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oduction II: Induction and Plasma Interaction CubeSAt for ice Layer VI: Radiation

Gailoo Obesrstions

If the Europa Multiple Flyby Mission (EMFM) carried a The ocean s not the only sowce  egrr g Thickness (CSALT) Concept " Radition s amajordesgn driverfor EMF

CubeSat deployer, what CubeSats would you put in it? of magnetic field perturbations Most of the dose is accumulated during Europa encounters

8

— Prior to first encounter, total integrated dose (TID) will berelatively low

Strong perturbations from the

« Hypothetical concept study funded by JPL In 2014 4 N
plasma interaction between

« CSALT spacecraft will be 3, 1U or
2, 1.5U CubeSats

All three CSALT will be deployed during the first five encounters

Oipie omert(7-)

— Examples ofsmall, secondary satellites on major planetary missiors Jupiter's magnetosphere and
« Europa Multiple Flyby Mission is in development for 2022 launch Europa’s atmosphere/ionosphere 3 - 1‘;"13*13 cm,;.gg g"' * Radiation estimate assumes:
x10x10 cm, 2.
— Willorbit Jupiter and make 45 close fiybysofEuropa * This is Fhe Igrgest source of 20 L — — 3x1Uis baseline, 2x1.5Uis — 50 mil Al thickness shell for CubeSats, 100 mils from walls of deployer
« A primary goal of Europa Muttiple Flyby Mission (EMFM) is uncertainty in determining the performancefloor while — 133 g-cm”® Al (equivalent) from CubeSat components
i ivati o i il i adding50% margins . . y
investigating the ocean below Europa's icy surface phase and amplitude of the ocear-induced - dipole * TID of 64 krad for partsin facesof CubeSat prior to fifth encounter
— Ice shellabove the ocean is estimated to be 10 to 100 km thick - The uncertaianty is 10-100 nT-Re® (>10%) [Crary etal, EGU 2014] + Eachcarriesa magnetometer — Only6.6 krad for partsin center
— Propertes ofthis ocean can only be inferred indirectly — There are several ways to reduce this uncertainty to <1% star tracker asits payload ) ) ) )
_ CubeSat orientation will notbe controledbut itmustbe know * 18and 0.6 krad, respectively, during science encounter itself

- Electromagnetic sounding is a major sourcesofdata on this ocean Measurements to constrain models of the plasma interaction

* Designed tosatisfy a 0.1 nT requirement without a boom Existing commerical (COTS) partscan not be used

« “CubeSAt for ice Layer Thickness” (CSALT) concept — Allow estimats of the plasma perturbation to be subtracted from data
— Use multiple 1U or 15U CubeSats each on separate encounters — Plasma Instrumentfor Magnetic Sounding (PIMS)
— Make simultaneous magnetic field measurements with EMFM * Setofion and eledron Faraday Cups
— Fly along a trajectory parallelto butseparated EMFM Partof EMFM payload forexadly this reason — Small number of components and exclusive useof batteries will greatly help
Resourcelinited andmayndtallowremova of petutbaionsto <1% Battery powered for3 day mission (possible 12 hour extended mission) .

— Electromagnetic sounding of Europa will be significantly enharced

— Magnetically clean star trackers have been flown (eg. @rsted and Juno) — 15-165 krad (RDFof2)can beachieved by replacingsensitive parts

— Other electronics and telecommunication systems need development — Mass and power budget assumeproperties similar to existing COTS parts

* CSALT will relay all data through the Clipper * Planetary protection is a serious concern for CSALT
* Multiple encounters canreduce errors . e o
— 1200 bps usinga0.25-2W radio and anommidirectio nal antenna — CSALTwillend mission in an orbit similar to Europa
E Iect Hustrated byappmx\maten.mde\ & — Thislinkwill also beusd fortracking (range only) of the CubeSat. — CSALThas no propulsivecapabilities for disposal
* Neubauer, 1980Alfven wingcumrents
« Spacecraft will be released from EMFM individually, one per encounter — Spacecraft will eventually impact Europa, 5 year mean timeto impact

