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- DELIVERY ORDER#:

PROPOSAL INSTRUCTIONS: .---- DRAFT - COMMENTS DUE BY: 10-JUL-2008
.._ FINAL - PROPOSAL DUE BY:. 31-JUL-2008

I DO "I'ITI_: Soft Shoulder Design, Fabrication, and Test ]
DOType: [
DO Con/let lufomsfion in Add'.s00nto the CRAVE Contract Sn_ei.liq or CO:

TMR: Joe Geusler Phone:

DO Manager: _ Phone: (281_###-####

DOMgr.Alternate: Name Phone: (281_###-####

Concurrences:

Lindsav Aitghisg_a Terry Hill
Name Name Joe Geasler
DO Manager DO Mgr. Management COTR

Name Steve Miller Name
Division TMR S & MA

Task Contains Flight Hardware, Flight Software or GSE? __ Yes __XNo

Program Supported: __Shuttle __ISS _XEVA X Advanced
i

WBS: X 1.0 EVA _ 2.0 FCE -- 3.0 EVR -- ECLSS -. 5.0 ATCS -- 6.0 CHeCS

For purposes of complying with FAR 52.232-22,Ltr_tatton of Funds, the total amount allotted by the
Government to contract ls specified In clauseB.6, ContractFunding. Thefunding listed in B.6 ts the
amount allottedfor all Delivery Orders on the contract combined.

All terms and conditions of the contract apply to this Delivery Order. In the event of a confltct between
the contract and thisDelivery Order, the contract shallprevail.

WBS reporting shall be done tn accordance with applicable WBS reportln8 categories, as shown above
and in the contract within Section C, Table 1.
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Narrative Task D_cription

Back2round / ProblemDescription:
In the earlydays of mannedspaceflight,pressurizedspace suitmobilitywasn't a large suit
design driver.Suitsused in theMercuryandearly Geminiprogramswerepressurizable,but only
served as a backupto spacecraftEnvironmentControlandLife SupportSystems(ECLSS).
Because suitpressurizationwas anunlikelyandcontingentevent,un-pressurizedcomfortand
mobility weretheprimedesignobjectives.As the GeminiprogramevolvedandNASA beganto
experimentwithmicro-gravityExtraVehicularActivity(EVA), suitcapabilitieswere expanded
to include a nominalpressurizedoperationalrole as well as its originallaunchandentry function.
This was a difficult taskfor earlydesignersof boththe GeminiandApollo suitsas thevery
hardware,such asbearingsinthe arms and shoulders,thatcouldprovideenhancedpressurized
mobility also tendedto detractfrom theabilityof the suitto protectcrewmembersduringlaunch
and entry.The inclusionof scye bearings(aka shoulderbearings),for example,would have
eitherrequiredacceptingthe riskof launchandre-entrywitha hardbearingbetweenthe
shoulderof the crewmemberandthe spacecraftseatback,or innovativeseatdesignthatwould
provideboth protectionfromanoff nominallandingto the crewmemberand lackof interference
with the bearings.For'one suitdoes it all' capability, these earlydesignerschoseto go with a
'soft-shoulder'approachthatwouldeliminatetheuse era scye bearing.In somecases, botharm
and scye bearingswere eliminatedfromthe intra-vehicularconfigurationsof suitsfor the
crewmembersthatwould notbe usingtheirsuits for plannedEVA, While thisdecisionlimited
pressurizedshouldermobilityto the pointthataidswere oftenrequiredto accomplishEVA
tasks, crew safetywas enhancedduringthe launchand landingphasesof the mission.When
NASA movedfromApolloto the Shuttleprogramatwo suitsystemevolvedso thatboth
enhancedEVA mobilityandlaunch/landingsafety criteriacouldbe met.TheAdvancedCrew
Escape Suit (ACES),currentlyused by Shuttleastronautsfor launchand landing,is very similar
to the highaltitudeflight suitusedby AirForce pilotstoday.Like the early suits,however,the
ACESwould providelittle shouldermobilityif it werepressurizedinthe eventof anemergency.
Since thetime Apolloendedin theearly 70s, little researchhas beendonein thearea of soft
shoulderdesign.

Purnose of Current Effort.
NASA is seekinga soft shoulderconceptthatenhancesthe pressurizedmobilityof the wearer
beyondthatwhichhas beenachievedbypreviousconcepts.Thisconceptshallbe examinedfor
use inboth nominalmicro-gravityEVA operations,as well as nominalandoff-nominal
launch/landingscenarios.Comfortduringbothpressurizedandun-pressurizedoperationsis,
therefore,an importantpartof this task.

Forthis task, the contractorwill develop soft shoulderdesignconceptsto meet thedesign
requirementsof thisDO from thebrainstormingphasethroughconceptfabricationand testing
phases. Thecontractorwill presenttheirfindingsto NASA in the formera conceptreview and
a finalreportand presentationto NASA.

Kick-off Meeting:

Page 2 of 22



Q_EW, ROBOT_AND VEHI(IE EQUIPMENT (CRA_CONTRACF
.. DELIVERY ORDER #: CRAVE-E_5-040

The contractorshallparticipatein a kick-offmeetingat NASA JohnsonSpaceCenter(JSC)no
laterthanone week after thisCRAVEDO ATP; atleast one contractorteam membershallbe
physically presentat JSCfor the meeting. Thepurposeof the kick-off meetingis two fold: [1]
ensure commonunderstandingof requirements,deliverables,and expectationsand [2] provide
hands-oninteractionwithNASA's D-suit prototype.Thecontractorshallpreparea presentation
for the kick-offmeetingthatreviewsall of the taskswithinthe scope of the DO anddocuments
any areas inwhichthe contractordesiresmoreclarity(requirements,deliverables,etc.), andtheir
go-forwardprojectplan. At the conclusionof the kick-offmeeting, the contractorandNASA
will havereachedconsensuson themeaningof any ambiguousitems; it is the contractor's
responsibilityto bringup topicsfor discussion. NASAwill concludethat any
requirements/taskgdeliverablesnotbroughtforwardfor discussionare clearintheir intentand
meaning. ThecontractorshallprovideNASA with a memo notingagreementsreachedduring
the kick-off no laterthan3 businessdaysfollowing the kick-off meeting.

To accomplishthe secondobjectiveof the kick-offmeeting, the contractorshallmeet withthe
NASA space suitengineersin theJSC AdvancedSpaceSuitLabto review the D-suit soft
shoulder designand receivea demonstrationof the suit's performancecapabilities.

Detailed Task Descrintion:
11 GenerateConceptual Designs
After achievinga thoroughunderstandingof the designrequirementsset forthin thisDO and
havingconductedsufficientresearchof past and currentsoft shoulderdesignsfor pressure
garments,thecontractorshall generatea minimumof five (5) soft shoulderconceptualdesigns.
The contractormayelect to use theirpreferredbrainstormingmethodologyforthis phase of the
task. Creativityis encouragedatthisstep inthe process,thusit is not requiredthatthe precise
details of eachdesign be knownpriorto movingto thenext step. However,each proposed
concept musthave sufficientdepthto be rankedagainsttheother conceptsin termsof expected
performance.
2] Concept Evaluation and Downselect
The contractorshallcreatea matrixthatconceptuallytradestheproposeddesigns to abaseline
design, theD-suit soft shoulder,withrespectto the factorsof merit(FOM)fisted in Table 1.

Table 1: Figuresof Meritwith CorrespondingMeasure
FOM M_,i

Joint Range of Motion Desrees
JointTorque PerceivedExertion

..Ability to withstandlimitload Factorof Safety
Interferencewith seatlateralsupports Cooper-Harperrating
Interferencewithseat shoulderharness Cooper-HsrperrJtin_
Occurrenceof point loading Cooper-Harperrating
JointVolume Changein pressurizedvolumeduringjoint

cycling

Forthisevaluation,it is assumedthatall of theconceptscanmeetthe requirementsof thisDO.
The designsshallbe rankedagainstthe baselineon their expectedperformancewithrespectto
the FOMin Table 1using thefollowing scale:
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The contractorshallprovideNASA withtwice monthlystatusbriefs(topicsandscope to be
providedbyDO manager)detailingthe currentstatusof work,benchmarksaccomplished,and
what workis plannedfor the nexttwo week period.Any encounteredissues, problems,or risks
are to be identifiedalongwitha mitigationplan - this is to includeanyissues, be it technical,
cost or schedule. Thesereportsare intendedto be informalandmaybe submittedto the DO
managervia emall, butwill be treatedasofficial documentation.

Final Renort:
The contractorshalldelivera reportthatprovidesa generaldescriptionof all conceptsgenerated
duringthe brainstormingprocess,detaileddescriptionof the FOMevaluationprocessand
rationaleconcept downselect,detaileddescriptionof the shoulderdesigns fabricated,overview
of the testingcompleted on the shoulderdesigns, resultsof injurycriteriaanalysis,discussionof
each shoulderdesign performanceas comparedto requirementsand recommendationsfor
forward work. The rawdatafromtestingandconceptdesigndrawingsshallbe includedin an
appendixto the report.

Final Renort Presentation:
The contractorshallpresenttheirfinal reportto NASA at JSCdetailingtheresultsof the trade
studies, analyses,conceptgeneration,test results,andconceptdownselection.

Def'mitions:

The following paragraphsprovidefurtherdefinitionson termsused throughoutthisDO. The
definitionslisted hereare the ones to be used in completionof thetasksforthisDO.

Soft Shoulder

A soft shoulder is a spacesuitshoulderconfigurationthat doesnot includescye bearingsto
provide shouldermobility.The soft shoulderjointis composedprimarilyof _ot_goods but may
requireadditionalhardwareoutsideof the pressureenvelopeto achieve its mobility. An upper
arm bearingmay or may notbe incorporateddependingon the conceptdesign.The Apollo
ATLBand DavidClark 'D' suitsshown in Figure1 are examplesof suitsthat use soi_shoulder
designs. Bothconceptsuse cablesand pulleys, in additionto upperarmbearings,to achievetheir
shoulder mobility.

NASA: 724t-253

Figure 1: Apollo A7LB(Left) andDavidClark 'D-Suit' (Right)SoftShoulderConcepts
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Shoulder Mobili¢,
ShoulderMobilityis thecombinationof the shoulderjoint's rangeof motionandthetorque
requiredto operateit. Forexample,a highlymobile joint is one thatnotonly hasa largerangeof
motion, butalso requiresa low torqueto operateit throughoutthatrange. Rangeof motionis
generally measuredintermsof degreesthroughwhich a test subjectand movea joint.
Quantitativemeasuresofjoint torquecanbe obtainedby severaldifferentdevices suchas a
digital fish scale orthe PrimusRS;jointtorquecanbe evaluatedsubjectivelyusing ratingsof
perceivedexertion.

Shoulder Range of Motion

Shoulderrangeof motion(ROM)is definedaroundthe foundationestablishedby the standard
body planesof motion shownin Figure2.

-7

Y-Z Plane '_ 'lain
,%

!

-X\

+7
+X

Figure 2: HumanBodyPlanes of Motion
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The suitshoulderROMrepresentsthetotalamountof motionthe suitiscapableof yielding
providedthehuman'sshoulderROb/is atleastas largearange.Thetypicalshouldermotions
performedforshoulderROMare, as showninFigure3, flexion/extension,lateral/medial,and
abductioniadduction.Thecompleterangeof motionforanymovementsis therangebetweenthe
extremesofthejointposition.The maximumrangeofthesemovements,takencollectively,
determinestheoverallshoulderrangeof motionprovidedbythejointconcept.Therangeof
motioninbothpressurizedandun-pressurizedstatesare importanttothiseffort.

\

FLEXTION _: LATERAL

NTION MEDIAL

FLEXTION/ LATERAL/
EXTENTION MEDIAL
(X-ZPlane) (Y-ZPlane)

ADDUCTION

_, ABDUCTION

ADDUCTION/
ABDUCTION
(X-Y Plane)

Figure 3: Range of Motion Definitions

As a reference, for each of the three movements from Figure 3, Table 2 lists a Nude Reference
Value (N-RV),the range of motion of the Apollo A7LB suit pressurized to 3.7 psid and the range
of motion of the David Clark 'D-Suit' so/t shoulder concept pressurized to 4.3 psid.

Table 2: Apollo ATLBandD-Suit ShoulderRangeof Motion
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Nude Apollo D-SuitReference A7LB
Value (3.7 psid) (3.75 psid)

Adduction/Abduction 48/134 120" 18/73

Flexion/Extension 168/61 135/30"* 110/30

Lateral/Medial 207* 135/30"* 113/5

* Total Rangeof Motion;Data takenfrom A _11oSSA Design andPerformanceSpecificationMSC-CSD-A-OI7
**Datatakenfrom GrummanLSP-340-6, SpaceSuitAssemblyPerformanceandInt_face Specification

Comfort
Comfort is a subjective measureand shall be evaluated as the absence of discomfort caused by a
particulardesignconcept. Theterm'discomfort' includespressurepoints, 'hot spots,' andslight
abrasionorblisters. Discomfort is not to be confusedwith'injury,'which, forthe purposeof
this DO, is definedto be sustainedextremediscomfortthatpersistsafterthetest/objectiveis
complete. Any concept resultingin orwith highpotentialto causeinjurywill be disqualifiedfor
humanevaluation.

A common way to measurehumanphysical discomfortis the Corlett-BishopDiscomfort Scale.
This scale is meant to provideuser feedback at regular intervals over a period of time to track
how discomfort increasesand where it is located. The rankings used for the Bedford scale are
shown in Figure 4. Appropriatelymeasuring 'comfort' will assume a subject that is well fit into
a prototype garment. Again, comfort in both pressurizedand un-pressurizedstates is considered
an importantattribute to the soft-shoulderdesign.

Discomfort Scale
0 Nothina at AH
0.5 ExtremelyLow Discomfort

1 Ver_ Low Discomfort
2 LowDiscomfort
3 ModerateDiscomfort
4

5 HiBhDiscomfort
6
7 Very High Discomfort
8
9
10 ExtremelyHigh Discomfort

Figure4: Corlett-BishopDiscomfort Scale

Perceived Exertion

The perceivedlevel of exertionis basedon the degreeto which mobilityis hamperedsuchthat
the shoulderdesignacceleratesthe user'slevel of fatiguewhile performingmovements.The
Borg Ratingof PerceivedExertion(RPE)scale shown in Figure5 is a widelyused scale to
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perceivedlevel of exertionrequiredto accomplisha task. Thescale,
thatit increaseslinearlywithphysiologicalmeasuressuchas

oxygen inthe lungs as thelevel of exercisealso increases.

Borg RPE Scale
6 NoExertion at All
7 Extremely Light
8

9 Very Light
10
11 Light
12
13 Somewhat Hard
14
15 Hard
16

17 Very Hard ,
,18

19 Extremel_Hard
20 MaximalExertion

Borg Ratingof PerceivedExertionScale

anticipatedto be securelyrestrainedin a conformalseat. The
priorspaceflightseatapplications(e.g., ShuttleandApollo) in

lateralrestraintcapability.An exampleof a generic seatwhich
featuresis depictedin Figure6. Note theuse of bolstersinthe

providelateralsupport.
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Figure6:GenericSeatwithLateralSupportFeatures

Lateralsupportfortheentiresystemincludesshoulderrestraints(harnesses)aswellasrigid
shoulderandtorsobolstersforlateralsupport.Theseatwillproviderestraintinallprimary
coordinateaxes(asdepictedinFigure2)foraccelerationevents.

Since traditionalrestraintandsupport systemsprovideproteotionall axes via a combinationof
shoulderharnesses,lap harnesses,crotchharnesses,rigidseat bodybolsters,and the seatback
itself, the soi_shoulderdesignmustbe compatiblewithsuch systems. Potentialareas for
incompatibilitybetweenthe shoulderdesignandthe seat/restraintsystem includethe following:
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• Shoulderharnessinterfacewith shoulderanatomy:A shoulderharnessmustsupport
the o_upant's anatomicalshoulderin an appropriatemannerto be effective. Proper
shoulderharnessplacementis superior(orover) to boththe clavicleandthe c,oracoid
processof the scapula,andshouldalso be lateral(outboard)to the rootof the neck
andmedial(inboard)to the acromionprocessof the scapula.Injurycouldoccur
duringaccelerationeventswithoutproperinterfaceof the shoulderwith the harness
dueto the suit shoulderdesign.

• Point loadingandpoorloaddistributionfor-x acceleration:To be effective,
shoulderharnessesmustdistributethe loadingof the harnessuniformlyacrossthe
body in the shoulder/chestanduppertorsoregion. This is particularlyimportantina
-x accelerationevent as shownin Figure8, butgenerallyappliesto acceleration
events in all primaryaxes.

-x
accelera_don
(a.k.a.frontal

-X AcceleratJofl collision)

I,

Figure 8: Accelerationin the Frontal(-x) Direction
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• Pointloadingfor lateralacceleration:Theoccupant'sshouldersmustbe effectively
supportedinthelateraldirectionby the rigidseatbolsterconstru_on. Pointloading
fromsidesupportsinallprimaryaccelerationdirectionsmustbe minimized.For
example,shouldjointdesignfeaturesinthe areasdepictedbytheredboxes inFigure9
will causepointloadingto theanatomyoftheseatedoccupantintheeventof a lateral
acceleration.Thesof_shoulderdesign,aboveandbeyondtheuseofthearmbearings
asprovided,shouldprecludesuchpointloadingsituations.

Figure 9: Potential Point Load Locations for Lateral Accelerations
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• Physical fit within desiredseated area: The shoulderdesignmustnotappreciably
increasethe bi-deltoidbreadth,forearmto forearmbreadth,or acromialseatedheight
of the occupant'snormalminimallyclothed seated posture.Bulkyfeaturesthat
increase these dimensionsnotonly createpotentialpoint loadhazards,butmayinhibit
mobilitywhen combinedwithoccupantprotectionbolsters,andpreventphysicalfit
withinthe desiredseated area. Figure 10 describesthethreecriticalfit dimensions:bi-
deltoidbreadth,forearmto forearmbreadth,andacromialseatedheight(m_ed
f_omthe seat pan to the topof the acromionprocess).

Lateral

A: Bideltoid Breadth

B: Forearm-ForearmBreadth

C: AcromialHeight(seated)

Figure10:CriticalSeatedDimensions

Seat InterfaceAssumntions:
I. The seatrestraintshallbe assumedto be a standardSFI16.I certified5 pointharness.
Harnessesstrapsshouldbe assumed to be a minimumof 2" and a maximumof 3" wide.
2. The seatshallbe assumedto be simple in natureas depictedin Figure6 witha planarseat
back orientedat90 degreesto the seatpan. Theseat shallalso containlateralsupportswhich
fully supportthe occupantlaterallyin thebi-deltoidregion.
3. The seatbackshouldbe assumedto be madeof rigid,nonl]exiblematerial,without recessesor
contoursto allow for specificshouldermobilityfeatures. Minimalcomfort padding(less than
0.5 inches)maybe assumed.

