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Abstract: Aluminum alloy frame components are widely used in the aerospace field. However, during wire-arc additive
manufacturing, characteristic positions such as arc termination, bending, and crossing are prone to forming defects including
necking, local bulging, and collapse, which seriously constrain the dimensional accuracy and manufacturing efficiency.
Based on the UFP-TIG wire-arc additive manufacturing system, this study analyzed the formation mechanisms of defects at

three typical characteristic positions and proposed a multi-parameter collaborative forming control method. For the arc termi-
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nation position, a collaborative attenuation strategy of current, wire feeding, and motion was proposed, reducing the height
difference between the arc termination and middle sections from 20% to 0.54%. For bending positions, arc transition, corner
rotation, and end overlapping methods were adopted according to the angle characteristics, and the height deviations at 150°,
90°, and 30° bending positions were reduced from 1.2%, 4.7%, and 18.6% to 0.19%, 0.45%, and 0.9%, respectively. For
crossing positions, a "crossing" control method was proposed based on the independent controllability of heat and mass
transfer processes in the TIG process, reducing the height difference between the crossing point and the surrounding average
height from 14.96% to 8.56%. Process validation tests on typical frame components were conducted, achieving a deposition
efficiency exceeding 500 cm*/h with the maximum relative height difference at different positions controlled within 6%.
Keywords: aluminum alloy frame-type structures; wire-arc additive manufacturing; ultra-frequency pulse; TIG; multi-
parameter synergistic control; forming accuracy optimization
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Table 1 Process parameters for specimen fabrication
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Fig. 6 Schematic diagram of TIG welding torch structure and necking defect formation process
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