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PlanetarySampleCachingSystemDesignOptions

CurtisCollins∗,PauloYounse†andPaulBackes∗

JetPropulsionLaboratory,CaliforniaInstituteofTechnology,Pasadena,CA,91109,USA

Potential MarsSampleReturn missionswouldaspiretocollectsmallcoreandregolith
samplesusingaroverwithasampleacquisitiontoolandsamplecachingsystem.Samples
wouldneedtobestoredinindividualsealedtubesinacanisterthatcouldbetransfered
toa MarsascentvehicleandreturnedtoEarth. Asamplehandling,encapsulationand
containerizationsystem(SHEC)hasbeendevelopedaspartofanintegratedsystemfor
acquiringandstoringcoresamplesforapplicationtofuturepotential MSRandother
potentialsamplereturn missions. RequirementsanddesignoptionsfortheSHECsystem
werestudiedandarecommendeddesignconceptdeveloped. Twofamiliesofsolutionswere
explored:1)transferofarawsamplefromthetooltotheSHECsubsystemand2)transfer
ofatubecontainingthesampletotheSHECsubsystem. Therecommendeddesignutilizes
sampletoolbitchangeoutasthe mechanismfortransferringtubestoandsamplesintubes
fromthetool. TheSHECsubsystemdesign,calledthe Bit Changeout Caching(BiCC)
design,isintendedforoperationsona MERclassrover.

I. Introduction

ApotentialfutureMarsSampleReturnmissionwouldneedtoacquiresurfacecoresampleswitharover
andthenstorethesamplesinacontainerthatcouldbereturnedtoEarth.1Thesampleswouldneedto

bestoredinindividualsampletubeswhichwouldbesealed.2,3Significantcarewouldberequiredtominimize
contaminationofthesamplesbyEarth-sourcecontaminantsorbycross-contaminationwithmaterialfrom
otherMarssamplinglocations.Additionally,thesystemofsamplingtool,samplingtooldeploymentdevice,
andsamplehandlingandencapsulationsystemwouldneedtohaveminimalmassinordertofitonaMER-
classrover.4Pastsolutionshavebeenunsatisfactoryforvariousreasonsincludingtotalsystemmass,sample
contamination,orrobustness.Thisproblemappliestovariousmissionarchitecturesforreturningsamples
fromMarstoEarthincluding1)MarsSampleAcquisitionandReturninwhichasamplingroverandMars
ascentvehiclewouldbeononelander,2)MarsProspectorandSampleFetchinwhichaMarsProspector
missionwouldlandasamplingroverthatwouldcollectthesamplesinasamplecontainerthatcouldbe
returnedtoEarthandasubsequentmissionwouldlandafetchrovertoretrievethesamplecacheandreturn
ittothelanderwithaMarsAscentVehicle,and3)anAstrobiologyFieldLaboratorywithCachingmission
whichwouldbesimilartotheMarsProspectormissionbutwouldincludein-situanalysisinstrumentsthat
wouldrequireprocessingofsomesamplesforingestionintoon-boardanalysisinstruments.5–7

TechnologyapplicabletopotentialMSRmissionsiscurrentlyunderdevelopmentattheJetPropulsion
Laboratory. TheIntegrated MarsSampleAcquisitionandHandling(IMSAH)systemtasktakesaunique
systemslevelapproachtorequirementsdefinition,missioninterfaces,andtradespaceanalysis.Theobjectives
ofthetaskaretounderstandtheevolving MSRmissionconceptrequirementsforsampleacquisitionand
handling,generaterecommendeddesignoptions,andstudythesensitivityofthecomplexityofthedesign
solutionstothevariousrequirements. TheIMSAHsystemincludesthecompleteend-to-endprocessof
obtainingacoresampleusingaSampleAcquisitionTool(SAT)mountedonaMERclassrover,andpreparing
thesamplesforpotentialreturntoEarthbyencapsulatingandstoringtheminareturncanister.ASample
Handling,EncapsulationandContainerization(SHEC)subsystemhasbeendevelopedinthecontextof
multiplemissioninterfacesandsubsystemintegrationrequirements.TheevolutionoftheSHECsubsystem
designoptionsanddown-selectprocesswillbedescribedindetailinthefollowingsections.
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Figure1. Architectureoptionsfor MSRsampleacquisitionandhandling.

