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F" f_i INTRODUCTION

I- The STS-65 SpaceShuttleProgramMissionReportsummarizesthe Payloadactivities
. as wellas the Orbiter,ExternalTank (ET), SolidRocketBooster(SRB), Redesigned
I SolidRocketMotor(RSRM), and the SpaceShuttlemainengine(SSME) systems
. performanceduringthe sixty-thirdflightof the SpaceShuttleProgramandthe
! seventeenthflightof the OrbitervehicleColumbia(OV-102). In additionto the Orbiter,
_ the flightvehicleconsistedof an ETthatwas designatedET-64;threeSSMEsthatwere

/ i_ designatedas serialnumbers2019, 2030, and2017 in positions1, 2, and3,
! respectively;and twoSRBsthat weredesignatedBI-066. The RSRM'sthatwerei
i installedin eachSRBweredesignatedas360P039A forthe left SRB, and360W039B

forthe rightSRB.

ThisSTS-65 SpaceShuttleProgramMissionReportfulfillsthe SpaceShuttleProgram
requirementas documentedin NSTS 07700, VolumeVIII, AppendixE. The
requirementthat is statedinthat documentis thateachmajororganizationalelement
supportingthe Programwillreportthe resultsoftheirhardware(andsoftware)
evaluationandmissionperformance,,plusidentifyall relatedin-flightanomalies.

J

i The primaryobjectiveof thisflightwasto completethe operationof the second
InternationalMicrogravityLaboratory(IML-2). The secondaryobjectivesofthisflight

f ..... _ were to completethe operationsof the CommercialProteinCrystalGrowth(CPCG),the
OrbitalAccelerationResearchExperiment(OARE),and the ShuttleAmateurRadio

_-i Experiment(SAREX) II payloads.Additionalsecondaryobjectiveswere to meetthe

• _J!_ requirementsof the Air ForceMauiOpticalSite (AMOS) and the MilitaryApplicationof
Ship Tracks (MAST) payloads,which were manifested as payloads of opportunity.

The STS-65 mission was planned with a 14-day duration plus 2 contingency days,
which were available for weather avoidance or Orbiter contingencyoperations. The
sequenceof events for the STS-65 mission is shown in Table I, and the Orbiter Project
Office ProblemTracking List is shown in Table I1.The official Government Furnished
Equipment (GFE) ProblemTracking List is shown in Table III, and the MarshallSpace
Flight Center (MSFC) Problem Tracking List is shown in Table IV. In addition, the
Integrationand Payload in-flight anomalies are referenced in applicable sections of the
report. AppendixA liststhe sourcesof data, both formaland informal,that were used
inthe preparationof thisreport. AppendixB providesthe definitionof acronymsand
abbreviationsusedinthisdocument.All timesare givenin Greenwichmean time
(G. m. t.) aswellas missionelapsedtime(MET).

" Theseven-personcrewforSTS-65consistedof RobertD. Cabana,Col.,U. S. Marine
Corps,Commander;JamesD. Halsell,Jr.,Lt.Col.,U. S.AirForce,Pilot;RichardJ.
Hieb,MissionSpecialist1;CarlE.Walz,Lt.Col,U. S.AirForce,MissionSpecialist2;
LeroyChiao,Ph.D.,MissionSpecialist3; DonaldA.Thomas,Ph.D.,MissionSpecialist

,F_ 4; andChiakiMukai,Ph.D., M.D., PayloadSpecialist1. STS-65wasthethirdspace



flightforthe CommanderandMissionSpecialist1;thesecondspaceflightforMission ..."-_,
Specialist2;andthefirstspaceflightforthePilot,MissionSpecialist3, Mission
Specialist4, andPayloadSpecialist1. Eachcrewmemberwasassignedtooneoftwo
teamstoprovidearound-the-clockoperationsduringthemission.Theredteam
consistedof theCommander,Pilot,MissionSpecialist1, andPayloadSpecialist1;and
theblueteamconsistedof MissionSpecialist2, MissionSpecialist3, andMission o,

Specialist4.



_'_ MISSIONSUMMARY

TheSTS-65missionwassuccessfullylaunchedasplannedat 189:16:43:00.013G.m.t.
(12:43p.m.e.d.t,onJuly8, 1994). Thecountdownproceededina smoothmanner
withnounplannedholds.TheascentphasewasnominalandallSpaceShuttle
Elementsperformedsatisfactorily.Noorbitalmaneuveringsubsystem(OMS)-1
maneuverwasrequiredasa resultofthedirectinsertiontrajectoryflown.

Firststageascentperformancewasasexpected.SRBseparation,entry,deceleration,
andwaterimpactoccurredasanticipated.BothSRBsweresuccessfullyrecovered.
PerformanceoftheSSMEs,ET,andmainpropulsionsystem(MPS)wasnormal.A
determinationof overallvehicleperformancewasmadeusingvehicleaccelerationand
preflightpropulsionpredictiondata. Fromthesedata,theaverageflight-derivedengine
specificimpulse(Isp)determinedfortheperiodbetweenSRBseparationandstartof
3-gaccelerationwas452.1seconds,whichisslightlylowerthanexpectedbut
satisfactorywhencomparedwiththepredictedvalueof452.57seconds.SSMEcutoff
(MECO)occurredat 189:16:51:30.31G.m.t.(510.63secondsMET)whenthevehicle
reachedtheplannedMECOtarget.

TheOMS-2 maneuverwasperformedat189:17:22:55.2G.m.t.(00:39:55.2MET). The
two-enginefiringwas141.3secondsindurationandprovideda differentialvelocity

f-- (AV)of221.8ft/sec.The resultantorbitwas162.9by 160.3nmi.

Atapproximately189:17:23G.m.t.(00:40:00MET),followingmainpropulsionsystem
(MPS)vacuuminerting,theliquidhydrogen(LH2)manifoldpressureincreasedto
17psia.ThisincreasecoincidedwiththeOMS-2maneuver.Onpreviousmissions
whenvacuuminertingwasperformedmanually,thepressureincreasedto
approximately6 psia.Thiswasthefirstflightof theOI-23softwarethatautomatedthe
MPSvacuuminertingprocedures.TheOI-23softwarewasverifiedtohaveperformed
asrequired,andallLH2systemresponsestothesoftwarecommandswerenominal.

A supplywaterdumpwasinitiatedat 192:07:27:20G.m.t.(02:14:44:20MET). At
192:07:59:02G.m.t.(02:15:16:02MET)(32 minuteslater),thedumpwasprematurely
terminatedbecauseofexcessivelylowdump-nozzletemperatures.Dataanalysis
concludedthatthesupplywaterdumpnozzlehadaccumulatedan unknownamountof
icethatmayalsohaveobstructedthewastewaterdumpnozzle.Thesupplyandwaste
waterdumpnozzleheaterswerecycledtoeliminatetheicefromthenozzlearea. After
thesupplyandwastewaterdumpnozzletemperaturesindicatedicewasnolonger
present,a successfulwastewaterdumpwasinitiatedat 193:16:49G.m.t.

- (04:00:06MET). Thedumpwascompleted56 minuteslaterwithgoodnozzle
temperaturesandnosignsof ice. Supplywaterdumpswereperformedusingtheflash
evaporatorsystem(FES)fortheremainderof theflight.

3



At 199:12:36:12.7(09:19:53:12.7MET),a transientinertialmeasurementunit(IMU)1 _'"_
(S/N204) redundant-ratebuiltintestequipment(BITE)messagewasgeneratedwhen
theazimuthgyro'sredundantinputaxismeasureda platformdriftrateinexcessof
0.7deg/hr.AdditionaltransientIMU 1redundant-rateBITEmessagesweregenerated
afterthe initialoccurrence,andthemessageswereinhibitedbythecrewtoprevent
furtheralarms.Initially,thetransientconditiondidnotsignificantlydegradethe IMU1
performance.However,theconditiongraduallyworsenedandIMU2wascommanded
fromstandbytooperatemodeat201:14:29G.m.t.(11:21:46MET)toaddredundancy.
Onflightday13,the IMUplatformexperienceda 0.08degreeshiftduringan event
whichlasted10minutes,andthe IMUwasdeclaredfailedforentryplanningpurposes.
At 204:03:34G.m.t.(14:10:51MET),IMU 1wasmodedtostandbyfor13minutesand
backtooperateinanattempttorecovernominaloperationbyresettingthe IMUinternal
processor.The IMUcontinuedoperatingwiththeBITEindicationoccurringrandomly,
butnoBITIEindicationsresultingina significantperformancedegradationwere
observedafterthe reset.The IMUwasperiodicallyrealignedtoassurethanany
platformmisalignmentscausedbydrifttransientsdidnotexceedtheredundancy
management(RM)threshold.IMU1performancewasdeemedacceptableforentry,
andtheIMUwasallowedtoremainunderRMcontrolduringentry. IMU1 performed
nominallythroughoutentry,andnoabnormaloperationwasnoteduntil3 minutesprior
to thenormalIMU-1shutdownduringthepostlandingoperations.

Thefirston-orbitShuttletestoftheSecondTrackingandDataRelaySatellite(TDRS)
GroundTerminal(STGT)wasperformedonorbit183. TheS-bandsuccessfully ;"'_,
providedaudiocommunications,commanduplink,andtelemetrydownlink.The
Ku-bandprovideddownlinkvideofrommultiplecamerasand2 megabitreal-timedata
onchannel2. The secondsuccessfulSTGTtestwasperformedonorbit211. Some
problemswereencounteredinlockingontheKu-bandchannel2 signal,butthe lock-on
wascompleted.

Theflightcontrolsystem(FCS)checkoutwasperformedat202:07:36:15G.m.t.
(12:14:53:15MET)usingauxiliarypowerunit(APU)1, andalldatawerenominal.
Thehydraulic/watersprayboilerperformanceduringFCScheckoutwasnominal,and
nowatersprayingwasrequiredbecauseof theshortAPUrun-time.

The reactioncontrolsubsystem(RCS)hot-firetestwasperformedat 203:05:02G.m.t.
(13:12:19MET)andallthrusterswerefiredtwicewithgoodresults.

The payloadbaydoorswereclosedforthefirst-daylandingopportunitiesattheShuttle
LandingFacility(SLF)at KennedySpaceCenter(KSC),butthelandingwaswaived
becauseof rainwithin30 milesof theSLF. Consequently,themissionwasextended
24hoursbecauseofthedesireto landat KSC.

TwoOMSmaneuverswereperformedafterthewave-offof thefirstlandingopportunity.
OMS-3wasperformedat 203:12:47:44.1G.m.t.(13:20:04:44.1MET)andwas
32.1secondsindurationwitha AVof51.0 ft/sec.OMS-4wasperformedat
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('-"_ 203:13:32:42.2G.m.t.(13:20:04:44.1MET)andwas30.4secondsindurationwitha AV
of49.1ft/sec. ThetwoOMSmaneuverswereperformedtoobtainanadditionalend-of-
mission(EOM)+ 2 daylandingopportunityat EdwardsAirForceBase.This

. opportunitywaslostwhentheplannedlaunchtimewasmoved up20 minutesto
extendthe launchwindow.

Alldeorbitpreparationsforthelandingopportunitiesontheseconddaywere
completed,andthepayloadbaydoorswereclosedat 204:07:10:05G.m.t.
(14:14:27:05MET). The deorbitmaneuverwasinitiatedat204:09:40:38.3G.m.t.
(14:16:57:38.3MET),andwas152.8secondsindurationwitha _V of255.3ft/sec.
MainlandinggeartouchdownoccurredattheSLFonconcreterunway33 at
204:10:38:00G.m.t.(14:17:55:00MET)onJuly23, 1994. TheOrbiterdragchutewas
deployedsatisfactorilyat204:10:38:10G.m.t.,andnoselandinggeartouchdown
occurred8 secondsafterdragchutedeploymentwasinitiated.Thedragchutewas
jettisonedat204:10:38:42.6G.m.t.withwheelsstopoccurringat204:10:39:08G.m.t.
Therolloutwasnormalinall respects.Theflightdurationwas14days17hours
55 minutes00seconds,whichistherecord-lengthflightfortheSpaceShuttleProgram.

i



PAYLOADS

ThesecondIntemationalMicrogravityLaboratorySpacelabmissionbroughttogether
over200 internationalscientistsfrom13 countriesandsixspaceagencieswho
developedover80 investigationsfortheIML-2mission.Theagenciesrepresented
weretheEuropeanSpaceAgency(ESA),theFrenchSpaceAgency(CNES),the
GermanSpaceAgency(DARA),theCanadianSpaceAgency(CSA),theNational
SpaceDevelopmentAgencyofJapan(NASDA),andtheNationalAeronauticsand
SpaceAdministration(NASA).Theareasofscienceinwhichinvestigationswere
performedwereMaterialScience,FluidScience,MicrogravityEnvironmentand
Countermeasure,Bioprocessing,SpaceBiology,HumanPhysiology,andRadiation
Biology.

