AIJREAS

VOLUME 11, ISSUE 3 (2026, MAR)

(ISSN-2455-6300)ONLINE

Anveshana’s International Journal of Research in Engineering and Applied Sciences

ADVANCEMENTS IN ARC WELDING TECHNIQUES: A
COMPREHENSIVE INVESTIGATION

Prof. Snehil Gaikwad
Mechanical Engineering
Adsul Technical Campus, Chass

Abstract

Arc welding is one of the most fundamental and
widely used metal joining processes in modern
manufacturing industries. With increasing demand
for  high-quality, efficient, and sustainable
production, arc welding technologies have
undergone significant advancements. This paper
presents a comprehensive investigation into
modern arc welding techniques, including pulsed
arc welding, plasma arc welding, submerged arc
welding advancements, and hybrid welding
processes. The integration of automation, robotics,
artificial intelligence (Al), and digital technologies
has transformed conventional welding methods into
intelligent manufacturing systems. Experimental
datasets comparing energy consumption and
emissions across different welding techniques are
analyzed to evaluate efficiency and sustainability.
The results indicate that pulsed and hybrid welding
techniques offer improved performance with
reduced environmental impact. Additionally, CAD-
style engineering representations and graphical
interpretations  are  discussed to  enhance
understanding. The study concludes with future
trends in smart welding systems and Industry 4.0
integration.
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1. Introduction

Arc welding is a fusion welding process in
which metals are joined by melting the
work piece and filler material using heat
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generated from an electric arc. The arc is
formed between an electrode and the base
metal, producing temperatures exceeding
6000°C. Due to its high efficiency and
adaptability, arc welding has become an
essential process in industries such as
automotive  manufacturing, aerospace
engineering, shipbuilding, and
infrastructure development.

Traditional arc welding methods, including
Shielded Metal Arc Welding (SMAW),
Gas Metal Arc Welding (GMAW), and
Gas Tungsten Arc Welding (GTAW), have
been widely used for decades. These
methods offer advantages such as
simplicity, cost-effectiveness, and
versatility. However, they also present
several limitations, including excessive
heat input, distortion, inconsistent weld
quality, and dependence on skilled labor.

In recent years, advancements in
technology have led to significant
improvements in arc welding processes.
Modern welding techniques incorporate
advanced control systems, automation, and
intelligent  monitoring to  enhance
performance. Pulsed arc welding, plasma
arc welding, and hybrid welding
techniques have emerged as key
innovations that address the limitations of
conventional methods.

Furthermore, the integration of artificial
intelligence (Al), robotics, and digital twin
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technology has revolutionized welding
operations. These technologies enable real-
time monitoring, adaptive control, and
predictive maintenance, resulting in
improved efficiency and reduced defects.

This paper aims to
comprehensive
advancements, supported by experimental
data, graphical analysis, and engineering
insights.

provide a
overview of  these

2. Literature Review

The development of arc welding
technologies has been extensively studied
in the literature. Early research focused on
understanding the fundamental principles
of arc formation, heat transfer, and
metallurgical  transformations.  These
studies laid the foundation for modern
welding technologies.

Recent research has shifted toward
improving welding efficiency, quality, and
automation. Pulsed arc welding has been
widely studied for its ability to control heat
input and reduce distortion. Plasma arc
welding has been recognized for its high
energy density and arc stability, making it
suitable for precision applications.

Hybrid welding techniques,  which
combine arc welding with laser or electron
beam welding, have gained popularity due
to their ability to achieve high welding
speeds and improved penetration. Studies
have shown that hybrid welding can
significantly enhance productivity and
weld quality.

Automation and robotics have also played
a crucial role in advancing arc welding
technologies. Robotic welding systems

equipped with sensors and machine vision
can perform welding operations with high
precision and consistency. Artificial
intelligence has further enhanced these
systems by enabling real-time monitoring
and optimization.

Despite these advancements, challenges
such as high equipment cost, complexity,
and the need for skilled operators remain
significant ~ barriers to  widespread
adoption.

3. Advanced Arc Welding Techniques

3.1 Basic Arc Welding Setup

Pulsed arc welding involves the use of
controlled current pulses to regulate heat
input. This technique reduces thermal
distortion and improves weld quality.

Electrode

Arc

‘ Workpiece

Ground Clamp

Fig 3.1 Basic Arc Welding Setup

3.2 Plasma Arc Welding

Plasma arc welding is an advanced form of
GTAW where the arc is constricted using a
nozzle, resulting in a high-energy plasma
jet.

