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Table 1 Chemical composition of base materials (/%)

Element Al Mg \Y% Fe Mn Ti
5A02 Bal. 2.15 0.009 035 0.063 0.031
TC4 6.33 - 4.18 0.17 0.011 Bal

*2 BEIZSH
Table 2 Parameters of RFSSW processing

Sample No. Dwell time, t/s Refilling rate, v/mm-s™

1# 2 1.5
2# 4 1.5
3# 6 1.5
4# 2 1

5# 4 1

6# 6 1

T# 2 0.5
8# 4 0.5
o# 6 0.5
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Fig.3 Cross-sectional metallographs of RFSSW joints: (a) macrostructure of 1#, (b~d) SZ, TMAZ, HAZ of 1#, (e~g) SZ, TMAZ, HAZ of

24, (h~j) SZ, TMAZ, HAZ of 3#, (k~m) SZ, TMAZ, HAZ of 6#, and (n~p) SZ, TMAZ, HAZ of 94
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Line data 3
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Fig.4 Interface morphology of 9# bonded joint: (a) the center of pin, (b) the left of pin, and (c) the left of sleeve
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Fig.5 ESD elemental line scan across line marked in Fig.4 for 9# bonding interface: (a) the center of pin, (b) the left of pin, and (c) the

left of sleeve
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Table 3 EDS composition analysis of zones in Fig.4 (at%)

Zone Al Ti \Y% Mg  Possible phase
P1 69.7 24.6 0.6 5.1 TiAl;
P2 71 25.7 0.6 2.7 TiAl;
Ti
P3 45.2 52.4 1.2 1.2 solution+TiAl
Al solution
P4 53.2 40.3 3.3 3.2 LTiAL
Al solution
P5 57.1 33.2 2.8 6.9 FTiAL
P6 48.3 42.6 4.0 5.1 TiAl
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Fig.6 Interface morphology of 1# bonded joint: (a) the center of pin, (b) the left of pin, and (c) the left of sleeve
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Fig.7 EDS elemental line scan across line marked in Fig.6 for 9# bonding interface: (a) the center of pin, (b) the left of pin, and (c) the

left of sleeve
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Fig.8 XRD patterns of fractured surface on Al alloy side for

bonding interfaces
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Fig.9 Tensile shear load of bonded joint obtained under different

parameters
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Fig.10 SEM images of fracture surface for 3# bonded joint: (a) at low magnification, (b) region I, (c) region II, and (d) region III at high

magnification
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Fig.11 SEM images of fracture surface for 8# bonded joint: (a) at low magnification, (b) pin region, (c) sleeve region, and (d) magnified

view of region |
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Microstructure and Mechanical Properties of Refill Friction Stir Spot Welded
Al/Ti Dissimilar Alloys Joints

Song Kuijing, Lv Lei, Luo Junrui, Liu Xinquan, Ji Yukai, Zhong Zhihong, Wang Guoping
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: 2 mm thick 5A02 aluminum and TC4 titanium dissimilar alloy plates were bonded by refill friction stir spot welding. The
effects of different process parameters on the microstructure and mechanical properties were investigated by changing dwell time
and refilling speed. Results show that within the selected process parameters, the sound joints are formed by the unthreaded stirring
tool. The fine grains are produced in the stir zone and the grains in the heat affected zone are limited to satisfying extent. The
atomic diffusion distance at the interface of the sleeve affected zone is larger than that in the pin affected zone. The atomic diffusion
distance at the interface of the joint is about 2 um when dwell time is 6 s. With the increasing of the refilling speed, the tensile shear
load of the joint increases basically. The thickness of interfacial reaction layer decreases and the grains in the joint are refined. The
minimum tensile shear load is 4861 N at the refilling speed of 0.5 mm/s and dwell time of 6 s. The pull out fracture morphology is
observed and dimples are found locally. When the refilling speed is 1.5 mm/s and dwell time is 6 s, the tensile shear load reaches
the maximum of 6617 N. The interface fracture mode is observed while the macroscopic fracture surface is relatively flat. The
microscopic fracture is consisted of dimples.

Key words: dissimilar alloys; refill friction stir spot welding; microstructure; mechanical properties; intermetallic compound
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