II. RequirementsandFunctionalDecomposition

AspotentialMarsSampleReturnmissionscenarioshaveevolved,sohastheunderstandingofthesample
acquisitionandhandlingrequirementsforobtainingandreturningasampleofhighqualityandlowcontam-
inationforfuturescientificinvestigationonEarth.BasedonrecommendationsfromMEPAG,3andprevious
developmentefforts8anewsetofsampleacquisitionandhandlingrequirementswerecreatedasafirststep
towardsdevelopinganewspaceofpotentialdesignsolutions. Apartiallistoftheserequirementsdirectly
relatedtosamplehandlingareshowninTable1.
Ingeneral,therequirementsspecifythebasicsizeandnumberofcoresamplestobehandledbythe

subsystem. Theyalsospecifythatthesamplesmustbeenclosedintubesandsealed(encapsulated)both
tominimizecontaminationandtoenablefurtherhandling.Thesampletoolwouldberequiredtobeable
toejectbitsintheeventonegetsstuck.Atthesystemlevel,thereisarequirementthatsamplevolumeor
massbemeasuredatsomepointintheacquisitionandhandlingprocess. Afamilyofrequirementsrelate
tohowthesysteminterfacestodifferentmissionscenarios.Dependingonthemission,thehandlingsystem
couldberequiredtotransferindividualsamplesorawholecanisterofsamplestoanexternalsurfacesystem,
ortransferindividualsamplestoaninternalanalysissystem. Adiagramofofthesampleacquisitionand
handlingarchitectureandmissionscenariosisshowninFigure1.
Inadditiontotherequirementdescription,wehavealsoincludedourfirstimpressionoftheimplication

oftherequirementonthedesign(seeTable1).Implicationshighlightedinorangeareconsideredmost
important. Atahighlevel,therequirementssuggesttheexistenceofspecificcomponents(tubes,seals,
canisters,bits),butarestillgeneralenoughtoadmitmultiplesolutionconcepts.
Asafirststeptowardsdevelopingsystemlevelconcepts,wefirstexaminedthegeneralprocessbywhich

asamplewouldbeacquiredandstored. Thesampleacquisitionandencapsulationprocessisinherently
sequential. Acoresamplemustbetakenbyremovingpartofthesurroundingrock,andbreaking-offthe
corefromthebottomofthehole. Oncethesampleisseparatedfromtherockformation,itisreadyfor
handlingbythesystem.Theendstateofthecoreisthatitwouldbeencapsulatedinatubethatissealed
andstoredinatightlypackedcanister.Thebasicprocessforthisisthatthecorewouldbeinsertedintoa
closed-endtube,thetubewouldbesealedandthenplacedinthesamplecanister.However,inanattempt
tokeepthetheinitialdesignoptionspaceaslargeaspossible,wemadeanefforttodescribetheprocessby
asetofhigh-levelfunctionsandcharacteristicssothatwecouldevaluatetheprocessfrombothasystem
andsub-systemperspective.
AtthehighestlevelweknowwewouldhaveSATmountedonsomekindoftooldeploymentdevice

(TDD)thatwouldbringthetoolintocontactwiththerocksurface. Wealsoknowtherewouldbeasample
canistertostorethesamplesoncetheyareencapsulated. Tokeepthedesignspacemanageable,wehave
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Sample Acquisition 

Number Proposed Requirement Design Implication 

Return Sample 
Size 

Acquire rock cores with dimension approximately 1 cm 
wide by 5cm long 

Defines basic size 

Number of 
Samples 

Acquire at least 20 rock cores for return.  
Need to accommodate extra 
samples 

Bit Ejection Be able to eject a bit that is stuck in a rock Need spare bits and tubes 

Sample Handling 

Number Proposed Requirement Design Implication 

Sample Tubes Store samples in individual sample tubes. Must have tubes 

Sample Sealing 
Seal samples in sample tubes to prevent material loss 
through the seal. 

