
Advanced Welding Processes – Study Notes

1. Overview

Advanced welding processes are engineered to overcome the limitations of traditional methods

(SMAW, GTAW, GMAW) by offering higher productivity, deeper penetration, better metallurgical

control, and the ability to join dissimilar or high?strength materials. They are widely used in

aerospace, automotive, shipbuilding, oil & gas, and high?performance manufacturing.

2. Classification of Advanced Processes

Category
Typical Energy

Source
Key Characteristics Typical Applications

High?Energy

Beam Welding

Laser, Electron

Beam

Very concentrated heat,

narrow HAZ, high travel

speeds, can be fully

automated

Aerospace skin panels,

precision medical

implants, micro?welding of

electronics

Hybrid

Welding

Combination (e.g.,

laser + arc)

Synergistic heat input,

improved weld pool control,

reduced porosity

Thick?section ship hulls,

pressure vessels, large?

scale structural steel

Solid?State

Welding

Mechanical, friction,

ultrasonic, diffusion

No melting, minimal distortion,

excellent joint strength, can

join dissimilar alloys

Aerospace lap joints,

railway rails, aluminum?to

?steel automotive

structures

Advanced Arc

?Based

Processes

Pulsed GTAW, Cold

Metal Transfer

(CMT), Plasma Arc

Precise heat input, low spatter,

high deposition rates, good for

thin?wall and reactive metals

Automotive body panels,

aluminum alloy structures,

pipe welding

Resistance?

Based

Processes

High?frequency

induction, induction

heating + filler

Rapid heating, localized, low

filler usage

Pipe joining, tube?to?tube

welding, repair of large-

diameter pipelines
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3. Detailed Process Descriptions

3.1 Laser Beam Welding (LBW)

Energy Source: CO?, Nd:YAG, or fiber lasers (10?W?–?10?kW).

Modes: Keyhole (deep penetration) vs. Conduction (surface).

Advantages:

Penetration up to 10?mm per pass with minimal HAZ.

High welding speeds (up to 100?mm/s).

Excellent repeatability; easy integration with CNC/robotic systems.

Limitations:

Requires high?quality optics; sensitive to joint fit?up.

High capital cost; limited to relatively thin sections unless hybridized.

3.2 Electron Beam Welding (EBW)

Energy Source: Focused electron beam in a vacuum chamber (10?kW?–?200?kW).

Key Features:

Deep penetration (up to 50?mm) with low distortion.

No shielding gas needed; vacuum eliminates oxidation.

Typical Use: Aerospace turbine blades, nuclear fuel components.

3.3 Hybrid Laser?Arc Welding (HLAW)

Concept: Simultaneous delivery of laser and arc (usually GMAW or TIG).

Benefits:

Laser provides deep penetration; arc fills the keyhole, reducing porosity.

Enables welding of thicker plates (up to 30?mm) at high speeds.

Design Tips:

Align laser and torch focal points within 0.5?mm.

Optimize laser/arc power ratio (? 70?% laser, 30?% arc for steel).

3.4 Friction Stir Welding (FSW)

Mechanism: Rotating, non
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