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Abstract

The Battery-operated Independent Radiation Detector and Radiation
Area Monitors own on-board the Exploration Flight Test 1 mission
provide a unique opportunity to compare vehicle modeling results with
both active and passive radiation measurements. The environment de -
nitions and modeling e orts are described, and a comparison of passive
and active measurements is presented with respect to the modeling re-
sults.
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1 Introduction

The Exploration Flight Test 1 (EFT-1) mission provided a unique oppor-
tunity to investigate the interrelationship between the external radiation
environment beyond low Earth orbit (LEO) and radiation analysis mod-
eling and transport e orts currently underway for Multi-Purpose Crew
Vehicle (MPCV) missions. The data from both passive Radiation Area
Monitors (RAMSs) and active Battery-operated Independent Radiation
Detector (BIRD) hardware own inside the vehicle allows evaluation of
the model and related Computer-Aided Design (CAD) analysis with re-
spect to as- own data. The comparison of model and analysis to RAM
and BIRD data provides insight and con dence in both existing analysis
tools and subsequent radiation analysis results utilizing these tools, both
of which are critical for astronaut radiation protection e orts aboard
crewed MPCV missions.

2 EFT-1 Mission Overview

The Orion MPCV was launched from the Kennedy Space Center (KSC)
atop a Delta IV Heavy rocket on December 5, 2014. The EFT-1 trajec-
tory (shown in Figure 1) included two orbits: one low altitude orbit, and
one highly eccentric orbit with an apogee of almost 6000 km. Although
the primary mission objectives were to test the thermal protection sys-
tem, hardware separation events, and the parachute system [1,2], Orion
MPCYV passed through trapped electron regions and encountered intense
regions of the trapped proton belts as a result of this ight pro le.
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Figure 1. EFT-1 Mission Overview [2]

The use of the AP8 models [3] to quantify the trapped proton ux
along the mission trajectory allows both time resolved and mission in-



tegral comparisons of modeled dose rates to data. Modeled mission in-
tegrated doses can be compared to passive detector measurements, and
time-resolved dose rate models can be evaluated against active detector
measurements.

3 Radiation Shielding Analysis

3.1 CAD Model Analysis

The Orion MPCV CAD models, provided by Lockheed Martin to the
Space Radiation Analysis Group (SRAG) at NASA Johnson Space Cen-
ter, were initially reviewed to verify proper mass assignment, and then
interrogated using ray-tracing techniques to produce a set of entry and
exit model coordinates for each part along each ray. Correlating this
information with part information from the model de nes the shielding
mass distribution around the point of interest.

Shield distributions were generated for ten points within the MPCV,
coinciding with six RAMs placed in the cabin, two RAMs in the BIRD
assembly, and two active BIRD sensors. Figure 3 shows the location of
the six RAMs and Figure 4 shows BIRD RAM and sensor locations with
respect to the hardware mounting point.

3.2 Environment De nition

The model analysis uses an environment de ned using the AP9 Graphical
User Interface to create an AP8 model environment [3, 5] corresponding
to the EFT-1 mission trajectory during solar maximum. This generates
an output le listing the time-integrated trapped proton ux spectrum
at each minute along the EFT-1 trajectory. The di erential ux used in
the dose rate pro le calculations was determined for each minute in the
trajectory by taking the di erence of the integral ux spectra between
the it" minute and the (i 1) minute.

The RAMs are passive detectors that provide no time resolution;
therefore, the model comparisons utilize the total mission integral uence
for mission dose calculations. The BIRD instrument, however, is an
active detector and the standard BIRD data analysis provides minute
resolved dose rates which can be compared with the AP8 di erential

ux based dose calculations [4].

Because the energy binning in the AP8 model does not match the
binning necessary for the HZETRN2010 radiation transport code input
[3,6,7], the AP8 uence values were used to interpolate the proton uence
values on the energy grid required by HZETRN. The HZETRN energy
grid required values beyond those provided by AP8 models, and the
necessary HZETRN points were extrapolated from AP8 values. Figure
2 shows the original spectrum generated from the AP8 model and the
interpolated spectrum used in the calculations, along with the location
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Figure 2. AP8 Spectrum and corresponding tted spectrum for use with
HZETRN for the integral uence cases. The vertical line shows the
point above which extrapolation from the projected AP8 curve became
necessary in order to retain the decay in the high energy tail of the
spectrum.

of the split between interpolation and extrapolation. Comparison of the
original and t curves shows very good agreement, and similar ts were
performed on the di erential spectra for the per-minute calculations.

3.3 Transport and Dose Calculation

HZETRN2010 was used for the particle transport and dose response
functions (dose in water), with additional post-processing to incorporate
vehicle shielding. For the passive comparisons, environment values were
de ned using AP8 model integral uence along the EFT-1 trajectory.
The dose for a given ray is found by interpolating on the HZETRN2010
depth-dose tables for each thickness of aluminum and polyethylene equiv-
alent thicknesses along that ray.

The integrated mission dose for a speci ed point is calculated by
summing the ray doses and normalizing the result to the total number
of rays. This approach assumes that all ray doses are weighted equally
with respect to solid angle when combining the individual ray results
into a total dose.

Time-resolved dose rates are calculated using the di erential spectra
for each sixty-second step in the EFT-1 trajectory. The same method-
ology was used as in the integral case, again utilizing HZETRN2010
and post-processing codes to generate dose values at each step. In the
time-resolved case, however, AP8 di erential uences are available for
each minute in the trajectory, and the resultant dose is, by virtue of the
methodology used, the dose per minute for that portion of the EFT-1
mission.
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