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Abstract

This paper outlines an evolutionary strategy for developing a composite habitat for space exploration,
employing a phased approach that incrementally enhances capabilities and technologies. The pathway
begins with a propellant tank, advances to a space logistics module, progresses to a crewed Mars fly-by
transit habitat, and culminates in a long-duration crewed surface habitat. Utilizing composite materials
offers significant advantages, including increased strength and stiffness while reducing mass compared
to traditional aerospace metals. This mass reduction not only improves mission performance but also
allows for the reallocation of saved mass to further mission objectives. Despite the potential benefits, the
full development of composite modules remains incomplete, necessitating further maturation in Technol-
ogy Readiness Level (TRL) and Manufacturing Readiness Level (MRL). The proposed evolutionary path
emphasizes incremental development, risk management, and technology integration to ensure successful
implementation. This approach mirrors the systematic development seen in historical campaigns that
span multiple programs such as Mercury, Gemini, and Apollo, allowing for the testing and refinement of
each phase before progressing to more complex endeavors. The strategy focuses on breaking down com-
plex projects into manageable components, facilitating gradual progress and continuous improvement. By
delivering functional segments incrementally, teams can gather feedback and make necessary adjustments,
ensuring that each module meets required standards. This iterative process enhances the final product’s
quality and allows for flexibility in adapting to new information or changing requirements. Technology
integration is a critical aspect of this strategy, enabling the incorporation of emerging technologies at each
development stage. This fosters innovation and ensures that the final product benefits from the latest ad-
vancements, enhancing performance, safety, and efficiency. Additionally, the incremental approach to risk
management allows for early identification and mitigation of potential issues, thereby increasing project
reliability and stakeholder confidence. Collaboration with various stakeholders, including government
agencies, private companies, and research institutions, is essential for fostering a synergistic environment
that accelerates progress and reduces costs. A long-term vision guides these incremental efforts, ensuring
alignment with overarching goals and facilitating navigation through challenges. Ultimately, the evolu-
tionary path of a composite habitat aims to establish a human presence on celestial bodies, targeting
Mars while remaining applicable to lunar missions. By systematically developing each phase, the strategy
lays a robust foundation for future space missions and sustainable habitation on other space bodies.
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