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NASA’s new vision for space exploration calls for a sustained and affordable robotic and human program for the exploration of space beyond low Earth orbit. The vehicles and their cargo involved in these   missions must survive long duration exposure to radiation (Solar Particle Events and Galactic Cosmic Rays) and micrometeorites.  In many instances, the vehicles (e.g., planetary entry probes, sample return capsules and NASA’s new Crew Exploration Vehicle) must also survive very harsh thermal heating during hypervelocity, atmospheric maneuvers. Launch vehicle costs continue to drive requirements for significant weight reduction for such vehicles, driving a need for multi-functional materials that perform structural and  other roles, while providing shielding against these harsh space environments.  

In general, entry vehicles are covered with an outer thermal protection system (TPS), which protects the vehicle from the intense heating environment.  The TPS can also represent the first line of defense from the space radiation environment and micrometeorites, if the materials making up the TPS are chosen wisely. Materials made from low atomic weight elements, such as hydrogen and carbon, are generally regarded as good candidates for radiation shielding, since less secondary radiation is produced during the collision process with high-speed cosmic rays and solar event particles. Polyethylene-graphite fiber reinforced composites are one example of a material under development for multifunctional structural/radiation shielding use.

While polyethylene is not used in TPS, carbonaceous ablators such as carbon phenolic, phenolic nylon, and PICA (phenolic impregnated carbonaceous ablator), which have already flown on the Galileo and Stardust missions, should have good radiation shielding characteristics since they are comprised mostly of carbon and hydrogen.  Other TPS materials, such as the ceramic tiles and blankets on the Space Shuttle, silicon based ablators, and metallic systems, should have a reduced radiation shielding capability, based on the low atomic weight rule-of-thumb.

In order to demonstrate the potential for multi-functionality, we are evaluating various thermal protection system materials (both existing and those under conceptual development) for their radiation shielding effectiveness. Further, we propose to evaluate new nano-structured composite materials that may be useful as a shield against radiation and micrometeorite strikes. We will present details of our thinking along these lines whose intended research product will enable designers of vehicles to incorporated, multifunctional TPS materials in their choices.
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