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A. Unaffected material  

B. Heat affected zone (HAZ)  

C. Thermo-mechanically affected 

zone (TMAZ)  

D. Weld nugget (Part of thermo-

mechanically affected zone)  
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Friction Stir Welding-why using filler particles? 
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OVERVIEW, PARTICLE ENHANCEMENT IN SIMILAR AND 
DISSIMILAR FSW/FSP 

In comparison with the unreinforced aluminum alloys, aluminum matrix composites reinforced 
with ceramic particles exhibit higher strength and stiffness, improved tribological 
characteristics and increased creep and fatigue strength.  

 
Particle enhancement: Literature 
Yang et al. applied FSP to incorporate nano ceramic particles into aluminum alloys and to 

fabricate composite materials by one or multiple passes.  
 
Morisada et al. concluded that the dispersion of SiC particles into AZ31 can be successfully 

fabricated using FSP and the product of this treatment is grain refined and has an increased 
hardness related to the parent material.  

 
Morisada et al. have also fabricated fullerene/A5083 and MWCNTs/AZ31 composites using FSP 

with the same results in hardness and grain refinement. 
  
Zarghani et al. fabricated Al/Al2O3 surface nano composites using FSP, improving the hardness and 

the wear resistance. They also concluded that an important parameter for the good 
dispersion of nano particles is the number of FSP passes, obtaining the best results after four 
passes.  
 

Å Min Y. Et al., Mater Sci Eng., 45, 4431-4438 
Å European patent, No 06025776.3, 14.03.2007 Bulletin 2007/11; European patent, No 06125031.2, 30.0.50.2007 Bulletin 2007/22. 
Å Chang C.I. et al., 2007, Key Eng Mat., 351, 351-114; Morisada Y et al., (2006), Mater Scie Eng., 433, 50ς54. 
Å Morisada Y, (2007). Composites, 38, 2097ς2101.; Morisada Y, (2006). Mater Sci Eng., 419, 344ς348. 
Å Shafiei-Zarghani A., (2009) Mater Sci Eng., 500, 84ς91 
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MANUFACTURE OF METAL/ METAL JOINTS USING 
NANOPARTICLE FILLERS: PARAMETERS 
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Machine 

Universal Milling  Machine (Cugir) FU-32).  
     Range of transverse speed: 
     19mm/min   - 1250mm/min   
     Range of stirring  rate:  
     32rpm - 2000rpm 

Tool pin: 

SVERKER 21, hardness 61 HRC  
Cube corner, diagonal 6 mm, height 3 mm 
Shoulder 22,9mm 
 

Tilt angleɸ 2Á           
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 FRICTION STIR DISSIMILAR WELDING BETWEEN  
AA5083-H111 AND AA6082-T6 USING SIC AS REINFORCING MATERIAL 

Ç SiC 

Ç Good distribution 

Ç Enhanced mechanical properties 
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AA5083-H111 

AA6082-T6 

          

Tools used for FSP: a) flat shoulder with 23mm diameter and cylindrical pin of height 3mm (ū4), b) 

flat shoulder with 23mm diameter and cylindrical threaded pin of height 3mm (ū6). 
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FSW 

tests 

Passes 

(mm) 

Rotational 

speed (RPM) 

Traverse 

speed 

(mm/min) 

Shoulder 

diameter 

(mm) 

Tool 

Pin 

height 

(mm) 

Tool Pin 

diameter 

(mm) 

Tool Pin 

shape 

Tilt 

angle 

Tool pin 

Penetration  

Depth (mm) 

1 1 750 85 23 3 6 
cylindrical 

threaded 
3o 2.50 

2 2 of the same 

direction 
750 85 23 3 6 

cylindrical 

threaded 
3o 2.55 

3 1 950 85 23 3 6 
cylindrical 

threaded 
3o 2.50 

4 1 1180 85 23 3 6 
cylindrical 

threaded 
3o 2.50 

5 3 of the same 

direction 
750 85 23 3 6 

cylindrical 

threaded 
3o 2.50 

6 2 of the opposite 

direction 
750 85 23 3 6 

cylindrical 

threaded 
3o 2.50 

7 3 of the same 

direction 
750 85 23 3 4 cylindrical 3o 2.50 

8 2  of the opposite 

direction 
750 85 23 3 4 cylindrical 3o 2.50 
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 MACROSCOPIC OBSERVATION OF 5083/6082/SIC (I)  
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speed (RPM) 
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speed 

(mm/min) 

Shoulder 

diameter 

(mm) 

Tool 

Pin 

height 

(mm) 

Tool Pin 

diameter 

(mm) 

Tool Pin 

shape 

Tilt 

angle 

Tool pin 

Penetration  

Depth (mm) 

1 1 750 85 23 3 6 
cylindrical 

threaded 
3o 2.50 

2 2 of the same 

direction 
750 85 23 3 6 

cylindrical 

threaded 
3o 2.55 
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5 3 of the same 

direction 
750 85 23 3 6 

cylindrical 
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3o 2.50 

6 2 of the opposite 

direction 
750 85 23 3 6 

cylindrical 

threaded 
3o 2.50 
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 DETAILED MACROSCOPIC OBSERVATION OF OPTIMUM 
WELDED JOINT 
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5083 RS 

6082 AS 
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~12ɛm 

~7ɛm 
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MECHANICAL PROPERTIES OF 5083/6082/SIC 

27/01/2015 

Longitudinal nanomechanical properties 

distribution with SiC addition obtained at 

400 nm penetration depth (2 mm from the 

surface). 


