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« Solar Energetic Protons (SEPs) are high-energy charged particles from » When selecting materials for small satellites that can withstand space « Decision matrices will be used to continue making decisions about the feasibility of .
the sun. They can strongly interact with the spacecraft, affecting its weather, some possible considerations are that the primary material the study within our lab and other matters, such as the final material selection for | %%
overall integrity, electronic components, and communication, resulting must withstand intense radiation heating, thermal stability, UV testing. 1:
in single-event upsets and anomalies. degradation, communication, navigation capabilities to minimize signal s rrrT— 1{3
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« SEPs can overload sensors such as startrackers and cause solar arrays interference, and electrostatic discharge protection (2). Weighting 35
and spacecraft surface degradation. Resulting anomalies include bit-flip » Standard materials: aluminum, magnesium alloys, photopolymer, and z- ok i Factor ! Mo | Soms] Watue 1;1
errors in onboard software, navigational errors, interrupted grade materials such as tantalum and tungsten (3,4). Particle Energy Variability 0.25 % ?:%
communications, and other issues that can result in spacecraft loss of « Ashby charts can optimize aerospace designs for performance, Particle Energy Range 0.25 eV 5
life (1). efficiency, and sustainability when considering a single objective and - Cost - 0.2 S Ay
A bett deieTands ¢ ]‘1_‘,? inel : . I h e e : Particle Intensity/Flux 0.15 [number of particles] m-2-s-1 %.%
[ el;jun ers la;n mgotw .a smg; eve; l.f.pse / anoma yhmay a;e constraint in material selection. Availability of Components 0.10 AT ?1,:
occurred, as well as preventative an redictive measures that can be Lok \ : — ety
s ' ¥ i Ph. h 3 p— ith : | Metals " T-Conductivity - Resistivity Overall value T
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ta EI"I, cz.’.n resu .t in lg. er suf:c.es? rates and minimal damage wit Rl _.**" | _ Figure 4. Decision matrix to determine the best particle source through weighing factor o
ongoing interactions. This area within the space weather and aerospace - é‘ig O o comparisons. gk
engineering community is not as well studied, but having a better e @ ilizi iati i ill i =
f ! : S c } « Utilizing the NOAA Scale for Radiation Storms, the following steps will include | ¢
understanding of it can be crucial to future mission success. £ =Nz i = s _ ! . : : 5
= ' 7 ! ' e determining which scales we can simulate and which material properties we want | &%
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+ Goals: Small Satellite material testing against Solar Energetic Protons E | ] henewhe o ’ﬁr =Y Solar Radiation Storms e or | 1cvcte=11years| | 8
(SEPs). Throughout this research, the goal is to determine factors such as = R r | T e T i
the region of space we might be looking at, the conditions in those 0.14 — - cause loss of control, serious noise in image data, i
3 & R & 5.5 ; 3 ] "::::_“'1 - SR =2 Extreme | ctar-trackers may be unable to locate sources; permanent 105 el s
regions, the ener ranges an uxes, and the materials used i sma : b : damage to solar panels possible. ot
g h gy ranges and fl d th Is used I ,' Gl _ e

: g C i ] : vy =~ May expanence memory device problems and noise on *;::,
satellites. Using a plasma chamber, we can simulate solar energetic i L, ey S i o8 > soe | imaging systems; sar-racker problems may cause e e A5
protons against different materials to determine the most resilient R W e w02 0® T o o ,,;.:nl grteniggc;n problems, and solar panel efficiency can be o
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materials against space weather events. Electrical resistivity, po u-0.cm) A,
L . . — . . . .. . &3 Strong Slnglﬂ-_ﬁu&m upsats, noise in imaging systems, and shght 1043 10 per cycle {}34

« Within this first stage, the focus was to determine better the feasibility Figure 2. Ashby material selection chart for thermal conductivity against reduction of efficiency in solar panel are likely iy
. s . . : _ : s

of this research within our lab and what components and equipment electrical resistivity (Credit: PReoM Engmeenng} 52 Moderate Infrequent single-event upsets possible. 1042 25 per cycle };ﬁ,‘
would be necessary to achieve the desired results. = M — o L A percyca L
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« The starting goal is to study the conditions that occur in Low Earth Orbit 2

and simulate the SEP events at intensities common in LEO. E—*
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Figure 3. Temporal profiles of proton intensities measured by the Solar Electron (5) Bruno, A., Christian, E. R, de Nolfo, G. A, Richardson, 1. G, & Ryan, J. M. (2019). Spectral ey

and Proton Telescope, Low Energy Telescope, and High Energy Telescope analysis of the September 2017 solar energetic particle events. Space Weather, 17, 419-437. 13:‘

Figure 1. Space Weather can cause damage to spacecraft (Credit: RHEA Group) instruments onboard the Solar Terrestrial Relations Observatory-Ahead (5). https://doi.org/10.1029/20188W002085 e
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