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ABSTRACT: In order to solve the problem that the wing in the empennage-shape components formed by the conventional ex-
trusion process is prone to radial flexural deformation, the work aims to propose a radial synchronous loading (RSL) forming
method with adjustable metal flow. Through the combination of ANSYS, Deform-3D finite element simulation (FEM) and
physical experiment, the metal flow behavior, equivalent strain and metal streamline distribution of RSL were analyzed. The

mechanical properties of the wing in extrusion direction (ED) and transverse direction (TD) were tested by tensile test, and the
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radial strengthening mechanism was revealed by microstructure observation. The RSL promoted the radial flow of metal by ap-
plying circumferential compressive stress to the billet, forming a well-distributed metal streamline along the radial direction,
which was conducive to improving the radial mechanical properties. The surface quality of the formed component was good,
without macroscopic defect, and a macroscopic streamline distributed along the radial direction was formed. The radial me-
chanical properties of the wing were significantly improved, the yield strength (YS) increased by 57.8 MPa, the ultimate tensile
strength (UTS) increased by 80.1 MPa, and the elongation (EL) increased by 1.4%. The improvement of the strength and plas-
ticity was closely related to the fiber microstructure and the fiber strengthening of the block-shaped LPSO phase. The proposed
process realizes the RSL integral forming of empennage-shape components. By regulating the metal flow, a metal streamline
with good radial distribution is formed, and the radial strength of the formed wing is improved, which provides theoretical basis
and technical support for the integral forming of high-performance magnesium alloy empennage-shape components.

KEY WORDS: empennage-shape component; radial synchronous loading; integral forming; metal streamline; VW124A mag-

nesium alloy
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Tab.1 Finite element simulation parameters of RSL process

Extrusion . . Heat transfer coefficient Heat transfer coeffi-
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Fig.1 Dimensions of the empennage-shape component
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Fig.2 Deformation cloud maps corresponding to different steps during the flight of the empennage-shape component
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Fig.4 Radial synchronous loading (RSL) forming process: a) schematic diagram of finite element model; b) assembly diagram
of RSL mold and the shape change of the billet before and after forming; ¢) RSL method of split mold
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