Shoulder Performance Goals:

1. While pressurized to 4,3 psid the soft shoulder design should demonstrate a range of motion
that is greater than the Apollo A7LB suit when pressurized to 3.7 psid (See Table 2).
2. The soft shoulder concept should achieve a maximum discomfort ratingof I and Borg RPE
rating of 8 from 2 subjects after worn for 30 minutes of mobility testing in an unpressurized
state.
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3. The sottshoulderconcept shouldachievea maximumdiscomfortratingof 2 andBorg RPE
rating of 10 from2 subjectsafterwornfor 30 minutesof mobilitytesting in a pressurizedstate.
4. The softshoulderconcept shouldbe evaluatedfor crewinjuryconcernsassociatedwiththe
suit/seat interfaceas it wouldreactduringaccelerationin all six axes.

Note: Althoughlistedas a go_ NASA is veryconcernedthatthe soft shoulderconcept
takes intoaccountthe itemsof concernlisted in the Suit/SeatInterfacedefinition.The
intentof this goal is thatconscientiousthoughtbe given to these itemsalthoughthe
contractorwill notbe askedto veri_ them in a test environment.

_;houlderPerformance Reauirementm:
1. The soft shoulderconceptshallbe designedfor nominaloperationat 4.3 psid
2. The soft shoulderconcept shallbe designedwitha loadlimitequivalentto the plugloadplusa
man loadof 163 lbs. as describedinthe EMU Specification/AssemblyDrawing(S/AD) forthe
Arm Assemblyof the EMU.
3. All soflgoods shallmaintaina factorof safetyof 2.0 againstultimatestrengthoverthe design
limit load.
4. Whilepressurizedto 4.3 psid the soft-shouldershall demonstrateatleastthe range of motion
of the D-Suitwhen pressurizedto 4.3 psid (See Table2).
5. The soft shoulderconceptshallachieve a maximumdiscomfortratingof 2 andBorg RPE
ratingof 10from 2 subjectsafterwornfor 30 minutesof mobilitytest'ragin anunpressurized
state.
6. The softshoulderconceptshallachieve a maximumdiscomfortratingof 3 andBorg RPE
ratingof 13from 2 subjectsafterwornfor 30 minutesof mobilitytestingin a pressurizedstate.
7. In an unpressurizedstate,the soft shoulderconcept shallsatisfymaximumseated dimensions
per Figure10for a 99thpercentilemale. The maximumsuiteddimensionsshall be:

Bi-deltoidbreadth- 23.7 in
Forearm-forearmbreadth- 27.0 in
Acromial seatedheight- 27.1 in

8. After beingseated(see Assumptions)in a recumbent(-z facing)positionfor 4 hours,the soft
shoulderconceptshallachieve a maximumdiscomfort ratingof 3.
9. Afterbeingseated in a +z facingpositionfor 15 minutes,the softshoulderconceptshall
achieve a maximumdiscomfortratingof 4.

Note:The subjectwill be hangingface downby the seatharness,theintentbeingto
simulatea lg, -x accelerationas showin Figure9.

Technical Document Library:
The contractorshall have accessto the followingdocuments:
1. CSD-A-017Apollo Space SuitAssemblyDesign andPerformanceSpecification
2. JSC 39522,Advanced SpaceSuitIsolatedJointMobilityTest
3. NASA/TM-2003-212058, EMU Shoulder Injury Tiger Team Report
4. EMU S/AD, ArmAssembly,RemotePoweredHeatedGlove(RPHG)
5. GrummanLSP-340-6, SpaceSuit AssemblyPerformanceand InterfaceSpecification

I I
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TO BE REMOVED FROM DO & INCLUDED IN RFQ !_TT_R:

UNIOUE CHARACTERISTICS: N/A
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][_eliventbles/Products:

Hardware

Completeassemblywithall necessary
test-rig it_fface hardwareandany 15weeks

ShoulderConceptI specializedmolds/jigs/equipment 1 after CIII
developedforthe fabricationof the ATP (prototype)
concept

Completeassemblywithall necessary
test-riginterfacehardwareandany 15weeks

ShoulderConcept2 specializedmolds/jigs/equipment 1 after CllI
developedforthe fabricationof the ATP (prototype)
concept

Completeassemblywithall necessary
test-riginterfacehardwareandany 15weeks

ShoulderConcept 3 specializedmolds/jigs/equipment I after CHI
developedforthe fabricationof the ATP (prototype)
concept

Test n/a

Software n/a

Other Products

7 weeks
Soft Shoulder I har&opy after
ConceptTest Plan and I CD ATP

FinalSoft Shoulder A reportdetailingtheresultsof all
DesignReport tradestudies,conceptsinvestigated, 2 Base

down selectionrationale,and sel©a_d Hardeopies contract
concept.Testdataandresultsshallbe andl final
included. CD/DVD briefing
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.o

Start Date: August 1, 2008 Finish Date: November 28, 2008

Kick-off Meeting 1

Midterm Presentation to NASA 5

Final Formal Presentation to NASA 1S

Deliver Final Report 16

Governm,,n* I_.at4m_ L_-*__ in RFO File in 1Mirr _____ _ve_ FJ3e On C]LAVE We) _,
_J_lJ_]_: SoA Shoulder DO Estimate.zls

Total Government Estimate for this DO: Sl90J.q0
Option 1: SN/A (See Attachment 1)
Option 2: SN/A (See Attachment 2)

TOTAL COST ESTIMATE FOR THIS DO:

FEE: | (If Applicable)

OPTION 1: SN/A (See Attachment 1)

OPTION 2: SN/A (See Attachment 2)

TO BEREMOVEDFROMDO &INCLUDEDIN RFQL]gTTIgll-

ProposalEvaluation_ta'ia:

1. _ TeclmicalConcept,includingdesign,_'g, dt_vclopmenl/_ peodm_ioncapebilityand
schedules;

2. Cost/Price:Exceptwhenit is dmenninednot tol_ in tl_ Govcmmem'sbmtintm_s, the_wfll
evaluatepriceof Wopom_ by addingtheto_! wi_ includingoptimm.Evalualion_ op_iomwillnotobHga_the
C_yvermnemto¢mm:isetheopiiong

3. ProposedAch_emem of SmallBuaineuCreels;

4. PastPerforming;and

5. Oth_.
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*€

DATAR OUmEMF TS

All DI_ contained in the contract are applicable and required unless marked N/A below.

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS.
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL

RQMTS/DELIVERIES IN LAST COLUMN.

i_t_ Written FlightGFEConfiguration WithProposal Once Attachment
Approval ManagementPlan J-8

' ...... Thirty(30i days
2 Mandatoly _gnlar StatusReport/Summary following contra_ Monthly Y_ubmiuul Review start

j i i i i i i i i

_Vritten ProjectTechnical Requirements _erDO schedule N
pp val spring,oni i in i i i i

_tandatory IGFESystemsRequiren_entsData Specifiedin DO N
S_m_l ?ac_ge[ i [ i i i i i i i i i i _ i

Written _lightGFE ProjectsRequirements Specifiedin DO N
Approval t Veriflca onDocumentii in i i_ i i i i

6 Mandatory _elin_ Design ReviewData Specifiedin DO NSubmittal ?ackage

i i

Written _lightGFEWorkmanship Specifiedin DO N
Approval SpecificationsList , ,

At kick-off
Written ProjectSchedule meetingandevery _onthly Y MS ProjectFormat

8 Approval 30 daysthereafter

i ii i i i i i i i

_Vritten FlightGFEInterfaceControl _pecifiedin DO N9 Approval Document
i

Written
10 Approval GFEEnd ItemSpecification _pecifiedin DO N

II

11 SubmittalMandat°ryFlightGFEFailureAnalysisReport inASDoagreedby TMR N
i

Written FlightGFEVerificationand 'AsSpecifiedin
12 Approval ValidationPlan _A-023 N

m_ll I J I

Written GFESoftwareRequirements _p_ified in Do N
13 Approval Specification._ H i i i

Written
14 Approval GFESoftwareDevelopmentPlan :,pecifiedin Do N

Written
15 Approval GFESoftwareDesign Document _pe_ifiedin DO N
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_,_._. !.!._i_.y_+_:,

+ 16 Written EngineeringDrawings AtPDR, as N
_,pproval specifiedinDO

I I I I I

gtitten
Approval EEEPartsLists andAnalysisReport Specifiedin DO N

i

• Mandatory CriticalDesignReview Data Specifiedin DO N
Submittal Package

, i i

19 Mandatory _ngineeringDrawingChang¢ Asnecded N
Submittal _3posal

i'- • , , i r , ,

Written
20, Approval Cd_EQualificationTestProcedure Specifiedin DO N

, , i ,,

V_ FlightProductUser's Guide Specifiedin DO N21 _pproval
, ,= . ,, , i , i , ,

• 22 _landatory SoftwareCode _pecifiedin DO N_ubmittal
, , , r , ,

(30) days afterDC AttaeltmentJ4
Written InformationTechnology(IT) award,andas JPG2810.1 _ 30 days

23 Approval SecurityProgramPlanandReports specifiedin JPG after DO
2810.1 award

Written CertificationPlan Specifiedin 130 N
24 Approval

i

25 MandatoryCertification Report Specifiedin DO NSubmittal

26 Mandatory _ngineefingAnalysis Specifiedin DO NSubmittal

_mndatory AcceptanceData Package Specifiedin 130 N27 Submittal

Afterawardof Ist
Mandatory ExportControlAuditResults DO, yearlyon Yearly Y28 Submittal

Sept.30 thereafter
,, , r ,

29 Written QualityPlan WithProposal _)ncewithRevisions AUlellmmt
Approval .I-11

i i

Written Y
30 Approval PatentRights-Retention As Required AsRequired Of Applk'ble)

Page 19of 22



CREW, ROBOTI_tt_qD VEHICLE EQUIPMENT {CRA_V_ONTRACT
DELIVERY ORDER #:

D_ ADDITION_::

31 Written _huttle/Sta_ionPayloadSafetyData Specifiedin DO N
Appro_, Package ,, ,

32 Mandatory LimitedLife SystemsList Specifiedin DO NSubmittal

' Spa'€_StationGFEFailureModes
33 Written AsEarly in proce_

Approval andEffectsAnalysis and Critical N[ternsLiSt aspossible.
i

34 Written SpaceShuttleGFE Safetyand
Approval AnalysisReI_O,rt&HazardReport Specifiedin DO N

Written SoftwareQualityAssurancePlan 90 Days Priorto
35 Approval Report Software NDevelopment

i i i i

Written ISS HazardReport Specifiedin DO N
36 Approval

Upon Attachment
37 P._quest Reliabilityand MaintainabilityPlan With Proposal OneTime J-9 i

38 Vritten GovernmentCertificationApproval Specifiedin DO NApproval Request(GCAR) I

Written _iskAssessmentExecutive

39 Approval SummmyReport (RAESR) , Specifiedin DO N
2 businessdaysof
problemisolation

40 Written ProblemReportingandCorrective but no laterthan 10 N
Approval Action(PRACA) daysafter

detection
i

Upon
41 Request NonconformanceRecord _pecifiedin DO Ni

GovernmentIndustryData ExclkangeReportedone time
Vlandatory Programand NASA Advisory whendiscrepancy N

42 _ubmittal ProblemData 3ccurs

Written Electrical,Electronic,and
Electxomeobnical(EEE)Parts Specifiedin DO N

43 Approval ControlPlan
i i i i

Mandatory CertificationData Package Specifiedin DO N44 Submittal
l

45 Written Certificationand Acceptance AtCDR N
Approval RequirementsDocument

46 Upon Wage/Salaryand FringeBenefit l'hirty(30) days• afterissuanceof N
Request Data _achDO

Written
47 Approval GFE AcceptanceTest Procedure Specifiedin DO N

Mandatory FlightGFEVerification& Specifiedin DO N
48 Submittal ValidationReport
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eJ

, .........................i I
: 49 _°nl' SpaceShuttleGFEFailureModesandEffectsAnalysis (FMEA)and Specifiedin DO N

_ubmittal CriticalItems List

rv _ m _

• • i i i , _ i i i i i ii i ii i

::5! Mandatory NASA ContractorFinancial AfterIssuanceof
I ; Submittal ManagcmentReporting !IstDO Monthly Y_ " [ I I IIIII I I I II I _ I I I I I ]1" I

!5_ Written iGovernmentProtg_ Management
" A_ Plan WithProposal OncewithRevisions Attachmentj.7

I [ [ I I I I I I I I I I I [ [ II

Mandatoly SystemSafety Plan Nith Proposal On©Time Attachment
1:53Submittal j-lOi ii i i i * i i i rl

WithProposal/
Written [_-QtmlityPlanTemplate P,cvisions as CItAVE€onlla_ in

54 Approval [_equired tcconlance_ Ihe YSOWmd meDRD
, , H, , , ,
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em

GOVERNMENTFURNIS_W_nPROPERTY

The CRAVE contracts do not anticipatethe Government providing any property or test
facilities unless requested by the contractorin their response to a requestfor bid.

In some rare cases (such as sustaining engineering task) it is know ahead of timethat
government property will be provided to the contractor. In those cases the following list
filled out to allow the proper control of government property:

A. List of Property the Contractor Shall Replace with modified or upgraded versions:

Use of
Date to be Furnished to the

Item Quantity Acquisition Cost Property ContractorLocation

[Insert a de_rtption of the item(s), quantity, acquisition cost, and date the property will be
furnished to the Contractor] - List of Property will be added as requirements are further
identified and the determination to provide property is determined to be in the best interest of the
Government.

B. List of Proporty the Contractor will return in the same configuration:

Use of
Date to be Furnished to the

Item Quantity Acquisition Cost Property
Location Contractor

I

[Insert a description of the item(s), quantity, acquisition cost, and date theproperty will be
furnished to the Contractor] - List of Property will be added as requirementsarefurther
identified and thedetermination to provide property is determined to be in the best interest of the
Government.

GOVERNMENT FURN]_D PROPERTY
(Continued)

C. List of Property the Contractor Shall Replace if Damaged or lost duringthe €ourseof
the effort:
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tl

Use of
Date to be Furnished to

Item Quantity Acquisition Cost Property the Contractor
Loeation

[!n,vert a description of the item(s), quontlty, acquisition cost, and date the property will be
furnished to the Contractor] - List of Property will be added as requirements are further
identified and the determination to provide property is determined to be in the best interest of the
Government.

B. List of Property the Government Will Replace if Damaged or lost during the course of
the effort:

r I IUse of

Item Quantity Acquisition Cost Prope.rty Date to be Furnished toLocatnon the Contractor

I E _ ]
J l [ f

[Insert a descriptionof the item(s), quantiO,,acquisition cost, and date theproperty will be
furnished to the Contractor] - List of Property will be added as requirementsarefurther
identified and the determination toprovide property is determined to be in the best interest of the
Government.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
LYNDONB. JOHNSONSPACECENTER

HOUSTON,TX 77058

COSTREIMBURSABLEINDEFINITE-DELIVERY
INDEFINITE-QUANTITY(IDIQ)TASKORDER

TEXAS ENGINEERING EXPERIMENT STATION(TEES)
NNJ05HB41B

i I I

Task Order Number Amendment Number Purchase RequestNumber
37 2 FundedatContractLevel

, , SOW,WBS Fiscal Year TechnicalMonitor/Division/Extension
COTR: EC/RalphMarak,39144/

FY09 EC5/LuisTrevino
II i

Task Order Title
ii i i ii I

Portable LifeSupportSystem(PLSS)Water PumpDevelopmentfor ExplorationTechnology
I ii i

Description/Purpose
i

Revision 2 to DO 37 is issued to increase thedeliveryordervalueby Io-( _ Thisincreaseto the
deliveryorderencompassesthe over-runstatedbythe contractorletterdated'May12, 2009.

Recapitulationof the DO Value:
i

Summary Current Value This Action Total
Revision 2

Cost ............... _ ' '

TOTAL * ,s0.s.0,l, 19,374.00 i S 20S,962.84

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER.

NASA Approval
I

.... Contractin_ Officer ]_.__ __ DateRonaldJohnson _,[l "://f_q

Page1 of3



Na"ono'Aeron'i'csondSpaoeAdmIn,stro,,on)
Lyndon B. Johnson SpaceCenter I ORDERFORSUPPLIESORSERVICES Page 1 of 1Houston,TX 77058
1. OrderNo. 2. Dateof Order
NNJ05HB41B, DO37R1 SeeBlock10Below NOTE: MARKALL PACKAGESAND PAPERSWiTH ORDER NO.

Certifiedfor NationalDefenseunder DPAS (15 CFR 700) DO-C9
3. Issuing Office: 4. Ship To:

NASA JohnsonSpace Center, 2101 Nasa Parkway Transportation Officer, Building 421
Houston, TX 77058-3696 NASA Johnson Space Center
Org.]Buyer: BH2/MaryThoma.q Houston,TX 77058-3696

Mark For: Accountable Property

Tel No.: 281-483-8828 Fax: 281-483-2138 Order No.: NNJ05HB41BDO37R1E-mail: marv.f.thomas_.nasaqov
5. Contractor:

Texas Engineering ExperimentStation (TEES) 6. Deliver On or Before:05/22/08- 03/24/09
Attn: Wendy Gruninger
1470 William D. FitchParkway F.O.B. Point: _DESTINATION
College Station, TX 77845-4645

Discount Terms: Net 30 Days.

7. BILLING ADDRESS:

Phone: 979-862-1696 x Fax: 979-862-1698 NASA JohnsonSpace Center
Attn: LF231/Accounts Payable Group
Houston,TX 77058-3696

TIN: 74-1974733 CAGE CODE: 0EBC6 Order No.: NNJ05HB41B, D037R1

8. Type of Order:

[] PURCHASE: Pleasefurnish the following in [] DELIVERY: Except for the Terms and Conditions of Purchase
accordance with the conditions specifiedon this order. Order listed on the fo owing page, this deliveryorder is subject to
Reference: instructionscontained on this form and is issued subject to the

terms and conditionsof contract number:

9. Written acceptance of this order by contractor [I-] ] is, [[] ] is not 10. Name: Ronald Johnsonrequired. Sign below if required and return to contracting officer.

Name: (Person authorized to sign)

Signature: Date: Signature:

--------- 11. Schedule
ITEM

NO. DESCRIPTION QUANTITY _ UNIT
ORDERED PRICE AMOUNT

PORTABLELIFESUPPORTSYSTEM(PLSS)WATERPUMP
DEVELOPMENTFOREXPLORATIONTECHNOLOGY

PERIODOFPERFORMANCE:05/22/08- 03/24/09

1 Revision1toDO37 isissuedtoincreasetheDOvalueby _ ' for
the compleUonandassembleoftheCustomUnitPumpandextendthe _ _L_completiondateto 3/24/09.