Must have caps/plugs 

Sample Transfer 
to Lander 

Allow for transfer of five cores from the rover to a lander 
followed by acquisition of more cores from the rover. 

Must be able to transfer tubes to 
external system 

Sample 
Container 

Fill the sample container such that it could be returned 
to Earth 

Samples need to be tightly 
packed in returnable canister 

Container 
Transfer to 
Fetch Rover 

Design for transfer of a full sample container to a fetch 
rover or dropping the container on the ground. 

Must have double walled canister 
accessible to external system 

Sample Tube 
Repackaging 

Sample tubes could be removed from the container for 
repackaging by another handling system 

Re-insertable tubes 

Handle In-Situ 
Samples 

The system architecture would allow for transfer of raw 
rock powder and rock core samples to a future on-board 
rover handling and analysis system.  

Secondary transfer point or 
transfer mechanism 

System  

Number Proposed Requirement Design Implication 

Sample on 
Slopes 

Sample on slopes up to 25 degrees Handle on slopes 

Sample 
Measurement 

Measure the sample with 50% volume or mass 
accuracy.  

Could accommodate in SHEC 
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Table1. ProposedSHEC-relatedrequirements

madetheassumption(asdotherequirements)thatthesampleswouldbeplacedintubesandsealedinsome
way.Thisimpliesthatsomekindoftransferandmechanizationmusttakeplacetogetthecoreintoatube
andultimatelyintoasamplecanister. Wherethistakesplaceispartoftheoptionspace.Atthisstage,we
simplyidentifythatsomethinghastobetransfered,possiblybetweentheSATandaSHECsubsystem. We
alsoidentifythattubeswouldneedtobestoredandpossiblymovedaround,thatsealing(encapsulation)
musttakeplacebeforethesamplesarefinallystored,andthatsamplemassorvolumewouldneedtobe
measured.
Anadditionalchallengethatisimplicitintherequirementsisthatweareattemptingtodesignasystem

thatwouldbecompatiblewithmultiplemissionscenarios.Tothisend,wewanttoalsogenerateandevaluate
conceptsthatwouldallowsamplestobepackedintoareturncanisterthatwouldbeaccessiblebyanexternal
system,orenableindividualsamplestobetransferedtoanexternalsystem.

III. DesignTradeSpace

Withtherequirementsandsystemfunctionalitytakingform,thechallengewasthentodevelopandstudy
designsolutionsthathavethepotentialtoprovidethedesiredend-to-endsystemfunctionality.Thefirststep
inthisprocessistocreateamorphologyofdesignoptionsandevaluatethemagainstboththerequirements
andasetofadditionaldesigncriteria.Itisnotenoughforaconcepttosatisfytherequirements,itmust
alsoadmitaphysicalrealizationcompatiblewithflightsystemdesigndevelopmentandconstraints.

III.A. GeneralDesignOptions

Basedonthehighlevelfunctionsandcharacteristicsthatwouldberequiredofthesamplehandlingsystem,
wedevelopedthemorphologychartofdesignoptions,showninTable2.Initaresimpledescriptionsof
designconceptsrelatedtoeachfunctionorcharacteristic.Themorphologychartcapturesadesignspaceof
hundredsofhigh-levelsolutions.
Startingatthetop,wearticulatethattheTDDwouldeitherbealowdegree-of-freedom(DOF)mech-

