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Abstract

Space agencies globally are formulating long-term plans to establish human settlements on the Moon.
A crucial aspect of these plans is the construction of structures that can withstand the extreme lunar
environment. Micrometeoroid and orbital debris impact is regarded as one of the key hazards that the
structures will be subjected to. Protective panels placed on the exterior of lunar structures offer a potential
solution to this critical challenge. The panels are essentially in the form of multi-layer constructions of
metals or composites. Fibre-reinforced polymer (FRP) is a viable candidate for constructing these panels,
given its unique advantages over others, such as lightweight and high tensile strength. There has, however,
been limited research on this topic to date.

This study presents the development of a FRP-based panel that can withstand the high-velocity impact
of the projectile. A multi-shock shield was designed by positioning four silica FRP plates in front of a
basalt FRP plate. The impact resistance of this panel was evaluated using a single-stage light gas gun.
The panel was impacted by a 12 mm diameter steel projectile at 612 m/s. The energy at this velocity
is comparable to that of a 5mm diameter aluminium projectile at 3.9 km/s, thus mimicking the panel’s
response at the hypervelocity range. The panel survived the impact with a bulging of the basalt FRP
plate, however, it was not perforated. The silica FRP plates shocked the projectile repeatedly, reducing
the projectile’s impact velocity significantly before striking the basalt plate. The projectile, as a result,
impacted the basalt plate with less energy. The technical results presented in this paper provide a point
of reference for developing protective panels for structures on planetary bodies.
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