12. ForJSC InternalUse Only: I
13. Total

Requisition No.: N/___AA [] COMP. [] PART. PPC:

Rissue To: EC/Ralph Marak For: EC5/Luis Trevino $189,588.84NTE
14. Quantitiesin "QuantityAccepted;'Column Have Been

[] 'NSPECTED[]ACCEPTED [] RECE,VED
TOCONFORMTOTHECONTRACT.
ACCEPTANCEWILLBEATJSCUNLESS BY:
OTHERWISENOTED.

AuthorizedU.S,GovernmentRepresentaUve Date
JSC Form1429 (Rev November10, 2004) (MS WordAugust1995)
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Nlflonll Aoronlutk_ Ind alXl_l Administrllion '" (: _'

LV.®.a.John.o.Sp,_.C._.r ORDER FOR SUPPLIES OR SERVICES IPage! of 15
Housto.,TX 77058

1. OrderNo. 2. Date of Order
NNJ05HB41B,CRAVEDO37 SeaBlockt0 Below NOTE: MARKALL PACKAGESAND PAPERSWITH ORDER NO.

Certifiedfor NationalDefenseunderDPAS (15 CFR 700) DO-C9
3. IssuingOffice: 4. Ship--'-'-'-'-'-'-'-'i_"

NASAJohnsonSpace Center,2101 Nasa Parkway TransportationOfficer,Building421
Houston,TX 77058-3696 NASAJohnsonSpaceCenter
Org./Buyer.BH2/MervThom_ Houston,TX 77058-3696

MarkFor. Accountable Property

Tel No.: _ Fax: _ OrderNo.: NNJ(]SHB4tB.CRAVEDO37
E-mail: ' marv.f.thomas_nasa.uov
5. Cont_G_.__r:

Texas EngineeringExperimentStation (TEES) 6. DeliverOn or Before:05/22/08- 10/10_]8

Attn:Wendy Gruninger F,O.B. Point:DESTINATION1470WilliamD. FitchParkway -
CollegeStation,TX 77845-4645

DiscountTerms: Net 30 Days.

7, BILLINGADDRESS:
Phone:979-862-1696 x Fax: 979.862-1698 NASA JohnsonSpace Center

Attn: LF231/AccountsPayableGroup
Houston,TX 77058-3696

TIN: 74.-1974733 CAGE CODE:0EBC6 OrderNo.: NNJ05HB41B,CRAVE D037

8. Type ofOrder:

[] PURCHASE: Pleasefurnishthe followingin [] DELIVERY: Exceptforthe Terms andConditionsof Purchaseaccordancewith the conditionsspecifiedonthisorder.
Orderlistedonthe fo owingpage,thisde iveryorderis subjectto

Reference: instructionscontanedonthisformandis issuedsubjectto the
terms and conditionsof contractnumber.

9. Writtenacceptanceof thisorderby contractor[["] ] is, [1_ ] is not 10. Name: RonaldJohnson
required.Sign belowif requiredand returnto contractingofficer.

Name: (Personauthorizedto sign)

Signature: Date: Signature:/I_ _../_//_/j/_.. Data:_

11. Schedule C*-ONTRAC'r'IIt|'GOF_:JC;ER
ITEM
NO. DESCRIPTION QUANTITY UNIT QUANTIT_

ORDERED UNIT AMOUNT

PORTABLELIFESUPPORTSYSTEM(PLSS)WATERPUMP PRICE ACGf=P'II=L
DEVELOPMENTFOREXPLORATIONTECHNOLOGY

PERIOD OF PERFORMANCE:05/22/08 - 10/10/08

I Theoontmctorshill performand deliverto all requirementsforthe design k_and fabricationof a developmentPLSSwaterpumpto bedesignatedas •
the CustomUnitPump(See attachedSOW). There areno optionsinthe
deliveryorder.

4,_ ForJSC InternalUse Only:
13. Total

RequisitionNo.: N/A [] COMP. [] PART. PPC:

RissueTo: ECl,_oeGensler,x30025 For. EC5/LuisTrevino $149,508.84NTE
14. Quantitiesin"QuantityAccepted"ColumnHave Been

[] INSPECTED [] ACCEPTED [] RECEIVED
TOCONFORMTO THECONTRACT.
ACCEPTANCEWILLBEATJSCUNLESS BY:
OTHERWISENOTED.

AuthorizedU.S.GovernmentRepr_entaUve Date
JSC Form 1421 (Rev Nov._._be,10, 2004) (MS Word August1995)



• DELIVERY ORDER#: CRAVE-ECS-037

P_I_OFOSAL INSTRI_CTIQN_: X_ DRAFT - COMMENTS DUE BY: March I0, 2008
FINAL - PROPOSAL DUE BY: April 21, 2008

DO TITLE: PLSS Water Pump Development for Exploration Technology
DO Type: X CPFF wFFP

DO Contact Information in Addition to the CRAVE Contract SvmClaTli._tor cO:

TMR: Joe Gensler Phone: (281) 483-0025

DO Manager: Luis Trevino Phone: (281) 483-9141

DO Mgr. Alternate: Heather Paul Phone: (281) 485-3678

Concurrences:

Luis Trevino Raul Blanco Joe Gensler
DO Manager DO Mgr. Management COTR

N/A
Kimberly Baird S & MA Ran Johnson

Division TMR Contracting Officer

Task Contains Flight Hardware,Flight Software or GSE? m Ye_ X.__No

Program Supported: _Shuttle _ISS ___.XEVA X Advanced._Cx

WBS: X 1.0 EVA -- 2.0 FCE -- 3.0 EVR -- ECLSS -- 5.0 ATCS -- 6.0 CHeCS

For purposes of complying with FAR 52.232-22,Limitation offends, the total amount allotted by the
Government to contract Isspecified in clause B.6, Contract Funding. Thefundfng listed InB.6 is the
amount aUottedfor all Delivery Orders on the contract combined

All terms and conditions of the contractapply to this Delivery Order. In the event of a conflict between
the contract and this Delivery Order, the contract shallprevail.

WBS reporting shall be done In accordance withapplicable WBSreporting categories, as shown above
and in the contract within Section C, Table 1.
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PLSS Water Pump Development for Exploration Technology

Back2round / Problem Description:
The currentEMUPLSS waterpumpis a centrifugalmulti-vane-typethatoperatesat high
revolutionsper minute(rpm)(~ 20,200 rpm).Thiscentrifugalpumpis sensitiveto gas bubbles
and canrequireprimingbeforeEVA, resultingin additionalEVA preparationtime.The current
EN4UPLSSuses a special pressurizingsystem that maintainsthewater loop at 15 poundsper
square inch(psi).A dedicated15 psioxygen regulatorprovidesbackpressureto the ShuttlePLSS
feedwaterbladdertanksin orderto minimizeoutgassingandbubbleformationduringEVA
operations.The ShuttlePLSSalso uses a gas trapanda centrifugalwaterseparatorto removegas
from the waterloop. Additionally,the ShuttleEMU pumphas experiencedcavitationissues and
has shownsusceptibilityto waterimpuritieson at leastone occasioncausingvane growth.

For futuremissionssuch asthose requiredof the ConstellationSpaceSuitElement(CSSE),the
space suitwill employ new technologiesto ensurea safe, supportable,sustainable,andextensible
suit systemthat allows foruseful workto be performedby the crewduringlaunch,landing,in-
space, andon the lunarand Martiansurfaces.The suitsystemprotectsthe crewfromnominal
and offnominal environmentsassociatedwithConstellationProgram(CxP) missionphases.In
orderto meet theidentified requirementsfor protectingcrewduringEVA, the PLSS waterloop
will usepotablewater fromthe vehicleor habitatthathas beennominallydeliveredat 8 psi.

The CSSEPLSS schematicis shown inFigure 1: CSSE PLSS Schematic.

Figure0-1: SimplifiedBaselineCSSE PLSSSchematic
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CREW, ROBO_]_CD VEHICLE EQUIPMENT (C_ONTRACT
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(Modified from Bailey 2007)

This schematiccontainssimplificationsfromtheShuttleEMUschematic.Aspartof the
preliminaryCSSEPLSS layout,thefeedwaterbladdertankswillbehousedwithinthe
pressurizedsuitvolumeandwill be operatedat suitpressure(nominally4.3 psi)duringEVA
operations.Whenthewaterloopdropsfrom8psi in theairlockorhabitatdownto4.3 psiduring
EVAoperations,somedissolvedgas willcomeoutof solutionandproducebubbleswithinthe
waterloop.Positivedisplacement(PD)pumptechnologyhas beenchosenbythe CSSEPLSS
developmentteaminordertotoleratebubblesexpectedwithintheCSSEPLSSdesign.

_ose of Current Effort:
NASA is seekingtechnologydevelopmentfor the EVA portablelife supportsystem(PLSS)
water pumpto be used for lunarEVA's thatwill providereliableoperationfor upto 100EVA's
in succession.

Forthiscontract,the contractorwill design,build, anddemonstratesuccessfuloperationera
developmentPLSS waterpump,anddeliverthe pumpto NASA. Afterdelivery,a follow-on
effortseparatefrom this contractwill be to testthe pumpat JSCfor usefullife, water
contaminationsensitivity,andoverallperformanceas describedin JSC-65685,Development
Requirementsfor WaterpumpinEVA Technology System(WETS). Thecontractorshall use
the requirementsin JSC-65685as abasis for thepumpdesignandshall workwiththeNASA
projectwithinthe limitsdescribedbelow to implementanoptimalprototypedesignfor the
currentPLSS schematic. The pumpdesignshall alsotake advantageof otherlonglife, low
power,low sensitivity-to-watercontaminantpumpsusedin the aerospaceand otherindustries.

The contractorsshouldbe cognizantthat the technologiesand designsdevelopedduringthis
activity shouldbe measuredagainsttheNASA TRLstandarddefinitions.

[ Task Description: Thetasksrequiredfor this effortare: Designand fabricationof a

ldevelopmentPLSSwaterpump,to be designatedasthe CustomUnitPump,or CUP,and
successful demonstrationof the CUP. Detailedrequirementsforthesetasksare inthe following
sections.

Requirements

Overall performance requirements for the CUP development are derived from JSC-65685,
Development Requirements for Waterpumpin EVA Technology System (WETS), provided as a
reference in the technical library, but are modified for this current effort for purposes of
development testing. The functional requirements for WETS are to provide water flow for
thermal regulation to suited EVA crewmember's Liquid Cooling Garment (LCG) and to
spacesuit components duringEVA in vacuum (micro-g), lunar, andMars environments for up to
8 hours continuously, and during EVA preparation in airlocks or support vehicles for an
additional 2 hours continuously. All of the detailed requirementsare derived from the functional
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requirements. For development design purposes, focus shall be on the lunar design with
protectionforkey design featuresfor the Marscapability.

Surface Temperatures for the Custom Unit Pump (CUP):

35 F to 100 F (1.7degCto 38 degC)

Water Fiowrate and Pressure Rise through CUP:

82 kg/hr (1801bm/hr)minimumat 69kPad (10 psid )

91 kg/hr (2001bm/hr)minimumat 35 kPad(5 psid)--DESIGN POINT

CUP Inlet Water Pressures:

23 - 69 kPag[3.3 - 10 psig] in VacuumEVA environment.

Pressureunitsare absoluteunits atvacuum,and arereferencedto ambientpressurein airlockand
groundops.

CUP Useful Life:

2000 hrs minimum(twice EVA life)

CUP Water Quality:

The waterpumpand PLSS shall acceptpotablewater fromVehicle InterfaceElement,with and
without silver biocide, as specified in the Potable Water Table (TBD-CSSE-136). (see
Reference2, CXP70024, for guidelines).

CUP ExternalOperating Environment:

The CUP and its support equipment shall be designed for ambient test operation, with
recommendedchangesincludedto allow for a vacuumcompatabilitydesign.

CUP Standby and StartUp Capability:

After poweris turnedoffto the CUP,the CUP shall be capableof startupat any timewhen the
initialwaterinlet is between35 F to 100F (1.7degCto 38 degC.)

CUP Motor Type: Permanentmagnettype

CIJPOverallPower Consumption: 15 Watts+/10% maximumoverallat 5 psid
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CUP Supply Voltage: 28 VDC nominal

CUP Speed Control: Incorporatespeed control to regulatewater flowrateat each specified
pressure riseto anylevel between 20°,4and 120%of the specifiedminimumwaterflowrates.

Goals

Goals are design needs that shall be addressedfor this test unit, but are not requiredto be
implemented exactly as specified, althoughsome attemptsto meet the goals statedare to be
made forthetest unit.

CUP Servicingand Maintenance Goal:

As a minimum,replacementof the water pumpwithin the PLSS shall be carriedout atthe lunar
lander, the lunarhabitat,andin zero-g andmicro-gwhile in the lunartransportvehicle.

CUP Packaging Geometry and Volume Goal:

Maximum CUP Volume Goal: 0.00025 cum (15 cu in)
Packaging Geometry Goal: 2.25" x 2.75" x 2.25"

CUP External Operating Environments Goals:

Deep Space Vacuum, (<10-4ton"pressure)

Mars, 6 to 10 ton- (CO2) pressure

Design Considerations

The following are designneedsthatareto be consideredbutnotnecessarilyincorporatedintothe
CUP testunitdesign.

• Replacementshall be consideredon-orbitduringlunartransit.

• The CUP mustpassthrua minimalamountof gasbubblesfromthe liquidcoolingwater
withoutsignificantperformancedegradation.

• Watercontaminationissues are to be addressed.

• Differentpackagingschemesareto be evaluatedto minimizepackagingvolumeof the CUP.

• Differentmaterialsare to be tradedfor the structureof the CUPto minimizemasswhile
meetingstructuralrequirements.
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Demonstration/Verification of CUP at Contractor

All the specificationsshownin the requirementssection of this DO areto be demonstratedby
functionaloperationof the CUPatthe contractorfacility,with the exceptionof the CUPuseful
life. CLIPuseful life is to be demonstratedby analysisand/orsimilitarywith pumpsin similar
applications. Afterdelivery,aNASA follow-oneffortseparatefrom this contractwill be to test
the pumpat JSCfor useful life, watercontaminationsensitivity,andoverallperformance.

,Design and Analyses Task
The contractorshall review/study,butnotbe limitedto, the dataprovidedto become familiar
with andknowledgeableof the currentShuttleEMU pumpdesignand with advancedEVA
technology pumprequirements.Then,using this data,the contractorconductdesignanalyses
and developa conceptforthe customunitpump(CUP)which meets allrequirementsand
attemptsto meet allgoals asstatedabove. If the goals cannotbe achieved,the contractorshall
provide informationdemonstratingthe effortto meet the goals and rationalefor why it was not
possible. The designand analysesstudyshall includebutnotbe limitedto the items listed
below. The rationalebehindthe resultsforeach itemlisted shallbe describedin detailin the
final report.

1. Candidatepumptypes considered,to includepast applicationsanddemonstratedservicelife
whereavailable.

2. Pumpbody materialsavailableand materialselectedfor the CUPapplication.
3. Motortypes availableandmotorselectedforthe CUP application.
4. Ancillaryequipmentavailableandequipmentselectedfor the CUPapplication(switches,

controls,etc.)
5. Designimpactsof various pumptypesin cold environmentsandhot environments.
6. Feasibilityof incorporatingtest portsand sensorsin the CUP design.
7. Sensitivityof variouspumpsandof CUPdesignto impact loads.
8. Candidatepump(s)andtype selectedforthe CUPapplication.

Technical Document Library

The contractorshall haveaccess to the following documentsvia the onlinetechnicallibrary:

1. Constellation Space Suit Element Portable Life SupportSubsystemPump Technology
Survey,J.T.Pinckey,ESCG,EM-CX-Suit-07-006,Dec 21, 2007.

2. Constellation Program Human-Systems Requirements, CxP 70024, Rev A, Section 3.2.2-Potable
Water, Sept 26, 2007.

3. EMUAntemational Space Station (ISS) Coolant Failure Loop Failure and Recovery, J. Lewis et al,
ICES Paper 2006-01-2240, SAE, July 2006.

4. One EVA EMU Requirements Evolution, Rev B, SEMU-66-017B, Contract NNJ04HA01C,
Hamilton-Sundstrand, Sept 30, 2005.

5. Development Requirements for Waterpump in EVA Technology System (WETS), J8C-65685,
CTSD-ADV-657, Nov 2007.
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Progress Reports

The contractorwill be requiredto provideNASA twice monthlystatusbriefs(topicsandscope
to be providedbyNASA POC) detailingthecurrentstatusof theirwork,whathas been
accomplished,whatworkis plannedforthe next two weeks, whatissues/problems/risks(if any)
have arisen,andtheirplan to mitigateany issuegproblemgrisks. Thesestatusreportsmaybe
submittedvia email. Additionally,the contractorwill participatein bi-weeldyteleconsto
addressproblemsas they arise.

Conduct Mid-Term Presentation and Design Review

The contractoris to presenttheirintermediatefindingsto NASA at a mid-termpresentationand
design review. Thepresentationwill detailresults from the designstudiesandanalyses
conductedto date,provideinsighttowardthe selecteddesignconceptbeingdeveloped,provide
manufacturingstatusand deliveryscheduleforthe custompumpunit(CUP),and provideatest
requirementsverificationplan.

Generate Final Report
The contractoris to generateandpublisha CustomUnitPumpConceptand DesignReport,
which includesthe resultsof the designand marketstudiesconductedby the contractor,the CUP
designdrawingsthey have developed,a testrequirementsverificationplan with test results,and
all conclusions.

Conduct Final Report Presentation

The contractoris to present their final reportto NASA detailing the results of the design and
market studies and analyses conducted by the Contractor,the CUP design concept they have
developed, their test requirements plan and results, and all conclusions.
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Delivertbles/Products:

CustomUnitPumpandallaccessoryitems Contract
Hardware includingmotor,mountinghardwareand 1ca. completioncontrolstobedeliveredtoNASA.