The Spacelab,containing19separateexperimentfacilities,wasactivatedat
189:21:04G.m.t.(00:04:21MET). Facilitiesflownforthefirsttimeincludedthe
Real-TimeRadiationMonitoringDevice(RRMD);thePerformanceAssessment
Workstation(PAWS);theVibrationIsolationBoxExperimentStation(VIBES);the
ElectromagneticContainerlessProcessingFacility(TEMPUS);theBubble,Drop,and
ParticleUnit(BDPU);theQuasiSteadyAccelerationMeasurement;andtheLinear
CompressorEnhancedOrbiterRefrigerator/Freezer(LCEOR/F).

Carbondioxideconcentration-levelrequirementsweresupportedremarkablywellby F_
augmentingtheregenerativecarbondioxideremovalsystem(RCRS)withlithium
hydroxide(LiOH)canisterswithrestricters.LiOHcanisterchangesweremadeat
15-hourintervals,andthismaintainedtheaveragepartialpressureof carbondioxideat
2.3 mmHgwithpeaksto3.0 mmHg.

Initialproblemswithhigh-ratemultiplexer(HRM)datathroughputandactivationof the
freeflowelectrophoresisunit(FFEU)wereovercomebysuccessfulin-flight
maintenance(IFM)procedures.Inspiteof theproblemsthatdelayedtheFFEU
activationandprematurelydeactivatedtheAppliedResearchonSeparationMethods
UsingSpaceElectrophoresis(RAMSES)experiment,almostallexperimentobjectives
weresuccessfullycompleted.

TheSpacelabwasdeactivatedat 203:04:28G.m.t.(13:11:45MET)aftera very
successfulmission.Duringtheinitialpostflightinspection,a loosefireextinguisherwas
foundonthefloorintheSpacelab.Additionalinspectionrevealedthattheextinguisher
wasnotsecuredduringSpacelabcloseout.
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LIFESCIENCES

Aquatic Animal Experiment Unit

TheAAEU,whichwasdevelopedbytheNationalSpaceDevelopmentAgencyof
Japan,providedan environmentforstudiesof livefishandsmallamphibiansunder
microgravityconditions.FortheSTS-65mission,fourexperimentswereconducted
usingtheAAEU. Thesewere:

a. MechanismofVestibularAdaptationof FishunderMicrogravity;
b. Otoconia:EarlyDevelopmentofa Gravity-ReceptorOrganinMicrogravity;
c. FertilizationandEmbryonicDevelopmentofJapaneseNewtsinSpace;and
d. MatingBehaviorof Fish(Medaka)andDevelopmentofTheirEggsinSpace.

Extensivedatawerecollectedontheanimalgravitysensorresponsetomicrogravity,
spawningbehaviorof Medaka(guppies),andembryodevelopmentofbothground-and
space-fertilizedeggs.

Thecrewreportedthatat least25 Medakafryand32 newteggshadhatched.Two
newtsdiedduringtheflight;however,successfulIFMprocedureswereperformedto
removethemtopreventcontaminationofthebabynewtsandeggsandpreservethem
forpostflightanalysis.It isspeculatedthatstresswasa leadingfactorforthecauseof

F_ death;however,postflightanalysiswillbeconductedtodeterminetheactualcause.

The aquarium andfishpackagesoperatednominallyforthe majorityof the mission.
Thecrewmanuallycalleddownhousekeepingdata untilthe HRM channel7 data
throughputproblemwascorrectedby an IFM procedure.A subsequentIFM procedure
to overcomea lowwaterpressureanomalywas successfullyexecutedbyinjecting
water intothe aquariumpackage,

Biorack

TheBiorack,developedbytheEuropeanSpaceAgency,enabledthestudyofthe
effectsofmicrogravityandcosmicradiationonisolatedcells,tissues,bacteria,and
smallanimalsandplants.A totalof 19experimentsfromsevenEuropeancountries
wasplacedintothe200separatecontainersinthisfacilityfortheSTS-65mission.

The experimentswere:

a. AntigenPresentationandT-CellProliferationinMicrogravity(Antigen);
b. LymphocyteActivation,Differentiation,andAdhesionDependenceon

Activation(Adhesion);
c. LymphocyteMovementsandInteractions(Motion);
d. EffectofMicrogravityonCellularActivation:The RoleofCytokines(Phorbol);

{



e. CellMicroenvironmentandMembraneSignalTransductioninMicrogravity ;"_,
(Signal);

f. Effectof StirringandMixingina BioreactorExperimentinMicrogravity
(Bioraactor);

g. MolecularBiologicalInvestigationsofAnimalMulti-CellAggregates
ReconstitutedunderMicrogravity(Aggregate);

h. RegulationofCellGrowthandDifferentiationbyMicrogravity:RetinoicAcid-
InducedCellDifferentiation(Mouse)

i. Sea UrchinLarva,a PotentialModelforStudyingBiomineralizationand
DemineralizationProcessesinSpace(Urchin);

j. InvestigationoftheMechanismsInvolvedintheEffectsofSpaceMicrogravity
onDrosophilaDevelopment,BehaviorandAging(Drosophila);

k. The RoleofGravityintheEstablishmentofEmbryonicAxesinAmphibian
Embryo(Eggs);

I. Effectof MicrogravityonLentilMorphogenesis(Lentil);
m. RootOrientation,GrowthRegulation,Adaptation,andAgravitropicBehavior

ofGeneticallyTransformedRoots(Transform);
n. PlantGrowthandRandomWalk(Random);
o. EfficiencyofRadiationRepaironProkaryotes(Repair);and
p. RadiationRepairKineticsinEukaryotes(Kinetics).

AllexperimentinvestigationsweresuccessfulincludingtheDrosophilainvestigation
thatstudiedthe behaviorandagingprocessof fruitflies. ThefailureofM1 centrifuge .,_
usedforincubatorC wasovercomebyinstallinga makeshiftdrivebeltoverthedrums
of thiscentrifugeandthefunctionalM2centrifuge.Otherfacilityhardwareincludinga
gloveboxanda coolerperformednominally.However,duringtheBiorackpower-up,
theBiorackpowerblowerLEDdidnotlight,buttheblowerranaslongasthedoorwas
closed.Powertothegloveboxwascycledandnormaloperationswererestored.

Biostack

TheBiostack(BSK)experimentconsistedofthreesealedaluminumBSKcontainers,
whichweremountedina Spacelabrack,andwasapartofa multinationalprogramto
determinetheimpactof high-atomic-number,high-energycosmicradiationparticleson
lifeinspace.The BSKexperimentusesradiationdetectorslocatedbetweena variety
ofbiologicalspecimenstomonitorparticlesenteringtheSpacelabmodule.

Operationsofthepassive,sealeddetectorsusedtostudytheeffectsofcosmic
radiationonbiologicalsampleswerenominal.

Extended Duration Orbiter Medical Project

The ExtendedDurationOrbiterMedicalProject(EDOMP)consistedoftwo
investigationswhichweredesignedtoprotectthehealthandsafetyofthe
crewmembersduringa 13-to16-daymissioninspace. -_"_.,



TheLowerBodyNegativePressure(LBNP)experimentevaluatedtheeffectivenessof
a treatmentdesignedtocounteractorthostaticintolerance,thelightheadednesssome
membersofa crewmayexperiencewhenreturningfroma 13-to16-daymission.The

• LBNPoperations,whichwerenominal,continuedto testthehypothesisthattheeffects
of fluidlossdueto theheadwardshiftofbodyfluidsinspaceflightcanbecounteredby
ingestionofa largequantityofsalinesolutioninconjunctionwiththeapplicationof
negativepressureto thelowerbody.

The MicrobialAirSampler(MAS)isa hand-held,batteryoperatedairsampler,which
collectssamplesof airinpredeterminedplacesatpredeterminedtimes. Particles
enteringtheMASaretrappedonplasticstripscontainingagar. Thesestripswere
replacedaftertwominutesofsamplingandstoredforpostflightanalysis.TheMAS
failedduringthefirstsamplingoperation,andthefirstdata-takewaslost.An IFM
procedurewasperformedinwhichthesamplestripwasreplacedandnormaloperation
wasrestored.However,onlyfourofthefiveplanneddata-takeswerecompleted
satisfactorilybecauseofthisproblem.

TheAmericanEchocardiographResearchImagingSystem(AERIS)failedtorecord
dataduringonesession.AnIFMprocedurewasperformedandnominaloperationwas
restoredfortheremainderofthemission.

LinearCompressorEnhancedOrbiterRefriqeratorlFreezer
(

TheLCEOR/Fencounteredproblemsearlyinthemission;however,thestartingand
stoppingtemperaturesforthecompressorwereeachlowered8 °CandtheLCEOR/F
operatednominallywitha dutycycleof55to60percentfortheremainderof the
mission.Experimentoperations,includinga defrostprocedureandloadingofphase-
changematerials(PCMs)andcrewbeverages,werecompletedsuccessfully.Although
theunitwasunpoweredduringascent,itwaspoweredcontinuouslyduringon-orbit
operationsandentryduring,whichanautomatictemperaturerecorder(ATR)wasused
tocollecttemperaturedata.

Slow Rotatinq Centrifuqe Microscope

TheSlow RotatingCentrifugeMicroscope(NIZEMI)facilityprovidedscientistswiththe
capabilitytoobservebothlivingandnon-livingmatterexposedtolevelsof gravity
rangingfrom10"3g to1.5g. Thescienceinvestigationsthatwerea partoftheNIZEMI
experimentwereasfollows:

a. GravisensitivityandGeo(Gravi)taxisof theSlimeMold;
b. GraviorientationinEug/enagraci/is(Euglena);
c. InfluenceofAccelerationsontheSpatialOrientationoftheProtozoan

LoxodesStriatus(Loxodes);
d. EffectsofMicrogravityonAureliaEphyraBehaviorandDevelopment

(Jellyfish);



e. GravireactioninCharaRhizoidsinMicrogravity(Chara)(Lostbecauseof F-_,
over-temperatureanomaly);

f. Gravisensitivityof CressRoots(Cress);
g, LymphocyteMovementsandInteractions(Motion);and
h. ConvectionStabilityof a PlanarSolidificationFront(Moni).

AllexperimentsamplesexcepttheCharasamplewerecompletedasplanned.Anover-
temperatureanomalyinwhichtheexperimentmoduleintemaltemperaturerosefrom
21 °Cto58 °Cwasnotedearlyintheflight.Thisproblemwasseenpreviouslyduring
preflighttestingandwascausedbyastickingrelay,butcouldnotbecorrected
becauseof the lackoftimebeforeflight.

Microqravity Effects on StandardizedCoqnitive PerformanceMeasures

The MicrogravityEffectson StandardizedCognitivePerformanceMeasures
experiment,whichconsistedof sixcomputerizedcognitiveperformancetestscalled
PAWS,willhelpdeterminethe astronauts'mentalabilityto performoperationaltasksin
space.

The Commander,PilotandMissionSpecialist2 successfullycompletedallexperiment
objectivestomeasurehumanworkloadandperformanceinzerogravity.