anism,ora5DOFarm,andthatthecanisterwouldeitherbecloselyorlooselypacked. Whiletheactual
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designoftheTDDisnotpartofourdesignspace,weneededtotracktherelationshipbetweenthehandling
systemandtheanddeploymentdevicetomakesurethefinaldesignwouldbecompatibleatthesystemlevel.
ThisisespeciallyimportantifanymaterialtransferwouldtakeplacebetweentheTDDandthehandling
systemingeneral,andthecanisterinparticular.
Thenextsetofoptions,highlightedinyellow,allrelatetohandlingandtransferofcoresamplesor

samplesintubes.Itquicklybecameapparentthatthiswasthecriticalsetofoptionsthatleadtoanother
moredetailedlevelofdesignconcepts(discussedinmoredetailinsectionIII.B).Atthefunctionallevel,the
issueswereessentiallywhattotransfer,howthetransfertakesplace,andwhateffecttransferoptionshave
onthedetailsoftheinterfacebetweenthesubsystems.Basicoptionsincludetransferringacoreoratube
toarigidorcompliantreceptacle.
Theremainingoptionsrelatetotubehandlingandsealing,andsamplemeasurementandstorage.Func-

tionsrelatingtotubestorageandexchange,aswellaswhereandhowtosealthesampleinthetube,lend
themselvestoasmallernumberofstraight-forwardoptions.9,10Onethingtonoteaboutallofthetransfer,
tube,andsealingfunctions,isthatwecarrytheoptionofperformingallofoperationsintheSAT.There
isalsoadesiretoverifythatapropersamplehasbeenobtainedbyperformingsomekindofsamplemea-
surement. Thelastsetofoptionsrelatetohowthesystemwouldworkindifferentmissionscenarios.In
aProspectormissionscenariothesamplecanisterwouldbeplacedonthegroundforretrievalbyaFetch
roverwhileintraditionalmissionscenariosthecanisterorindividualsampleswouldbetransfereddirectly
toalandercontainingtheascentvehicle.6

Table2. Morphologychartofdesignoptions

III.B. SampleTransferConcepts

Inordertobetterunderstandtheimpactsthatsampletransferhadonthesamplingandhandlingsubsystems,
wegeneratedamoredetailedsetofdesignconceptsbasedontheassumptionthattheSATandSHECare
separatesubsystemsandthatcoresampleswouldbetransferedbetweenthem.Thereasonforthisassumption
relatesdirectlytotheimpactofSATmassontheTDDrequirements.AlowmassSATwouldmoreeasily
enabletheuseofa5DOFarmwhichisconsideredamoredesirableTDDsolutionsinceitwouldallowmore
flexibleplacementoftheSATforsciencebasedtargetselection.



DRAFT–August17,2009 5

Earliertechnologydevelopmenteffortsgeneratedafamilyofcoringtoolsolutions(MiniCorerandCAT)
thatcouldobtainrawcoresamplesandpushthemoutthefrontofthetool.11,12
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Sincetheobjectiveofour
taskistostudythespaceofdesignoptionsthatcouldleadtoacompleteend-to-endsystem,ourmorphology
chartincludesarawcoreoption.Asecondmajoroption,whichrepresentsadistinctbranchinthedesign
optionsspace,wouldbetotransferatubecontainingthecoresample.Detailedconceptsflowingfromthese
twobranchesweredevelopedandorganizedintothefocusedsampletransferdesigntreeshowninFigure2.

Figure2. SHECsubsystemtransferoptionsdesigntree

Thedesigntreecapturestheideathatstartingwithanemptybit,wecouldeithertransferarawcoreor
atubeoutoftheSAT.Sincethedetailedsolutionofpushingarawcoreoutthefrontofthetoolhasalready
beendeveloped,wegeneratedhandlingconceptsdirectlyfromthispoint(aDirecttoCanisterconceptand
theBottomLoadingCachingconcept8).Theideaofcollectingacoresampledirectlyintoasampletubeand
transferringthetubewithsampleoutofthetoolwasstudiedinmoredetail.Thenextlevelofoptionsrelate
towherealongthetoolthetransferwouldtakeplace(front,middleorrear). Asetofhandlingconcepts
wasdevelopedforeachpotentialtransferpointasrepresentedbytheyellowleavesofthetree.Itwasalso
recognizedthatifthetooldidnotcarryasetofspare/emptytubes,onewouldhavetobeprovided/transfered
bytheexternalhandlingsystem.
Table3showspictorialrepresentationofcoreandtubetransferconceptsorganizedbythenumberof