N/A
TheVerificationDataPackageshallconsistof
the following:
1) ComponentList
2)VerificationComplianceTable(detailshow
thedesignmeetseachrequirement)
3)VerificationTestPlan
4) VerificationTestDataSheets(i.e.the
resultsoftheverificationtesting)
5) LimitedLifeList
6) ShippingDocument(DD250)
7) Allassociatedconstruction,assembly,and 3EApaper
testingdocumentation andCD
8) Anyspecialinstnicfionsforstorage, (PDFand

Verification handling,andmaintenance Word
DataPackage 9) MSDSSheets format)

N/A

Software N/A

N/A

OtherProducts

CustomPump A welldocumentedreportdetailingthedesign 3 EApaper Contract N/A
Unit Concept studyand/oranalysesconducted,theCUP andCD Completion
andDesign design concepts thecontractorhasdeveloped, (PDFand
Report a test requirementsverificationplan and Word

verificationresults,andallconclusions, format)
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CREW, ROUND VEHICLE EQUIPMENT (CI_I_ONTRACT
" DELIVERYORDER #: CRAVE-ECS-037

MaterialsUsage A materialslist whichdetailsall thematerials 3 EA Contract N/A
List the contractorincorporatedin the designand paperand Completion

in the fabricationof the CUPS. This list CD(PDF
shouldalso providethestatusof each material andWord
in theMarshallSpaceFrightCenterMAPTIS format)
database. Ifthematerial(s)is not listed in
MAPTIS,thecontractorshallprovidea
preliminaryplanfor havingthe material
processedand documentedper the Materials
AnalysisTrackingandControl(MATCO)
system.

Operating An operatingmanualfor the CUP test unit
Manual for CUP deliveredto NASA, to include motoras well Contract

Test Unit : as pumpoperating,sP_ificati0ns........................ Completion
All assembly and majorpartdrawingsused in Contract

Drawings the fabricationof the CUP hardware. 3 EA Completion
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DELIVERY ORDER #: CRAVE-ECru037

I _CHEDULE
Start Date: May 5, 2008 Finish Date: September 22, 2008

!:_!i_i_ STONES DUE DATES (Weeks After ATP) :: ilj_,
Kick-off Meeting 1

Review/Study of Custom Unit Pump Design and 2
Requirements

Midterm Presentation to NASA 10

Final Formal Preeemation to NASA 18

Hardware Delivery 18

Generate/Publish Final Report 20

Milestones, along with subjective measurements, are to be used for measuring performance. For
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under
the Government Cost Estimate below.

Total Government Estimate for this DO: S150.000

TOTAL COST ESTIMATE FOR THIS DO: |

FEE: _ (If Applicable)

TO BE REMOVED FROM DO & IN_I_UDEDIN _ LETTER.

ProposalEvaluationCYitem:

1. ProposedTeclmicalConcept,includingdesign, understanding,development/hardwareproductioncapabilityand
schedules,

2. Cost/Price: Except when it is determinednot to be in the Government'sbest interests, the Governmentwill
evaluate l_ice of proposals,by addingthe totalprice, includingoptions. Evaluationof optionswill notobligatethe
Gownm_m to exercise the op_om;

3. ProposedAchievementof SmallBusiness Goals;

4. PastPmtbrumn_;and

5. Other:
J
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CREW, ROBOTm_AND VEHICLE EQUIPMENT (CRA_CONTRACT
.; DELIVERY ORDER #: CRAVE-EC_s-037

DATA REQU|REMENT_

All DRs contained in the contract are applicable and required unless marked NIA below.

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS.
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL

RQMTS/DELIVERIES IN LAST COLUMN.

i!j_gTA

i Vgritten FlightOFEConfiguration
Approval ManagementPlan WithProposal Once N

iJ]ll ii i i

Thirty (30) days Progreu tcpo_
2 Mandatory RegularStatusReport/Summary following contract Bi-Monthly Y requiredtwice;ubmittal Review

start month_i i i

Written ProjectTechnicalRequirements
Approval Specification PerDO schedule Once with Revisions N

II ii

4 Mandatory GFESystemsRequirementsData
Submittal Package Specifiedin DO Once with Revisions N
Written FlightGFE ProjectsRequirements

5 Approval 8:VerificationDocument Specifiedin DO Oncewith Revisions N
i

6 Mandatory PreliminaryDesignReviewData
Submittal Package Specifiedin DO OncewithRevisions N

7 Written FlightGFEWorkmanship
Approval SpecificationsList Specifiedin DO Once with Revisions N

Once w/Revisions
Written PDRor 10%effort (duew/DOproposal,

8 Approval ProjectSchedule complete updates& details Y MS ProjectFormat
Milestone _rovidedas DO

progresses)

9 ¢¢ritten FlightGFE InterfaceControl
_.pproval Document Specifiedin DO Once with Revisions N

i

Written
10 _pproval GFEEnd Item Specification Specified in DO Once with Revisions N

As agreedby TMR As Required NVlandatory FlightGFE FailureAnalysisReport inDO11 _ubmittal

tVritten Flight GFE Verificationand As Specified in Oncewith Revisions N12 Approval ValidationPlan EA-023

tVritten GFESoftwareRequirements
13 Approval Specification Specifiedin DO Oncewith Revisions N

Written
14 Approval GFESoftwareDevelopmentPlan Specifiedin DO Oncewith Revisions N

Written
15 Approval GFESoftware Design Document Specifiedin DO As Required N
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DELIVERY ORDER #: CRAV_ECS-0Yl

+_+. • ........

16 Written EngineeringDrawings Withfinal report OncewithRevisions Y
Approval

j

17 Written s
Approval EEEPartsLists and Analysis ReportI A uired N

i I

18 Mandatory +_riticalDesign Review Data
Submittal Package 3nee with Revisions N

j

19 Mandatory EngineeringDrawingChange
Submittal ?roposal ASRequired N

20 Written OFEQualificationTestProcedure 3racewith Revisions N
Approval

Written
21 Approval FlightProductUser's Guide _)ncewith Revisions N

/

Mandatory
22 _ubmittal SoftwareCode AsRequired N

i i

(30)daysafterDO
23 VCritten InformationTechnology (IT) lward,and as IPG2810.1 N

Approval SecurityProgramPlan and Reports ,'pecifiedin JPG
2810.1

Written
24 Approval CertificationPlan OncewithRevisions N

Mandatory CertificationReport OncewithRevisions N25 Submittal

26 MandatoryEngineeringAnalysis AsRequired NSubmittal

27 MandatoryAcceptanceDataPackage OneTime NSubmittal

Afterawardof 1st
Mandatory

28 Submittal ExportControlAuditResults DO,yearlyon Yearly N
Sept.30 thereafter

i

29 ApprovaIWritten:_)_ality.Plan WithProposal Oncewith Revisions Atladamut.l_ll

_¢ritten ?atentRights-Rctention AsRequired As Required Y
30 _pproval (IfApplk'ble)
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CREW, ROBO'll_flqD VEHICLE EQUIPMENT (CRA_CONTRACT
DELIVERY ORDER #: CRAVE-ECS-037

31 Written Shuttle/StationPayloadSafetyData
_roval Package AsRequired N

32 _datory LimitedLife Systems List AsRequired YSubmittal

SpaceStationGFE FailureModesWritten
Approval andEffects Analysisand Critical As Required N[1emsList

i i i

" Written SpaceShuttleGFESafetyand

_pproval AnalysisReport&HazardReport As Required N

Written SoftwareQualityAssurancePlan 90Days Priorto
35 _pproval Report ;oflware OncewithRevisions NDevelopment

Written ISSHazardReport As Required N
36 Approval

i i

37 Upon ReliabilityandMaintainabilityPlan With Proposal OneTime Attachment
Request , , J-9

38 Written GovernmentCertificationApproval As Required N
, Approval R_uest (GCAR)

Written Risk AssessmentExecutive
Approval luminaryReport (RAESR) As Required N

40 Written ProblemReportingand Corrective
Approval Action(PRACA) As Required NI i

Upon SoncenformanceRecord As Required N
41 Request

C_overnmentIndustryData Exchange
Mandatory ProgramandNASA Advisory Once withRevisions N

42 ]ubmittal ProblemData

Written Electrical,Electronic,and
ElecU'omechnical(EEE)Parts Once withRevisions N

43 Approval ControlPlan

44 Mandatory CertificationDataPackage 3nee withRevisions NSubmittal
i

45 Written Certificationand Acceptance 3nee withRevisions N
Approval RequirementsDocument

46 Upon Wage/SalaryandFringeBenefit rhirty(30)daysLqerissuance of 3nce N
Request Data inchDO

47 Written
Approval GFEAcceptanceTestProcedure 3he Time N

48 Mandatory FlightGFEVerification& 3nce withRevisions I N
Submittal ValidationReport

i

SpaceShuttleGFEFailureModes
Mandatory andEffectsAnalysis(FMEA)and AsRequired N

49 Submittal CriticalItemsList

50 _eserved ....
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CREW,
, ; DELIVERY ORDER #: CRAVF_,-ECS-037

Mandatory NASAContractorFinancial AfterIssuance of

....... _ubmittal _gemem Reporting,, 1stDO Monthly Vi i i i i '1

Written GovernmentPropertyManagement WithProposal OncewithRevisions Attachment

_t_y System Safety Plan WithProposal OneTime Attachmentjm

' Onlyapplicableto B- ' ' '
: wa_ With_po_

;i '_pp_Oval R'QualityplanTemplate RequiredRevisionsas SOwtgX:°rdanceCRAVE_ntra_in • ylmdthe DRDwithtilei H i
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LyndonB.JohnsonSpsceCenter ORDERFORSUPPLIESOR SERVICES Page1of 1Houston,I"X 770=38

1. OrderNo, 2. Dateof Order (DOAttached)
DO-CRAVE-EC-006 SEEBLOCKIO NOTE: MARKALLPACKAGESAND PAPERSWITHORDERNO.

Certifiedfor NationalDefenseunderDPAS(15 CFR700)_-'-_
3. IssuingOffice: 4. ShipTo:

NASAJohnsonSpaceCenter,2101 NasaParkway TransportationOfficer,Building421
Houston,TX 77058-3696 NASAJohnsonSpaceCenter _.
Org,tBuyecBH2/MikeBellenJ Houston,TX 77058-3696

MarkFor:.AccountableProperty
TelNo.: _ Fax: OrderNo.:DO-CRAVE.EE-mail: mlchael.d.bellerdr_nasa.aov
5. Co_t_a,_tor:.
TexasEngineeringResearchServices 6. DeliverOn orBefore:SEEBLOCK11
200 GreensPratdeRoad,Rm 122
CollegeStation,TX 77845-9493 F.O.B.Point:.

DiscountTerms:Net30 Days.

7. BILLINGADDRESS:
Phone:979-862.1696 x Fax: 979-862-1698 NASAJohnsonSpaceCenter

Attn:LF231/AccountsPayableGroup
Houston,"iX 77058-3696

TIN: 74-1974733 CAGECODE:0EBC6 OrderNo,:DO-CRAVE-EC-006

8. TypeofOrder:

[] PURCHASE:Pleasefurnishthefo owingn [] DELIVERY:ExceptfortheTermsandConditionsofPurchase
accordancewith thecondtlonsspecifiedonthisorder. Orderlistedonthefo lowingpage,this deliveryorderissubjectto
Reference: instructionscontainedon thisformandisissuedsubjecttothe

termsandconditionsofcontractnumber:.O_

"9. Writtenacceptanceof thiso_lerbycontractor[_] ] is,[[3 ] is not 10. Name:required.Signb_Jlowif requ_d andreturntocontractingofficer,

Name: (Ponauthodzedtos,gn)/ /
CONTRACTINGI

11. Scheduk

DESCRIPTION QUANTITY U_ UNIT' ' OR_=U PRICE AMOUNT

TheCu,,_-._lu_shellpefi'u.,anddelivertoallrequirementsfor: _ _o_ _O_ -Jo_
DO-CRAVE-EC-008:"SuitArchitecture"

ThePeriodofPerformanceforthisDOis: 09/0112005- 11/08/2005
(excludinganyoptions)

t2. ForJSCInternalUseOnly: 13. Total
RequisitionNo.:__ [] COMP. [] PART. PPC:
RissueTo: $ 234,229.52

14. QuantitiesIn '_uu.liLy Accepted"ColumnHaveBeen
[] INSPECTED [] ACCEPTED [] RECEIVED
TOCONFORMTOTHECONTRACT.
ACCEPTANCEWILLBEATJSCUNLESS BY:
OTHERWISENOTED.

AuthorizedU.S.GovernmentRepresentative Date
JSCForm1429(RevNovlmblr 10,2004) (MSWordAugust1995)



CREW, ROBO_=_ND VEHICLE EQUIPMENT (C1L_CONTRACT
DELIVERY ORDER #: _0_6

DO TITLE: Vision for Space Exploration Suit Architecture Study

DO Type: X CPFF __ FFP

DO Contact Information in Addition to the CRAVE Contract Specialist or CO:

TMR: Robert Trevino Phone: (281) 483-2597

DO Manager: Joe Kosmo / EC 5 Phone: (281) 483-9235

DO Mgr. Alternate: Gretchen Thoma_ / EC 5 Phone: (281) 483-7664

Concurrences:

Original Si_ned Original Signed Original Signed
Joe Kosmo Craig Dinsmore Joe Gensler
DO Manager DO Mgr. Management COTR

Orisinal Si2ned Original Signed
Robert Trevino Steve Miller Name
Division TMR S & MA

Task Contains Flight Hardware, Flight Software or GSE? -- Yes X No

Program Supported: Shuttle ISS ....EVA ._X_XAdvanced EVA

WBS: _ 1.0 EVA m 2.0 FCE m 3.0 EVR _ ECLSS __ 5.0 ATCS m 6.0 CHeCS

For purposes of complyingwith FAR 52.232-22,Limitation of Funds, the total amount allotted by the
Government to contract is specified in clause B.6, Contract Funding. Thefunding listed in B.6 is the
amount allottedfor all Delivery Orders on the contract combined.

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between
the contractand this Delivery Order, the contract shall prevail.

WBS reporting shall be done in accordance with applicable WBSreporting categories, as shown above
and in the contract within Section C, Table1.

SEP0 8 2005
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CREW, ROBOqMI_'AND VEHICLE EQUIPMENT
DELIVERY ORDER #:

Narrative Task Description

I Background / Problem Description: I

1.0 Objective

In light of the planned milestone schedule goals for the Vision For Space Exploration (VSE) and
the subsequent Constellation Program established by NASA to accomplish these goals, the
purpose of this effort is to conduct an accelerated two month feasibility study of suit system
architecture concepts. The length and depth of this study Couldbe extended if the official
Constellation mission milestones, soon to be released by NASA Headquarters, allow. If that
schedule change occurs, a revision to the delivery order is anticipated.

2.0 Task Description: Scope and Guidelines

The objective of this study is to identify and define the appropriate suit system (pressure garment
and life support system with attendant vehicle interfaces), architecture concepts and options for
the correspondingclass of ConstellationProgram vehicle systems and VSE mission architectural
elements. For the purposes of this study, the term "suit system" is defined as the pressure
garment, the life support system and its attendant vehicle interfaces.

For the purpose of the study the following Exploration mission milestones are assumed:

• Crew Exploration Vehicle (CEV) - to - ISS Missions:
2012 CEV human flight to ISS

• Lunar Sortie Missions

2017 goal of CEV/ Lunar Surface Access Module (LSAM) Low Earth
Orbit (LEO) Integrated test (human mission)

2018 goal of human mission to the Moon including landing, but
no later than 2020

• Lunar Outpost Missions
2022 goal for permanent/sustainedhuman presence on the Moon

• Mars Missions
2032 goal of first humans on Mars

The intent of the proposed accelerated two month feasibility study is for the contractor to
conduct a comprehensive study to identify, investigate, evaluate and assess from a technical,
schedule and projected overall cost base, what specific suit architecture option or combination
of options would best meet the aboveExploration Systems Architecture Study (ESAS) mission
architectures. The contractor shall be responsible for conducting the necessary study
investigations to identify the specific suit system related requirements that may be similar or
unique betweenthe identified ESAS mission architectures.

Although the in-depth technical requirements for the various ESAS mission architectures have
not yet been finalized,the followingtechnical considerations and guidelines are offered as a
general starting point in order to determine specific suit system architectural features and factors
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CREW, ROBO31_I_AND VEHICLE EQUIPMENT

DELIVERY ORDER #:

for the feasibility study. The contractorshould consider these as only general guidelines and
assumptions.

The following representative requirements for suit system capabilities are assumed for these
expected Constellation mission phases: CEV to ISS, Lunar Sortie Missions, Lunar Outpost
Missions, and Mars Missions

• Crew protection and survivability during launch, entry and abort scenarios
• No crew bailout capability needed (crew will stay in capsule until landing)
• Land return will be normal sequence
• Water survival (emergency/contingency landing)
• Cabin depressurizationprotection (96-hour duration)
• Zero-gravity EVA capability for contingency EVA for CEV missions.
• Zero-gravity EVA capability for activities such as:

o Assembly/construction in support of CEV Lunar/Marsmissions
o Maintenance/repairin support of CEV Lunar/Mars missions

• Surface EVA capability for Lunar and Mars planetary exploration
o Dust control and abatement methods are significant design factors

Because of the broad range of operational environments and mission objectives that a new suit
system will be required to support, a single suit system option might be considered improbable.
However,the potential programmatic benefits of developing, operating and sustaining a single
suit system architecture warrant a more thorough examination. There are technical challenges
associated with various aspects of a single-suit system option (e.g. combining launch, entry and
EVA capabilities into one suit) versus a multi-suit option architecture (e.g. separate suit
configurationsto support different mission phases). Because of these challenges, it will be
necessary to examine these options more closelyto determine whether a single suit system
approachor multiple suit system approach (or some other option variations) would better meet
the needs of the VSE.

3.0 DetailedTask Description

The contractors' comprehensive feasibility study shall apply the engineering "lessons learned"
and other experiences gained from the many years of space suit system technology developments
and flight operations (ranging from Gemini, Apollo, Skylab, to the current Shuttle EMU &
ACES systems) to the emerging Constellation requirementsand operational scenarios in order to
assess the suit system architectureoptions. As a minimum, the following four preliminary
defined suit system architectureoptions are to be evaluated and assessed:

Option 1 - Two Suits :
o Combined Launch, Entry, Abort and 0-Gravity EVA (O-G EVA)

contingency Suit
o Planetary Surface Suit

Option 2 - Two Suits :
o Launch, Entry, Abort (LEA) only Suit
o Combined O-G and Planetary Surface Suit
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DELIVERY ORDER #:

_" Option 3 - One Suit :
o Re-configurablebetween LEA, O-G and Planetary Surface Suit

Option 4 - Three Suits :
o LEA Suit
o O-G Suit
o Planetary Surface Suit

Other options, as identified by the contractor,may be added to the study and are considered
within the scope of the effort.

All suit system architecture options within the study are to be evaluated in terms of the following
criteria:

a.) Technical. feasibility to support mission objectives
b.) Ability to provide extensibility to other mission phases
c.) Logistics support, maintainability and commonality
d.) Operational performance and work efficiency index (operational overhead)
e.) Supportability of critical program schedule and milestone goals
f.) Life-cycle cost as estimated within the study

The followingoutline describes the activities to be conducted by the contractorunder this SOW
effort. The contractor shall:

• Define any additional suit system architecture options or recommendations to meet VSE
requirements. (It is expected additional suit system architecture options will be identified
and included in the cost of the study during the proposal process. This task is to define
them to the government and agree on a definition for the study)

• Evaluate each of the suit system architectureoptions in terms of the criteria listed above.

