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ABSTRACT Advanced composite materials for spacecraft structures encompass metallic-, ceramic-, and polymer-
based composites. Ceramic and metal composites exhibit high radiation stability, of which the radiation damages are
dominated by displacement damage such as defects and dislocations. Polymer composites, however, are radiation-
sensitive because of their low bond energy and abundance of organic groups. lonizing radiation induces ionization
damage in polymer composites, irreversibly disrupting their chemical structures and interfacial interactions, leading
to performance degradation and severely reducing the service reliability of spacecraft. Fiber-reinforced polymer
composites, the most widely used polymer composites in spacecraft, have a fiber - matrix interface that serves as the
critical region for load transfer. Radiation-induced damage at the interface often exerts a more significant influence
on the degradation of mechanical properties of polymer composites than the individual contributions of matrix or
fiber damage alone. The mechanism of radiation-induced damage at the interface is also more complex. This paper
has discussed the intrinsic relationship between interfacial microstructural evolution and the degradation of
mechanical properties based on reviewing the radiation-induced damage mechanisms of polymer matrix and
reinforcement fibers commonly used in spacecraft. The influences of atomic oxygen and cyclic temperature fields
coupled with radiation field on the degradation of polymer composites have been also summarized. This review aims

to provide a fundamental understanding of the radiation-induced damage and mathematic modeling of polymer

ZHANG Baoying’ WANG Jinlong' WENG Hangin™ YAO Tongjie* TANG Xiaobin’

composite materials for spacecraft.
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Fig.1 Schematic illustration of multi-scale changes in polymer composites under irradiation: (a) tensile strength””; (b) interlaminar
shear strength”
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