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With the continuous innovation and development of aerospace, rail transit, new energy vehicles and
other fields, the demand for high speed, high range and low energy consumption of vehicles is
increasing, and the simultaneous strengthening and lightening of structures has gradually become a
research trend. Therefore, additive manufacturing techniques for lightweight materials are
becoming more and more important. Al-Zn-Mg-Cu (7075) superhard aluminum alloys have high
strength, toughness and corrosion resistance, and are widely used in the manufacture of lightweight,
large-scale complex structures. Wire Arc Additive Manufacturing (WAAM) has the advantages of
low cost and high deposition efficiency, and is one of the ideal technologies for additive
manufacturing of large-sized workpieces. Due to the disadvantages of high porosity tendency, high
crack susceptibility, and decreased mechanical properties after welding, the WAAM of super-hard
aluminum alloys has not yet been broken through. In view of the above problems, this paper
proposes a new hybrid nanosecond laser cleaning-WAAM process, combined with nanomaterial
modification technology, using variable-polarity arc technology, to analyze the microstructures and
changes in the process of laser cleaning-WAAM. Through the analysis of defects and microstructure
properties, it was found that laser cleaning, TiC nano-phase modification, and variable-polarity arc
mode can reduce the porosity. The 7075 aluminum alloy added with TiC nano-modified phase
(7075NT) has no cracks. The mechanical properties of the 7075NT specimen are better than those
of 7075, and the anisotropy coefficient is much lower than that of 7075. The highest tensile strength
of 7075NT sample after heat treatment can reach 450MPa, and the highest tensile strength of 7075
sample after heat treatment can reach 373MPa. Laser cleaning mainly reduces porosity by removing
contaminants from the molten pool. Nano-modification is to achieve the effect of suppressing pores
by forming fine equiaxed crystals, and improving its performance through fine-grain strengthening

and second-phase strengthening.
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