defect Inspection Methods
e Weld Defect Prevention Flowchart
e Smart Welding Monitoring Framework
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V. COMPARATIVE REVIEW, RESEARCH TRENDS, AND INDUSTRIAL APPLICATIONS
5.1 Comparative Review of Existing Studies

Previous researchers investigated the influence of welding parameters, heat input, bead geometry,
weld defects, optimization methods, and intelligent monitoring systems for improving weld quality.
Experimental studies demonstrated that proper parameter optimization significantly reduced weld defects and
improved mechanical performance. Recently, researchers have also incorporated ANN, fuzzy logic, and real-
time monitoring techniques to enhance welding quality prediction [1], [9], [12], [23], [26], [36].

Comparative Table

. Defect . o 1.
Author Material Studied Methodology Major Findings
Process parameters
Muruggn and Mild Steel Bead Experimental strongly influenced
Gunaraj [1] Geometry }
weld quality
Gunaraj and . Successfully optimized
Murugan [9] Steel Pipes | HAZ RSM weld bead quality
Palani and Stainless Bead DOE Irélsrﬁ);ed ‘::1)1?(1)(111 h
Murugan [11] Steel Geometry geometry &
optimization
. . Real-Time Improved defect
Kim etal. [23] GMAW Weld Quality Monitoring detection accuracy
Xiong et al. [26] | GMAW Weld Bead ANN Accurate prediction of
bead geometry

5.2 Recent Research Trends

Recent research has shifted toward intelligent welding systems capable of real-time monitoring and
automated quality control. Artificial intelligence and machine learning techniques are increasingly being used
for weld quality prediction, parameter optimization, and defect classification. Industry 4.0 technologies have
further enhanced process automation through IoT-enabled monitoring and digital manufacturing systems [23],
[24], [26], [39].

Current Trends

Artificial Intelligence (Al)
Machine Learning (ML)
Real-time weld quality monitoring
Industry 4.0-based welding
Automated defect recognition

5.3 Industrial Applications
MIG welding is extensively used in industries requiring high productivity and reliable welded joints.

Major Applications

Automotive manufacturing
Aerospace structures
Shipbuilding industries
Pressure vessel fabrication
Structural steel fabrication
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e Heavy engineering industries [3], [4], [19].

5.4 Research Gaps
Although significant progress has been made in welding technology, several limitations still exist.

Research Gaps

Limited industrial implementation of real-time weld monitoring.

Lack of integrated Al-based defect prevention systems.

Insufficient studies on sustainable welding quality improvement.

Limited hybrid monitoring techniques combining sensors and machine learning.

Need for predictive defect analysis under variable production conditions [23], [24], [26].

5.5 Future Research Directions

Future welding research is expected to focus on intelligent and autonomous manufacturing systems
capable of self-monitoring and adaptive control.

Future Scope

Digital Twin-based welding simulation.

Edge computing for weld quality monitoring.
Predictive maintenance of welding systems.
Intelligent robotic welding systems.

Al-driven parameter optimization.
Cloud-based welding analytics [24], [26], [39].

VI. CONCLUSION
6.1 Summary of Review Findings

The review highlighted that weld defects are primarily influenced by improper welding parameters,
inadequate process control, and unsuitable material preparation. Careful optimization of welding variables,
combined with advanced inspection methods, significantly improves weld quality and structural reliability

[11, [5], [17].

Summary
e Common weld defects were reviewed.
e Effects of welding parameters were discussed.
e Detection and prevention techniques were summarized.
e Modern monitoring technologies were highlighted.

6.2 Key Observations

The literature indicates that porosity, cracks, lack of fusion, and undercut are among the most critical
defects affecting MIG welded joints. Welding current, voltage, travel speed, and shielding gas flow rate were
identified as the most influential process variables. Advanced NDT methods and intelligent monitoring
systems greatly improve defect detection and quality assurance [1], [9], [20], [23].

Key Findings

e Heat input strongly influences weld quality.
e Parameter optimization minimizes defects.
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e Al-based monitoring improves quality control.
e NDT techniques enhance inspection reliability.

6.3 Industrial Significance

High-quality welded joints are essential for ensuring product reliability, operational safety, and long
service life in manufacturing industries. Smart welding technologies improve productivity by reducing
defects, minimizing rework, and enhancing process consistency. These developments support the transition
toward automated and sustainable manufacturing systems [23], [24], [39].

Industrial Benefits

Improved product quality.
Reduced manufacturing cost.
Enhanced workplace safety.
Increased production efficiency.

6.4 Final Conclusion

The review concludes that effective control of welding parameters, proper material preparation, and
advanced defect monitoring techniques are essential for producing defect-free MIG welded joints. The
integration of artificial intelligence, IoT, and robotic welding systems offers significant opportunities for
achieving intelligent, sustainable, and highly reliable welding operations in future manufacturing industries
[23], [24], [26], [39].
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