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• Refill Friction Stir Spot Welding (RFSSW) is a spot variation of 
traditional solid-state Friction Stir Welding (FSW). 

• Step 1: The fixturing device clamps the base materials, and the pin 
and sleeve initiate friction by rotating into the base material at a 
tightly controlled speed. 
• Step 2: The rotating sleeve advances through the material to the 
bottom substrate and the pin retracts. 
• Step 3: The sleeve retracts and the pin advances to a level position 
and fills the joint cavity. 
• Step 4: The joint is complete and the tool can retract from the 
material surface. 

• Main Process Parameters: rotational speed, depth of penetration, and 
dwell time. 
• In some RFSSW applications, Step 2 & Step 3 are altered. The pin 
advances through the material and sleeve retracts for material build-up, 
as opposed to the contrary in the description above. 

• A continued effort for light-weighting in the transportation industries has lead to an 
increase in process development and improvements for aluminum welding. 

• Aluminum has a high strength-to-weight ratio but brings many difficulties using 
conventional welding processes due to the Al-oxide layer that forms on the surface of 
aluminum alloys. 
• AA 2024 and AA 7075 are high strength alloys commonly used in aerospace applications. 

• Produce a comparative study of control AA 6061 refill friction stir spot welded to AA 
2024 to AA 6061 and AA 7075 to AA 6061 welds.  

• Microstructural analysis provides metallurgical understanding of the material transport 
during joining. 
• Tensile testing provides joint strength measurements for each stack-up. 
• Corrosion testing provides an understanding of how the welds will withstand common 
environmental conditions. 

• Complete corrosion testing to ASTM G50-10 standard. 
• This will evaluate corrosion resistance when exposed to weather-like conditions. 
• Samples can be compared to other data points that underwent testing to standard 
specifications. 

• Identify weld parameters for AA7075-AA7075 and AA2024-AA2024. 
• These stack-ups will give more pertinent information about RFSSW to potential 
aerospace customers. 

 

Overarching Goal: Provide baseline strength, corrosion, and 
microstructural data for different aluminum alloy stack-ups for refill friction 
stir spot welding.  

• The welds of RFSSW consist of four 
microstructural regions: 

• Stir Zone (SZ): experiences intense plastic 
deformation and frictional heating during the 
joining process 

• Recrystallized and fine equiaxed grains make 
up this region 

• Thermo-mechanically Affected Zone (TMAZ): 
experiences frictional heating and plastic 
deformation and focused around sleeve boundary 

• Recrystallization does not occur in this zone 
due to inadequate deformation strain 

• Heat Affected Zone (HAZ): experiences weld 
thermal cycle but not plastic deformation 
• Base Material: unaffected material that does not 
experience a significant thermal cycle or plastic 
deformation 
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• Optimized parameters for AA 6061 – AA 6061 were 
used for each stack-up in experimentation. 
• All testing has already been completed on AA 6061 – 
AA 6061, so results are used as a control.  

• Microstructural Study: Samples were sectioned at  
the center, polished, and etched with Kellers Etch 
• Hardness Mapping: Data was collected encompassing the SZ, TMAZ, HAZ, and base material 
• Tensile Testing: Completed at Coldwater Machine Company 
• Corrosion Testing: Samples were sectioned and placed in a 5% NaCl solution for 72 hours, a 
before and after microstructural analysis was completed 

All respective stack-up micrographs are at 50x magnification. 

Etched micrographs 
of each weld joint are 
shown on the right. 
The bond profile is 
easily seen, along 
with the depth of the 
tooling and 
penetration into the 
material. 
The area enclosed in 
red is the area 
designate hardness 
map area. Data is 
shown to left: 
6061-6061: 
Min: 69 HV 
Max: 93.4 HV 
Average: 83.7 HV 
2024-6061: 
Min: 74.8 HV 
Max: 165 HV 
Average: 111 HV 
7075-6061: 
Min: 68.2 HV 
Max: 162 HV 
Average: 113 HV 
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Tensile Testing Results 

6061-6061 2024-6061 7075-6061 

6061-6061 

2024-6061 

7075-6061 

Average Peak Load: 
6061-6061: 2055.4 lbf 
2024-6061: 1895.0 lbf 
7075-6061: 1841.8 lbf 

Corrosion Testing: 

All respective corrosion micrographs are at 100x magnification. 

Before   6061-6061   After 

Before   2024-6061   After 

Before   7075-6061   After 

• The TMAZ and shoulder interface of each stack-up differs depending on the material stack-up. 
• The dissimilar alloy stack-ups have a different weld profile as compared to the 6061 control sample. 
• Hardness values are highest at the bond interface, near the shoulder boundary where the grains have 
experienced dynamic recrystallization due to plastic deformation and increase temperatures. 

• The area of interest was the shoulder interface. 
• In application, this area may be exposed to 
environmental factors through the gap in between the 
top and bottom sheet. 

• Three samples of each stack-up were 
pulled to test the tensile strength of 
each joint.  
• On average, the 6061-6061 stack-up 
was able to endure the maximum load, 
which is above the 6061 ultimate tensile 
strength.  
• The stronger bottom sheet materials 
(2024 and 7075) in the dissimilar welds 
have little affect on the overall joint 
strength.  
 

Average Stress: 
6061-6061: 33236.6 psi 
2024-6061: 30642.9 psi 
7075-6061: 29781.6 psi 

9 mm 

4 mm 

Stack-‐Up	   Weight	  Loss	   %	  Reduc6on	  
6061-‐6061	   0.00042	   0.04%	  
2024-‐6061	   0.00152	   0.14%	  

7075-‐6061	   0.00019	   0.01%	  

• 6061-6061: There is no preferential sight of corrosive attack 
near shoulder. 
• 2024-6061: Precipitates along the interface are 
preferentially attacked leading to corrosion of the entire joint 
interface. 
• 7075-6061: The shoulder boundary is more preferentially 
attacked than the 6061-6061 sample, but less than the 
2024-6061 sample. The corrosive attack is limited to the 
boundary. 

• Weight loss cannot be 
analyzed independently 
due to differences in 
sample sizes.  
• All values are relative, 
testing was not 
completed to a 
specification. 

• For better results, in respect to all testing methods, optimized conditions from 
additional parameter studies should be created for the AA 6061 to AA 2024 and AA 
6061 to AA 7075 stack-ups.  
• The optimized AA 6061 to AA 6061 had a complete metallurgical bond that 
exhibited thorough mixing.  
• The top sheet material has a greater influence on the material properties, whether 
it is weaker or stronger, because more of its material is present in the joint profile. 
• AA 6061 has the best corrosion resistance properties, which correlates to the 
material properties of each alloy system.  

• The stress equation used is as follows: 