• Identify and summarize the advantages/disadvantagesand potential technical short
comings of each of the above mentionedsuit system architecture options to meet VSE
requirements.

• Provide a comprehensive interimreview (If program milestones hold, this review will be
very important in terms of the EVA program's ability to make inputs to the vehicle
programs. So, the study should be structuredto make as much progress as possible in the
first 30 days)

• Provide details of study results in a comprehensive final report.

• Becausethe VSE, Constellation and CEV architectures and requirementsare expected to
be constantly evolving duringthe time frame of this study an on-going parallel task to the
above DO tasks will be to evaluate available information and conduct the appropriate
investigations to identify the suit system high-level requirementsnecessary to support the
indicatedVSE mission architecturephases of operation and to draw that information into
the study as it becomes available.
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DELIVERY ORDER #:

Deliverables/Products:

Hardware

Mock Up

Prototype

Certification

Flight ,

Training

Other

Test

Software

Other Products

Bi Weekly telecom where critical
information developed by the study is

Study Bi Weekly given to NASA via Webex Bi

Information Telecon presentations and telecom meeting Weekly

Comprehensive Status Report of 5 Oct
Interim Review Study at midway point 2005

Comprehensive Final Report of Study 1 Nov
Final Report at Completion 2005
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DELIVERY ORDER #: _P.A_E;Ci 0_6

SCHEDULE

Start Date: 1 Sep, 2005 Finish Date: 8 Nov. 2005

Interim Review 5 Oct 2005

Final Report 1 Nov 2005

Milestones, along with subjective measurements, are to be used for measuring performance. For
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under
the Government Cost Estimate below.

Government Estimate Located in RFQ File in Microsoft Proiect File On CRAVE Web Site
The file is titled: CRAVE suit architecture.mpp

Total Government Estimate for this DO: $230 K

Option 1. (See Attachment 1)
Option 2: (See Attachment 2)

TOTAL COST ESTIMATE FOR THIS DO: 9_

FEE: _ (If Applicable)

OPTION 1: (See Attachment 1)

OPTION 2: (See Attachment 2)
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CREW, ROBO--_ VEHICLE EQU_MENT (CL ] CONTRACT
. DELIVERY ORDER #: _EC_06

DATA REQUIREMENTS

All DRs contained in the contract are applicable and required unless marked N/A below.

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS.
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL

RQMTS/DELIVERIES IN LAST COLUMN.

TYPE

1 Written FlightGFEConfiguration Attachment
Approval ManagementPlan WithProposal Once J-8

2 Mandatory Regular StatusReport/Summary I_irty (30) days
Submittal Review followingcontract Monthly Y

start

3 Written ProjectTechnical Requirements
Approval Specification Per DO schedule Once with Revisions NA

4 Mandatory GFE Systems Requirements Data
Submittal Package Specified in DO Once with Revisions NA

5 Written FlightGFE ProjectsRequirements
Approval & Verification Document Specified inDO Once with Revisions NA

6 Mandatory PreliminaryDesign Review Data
Submittal Package _pecified inDO Once with Revisions NA

7 Written FlightGFE Workmanship Specifiedin DO Dnce withRevisions NAApproval Specifications List

Dnce w/Revisions
PDR or 10%effort due w/DO proposal,

8 Written ProjectSchedule complete apdates & details In Proposal
Approval Milestone 3rovided as DO Only

9regresses)

9 Written FlightGFE InterfaceControl
Approval Document Specified in DO Dncewith Revisions NA

Written
10 Approval GFEEnd Item Specification Specified inDO Once with Revisions NA

11 Mandatory FlightGFE Failure Analysis Report As agreed by TMR As Required NA_ubmittal in DO

12 Written FlightGFE Verification and As Specified in
Approval Validation Plan EA-023 Once withRevisions NA

13 qCritten ,.qFESoftware Requirements
Approval _pecification Specified in DO Once withRevisions NA
Written

14 Approval 3FE Sottware DevelopmentPlan Specified in DO Once with Revisions NA

!Written
15 Approval 3FE Software Design Document Specified in DO As Required NA
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DELIVERY ORDER #:

16 Written At PDR, as Once with Revisions NA
Approval EngineeringDrawings specified in DO

Written
17 Approval EEE Parts Lists and Analysis Report Specified inDO As Required NA

Mandatory CriticalDesign Review Data
18 Submittal Package Specified in DO Once with Revisions NA

19 Mandatory EngineeringDrawing Change
Submittal Proposal Asneeded As Required NA

Written
20 Approval GFEQualification Test Procedure Specified in DO Once with Revisions NA

Written

21 Approval FlightProduct User's Guide Specified inDO Once with Revisions NA

22 Mandatory SoftwareCode Specifiedin DO As Required NASubmittal

(30) days after DO Attachment
Written InformationTechnology (IT) _ward,andas J-4

23 Approval SecurityProgramPlan andReports _pecifiedin JPG IPG2810.1 Due 30 days
:2810.1 after DO

award

Written
24 Approval iCertificationPlan Specified in DO 9nce with Revisions NA

Mandatory
25 Submittal Certification Report Specified in DO Once with Revisions NA

26 Mandatory Engineering Analysis Specified in DO As Required As Required !Submittal

k,landatory Acceptance Data Package Specified inDO One Time NA27 _ubmittal

After awardof 1st
Mandatory Export Control Audit Results DO,yearly on Yearly y

28 Submittal Sept.30 thereafter

29 Written QualityPlan WithProposal Oncewith Revisions AttachmentApproval J-11

Written PatentRights-Retention AsRequired As Required Y30 Approval (IfApplic'ble)
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CREW, ROBO_AND VEHICLE EQU_MENT (CRy) CONTRACT
DELIVERY ORDER #: CRA_ _

31 Written Shuttle/StationPayload Safety Data Specified in DO As Required NAApproval Package

32 Mandatory
Submittal LimitedLife SystemsList SpecifiedinDO As Required NA

33 Written Space StationGFEFailureModesand EffectsAnalysisandCritical As Earlyinprocess
Approval ItemsList aspossible. As Required NA

34 Written Space Shuttle GFE Safety and
Approval Analysis Report &Hazard Report Specified in DO As Required NA

35 Written SoftwareQuality AssurancePlan 90 DaysPrior to Y
Approval Report Software Once with Revisions (lfApplic'ble)Development
Written

36 Approval ISS Hazard Report Specified in DO As Required NA

37 Upon Reliabilityand Maintainability Plan WithProposal One Time Attachment
Request J-9

38 Written GovernmentCertificationApproval Specified inDO As Required NAApproval Request(GCAR)

39 Written RiskAssessment Executive
Approval SummaryReport(RA'ESR) Specified in DO As Required NA

2 business days of

40 Written ProblemReporting and Corrective problem isolation
Approval Action(PRACA) but no laterthan 10 AsRequired NA

days after
detection

Upon
41 Request NonconformanceRecord Specified inDO As Required NA

Mandatory _ovemment IndustryData Exchange Reported one time
42 Submittal ?rogramand NASA Advisory when discrepancy Once with Revisions NA

?roblemData occurs
i

Written !Electrtcal,Electronic,and
43 Approval Electromechnical(EEE) Parts Specified in DO Once with Revisions NAControl Plan

44 Mandatory
Submittal CertificationData Package Specified in DO Once with Revisions NA

Written Certificationand Acceptance
45 Approval RequirementsDocument AtCDR Once with Revisions NA

46 Upon Wage/Salary and Fringe Benefit l_hirty(30) days
Request Data afterissuance of OncesachDO

Written
47 Approval GFE AcceptanceTestProcedure Specifiedin DO One Time NA

Mandatory FlightGFE Verification&
48 Submittal ValidationReport Specifiedin DO Dncewith Revisions NA
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CREW, ROBO_AND VEHICLE EQUIPMENT
DELIVERY ORDER #:

i ¸ : : _il

SpaceShuttleGFEFailureModes
49 Mandatory andEffects Analysis(FMEA)and Specifiedin DO As Required_ubmittal

CriticalItemsList

50 Reserved ............

51 VIandatory NASAContractorFinancial AfterIssuance of
Submittal ManagementReporting Ist DO Monthly y

52 Written _overnmentPropertyManagement WithProposal Once with Revisions AttachmentApproval Plan J-7

53 MandatorYsubmittalSystem SafetyPlan WithProposal OneTime Attachmentj.10

WithProposal/ Onlyapplicable to B-
54 Written R-QualityPlan Template Revisions as CRAVEcontractsin y

Approval Required accordancewith the5OWand the DRD
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NationalAeronauticsendSpaceAdministration? R_ER

JohnsonSpaceCenter

,Nouaton,TX77058 ORDER FORSUPPLIES O VICES I Page 1 of 1

Order No. I 2. Date of Order _ .L(SOWA"-TTACHED).._____DO-CRAVE-EC5-001Rev.2 SeeBlock10 NOTE: MARKALL PACKAGESAND PAPERSWITH ORDER NO.

3. IssuingOffice: Certifiedfor NationalDefenseunderDPAS (15 CFR 700)_4. ShipTo:

NASA JohnsonSpace Center,2101 NasaParkway TransportationOfficer, Building421
Houston,TX 77058-3696 NASAJohnsonSpace Center
Org./Buyer:BH4/MichaelBallard Houston,TX 77058-3696

MarkFor: Accountable PropertyTel No.: 281-244-5350 Fax:
E-mail: _ Order No.:DO-CRAVE-ECS-001Rev.2
5. Contractor:

Texas EngineeringExperimentStation 6. DeliverOn or Before:SeeBlock11
3126 TAMU

CollegeStation,TX 78743-3126 F.O.B. Point:Destination

DiscountTerms: Net 30 Days.

7. BILLINGADDRESS:
Phone:979-862-1696 x Fax: 979-862-1698 NASAJohnsonSpaceCenter

Attn: LF231/AccountsPayableGroup
Houston,"IX 77058-3696

TIN: 74-1974733 CAGECODE: OEBC6 OrderNo.: DO-CRAVE-EC5-001Rev.2
8. Typeof Order:

[] PURCHASE: Pleasefurnishthe followingn [] DELIVERY: Exceptforthe TermsandConditionsof Purchaseaccordancewith the conditonespecifiedon thisorder.
Reference: Orderlistedonthe fo owingpage,thisdeliveryorderis subjectto

instructionscontainedon thisformandis issuedsubjectto the
termsand conditionsof contractnumber:NNJ05HB41B

9. Writtenacceptanceof thisorderby contractor[_;_] is, [r-I ] isnot
required.Sign_elow i_,)requiredand returnto contractingofficer. 10. Name: J.R. Carpentier

Name: .. R.us_e_._! _rew.eer (Pe_o_ aut/h_,_edto sign)

Signatur_ J _ t_ Date:,,I/ / //

Signature:_ Date" _'1_,-8_11. Schedul,
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DELIVERY ORDER #: CRAVE-EC5-001

DO TrI'LE: PORTABLE LIFE SUPPORT SUBSYSTEM (PLSS) SCHEMATIC STUDY

DO Type: _CPFF __FFP

DO Contact Information:

TMR: B. Mike Lawson Phone 39124

DO Manager: Gretchen Thomas Phone 37664

DO Mgr. Alternate: Mike Rouen Phone 39242

Concurrences:

S/2-15-05 S/2-15-05 S/2-15-05
Gretchen Thomas Craig Dinsmore Joe Gensler
DO Manager DO Mgr. Management COTR

S/2-15-05 S/2-15-05
B. M. Lawson Steve Miller
Division TMR S & MA

Task Contains Flight Hardware, Flight Software or GSE? -- Ye.s ..._.XNo

Program Supported: Shuttle ._.ISS EVA X___AdvancedAll Spirals

WBS: X 1.0 EVA -- 2.0 FCE __ 3.0 EVR __ ECLSS m5.0 ATCS __ 6.0 CHeCS

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the
Government to contract is specified in clause B.6, Contract Funding. Thefunding listed in B.6 is the amount
allotted for all Delivery Orders on the contract combined.

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between the
contract and this Delivery Order, the contract shall prevail.

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above and
in the contract within Section C, Table 1.
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Narrative Task Description

Background /Problem Description:

Schematic Definition

For this study, a Portable Life Support Subsystem(PLSS) schematic is the singlepage diagram that
describes the technologies selected to accomplish the life support functionsand the fluid mechanical
functional interconnections. A Portable Life Support Subsystem is here taken to mean a self
contained life support subsystem alongwith the emergency life support system required to
accomplish a fail safe design. This excludessuch umbilical supplied life support subsystems such as
the Skylab ALSA. It does not exclude such arrangementsas having recharge capability carried on a
rover or other methods used to offload crew person carried weight. For this study, the term
"schematic" is limited to the fluid and mechanical functions and only the electrical functions
necessary to maintain safety. This definitionpurposely excludes the informationhandling
architecture of the EVA informatics related hardwarewhich is another study itself.

Schematic History
An example of the schematiccurrentlyin use in the UnitedStatesspace program is shown in
Figure 1. The only other US portable life support subsystem, the Apollo PLSS, used a similar

• ' schematic as does the current Russian space suit. All three share in common the following
technologies: high pressure oxygen storage, sublimator for heat rejection, battery for power, lithium
hydroxide for CO2control, and charcoal for trace contaminant control. Although they each have
some different intercormections(for example the Shuttle is set up for zero g operation while the
Apollo system was optimized for gravity field operation) the basic schematic is the same from the
stand point of use of the technologies listed above. The only deviation from this list is the
replacement of lithium hydroxide with an in orbit regenerable metal oxide for COz control on the
ISS which was driven by a storage volumeand launch cost tradeof£

Prior Studies

Prior studies of Portable Life Support Subsystemschematic arrangementshave been accomplished.
•A particularly comprehensivestudy, the AdvancedExtravehicularProtective Systems (AEPS)
Study, was accomplished for the Ames ResearchCenter (NAS 2-6021) by J. G. Sutton, P. H.
Heimlich, and E. H. Tepper of the Hamilton StandardDivision of United Technologies in 1972
(NASA CR114384). A broader study of the EVA system as a work system included portable life
support considerationsand was accomplishedin 1980but it was focused on zero g operations and so
did not include lunar and mars related information. In anticipation of the space station and in
preparation to direct the technology program leading up to selection of a schematic for space station
use, NASA accomplished an in house study in the 1987time frame. It was titled the Point Design
Study and was only documented via presentationcharts. But, again, this studywas focused on
Zero G operations only. During the First Lunar Outpost activity some schematic study was done
focused on the lunar destination. This work identifiedradiators as a viable heat rejection mechanism.
This work is documented in "First Lunar OutpostExtravehicular Life Support System Evaluation,"
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Bruce C. Conger, Luis A. Trevino and B. Michael Lawson, ICESl paper number 932188. This study
did not cover the breath of technologies of interest being mainly concerned with the thermal
subsystem. Consequently,the best study to use as a base for the present effort is the 1972 AEPS
study.

Prior studies of the EVA systemneeded to accomplish Lunar and Mars explorationwere
accomplished in 1988.These studies provide excellent context for how and where the PLSS will be
used. The studies were performed under the generic title of "ExtravehicularActivity Systems
Requirements Definition Study" resulting in "Extravehicular Activity at a Lunar Base," September
1988 and "ExtravehicularActivity in Mars Surface Exploration," May 1989lead by the ESSEX Co.
and performed under contractNAS 9-17779.

PLSS Interfaces:

The PLSS is strongly drivenby vehicle life support and power systems for it is the vehicle systems
that determine what resources are available for PLSS recharge. This interaction creates a strong tie
of the PLSS technology selections to the vehicle technology selections requiringthe EVA
community to be readyto support vehicle trade studies with a complete picture of the impacts of
various vehicle technology selections on the PLSS. Some vehicle technology selections closeentire
technology class path ways and others can force the PLSS into selections that tend to open loops the
vehicle life support community has been striving hard to close. It is important that the PLSS
community "do its homework" early so the vehicle trade studies can be properly supported.

New Technology

Certainly in the 32 years since the 1972 study there has been a significant amount of technology
development accomplished both inside the aerospace industry (most often documented in the ICES
conference) and outside that is applicable to the PLSS schematic. Besides the life support technology
development directly, there has been significantwork done on basic materials (CO2absorption
chemistry, MEMS and nanotechnology)and fundamentalprocess (Microchaunelheat and mass
transfer).

Three major areas of technology that are expected to have considerable impacton the PLSS
schematic are: 1)the shrinking size of power supplies making it possible to go from battery supplied
power to a fuel based power supply which can raise the power available from the current 100W
range to the 1000Wrange, 2) the Microsystems elements that are becoming available for heat
transfer and chemical processes and 3) the distributed sensing / processing technologies.The first
makes it possible to consider high power thereby allowing the use of technologies that have been
rejected in all previous studies because of the weight cost of the power supply required. The second
aids this trend and makes all processes potentially smaller and lighter. The third has profound
implications on the packaging(which accounts for half the system weight) ofa PLSS but, more
germane to this study, provides the opportunity to better monitor PLSS pert'ormaneeand thereby aid
in accomplishing the needed increases in PLSS life time and reduction in testing to assure safety.

Outside of NASA, significant work has been done on portable life support for Earth based use by the
military in response to chemical and biological warfare threats and there is current interest

t TheICESconference, cosponsoredby multiple engineeringsocietiesandmanaged by the SAE, isoneoftheprimary
places theEVAcommunity publishes.
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concerning similar threats for first responders for homeland defense. Commercial applicationsfor
some subsystems of the portable life support subsystem (thermal control) have arisen for work in
extreme environments and for mitigation of symptoms of some medical conditions such as MS.
Even the fundamental engineering process of how to do selection trade off studies has undergone
significant change as documented in books by authors such as Pugh2and Ullman3.
All of these facts suggest it is time for a new comprehensive study that builds on but does not repeat
prior work as we prepare to plan and implement the technology program focused on fulfillment of
the Vision for Space Exploration.A study drawing on NASA and non NASA expertise is warranted
and needed to lay out a development roadmap that directs budgetplanning for future exploration
efforts. In addition, new analysis capabilities and design methodologies are available allowing a
more comprehensivestudy than previous studies with the same resources.

PROCESS TO BE FOLLOWED:

Form Design Team(s)
An interdisciplinary design team that includes both NASA and the contractorpersonnel is to be
formed for the generation and evaluation of schematic concepts. The contractor is to plan to
accomplish the entirejob without dependenceon NASA effort. NASA effortwill provide
operational experience and additional depth of study but shall not be planned into the critical path to
accomplish the study requirements. If it is deemed advisable, teams can be formed that focus on
subsystems of the schematic and team selection, and may include or may not include NASA
participants to supply the team with additional expertise. The availability of NASA expertise is
described below in the Table 1 - Potentially Available NASA Expertise is plannedto be provided as
a "best efforts" arrangement.