AppliedResearchonSeparationMethodsUsinqSpaceElectrophoresis (_,

TheRAMSESexperimentusesa continuous-flowelectrophoresisunittopurify
biologicalsamples.Anadjustableelectricfieldwasappliedacrosstheflow,causing
thedifferentlychargedcomponentstodivergeintoa widebeamconsistingofseparate
streamsofmolecules,whichpassthrough40 outletsintocollectiontubes.These
collectiontubeswererefrigeratedandretumedtoEarthforpostflightanalysis.A
numberofsampleswere processedduringtheflightinsupportof investigationsthat
wereasfollows:

a. OptimizationofProteinSeparation;and
b. ElectrohydrodynamicSampleDistortion.

An initialproblemwitha non-operationalElectrodeBufferPump(EBP)wasresolvedby
cyclingthepower.Recurrenceoftheanomalyresultedinthehypothesisthatgases
generatedbyelectrolysiswerenotbeingevacuatedas fastasthegaseswerebeing
producedfollowingan experimentrun.A waitingperiodfollowingeachexperimentrun
wasincludedintheproceduresandthisallowedcontinuousoperation.

Prematureshutdownof theRAMSESexperimentoccurredwhenthedatashoweda
largepowerspikeacrosstheOrbiterfuelcells.Troubleshootingconfirmedthatthe
problemwasduetoa blownrectifierdiodethatcausedthepowerspikeandblewa fuse
inthe facilitypowercontrolandinterfacesystem(PCIS). Inspiteofthiscondition,the ;f-'_
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F_ scienceteamwasstillabletocompletefiveof sevenflightobjectives(FOs),andthe
majorityof thesixthFO. Approximately80to90percentof thetotalscienceobjectives
werecompleted.

Real-TimeRadiationMonitorinqDevice

TheRRMDmeasuredthehigh-energycosmicradiationintheSpacelabwhileon-orbit,
andinturn,transmittedthesedatatothePayloadOperationsControlCenterat
MarshallSpaceFlightCenter(MSFC). Inaddition,thedevicecontainedbacteriawith
highradiationsensitivity.Thesecellswereanalyzedduringpostflightoperationsto
determineradiationdamageaswellastheircapabilityto recoverandrepairthemselves
aftera cosmicrayimpact.

Radiationmeasurementactivitieswerenominal.However,somedata-take
opportunitieswere lostbecauseof theHRMchanneldatathroughputproblem
experiencedearlyinthemission.Thisanomalycausedatotallossofdatafromthe
RRMDfortheseopportunities.Thecrewperformedan IFMprocedureonflightday3
thatresultedina solidlock-onofthedata. Also,theexperimentwasinadvertently
poweredoff. ThecrewfoundthatthepowercircuitbreakeronpanelL4Wwasopen
andsubsequentlyclosedit.

SpinalChanqesinMicroqravityF_

TheSpinalChangesin Microgravity(SCM)experimentwasdevelopedbecausetwoout
of everythreepersonswhogointospaceexperiencebackpain.Asa result,the
lengtheningof thespinalcolumnwasstudiedtodetermineif thatconditionisthecause
ofthebackpain.

Stereophotographsofthespineandultrasoundimagingofvertabralspacingwere
successfullyrecorded,andthesedatawillbe usedtostudytheeffectsofmicrogravity
onthespineandneurosensorysystem.Extensivereplanningwascompletedtofillthe
timelinevoidscausedbythelateactivationoftheFFEUandtheinitialfailureofthe
AERISthatalsousedtheSCM.

Thermoelectric Incubator and Cell Culture Kits

TheThermoelectricIncubator(TEl)wasa generalpurposeincubatorusedinSpacelab
tomaintainbiologicalspecimensata constanttemperature,humidity,andcarbon-
dioxideconcentration.TheCellCultureKits(CCK)wereusedtocultureslimemold
andplantandanimalcellsinmicrogravity.Bothofthesepiecesofequipmentwere
usedinconjunctionwiththeFFEUexperiments.

Earlyinthemissionat 191:00:15G.m.t.(01:07:32MET),a trippedcircuitbreakerwas
reset,andnominalTElsciencedatagatheringcontinuedwithoutinterruptionforthe

("-_' remainderofthemission.
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MATERIALSSCIENCE

Advanced Protein Crystallization Facility

TheAdvancedProteinCrystallizationFacility(APCF)providedan environmentfor
growinga varietyof proteincrystalsusingthreedifferentmethods.Thesewere:

a. vapordiffusion;
b. liquid-liquiddiffusion;and
c. dialysis.

Theassociatedcrystalgrowthfacilitiesoperatednominallyduringthemission.

,Bubble, Drop and Particle Unit

The BDPUwasa facilitydevelopedtostudyfluidbehaviorsandinteractionssuchas
bubblegrowth,evaporation,condensation,andthermocapillaryflows.The crew
interchangedexperimenttestcontainerswithdedicatedfluidcells.Theexperiments
thatusedtheBDPUareasfollows:

a. BubbleMigration,CoalescenceandInteractionwithMeltingandSolidification
Fronts; F--_

b. ThermocapillaryMigrationandInteractionsof BubblesandDrops;
c. BubbleBehaviorUnderLowGravity';
d. ThermocapillaryInstabilityina Three-LayerSystem;
e. Nucleation,BubbleGrowth,InterfacialMicro-Layer,Evaporationand

CondensationKinetics;and
f. StaticandDynamicBehaviorofLiquidinComers,EdgesandContainers.

Thisnewfacilitywasresponsibleformanyfirstsinthestudyof fluidsandthebehavior
ofdropletsunderthermalgradients.Fluidshiftandnon-hazardouscontainmentleaks
(controlledbya secondlevelofcontainment)resultedinat leastthepartiallossof the
KOSTERandMONTIinvestigations.

Critical Point Facility

TheCriticalPoint Facility(CPF)provideda facilityforseveralexperimentstomeasure
andvisuallyrecordspecialfluidpropertiesattheir"criticalpoint".Thefacilitymeasured
fluiddensityfluctuationsnearthecriticalpointusinglaserlightscatteringand
interferometry.The experimentsthatusedthisfacilitywere:

a. The PistonEffect;
b. ThermalEquilibriumina One-ComponentField;

12



,¢"_ c. DensityEquilibrationTimeScale;and
d. HeatTransportandDensityFluctuationsina CriticalField.

• The reflightofthisfacilityreconfirmedpreviousfindingsfromtheIML-1mission.An
improvedthermostatwasinstalledsincethe IML-1mission,andthisenabledthefacility
toperformwithoutinterruptionandgathersignificantsciencedata.

FreeFlowElectrophoresisUnit

TheFFEUwasusedtostudywhetherspace-basedelectrophoresiswillimprovethe
purityof certainbiologicalmaterialswhicharenormallydifficulttoseparateonEarth. A
numberof differenttypesofsampleswereflownfortestingandisasfollows:

a. GravitationalRoleinElectrophoreticSeparationsofPituitaryCellsand
Granules;

b. SeparationofChromosomeDNAofa Nematode,C. e/egans,by
Electrophoresis;and

c. ExperimentsSeparatingtheCultureSolutionofAnimalCellsinHigh
ConcentrationunderMicrogravity.

Afterovercomingactivationproblems,allFFEUscienceinvestigationswereattempted.
Althoughdegradationof onesampleoccurredthatpreventeda pituitaryseparationfor

f- oneflightobjective,themajorityofsciencewassuccessfullycompleted.Thesuccess
is dueto the excellentreplanningof the experimenttimelinebythe flightcontrolteam.

LarqeIsothermalFurnace

TheLargeIsothermalFumace(LIF)wasusedtoheatlargematerialssamplesina
vacuum,andthencoolthesamplesveryrapidlytodeterminetherelationshipsbetween
structure,processing,andpropertiesof materials.Thetwoexperiments,comprising
fivesamples,thatwereconductedwiththisfacilitywere:

a. GravitationalRoleinLiquidPhaseSintering;and
b. EffectofWeightlessnessonMicrostructureandStrengthofOrderedTiAI

IntermetallicAlloys.

Fumaceoperationstomeltanduniformlymixcompounds,andthencoolthemto
producea solidsample,operatednominallyandallscienceinvestigationswere
successfullycompleted.

Quasi-SteadyAccelerationMeasurement

TheQuasi-SteadyAccelerationMeasurement(QSAM)experimentwasprimarily
designedtodetectsteady,verylowfrequency,residualaccelerationsbetween0 and
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0.02Hertz. Datawererecordedthroughoutthemissiononopticaldisks,whichwere -_"_,
retumedforpostflightevaluation.

Thehardware,whichconsistedoffourrotatingsensors,threestaticsensorsandan --
opticalrecorder,successfullyrecordedlow-frequencyaccelerationsintheSpacelab.
Severalinstancesofproblemswiththeopticalrecorderwerecorrectedbyeither
changingtheopticaldiskorperforminga self-test.

Space Acceleration Measurement Svstem

TheSpaceAccelerationMeasurementSystem(SAMS)instrumentmonitoredand
recordedhigher-frequencyonboardaccelerationsandvibrationsthatwereexperienced
intheSpacelabmoduleduringflight.Datawererecordedthroughoutthemissionon
opticaldisks,whichwerereturnedforpostflightevaluation.

AccelerometerheadsinthreeSpacelablocationsnominallyrecordedaccelerations
causedbyOrbitermaneuversandcrewmotion.A problemwithdiskdrive2 was
correctedbyreseatingthediskinthedrive.

Electromaqnetic Containerless Processinq Facility

TheTEMPUS,a levitationmeltingfacility,providedcontainerlessprocessingofmetallic
samplesinan ultracleanmicrogravityenvironment.Thefacilityusedanelectriccurrent F'_
flowingthroughcoilsofcoppertubingtoproducemagneticfields,whichcreatedan
areaofminimumfieldstrengthinwhichthesamplewouldlevitate.Twenty-twometallic
sampleswereaccommodatedduringthemission.A numberofexperimentssharedthis
facilityandthesewere:

a. EffectsofNucleationbyContainerlessProcessinginLowGravity;
b. Non-equilibriumSolidificationofLargelyUndercooledMelts;
c. StructureandSolidificationofLargelyUndercooledMeltsofQuasicrystal-

FormingAlloys;
d. ThermodynamicsandGlassFormationinUndercooledLiquidAlloys;
e. MetallicGlassResearchinSpace:ThermophysicalPropertiesof Metallic

GlassesandUndercooledAlloys;
f. ViscosityandSurfaceTensionof UndercooledMelts;and
g. MeasurementoftheViscosityandSurfaceTensionof UndercooledMelts

underMicrogravityConditionsandSupportingMagnetohydrodynamic
Calculations.

TheinitialflightoftheTEMPUSfacilityprovidedunprecedentedscienceresults.A
problemwithsamplesadheringtotheircontainmentcagewasmitigatedbymany
completelysuccessfulexperimentruns,andthefactthat,inmostcases,excellentdata
weregatheredpriortothesamplestickingto itscage.

! .
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VibrationIsolationBoxExperimentStation

• TheVIBESinvestigatedtheeffectsofso-called"g-jitter"disturbancescausedbycrew
movementandexperimentequipmentoperationsinspacelaboratoriessuchas
Spacelab.

Operationswerenominalforthisexperimentcomposedofspecialmaterialsdesigned
tomitigatetheeffectsofaccelerations.

COMMERCIALPROTEINCRYSTALGROWTH

STS-65wasthefifthflightoftheCPCGexperiment.Thissecondarypayloadusedthe
commercialrefrigerator/incubatormodule(CRIM)intheOrbitermiddeck.Atotalof60
samplesfocusingonsixdifferentproteinsinvariousformulationswereflownforthis
payload.

TheCPCGCRIMexperienceda thermalelectricdevice(TED)signaldropoutat
194:08:43G.m.t.(04:16:00MET)thatresultedinlostthermalperformance.The
temperatureoftheunitrosetoapproximately13°C overa 9.5-hourperiod.Diagnostic
datawerecheckedbythecrewwhoverifiedthattheTED wasdroppinginandout. To
achievea stableenvironment,theCRIMcommandtemperaturewaschangedto13°C,

f andthetemperatureoftheunitremainedat 13°C__.1.8 °C fortheremainderofthe
mission.Impactofthetemperatureinstabilitytotheproteinsamplescanonlybe
assessedduringpostflightlaboratoryworkatthePrincipalInvestigators'laboratory.
The postflightassessmentindicatedthatcrystalsweregrowninfiveof thesixprotein
samples.However,onlythreeofthefiveproteincrystalsyieldedx-raydiffraction-grade
crystals,andonlytwoof thesixproteinmaterialsyieldedgoodcrystals.

