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Multiscale Mechanical Problems in Damage Evaluation and
Safety Management of Spacecraft

BAI Yilong L XU Xianghongz, KE Fujiuz, XIA Mengfenl’3
(1. State Key Laboratory of Non-linear Mechanics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100080, China; 2. Department of Applied Physics, Beihang University, Beijing 100083, China;
3. Department of Physics, Peking University, Beijing 100871, China)

Abstract: This paper points out that the spacecraft safety concerns a six-layer hierarchy problem, which consists of
material, element, component, subsystem, system, and whole machine. Though the task of prediction and prevention of failure is
on the top level, the initial damage may come from the lower microstructual level in materials. The damage evolution with
coupling multi-levels, from atom level to whole machine level, may lead to eventual rupture at the whole level. Therefore,
multi-scale mechanics is introduced to study the phenomena that couple various length and time scales. The paper suggests that
the macroscopic equations of mechanics and the kinetic equations of microstructual transformations should form a unified set.
Then, the relationship between macroscopic damage variable D and microdamage number density n can be obtained.
Additionally, it is pointed out that the key point to judge the failure induced by the damage evolution in the radiation-resistance
and reinforcement problems of spacecraft can be attributed to the coupling relationships among the characteristic time of
nucleation and growth of microdamages, the macroscopic characteristic spatial scale, and the characteristic time of external
loading, i.e., the Deborah numbers.

Key words: damage evaluation and safety management; multiscale mechanics



