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Abstract
Long-term human exploration of the Moon and Mars is a major project in today’s space
exploration that requires to rethink infrastructure design with in situ construction and reliable structures.
Moreover, these structures must be able to adapt autonomously to their environment, as do certain
biological structures (pine, sunflower…), leading to more sustainable bases on the Moon or on Mars.
This would reduce maintenance issues while optimizing infrastructure performance.[1]
4D printing is a new technology based on additive manufacturing applied to certain materials, which
present spatio-temporal actuation, pre-programmed by their multi-scale architecture. This is a major tool
to meet the ambitions of space exploration.[2], [3]
This presentation will focus on the 4D printing fabrication of a high performance composite
material for space application.
The material used is based on continuous carbon fibers embedded in a polyamide (PA) matrix
called cCF/PA6-I. This is a first step before considering the use of in-situ resources and possibly
regolith-based fibers. The printing parameters have been set to ensure high quality and a reduced
porosity, as well as enhanced mechanical properties compared to other 3D printed structures made from
continuous carbon fibers composites.[4]–[6]
The material has been tested mechanically in several directions (0, 90 and ±45°) at temperatures
from -150 to + 150°C representative of the lunar environment.[7] Its properties are temperature
dependent, especially transverse and shear properties, which are strongly affected due in particular to
the sensitivity of the polymer matrix to temperature as it can be seen in the fractured surfaces in Figure
1.
Large thermal fluctuations also result in thermal expansion that can be used as a trigger for
actuation/morphing depending on a dedicated architecture and anisotropy control. To use efficiently this
important parameter, bi-layers are made from cCF/PA6-I and Onyx a composite made of chopped
carbon fibers embedded in a polyamide matrix with different printing patterns. Both materials are black
leading to a great absorptivity of direct solar radiations on the Moon surface. They are tested to analyse
their shape change under heating effect with the future goal of being used as building blocks for selfshaping mechanical metamaterials.
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Figure 1. Comparison between fractured surfaces of a 90 degrees oriented specimens. On the left, at -55°C,
a fragile fracture of the matrix is visible whereas on the right, at 100°C a ductile fracture of the matrix can be
seen.
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