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Possible Imperfections in Conventional FSW 
Butt Joints 
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Engineering Materials 

Most of Imperfections are Easy to Avoid 
…with Correct Technological Conditions 

Engineering Materials 

Root Defects in Conventional FSW 
Particles Alignment at the Root is Difficult to Avoid 

LOP 1 
(”kissing bond”) 

LOP 2 
(with plastic deformation) Particles Alignment 

(”silly S”) 
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Engineering Materials 

Effect of Defects in Conventional FSW 
Mechanical and Corrosion Resistance 

Engineering Materials 

Problem to Solve 

Assisting FSW with an external electrical heat source supplied via the tool to:  

1. To increase the temperature locally @ Weld Root (without incresing HI and affect HAZ) 

2. To improve locally the material viscoplasticity via reducing the flow stress 

Root defects (e.g. LOP) constitutes a major constrain  

to a wider dissemination of conventional FSW into industry,  

especially when aluminium alloys are to be welded 

Solution to Implement and Test 
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Engineering Materials 

Solution Implemented 
Assisting FSW with an External Electrical Heat Source  

Engineering Materials 

Local Heat Input 
Heat Generated via Joule Effect 

etemperaturIncreaseEffectJoule QQ 
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Engineering Materials 

Equipment 
Overall Installation with Electronics and Data Acquisition 

 V @ power supply terminals and between the tool body and the base plate 

 Data acquisition system (DAQ) NI USB–9008 with frequency 5Hz 

 Dedicated software was developed in LabVIEW® to monitor + save data 

 12 V Battery 

90A.h 720 A 

 Independent + redundant 

 LEM® LF 1005-s 

 LEM® HTA 400-s 

Engineering Materials 

FSW Tool Assisted by Electrical Current 
The Components and Materials 

Conductive Inner Shaft (=3mm) 

 Cu (70% IACS) 

 AISI 316 (2% IACS) 

Isolator 

washers 

AISI 316 

Cu 

AISI H13 

(Q&T) 

AISI H13 

(Q&T) 
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Experimental Implementation 
Process Parameters and Implementation Details 

Clamping system 

Anvil  

with the inserted 

conductive copper bar 

Electrical connectors 

attached to the head of 

the milling machine 

FSW Parameters: 

  = 1120 rpm 

 V = 200 mm/min 

  = 1.5 

Engineering Materials 

FSW Tool Features 
Detail on the Conductive Inner Shaft 

Probe: 

 6mm4mm conical  

 ISO threaded 

 Length = 3.5 mm  LOP  0.5 mm 

Shoulder: 

 =16mm 

(Smooth + 

Concave 7) 

 Cu (100% IACS) 

Conductive Inner Shaft (=3mm) 

 AISI 316L (2% IACS) 
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Joints and Electrical Parameters 
Conductive Inner Shaft Made of Copper (Cu) 

AA6082-T6 

FSW along rolling direction 

210 mm x 103 mm 

 Thickness: 4 mm 

Engineering Materials 

Joints and Electrical Parameters 
Conductive Inner Shaft Made of Copper (Cu) 
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Engineering Materials 

Electrical Conductivity @ Root Surface 
Conductive Inner Shaft Made of Copper (Cu) 

Engineering Materials 

Joints and Electrical Parameters 
Conductive Inner Shaft Made of Stainless Steel AISI 316L 

AA6082-T6 

FSW along rolling direction 

210 mm x 103 mm 

 Thickness: 4 mm 
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Engineering Materials 

Joints and Electrical Parameters 
Conductive Inner Shaft Made of Stainless Steel AISI 316L 

Engineering Materials 

Joints and Electrical Parameters 
Conductive Inner Shaft Made of Stainless Steel AISI 316L 
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Engineering Materials 

Conclusions 

 The innovations implemented proved to be a feasible method for 

significantly reducing the lack of penetration 

 The FSW tool developed with conductive inner shaft made of copper is 

efficient but the tip of the conductive inner shaft undergoes significant wear 

 The new FSW tool developed with conductive inner shaft made of 

stainless steel is not efficient concerning the reduction of the LOP 

  The best conditions of FSW assisted by Joule effect resulted in a 

decrease of hardness in the HAZ in the vicinity of the root surface 