distincttransfersrequiredbythespecificsolution. Eachconceptwillbedescribedbrieflybelow. Oneof
thekeyissuestheconceptsattempttoaddressinadditiontothetransferoptionistherequirementthat
thesamplecanisterissizedsothatitcouldbereturnedtoEarthwithoutrepackaging. Thisimposesa
constraintthatthesamplesbecloselypackedwithminimumwastedspace,inacircularareaof7-9cmin
diameter.6,13,14 Thisrequirementaddsalevelofcomplexity:thatthesystemwouldhavetoultimately
enableaprecisiontubeinsertionoperation.
Transfersoutofthefrontofthetooladmitafamilyofdirect-to-canistersolutions. Thefirstisthe

DirecttoCanister(Core)conceptwheretheSATwouldpushthecoresampleoutofthebitusingapushrod
intoatubethatsitsinthereturncanister. Thisconceptrequiresaprecisionalignmentbetweenthetool
andthecanisterwhichcouldbeachievedusingarigidguide(shownnotionally)toaidthealignment,or
couldbeachievedifthewholecanisterweremountedonacompliantinterface. Similarly,theDirectto
Canister(Tube)conceptincorporatesthesamealignmentfeaturesbutwherethetubewithsamplewould
betransferedtothecanister. Thisconceptrequiresabitdesignthatwouldallowthetubetobepushed
outthefrontofit.Inthethirdoption,weimagineastationwherethecrownofthebitwouldsomehow
beremovedallowingthetubetobetransferedoutthefrontandintothecanisterinthesamewayasthe
previousconcept. BoththeprecisionthatwouldberequiredbytheTDD(evenwithaffordancesand/or
compliance)toperformprecisiontubeinsertion,andthecomplexityassociatedwithenablingthetubetobe
pushedoutthefrontofthebitmakethisfamilyofsolutionslessdesirablethanothers.
Theremainingtwoconceptsinwhichacoreortubewouldbetransferedoutofthefrontofthetool

admitwhatwerefertoasathreestagetransferoption.Intheseconcepts,threeexchangeswouldoccur.The
firstwouldbebetweenthetoolandacompliantintermediatetransferstation;thesecondwouldbebetween
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Table3. Coreandtubetransferoptionconcepts

theintermediatetransferstationandaprecisiontransferarm;andthethirdwouldbebetweenthetransfer
armandthereturncanister.IntheBottomLoadingCachingconcept,thetoolwouldbealignedwitha
compliantfunnelcontainingasampletube.Thetoolwouldpushthecoreintothesampletubeandmove
away.Thetransferarmwouldthentakethesampletubefromthecompliantfunnelandinsertitintothe
samplecanister.SimilarlyintheIntermediateTubeStationconcept,thetoolwouldalignwithacompliant
stationandtransferthetubewithsampletoit.Thetoolwouldthenmoveaway,andthetransferarmwould
pickupthetubeandinsertitintothesamplecanister. Theuseofanintermediatecompliantinterface
wouldallowreducedaccuracyrequirementsontheTDDwhileenablingprecisionsampletubeinsertionto
beachievedbyaprecisiontransferarm.Thetransferarmwouldalsoprovideanaturalsolutionforstoring
tubesoutsidetheSATallowingnewtubestobeobtainedthroughthetubetransfermechanism.
Otheroptionsforgettingatubeinandoutofthebitwouldinvolvegoingthroughthemiddleofthe

