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Abstract: The cabin components, serving as primary load-bearing structures of spacecraft, still adhere to
a product-specific manufacturing process, lagging behind the requirements of aerospace’s “pulsatile” fabri-
cation (characterized by fluctuations in axial and radial dimensions). This necessitates breakthroughs in
flexible manufacturing key technologies. At the same time, it is difficult to prepare the cabin components
due to the characteristics of the wall inclination angle and the large change of the wall thickness, and the
traditional rotary extrusion method is difficult to prepare. On this basis, this paper took the common key
technology of flexible manufacturing of multi-specification high-strength heat-resistant magnesium alloy

cabins as a breakthrough, and proposed a radial loading multi-stage sequential rotary extrusion forming
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method Chereinafter referred to as rotary extrusion), by forming different parts step by step to realize the

preparation of shaped cabin components. And combined with the analysis and calculation of plastic form-

ing theory and finite element simulation, the stress field and strain field distribution of the metal in the

forming process were analyzed, and the law of metal flow was revealed, that is, achieving coordinated

deformation in both radial and axial directions is crucial for the extrusion process. The effects of different

convex mold structure and process parameters on the forming load and metal deformation law were investi-

gated, and the optimal forming process plan was finally determined as the height of the working belt of

the convex mold A=70 mm, and the deformation speed was 1 mm/s, the deformation temperature was

480 °C, and the friction coefficient was 0. 3.

Key words: rare earth magnesium alloy; rotary extrusion; process parameter; finite element simulation
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Fig.2 Forming process of rotary extrusion
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material during the forming process
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Fig. 7 Finite element simulation and analysis of rotary extrusion
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Fig.8 Metal deformation behavior during the first radial loading of the second process
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Fig. 12 Finite element simulation analysis of rotary extrusion with different working belt heights of convex mold
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for forming at different heights of the working zone of the convex die
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Fig. 14 Analysis of the finite element simulation process after changing the amount of convex mold downward travel and the number of

process feed passes
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Tab.3 Orthogonal test results
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Tab.4 Impact of different factors on judging indicators
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Fig. 16  Simulation results of rotary extrusion under the optimal forming parameters
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Tab.5 Rotary wheel shaping parameter setting
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Fig. 17 Split convex mold structure with rotary wheel
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Fig. 18 Analysis of shaping simulation process of rotary wheel convex mold
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Fig. 19 Simulation results of rotary wheel convex mold shaping
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Tab.6 Chemical composition mass fraction of VW93A alloy %
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Fig. 20  Split convex molds used for forming experiments
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Fig. 21 Experimental process of billet forming

Fig. 22 Physical and subsequent sampling diagrams of cabin

components
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Fig. 23 OM and SEM microstructures of formed cabin components
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Tab.7 Room temperature mechanical properties of formed cabin
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