
Joining processes are essential in manufacturing to assemble individual components into

finished products. They involve the permanent or semi-permanent connection of materials using

heat, pressure, adhesives, or mechanical means.

Module VI: Joining and Fastening Processes

1. Welding Processes

a) Arc Welding

Principle: Uses an electric arc to produce heat (∼6,000 °C) that melts the base metals

along with or without filler material.

Power Source: AC or DC

Features: Common for steel structures, pipelines, machine components.

b) Gas Welding (Oxy-Fuel Welding)

Principle: Combustion of fuel gas (usually acetylene) with oxygen generates a flame that

melts the base metal and filler rod.

Temperature: Up to ∼3,200 °C

Applications: Automotive repairs, sheet metal work, ornamental work.

Advantages: Portability, good for thin sections.

Limitations: Not suitable for reactive metals like aluminum.

c) Shielded Metal Arc Welding (SMAW / Manual Metal Arc / Stick Welding)

Process: Flux-coated electrode melts to form the weld and shielding gas during the arc.

Features:

Inexpensive and portable.

Common for maintenance and structural welding.

Limitations: Slag removal required; lower deposition rate.

2. Gas Metal Arc Welding (GMAW / MIG Welding)

MIG = Metal Inert Gas Welding

Process: Continuously fed wire electrode melts under a shielding gas (argon, CO₂).

Features:

High productivity



Both are liquid-solid state joining processes, where filler metal is melted but base materials

remain solid.

Feature Soldering Brazing

Temp (<450 °C) Yes No (usually 450–800 °C)

Filler Material Lead/tin solder, alloys Brass, copper, silver alloys

Strength Low Moderate to High

Applications Electronics, PCB HVAC systems, jewelry, tools

Heat Source Soldering iron Torch, furnace, induction

Clean welds with minimal slag

Easier to automate

Applications: Automotive, industrial fabrication, sheet metals.

3. Gas Tungsten Arc Welding (GTAW / TIG Welding)

TIG = Tungsten Inert Gas Welding

Process: Non-consumable tungsten electrode creates the arc; filler rod added separately

under inert gas (argon, helium).

Features:

Very precise

High-quality, clean welds

Applications: Aerospace, thin materials, corrosion-resistant metals (stainless steel,

aluminum).

Limitations: Low deposition rate; requires skill.

4. Brazing and Soldering

Advantages:

Joins dissimilar metals easily

Minimal thermal distortion

Limitations: Lower strength than welding; vulnerable to high temperatures.

5. Solid-State Joining Processes

Definition: Joining without melting the base materials. Heat, pressure, and/or vibration may

be used.

Types:

Friction Stir Welding (FSW): Uses a rotating non-consumable tool that stirs and joins

metal in the solid state.

Excellent for joining aluminum alloys.



Process Heat Input
Filler

Used
Strength Applications

Suitability for

Dissimilar Materials

Arc Welding Yes Yes
Very

High

Steel structures,

pipelines
Limited

Gas Welding Yes Yes Moderate Repairs, sheet metal Moderate

SMAW (Stick) Yes Yes High
Maintenance, steel

construction
Limited

Ultrasonic Welding: High-frequency vibrations weld parts without heating; ideal for

plastics and thin metals.

Diffusion Bonding: Atoms across contacting surfaces diffuse into each other under

high temperature and pressure.

Forge Welding: Traditional method involving hammering heated metals until they fuse.

Advantages:

No melting — hence no solidification defects.

Suitable for dissimilar and heat-sensitive materials.

Applications: Aerospace, electronics, automotive, nuclear components.

6. Adhesive Bonding

Process: Use of adhesives (epoxies, silicones, polyurethanes) to join materials through

surface bonding.

Types of Adhesives:

Structural (epoxy, acrylic)

Pressure-sensitive (tapes)

Hot-melts

Advantages:

Can join dissimilar materials (metal–plastic, metal–wood)

Distributes stress uniformly

Good for thin and fragile components

Limitations:

Surface preparation critical

Lower strength compared to welding

Limited operating temperature

Applications: Automotive (body panels), aerospace (composite structures), electronics,

packaging.

Summary Table: Joining Processes at a Glance



Process Heat Input
Filler

Used
Strength Applications

Suitability for

Dissimilar Materials

MIG Welding Yes Yes High
Automotive,

shipbuilding
Good

TIG Welding Yes Optional
Very

High

Aerospace, precision

parts
Excellent

Brazing Yes Yes Moderate
Tools, piping, dissimilar

joints
Excellent

Soldering Yes Yes Low Electronics, wiring Excellent

FSW / Solid-

State

Yes

(friction)
No

Very

High

Aluminum alloys in

aerospace, ships
Excellent

Adhesive

Bonding
No Yes Variable

Automotive,

composites, plastics
Excellent

In manufacturing, selecting the appropriate joining process depends on factors like:

Understanding these processes ensures the right technology is used for building safe, cost-

effective, and reliable products and structures.

Conclusion

Type of materials

Required joint strength

Service conditions (temperature, vibration)

Cost and speed of production

Aesthetic and function requirements