SATorouttheback.Afamilyoftransferconceptscompatiblewiththeseoptionswouldinvolveatwostage
transfer.FortheSideLoaded,HingedDrillHead,andPushRodconceptstheSATwouldbealignedwitha
transferarmwhichwouldremovethetubewithsamplefromthemiddleorrearofthetool(firsttransfer).
Thetubewouldthenbeinsertedintothesamplecanister(secondtransfer).Thetransferarmwouldenable
newtubestobetakenfromthesamplecanisterorsparetuberackandinsertedintothetool.Itisunclear
inallofthesesolutionshowlargetheclearanceswouldneedtobebetweenthetransferarmandtheSATto
accountforTDDpositioninguncertainties.
ThelastconcepttakesadvantageofthenaturalbreakbetweenthecoringbitandtheSATrequiredbythe

bitexchangerequirement.Italsonaturallylendsitselftoathreestagetransferoperation.Inthisconcept
thetoolwouldbealignedwithacompliantstationthatacceptsbits. Thebitwouldbereleasedwiththe
tubeandsampleinside(firsttransfer).Aprecisiontransferarmwouldthenremovethetubefromthebit
(secondtransfer)andinsertitintothesamplecanister(thirdtransfer). Theprocesscouldbereversedto
transfercleantubesfromacanisterorstorageareatothebit.Thetoolwouldthenre-engagethebit(with
tubeinside).
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III.C. ConceptEvaluation

Table4. SHECsubsystembaselinedesigndecisions

EachoftheoptionsrepresentedinTable2wascarefullyevaluatedbasedonthefollowingcriteria:

1. WouldSatisfyProposedRequirements-wouldtheconceptperformthenecessaryfunctionorhavethe
necessarycharacteristic?

2.SystemImpact-wouldtheconceptintegratewellwiththesystemarchitecture?

3. Mass-howdorelatedconceptscompareinmass?

4.Volume-howdorelatedconceptscompareinvolume?

5.Complexity-wouldconceptcomplexityoutweighitsutility?

6.Robustness-couldtheconcepthandleenvironmentalandsystemleveluncertainties?

7.PathtoFlight-wouldtheconceptadmitaflightimplementationformaterialselection,fabrication
andassemblyprocess,andcleaningprocesseswithacceptableflightmargins?

8.ContaminationControl-wouldtheconceptminimizecontamination?(especiallyimportantforscien-
tificvalueofsamplereturnmissions)15,16

9.PlanetaryProtection-wouldtheconceptsatisfyadditionalPPrequirements?(especiallyimportant
forsamplereturnmissions)17,18

10.Flexibility/Adaptability-couldthedesignevolvewithchangingrequirements

ThesystemandrequirementsimposedthebaselineoptionthattheTDDwouldbea5DOFarmand
thatthesamplecanisterwouldbecloselypackedtoaccommodateadirectreturntoEarthmission. Once
theseconstraintswereimposed,transfersolutionsthatadmittedprecisionsampleinsertionwereimmediately
rankedhigher.
Thenextsetofevaluationswasfocusedonend-to-endtransfersystems.Atfirst,thesolutionwitharaw

corebeingtransferedoutthefrontofthetoolandhandledbytheBottomLoadingCachesystemappeared
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Figure3. SHECsubsystembaselinedesignoverview

tosatisfyalltherequirementsandwascompatiblewithvariousencapsulationsolutions.However,therisk
associatedwiththetransferofbrokencorespushedthedesigntowardsasolutionwherethecorewould
beacquireddirectlyintothesampletube. Transformingtheproblemofhandingcorestohandlingtubes
greatlyreducedtheriskassociatedwithhandlingcoresofunknownintegrity.Fromhere,theBitChangeout
StationconceptwaschosenasthebaselinedesignandrenamedtheBitChangeoutCaching(BiCC)concept.
Whilethesystembasedonthisconceptwouldmorecomplex(numberofparts,numberofactuators,etc)
andwouldlikelyrequiremoremassandvolumeallocation,itwouldsatisfyalltherequirements,simplifythe
SATdesign,allowbothprecisionsampletransferandsampleexchangewithanexternalsystem(through
bitchangeout),anduponfurtherdetaildesignadmitmultipleconfigurationsthatwouldallowittoadapt
toevolvingrequirements.
Oncethetubetransferviabitexchangewasselected,secondaryoptionswerequicklyevaluatedand

