TABLE OF CONTENTS

UnitNo. Title Page No.
1 Fundamentals of Friction StirWelding 01-37
1.1 Introduction to Solid-State Welding
1.2 History and Evolution of Friction StirWelding
1.3  Principles and Mechanism of Friction StirWelding
1.4 HeatGeneration and Material Flow Behavior
1.5 Friction StirWelding Equipment and Machine
Configurations
1.6 Advantages, Limitations and Industrial Applications
1.7 RecentDevelopments and Future Trends in FSW
2 Engineering Materials for Friction StirWelding 38-79
21 Fundamentals of Engineering Materials for FSW
2.2 Friction StirWelding of AluminumAlloys
2.3  Welding of Magnesium, Copper and TitaniumAlloys
2.4 Friction StirWelding of Steels and StainlessSteels
2.5 DissimilarMaterialJoining Techniques
2.6 Friction StirWelding of Metal Matrix Composites
2.7 MaterialSelection for Electric Vehicle Components
3 Tool Design and ProcessParameters 80-124
3.1 ToolMaterials and Tool Wear Mechanisms
3.2 ToolGeometry and Pin Profile Design
3.3 Rotational Speed, Traverse Speed and Feed Rate
3.4 Axial Force, Tilt Angle and PlungeDepth
3.5 Heat Input and ProcessOptimization
3.6 Design of Experiments (DOE) for Parameter
Optimization
3.7 NumericalModeling of FSW Parameters
4 Metallurgy and MechanicalBehavior of Friction StirWelds 125-170

41

4.2
4.3

Weld Zone Microstructure and Metallurgical
Transformations

DynamicRecrystallization and Grain Refinement
MechanicalProperties of Friction StirWelded Joints




44 Residual Stress and DistortionAnalysis
4.5 Fatigue, Fracture and FailureMechanisms
4.6 Corrosion Behavior of Friction StirWelds
4.7 MechanicalCharacterization Techniques

Advanced Friction StirWelding Technologies 171-214
5.1 Friction Stir Spot Welding (FSSW)
5.2 Refill Friction Stir Spot Welding (RFSSW)
5.3 BobbinTool Friction StirWelding
5.4 StationaryShoulder Friction StirWelding
5.5 Friction StirProcessing (FSP)
5.6 Underwater and Submerged Friction StirWelding
5.7 Hybrid and Multi-Pass Friction StirWeldingProcesses
Automation, Robotics and Intelligent Friction StirWelding | 215-259
6.1 CNC-Based Friction StirWeldingSystems
6.2 Robotic Friction StirWelding
6.3 Sensors and Real-Time Process Monitoring
6.4 Machine Vision for Weld Inspection
6.5 Artificial Intelligence and Machine Learning in FSW
6.6 Digital Twins and Industry 4.0 Integration
6.7 Smart Manufacturing for AutomatedWeldingSystems
Friction StirWelding in Electric VehicleManufacturing 260-303
7.1  Electric VehicleManufacturing Fundamentals
7.2 Lightweight Structures for Electric Vehicles
7.3 BatteryTray and Battery Pack Welding
7.4 Chassis, Body Panels and Structural Components
7.5 Busbars, HeatExchangers and Powertrain Components
7.6  DissimilarMaterialJoining in Electric Vehicles
7.7 Industrial Applications and Case Studies in EV
Manufacturing
Quality Assurance and Non-Destructive Evaluation 304-346

8.1 WeldQuality Standards and Specifications

8.2 Surface and Dimensional Inspection Methods

8.3 UltrasonicTesting and PhasedArray Inspection

8.4 Radiographic, Eddy Current and Thermographic
Testing

8.5 Defect Identification and Root Cause Analysis




8.6
8.7

StatisticalQuality Control and ProcessCapability
Reliability Assessment and Weld Performance
Evaluation

SustainableManufacturing and Green Welding

Technologies

91
9.2
9.3
9.4
9.5
9.6
9.7

Principles of SustainableManufacturing
Energy-Efficient Welding Technologies
CarbonFootprintAssessment of WeldingProcesses
CircularEconomy and Green Manufacturing Practices
Life Cycle Assessment (LCA) of Friction StirWelding
Resource Optimization and WasteReduction
EnvironmentalRegulations and SustainableIndustrial
Practices

347-392

10

Modeling, Simulation and ProcessOptimization

10.1
10.2
10.3
10.4
10.5
10.6
10.7

Heat Transfer Modeling in Friction StirWelding
Material Flow Simulation Techniques
FiniteElementAnalysis (FEA) of FSW
ComputationalFluid Dynamics (CFD) Applications
Response Surface Methodology (RSM)
Multi-Objective Optimization Techniques

PredictiveModeling and Process Validation

393-445

11

Product Design, Industrial Applications and Future

Perspectives

111
11.2
11.3
11.4

11.5
11.6
11.7

Design for Friction StirWelding (DfFSW)

Product Development for Electric Vehicle Components
Prototype Development and Performance Testing
Industrial Applications in Automotive, Aerospace and
Railways

EconomicAnalysis and CostOptimization

Industrial Case Studies and Capstone Design Project
Future Directions in Friction StirWelding and
SustainableManufacturing

446-500

Reference

501-504




