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Technology and mechanism of
ultrasonic stir compound welding of aeronautical aluminum alloy
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Abstract: The joint appearance, properties and microstructure of 1.8 mm-thickness 2524-T3 aluminum alloy sheet in
friction stirring welding and ultrasonic agitation compound welding were compared. The results show the joint quality
and stability of USCW are better than those of the FSW. The USCW defect rate is nearly zero, while FSW defect rate is
more than 50%. The microstructure analysis results show that the grain of USCW is smaller and more uniform than that
of FSW. The heat-affected zone (HAZ) and thermo-mechanically-affected zone (TMAZ) of USCW is significantly
reduced, compared to FSW. Through the mechanism analysis of USCW, the thermal effect, volume effect and strong
vibration effect of ultrasonic wave can add the heat to the bottom of joint, strength metal plastic flow and refine, uniform
organization.
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Fig. 1 Install of ultrasonic stir compound welding
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Table 1 Main chemical composition of 2524 aluminum alloy
(mass fraction, %)
Cu Mg Mn Fe Si Cr Al
4.8 1.9 1.3 0.08 0.06 <<0.05 Bal.
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Fig. 2 Comparison between photos by ultrasonic stir

compound welding and friction stir welding
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Fig. 3 CT detection photos showing defects of friction stir welding: (a) Continuous defect; (b) Intermittent defect; (c) Starting point

defect; (d) Spot defect
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Fig. 4 CT detection photos showing defects of ultrasonic stir compound welding: (a) Sample 1, initial segment; (b) Sample 1,
middle segment; (c) Sample 1, end segment; (d) Sample 2, initial segment; (¢) Sample 2, middle segment; (f) Sample 2, end segment;
(g) Sample 3, initial segment; (h) Sample 3, middle segment; (i) Sample 3, end segment; (j) Sample 4, initial segment; (k) Sample 4,

middle segment; (1) Sample 4, end segment
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Table 2 Mechanics stretch experiment data of friction stir

welding specimens

Sample Width/ Thickness/ Fy/ o/ o/
No. mm mm kN MPa %

1 20 1.80 13.705  378.6  3.91

2 20 1.80 13.690 3803 4.28

3 20 1.80 13.780  382.8 4.86

4 20 1.80 14317 3977 4.03

5 20 1.80 13.626 3764 4.56
Average 3832 433

5 JRaedeiagin

Fig. 5 Microstructures of complete plate joint: (a) FSW; (b) USCW
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Table 3 Mechanics stretch experiment data of fltrasonicstir

compound welding specimens

Sample Width/ Thickness/ Fu/ o/ o/
No. mm mm kN MPa %
1 20 1.79 13.06 3927  6.67
2 20 1.79 14.12 3944  7.56
3 20 1.79 13.95 380.6  6.67
4 20 1.79 14.31 399.6  5.67
5 20 1.79 13.99 390.6  8.00
Average 3934 691
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Fig. 6 Microstructures of nugget zone: (a) FSW; (b) USCW

3 USCW #IB o

T 7 YRS oI AR 2 e K PR LB T Al 7 i ) A

B 7 BN X S HGE R X RO 412
Fig. 7 Microstructures of thermo-mechanically-affected zone
and heat-affected zone: (a) FSW; (b) USCW
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