Develop Tasks Assignment
Since the exact nature of the expertise to be provided by NASA is needed in order to do an in-depth
plan, internal team planning will be accomplished as agreed to by NASA and the contractor for
accomplishment of tasks. This planning shall not affect the scope of the contractor's work but can
increase or decrease the scope of potentially available NASA participation.

Schedule Project
Since the exact schedule availabilityof the potentiallyavailableNASA expertise is subjective,
internal team planning for adjustments to various task schedules will be accomplishedas agreed to
by NASA and the contractor. These schedule adjustments shall not affect the scope of the
contractor's work.

Form Teams

Team composition shall be based not only on the technical expertise needed but with due
considerationsfor the different roles_needed to form an effective design team. Design teams are to
be limitedto the number of people required to form an effective team. The teams shall solicit the
input of those outside the team, as needed, to accomplish the design task at hand. The teams shall

2Pugh, S.: TotalDesign Integrated Methodsfo_ Successful Product Engineering, Addison-Wesley, Wokingham,
England, 1991
3Ullman, D. G.: TheMechanicalDesign Process, McGraw Hill, 1992
4For examplesee 3.5.2 TeamRoles, Page 55 of Ullman's Second Edition.
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support the contract milestone reviews and respond to any Review Item Discrepancies (RIDs)
generated during those reviews that affect the design team's efforts.

Define the Problem

Success of a design process depends heavily on good problem definitionwhich is not a trivial
exercise. As a minimum the following steps shallbe accomplished to fully define the problem of
PLSS schematic selection.

-- Review and Update Prior Work

The following studies shallbe reviewed and updated as needed to take into account new knowledge
of the technologies included in those studies since their completion. Where entirely new technology
or techniques have come to fore, this study is expected to address those issues. Consequently,this
update task is expected to be of limited scope.

1. "Advanced ExtravehicularProtective Systems (AEPS) Study," 1972
2. "Extravehicular Activity at a Lunar Base," September 1988
3. "Extravehicular Activity in Mars Surface Exploration,"May 1989

One area of concern where update of the Lunar Base study is known to be required is operation in
the lunar pole area. The potential for extremely cold environments (order of 40°K) is a concern and a
specific analysis of the impacts on the PLSS schematic and technology selection of this case is
required.

-- Develop Vehicle Interfaces
The PLSS is strongly drivenby the resources availablefrom the vehicle on which it is based and
used. The PLSS potentially receives resources from the vehicle life support, propulsion, and power
systems. An effort shall be accomplishedto scope the potentially available resources that are likely
to be available for the Lunar and Mars missions. To accomplish this task the NASA will provide
support to address the impacts of EVA system resource needs on other spacecraft systems.

-- Prepare the Functional Decomposition
A functional decomposition5shallbe accomplishedthat is designed to drive out "what" is needed to
accomplish the PLSS purpose. This decomposition is specifically done without regard to "how" the
functions are to be accomplished.A functional decomposition shall be accomplished for the PLSS as
a whole and for the major subsystemsthat the PLSS decomposition identifies. The purpose of the
functional decomposition is to break the problem down in a way that generates the greatest
understanding 0fthe PLSS and forms a basis to allow the generation of creative solutions for the
PLSS functions.

-- Develop Specifications
As a basis for the customerspecification,the Advanced Technology Space Suit Design
RequirementsDocumentDRD, July1999 shall be used.This specificationshall be reviewedand
those portionsof it applicabletothis effortupdatedasnecessaryby NASA with inputfromdesign

• Guidance on how to accomplishthe kindof functionaldecompositioncontemplatedis containedin Ullman,2nd
Edition,Chapter7.
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team members. This customer specification includes those areas that must be controlled to
accomplish the end use of the PLSS.

Engineering "Mini specifications" shallbe prepared for each function that must be met to "tier
down" the customer specification to the measurable,verifiable specifications needed for engineering
design. These specifications shall capture the essence of the engineeringrequirements for any
functional component or subsystem that satisfies the functional need. Except in rare cases, these
specifications shall be contained on one page for each function.

-- Develop Evaluation Criteria
Evaluation criteria and their rankings shall be developed prior to the effort to generate conceptsso
that the figures of merit for concepts are well understood by those who generate the concepts and to
avoid the pitfall of subliminally designingselection criteria that favor particular concepts. In terms '
of criteria ranking, safety (both Flight and Ground Operational), shall rank first.

1. The ability of the concept to be used in non-NASA applications shall be used as a criterion.

2. The degree a concept supports commonality shall be used as a criterion.

-- Develop Concepts
The basic premise is thatto finda goodidea of how to accomplisha functionmany ideasmustbe
generated.So a divergentconvergentpath is planned.

-- Search for Function Satisfying Ideas
This activityis meant to be a primaryplace where creativityhas a chance to happen at the function
level. The ideais to generateas manyconceptsas possible for eachof the lowest level functions
identifiedinthe functionaldecomposition.A conceptis an ideathat is sufficientlydevelopedso that
its behaviorin the intendeduse canbe evaluated.

-- Generate PLSS Concepts
This activityis meantto be the primaryplace wherecreativityhas a chance to happen atthe PLSS
level. Forthis activitya PLSSconceptis a combinationof the conceptsgeneratedto satisfyeach
functionwhich is capableof accomplishingthe entirePLSSjob. Systemlevel considerationsshall be
used to keep the numberof conceptswithin bounds. Forexample,one functionconceptmay
generatean output(wasteheat for example)thatcan be effectively usedas an inputfora function
satisfyingconceptfor adifferentfunction.In sucha case the logical thingto do is use those different
conceptstogether.

-- Document Concepts
Since there is expected to be a range of technologicalmaturityin the concepts(i.e. the concepts
currentlyin use in flight systemsversusa wholly new conceptthat is the resultof a creativesearch)
it is importantthatall conceptsbe describedand documentedto a similar degreefor comparison
purposes.

At the functionalconcept level a Failure Modes and Effects Analysis (FMEA) will be generatedfor
each viable concept. For the PLSS level, an FMEA will be generatedusing as a basis all of the
func_tionalconcept level FMEAs and including system interactions so that the safety of each
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schematic Conceptcan be judged. As conceptsare being generated, the FMEAs are expected to be a
design tool; consequently, they must be generatedas early in the process as possible.

-- Evaluate Concepts
Criteria are expected to lend themselves to two types of comparisons to requirements, absoluteand
relative. Wherethe criteria are to be evaluatedin a relative manner, the Decision-matrix6method
shall be used. Severalrounds of evaluation are expected both at the lower function level and at the
PLSS level. The absolute comparisons made by engineering analysis shall be used in the rankings
done as part of the Decision-matrix method so that a complete picture of concept performance is
formulated and used in the final selection ranking.

Where the criteria are to be evaluated in an absolutemanner, the contractor shall use the government
provided EVA System Sizing Analysis Tool (EVASSAT)to generatemass, power, volume,
performance, and logistics data. For new schematiccombinations where the data is not currently
available in EVASSAT, the contractor shall provide technology information on generic input forms
so that the new technology functions can be modeled to increase the EVASSAT capabilities. The
contractor shall provide review and verification of the output results according to the data supplied
to ensure validity of the model results prior to entering into the final evaluation stage of the effort.

6See Ullman, D. G.: TheMechanical Design Process, McGraw Hill, 1992, chapter8.
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[ Table 1 - Potentially Available NASA Expertise ]

Backgroundand Expertise

ExperiencewithNASA AdvancedPLSSTechnology. Expertisein SystemsEngineering& Integration,ventilationand
thermaltechnology;10+ yearsexperienceasNASA projectmanagerforadvancedandflightsystems. Experienceacting
in the shaper role on design teams

Experienceas leadforPLSSgroupforNASA duringthedevelopmentof the ShuttleEMIl. 20 years PLSSAdvanced
Technology leadershipexperience. Pro-Emodeler. Experiencewith significantstudyof design methodsincluding
techniques to fostercreativity. Experienceactingin the coordinatorrole on design teams.

Experienceasa subsystemmanagerforShuttleactive thermalcontrolfreonloop (radiators,flashevaporator,ammonia
boiler, etc.) andEMUthermalandsystemsanalysismanagerforNASA duringearly Shuttlemissions. Experiencein
Shuttle EMUthermal certification,vent looppressuredropanalyses,smoke-in-cabincontingencyanalyses,suit purge
analysis-testing-certification,andvisorthermalcertification. Experiencein advancedspacesuitLunarandMars
spacesuit insulation. Experiencein workingwell in various teamroles, includingcreativityandimplementation.

Experiencein designingvariousPayloadandEVAtools andequipment,EVA 'systemsengineering,integrationof space
suit with vehicle, EVA operationsand training, human/roboticsinteraction,advancedEVA conceptsanddesigns, use of
advanced technologiesinEVA systems, andwith designteamroles:Creator,Resource-investigator,andmonitor-evaluator.

AdvancedEVA experience,includinginsulationtestingandresearch,airlockconceptdevelopment,andPLSSpackaging
concepts andleadfor thePLSSventilationsystem. Experiencein all designteamroles,especiallyasa coordinator,
shaper, andimplementer.

Approximately15 yearsof spacecrai_thermalcontroland life supportanalysis,thermalcontrolsystemdevelopmentfor
Space Stationandadvanceddevelopmentprojects. Experienceperformingsystemsanalysis forAdvancedLife Support
and coordinationof manytrade,offstudies. Experienceinthe developmentof the "equivalentsystemmass(ESM)"
analysis methodology.

Approximately 16years of experience in developmentof analyticaland computationaltools for performancepredictions
and design optimizationof thermal, mechanical and chemical systems relating to extravehicular activity(EVA) and
pressure suits. Specificexperience with thermal, chemical and masstransfer analysis, integrationand modeling for
Zero g, Lunar and Mars environments, includinganalysis of human thermal comfortand efficiency. Experience in
design teams as a shaper, to fred practical but creative ways of solving complex technical problems, including stripping
needless conservatismfrom models.

Approximately 20 years of R&D battery experience. Lead experience for the design and implementationof EVA
batteries including the new lithium-ion design for the PLSS. Experience playing, coordinator, creator, and implementer
in the past designteams."

Approximately 20 years batteryexperience and experience managing the NASA ISS Battery Team. Experience leading
contractor teams for .design,deployment, storage, and operationoflSS batteries. Evaluation and recommendation

expertise for Lithium-ion andNickel-Hydrogenbattery technology. Polymer Energy Rechargeable System program
expertise. Experienceas coordinator, monitor-evaluator,team worker, implementer, and completer-finisheron pastteams.

Approximately 20 years experience in analysis of electrochemicalenergy storage systems for a range of applications
including: earth-orbitingand planetary spacecrat_;lunar and Mars outpost and rover vehiclepower; and unmanned airvehicles.

Note: Please refer to specifics concerning Potentially Available NASA Expertise in the above
"Processes to be Followed" section, within this DO.
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Technical Library Contents -

Advanced ExtravehicularProtective Systems(AEPS) Study, was accomplished for the Ames
Research Center (NAS 2-6021) by J. G. Sutton, P. H. Heimlich, and E. H. Tepper of the Hamilton
Standard Division of United Technologies in 1972(NASA CR114384).

"Extravehicular Activity SystemsRequirementsDefinition Study" resulting in "Extravehicular
Activity at a Lunar Base," September 1988 and "Extravehicular Activity in Mars Surface
Exploration," May 1989lead by the ESSEX Co. and performed under contractNAS 9-17779.

Advanced Technology Space Suit Design Requirements Document DRD, July 1999

Government Project Plan and Cost estimate as documented in the Microsoft Project file titled:
PLSS Schematic Study 12-01-04.mpp

RAESR Template.doc

GFE EVA FEMA Guide.pdf
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Figure I - Shuttle EMU Schematic
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Deliverables/Products:

er0duct

Hardware None Required

Mock Up

Prototype

Certification

Flight

Training

Other

Test None Required

Software None Required

Other Products

A well documentedandjustified,
multi-conceptdevelopmentroadmap
that is phased by mission andspiral.
Severalparallelpaths may be included
inthe roadmapwith one listedasthe
baselinealongwith statementsof the
evaluationcriteriathat are expectedto Upon
causea changeto the baseline Completion
concept.The selectedconceptsmust 1 (Drafts as

Road Map be partof a plannedevolutionarypath Electronic Required N/A
thatsteps in a logicalway to providea Copy to Support
good solutionfor the upcoming Scheduled
missionsand spirals.Theroadmap Milestones)
shouldassumea PLSS packaging
technology that allows reasonablecost
technology evolution and upgrade as
the programs progress to more
challenging environments and
operating conditions.
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i........ 'i ¸¸! • : !ii :_! i(:i!iii!ii'i:! ......i
:i : Product Description:: :; Q_ Due Class

i i

The schematicswill be documented N/A
with the following as a minimum.

• Top level Failure Mode and Upon
Effect Analysis Completion

• Size variationwith metabolic 1 (Drafts as
Documentation rateandEVAdurationandthe Electronic Required

mathmodels usedin the sizing. Copy to Support
• Vehicle interfacerequirements. Scheduled

Rationalfor selectionof the Milestones)
technologyandPLSS Schematic
concept

The informationneededto upgrade the Upon N/A
mission study supporttool EVA Completion
System Sizing AnalysisTool 1 (Drafts as

Math Models (EVASSAT)that is usedto support Electronic Required
advancedmission andvehicle studies Copy to Support
is also a requiredproduct. Scheduled

Milestones)

Upon N/A
Completion

Lunar Pole 1 (Drafts as
Operation Reporton the impactof operationat
Impact Report the lunarpoles. Electronic RequiredCopy to Support

Scheduled
Milestones)

Upon N/A
Completion

Commonality Reporton commonalityanalysis 1 (Drafts as
Report accomplished. Electronic Required

Copy to Support
Scheduled

Milestones)

1 Upon N/A
Final Report FinalReport Electronic Completion

Copy
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SCHEDULE [
Start Date: 03/28/05 Finish Date: 02/20/05

Kick-Off Meeting 2 weeks after DO Award

Problem Definition Review 6 weeks after DO Award

Concept Design Review 24 weeks after DO Award

Project Complete 02/20/05

For schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed
under the Government Cost Estimate below.

Government Estimate Located in RFQ File in Microsoft Project File On CRAVE Web Site
The file is titled: PLSS Schematic Study 12-01-04R3.mpp

Total Government Estimate for this DO: _ _
Option 1: _(See Attachment 1)
Option 2: (See Attachment 2)

TOTAL COST ESTIMATE FOR THIS DO: $540,952.76

FEE: $0 (If Applicable)

OPTION 1: $ N/A (See Attachment 1)

OPTION 2: $ N/A (See Attachment 2)
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DATA REQUIREMENTS

All DRs contained in the contract are applicable and required unless marked N/A below.

Notes: 1. Grey Scaled Cells Need No Additional/Required Fill-ins.
2. On All Other Cells, If Necessary, Fill in Additional Rqmts/Deliveries in Last Column.

1 Written FlightGFE Configuration
Approval Management Plan With Proposal Once AttachmentJ-8

2 Mandatory Regular Status Report/Summary Thirty (30)
Submittal Review days following Monthly y

contract start

3 Written Project Technical Requirements Per DO Support Government
Approval Specification schedule Oncewith Revisions Y modificationof

existing specification

4 Mandatory GFE SystemsRequirements Data Specified in
Submittal Package DO Oncewith Revisions N

5 Written FlightGFE Projects
Approval Requirements& Verification Specified inDocument DO 9nce with Revisions N

6 Mandatory PreliminaryDesign Review Data Specifiedin Once with Revisions
Submittal Package DO

7 Written FlightGFE Workmanship _pecified in
Approval SpecificationsList DO Once with Revisions N

PDRor 10% Once w/Revisions (due First update that
Written _ffort w/DO proposal, includes detail

g Approval ProjectSchedule complete updates & details Y NASAparticipation
Milestone )rovided as DO 2weeks after Kickoff

progresses) aaeeting.

Jnformal ICDS only
with team generating
vehicle impacts as no

9 Written FlightGFE Interface Control Specified in vehicleengineering
Approval Document DO Once with Revisions Y teams are in place at

this time. Flight
approval rigor is no(
required

Written Specified in Oncewith Revisions N10 Approval GFE End Item Specification DO

! 1 Mandatory Flight GFEFailure Analysis As agreed by AsRequired NSubmittal Report TMR in DO
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Onlythose unique to
Iheschematic

anderstudyand to a
:lepthto assist

12 Written Flight GFE Verificationand As Specified Oncewith Revisions Y _valuationand
Approval Validation Plan m EA-023 :omparisun of the

;chematics.Flight
approval rigor is not
required

Only those unique to
the schematic
understudy and to a

Written GFE Soft-wareRequirements Specifed in depth to assist
13 Approval Specification DO Oncewith.Revisions Y evaluation and

comparison of the
schematics. Flight
approval rigor is not
required

• 14 Written
_pproval GFE SoftwareDevelopmentPlan DoSpecifiedin Once with Revisions N

Written _pecifiedin As Required N_pproval GFE SoftwareDesignDocument DO

AtPDR, as
16 W_'itten EngineeringDrawings specifiedin Oncewith Revisions N

a'ppr°val DO

Written EEEParts ListsandAnalysis Specified in
17 ApproVal Report DO As Required N

18 Mandatory CriticalDesignReview Data Specified in Once withRevisions N
Submittal Package DO

19 Mandatory EngineeringDrawingChange
.Submittal Proposal As needed AsRequired N

Written _FE QualificationTest 3pecifiedin OncewithRevisions NApproval ?rocedure DO

Written Specifiedin Oncewith Revisions N21 _pproval FlightProductUser's Guide DO

Mandatory Specifiedin
22 Submittal 3oftwareCode AsRequired NDO

(30) days
Written InformationTechnology(IT) afterDO Attachment J-4

23 Approval SecurityProgramPlan and award,andas IPG2810.1 Due 30 days after
Reports specifiedin DO award

JPG 2810.1

Written Specifiedin :)neewith Revisions N24 Approval CertificationPlan DO

Mandatory CertificationReport Specifiedin25 Submittal DO Once with Revisions N
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_nalysis rigor
mfficientfor use in
hardware
certificationare not

required. Rigor
26 Mandatory Specified in needed is that to

Submittal Engineering Analysis As Required yDO support
understanding of and
selection of

schematics. Flight
approvalrigor is not
required

27 Mandatory Specified in
Submittal AcceptanceDataPackage One Time NDO

Afteraward of

28 SubmittalMandat°ryExportControlAuditResults onlstSept.DO'yearlY30Yearly y
thereafter

Written
29 Approval QualityPlan WithProposal Once withRevisions Attaehment J-11

30 Written PatentRights-Retention AsRequired AsRequired Y
Approval (IfApplie'ble)

Written Shuttle/StationPayload Safety Specifiedin
31 Approval DataPackage DO AsRequired N

Only to rigor
necessary to

32 Mandatory LimitedLife SystemsList 9pecifiedin understand schematic
Submittal DO As Required Y logistics issues.

Flight approval rigor
is not required

Flight preparation
and approval rigor is

Written Space StationGFEFailure As Early in not required and
33 Approval Modes and Effects Analysis and 3recessas As Required y detail appropriate forCritical Items List )ossible. the schematic level of

understanding,
evaluation and
selection.

