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Abstract: High performance aluminum alloys have broad application prospects in aerospace and automotive fields due to its
lightweight, high strength and outstanding corrosion resistance. Wire arc additive manufacturing ( WAAM) technology, com-
bining the advantages of high forming efficiency, low cost and excellent environmental adaptability, exhibits great potential in
producing aluminum alloy components. However, coarse grains, nonuniform microstructure, residual tensile stress, and po-
rosity defects are always formed in aluminum alloy components owing to the complex thermal cycles, which brings challenges
for the WAAM of aluminum alloys. Recently, friction stir processing ( FSP) has been used in the additive manufacturing of
aluminum alloys to optimize its microstructure. In this review, the latest developments of WAAM aluminum alloys assisted by
FSP are reviewed, including the equipment system, process parameters, microstructure, mechanical properties as well as the
microstructure-performance controlling mechanisms. Finally, the possible development directions of the above metal additive

manufacturing technologies are prospected.
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Fig. 1~ An overview of the additive manufacturing of aluminum alloy com-

ponents assisted by plastic deformation technologies
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Fig. 2 Fabrication process of aluminum alloy components via the WAAM and subsequent FSP treatment
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Table 1 Ultimate tensile strength (UTS), yield strength (YS) and elongation ( EL) of the aluminum alloy fabricated by FSP assisted

HMEIR, AT

WAAM
Tensile properties . .
. . . Property with Property without Property .
Processing Materials along vertical (V) FSP FSp . . References
and horizontal (H) direction {mprovemen
UTS (H) 277 MPa 255 MPa 8.6%
IFSP 2219 YS (H) 143 MPa 118 MPa 21.2% [36]
EL (H) 18.5% 13.8% 34. 1%
UTS (H) 243.2 MPa 219.8 MPa 10. 6%
SFSp 2319 [30]
EL (H) 18. 1% 7.0% 158. 6%
UTS (H) 377.7 MPa 297 MPa 27.3%
IFSP 2319 [33]
EL (H) 30. 6% 16.2% 88.9%
UTS (H) 289.6 MPa 264.3 MPa 8.75%
IFSP 2319 YS (H) 162.9 MPa 110 MPa 32.2% [37]
EL (H) 15% 13% 20.0%
UTS (Average) 148 MPa 164 MPa -9.8%
IFSP 4043 YS (Average) 88 MPa 82 MPa 7.3% [35]
EL (Average) 33.2% 13. 8% 140.2%
UTS (H) 387 MPa 245 MPa 57.9%
SFSp Al-Mg-Se YS (H) 263 MPa 170 MPa 54.7% [29]
EL (H) 26.0% 8.5% 205.9%
UTS (V) 264.8 MPa 242.5 MPa 9.2%
IFSP 5356 YS (V) 134.1 MPa 110.3 MPa 21.8% [38]
EL (V) 22.4% 17. 8% 25.8%
UTS (H) 349 MPa 231 MPa 51.1%
SFSP AIN, /5356 YS (H) 178 MPa 146 MPa 21.9% [31]
EL (H) 19.9% 5.5% 261.8%
UTS (H) 257 MPa 243 MPa 6.0%
SFSp 6061 YS (H) 142 MPa 124 MPa 23.3% [32]
EL (H) 16. 8% 18. 1% -4.5%
UTS (V) 156 MPa 119 MPa 31.1%
IFSP 6061 YS (V) 92 MPa 90 MPa 2.2% [34]
EL (V) 19% 3% 533%
UTS (V) 348 MPa 278 MPa 25%
IFSP 7075 YS (V) 204 MPa 167 MPa 22% [39]
EL (V) 18.8% 5.4% 250%
UTS (H) 511 MPa 332 MPa 53.9%
IFSP Al-Zn-Mg-Cu-Sc-Zr YS (H) 387 MPa 257 MPa 50. 6% [40]
EL (H) 14. 6% 3.7% 294. 6%
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Fig. 4  Microstructure of 2319 aluminum alloys[m] : (a) WAAM sam-
ple, (b) IFSP-WAAM sample
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Fig. 5 Microstructure and grain size of 6061 aluminum alloy compo-

nents 32, (a) as-deposited, (b) FSP treated
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Fig. 6 Microstructure and grain size of WAAM Al-Mg-Sc components[m] . (a, c) as-deposited, (b, d) FSP treated, (e) FSP+aging treated
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