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Hydrodynamic Deep Drawing for Complex Curved Skin Part of Aircraft
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ABSTRACT: The paper aims to research the influencing rules of hydrodynamic deep drawing parameters on the forming qual-
ity of complex curved skin parts of aircraft. The aircraft lampshade skin parts were taken as the research objects to analyze the
manufacturability of parts in combination with the mechanical characteristics of materials. The loading process window of parts
was researched based on the fracture and wrinkling instability condition theory. The finite element analysis was utilized to ex-
plore defects such as wrinkle and crack, and the qualified components were obtained by optimizing process parameters and
drawbead parameters. Based on the simulation and optimization results, the die design and process test were conducted, and the
cause of the defect formation in the hydrodynamic deep drawing was investigated. This research can be thus used as a reference
for the precise manufacturing of complex curved parts. For complex parts of multi-characteristics, excessive curve might gener-
ate wrinkle. Adjustment of cavity pressure or blank size cannot remove the wrinkle without fracture or die bonding. Increasing
the flow resistance of material and controlling the material flow through setting drawbead can remove the wrinkle in the transi-
tion area.
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Tab.1 Mechanical properties of LY12-M aluminum alloy sheet

/ o

os/MPa ov/MPa Agt/% A% r K/MPa n
0 81.20 186.26 16.72 19.42 0.7235 295.93 0.2244
45 79.787 173.477 17.15 19.76 0.7842 276.96 0.2145
90 80.09 174.087 15.987 18.16 0.4982 276.22 0.2009
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Fig.2 Forming limit of LY 12M aluminum alloy sheet
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Fig.3 Process window for applying cavity pressure
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Fig.8 Simulation results under different blank shapes
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Fig.9 Mechanism of wrinkling formation
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