Written Space ShuttleGFE Safety and Specified in As Required N34 Approval Analysis Report &Hazard Report DO

Written Soft-wareQualityAssurance Plan 90 Days Prior
35 Approval Report to Software Oncewith Revisions Y

Development (If kpplie'ble)

Written Specified in
36 Approval ISSHazardReport DO AsRequired N

37 Requ_tUp°nPlanReliabilityand Maintainability With Proposal DneTime AttachmentJ-9
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38 Written GovernmentCertification Specified in As Required NApproval Approval Request (GCAR) DO

Use as an outline for

the safety section of
the schematic
documentation.

39 Written Risk Assessment Executive Specified in Flightpreparation
Approval SummaryReport (RAESR) DO As Required Y and approval rigor is

not required Detail
onlyas necessary to
understandand select
schematics.

2 business
days of
_roblem

40 Written Problem Reporting and
Approval CorrectiveAction (PRACA) isolationbut As Required Nno later than

10days after
detection:

41 Upon NonconformanceRecord Specifiedin As Required NRequest DO

Mandatory Government IndustryData timeReportedwhenone
42 Submittal ExchangeProgram and NASA discrepancy Once withRevisions NAdvisory Problem Data occurs

Electrical,Electronic, and
43 Written Electromechnical(EEE) Parts Specified in

Approval Control Plan DO Oncewith Revisions N

Mandatory Certification Data Package Specified in44 Submittal DO Oncewith Revisions N

45 Written Certification and Acceptance AtCDR Oncewith Revisions N
Approval RequirementsDocument

thirty(30)
46 Upon Wage/SalaryandFringe Benefit days after

Request Data issuanceof :9nee N
eachDO

47 Written GFEAcceptanceTest Procedure Specifiedin One Time N
Approval DO

48 Mandatory FlightGFE Verification & Specifiedin Once with Revisions N
Submittal ValidationReport DO

Mandatory Space ShuttleGFE Failure Specifiedin
49 Submittal Modesand Effects Analysis DO As Required N

(FMEA) and Critical Items List

50 Reserved .....

Mandatory NASAContractorFinancial _fter Issuance Monthly y51 Submittal ManagementReporting Of 1stDO
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DRD D_'_"TA D ! DUE • I REQUIRE? ADDITIONAL
# T_'YPI_" RD TITLE, . FREQUENCY [ FORDO!'

- ' _ • .. x_/IN REQUIREMENTS
52 Written GovernmentProperty

Approval ManagementPlan With Proposal Oncewith Revisions Attachment J-7

53 Mandatory
_ubmittal SystemSafety Plan With Proposal OneTime Attachment J-10

With Dnlyapplicableto B-

54 Written R-QualityPlanTemplate Proposal/ 2RAVEcontractsin
Approval Revisionsas tccordancewith the Y

Required SOWandtheDRD

IType! Wiat,,, Approval Type 2 = MandatoryS = SubmittalUpon Request [

GOVERNMENT FURNISHED PROPERTY

INone Required I
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DO TITLE: PORTABLE LIFE SUPPORT SUBSYSTEM (PLSS) SCHEMATIC STUDY

DO Type: _CPFF mFFP

DO Contact Information:

TMR: B. Mike Lawson Phone 39124

DO Manager: Gretchen Thomas Phone 37664

DO Mgr. Alternate: Mike Rouen Phone 39242

Concurrences:

S/2-15-05 S/2-15-05 S/2-15-05
Gretchen Thomas Craig Dinsmore Joe Gensler
DO Manager DO Mgr. Management COTR

S/2-15-05 S/2-15-05
B. M. Lawson Steve Miller
Division TMR S & MA

Task Contains Flight Hardware, Flight Software or GSE? m Ye.s X..._.No

Program Supported: mShuttle mISS mEVA X___AdvancedAll Spirals
........ ....... .... ........... ... .......... .... ....... ._.... ....... ......... ..... ....... .... ........ ..... .......

WBS: X 1.0 EVA __ 2.0 FCE __ 3.0 EVR m ECLSS m5.0 ATCS m 6.0 CHeCS

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the
Government to contract is specified in clause B.6, Contract Funding. Thefunding listed in B.6 is the amount
allotted for all Delivery Orders on the contract combined.

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between the
contract and this Delivery Order, the contract shall prevail.

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above and
in the contract within Section C, Table 1.
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\

Narrative Task Description

Background / Problem Description:

Schematic Definition

For this study, a Portable Life Support Subsystem (PLSS) schematic is the single page diagram that
describes the technologies selected to accomplish the life support functions and the fluid mechanical
functional interconnections. A Portable Life Support Subsystem is here taken to mean a self
contained life support subsystem along with the emergency life support system requiredto
accomplish a fail safe design. This excludes such umbilical supplied life support subsystems such as
the Skylab ALSA. It does not exclude such arrangements as having recharge capability carried on a
rover or other methods used to off load crew person carriedweight. For this study, the term
"schematic" is limited to the fluid andmechanical functions and only the electrical functions
necessary to maintain safety. This definition purposely excludes the information handling
architecture of the EVA informatics relatedhardware which is another study itself.

Schematic History
An example of the schematic currently in use in the United States spaceprogram is shown in
Figure 1. The only other US portable life support subsystem,the Apollo PLSS, used a similar
schematic as does the current Russian spacesuit. All three share in common the following
technologies: high pressure oxygen storage, sublimator for heat rejection, battery for power, lithium
hydroxide for CO2control, and charcoal for trace contaminantcontrol. Although they each have
some different interconnections (for example the Shuttle is set up for zero g operation while the
Apollo system was optimized for gravity field operation) the basic schematic is the same from the
stand point of use of the technologies listed above. The only deviation from this list is the
replacement of lithium hydroxide with an in orbit regenerable metal oxide for CO2control on the
ISS which was driven by a storage volume and launch cost tradeoff.

Prior Studies
Prior studies of Portable Life Support Subsystem schematic arrangementshave been accomplished.
A particularly comprehensive study, the Advanced ExtravehicularProtective Systems (AEPS)
Study, was accomplished for the Ames Research Center (NAS 2-6021) by J. G. Sutton, P. H.
Heimlich, and E. H. Tepper of the Hamilton StandardDivision of United Technologies in 1972
(NASA CR114384). A broader study of the EVA system as a work system included portable life
support considerations and was accomplished in 1980but it was focused on zero g operations and so
did not include lunar and mars related information. In anticipation of the space station and in
preparation to direct the technology program leading up to selection of a schematic for space station
use, NASA accomplished an in house study in the 1987 time frame. It was titled the Point Design
Study and was only documented via presentationcharts.But, again, this study was focused on
Zero G operations only. During the First Lunar Outpost activity some schematic study was done
focused on the lunar destination. This work identified radiators as a viable heat rejection mechanism.
This work is documented in "First Lunar Outpost ExtravehicularLife Support System Evaluation,"
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Bruce C. Conger, Luis A. Trevino and B. Michael Lawson, ICESl paper number 932188. This study
did not cover the breath of technologies of interest being mainly concerned with the thermal
subsystem. Consequently, the best study to use as a base for the present effort is the 1972AEPS
study.

Prior studies of the EVA system needed to accomplish Lunar and Mars exploration were
accomplished in 1988. These studies provide excellent context for how and where the PLSS will be
used. The studies were performed under the generic title of "ExtravehicularActivity Systems
Requirements Definition Study" resulting in "Extravehicular Activity at a Lunar Base," September
1988 and "ExtravehicularActivity in Mars Surface Exploration," May 1989 lead by the ESSEX Co.
and performed under contract NAS 9-17779.

PLSS Interfaces:

The PLSS is strongly driven by vehicle life support and powersystems for it is the vehicle systems
that determine what resources are available for PLSS recharge. This interaction creates a strong tie
of the PLSS technology selections to the vehicle technology selections requiring the EVA
community to be ready to support vehicle trade studies with a complete picture of the impacts of
various vehicle technology selections on the PLSS. Some vehicle technology selections close entire
technology class path ways and others can force the PLSS into selections that tend to open loops the
vehicle life support communityhas been striving hard to close. It is important that the PLSS
community"do its homework" early so the vehicle trade studies can be properly supported.

New Technology
Certainly in the 32 years since the 1972 study there has been a significant amountof technology
development accomplished both inside the aerospace industry (most often documented in the ICES
conference) and outside that is applicable to the PLSS schematic.Besides the life support technology
development directly, there has been significantwork done on basic materials (CO2absorption
chemistry, MEMS and nanotechnology) and fundamentalprocess (Microchannelheat and mass
transfer).

Threemajor areas of technology that are expected to have considerableimpact on the PLSS
schematic are: 1)the shrinking size of power supplies making it possible to go from battery supplied
power to a fuel based power supply which can raise the power available from the current 100W
range to the 1000W range, 2) the Microsystems elements that are becoming available for heat
transfer and chemical processes and 3) the distributed sensing / processing technologies. The first
makes it possible to consider high power thereby allowing the use of technologies that have been
rejected in all previous studies because of the weight cost of the power supply required. The second
aids this trend and makes all processes potentially smaller and lighter.The third has profound
implications on the packaging (which accounts for half the system weight) ofa PLSS but, more
germane to this study, provides the opportunity to better monitor PLSS performance and thereby aid
in accomplishingthe needed increases in PLSS life time and reduction in testing to assure safety.

Outside of NASA, significantwork has been done on portable life support for Earth based use by the
military in response to chemical and biological warfare threats and there is current interest

l The ICES conference, cosponsored by multiple engineering societies and managed by the SAE, is one of the primary
places the EVA community publishes.
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conceming similar threats for first responders for homeland defense. Commercial applications for
some subsystems of the portable life support subsystem (thermal control) have arisen for work in
extreme environments and for mitigation of symptoms of some medical conditions such as MS.
Even the fundamental engineeringprocess of how to do selection trade off studies has undergone
significant change as documented in books by authors such as Pugh2 and Ullman3.
All of these facts suggest it is time for a new comprehensive study that builds on but does not repeat
prior work as we prepare to plan and implement the technology program focused on fulfillment of
the Vision for Space Exploration.A study drawing on NASA and non NASA expertise is warranted
and needed to lay out a development roadmap that directs budget planning for future exploration
efforts. In addition, new analysis capabilities and design methodologiesare available allowing a
more comprehensive study than previous studies with the same resources.

PROCESS TO BE FOLLOWED:

Form Design Team(s)
An interdisciplinarydesign team that includes both NASA and the contractor personnel is to be
formed for the generation and evaluation of schematic concepts. The contractor is to plan to
accomplish the entire job without dependence on NASA effort. NASA effort will provide
operational experience and additional depth of study but shallnot be planned into the critical path to
accomplish the study requirements. If it is deemed advisable, teams can be formedthat focus on
subsystemsof the schematic and team selection, and may include or may not include NASA
participants to supply the team with additional expertise. The availabilityof NASA expertise is
described below in the Table 1- Potentially Available NASA Expertise is planned to be provided as
a "best efforts" arrangement.

Develop Tasks Assignment
Since the exact nature of the expertise to be provided by NASA is needed in order to do an in-depth
plan, internal team planning will be accomplished as agreed to by NASA and the contractor for
accomplishmentof tasks. This planning shall not affect the scope of the contractor's work but can
increase or decrease the scope of potentially available NASA participation.

Schedule Project
Since the exact schedule availabilityof the potentiallyavailable NASA expertise is subjective,
internal team planning for adjustments to various task scheduleswill be accomplished as agreed to
by NASA and the contractor. These schedule adjustments shall not affect the scope of the
contractor's work.

Form Teams

Team compositionshall be based not only on the technical expertise needed butwith due
considerations for the different roles'_needed to form an effectivedesign team. Design teams are to
be limited to the number of people required to form an effective team. The teams shall solicit the
input of those outside the team, as needed, to accomplish the design task at hand. The teams shall

2Pugh, S.: TotalDesign Integrated Methodsfor Successful Product Engineering,Addison-Wesley,Wokingham,
England, 1991
3UUman,D. G.: TheMechanical Design Process, McGraw Hill, 1992
4For example see 3.5.2 TeamRoles, Page 55 of Ullman's Second Edition.
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supportthe contractmilestonereviewsandrespondto anyReviewItemDiscrepancies(RIDs)
generatedduringthosereviewsthataffectthe designteam's efforts.

Define the Problem
Success of a design process depends heavilyon good problem definitionwhich is not a trivial
exercise. As a minimum the following steps shall be accomplishedto fully define the problem of
PLSS schematic selection.

-- Review and Update Prior Work
The following studies shall be reviewed and updated as needed to take into account new knowledge
of the technologies included in those studies since their completion.Where entirely new technology
or techniques have come to fore, this study is expected to address those issues. Consequently,this
update task is expected to be of limited scope.

1. "Advanced ExtravehicularProtectiveSystems (AEPS) Study," 1972
2. "Extravehicular Activity tit a Lunar Base," September 1988
3. "Extravehicular Activity in Mars SurfaceExploration," May 1989

One area of concern where update of the LunarBase study is known to be required is operationin
the lunarpole area. The potential for extremely cold environments (order of 40°K) is a concernand a
specific analysis of the impacts on the PLSS schematic and technology selection of this case is
reqfiired.

-- Develop Vehicle Interfaces
The PLSS is strongly driven by the resources available from the vehicle on which it is based and
used. The PLSS potentially receives resources from the Vehiclelife support, propulsion, and power
systems. An effort shall be accomplishedto scope the potentially available resources that are likely
to be available for the Lunar and Marsmissions. To accomplish this task the NASA will provide
support to address the impacts of EVA system resource needs on other spacecraft systems.

-- Prepare the Functional Decomposition
A functionaldecompositions shall be accomplishedthat is designedto drive out "what" is needed to
accomplish the PLSS purpose. This decomposition is specifically done without regard to "how" the
functionsare to be accomplished. A functional decomposition shallbe accomplished for the PLSS as
a whole and for the major subsystemsthat the PLSS decomposition identifies.The purpose of the
functionaldecomposition is to break the problem down in a way that generates the greatest
understanding of the PLSS and forms a basis to allow the generationof creative solutions for the
PLSS functions.

-- Develop Specifications
As a basis for the customer specification, the Advanced Technology Space Suit Design
Requirements Document DRD, July 1999 shall be used. This specification shall be reviewed and
those portions of it applicable to this effort updated as necessary by NASA with input from design

Guidanceonhowto accomplishthe kindof functionaldecompositioncontemplatedis containedinUllman,2nd
Edition,Chapter7.
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team members.This customer specification includes those areas that must be controlled to
accomplish the end use of the PLSS.

Engineering "Mini specifications" shall be prepared for each function that must be met to "tier
down" the customer specification to the measurable, verifiable specifications needed for engineering
design. These specifications shallcapture the essence of the engineeringrequirements for any
functional component or subsystem that satisfies the functionalneed. Except in rare cases, these
specifications shall be contained on one page for each function.

-- Develop Evaluation Criteria
Evaluation criteria and their rankings shallbe developed prior to the effort to generate concepts so
that the figures of merit for concepts arewell understood by those who generate the concepts and to
avoid the pitfallof subliminallydesigning selection criteria that favor particular concepts. In terms
of criteria ranking, safety (both Flight and Ground Operational), shall rank first.

1. The ability of the concept to be used in non-NASA applications shall be used as a criterion.

2. The degree a concept supports commonality shall be used as a criterion.

-- Develop Concepts
The basic premise is that to find a good idea of how to accomplish a function manyideas must be
generated. So a divergent convergent path is planned.

-- Search for Function.Satisfying Ideas
This activityis meant to be a primary placewhere creativityhas a chance to happen at the function
level. The idea is to generate as many concepts as possible for each of the lowest level functions
identified in the functional decomposition.A concept is anidea that is sufficientlydeveloped so that
its behavior in the intended use can be evaluated.

-- Generate PLSS Concepts
This activity is meant to be the primaryplace where creativity has a chance to happen at the PLSS
level. For this activity a PLSS concept is a combination of the concepts generatedto satisfy each
function which is capable of accomplishingthe entire PLSS job. System level considerations shall be
used to keep the number of concepts within bounds. For example, one function concept may
generate an output (waste heat for example) that can be effectively used as an input for a function
satisfying concept for a different function. In such a case the logical thing to do is use those different
concepts together.

-- Document Concepts
Since there is expected to be a rangeof technologicalmaturityin the concepts(i.e. the concepts
currentlyin use in flight systemsversus a wholly newconceptthat is the resultof a creativesearch)
it is importantthatall conceptsbe describedand documentedto a similar degreefor comparison
purposes.

At the functionalconcept level a Failure Modes and Effects Analysis (FMEA) will be generated for
each viable concept. For the PLSS level, an FMEA will be generated using as a basis all of the
functionalconcept level FMEAs and including system interactions so that the safetyof each
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schematic concept can be judged. As concepts are being generated, the FMEAs are expected to be a
design tool; consequently, they must be generated as early in the process as possible.

-- Evaluate Concepts
Criteriaare expected to lendthemselves to two typesof comparisons to requirements, absoluteand
relative. Where the criteriaare to be evaluated in a relative manner, the Decision-matrix6method
shall be used. Several rounds of evaluation are expectedboth at the lower function level and at the
PLSS level. The absolute comparisonsmade by engineeringanalysis shall be used in the rankings
done as part of the Decision-matrixmethod so that a complete picture of concept performance is
formulated and used in the final selection ranking.

Where the criteriaare to be evaluated in an absolutemanner, the contractor shall use the government
provided EVA System Sizing Analysis Tool (EVASSAT) to generate mass, power, volume,
performance, and logistics data. For new schematic combinationswhere the data is not currently
available in EVASSAT, the contractor shallprovide technology information on generic input forms
so that the new technology functions can be modeled to increase the EVASSAT capabilities. The
contractor shall provide review and verification of the output results according to the data supplied
to ensure validity of the model results prior to entering into the final evaluation stageof the effort.

