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Stitch Friction Stir Spot Welding  

(Stitch FSSW) 

HZG Patent (199 56 963.0) 

Priority date: 18.11.99 

Presented at the 2. International FSW 

Symposium in 19991 ï First mention ever 

to ñFriction Stir Spot Weldingò in the 

literature. 

1  Schilling C, von Strombeck A, dos Santos JF, von Heesen N. A Preliminary Investigation on the Static 

Properties of Friction Stir Spot Welds. 2nd International Symposium on Friction Stir Welding (2ISFSW) 

[Internet]. Gothenburg, Sweden: The Welding Institute (TWI), Cambridge, UK; 2000. Available from: 

http://www.fswsymposium.co.uk/EasySiteWeb/GatewayLink.aspx?alId=1238963 

History of the process at HZG  



1 C. Schilling and J. F. dos Santos: Method and device for joining at least two adjoining work pieces by friction welding. US Patent US00000006722556B2, April 2004. 

Refill Friction Stir Spot Welding: Process1  
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Friction Spot Welding 

(FSpW) 

HZG Patent (199 55 737.3) 

Priority Date: 18.11.99 

US Patent1: US00000006722556B2, 

April 2004 

The process was employed for the 

first time in the EU Project WAFS. 

 

1 C. Schilling and J. F. dos Santos: Method and device for joining at least two adjoining work pieces by friction welding. US Patent US00000006722556B2, April 2004. 

History of the process at HZG  



Refill Friction Stir Spot Welding: Machines 

ü Developed in a technology transfer project with 

the participation of HZG, Harms&Wende and 

RIFTEC 

ü Max. 20kN and 3000 rpm 

ü Independent drives for sleeve and pin  

ü Tool cooling 

ü Pneumatic clamping 

ü Commercially available 

Refill Friction Stir Spot Welding Tool 

Friction Spot Welding Machine 

Tool 

assembly 



Refill Friction Stir Spot Welding: Machines 

ü Tool stroke: 10mm (max. penetration depth 

ü Max. axial  force (pin and sleeve): 10kN  

ü Max. Torque (pin adn sleeve: 60Nm 

ü x,y specimen table 1,5m x 1,5m 

ü Water cooled 



ü Reduce non-recurring assembly costs (tooling) and number of activities in the assembly 
lines: 

 

hole-to-hole assembly 

 

ü Avoid as much as possible conventional assembly methods where parts have to be taken 

apart after drilling for deburring activities: 

 

single step assembly 

 

ü Reduce assembly time and improve quality by as much automation of the remaining 

activities in assembly as possible: 

 
automated assembly 

ü Results: reduction of production cost 

Motivation and Objectives  



AA2024-T351 and AA2024-T3 ALCLAD 

Process 

ü No dwell time 

ü Clamping ring pressure 2,8 bar 

ü Spot weld diameter = 9mm (sleeve 

diameter) 

ü Clamping force constant = 14.5kN 

Base Material 

ü Sheet thickness: 2,0mm 

ü Material in the as-delivered condition (no surface treatment) 

 

Mechanical performance assessment 

ü Lap shear tests 

ü All tests performed in triplicate 

t  2,0mm 

a [mm] 60 

b [mm] 35 

Ls [mm] 150 

Lf [mm] 120 

Based on ISO 14273 

Spot weld 



ü  Full Factorial Design for 3-Level Factors 

(3k)*  

32 = 2 factors in 3 levels        

2024-T351 and 2024-T3 ALCLAD 

Condition 

Rotation Speed 

(rpm) Time (s) 

1 1900 4.8 

2 1900 5.8 

3 1900 6.8 

4 2400 4.8 

5 2400 5.8 

6 2400 6.8 

7 2900 4.8 

8 2900 5.8 

9 2900 6.8 

Design of Experiments 

+ Analysis of Variance (ANOVA)  

*S.T. Amancio, A.P.C. Camillo, L. Bergmann, J.F. dos Santos, S.E. Kury, N.G.A. Machado, ĂEvaluation of the Process-Properties Relationship of Al 2024 Friction Spot Welds , 

Proceedings of 12th International Conference on Aluminium Alloys (ICCA-12), Yokohama, Japan, 8th September 2010 



Selected Time: 5,8 s 
AA 2024 ð T3 

Results AA2024-T3 
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Results AA2024-T3 



Alclad 2024 -T3 Selected Time: 5,8 s 

Results AA2024-T3 
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Results AA2024-T3 



Process 

ü No dwell time 

ü Clamping ring pressure 2,8 bar 

ü Spot weld diameter = 9mm (sleeve 

diameter) 

ü Clamping force constant = 14.5kN 

Base Material 

ü Sheet thickness: 2,0mm 

ü Material in the as-delivered condition (no surface treatment) 

 

Mechanical performance assessment 

ü Lap shear tests 

ü All tests performed in triplicate 

t  2,0mm 

a [mm] 60 

b [mm] 35 

Ls [mm] 150 

Lf [mm] 120 

Based on ISO 14273 

Spot weld 

AA7475-T761 



ü  Full Factorial Design for 3-Level Factors (3k)  

32 = 2 factors in 3 levels        

7475-T761 

Condition 

Rotation Speed 

(rpm) Time (s) 

1 1000 7.4 

2 1000 9.4 

3 1000 11.4 

4 1400 7.4 

5 1400 9.4 

6 1400 11.4 

7 1800 7.4 

8 1800 9.4 

9 1800 11.4 

Design of Experiments 

+ Analysis of Variance (ANOVA)  



AA 7475 ð T761  
Selected Time: 9,4 s 

Results AA7475-T761 
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Results AA7475-T761 




