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Abstract

With the increasing number of satellites orbiting Earth and the growing risks associated with their
malfunctions, in-orbit servicing has become a key focus in space sustainability. The ability to repair,
refuel, and maintain satellites while they remain in orbit would significantly extend their operational
lifetimes, reducing both the accumulation of space debris and the environmental impact of manufacturing
new spacecraft. Instead of decommissioning satellites once they run out of fuel or sustain minor damage,
in-orbit servicing offers the potential for cost-effective reuse, transforming the way the space industry
approaches satellite lifecycles and resource management.

Polymer foams and gels present an innovative solution for in-orbit servicing by providing a versatile
and adaptable method for spacecraft docking and space debris capture. These materials can conform to
various surface geometries, enabling secure attachment without requiring complex mechanical interfaces.
This study presents experimental findings on the behavior of polymerization and foam expansion in
microgravity, offering new insights into how the absence of buoyancy-driven convection influences curing
dynamics, expansion rates, and mechanical properties. Understanding these effects is crucial for designing
foams that can reliably function in space, ensuring controlled adhesion and structural integrity.

In addition, we propose and evaluate a spraying mechanism for deploying foam or gel-based materials
in space environments. Such a system could facilitate controlled adhesion for satellite servicing, debris
capture, and autonomous docking operations. Our results demonstrate key optimizations in formulation,
expansion properties, and application techniques, showcasing improvements in adhesion strength and
material stability in microgravity. By advancing a scalable and autonomous in-orbit servicing technology,
this research contributes to enhancing spacecraft longevity, mitigating space debris, and promoting long-
term sustainability in space operations.
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