Closurecurrentthrough body
Ma=0.27, 25%slowing of flow, 0.26 M/

00 ! Unlike EMFM, CSALT components are not heavily shielded

— Approximately 2 % days priortoclosest approach and drift inlow powermode (<1 W)
— At closest approach —3hours, transitionto3 W xience mode (2 hourwarm-up time)

— No “Vault” for sensitive electronics

Also shown is field from 100nT-R? § ©

induced dipole. ° — Keymeasurements from -1hourto+1 hour(inside 10Re)

) S . Eventhe most shielded parts accumulate 27 krad/year

+ The field is calculated alonga trajectorytor two polar encounters,

north and south, similar to thosesomeplanned forEMFM
N/ — Errors from plasmainteraction will begreatlyreduced in asingle encounter

— North poleencounter:Induced and interaction signatures correlated
+ W/out accounting forinteraction, induced dip ole overestimated by 47 ril-Re

_ South poleencounter:Induced and interaction signatures anti-correlated Adual encounter is worth multiple x multiple encounters by EMFMalone =
CSALT will provide 2—3 dualencounters VI - ConCIUS|°nS and open Issues

* W/out accounting forinteraction, induced dip dle underestimated by 46nTRe
— Analyzed together theerrors from theinteraction would nearly cancel * CSALT will enhance the magnetic sounding of Europa’s ocean

Measurements along two well-separated trajectories (CSALT & EMFM)

Syears exposure is 145 kradin center of CubeSat, 5 Mrad onfaces

_ Measurements are at thesame phaseand plasma conditions Planetary protection requirements similar to EMFM can be satisfied

Jupiter’'s magreticfield is

CSALT/EMFM encountersworth many stand-alone encounters

tiited, so the backgound The inducedelectric These electic curents « The real world will not be this kind

field atEuropa rotates field drives electric generate an induced I t T = t L
witha 11.1 hourperiod currents intheocean  magnetic field — Real encounters will haveless ideal geometries, cancelation will be partial plo an rajecto * Impacton EMFMmission is minimal
This producesan inside Europdsice which spacecraftcan . S .

mdut?ed elecrricfield shell P observepduringa fiyby * Errorsfrom theinteraction will be reduced butnoteleminated + CSALTtrajectory must bewell-separated from EMFM ~ ~10 kgof payload mass

— Induced dipoleamplitudeat multiplephases required — Reorient EMFM spacecraft for deployment at c/a-65 hours

CSALTand EMFM must remain above horizon at closest approach

TlhetGa/ileO n;.agnetor:}eter observed Europa's ocean through - Mu :tip:eencosnterfs "‘;‘"h different geometries would berequired a + Closest approach aboveionosphere less ambiguous measurements) — Receive and relay telemetry and support ranging
electromagnetic sounding multiplenumber of phases

* Closefor stronginduced field signature, >50% surfaceamplitude * Adding CubeSats to EMFM adds norisk to primary mission
The large uncertainty (>15%) limited the result toa detection, not a — Jupiter’s plasmaconditions are highly variable Tareet 300 4100 km closest b altitude ]
determination of ocean properties — Plasma conditions on each encounter will bedifferent e - mc.oss approach altity — Success of CSALTIs not necessary for success of EMFM
Measurements at 1% or lower uncertainty can reveal the ocean’s — Multipleencounters required to averageout plasmavariability, at multiple " 12004m(42 )sepa_ratmn_mmv EMPM at closest appmvaCh - Cubesatinterfacedesigned to removeriskand impact to primary mission
depth, thickness and conductivity (salinity) phases, at multipleencounter geometries * After encounter, trajectories diverge 7500 km separation at 2.2 hrs + Development of CubeSatsfor planetary missions needs discussion

« Multiple x Multiple x Multiple >>45 — Radio communications limit at 2 Wtransmitted power _ AreCubeSats a “spacecraft” or afree-flyinginstrument?

Requires deployment at 5 m/s,67.5 hours prior toclosest approach

— CubeSats are inherentlynot Class A hardware

* This would require far more than the pk 1 45 EMFM i
= 2.5 times faster than from astandard deployer * RequiringClass-A development would add significantly to cost

— The speed and direction controlled to 10% and & * AreCOTS parts allowed? What margins are required?
— Deployer willmodifications for this and to allow sequential deployments.

Are these Europa CubeSat concepts “CubeSats” or class A nanosats?



