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Radiation Safety Design For High Energy Electron Flux Environments Testing
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Radiation in Space . Overview
Spacecraft in low earth orbit (LEO) through geostationary Earth orbit | In order to predict and mitigate adverse environmental effects prone to spacecraft in orbit about w0 i i A o N B e e —
(GEO) undergo significant electron flux from trapped particles in Earth, a versatile pre-launch test capability for assessment and verification of small satellites, || T et Dose e + Backgrowd ] A S copermal o Pt
earth’s magnetosphere due to solar wind [1]. Solar wind is the systems, and components was developed by Utah State University’s Materials Physics Group. To N | | . Erorin measurd dose ot
continuous flow of high energy electrons, protons and free ions further diversify this project, a 100 mCi Sr-90 beta radiation source (0.5 MeV — 2.5 MeV) was - | T =
ejected from the sun through coronal holes. exploited to simulate high energy electron flux characteristic of geostationary orbit. Various samples 2> [ J Z 4l
- ‘ including in-the-loop hardware, spacecraft materials, optical components, and solar arrays are 5 % J ;
Electron radiation can damage - = irradiated to gain a better understanding of how these materials and electronics break down in %15 s | I
sensitive electronics, alter E S space environments. For employee protection, various high and low-Z shielding materials were o I '
optical properties, deteriorate implemented to minimize x-ray dose rates near the test chamber. In order to forecast employee dose | : ) . e
components, and reduce the A while working around the source, x-ray attenuation through the various shielding materials was
overall lifetime of satellites and calculated. Upon discovering a deficiency in shielding capability, additional lead shieling was " A 8B ¢ 0o E F H 1 ’ A a2 8 ¢ 0o
spacecraft [2]. Figure & Solarwind and Earths magnetosphere structure: | implemented to lower dose rates outside of the test chamber to nearly background. Prediction of eures predicied attenuated doseFr)aai:sanng eths described i Figore 4 Fisure® Precited attenated d:hrates otted ssainet actun
attenuated dose rates strongly correlate with actual measurements post installation of the source. measured values along certain paths
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The Space Survivability Test Chamber 4 54 e 308 g B T AT
| SR Betyiemen BEET A 100 mCi Sr-90 beta radiation _ o po s 0+ 3emabove 2907
3 oo || | source approximately mimics the S B s s 22 =005 16 = 040 2025 cm below 3763
N [ e[| | Digh energy electron spectra of Electron Gun Solar Simulator — \~ R / : T 01 + 0ot E?E:5efﬁi§§rﬁ°§ﬁ'§3 1052
g [ a0t spemm ||| GEO. The source was installed — Sr-90 Source Housing e YV — AR 1543 cmawayfrom 3158
x [ | | into the SST chamber to irradiate | NN 8220000 + 005 : 2% 1 cm outide of Pb 34,68
L 10° ' : | . . _ ol _ 116.0 + 0.05 186 + 475 shielding
= | | various materials, in-the-loop Conical exposure R e BN U _ 1050 £ 005 11 = 386
5 1 | hardware, and components in beams for various ouree canister oD ouree Preumatic Actuator :
5 : 3 1 | order to forecast radiation sources Error Analysis
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l:’“t 1";” 1“:°V) Mo w1 damage, predict lifetimes of The standard deviation for the predicted attenuated dose rate was calculated by
ectron Energy (e . .
i eleCtror"CS, and authenticate the Exposure beam add|ng error in quadrature as
Figure 2 Representative electron flux spectra for - Sample Plate 1 of Sr-90 5 5 )
geostationary earth orbit, solar wind at the mean earth ab|||ty Of the test Chamber to (Fe, C) - CubeSat D d> Y D i 1 ogl2 ( 0 D) + o2 ( J D) + gl < 0 D)
orbital distance, plasma sheet environment, maximum . . . ’ .~~ % = A ov =|o (_ ) o Fe;\ a7 OLpe; \ 37 0 Pb;
aurora environment, and low earth orbit. The Sr?° source mimic Space enV|rOnment. ~*J;-:'/ dad aLF@i ! aLFej aLPbi
emission spectrum is also show [3]
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Covelrgg|ass Baxter MERSITEOR VRET SO Low Density Polyethylene Figure 4. (Top) source housing shielding design. (Bottom) Cross section of various + O'LZ 0 D + O.xZ ( J D) + O.xZ ( 0 D)
Coverglass Figure 5 Space Survivability Test (SST) paths through shielding materials. A — Storage position, in direction of radiation beam, Pb; 0 Lpy. ke 0 XFe Pb 0 Xpp
Thermo- B chamber and Strontium-90 Test (SRaT) B — Opposite the beam of radiation, C — Towards the actuator rod. D — Toward the :
tantifi T —_ : : : : housi d cap, E —In the pl f the Sr-90 , directly outward from th . .
s o R chamber with various simulation bousing, F 45 from the plane af S1.90 souree, & Exposstepostion 115 fom | | The ¥ value for the predicted attenuated dose rates against he actual measured
& o capabilities attached [4]. exposure position, I —45° from exposure position Values Was Calculated s
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IZDT";;E' i: | Attenuation depends on the ! Where MD is the measured dose rates, ay,p is the errorin MD, and CD is the
ok : thickness and density a material. calculated dose rates. This calculation provides
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e So,arirray(c/,Gs, g o \\ e — i — mass attenuation coefficient A safe test system for simulating high energy electron flux was developed. In order
3-Stage UVR/AR Solar Array S — Al L : s Pb 0.042 11.8 2.0 ..
| Lo | | = a — linear attenuation coefficient | 0.040 8.9 )8 to ensure legal and safe employee dose, predictions of dose rate through the Sr-90
Figure 3 Sample plate with various optical, materials, and electrical samples attached. 2 H— ;3;1 _ denSit Al 0.040 57 9.3 . . 2 . .
— \\ p ik Y W 0.041 18,95 13 source shielding were calculated. The y“ value is about the number of data points
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Simulation Capabilities e T I —intensity of radiation i 0037 787 >4 (Figure 9), which provides a good argument that the calculated dose are well
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Figure 7 X-ray attenuation for relevant shielding : Figure 6 Scattering lengths for 0.5 Me {top) and correlated with the actual measured values. Predicted values were thus calculated
Th S S ] bl T SST h b . | | d materials for 2.5 MeV (top) and 2.5 MeV (bottom). L — scatte nng |ength 2.5 MeV (bottom) electron energies of Sr-90 source. .

e Space Survivability Test (SST) chamber is a versatile accelerate correctly and reflect the actual dose rate. Dose rates escaping the tests chamber
ground-based test facility designed to simulate environmental- With these predicted scattering lengths, the through the shielding are low enough to allow employees to safely work around the
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: —6 : : : : : avgpp = : . : oy : : : :
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