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~ Overview Space Environment Effects and Radiation Testing ~ SEEM Space Environment Test Facility

 ——

Corning Flex Circuit Polypropylene

The Utah State University Materials Physics Group (MPG) has developed Radiation testing of Arduino Coverglass Baxter Sk i el Degradation studies of common Unique capabilities for simulating and testing potential environmental-induced

Coverglass

an extensive versatile and cost-effective pre-launch test capability for Board COTS parts. In situ tests are =™ E : Spacecraft mz_iterlals (cov_e_rglass, modlflcatlons (?f small satellites, components, and mate_nals are available at the M_aterlal
Coverglass ‘ y : quartz, sapphire, fused silica PI, Physics Group’s (MPG) Space Environment Effects Materials (SEEM) test facility. Their new

F I i run on parts during irradiation with - o . . L . :
verification and gssessment _O_f_Sma” satellites, SyS_tem Componen_t51 and simultaﬁeous tes?s on identical 2 LDPE, PTFE, ETFE). versatile ultrahigh vacuum Space Survivability Test (SST) chamber [2] is particularly well
spacecraft materials. The facilities can perform environmental testing and suited for cost-effective tests of multiple small scale materials samples over prolonged

: . . . . control hardware. Periodic tests == B s - . / Pre- and post-irradiation characteriza- _ 7 ) _ _
component characterization related to typical CubeSats—including include: f @ ¢ tion of optical transmission, conduct- exposure to simulate critical environmental components including: the neutral gas

performance of radiation damage, solar arrays, electronics, sensor and 4 e ivity,  surface  composition  and atmosphere/vacuum, the far UV through near IR solar spectrum, electron plasma fluxes,

: : : , « CPU diagnostics relayed via USB N ==z | mor - : . lable f ¢ |
_ . ) ~ \, phology. fused silica, and temperature. Testing is available for a 10 cm X 10 cm CubeSat face sample area
memory components, and structural integrity—in a cost eflective way. connection. | N ; (maximum sample area of 16 cm X 16 cm or 20 cm diameter), with exposure to within <5%

CubeSats are partiCUIarIy Susceptible to environmental-induced : E|suDetCOagtdhrgﬁgn\c;\;?/Flri?)drr/]Vr\]I‘]rlljtreuzzst;[gn | g -, o | : Radiation testing of flexible solar panels uniformity at intensities for >5X accelerated testing. A Sr% gB-radiation source produces a

. : . : : | , for CubeSats from Vanguard Space iah- ~ imi i
modifications, which can lead to deleterious or catastrophic + Sensor tests with fixed sources for T R T Technologies with  im - site 1V high-energy (~200 keV to >2.5 MeV) spectrum similar to the GEO spectrum for testing of
9 radiation damage, single event interrupts, and COTS parts [2]. An automated data

S : : ' A\ reproducible, periodic, variable stimuli Sapphire | G i iCi S S : : o - -
consequences. This is Increasingly important as small satellites—with for magnetic Hall temperature, ’ measurments to determine efficiency acquisition system periodically records real-time environmental conditions—and in situ

‘A : : : : : used Silica -Stage loss as a function of radiation dose. . . . N
minimal shielding due to re_c!uced mass_and size constraints gnd _rell_ance ohotocell. IR, & acceleration sensors. el ©tone VR o el Hnet 't monitoring of key satellite/component/sample performance metrics and characterization of
on more compact and sensitive electronics—have longer mission lifetimes material properties and calibration standards—during the sample exposure cycle [5].
and make more diverse, complex and sensitive measurements. The i * In_situ monitoring Electron Flux

current push to expand deployment of CubeSats beyond LEO, into even Shielding for reduced r IV curves of A high energy electron flood gun (A) (20 keV — 100 keV) provides <5 X 10° electrons/cm?

more demanding environments where modest relief due to shielding by radiation flexible solar | © (~1pA/cm? to 1 pA/cm?) flux needed to simulate the solar wind and plasma sheet at

; - : «Channeled Graphite Bilayer e . e panels for Cube- more than the 100X cumulative electron flux. A low energy electron gun (A’) (10 eV-10
the Earth’s magnetosphere is absent (such as polar or GEO orbits), can : Sats are meas- keV) simulates higher flux conditions. Both have interchangeable electron filaments.

. : : (inhibits beta radiation from > - d i . .
further exacerbate these problems. Testing of small satellites is therefore leaving SST chamber) N gfﬁing g lonizing Radiation

critical to avoid such problems. Graphite Plugs e TR | whilst  mounted A 100 mCi encapsulated Sr% radiation source (E’) mimics high energy (~500 keV to 2.5

eStainless Steel substrate N X W w on the sample MeV) geostationary electron flux (see Fig. 2) [2].
(Shields Bremsstrahlung x-rays) = e\ e stage. Infrared/Visible/Ultraviolet Flux

; e I e e ot A commercial Class AAA solar simulator (B) provides NIR/VIS/UVA/UVB
Space EnVI rO n ment Ch aT aCteTISTI CS electromagnetic radiation (from 200 nm to 1700 nm) at up to 4 times sun equivalent
e = D W, intensity. Source uses a Xe discharge tube bulbs with >1 month lifetimes for long

duration studies.

Biological Test Chamber

A small test chamber has been designed for biological testing, with 1 atm pressure

the space environment: electron flux, ionizing radiation, photon flux, temperature and within the main UHV chamber. The Al window has high transmission of the Sr® 8 e Far Ultraviolet Flux . . .
neutral gas environment. Figures 2 shows representative electron spectra for several radiation. It is constructed with low-Z materials to minimize bremsstrahlung radiation. ' Kr resonance lamps (C) provide FUV radiation flux (ranging from 10 to 200 nm) at 4
' times sun equivalent intensity. Kr bulbs have ~3 month lifetimes for long duration

common environments. The solar UV/Vis/NIR spectrum is shown in Fig. 3. The range of Initial experiments include testing space radiation effects on of seed germination and O - studies
electron, ionizing radiation, and photon sources are shown above the environmental flux genetic mutation of single cell organisms. ( | Temperatijre

graphs. Samples are in a low density particle environment, using a vacuum or controlled _ _ _ _ o , _ T . _ o
We gratefully acknowledge design support from Takuyuki Sakai, Shusuke Okita, Midori : 1 ] Temperature range from 60 K [4] to 450 K is maintained to £2 K [3].

neutral gas environment down to ~10° Pa. Temperature can be maintained for prolonged ) o _ _ AR _ _ ,
testing from ~60 K to ~450 K. This chamber does not yet simulate ions, plasma or atomic Modikawa, Akihiro Nagata, Yuta Takahasi, and Takahiro Shimizu of Tsukuba University Vacuum

oxygen. for the biological test chamber. Ultrahigh vacuum chamber allows for pressures <107 Pa to simulate LEO

The Space Survivability Test (SST) chamber simulates several critical characteristics of
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