




 
 
 
 
 
 

sufficient, thus the total stir zone was fulfilled without forming further voids. With the increase in ω 

(figure 2b to 2e), the production in, and transportation through thread spaces of RSM became more 

and more effective, resulting in a higher volume of RSM flow and thus an increase in nugget area. 

Accompanying this is the smaller shoulder induced flow which largely sequentially followed the pin 
induced flow [17]. 

 

 
Figure 2. Cross section views of welds conducted at v = 224 mm/min, with rotation speed of 
(a) 250 rpm, (b) 500 rpm, (c) 710 rpm, (d) 1000 rpm, and (e) 1400 rpm respectively. Various 
zones have been outlined in all welds.  
 
The effect of decreasing v is similar to that of increasing ω. This can be seen by comparing the 

cross sections in figure 1 and figure 2c with the same ω value (710 rpm) but different v values. At low 

v, a high RSM flow volume due to the effective RSM production in, and transportation through thread 

spaces resulting in a very high percentage of the nugget zone occupied by RSM. For high v values 
with the same ω (710 rpm), the shape of the total stir zone and individual zone are similar to those 

shown in figure 2a and 2b where lower ω values were used with a constant v value. 

 

 

Figure 3. The effects of rotational speed (ω) on Ast, Ang, ARSM and Ash at (a) v = 28 mm/min, 
(b) v = 224 mm/min, (c) v = 450 mm/min. 
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4.  Conclusions 
The basic modes of pin induced (RSM and rounding) and shoulder induced flows did not change, but 
the individual flow volume varied significantly, depending on tool speeds. In general, increasing ω 
increased the volume of RSM flow with the volume of rounding flow almost unaffected, thus the size 
of nugget increased. However, the overall friction stir volume was a weak function of ω. At low ω 

values, the large shoulder flow required a high M value. At high ω values, the effective production and 

transportation of RSM required a relatively low M value. Es (heat input) values related well to the size 
of the total stir zone, likely to be primarily the result of Es relating well with the size of total 
plasticized volume during FSW/P. Thus the total stir zone is primarily a function of v, affected little by 
ω. 
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