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Effect of Rotation Speed on Microstructure and Mechanical Properties of
FSW Joints of Die Casting YL113 Aluminum Alloy

WU Chunyan' SONG Dongfu® SONG Lili'
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Abstract The die casting plates of YL113 aluminum alloy were welded by FSW. The microstructure and mechanical properties of the
joints were investigated by OM SEM EDS XRD and universal testing machine. The results showed that the formation of weld is good with no
appearance defects when the welding speed is 40 mm/min and the rotation speeds are 700—1 500 r/min and cross section of the weld is in—
verted trapezoid with clear boundary at the AS( advancing side) and blurring boundary at the RS( retreating side) . The microstructure in HAZ
is dendrite as cast and the grains grow to some extent. The microstructure in TMAZ at AS is banded structure with some threadiness defects
the number and size of which increase with the increasing of the rotation speed. The microstructure in TMAZ at RS is banded structure similar—
ly and there are some hole defects of large size the number and size of which increase with the rotation speed increasing except that cracks
appear at the rotation speed of 700 r/min. The weld nugget is typical deformation microstructure with dispersively distributed fine particles of
Si and other secondary phases. The tensile strength and elongation of the welded joint increase firstly and then decrease with the increasing of
rotation speed and both reach the maximum at the rotation speed of 900 r/min.
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Table 1  Chemical compositions of YLI13 alloy( wt%)
Si Cu Fe Zn Mn Ni Mg Sn Al
9.6~12.0 1.5~3.5 <1.3 <1.0 <0.5 <0.5 <0.3 <0.2
OM.SEM/EDS.XRD o
2
Fig.2 Dimension of the tensile specimen for FSW joint
2
1 2.1
Fig. 1  Microstructure of the base metal 3 ° 3
3
Fig. 3 Appearance of the FSW joints at different rotation speeds
5 FSW
4 o 4
5
XRD
Al Si( 5 ) o YL113
Cu(1.5%~3.5%)
Cu Fe XRD Al Si
4
Fig. 4  Cross-section of the FSW joints at different
XRD o rotation speeds
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6 OM
Fig. 6 The regions for OM observation

5 XRD
Fig. 5 XRD results of the FSW joints at different

rotation speeds
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22.1 OM o

N N ( 6 o 700 r/min
) — 11 o ; 900 r/min

7 700 r/min
Fig. 7 Weld at rotation speed of 700 r/min

8 900 r/min
Fig. 8 Weld at rotation speed of 900 r/min

9 1 100 r/min
Fig. 9 Weld at rotation speed of 1 100 r/min
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10 1 300 r/min
Fig. 10 Weld at rotation speed of 1 300 r/min
11 1 500 r/min
Fig. 11 Weld at rotation speed of 1 500 r/min
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Fig. 12 The regions for SEM observation :
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13 700 r/min
Fig. 13 Microstructures of the weld at rotating speed of 700 r/min
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14 900 r/min
Fig. 14 Microstructures of the weld at rotating speed of 900 r/min

15 1 100 r/min
Fig. 15  Microstructures of the weld at rotating speed of 1 100 r/min

16 1 300 r/min
Fig. 16  Microstructures of the weld at rotating speed of 1 300 r/min

17 1 500 r/min
Fig. 17 Microstructures of the weld at rotating speed of 1 500 r/min

18 900 r/min EDS
Fig. 18 The EDS results of HAZ at the rotating speed of 900 r/min
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Fig. 20 Tensile strength of the FSW joints i ' -
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