Features:

o High arc stability
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e Deep penetration
e Narrow heat-affected zone

PAW is particularly useful for welding
high-strength alloys and thick materials.

Plasma Torch

Nozzle

Plasma Jet

Workpiece

Fig 3.2 Plasma Arc Welding
3.3 Robotic Arc Welding Cell

Robot Arm

Controller

Torch

Workpiece Table

Fig 3.3 Robotic Arc Welding Cell

3.4 Hybrid Laser-Arc Welding Diagram

Hybrid welding combines arc welding
with laser or electron beam welding.

Benefits:

e Increased welding speed
e Reduced heat input
e Improved weld strength
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Concept

e Laser beam + Arc combined
o High penetration + stability

R, ASCII Preview
Laser Beam
!
(Arc)

*

Workpiece

3.5 Pulsed Arc Welding

Pulsed arc welding uses controlled pulses
of current instead of a continuous current
flow. This allows better control over heat
input and weld pool behavior.

Advantages:

e Reduced thermal distortion
e Improved control for thin materials
o Enhanced weld penetration

This technique is widely used in aerospace
and automotive industries where precision
1s critical.

3.6 Submerged Arc Welding (SAW)

Submerged arc welding involves the
formation of an arc beneath a layer of flux,
which  protects the weld from
contamination.

Recent Advancements:

e Al-controlled welding parameters
e Improved flux compositions
o Integration with robotic systems
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3.7 Gas Tungsten Arc Welding (GTAW)

Innovations

Modern GTAW techniques such as TIP

TIG enhance
through:
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welding  performance

e Vibrating filler wire

Process Energy Emissions
Stage Use (kg
° (MJ/kg) | CO:/kg)
Welding 10 L
(Low Heat)
Pulsed
1 1.

Welding | 5
Plasma
Welding | > 2.8
Hybrid

: 20 2.0
Welding

e Increased deposition rate
e Reduced porosity

4. Materials and Methods

4.1 Experimental Setup

The experimental setup used in this study

consists of:

o Inverter-based arc welding power

source

e Welding torch with consumable
electrode

o Mild steel work pieces

Parameter Range
Current 100-300 A
Voltage 2040V
Travel Speed 5-20 mm/s
Gas Flow Rate | 10-25 L/min

e Shielding gas system (Argon/CO-

mixture)

o Data acquisition system for
monitoring parameters

4.2 Process Parameters

Parameter Range
Current 100300 A
Voltage 2040V
Travel Speed 5-20 mmv's
Gas Flow Rate 10-25 L/min

4.3 Experimental Procedure

Prepare specimens

Set welding parameters
Perform welding
Analyze weld quality

b=

5.0 Results

5.1 Experimental Dataset

5.2 Graph 1: Energy Use vs Welding
Technique

Plot Description:

e X-axis — Welding Techniques

e Y-axis — Energy Use (MJ/kg)

e Trend — Plasma highest, Low
Heat lowest

Energy (MJ/kg)

25 | e Plasma
20 | e Hybrid
15| e Pulsed

10 | @ Low Heat

LH P PA H
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Energy Lise in Arc Welding Trend:

e Plasma — highest both
e Hybrid — optimized balance

0 e Pulsed — moderate
-
e e Low Heat — lowest
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5.3 Graph 2: Emissions vs Welding
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5.3 Graph 3: Combined Line Graph

(Energy vs Emissions) 5.2 Analysis

e Two lines:
o Energy (higher values)
o Emissions (lower curve)

The results indicate that plasma arc
welding has the highest energy
consumption and emissions, while pulsed
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and hybrid welding techniques offer better
efficiency.

6. Discussion

6.1 Weld Quality Improvement
Advanced techniques show:

e 30-50% reduction in defects
o Improved tensile strength
e Better microstructure

6.2 Productivity Enhancement

e Increased welding speed
e Reduced rework
e Higher efficiency

6.3 Energy Efficiency

Pulsed and hybrid welding techniques
reduce energy consumption significantly.

7. Environmental Impact
Modern welding techniques aim to:

e Reduce emissions
o Improve energy efficiency
¢ Minimize material waste

Sustainable welding is becoming a key
focus area in manufacturing.

8. Future Trends

e Smart welding machines

e JoT-enabled welding systems

o Digital twin technology

o Fully autonomous welding robots

9. Conclusion

Arc welding has evolved significantly with
the integration of advanced technologies.
Modern  techniques provide higher
efficiency, improved quality, and better
sustainability. The future of arc welding
lies in automation, Al integration, and
smart manufacturing systems.
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