ORBITALACCELERATIONRESEARCHEXPERIMENT

TheOAREwasusedtomakehighlyaccuratemeasurementsofverylowfrequency
(steadystateto 1Hz)Orbiteraccelerationsexperiencedduringon-orbitoperationsand
the initialportionof theentryphaseof themission.TheOAREcanmeasureand
recordaccelerationsontheorderofone-billionthoftheaccelerationof Earth'sgravity
(10nano-g's).

TheOAREacquirednearsteady-statemicrogravityaccelerationdatainsupportof
IML-2experimentsthroughouttheon-orbitphaseofthemissionfrom10minutesafter
launchuntilapproximately10minutesafterentryinterface.Alloperationswere
performedasplanned,includingacquisitionofdataduringvehiclerotationsperformed
tocalibratetheSAMS. TheOAREdataobtainedduringtheserotationswillbeusedfor

, scalefactorcalibrationsofthe OAREsensorsystem.Inadditiontoobtaining
accelerationdatain supportof the IML-2requirements,the dataacquiredduringthe

('-_ pitch/dragOAREmaneuverandduringentrywillbe usedtoassessthevehicle
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aerodynamiccharacteristicsat orbitalaltitudes.Theinitialassessmentofthe data ._"_.
dumpedatMSFC indicatednominalinstrumentperformancethroughouttheflight.

SHU'I-rLEAMATEURRADIOEXPERIMENT

TheSAREXproject,whichhasflownon 13previousShuttlemissions,wasdesignedto
encouragepublicparticipationinthe SpaceProgramandsupportthe conductof
educationalinitiatives. Thisobjectiveisbeingaccomplishedby demonstratingeffective
communicationsbetweenthe Shuttleand
low-costgroundstationsusingamateurradiovoiceanddigitaltechniques.

All 13scheduledschoolsweresuccessfullycontactedbythe SpaceShuttleColumbia
astronauts.Theseschoolsincludedtwo foreignschools:TatebayashiChildren's
ScienceExploratoriumin Japan;anda Germanschool,FranhoferRealschulein
Ingolstadt,Germany.

Inadditionto the scheduledcontacts,one unscheduledcontactwas alsoarrangedwith
GeneralThomasStaffordat the AerospaceAmericaAnnualAirshowin OklahomaCity,
OK. CommanderCabanacommunicatedthroughbridgestationsin Hawaiiand
Californiaandwas heardby approximately150,000people.

Thepacketoperationaboardthe Columbiathat includeda portionof the
commemorativeApollo11periodperformednominallywithapproximately3,000 ,"_,
connectionstotheShuttlepacketradio.

MILITARYAPPLICATIONSOF SHIPTRACKS

The MAST experiment was sponsored by the Office of Naval Research, and the
objective of the MAST experiment was to determine how pollutantsgenerated by ships
modify the reflective properties of clouds. Use of high-resolution photographs obtained
in support of this experiment will provide insight into the processes of ship track
production on a global scale.

Over 300 high-resolution photographs were taken of 17 targets. These results far
exceeded the requirements for photographsof four targets.

AIR FORCE MAUl OPTICAL SYSTEM

The AMOS is an electrical-optical facility on the Hawaiian island of Maul. The facility
tracks the Orbiter as it flies over the area and recordssignatures from thruster firings,
water dumps, or the phenomena of "Shuttle Glow". No specificcrew or vehicle (thruster
firings) activityin support ofthis experimentwas performed duringthis mission.
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_/-" VEHICLE PERFORMANCE

SOLID ROCKET BOOSTERS

All SRBsubsystemsperformedasexpected.TheSRBprelaunchactivitieswereall
normal,andnoLaunchCommitCriteria(LCC)orOperationalMaintenance
RequirementsandSpecificationDocument(OMRSD)violationswereidentified.For
thisflight,thelow-pressureheatedgroundpurgeintheSRBaftskirtwasnotrequired
tomaintainthecase/nozzlejointtemperatureswithintherequiredLCCranges.The
purgewasactivatedatT-26minutesforthehigh-flowrateinertingof theSRBaft skirt.
Thecalculatedflexiblebearingmeanbulktemperaturewas78 °F.

AnalysisoftheSRBdataindicatesnominalperformanceofallsubsystems.Twonew
maximumsforexperiencebasesweresetforthethrustvectorcontrol(TVC)system.
Onewasestablishedonthe left-handtiltfuelsupplymodule(FSM)pressuredifference
betweenAPUstartandcutoff.Thesecondnewexperiencebasewastheright-handtilt
actuatormaximumrateduringseparationnull. Dataconcerningbothofthesenew
experiencebaseshavebeenevaluated,andnoanomalousoperationwasfound.

BothSRB'sweresuccessfullyseparatedfromtheETatT+123.48seconds,andreports
fromtherecoveryarea,whichwerebasedonvisualsightings,indicatethattheSRB

(F_ decelerationsubsystemsperformedasdesigned.BothSRBsweresightedduring
descentandwererecoveredandbroughttoCapeCanaveralforretumtoKSCwhere
disassemblyandrefurbishmentactivitieswereinitiated.

Duringthedisassemblyprocess,twoanomalousconditionswereidentifiedandthey
were:

a. Two of fourmountingfastenersfortheright-handSRBrangesafetysystem
(RSS)safeandarm(S&A)werenotproperlyseated(FlightProblemSTS-65-B-01);and

b. Onebrokenfastenerwasfoundontheleft-handSRBaft integrated
electronicsassembly(lEA)endcoveronthesystemstunnelside(FlightProblem
STS-65-B-02).

REDESIGNEDSOLIDROCKETMOTORS

The RSRMsoperatedsatisfactorilythroughouttheascentphase. Prelaunchactivities
weresatisfactoryandnoLCCorOMRSDviolationswereidentified.Power-upand
operationofall igniterandfieldjointheaterswascompletedina routinemanner,and
allRSRMtemperaturesweremaintainedwithinacceptablelimitsth.roughoutthe
countdown.

t
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Thefieldjointheatersoperatedfor11hours36 minutesduringtheprelaunchtime f"_
framewiththeheaterson17percentofthetimeduringtheLCCtimeframe. Theigniter
jointheatersoperatedfor23 hours11minuteswiththeheaterspoweredup5 hours
earlierthanexpected.Powerwasappliedtotheigniterheatingelements29 percentof
thetime.

DataindicatethattheflightperformanceofbothRSRMswaswellwithintheallowable
performanceenvelopesandwas typicalof the performanceobservedonprevious
flights. The RSRMpropellantmeanbulktemperature(PMBT)was81 °F at liftoff. The
followingtable showsthe performancedataof the RSRMs.

RSRMPROPULSIONPERFORMANCE
Parameter Leftmotor,81°F Rightmotor,81 °F

Predicted Actual Predicted I Actual
Impulsegates

1-20,106Ibf-sec 66.16 66.34 66.17 66.43
1-60,106 Ibf-sec 176.13 176.04 176.16 176.42
I-AT_106 Ibf-sec 296.75 296.06 297.02 296.30

VacuumIsp_Ibf-sec/Ibm 268.6 268.0 268.6 268.0
Bumrate,in/sec@60 °F 0.3679 0.3687 0.3676 0.3694

at625 psia
Bumrate,in/sec@81 °F 0.3735 0.3743 0.3732 0.3750

at625 psia Y-'_
Eventtimes,secondsa 0.232 N/A 0.232 N/A

Ignitioninterval 108.8 109.1 108.9 108.5
Webtimeb 118.5 118.6 118.3 117.6
Separationcue,50 psia 120.6 120.7 120.5 119.8
Actiontimeb 123.5 123.5 123.5 122.5
Separationcommand

PMBT,°F 81 81 81 81

Maximumignitionriserate, 90.4 N/A 90.4 N/A
psia/10ms

Decaytime,seconds 2.8 3.0 2.8 3.1
(59.4psiato85 K)

TailoffImbalanceImpulse Predicted Actual
differential,Klbf-sec N/A 600.6

ImpulseImbalance= leftmotorminusrightmotor
1 Alltimesarereferencedtoignitioncommandtimeexceptwherenotedbya 2.
2 Referencedto liftofftime(ignitioninterval).

The postflightinspectionoftheRSRMsrevealedthattheleft-handforwardstiffenerring
outerdiameterhada radiallyinwardaxialcrack(approximately0.25 inchdeep)located
at90.5degrees(betweentheboltholes)(FlightProblemSTS-65-M-01)..r_
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F"_ EXTERNALTANK

TheET loadingandflightperformancewereexcellent,andallflightobjectiveswere
" satisfied.NoET in-flightanomalieswereidentifiedfromthetelemetryorphotographic

data. AllET electricalandinstrumentationequipmentperformedsatisfactorily.NoLCC
orOMRSDviolationswereidentified.

Noevidenceofunacceptableacreageiceformationwasnotedduringthepropellant
loadingforSTS-65. Allobservedicingconditionswerewithinthehistoricalconditions
asreferencedintheIce/DebrisInspectionCriteriaDocument(NSTS-08303).These
acceptableconditionsincludeda recurringthermalprotectionsystem(TPS)defectofa
singlecrackintheTPSwherethefoambridgesbetweentheverticalstrutcabletray
andfittingfairing,andthisconditioniscausedbyjointrotationat thatpoint.

A reviewof theDevelopmentTestObjective(DTO)312 post-separation35 mm
photographstakenwitha 300mmlenswitha 2Xextender,andthephotographsfrom
theumbilical-well-mounted35mmandtwo16mmcamerasshowedthefollowing:

a. Twodivots,approximately6 inchesindiameterwithexposedsubstrate,were
locatedintheLH2tointertanksplicejustoutboardofthecabletrayprotuberanceair
load(PAL)ramp.

(F_ b. A shallowdivot,approximately6 inchesindiameter,waslocatedintheLH2
CPRfoamjustaftofthe intertanksplicebetweenthe+YbipodattachmentandtheLO2
feedlinesupportbracket.

c. Severalsmall,1-to2-inchdiameter,"popcorndivots"werelocatedonthe
intertankstringersjustforwardofthebipods.

d. Asmalldivot,2 inchesindiameter,waslocatedontheice/frostrampsat
station1152andatstation1787.

Allof theseobservationsweresimilartotheobservationsfrompreviousflights.

TheET pressurizationsystemfunctionedproperlythroughoutenginestartandflight.
TheminimumLO2ullagepressureexperiencedduringtheullagepressureslumpwas
14.1psid.

The ETtumblevalvewasdisabledasithadbeenfor33 ofthe last34flights.The
postflightpredictedimpactpointwasapproximately36nauticalmilesuprangeof the
preflightpredictedlandingpoint.

F_.
=
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SPACESHU'I'I'LEMAINENGINES F"_

AllSSMEsperformedsatisfactorilythroughoutthecountdown.Dataweretypicalof
prelaunchparametersobservedonpreviousflights.Engine"Ready"wasachievedat
thepropertime;allLCCweremet;andenginestartandthrustbuildupwerenormal.
Engineperformanceduringmainstageandshutdownwasnominalandaspredicted
withcutofftimesof516.95,517.07,and517.20seconds(referencedtotheenginestart
command)forSSMEs1,2, and3, respectively.TheengineIspwasratedat
452.1secondsbasedontrajectorydata. BlockII controllerandsoftwareperformance
wassatisfactory.MECOoccurred510.63secondsafterliftoff.No in-flightanomalies
wereidentifiedinthedatareview,norwereanysignificantproblemsnoted;however,
thefollowingobservationsweremadeduringthereview.

a. TheSSME2 highpressureoxidizerturbopump(HPOTP)intermediateseal
pressureshiftedupwardatenginestartplus270seconds.Thisshiftwaswithinthe
experiencebaseandwassimilartothegreen-runperformanceofthispump.

b. TheSSME1highpressurefuelturbine(HPFT)channelBdischarge
temperatureoscillatedduringthethrustbucket.Thisconditionwaspreviouslyseenon
SSMEno.2019duringSTS-26andisattributedtoturbinecoolantflowredistribution.

c. TheSSME2 POGOpressurepurgeandancillarymonitorlowerlimit(0 psia)
wasviolatedafterengineshutdown,anda failureidentification(FID)wasposted.The F"_
lowerlimitrequirementhasbeenineffectsincethefirstflightofBlockII software
(STS-49).ThisconditionwasnotseenbeforeSTS-65sincethepropellantvacuum
inertwasalwaysperformedaftertheenginecontrollerswerepowereddown.Withthe
newvehiclesoftware,OI-23,propellantvacuuminertisautomatedandmayoccurwhen
thecontrollersarepowered.Sincethislimitisnotrequired,itwillbeeliminatedfor
STS-66andsubsequentflights.

d. The SSME2 digitalcontrolunit(DCU)-B reporteda DCU-Apowerlossafter
engineshutdownanda FIDwasposted.Thisisa normaloccurrencealthoughtheFID
maynotbeseeninrealtimeinthevehicledatatableduetothedatasamplerate. The
conditionisseenregularlyinthecontrollerFIDbufferafterthepost-landingmemory
dump.

