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Presentation will cover é 

É Describe the ultrasonic stir weld (USW) process 

 

É Background study of US friction reduction 

 

É Prototype USW system 

 

É Advanced USW system 



Basic Friction Stir Welding Process  

Tool Shank  

Tool Shoulder  

Tool Pin  

Threads  



Concept for Ultrasonic Stir Weld 

System  
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Improve effectiveness 

of weld stir tool 



Friction Reduction at Containment 

Plate  

É Strip draw test permitted US 
friction reduction to be 
evaluated 



Draw Force Reductions  



2008  

Experimentation 

at MSFC 

 

Leased EWI 

twist drill system 

FRICTION REDUCTION PLUNGE FORCE REDUCTION 

NASA friction reduction tests  



USW Prototype System  

US Power Supplies (1 of 2) 

Z-axis Drive 
Spindle Motor 

Stir Tool Transducer 

Stir Tool 

Containment Plate CP Transducer, Curved 

Transmission Line 

Induction Heating Coil 

Base Plate for Test Plates 

Moving Table 



Early Weld Data  

Weld # 13 

Parameters Settings/Readings 

Plate Material Al 2219 

Weld Type Weld Plates 

US Stir Tool PS Setting & Power  65%, 1043W 

US CP PS Setting & Power 90%, Overload 

Stir Tool RPM 600 

CP Force 3000 lb. 

Table Speed 10 ipm 

Weld Depth Setting 0.24-in. 

Induction: Setting/Output 550A/950W 

Back side of Weld #13 Despite discontinuities, early 

results seen as positive 



Advanced USW System  

É Overall system 



Ultrasonic Components  
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Stir Tool/CP System  



US Stir Tool Details  

Transducer 

Booster 

Stir Tool 



Containment Plate Details  

Transducer 

Transmission Line 

Containment Plate 



Force, Torque Measurement  

É Load Cell ï measure US FSW forces/torques  

T 

Table Motion 

FP 
FS 

FT 

FP = Plunge Force 

FT = Transverse (Drag) Plunge 

FS = Side Force 

T = Torque 



USW Data Files  

É Data file contains information on  
ƄMachine Parameters (Command & Actual) 

ƄExecution Time, Distance, Weld Operation, Spindle Speed, Path 
Max. Force Limit, Plunge Depth, Travel Speed, Plunge Speed,  
Laser Height Sensor Data, Induction Power,  

ƄProcess Feedback 

ƄForces: Path Force, Cross Path Force, Plunge Force, Torque 

ƄUltrasonic Frequency, Power and Amplitude 

ƄUltrasonic Containment Plate Force 

ƄIndividual outputs from each of the charge amplifiers 

É Sampling Rate of 20 samples per second.  

É Usually Plotted vs. Time or Distance 
ƄPlotted vs. Time includes plunge data 

ƄPlotted vs. Distance for direct weld comparison 



USW Data Files  

É Created as a .txt file that is opened by Microsoft Excel.  


