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Application of FSW to UHSS
Objectives

 Technological conditions:

Simple joint preparation

Low heat input

Development of experimental conditions

 Establishment of new 

weldability paradigm for 

novel UHSS

 Metallurgical + Mechanical 

Characterization

 Innovative solutions

Supported by advanced 

monitoring control
Superior properties of weld zone

Low residual stresses and distortion

 Solves the limited weldability of Ultra High-Strength Steels (UHSS) 

with no limitation related with the level of strength 
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FSW dedicated for novel UHSS
New weldability paradigm for novel UHSS
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FSW dedicated for novel UHSS
New weldability paradigm for novel UHSS

 Autogeneous weld zone processed within the intercritical temperature region:

…prevents full austenitization within weld, during heating period, and upon cooling, results 

in properties that are known to correspond to best overall condition

TA1 < max TFSW < TA3

 Low Heat Input enables the retaining of the original properties and low residual deformation
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Benefits from ICHAZ
Case Study in Fusion GMAW of UHSS (1/4)
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FSW dedicated for novel UHSS
Advanced Control Fundaments

Patent: Pedro Vilaca et al. 

(US 62/129051 - 06/03/2015)
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FSW dedicated for novel UHSS
Advanced Control Fundaments

All the low alloy steels undergo a significant change of its magnetic 

permeability ( mR) within the intercritical temperature region, where the 

Curie temperature lays

For these materials the significant change of magnetic permeability (mR) 

within the intercritical temperature region, strongly affects the magnetic 

permeability ( mR) in the weld and its effect is detected by the 

magnetometer sensors, providing information to support the 

optimization of the FSW parameters
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FSW dedicated for novel UHSS
Advanced Control Fundaments: Overall System
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FSW dedicated for novel UHSS
Advanced Control Fundaments: Monitoring System

 Magnetic field generators/sensors establish a magnetic field in the processed

zone and measure the changes induced by modifications of the magnetic

permeability (mR) in the TMAZ

 The control system enables contactless solution
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Conclusions

The Advanced Control of FSW of Ultra-HS Steels

… based on the monitoring of the magnetic permeability of the 

processed zone

• Undergoing proof of concept

• High potential for FSWelding + FSProcessing of fusion weld joints and 

casted components


