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Abstract

3D Printing holds significant potential for addressing the challenges of extreme environments, such
as deep space, particularly in the context of astronaut radiation protection. This research investigates
the integration of additive manufacturing (AM) with in-situ resource utilization (ISRU) to address the
radiation shielding challenges faced in long-duration space missions beyond low-Earth orbit. Astronaut
exposure to galactic cosmic rays and solar particle events presents significant acute and chronic health
risks, which current passive shielding materials, such as polyethylene, aluminum alloys, and transparent
ceramics, cannot fully mitigate due to launch mass constraints and structural limitations. The study
examines how 3D printing technologies, combined with In-Situ Resource Utilization (ISRU), can facilitate
the on-site fabrication of modular radiation shielding using locally available materials, such as lunar or
Martian regolith. By combining hydrogen-rich polymers such as polyethylene with regolith-infused com-
posites, it becomes possible to construct adaptable protective layers for habitat walls, spacecraft modules,
or customized interior reinforcements. These structures may include water walls, storage-integrated bar-
riers, or reconfigurable shielding units, reducing dependency on pre-launched mass while enhancing crew
safety. The research for future considerations will also examines the role of AI-driven radiation transport
simulations in optimizing material placement and structural geometry to attenuate both primary and sec-
ondary radiation efficiently. This iterative approach facilitates the development of system-level shielding
strategies that evolve in response to changes in mission duration, habitat wear, or environmental shifts.
Overall, the fusion of 3D printing, in-situ resource utilization (ISRU), and simulation-driven design offers
a scalable and resilient pathway to enhance radiation protection for future deep space habitats, supporting
a long-term vision of sustainable human presence beyond Earth.
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