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Self-Healing Materials and Aerospace Applications

ZHAO Haibin, YANG Ming
(State Key Laboratory of Inorganic Synthesis & Preparative Chemistry, Jilin University, Changchun 130012, China)

[ABSTRACT] As aerospace equipment advances toward higher reliability, longer service life, and greater adaptability
to extreme environments, self-healing materials have emerged as a key research focus due to their ability to autonomously
repair damage. This paper systematically reviews the mechanism of self-healing materials and their potential applications in
the aerospace field, briefly discusses the design methods based on machine learning, and points out the existing challenges
and possible solutions. Traditional self-healing materials achieve self-repair by using external repair units and reversible
chemical bonds. The innovation of these mechanisms is crucial for the development of intelligent healing systems that
can respond to multiple stimuli. Resolving the performance contradictions of self-healing materials and their self-healing
issues under extreme conditions such as ultra-high or low temperatures, high-intensity radiation and high pressures will
significantly promote the transformation of materials from laboratory research to engineering applications. At present, self-
healing materials have shown obvious advantages in suppressing the crack propagation and corrosion of aircraft, assisting
the thermal protection system of spacecraft, and enhancing the ability of unmanned aerial vehicles and microsatellites to
resist the impact of micrometeorites. Future research can deeply integrate artificial intelligence technology to accelerate the
optimization of material design and performance prediction, solve key problems such as low technology conversion rate
and weak performance research throughout the life cycle, and ultimately promote the practical application of self-healing
materials in the aerospace field.
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Fig.1 Overview of self-healing mechanisms
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Fig.5 Self-healing mechanism based on the migration of nanoparticles driven by magnetic fields
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Fig.7 Self-healing mechanism and performance of carbon fiber-reinforced microcapsule-type epoxy resin coatings
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Fig.8 Self-healing mechanism and performance of flexible coatings based on hydrogen bonds and disulfide bonds
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Fig.9 Molecular design and performance verification of self-healing materials through machine learning
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