SHU'I'I'LE RANGE SAFETYSYSTEM

The ShuttleRangeSafetySystem(SRSS)closed-looptestingwascompletedas
scheduledduringthecountdown.AllSRSSS&Adeviceswerearmed,andallsystem
inhibitswereturnedoffattheappropriatetimes.AllSRSSmeasurementsindicated
thatthesystemoperatedasexpectedthroughoutthelaunchphase.As planned,the
SRBS&AdevicesweresafedandSRBsystempowerwasturnedoffpriortoSRB
separation.The ETsystemremainedactiveuntilETseparationfromtheOrbiter.
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F'_ ORBITERSUBSYSTEMS

MainPropulsionSystem

TheoverallperformanceoftheMPSwasnominalwithnohardwarein-flightanomalies
identified.STS-65wasthefirstflightoftheMPSdumpandvacuuminerting
proceduresdevelopedfortheOI-23software,andperformanceduringthedumpand
entryrepressurizationwasdifferentthanexpected.

Liquidhydrogenloadingoperationswerenormalthroughallphasesoftheactivity.The
analysisof loadingsystemdatashowthattheLH2loadattheendofreplenishwas
231,791Ibm. Comparedtothepredictedloadof231,853Ibm,theloadingaccuracy
was-0.03percent,whichiswellwithintherequiredloadingaccuracyof__.0.37percent.

Liquidoxygenloadingcontinuedsatisfactorilyuntilaboutnineminutesafterfastfillstart
whenan overspeedindicationwasreceivedfrompumpA127anda LO2revert
occurred.Duringtherevert,pumpA126wasbroughtonlineandloadingcontinued.
Theanalysisof loadingsystemdatashowtheLO2loadwas1,387,731Ibm.Compared
tothepredictedloadof 1,387,828Ibm,theloadingaccuracywas-0.01percent,which
iswellwithintherequiredloadingaccuracyof__.0.43percent.

Real-timeanalysisofhydrogenleakdetectorandhazardousgasdetectionsystemdata
F-_=-...

r showednoviolationsofthehazardousgasconcentrationlimits.The maximum
hydrogenconcentrationlevelintheOrbiteraftcompartmentwas95ppm(corrected),
whichcomparesveryfavorablywithpreviousdataforthisvehicle.Leakdetector56
and57 indicatedlowsamplingrates,possiblyduetoa lineblockage.However,leak
detector57wasusedastheprimarydetectorbecauseof thehighersamplingrate. The
HydrogenUmbilicalMassSpectrometer(HUMS)servedasthesecondarydetector.

MPSperformanceduringascentwasnominal.The LH2andLO2pressurizationand
feedsystemsperformedsatisfactorilyandsatisfiedalltankullagepressureandSSME
inletnetpositivesuctionpressure(NPSP)requirements.Likewise,performance
analysesof thepropulsionsystemsduringallphasesof flightindicatenominal
performanceandall requirementsweresatisfied.

Analysisofthegaseoushydrogen(GH2)flowcontrolvalve(FCV)performanceshow
SSME1 and2 FCVsperformedasexpected.However,the SSME3 FCVviolatedthe
FileIX inletpressurechangerequirementof300 to420psid(actualinletpressure
change= 280psid)during11actuationcycles.A reviewofdatafromthepasttwo
flightsshowedthat300__.20psidisnominalperformancefora FCVintheSSME3

• position.Analysisofsystemdrawingsindicatethatpressurelossesdueto
vehicle/SSME3 plumbinglayoutrestrictpressuredifferentialsto lowervaluesthan
SSME1andSSME2. Analysisofallpreviousflightdatasupportthisassessment.
Previousreadingsof280 psidwerenotdeclaredanomalousbecauseofvariationsin

,
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dataevaluation.Consequently,SSME3 FCVperformancewasnominal,anda FileIX ,"-'_.
changeis beingmadeto changethe allowabledifferentialpressurebandfor SSME3.

The LH2manifoldpressureunexpectedlyincreasedto a maximumpressureof 17 psia
followingthe vacuuminertingprocedure(FlightProblemSTS-65-V-08). An initial
pressureriserate wasevidentas the solidhydrogenchangedto a liquid. The pressure
riserate increasedas liquidhydrogenstartedto boil-offto a gaseousstate. A third
changeinthe rise ratecorrespondedto the OMS-2 firingwhichcausedsolidand liquid
hydrogento come incontactwiththe '_Narm"feedlinewallsand rapidlyflashoffto gas.
Postflightanalysisof the MPS dump/vacuuminert performance indicatedthat this first
use of the new OI-23 software automated dump sequence resulted in a lower amount of
residual hydrogen after the dump (estimate of 2 Ib,which is lowest in flight history).
However, preflight predictionsfrom the MPS Propellant Dump model has indicatedthat
residuals after the dump should have been less than 1 Ibm (about 0.3 Ibm). Since the
residuals were greater than the predicted value, the 5-minute coast time between dump
and vacuum inert was insufficient to allow all of the solid hydrogen to sublimate to gas.
This resulted in the hydrogen residual after the vacuum inerting that caused the
observed manifold pressure increase.

Theevaluationof the dumpperformancealsoindicatedthatalltheheliumthatwas
budgetedtobe introducedintotheLH2systemviathereturn-to-launch-site(RTLS)
repressurizationvalvesdidnotenterthemanifoldasapproximately50 percentwas
blownoutofthemanifoldreliefvalve. Anevaluationisbeingmadetodeterminethe _
correctiveactionsthatwouldeliminatethe residuals.

Oncethemanifoldpressurereacheditspeakvalueof 17psia,itquicklybegan
decayingandreachedambientpressureinapproximately90 minutes.Thisobserved
leakratecorrespondedtoa systemleakageontheorderof7,000scim.Thisleakrate
washigherthanexpected(alsohigherthanallowablefora decayrateatambient
temperatures),butitdidnotexceedthesystemleakrateatcryogenictemperatures.
TroubleshootingatKSCidentifieda sealleakinSSME2 thatmayhavebeena
significantcontributortotheon-orbitleak. Noout-of-specificationleakswerenotedin
theMPShardware.

Duringthe650-secondentrypurge,theheliumusagewas59.37Ibm,andthe
requirementforOV-102is55.7+_.1.1 Ib(FlightProblemSTS-65-V,09).STS-65wasthe
firstflightof theoperationalincrement(OI)-23 softwareandtherefore,thefirstuseof
theautomatedMPSheliumsystementryconfigurationthatisa partofOI-23. Onall
flightssinceSTS-26,onlytheSSME1,2, and3 heliumsupplyA-legisolationvalve
havebeenopenedduringentry. Inthisconfiguration,heliumfortheblowdownpurge
andmanifoldrepressurizationwasprovidedonlythroughtheSSME 2 heliumsupplyA-
legregulator(throughtheSSME2 crossovervalve). InOI-23,theSSME1, 2, and3
heliumsupplyA- andB-legisolationvalves,aswellasthepneumaticsystemisolation
valves,areopenedforentry. Thisconfigurationallowsthreeregulators(SSME2Aand
2Bandthepneumaticsystemregulators)tosupplyheliumforthe blowdownpurgeand
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manifoldrepressurization.Asa result,theheliumpressurebeingprovidedforthe
blowdownremainedapproximately100psihigherthantheaveragesingle-regulator
pressure,thusprovidinga greatermassflowdudngthepurge.Analysisindicatesthat

- approximately3 to4 Ibmmoreheliumconsumptionshouldbeexpectedwhenusingthe
OI-23software.Adding4 IbmtothenominalOV-102flowof55.7Ibmresultsina
consumptionveryclosetothe59.37 IbmthatwasusedduringSTS-65.

Asa resultof theSTS-65missionfindings,theFileIX requirementwillbe modifiedto
specifytheexpectedconsumptionforeachvehiclewiththeOI-23entryconfiguration
includingthe3-sigmavaluesthatarecalculatedwithallthedataavailablesince
STS-26.

Reaction Control Subsystem

TheperformanceoftheRCSwassatisfactory.RCSpropellantconsumptionforthe
missiontotaled5,036.5Ibm.The RCSwasnotinterconnectedtotheOMSduringthis
mission.

At 196:11:58G.m.t.(06:19:15MET),thecrewreportedthatwhilereconfiguringthe
RCSfromtheAtotheBheliumregulators,the leftRCSBeventindicator(talkback)as
wellastheAeventindicatorshowedbarberpolewhentheBswitchwastakenfrom
CLOSEtoGPC. Theprocedurewasrepeatedlaterintheflightandnoanomalous

f- indicationswerenotedvisuallyor inthedata. Duringpostflightcrewdebriefings,the
talkbackwasreportedtobe presentonlymomentarilyandonlyaftermovingtheB
switchfromGPCtoOPEN. Thisconditionisconsistentwithpreviousoccurrencesof
valvebouncecausedbya pneumatichammereffect.

At 199:09:14:20G.m.t.(09:16:31:20MET),vernierthrusterR5Dwasfailedoffbythe
RMbecauseof lowchamberpressure(FlightProblemSTS-65-V-05).Onthefailed
pulse,thechamberpressureinitiallywentto25.7psia.A nominalpulsefromthis
thruster,whichshowednosignsofdegradedchamberpressureduetocombustion
residueorironnitratecontamination,occurred9 secondsearlier.Thethrusterwas
hot-firedperflightrule6-31,andtheperformancewasnominalwithnoevidenceof
degradedchamberpressure.The RMwasclearedandthevemierthrusterswere
reselected.Thethrusterwassuccessfullyfiredseveralhundredtimesduringthe
remainderof themission.The engineeringcommunitydeterminedthefailurewasmost
likelyinthereactionjet driver(RJD),themultiplexer/demultiplexer(MDM),orthewiring
betweenthetwoboxes.A bitestatusread(BSR)wasperformedtoverifytheMDM,
anditwasallzeros,indicatingtheMDMprobablyperformedasdesignedduringthis
period.Extensivegroundtesting,whichincludedtricklecurrents,wirewiggles,
dematingandinspectingconnectorsaswellashi-pottestingfailedtoreproducethe
anomaly.

F
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OrbitalManeuverinqSubsystem F'_

TheOMSperformedverysatisfactorilyduringthefourfirings,and 13,694.9Ibmof
propellantswereconsumedduringthe355.78secondsoffiringoneachengine.Data
showedthatalloxidizerprobesforthequantitygaugingsystemoperatedsatisfactorily,
butonlytheleftaft fuelprobewasoperatingproperly.Thefollowingtableprovides
dataconcerningtheOMSfirings.

OMS FIRINGS
Firing AV,

OMS firing Engine Time,G.m.t./MET duration, ft/sec
seconds

OMS-2 Both 189:17:22:55:2G.m.t. 141.3 221.8
000:00:39:55.2MET

OMS-3 Both 203:12:47:44.1G.m.t. 32.1 51.0
013:20:04:44.1MET

OMS-4 Both 203:13:32:42.2G.m.t. 30.4 49.1
013:20:49:42.2MET

Deorbit Both 204:09:40:38.3G.m.t. 152.8 255.3
014:16:57:38.3MET

A biaswas noted inthe rightOMSaftfuelquantitygageduringthedeorbitmaneuver.
The quantitygagewasreadingapproximately15percenthigherthanexpected.This F'_,
conditiondidnotimpactthemission.

