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Structural and functional analysis of a composite space capsule
under aeromechanical, thermal, and structural loads: effects of
material and geometric configuration
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Abstract

The design of composite space capsules requires a comprehensive evaluation of the coupled effects of
geometric parameters and laminate characteristics on structural and overall performance. In this study,
the results obtained from a multidisciplinary design optimization framework developed for a composite
space capsule are analytically investigated. Surrogate models based on the Kriging method are
employed to predict structural deformation and total capsule mass. Parametric analysis indicates that
layer thickness, the number of composite layers, and the semi-cone angle significantly affect structural
deformation. A comparison of aluminum 6061, carbon—epoxy, and glass—epoxy materials demonstrate
the superior structural stiffness of carbon—epoxy, although at a higher cost. Furthermore, trajectory and
aerodynamic heating analyses show that capsule geometry and mass directly influence atmospheric re-
entry dynamics and stagnation-point heat flux. The findings provide practical design considerations for
balancing structural performance, mass, and thermal loading in composite space capsule design.

Keywords: Re-entry capsule; Carbon/epoxy composite; Glass/epoxy composite; Sensitivity analysis; Structural
analysis; Aerodynamic heating; Kriging surrogate model.
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