6See Ullman, D. G.: The Mechanical Design Process, McGrawHill, 1992, chapter8.
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I Table 1 - Potentially Available NASA Expertise I

Backgroundand Expertise

Experience with NASA Advanced PLSSTechnology. Expertise in Systems Engineering& Integration,ventilationand
thermal technology; 10+ years experience as NASA project manager for advanced and flight systems. Experienceacting
in the shaper role on design teams

Experience as lead for PLSSgroup for NASA during the developmentof the Shuttle EMU. 20 years PLSS Advanced
Technology leadership experience. Pro-E modeler. Experience with significant studyof design methods including
techniques to foster creativity. Experience acting in the coordinator role on design teams.

Experience as a subsystem manager for Shuttle active thermal control fi'eon loop(radiators, flash evaporator,ammonia
boiler, etc.) andEMU thermaland systems analysis managerfor NASA duringearly Shuttle missions. Experiencein
Shuttle EMUthermal certification,vent loop pressuredropanalyses, smoke-in-cabincontingencyanalyses,suitpurge
analysis-testing-certification,andvisorthermal certification. Experiencein advancedspacesuitLunarandMars
spacesuit insulation. Experiencein workingwell in various teamroles, includingcreativityandimplementation.

Experiencein designingvariousPayloadandEVAtools andequipment,EVA systemsengineering,integrationof space
suit with vehicle, EVA operationsandtraining,human/roboticsinteraction,advancedEVA conceptsand designs,use of
advancedtechnologies in EVAsystems, and with design teamroles:Creator,Resource-investigator,andmonitor-
evaluator.

AdvancedEVA experience,includinginsulationtestingandresearch,airlockconceptdevelopment,andPLSSpackaging
concepts and leadfor the PLSSventilationsystem. Experiencein all designteamroles,especiallyas a coordinator,
shaper,andimplementer.

Approximately 15years of spacecraft thermal controland life support analysis, thermalcontrol systemdevelopment for
Space Station and advanceddevelopment projects. Experienceperforming systems analysis for Advanced Life Support
and coordination of many trade-off studies. Experience in the developmentof the "equivalent system mass (ESM)"
analysis methodology.

Approximately 16years of experience in development of analytical andcomputationaltools for performance predictions
and design optimization of thermal, mechanical and chemical systems relating to extravehicular activity(EVA) and
pressure suits. Specificexperience with thermal, chemical and mass transfer analysis, integration and modeling for
Zero g, Lunar and Mars environments, including analysis of human thermal comfort and efficiency. Experiencein
design teams as a shaper, to find practical but creative ways of solving complex technical problems, including stripping
needless conservatism from models.

Approximately20 years of R&D battery experience. Lead experiencefor the designand implementationof EVA
batteries including the new lithium-ion design for the PLSS. Experience playing, coordinator, creator, and implementer
in the past designteams."

Approximately 20 years battery experience and experience managing the NASA ISS Battery Team. Experience leading
contractor teams for design, deployment,storage, and operationoflSS batteries. Evaluation and recommendation
expertise for Lithium-inn and Nickel-Hydrogen battery technology. PolymerEnergy Rechargeable System program
expertise. Experienceas coordinator, monitor-evaluator, team worker, implementer,and completer-finisheron past
teams.

Approximately 20 years experience in analysis of electrochemical energy storage systems for a range of applications
including: earth-orbitingand planetary spacecraft; lunar and Mars outpost and rover vehiclepower; and unmanned air
vehicles.

Note: Please refer to specifics concerning Potentially Available NASA Expertise in the above
"Processes to be Followed" section, within this DO.
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Technical Library Contents -

Advanced ExtravehicularProtective Systems (AEPS) Study, was accomplishedforthe Ames
Research Center (NAS 2-6021) by J. G. Sutton, P. H. Heimlich, and E. H. Tepper of the Hamilton
Standard Division of United Technologies in 1972 (NASA CR114384).

"Extravehicular Activity Systems Requirements Definition Study" resulting in "Extravehicular
Activity at a Lunar Base," September 1988and "Extravehicular Activity in Mars Surface
Exploration," May 1989 lead by the ESSEX Co. and performed under contract NAS 9-17779.

Advanced Technology Space Suit Design Requirements DocumentDRD, July 1999

Government Project Plan and Costestimate as documented in the MicrosoftProject file titled:
PLSS Schematic Study 12-01-04.mpp

RAESR_Template.doc

GFE EVA FEMA Guide.pdf
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Figure I - Shuttle EMU Schematic
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Deliverables/Products:

• [

Hardware None Required

Mock Up

Prototype

Certification

Flight

Training

Other

Test None Required

Software None •Required

Other Products

A Welldocumentedandjustified,
multi-conceptdevelopmentroadmap
that is phasedby missionand spiral.
Severalparallelpathsmay be included
inthe roadmapwith one listedasthe
baseline alongwith statementsof the
evaluationcriteriathatareexpectedto Upon
causea change to the baseline Completion
concept.The selected concepts must 1 (Drafts as

Road Map be partof a plannedevolutionarypath Electronic Required N/A
thatsteps in a logical wayto providea Copy to Support
good solutionforthe upcoming Scheduled
missionsand spirals.The roadmap Milestones)
should assumea PLSSpackaging
technologythatallowsreasonablecost
technologyevolutionandupgradeas
the programsprogressto more
challengingenvironmentsand
operatingconditions.
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The schematicswill be documented N/A
• with the following as a minimum.

• Top level FailureModeand Upon
Effect Analysis Completion

• Size variationwith metabolic 1 (Drafts as
Documentation rateandEVA durationandthe Electronic Required

mathmodelsusedin the sizing. Copy to Support
• Vehicle interfacerequirements. Scheduled

Rationalfor selectionof the Milestones)
technologyandPLSS Schematic
concept

The informationneededto upgradethe Upon N/A
mission studysupporttool EVA Completion
SystemSizingAnalysisTool 1 (Drafts as

Math Models (EVASSAT) that is usedto support Electronic Required
advancedmission and vehicle studies Copy to Support
is also a requiredproduct. Scheduled

Milestones)

Upon N/A
Completion

Lunar Pole Report on the impactof operationat 1 (Drafts as
Operation the lunarpoles. Electronic Required
Impact Report Copy to Support

Scheduled
Milestones)

Upon N/A
Completion

Commonality Reporton commonalityanalysis 1 (Drafts as
Electronic Required

Report accomplished. Copy to Support
Scheduled

Milestones)

1 Upon N/A
Final Report FinalReport Electronic Completion

Copy

Page 12 of 18



CREW, ROB_ AND VEHICLE EQUIPMENT (CI---?.) CONTRACT
DELIVERY ORDER #: CRAVE-EC5-001

SCHEDULE

Start Date: 03/28/05 Finish Date: 03/22/06

ITERIM MILESTONES

Kick-Off Meeting 2 weeks after DO Award

Problem Definition Review 6 weeks after DO Award

Concept Design Review 24 weeks after DO Award

Project Complete 03/22/06

For schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed
under the Government Cost Estimate below.

Government Estimate Located in RFQ File in Microsoft Project File On CRAVE Web Site
The file is titled: PLSS Schematic Study 12-01-04R3.mpp

Total Government Estimate for this DO:

Option 1: (See Attachment 1)
Option 2: (See Attachment 2)

TOTAL COST ESTIMATE FOR THIS DO: $567_239.11

FEE: $0 (If Applicable)

OPTION 1: $ N/A (See Attachment 1)

OPTION 2: $ N/A (See Attachment 2)
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CREW, ROB_ AND VEHICLE EQUIPMENT (CiI=:Z) CONTRACT
DELIVERY ORDER #: CRAVE-EC5-00t

DATA REQUIREMENTS

All DRs contained in the contract are applicable and required unless marked N/A below.

Notes: 1. Grey ScaledCells Need No Additional/RequiredFill-ins.
2. On All Other Cells, If Necessary, Fill in Additional Rqmts/Deliveries in Last Column.

#: ;

1 Written ?lightGFEConfiguration
Approval managementPlan With Proposal Once AttachmentJ-8

Thirty(30)
2 Mandatory RegularStatusReport!Summary days following Monthly Y_ubmittal ?_eview

contractstart

3 Written ProjectTechnicalRequirements Per DO SupportGovernment
_,pproval 3pecification schedule Oncewith Revisions Y modificationof

existingspecification

4 Mandatory GFESystems RequirementsData Specifiedin
Package DO Oncewith Revisions N3ubmittal

FlightGFE Projects
Written Requirements& VerifiCation Specified in Oncewith Revisions N5 a,pproval DO

Document

6 Mandatory PreliminaryDesignReview Data Specified in Oncewith Revisions
Submittal Package DO

Written FlightGFE Workmanship Specifiedin Oncewith Revisions N
7 Approval SpecificationsList DO

Once w/Revisions(due FirstupdatethatPDRor 10%

Written Project Schedule _ffort w/DO proposal, includesdetail
8 Approval complete updates & details Y NASA participation

Milestone _rovidedas DO 2 weeks after Kickoff
progresses) meeting.

InformalICDS only
with team generating
vehicle impacts as no

9 Written Flight GFE InterfaceControl Specifiedin Once withRevisions y vehicleengineering
Approval Document DO learnsarein place at

Ihis time.Flight
_pprovalrigoris not
required

Written GFEEndItemSpecification Specifiedin Oncewith Revisions N
10 Approval DO

11 MandatorYsubmittalReportFlightGFEFailureAnalysis TMRASagreedinDobY As Required N
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CREW, ROB_ AND VEHICLE EQUIPMENT(CI-"3.) CONTRACT
DELIVERY ORDER #: CRAVE-EC5-001

3nly those unique to
the schematic
understudyand to a

12 Written FlightGFEVerificationand As Specified depthto assist
Approval ValidationPlan mEA-023 OncewithRevisions Y evaluationand

comparisonof the
schematics.Flight
approvalrigor is not
required

Onlythoseuniqueto
the schematic
understudyandto a

13 Written GFESoftware Requirements Specifiedin depthto assist
Approval Specification DO OnceWithRevisions Y evaluationand

comparisonof the
schematics.Flight
approvalrigor is not
required

Written

14 Approval GFESoftwareDevelopment Plan DOSpecifiedin Once with Revisions N
Written

15 Approval GFESoftwareDesign Document SpecifiedinDO As Required N

Written AtPDR, as
16 _pproval EngineeringDrawings _pecifiedin Once with Revisions NDO

17 Written EEEPartsLists and Analysis Specified in
A.pproval Report DO As Required N

Mandatory _riticalDesign Review Data Specifiedin Oncewith Revisions N18 Submittal Package DO

19 Mandatory EngineeringDrawingChange
Submittal IProposal As needed As Required N

Written GFEQualificationTest Specifiedin Oncewith Revisions N20 Approval Procedure DO

21 Written FlightProduct User's Guide Specifiedin
Approval DO Once with Revisions N

22 Mandatory Specifiedin As Required NSubmittal SoftwareCode DO

(30) days
Written InformationTechnology (IT) afterDO Attachment J-4

23 Approval SecurityProgramPlanand award,andas JPG2810.1 Due 30 days after
Reports specifiedin DO award

JPG2810.1

Written Specifiedin
24 Approval CertificationPlan DO OncewithRevisions N

Mandatory CertificationReport Specifiedin25 Submittal DO Oncewith Revisions N
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CREW, ROB_ AND VEHICLE EQUIPMENT (CI_) CONTRACT
DELIVERY ORDER #: CRAVE-EC5-001

Analysisrigor
sufficientforuse in
hardware
certificationarenot
required.Rigor

26 Mandatory EngineeringAnalysis Specifiedin AsRequired y neededis that to
Submittal DO support

understanding of and
selectionof

schematics.Flight
approvalrigor is not
required

Mandatory Specifiedin

27 Submittal AcceptanceDataPackage DO DneTime N
Afteraward of

Mandatory 1st DO, yearly Yearly YSubmittal ExportControlAuditResults _nSept.30
_hereaRer

" i

Written

Approval QualityPlan WithProposal :)neewith Revisions Attachment J-11

30 Written y
Approval PatentRights-Retention AsRequired As Required (IfApplic'ble)

Written Shuttle/StationPayloadSafety Specifiedin As Required
DataPackage DOApproval N

Onlyto rigor
necessary to

Mandatory Specifiedin As Required y understand schematicSubmittal Limited Life Systems List DO logisticsissues.
Flight approval rigor

• , is not required
Flight preparation
and approval rigor is
not required and

33 Written SpaceStationGFEFailure AsEarly in
Approval Modes and EffectsAnalysis and )rocessas As Required y detail appropriate forCriticalItems List ,ossible. the schematic level of

understanding,
evaluation and
selection.

Written Space Shuttle GFE Safety and Specifiedin
34 Approval AnalysisReport &HazardReport DO As Required N1

35 Written SoftwareQuality Assurance Plan 90Days PriorIoSoftware Once with Revisions Y
Approval Report Development (If Appli¢'ble)

36 Written 3pecifiedin As Required NApproval [SS Hazard Report DO

37 Upon Reliabilityand Maintainability WithProposal One Time Attachment J-9
Request Plan
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!

• CREW, ROB_ AND VEHICLE EQUIPMENT (C_) CONTRACT
DELIVERY ORDER #: CRAVE-EC5-001

Vritten GovernmentCertification Specified in As Required N
38 Approval Approval Request (GCAR) DO

Useas an outline for
Ihesafetysection of
fileschematic
documentation.

Written Risk Assessment Executive Specified in As Required y Flightpreparation
39 Approval SummaryReport (RAESR) DO and approval rigor is

not required Detail
only as necessary to
understand and select
schematics.

2business
daysof

Written ProblemReportingand )roblem
40 Approval CorrectiveAction (PRACA) isolationbut As Required Nnolaterthan

10days after
detection

41 Upon NonconformanceRecord Specifiedin AsRequired. NRequest DO

Mandatory Government Industry Data Reported one
ExchangeProgram and NASA timewhen

42 Submittal AdvisoryProblem Data :liscrepancy Oncewith Revisions N
Occurs

Written Electrical,Electronic, and
43 Approval Electromechnical(EEE) Parts 9pecifiedinControlPlan DO 0nee with Revisions N

44 Mandatory 2ertifieation Data Package 9pecifiedin Once withRevisions NSubmittal DO

Written 2ertification andAcceptance
45 Approval :RequirementsDocument AtCDR Once with Revisions N

thirty(30)
Upon Wage/SalaryandFringe Benefit days after

46 Request Data issuance of Once N
each'DO

Written
47 Approval GFE Acceptance Test Procedure DoSpecifiedin One Time N

48 Mandatory Flight GFE Verification& Specified in Once with Revisions N
Submittal ValidationReport DO

Mandatory Space Shuttle GFE Failure Specifiedin As Required N49 Submittal Modes and EffectsAnalysis DO
(FMEA) and Critical Items List

50 Reserved ..........

51 Mandatory NASA ContractorFinancial After Issuance Monthly ySubmittal ManagementReporting of 1stDO
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k

ROB _---- AND VEHICLE EQUIPMENT (CIrCle) CONTRACTo CREW,
DELIVERY ORDER #: CRAVE-EC5-001

DRD] DATA REQUIRED
:# I TYe]_ FORDO?

Y/N i

52 Written GovernmentProperty
Approval ManagementPlan WithProposal Oncewith Revisions Attachment J-7

53 Mandatory SystemSafety Plan WithProposal OneTime AttachmentJ-10Submittal

With Only applicableto B-

54 Written R-QualityPlan Template Proposal/ CRAVE contracts inApproval Revisions as accordance with the Y
Required SOW and the DRD|

_e 1=Written Approval Type 2 =:MandatoryS _bmittal Type 3 = SubmittalUpon

GOVERNMENT FURNISHED PROPERTY

None Required [
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NationalAeronautics andSpace Administration _'TI_ _ Page1of 1
LyndonB,JohnsonSpaceCanter ORDER FOR SUPPLIES OR SERVICESHouston,TX 77058

(DOAttached)

1. Order No. I 2. Date of Order NOTE: MARKALL PACKAGESAND PAPERSWITH ORDER NO.
DO-CRAVE-EC5-001 I _€.#. SIK/_. /O Certifiedfor NationalDefense underDPAS (15 CFR 700) DO-C9
3. IssuingOffice: 4. ShipTo:

NASA JohnsonSpace Center,2101 Nasa Parkway TransportationOfficer,Building421
Houston,TX 77058-3696 NASAJohnsonSpace Center
Org./Buyer:6H2/MikeBallard Houston,TX 77058-3696

MarkFor: Accountable Property

Tel No.: 281-244-5350 Fax: __ Order No.: DO-CRAVE-EC5-001
E-mail: michael.d.ballard_,nasa.qov
5. Contractor:

6. Deliver On or Before: 10-17-05Texas Engineering Experiment Station
3126 TAMU F.O.B. Point:
College Station, TX 78743-3126

DiscountTerms: Net 30 Days.

7. BILLING ADDRESS:

Phone: 979-862-1696 x Fax: 979-862-1698 NASA Johnson Space Center
Attn: LF231/Accounts Payable Group
Houston, TX 77058-3696

TIN: 74-1974733 CAGE CODE: 0EBC6 Order No.: DO-CRAVE

8. Type of Order:

[] PURCHASE: Please furnish the followingin [] DELIVERY: Exceptfor the Terms and Condt onsof Purchase
accordancewith the conditionsspecifiedonthisorder. Order listedon the followingpage, th sdeliveryorder issubjectto
Reference: instructionscontainedon thisform andis issuedsubjectto the jtt

termsand conditionsof contractnumber:,IBBL_ .B..

Writtenacceptanceof this orderby contractor [[] ] is, [I-1 ] /t//I/,,l"_.,,_'/'/'e _/,!_
9. required. Sign bel(/_ if required/iiilndreturn to contractingo_SenOt 10. Name: N. L. DawnAlexander

II II

Name: __ (P_on authored _osi_gn) .,_¢-..t_'_ .__.f__)/_
Signature: _ t,%,,_ | r,,,,t_l_ i Date'.03/30/05 Signature: (_,_.4,'./_f__ Date: ,__J

CONTRACTIN_GOFFICER
11. Schedul,

ITEM

NO. DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY
ORDERED PRICE ACCEPTED

1 The Contractorshallperformanddelivertoallrequirementsfor: _ I_ _"-(
DO-CRAVE-EC5-001:PortableLifeSupportSubsystemSchematic
{PLSS)Study

ThePeriodof PerformanceforthisDOis 3-30-05thru10-17-05

12. For JSC Internal Use Only: 13. Total

Requisition No.: [] COMP. [] PART. PPC:
Rissue To: $ NTE:

14. Quantities in "Quantity Accepted" Column Have Been

[] INSPECTED [] ACCEPTED [] RECEIVED
TO CONFORM TO THE CONTRACT.

ACCEPTANCE WILL BE AT JSC UNLESS BY:
OTHERWISE NOTED.

Authorized U.S. Government Representative Date
JSCForm1429(RevNovember10,2004)(MSWordAugust1995)