Power Reactant Storaqe and Distribution Subsystem

TheSTS-65missionwasthefourthflightoftheExtendedDurationOrbiter(EDO)
pallet.Thepowerreactantstorageanddistribution(PRSD)subsystemperformedina
nominalmannerthroughoutthemissionwithnoanomaliesorproblemsnoted.Atotal
of4911 Ibmofoxygenand593Ibmofhydrogenwereconsumedduringthemission.A
totalof204 Ibmof theoxygenusagewasforcrewbreathing.Consumableoxygenand
hydrogenremainingat landingwouldhaveprovideda missionextensionof47 hoursat
anaveragepowerlevelof 18.8kW.

Fuel Cell PowerplantSubsystem

Thefuelcellpowerplant(FCP)subsystemperformancewasnominalwithnoanomalies
orproblemsidentified.The fuelcellsconsumed4706Ibmofoxygenand593 Ibmof
hydrogeninproducing6660kWhof powerat anaveragepowerlevelof18.8kWand
loadof631amperes.Thefuelcellsproduced5299Ibmofwaterduringthemission.
Eightpurgeswereperformed,occurringatapproximately19, 81,127, 175,222,268,
322,and347 hoursMET. Onthepreviousmissionthatusedthesefuelcells,purge
intervalsof72 hourswereachieved;however,onthismissionthepurgeintervalswere
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,f_ approximately48 hours.Theloadsonthefuelcellsforthismissionwerehigherthan
onthepreviousmission,andthiscontributedtothemorerapidperformancedecay.

• Duringthe postlandinginertpurgingof thefuelcells,theoxygenmanifoldpressure
decayedatan unacceptablerate. Excessiveleakagewasmeasuredfromtheoxygen
purgeport. Theleakwasisolatedtofuelcell3, anda steady100-sccmleakratewas
measuredwithanincreaseto400to500sccmleakagerateevery8 to11seconds.As
a result,the fuelcell(S/N122)willbereplacedpriorto thenextflight.

AlsoduringpostlandingoperationsatKSC,thefuelcell2 coolantpressureincreased
foran unknownreasonfrom65.3psiato73.2psia.Thefuelcellwasdepressurized
andthenrepressurized,andagainthesamesignaturewasobserved.Thefuelcellis
designedtoventwhenthecoolantpressurereaches70 psia. Thisisthefirsttimethis
behaviorhasbeenobservedduringtheSpaceShuttleProgramandthebehavioris
unexplained.Asa result,fuelcell2 (S/N 121)willalsobereplaced.

AuxiliaryPowerUnitSubsystem

TheAPUsubsystemperformednominallywithnoanomaliesnoted.TheAPUswere
shutdownafterlandingintheAPU2,APU1,andAPU 3orderto fulfillthe
requirementsofDTO414. APUfuelconsumptionandruntimeareshowninthe
followingtable.

Flightphase APU1 (S/N409) APU2 (S/N308) APU3 (S/N408)
Time, Fuel Time, Fuel Time, Fuel

min:secconsumption,min:secconsumption,i min:secconsumption,
Ib Ib Ib

Ascent 20:58 48 20:45 53 21:05 50
FCScheckout 7:14 18
Entrya 64:57 120 82:13 176 64:59 124

Total 93:09 186 102:58 229 86:04 174
"APUs ranforapproximately20 minutes12secondsaftermaingeartouchdown.

APU2 hadonegearboxrepressurizationasthegearboxgaseousnitrogen(GN2)
pressurereachedapproximately6.2 psia.Also,theAPU2 drainlinepressuredecayed
from16psiato9.2 psiaduringthecourseofthe15-daymission.Neitherofthese
conditionswerecauseforconcern.

Hydraulics/Water Spray Boiler Subsystem

Thehydraulics/watersprayboiler(WSB)subsystemperformedverysatisfactorily
throughoutthemission.Nopowerdriveunit(PDU)backdrivingwasobservedinthe
dataasa resultoftheAPUshutdownorder(APU2, APU1, andAPU3) thatwas

F-_-. performedinsupportofDTO414. Noproblemsoranomalieswerenotedinthedata
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review.Oneitemofinterestfromthismissionwasthatthetotalnumberofcirculation _"_
pumprunswasthehighestofanymission(279)intheSpaceShuttleProgram.

Electrical Power Distribution and Control Subsystem

Theelectricalpowerdistributionandcontrol(EPDC)subsystemperformednominally
throughoutthemissionwithnoproblemsoranomaliesnoted.

Environmental Control and Life Support Subsystem

Theactivethermalcontrolsubsystem(ATCS)performednominallywithnoproblemsor
anomaliesidentified.TheflowproportioningvalvesonFreoncoolantloops1 and2
wereswitchedto thepayloadpositionat 189:19:23G.m.t.(00:02:40MET)and
190:16:08G.m.t.(00:23:25MET),respectively,tosupportSpacelabcooling
requirements.Bothloopswereretumedtothe interchangerpositionat
203:03:46G.m.t (13:11:03MET)afterSpacelabdeactivation.

The radiatorcold-soakprovidedcoolingduringentrythroughlandingplus11 minutes
whenammoniaboilersystemBwasactivatedusingthesecondaryBcontroller.
SystemB operatedfor40 minutesandwasdepletedentirely.Groundcoolingwas
establishedat204:11:33G.m.t.,55minutesafterlanding.

WaterwasmanagedthroughtheuseoftheFESforsupplywaterbecauseofa supply- ;"-'_
waterdump-nozzle-icinganomalydiscussedonthefollowingpage. Threesupplywater
dumpswereperformedat anaveragerateof 1.52percent/minute(2.5 Ib/minute).
Thesupplywaterdumplinetemperaturewasmaintainedbetween74and112°F
throughoutthemissionwiththeoperationof thelineheater.

At192:07:28G.m.t.(02:14:45MET),supplywaterdump3 wasperformed.Data
indicateda sharpdecreaseinnozzletemperaturesto50 °F atwhichtimethedumpwas
terminated(FlightProblemSTS-65-V-02).Atthesametime,a correspondingdecrease
inthewastedump-nozzletemperatureswasalsoobserved.Theheaterswerekepton
andthesubsequentnozzlebakeoutwaserratic,indicatingthepresenceoficeinthe
nozzlearea. A purgeof thedumplineusingthefreefluidwandwasperformedto
preventhardwaredamage.Basedonthedumptimeduringthetemperaturedecrease,
itwasestimatedthatuptotwogallonsofwaterwerefrozen.A totalof 13nozzle
bakeoutswereperformedtomelttheice. Afterboththenozzleheat-upandcool-down
timeswereidenticalandnozzletemperaturesapproachedpreviouslevels,thefirst
wastewaterdumpwasinitiatedat193:16:49G.m.t.(04:00:06MET)andcompleted
successfullyat 193:17:38G.m.t(04:00:55MET). Supplywaterwasdumpedthrough
theFESfortheremainderof themission.Detailedpostflightinspectionsof thenozzle
areashowthatthe tilesurroundingtheOV-102nozzleswasscallopedtoachievethe
propernozzleprotrusion,andthenozzleandsurroundingroomtemperature
vulcanizing(RTV)materialshowevidenceof deterioration.
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('_ Wastewaterwasgatheredatapproximatelythepredictedrate.Thewastewaterdump
linetemperaturewasmaintainedbetween53 and81 °Fthroughoutthemission.
Threewastewaterdumpswereperformed.Thefirstdumphadanaverageflowrateof

• 1.95percent/minute(3.2 Ib/minute).Thesecondwastewaterdumpwasinitiatedat
198:06:33G.m.t.(08:13:50MET)andwasperformedinthreesegments.Duringthe
secondsegment,whichdumpedthewastetankfrom42to26percentovera
10.5-minuteperiod,thedumpratedegraded.Theratewas2.03pereent/minuteduring
thefirst3 minutesanddegradedto 1.11percent/minutebytheendofthissegmentof
thedump.Thewastetankpressureincreasedslightlyduringthissegment,whichis
indicativeof blockage.Therewasnoevidenceof iceonthedumpnozzle.Duringthe
firstandthirddumpsegments,theratewasa nominal1.8to1.9percent/minute.

At202:05:39G.m.t.(12:12:56MET),thethirdwastewaterdumpwasinitiated.The
dumpwasperformedinsevensegments,eachlasting5 to7minutesbeforethe
minimumtemperaturelimitswerereached,andthedumpratesweredegradedtothe
1.2to1.4 Ib/hrrate(FlightProblemSTS-65-V-06).Attheendof thethirdwastewater
dump,enoughullagewasavailableto reachend-of-missionplus39 hours.

The EDOwastecollectionsystem(WCS)performedadequately;however,three
anomalieswereidentifiedandthesearediscussedinthefollowingparagraphs.The
WCSwasremovedpostflightandsentto thevendorforcleaningandrefurbishment.

F ,

Atapproximately190:13:09:45G.m.t.(00:20:26:45MET),theEDOWCScommode
faultlightindicateda problemduringthethirdcompactioncycle(FlightProblem
STS-65-V-03A).Dataindicatedthatthecompactorpistonhadstoppedapproximately
at thebottomof thetransporttube,ormidwayintheretractionstroke.Thecrew
inspectedthetransporttubeforhardwaredamageandfoundnone,andtheyreported
thatthepistonwasdownapproximately7 to8 inchesinsidethetransporttubewiththe
previouslycompactedbaghoveringapproximately5/8 of thewaydowninthe
compactorcanister.Thecompactorpistonwasmanuallyrotateddownward
approximatelyseventurns,andthepistonwasthenretractedintothecompactor
housingwithnobindingnoted.Also,an inspectionfordamageshowednone.The
crewconfiguredthesystemfornormaloperations,andthecommodecompactor
operationswerenominalfortheremainderof themission.

Lateintheflightday3 activities,thecrewreportedthattheyexperienceddifficultyin
replacingthecommodeodor/bacteriafilterduringthescheduledchangeout(Flight
ProblemSTS-65-V-03B).Duringflightday4, anothercrewmemberexaminedthefilter
andreportedthatthefilterwasoutoftolerance,butitcouldbeforcedintoposition.
However,a differentsparefilterwasinstalledatthattime. Duringflightday12
activities,thecrewinstalledtheout-of-tolerancefilterusingsomesurgicallubricanton
thegrommetalongwithonecrewmemberpushingthefilterandanothercrewmember
twistingthefilter.
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Onflightday6, thecrewreportedsmellingodorswheneverthecommodewasrunning. F-_
Thecrewchangedthecommodeodor/bacteriafilterandinstalleda charcoalfilterinthe
atmosphericrevitalizationsystem(ARS)inplaceof theLiOHfilter;thesituationwas
improvedtosomedegree.Thenextday,thecrewchangedtheEDOplenumfilterand
reportedthattheodorswereeliminated.

At 202:15:36:43G.m.t.(12:22:53:43MET),WCSfanseparatorI exhibitedan unusual
signatureandthecrewreporteda gurglingnoiseandodorfromfanseparator1during
operation(FlightProblemSTS-65-V-3C).Dataindicatedliquidwasstillinthebowl
whenthefanseparatorshutdown.Twofanseparatorcycleswereimmediately
performed,andtheseparatorrpmdidnotreachthenormalspeedduringeithercycle.
Onthethirdcycle,theurinalfanshutdownthreeminutesbeforetheseparatortumed
off. Thiscausedtheurinalfaultlightto illuminate.Followingthisoccurrence,thecrew
switchedto fanseparator2, whichwasusedfortheremainderof themission.During
postflightactivitiesonthedayfollowinglanding,liquidbackflowfromthewastetank
throughthecheckvalvesoccurredwhenthewatertankswererepressurizedforsupply
watersampling.A four-gallonreductionofthewastewaterquantitywasnoted,and
wateroverflowedintothemiddeckarea. Themiddeckareawascleanedand
disinfected.

TheARS performedsatisfactorilythroughoutthe mission.

