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Abstract

Sustainable lunar surface operations require autonomous repair and localized manufacturing capabil-
ities supported by in-situ resource utilization (ISRU). Conventional regolith sintering approaches rely on
high-energy thermal processing and post-sintering densification, increasing system complexity and limiting
their applicability to precision components. This study proposes a regolith-based additive manufactur-
ing strategy employing a photothermal-coupled curing system that enables structural-level performance
without high-temperature sintering.

A high-solid-content regolith photopolymer composite was developed to implement a dual-stage cur-
ing mechanism. Ultraviolet exposure initiates rapid photopolymerization to achieve geometric fixation
and dimensional accuracy, while thermally responsive components within the matrix promote secondary
crosslinking and densification under moderate-temperature conditions. This photothermal synergy en-
hances interlayer bonding and mechanical integrity while eliminating dependence on high-temperature
furnace treatment.

The rheological behavior, curing depth evolution, and exposure parameter sensitivity were system-
atically investigated to define a stable processing window. Relationships among processing parameters,
curing behavior, dimensional accuracy, and mechanical performance were established. Experimental re-
sults demonstrate that as-printed components can meet structural requirements for lunar brackets and
protective elements without high-temperature post-processing. When higher strength or durability is re-
quired, optional low-temperature thermal treatment or secondary crosslinking may be applied to further
enhance performance.

Environmental adaptability was evaluated through thermal cycling, vacuum stability, and ultraviolet
irradiation tests under simulated lunar conditions. Demonstration fabrication of representative rover
structural components confirms that the proposed method achieves high geometric precision and functional
mechanical strength under reduced energy consumption.
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