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Future space exploration missions require low-mass, high-tolerance in-situ additive manufacturing (AM) capabilities with minimal maintenance and reprocessable components. Current AM systems present challenges due to their reliance on extensive support equipment, human intervention, and careful handling, leading to increased costs and mission risks. This project introduces a novel solution: 4D-printed compliant manipulators designed to autonomously remove parts and reset build chambers during AM processes in microgravity environments. Unlike conventional mechanisms with bearings or hinges, these manipulators are monolithic, single-material structures that utilize folding and flexible geometries to guide motion. The innovation leverages advanced 4D printing techniques to create mechanisms with embedded post-printing shape changes, allowing mechanisms to be printed in advantageous orientations and then folded into final geometries. This approach enables low-mass, robust designs with tunable strength, dexterity, and precision that can be manufactured by the same machines they will service. The research methodology includes iterative modeling and prototyping with conventional AM feedstocks before extending to cryogenically stable materials suitable for space applications. By providing modular, self-configuring robotic capabilities using a single feedstock, this technology addresses NASA's critical needs for reliable, low-maintenance solutions for in-situ manufacturing, logistics management, and micro-gravity assembly, potentially increasing the feasibility of future lunar/Martian outposts and orbital construction platforms.