Smoke Detection and Fire Suppression Subsystem F-,_

Thesmokedetectionsystemshowedno indicationsof smokegenerationduringthe
flight. However,the leftflightdecksmokedetectorconcentrationindicationdropped
off-scalelowfortwo seconds,followed14secondslaterby negativespikesfora period
of fiveseconds(FlightProblemSTS-65-V-10). Also,afterlanding,a masteralarmwas
receivedfromthe left flightdecksmokedetectorwithnoconcentrationchange
observedinthe data. Data evaluationhasnotshownthe causeof thesemomentary
drops. Use of the firesuppressionsystemwasnot required.

Airlock Support System

Useof theairlocksupportsystemcomponentswasnotrequiredbecauseno
extravehicularactivitywasperformed.Theactivesystemmonitorparametersindicated
normaloutputsthroughoutthemission.

Avionics and Software Support System

The integratedguidance,navigationandcontrolsystemperformednominally.STS-65
wasthefirstflightof theOI-23softwareanditsperformancewasnominal.Oneissue
wasnotedanditisdiscussedintheMainPropulsionSystemsectionofthisreport. No

in-flightanomalieswerenotedinthesystem. F--_
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(_"_, All fiveprogrammedtestinputs(PTIs)forDTO251 (EntryAerodynamicControlSurface
Test - AlternateElevonSchedule)(Part7) wereexecuted.Thesubsonicmaneuverfor
DTO254 (SubsonicAerodynamicsVerification)wasalsosuccessfullyperformed.

Theflightcontrolsubsystemperformednominally.Theaft RCSvernierthrusterR5D
I =

failed offandthe causeis believedto bean anomalyin the reactionjet driver,the
multiplexerldemultiplexer,or the wiringbetweenthesecomponents.Thisanomalyis
discussedin the ReactionControlSubsystemsectionof thisreport.

IMUs2 and3 operatedproperly;however,the flightsoftwareissuedan IMU1
redundantrate failat 199:12:36:12.7G.m.t.(09:19:53:12.7MET)andonesecondlater,
RMdeclaredIMU1 failedanddeselectedit (FlightProblemSTS-65-V-04).
Examinationof the filteredredundantgyromonitordata,whichis usedby the general
purposecomputer(GPC)to determinethe failure, indicatedthatthe datawere in
excessof the fail limitof 0.7 deg/hrfor a periodof22 seconds,whichis consistentwith

• the redundantrate fail. Dataalsoshowedthat thefrequencyandlengthof theseBITEs
continuedto increase;however,the platformvaluesretumedto normalvaluesafterthe
BITEcleared. Late in the mission,the driftduringtransientswasas greatas 30 sigma
withthe longestBITE lasting93minutes. On flightday 13,datafrom oneof the events
showeda platformdrift of 0.08degree,andasa result,the FlightControlTeaminvoked
FlightRule8-39,andIMU 1was declaredfailedfor entryplanningpurposes. Priorto
entryat 204:03:34G.m.t.(14:10:51MET),IMU1was modedto standbyfor 13minutes

f_ andbacktooperateinan attemptto recovernominaloperation.The IMUcontinued
operatingasnotedpreviouslyandwasrealignedperiodicallytoassurethatplatform
misalignmentscausedbydrifttransientsdidnotexceedRMthresholds.Anagreement
wasreachedto leaveallthreeIMUsselectedforentryandtoallowRMsoftwareto
controlIMUselectionduringentry. IMU 1operatedsatisfactorilywithnoBITE
indicationsduringentry.The IMUwasremovedfromthevehicleandhasbeensentto
a ground-testfacility.

Thestartrackerperformancewasnominalaswasthedataprocessingsystem(DPS)
hardwareandflightsoftware.

Thedisplaysandcontrolssubsystemperformednominally.

At 203:06:55G.m.t.(013:14:12MET),theaftportpayloadbayfloodlightwascycledon,
butthelightdidnotilluminate.Dataindicatearcingduetolossof backfillinthe
floodlight.Thelightwillbe replacedduringturnaroundoperations.

CommunicationsandTrackinqSubsystems

Thecommunicationsandtrackingsubsystemsperformednominally.

Duringprelaunchoperations,theFMsystem1transmitterexhibitedoutput-power
r fluctuationsbetween14and16watts(16wattsnominal).FMsystem1wasusedfor
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ascentand itperformednominally.On-orbit,theFMsystem1transmitteragain
exhibitedfluctuatingtransmitteroutputpowerwithnodegradationinthedatanoted.
However,FMsystem2 wasselectedandusedfortheremainderof themission.

OperationalInstrumentation/ModularAuxiliaryDataSystem

Theoperationalinstrumentation(OI)/modularauxiliarydatasystem(MADS)
subsystemsperformedadequately.Twoin-flightanomalieswerenotedandare
discussedinthefollowingparagraphs.

At approximately191:12:30G.m.t.(01:19:47MET),thego-to-markcommandwassent
tothesystemcontrolmodule(SCM)forexecution.TheSCMexecutedthecommand
whichpositionstheOrbiterExperiments(OEX)recordertoa pre-determinedpointfor
recordingdata. At 191:21:08G.m.t.(02:04:25MET),thego-to-markcommandwas
againsentto theSCMforexecution.Thecommandswereverified,butthecommands
werenotexecutedbytheSCM. TheSCMwaspowercycledandthego-to-mark
commandwasagaincommandedwithoutsuccess(FlightProblemSTS-65-V-01).With
theSCMmalfunction,allOEXon-orbitandentrydatawerelost. Postlanding,the
batteryboardwasremovedanda powercyclewascommandedtotheSCM,and
successfulSCMoperationswererestored.Aftertherecordeddataweredumped,the
Iockupconditionwasreproducedwiththebatteryboardremovedusingthesame
redundantcommandsequenceasusedon-orbit.Thistestprovedthatthebattery
boardwasnotatfault. Asa result,a ShuttleOperationalDataBook(SODB)addition ,"_.
willbe madetodocumentthecommandsequencelimitations.

At201:00:34G.m.t.(011:07:51MET),poorqualitydumpdatawerereceivedfrom
track2 ofOperations(OPS)recorder2 whiledumpingatthe8:1ratioandwasevident
inboththe forwardandreversedirectionsthroughKu-bandchannel2 (FlightProblem
STS-65-V-07).Goodqualitydatawerereceivedwhendumpingatthe1:1ratiothrough
a groundsite. Asa result,OPSrecorder2 (tracks3 through14)wasusedasan
acquisitionofsignal(AOS)recorderfortheremainderofthemission.Thepostlanding
dumpof track2 of thisrecorderthroughtheT-Oumbilicalat both8:1and1:1wasnot
successful.Track2 wasre-recordedinbothdirectionsandwasthendumped.
Degradeddataqualitywasagainobservedinbothdirectionswiththereversedirection
worsethantheforwarddirection.TherecorderwasremovedandsenttotheNASA
ShuttleLogisticsDepot(NSLD)toverifythefailure.Withpositiveverificationfrom
NSLDoftheproblem,thehardwarewillbesenttothevendorforfailureanalysisand
repair.

StructuresandMechanicalSubsystems

Thestructuresandmechanicalsubsystemsperformedsatisfactorilyduringthemission.
Thelandingandbrakingdataareshowninthetableonthefollowingpage.

}
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The dragchutewasdeployednominallyat204:10:38:08.0G.m.t.,approximately
8secondsaftertouchdownand10secondspriortonosegeartouchdown.The drag
chuteoperatedproperlyandwasjettisoned24.6secondsafterdeploymentata ground
speedof52.9knots.

Landinqand BrakinqParameters

From
Parameter threshold, Speed, Sinkrate,ft/sec Pitchrate,

ft keas deg/sec
Maingeartouchdown 3025 199.2 ~ 3 N/A
Nosegeartouchdown 8313 131.6 N/A 4.90

Brakeinitiationspeed 110.0knots(keas)
Brake-ontime 44.4seconds
Rolloutdistance 10,211feet
Rollouttime 68 seconds
Runway 33 (Concrete)KSC
Orbiterweightat landing 229r308feet

Peak
Brakesensor pressure, Brakeassembly Energy,

location psia millionft-lb
Left-handinboard1 960 Left-handoutboard 18.04

(F_ Left-handinboard3 1140 Left-handinboard 15.80
Left-handoutboard2 1080 Right-handinboard 17.96
Left-handoutboard4 1164 Right-handoutboard 20.75
Right-handinboard1 876
Right-handinboard3 888
Right-handoutboard2 960
Right-handoutboard4 960

Inteqrated Aerodynamics, Heatinqand Thermal Interface

Theascentandentryaerodynamicswerenominalwithnoproblems,anomalies,or
unexpectedconditionsidentifiedinthedata. Approximately57secondsafterliftoff,a
largecondensationcloudwasobserved,andthecloudhasbeenattributedtothe
vehicleinteractionwiththemoistatmosphere.Theexpansionof theflowfieldcaused
thecreationofanicecrystalcloud,whichwasnosafetythreattothemission.

Duringentry,DTO251Part7 - EntryAerodynamicControlSurfacesTest- Alternate
ElevonSchedulewasconducted.Allfiveof theplannedPTIswerecompleted.Also
duringentry,DTO254Part2 - SubsonicAerodynamicsVerificationwasconducted
duringfinalapproachata velocityofMach0.55. Thepreliminaryanalysisof thisDTO
showsthevehicleresponsecompareswellwiththatpredictedfromtheAmesVertical

f--. MotionSimulator(VMS).
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Theaerodynamicandplumeheatingduringthe ascentphaseofthe missionwas ,"-'_
nominal,basedontheevaluationofvehicletelemetrydataandthephysical
appearanceoftheplumes. The entryaerodynamicheatingwasnominal,butheating
calculationsarecontinuing.NoOEXentrydataareavailableforevaluationbecauseof
thefailureoftheMADSrecorder.

Theperformanceof thethermalinterfaceswas nominalwithall temperatureswithin
limits.

Thermal Control Subsystem

ThethermalcontrolsystemperformancewasnominalandallOrbitersubsystem
temperaturesweremaintainedwithinacceptablelimits.

Aerothermodynamics

The entryacreageandlocalheatingwerewithinlimits. Allstructuraltemperatures
werenominal,theTPSdamagewaswithinexperience,andthetrajectoryandcontrol
surfaceparameterswerenominal.The potentialfora structuralover-temperature
conditionwasindicatedfromtheTPSdamageontheleadingedgeof the left-hand
OMSpod.Therewasnoelevoncoveoverheating.However,the lackofMADSdata
preventsa detailedanalysisofthisarea.

ThermalProtectionSubsystem

TheTPSperformedsatisfactorily.Basedonstructuraltemperatureresponsedata
(temperaturerise),theentryheatingwasslightlybelowaverage.Peaktemperatures
werealsobelowaverageandatorneara minimumforthisvehicleinsomelocations,
indicatingrelativelylowpre-entrytemperatures.Boundarylayertransitionfromlaminar
toturbulentflowcouldnotbe determinedbecauseofthefailureoftheOEXrecorder
systemcontrolmodule.

Basedonpreliminarydatafromtherunwayinspection,overalldebrisdamagewas
aboveaverage.Preliminarydatashowed86 impactsonthelowersurfaceof the
vehicle(average= 93hits),andthenumberofimpactswitha majordimensionof I inch
orgreaterwas18(average= 15). Themostnotabledamagesiteonthevehiclewas
locatedonthe leadingedgeof theOMSpod,wherethedamagemeasured6 inchesby
3 inchesby2 inches.Thisdamagesiteextendeddownintothedensifiedlayerof the
tile.

The nosecapand"chinpanel"tileareaswereingoodcondition.The chinpanelto
nosecapgapfillerwasinexcellentcondition.Thegapatthislocationwasnominal.

