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Abstract

The construction of large-scale Space-Based Solar Power Satellites (SBSP) presents significant en-
gineering challenges, particularly regarding their operational integrity within the harsh environment of
geostationary orbit (GEO). Prolonged exposure to extreme temperature gradients, space radiation, and
mechanical stresses necessitates a rigorous analysis of structural and thermal behavior. This study em-
ploys detailed numerical simulations, utilizing ANSYS Mechanical and Fluent, to model the thermal loads
experienced by a carbon fiber composite panel and to assess its deformation under simulated GEO condi-
tions. The research also investigates the impact of various radiative cooling methods, such as multi-layer
insulation with spectral selective coatings, on power efficiency. Preliminary findings indicate that the
implementation of titanium alloy for key structural elements, coupled with a liquid metal radiator system
for thermal management, effectively mitigates thermal stresses. These results contribute to the devel-
opment of robust and sustainable SBSP architectures, supporting both terrestrial energy solutions and
future deep-space exploration initiatives.
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