selected.TubestorageandexchangesolutionscompatiblewiththeBiCCconceptnaturallybecameapparent.
Handlingthetubealsowouldlenditselftovariouscappingorpluggingoptionsforencapsulation.Intheend
wecreatedanewconceptthatwouldcombineplug-basedencapsulationwithsamplemeasurement.TheBiCC
conceptimmediatelydemonstrateditsadaptabilitywhenevaluatingitforcompatibilitywithdifferentmission
concepts. Whilespecificallydevelopedforenablingasamplereturnsizedcacheretrievableordeployablefrom
therover-basedsystem,thebitchangeoutinterfacecouldalsobeusedtotransferindividualsamplestoa
secondarylandersystem.
Table4showsasummaryofthekeydesigndecisions(overthegeneratedoptions)madefortheend-to-end

SHECsubsystemdesign.Basedontheseselectedconcepts,amoredetailedend-to-endconceptdesignwas
developed.

IV. SHECSubsystemDesign

ThebaselinedesignconceptfortheSHECsubsystemisshowninFigure3.Thedesignconsistsoftwo
carousels:abitcarouselcontainingbitsmountedoncompliantmechanisms,andasamplecarouselcontaining
anintegratedsamplecanister(sizedforreturntoEarth)filledwithemptytubesaswellasaringofspare
tubesandaringofplugs.Atransferarmwitharotationaljointandaprismaticjointwouldbeconfigured
toalignitselfwithanysampletubeorplugonthesamplecarouselorabitonthebitcarousel.Theentire
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movetothesurfacewhereitwouldacquirethesample.Itwouldthentransferandreleasethebitbackinto
thebitcarouselintheSHECsubsystem.TheSHECsubsystemwouldthenremovethesampletubefrom
samplingbit,putacaponthetube,andstorethetubeinasamplecontainer.TheSHEsubsystemwould
thenretrieveanemptysampletubeandloaditintoanemptysamplingbitthatthesamplingtoolcould
attachandusetoacquireanothersample.
TheSHECsystemwouldalsohavethefollowingkeyfeatures:

•Thesampletubecarouselwouldrotatearoundacentralaxisandincludethesamplecontainerfilled
withsampletubes,sparesampletubes,andsampletubeplugs.

•Thesamplecontainerwouldbeintheinnerpartofthesampletubecarouselandwouldbedesignedto
beabletobereturnedtoEarth,meaningthatitwouldbeclosepackedwithsampletubesandcould
beremovedfromthesampletubecarouselafterfilling.

•Sampletubeplugswouldbeavailabletoinsertedintofilledsampletubestosealthesamples,possibly
withahermeticseal,andestimatesamplevolume.

•Thesamplemeasurementstationwouldprovidemeasurementofasampleinasampletubebeforethe
tubeissealed.

•Thesamplepluggingstationwouldputthesampletubeplugintoasampletube.

•Thesampleanalysisstationwouldprovideanalysisofasampleinasampletube.

•ThetransferarmwouldtransportthesampletubesbetweenthevariouslocationsintheSHECsub-
system.

•Thebitcarouselwouldrotateaboutacentralaxisandholdmultiplesamplingbits.Itcouldreceivea
samplingbitfromasamplingtoolwhichwouldreleaseabitanditcouldprovideasamplingbittoa
samplingtoolthatengagesabit.

•Bitchamberswouldholdindividualsamplingbits.

•Thecompliancedeviceswouldholdbitchambersandprovideapassivecomplianceplatformtoaccom-
modateinaccuraciesinalignmentbetweenthesamplingtoolandabitchamber.

