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Abstract

To successfully extend crewed missions into deep space, radiation protection must be in place to
shield astronauts from Galactic Comic Rays (GCRs) and Solar Particle Events (SPEs). Previous
crewed missions, which were from 1968 to 1972 and had durations less than 13 days, consisted of
the truncated cone made pronominally of aluminum. Since traveling to Mars is estimated to take
between 200 to 400 days each way, it 1s important to evaluate the shielding ability of a wide range
of materials to effectively protect astronauts during these extended missions. Using NASA
Langley's OLTARIS model, this study includes evaluating the shielding ability of 59 materials
categorized by metals, polymer, composites and fuels, liquid gases and hydrides. Analyses also
include using vehicle shape and astronaut position to further increase radiation protection, using a
sphere a right circular cylinder.

Results show that the fuels, liquid gases and hydrides are the most effective shielding materials,
while metals perform the worst. The best performing polymers, composites or metals are
polyethylene, polyethylene epoxy and polyethylene with 30% boron. Hydrogen storage did show
potential in lowering exposure, but required 15% H 1n carbon nanotubes to reproduce the shielding
ability of polyethylene. Additionally results show that positioning an astronaut closer to the space
vehicle wall does significantly decrease the radiation risk compared to when the astronaut 1s placed
in the center. Further analysis 1s currently being done to evaluate if this pattern 1s also highlighted
in Monte Carlo codes.
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Boundary Condition

Galactic Cosmic Rays (GCRs)
» Accounts for the majority of the background radiation.
« Composed of highly energetic and fully ionized elements
* Protons
* Alphas
« Elements ranging from Li to N1 (5 <A < 58)
» Energies reach up to several hundred GeV per nucleon.
« Even though the abundance of heavy particles is relatively low,
they contribute to approximately 86% of the total dose equivalent

GALACTIC COSMIC
RADIATION (GCRs)

1977 solar minimum??

* Design basis GCR spectrum used
as a standard in the historical
research.
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Model Configuration

NASA OLTARIS (On-Line Tool for the Assessment of Radiation In Space) Model
Version 3.54>6

Spherical Shell Female Adult voXel (FAX) 1002 Geodesic Ray
2005 version Distributions

Ray-by Ray Method
Evaluating the material, scattering
and absorption long each ray.

Shielding Thicknesses Used
0.01,0.1,0.3,0.5,0.75, 1, 3, 35,
7.5, 10, 30, 50, 75, 100, 300, 500,
750, 1000 g/cm?

Vehicle Shape & Astronaut Position

Materials
Metals Polymers Composites
Reds and Pinks A Purples and Blues @ Greens and Cyans
Aluminum Polyethylene
Acrylic
Martian Regolith Water
Lunar Regolith Epoxy
Polyetherimide/Ultem 1000
Polyimide
Polysulfone
Fuels, Hydrides & Liquid Noryl 731 Carbon Nanotubes w/ 6.5% H
Gases
Tissue Boron Nitride Nanotubes w/ 7.14% H

Martian Regolith - 20% Epoxy
Boron Nitride Nanotubes (Natural)
Carbon Nanotubes w/ 20% H

Martian Regolith w/ 20% Polyethylene

Boron Nitride Nanotubes w/ 20% H
Carbon Nanotubes with 200at% H Borated Polyethylene - 1'B

Results and Analysis

Results and Analysis

* Polymer and Composites outperform Aluminum

* The higher the hydrogen contents the better the material’s shielding ability, as defined by the
ED

* Polyethylene (PE) outperforms all other feasible spacecraft materials, followed by PE epoxy
and boronated PE.

* Positioning a human phantom closer to a wall does significantly decrease the ED. This pattern
is not dependent on material nor boundary condition, but the mean shielding thickness a source
ray must travel through for the GCR boundary condition.

 For shielding thicknesses greater than 30 g/cm? for polyethylene and 100g/cm? for aluminum,
the results suggest that having astronauts’ habitats and work areas located further from the
center will help protect astronauts longer from deep space radiation.
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