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Properties of Spacecraft Materials Exposed to lonizing
Radiation

Alexander Souvall,!,Gregory Wilson,! Katie Gamaunt,! Ben Russon,* Heather Tippets? and JR Dennison?

1 Utah State University - 2Brigham Young University Idaho

I nt rOd U Ct|0 N Table I. Test matrix: Radiation performance at ~1 MeV Sr?° beta radiation
Spacecraft experience very harsh conditions, and Test Type Radiation Total Dose Diagnostic Tests Exposed Parts and Materials Figure 6 —
, , , ’ , Exposure Time |Fluence Fluence PrintSat _ built
information on how materials respond to this ) , ,
: . (days) (e/lcm?) (kRad) using Windform
environment is, by nature, hard to come by. Ground ICOTS Parts In situ: CPU operation, USB and Bluetooth  |CPU(s), USB interface(s),SD memory cards, and Sdditive
based system can simulate this environment, but the 20 ~2E12 ~23 Interface operation, memory read/write, sensor |Bluetooth sender/receivers, magnetic sensors T TS
accuracy of the simulations need to be quantified. readings -
Y 9 : flioh h G d-b 9 ISolar Arrays In situ: 1V curves Stacked solar array assemblies techniques to be
Comparing data rom space flig t§ wit ground-base Ex situ: UV IV response curves flown Oct 29. In
systems allows this to be determined while gathering Optical and Ex situ: Microscopy, optical MLI blankets (polyimide, VDA PET), insulated flight tests will
knowledge of specific materials. Blanket transmission/reflection, bulk/surface (polyimide, PTFE, Al,O3), wiring insulation, FR4 be compared to
Materials conductivity, tensile/hardness polyimide PCB, Optical (Al,O,,S10,, Coverglass) ground tests
I. Space EnV|rOnment ICubeSat Frames |50 ~BE12 ~56 In situ: Torsional strain, bulk conductivity GASPACS: Al, Graphite fiber composite EeSrL]J‘ormed at
_ o Ex situ: Microscopy, bulk conductivity, PrintSat: Additive manufacturing (3D printing) '
The harsh space environment conditions cause numerous torsional strain, tensile/hardness Windform XT nano-carbon-impregnated plastic
effects on materials which are often deleterious. Those Figure 7 -
include outgassing, charging/discharging, and alterations in . . . . . MISSE, materials
electrical, optical, and mechanical properties. To understand 1. RadlatIOn TEStlng l1l. Direct COmpa rIson mounted to the
: : : e ISS for lon
and | cha.r'acterlze such material degradatlon,. the Spac}e Tests are currently underway to demonstrate the capabilities Betwee N G roun d based e flighgt)
Survivability Test (SST) chamber [3,4] was built by USU’s of the SST chamber to study standard ionizing radiation radiation  tests.
Material | P.hy5|cs Group. It S|.mulates §everal critical effects [1] for total ionizing doses comparable to several and In_ﬂl ht Tests Samples  were
characterlstlcs of the space environment in 3 controlled years exposure in space environments. Most tests are ex g characterized
setting, aIIowmg q.uar.1t|tat|ve .chaTrcj;lcterlzaTtlc.)n of the effects. situ, comparing pre- and post- SST radiation exposure to pre- Numerous ground-based radiation exposure tests before and after
These characteristics include: ionizing radlatlc?n, electron and and post-flight effects. Both in-flight PrintSat and in situ SST have been performed. However, very few direct flight.
photon flux, temperature and neutral gas environment [5]. tests of mechanical properties and conductivity will allow comparisons have been made to in-flight (or even
studies of the evolution of these properties with dose. Table post-flight) missions. SST chamber will make direct
| outlines currently planned tests, which include tests of comparisons between the data from the space flight . . .
~ e Figure 1 - Typical modifications to the following material properties: missions in Section 4, and tests performed in the AVA Space F||ght Missions
[ ™ Prasmma Shoct electron  fluxes  for chamber. Table | outlines currently planned tests
RRyesviowl | Il Various near earth orbits. Optical: Radiation darkening of standard optical materials (see Figs. which have in-flight data to make these comparisons. The USU SUSpEFS experiment on MISSE-6 EXp?SEd many
Sr 90 E Spectrum spacecraft materials to 18 months of the International Space

SR*® is beta radiation 3 and 5)
source, as shown in
brown, which acts a fair
approximation to the
space environment for

These measurements will serve as validation of the
capabilities and allow us to develop experience and
protocols for future tests, while also providing useful
information for specific projects.

Station environment, and were returned in pristine condition
for comparative testing [6]. The SST was initially developed to
test the verisimilitude of ground-based testing, through
comparison of samples that have undergone simulated space
exposure to those flown on MISSE.

PrintSat, a 1U CubeSat mission designed by Montana State
Kapton Reflectiviy University and CRP, Inc. will be launched on October 29, 2015
into a high-radiation polar orbit for several years. A primary
objective of the mission is test the evolution with total

Electrical: Conductivity and charging properties of spacecraft
polymeric and ceramic insulators and composite structural
materials.

=
[ | [ | [ [ | [ | [ [ ’

Differential Flux (nA-cm2-eV-1)

Ll md® s mad Mechanical: Stress/Strain curves, hardness, torsional strain, shear
stress, and toughness of structural carbon composite materials.

Electron Energy [EV) geosynchronous orbit.

Figure 2 — The Space
Survivability Test
Chamber used to
simulate  the  space

Percent Rellec ity

— pre-flight

enviror|1|mdent ;nb 3 Figure 4 (Right) - Specular reflectance of B — post-fight ionizing dose of mechanical properties of the additive
controlled ground-base pre- and post flight samples - oo om manufacturing (3D printing) Windform XT nano-carbon-
setting. Figure 5a (Above) — Optical microscopy Wavelength (nm} ] ] ]
of Kapton before (left) and after (right) PP impregnated plastic used to fabricate the CubeSat frame. The
Figure 5b (Below) — Optical microscopy § =« ’ ! ! ! tests include in-flight monitoring of conductivity and torsional
of Al before (left) and after (right) . e —
. : stress.
Wavelength (nm 800x10'9 ; -
—— A second prototype 1-U CubeSat frame, the USU Get-Away-
g N = — post-flight i : i :
Figure 3 — Transmission spectra of Fused Silica (red), Sapphire (blue) and . 500 400 00 300 o0t 1200 SpeC|aI GASPACS/ [2] uses graphlte fiber comp05|te structural
Borosilicate (black) taken before radiation exposure. 2 o | Wavelength (nm) elements will undergo pre- and post-SST exposure tests.
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