•AbellowswouldprovideacompliantsealbetweentheSATandtheSHECattheinsertionpointofa
samplingbitintothebitchamber.

IV.B. OngoingandFuture Work

Withthebasicconceptdesigninplace,weareproceedingwithadetailedproof-of-conceptprototypedesign
oftheSHECsubsystem.Thefunctionalprototypehasacentralsamplecanisterthatcanaccommodate19
sampletubesandaringwith3sparetubesandplugsforeachtube.Thebitcarouselisconfiguredwith4
compliantbithousingscomposedofflexurestoaccommodateTDDmisalignment.Eachcarouselisactuated
byabrushDCmotorthroughaspur-geartransmission. Thetubetransferarmhasa6-axisforce/torque
sensormountedonitsbase.TherotationjointisactuatedbyabrushDCmotorthroughaharmonicdrive,
andtheprismaticjointisactuatedbyabrushDCmotorthroughacombinationgearheadandlinearscrew
drive. Criticalcomponentsaremanufacturedoutofaluminumandrapidprototypingmaterialsareused
whereverpractical.Sampletubesarestockbrasstubingcuttosize,andplugsarealuminumwithcustom
Teflonspringseals.Figure5showsthefirstprototypeassemblywithsamplecanisterremovedanda6cm
long1cmdiametersampletubeplacedprovidedforscale.
Theprototypewillbeintegratedwithmotordriversandmountedonasmallroverwitharepresentative

armandcoringtool. Anend-to-endproof-of-conceptdemonstrationisalsoplanned. Oncethebasicfunc-
tionalityofthesystemisestablished,afocusedengineeringeffortisplannedtobringthesystemtoTRL4,
foradditionalEarthbasedtestinginanaturalenvironment.
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Figure5. SHECfunctionalprototypeshowingreturncanisterand6cmlongand1cmdiametersampletube.

V. Conclusion

Priorarchitecturesforsampletransferfromshallowcoringtoolsutilizedsampleejectionofthefrontof
thesamplingbit.Thesehadthedrawbacksofthecomplexityofhavingtohaveapushrodinthesampling
toolandthemoreproblematicfeatureofrequiringhandlingofarawsample.Sincethecharacteristicsof
eachsamplewouldbeuniqueandthematerialpropertiesofsamplesonMarscannotbesufficientlypredicted
fornecessarysystemrobustnesstesting,handingarawsamplewouldreducesystemreliabilityrelativeto
asolutionthatwouldnotrequirehandlingofrawsamples. TheBiCCarchitecturewouldsimplifythe
samplingtoolbyremovingtheneedforthepushrodandmakesamplehandlingmorerobustbychanging
ittohandlingofsampletubeswhichismuchmorerepeatable. TheBiCCsystemisthefirsttoprovide
anend-to-endsystemdesignforsampleacquisitionandhandlingforthefamilyofproposed MarsSample
Returnmissionarchitectures.Forin-situsampleanalysisaspecializedsampletubewouldbeusedtoallow
theSHECtotransferthesampletoanon-roverprocessingandanalysissystem.
TheBiCCarchitecturesupportsthevariouspotential MarsSampleReturnmissionarchitectures.For

the MarsSampleAcquisitionandReturnmissionarchitectureconcept,aroverwouldgooutandacquire
aboutfivesamplesandreturnthemtoalanderandtransferthemtothelander.TheBiCCsystemcoulddo
thisbytransferringfilledsampletubesinsamplebitsone-by-onetothelanderwhichwouldthenremovethe
sampletubesandreturnthebitstotheBiCCsystem.TheMarsProspectorplusSampleFetcharchitecture
conceptwouldbesupportedbyfillingthesamplecontainerwithsamplesandtheneitherejectingthefilled
samplecontainerontothegroundorprovidingaccesstothefilledcontainerforapotentialfuturefetchrover
toremove.
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