Theleft-handmainlandinggeardoor(MLGD)thermalbarriers(old,bondeddesign)
hadextensivebreachingontheforwardandaft ends.Theright-handMLGDthermal -'_'_,
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t"-_ barriers(new,mechanicallyattacheddesign)weredamagedin severalareas,andsix
' barriersegmentswillbe replaced.AnAmesgapfillerwasprotrudingjustforwardof the

right-handMLGD. Theelevoncoveareawasingoodconditionwithnoabnormalities
thatcouldbe relatedtotheDTO251 up-elevonschedule.Onelargeimpactdamage
siteontheright-handinboardelevonwillresultinreplacementof theelevon.Twotiles
onthelowerleadingedgestructuralsystem(LESS)panel8 haddamagedcomers,
localtileglazing,andhardened"horsecollar_gapfillers.Discolorationwasnotedtobe
morethanusualontheupperinboardelevons,butthefeltreusablesurfaceinsulation
(FRSI)wasstillresilient.NoobviousTPSdamagesorconfigurationproblemswere
notedontheTPSsurroundingthe left-handwater/urinedumpports.

TheETdoorthermalbarrierswereinnominalconditionoverall.A left-handETdoor
hinge-linetilesustaineda largeareaofdamageonthe lipofthetile.

Theenginedome-mountedheatshieldblanketsweredamagedinthefollowingareas:

a. SSME1from5to7o'clock;
b. SSME2 at3 o'clock;and
c. SSME3 at 1o'clock.

Baseheatshieldtilepepperingwasnormal.Also,dragchutedeploymentcausedno
tiledamage.Windows3 and4 exhibitedmoderate-to-heavyhazing,andwindows2

,f_ and5 exhibitedlight-to-moderatehazing.Onlya lighthazewaspresentontheother
windows.
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REMOTEMANIPULATORSYSTEM F-_,

The remotemanipulatorsystem(RMS)wasnotflownontheSTS-65mission.
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,F_, FLIGHTCREWEQUIPMENT/GOVERNMENTFURNISHEDEQUIPMENT

Theflightcrewequipmentperformedadequately.Anomaliesthatoccurredintheflight
crewequipmentarediscussedinthefollowingparagraphs.

Thecrewreportedat 191:14:39G.m.t.(01:21:56MET)thattheArriflexcamera(16mm)
filmmagazine(S/N1016)hadjammed(FlightProblemSTS-65-F-01).Themalfunction
proceduretoclearthejamwasperformedsuccessfully;however,thejamrecurreda
shorttimelater.Thefilmmagazinewasreplacedandnormaloperationwasrestored.
Thefailedmagazinewasstowedandretumedforpostflightanalysis.

Thecrewreportedat 192:23:33G.m.t.(03:06:50MET)thatthe70 mmHasselblad
camerahadjammedandthelenscouldnotberemoved(FlightProblem
STS-65-F-02A).ThecrewperformedtwoIFMproceduresinan unsuccessfulattempt
torestorenormalcameraoperation.Additionalprocedureswerecalleduptothecrew,
andthecrewwasabletorestorenormaloperationsusingtheseprocedures.However,
theshuttercontrolbuttoncameapartonthecamera,andasmallspringandretaining
ringwerelostontheflightdeckwhilerepairingthecamera(FlightProblemSTS-65-F-
02B). At 193:00:44G.m.t.(03:17:49MET),thecrewreportedthatthecamerahad
jammedagainandthelenscouldnotbe removed.Thecrewwasabletoremovethe
lensfromthebodyusingan IFMprocedureafterwhichthecrewdeterminedthat
neitherthelensnorthebodywereworkingproperly.Asa result,thecameraandlens

F-_ werestowedfortherestofthemission.

Closedcircuittelevision(CCTV)cameraDexperiencedintermittentdegradationofthe
horizontalsynchronization(FlightProblemSTS-65-F-03).Thisconditioncausedthe
NASAGroundTerminalto loselock,whichinturnresultedincolorshifting(tearing)of
thepicture.

At 195:22:20G.m.t.(06:05:37MET),thecrewreportedthatthe left-aftfastener(from
crewpersonperspective)ontheergometerfailed(FlightProblemSTS-65-F-04).The
crewexchangedthepositionsof thefailedleft-aftfastenerandtheright-forward
fastener.Thefailedfastenerhadseveralthreadsremainingthatalloweditsuseinthe
right-forwardposition.Asa result,theergometerwasusablefortheremainderof the
mission.

Thecrewreportedthatthegalleyrehydrationstation(RHS)didnotdispensecold
water,buthotwaterwasdispensednormally(FlightProblemSTS-65-F-05).After
galleypowerwascycled,thegalleydispensed112ounceofcoldwaterwheneitherthe
8-ounceor7.5-ouncedispensequantitieswereselected.Thecrewperformedan
additionalmalfunctionprocedure,andnormaloperationwasrestoredfortheremainder
of themission.
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CARGOINTEGRATION -'-'_,

Integrationhardwareperformancewasnominalthroughoutthemissionwithno
anomaliesrecorded.
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('-_,. DEVELOPMENTTESTOBJECTIVES/DETAILEDSUPPLEMENTARYOBJECTIVES

Atotalof 16developmenttestobjectives(DTOs)and16detailedsupplementary
objectives(DSOs)wereassignedto theSTS-65mission.Datawerecollectedon15of
the16DTOs,andonall16DSOs. Thefollowingparagraphsdiscussthe results,if
known,foreachDTOandDSO.

DEVELOPMENTTESTOBJECTIVES

DTO251 - EntryAerodynamicControlSurfacesTest-AltemateElevonSchedule
(Part7) - All fiveof theplannedPTIswereperformed.Thepreliminaryanalysisof
thesedatashowthevehicleresponsecompareswellwiththatpredictedfromtheAmes
VMS. Datahavebeengivento thesponsorforevaluation,andtheresultswillbe
reportedinseparatedocumentation.

DTO254 - SubsonicAerodynamicsVerification(Part2) - Thesubsonicmaneuverwas
performedduringthefinalapproachto landing.Thedataweregivento thesponsorfor
evaluation.Initialresultsindicatethattheaileronandrudderinputswereasexpected.
ThefinalresultsofthisDTOwillbe publishedinseparatedocumentation.

DTO301D - AscentStructuralCapabilityEvaluation- Thiswasa data-onlyDTOand
.Y_ datawerecollectedforthisDTO. Thedataweregiventothesponsorforanalysisand

evaluation.Theresultsof theevaluationwillbepublishedinseparatedocumentation.

DTO307D- EntryStructuralCapabilityEvaluation- Thiswasa data-onlyDTOand
datawerecollectedforthisDTO. Thedataweregiventothesponsorforanalysisand
evaluation.The resultsof theevaluationwillbe publishedinseparatedocumentation.

DTO 312 - ET TPS Performance(Methods1 and3) - A total of 38 frames of
photographicdatawere obtained of the ET after separation. A 35 mm Nikon camera
with a 300 mm lens and a 2X extender (Method3) were used to photograph the ET.
The exposure of the ET is good on 26 framesand the rest are in deep shadow. The
focus is variable, and timing data are on the film. The pictureswere taken between
189:16:57:45 G.m.t. and 189:17:07:40 G.m.t. (00:00:14:45 METand 00:00:24:40 MET).

The ETappearedtobe inverygoodshapewithnodivotsvisible.Onframe9, a bright
areato the leftoftherightSRBforwardattachpointappearstobe causedbysunglint.
A redspotisdetectableina charredareabelowthenoseconeonthreeframes.
DiscussionswiththeETcontractorindicatethatthisareamayhavebeensanded.
AdditionalanalysiswillbeperformedbytheETcontractor.

In additionto the 35 mm photographicdata, 43 secondsof video of the ET (after
separation)weredownlinkedbythe crew. Noanomalieson the ET surfaceorTPS

(r-. weredetected;however,the exposureofthe ET is dark. Also,motionor jitterof the ET
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hamperedanalysis.Theaftdome,+X,-Y, and-Z areasof theET wereimaged, r_
TypicalcharringontheET aftdomeisvisible.

DTO319D- Orbiter/PayloadAccelerationandAcousticsEnvironmentData - Thiswas
a data-onlyDTO,anddatawererecordedforthisDTO. Thedatahavebeengivento
thesponsorforevaluation.The resultsoftheevaluationwillbe publishedinseparate
documentation.

DTO414 - APUShutdownTest(SequenceA) - TheAPUswereshutdowninthe
propersequence(APU2, APU 1, andAPU3). Dataevaluationshowednoindicationof
PDUbackdriving.ThisDTOwillcontinuetobe performeduntiltwosequenceA's
(APU2, APU 1,andAPU3 inthatorder)andtwosequenceB's(APU3, APU1, and
APU2 inthatorder)havebeencompleted.

DTO623- CabinAirMonitoring- Allscheduledactivitieswerecompletedbythecrew,
andthedatahavebeengiventothesponsorforevaluation.The resultsofthe
evaluationwillbepublishedinseparatedocumentation.

DTO655- FootRestraintEvaluation- ThecrewcollecteddataforthisDTOandthe
datahavebeengiventothesponsorforevaluation.The resultsof theevaluationwill
bepublishedinseparatedocumentation.

DTO663- AcousticNoiseDosimeterData- Allscheduleddatatakeswereperformed ."_.
bythecrew,andthedatahavebeengivento thesponsorforevaluation.The resultsof
theevaluationwillbe publishedinseparatedocumentation.

DTO665- AcousticNoiseSoundLevelData - Allscheduleddatatakeswere
performedbythecrew,andthedatahavebeengiventothesponsorforevaluation.
Theresultsoftheevaluationwillbe publishedinseparatedocumentation.

DTO667- PortableIn-FlightLandingOperationsTrainer- Thescheduledsessions
withthePortableIn-FlightLandingOperationsTrainer(PILOT)werecompletedbythe
assignedcrewmembers.

DTO674- Thermo-ElectricLiquidCoolingSystemEvaluation- Allscheduledactivities
insupportof thisDTOwerecompleted,andthedatahavebeengiventothesponsor
forevaluation.Theresultsof theevaluationwillbepublishedinseparate
documentation.

DTO682 - InertialVibrationIsolationSystem- Theinertialvibrationisolationsystem
(IVIS)/cycleergometerexercisesessionsweresuccessfullycompletedbythe
crewmembers.TheIVISreceivedfavorablecommentsfromthecrewthroughoutthe
flight.Duringanexercisesessiononflightday6, thecrewreportedthata fasteneron
thecycleergometerhardwarehadfailed.The crewwasabletoexchangethefailed
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F"_ fastenerwithanotherfastenerthatrequiredlessthreads,therebymakingthe
cycle/ergometerusablefortherestof themission.

' DTO805- CrosswindLandingPerformance- ThisDTOofopportunitywasnot
performedbecauseof the lowwindconditionsat KSC.

DTO913- MicrogravityMeasurementDevice-The MicrogravityMeasurementDevice
(MMD)wasusedtorecordvibrationsduringavarietyofexperimentoperations
includingthecycle/ergometerwhenitwashardmountedforonesessionandmounted
withtheIVISfortheremainderof thesessions.Thedatafilesweredownlinkedusing
theportableaudiodatamodem(PADM). Thedatahavebeengiventothesponsorfor
theevaluation,andtheresultsoftheevaluationwillbe publishedinseparate
documentation.

DETAILEDSUPPLEMENTARYOBJECTIVES

DSO314 - OV-102AccelerationDataCollection- The objectiveofDSO314wasto
acquirehighresolutionaccelerometerpackage(HiRAP)datato furthercharacterizethe
low-frequencyaccelerationenvironmentintheOrbiterthatresultsfromcrewactivities
andvehicleoperations.Theplanneddata-collectionperiodsincludedthecrew
push-offloadtest,avehicleattitudedeadbandchangefrom1.0degreeto0.5 degree,
andsixcrewexercisesessionsontheergometer,whichwasusedwiththenewly

r developedIVIS. The HiRAPoperationswerecontrolledbyuplinkcommandsrouted
throughthe SCM,whichalsocontrolledbyOEXrecorderthatrecordedtheHiRAP
data. The SCMexperiencedan anomalyonflightday3 thatprecludedfurther
operationof theHiRAPandrecorder.Datafromthreeofthesixcrewexerciseperiods
wereobtainedpriortothefailure.AttemptstorevivetheSCMwereunsuccessful;
consequently,nootherdatacouldbe obtained.

DSO326 -WindowImpactObservation- All scheduledobservationsofthewindows
weremade,andthedatahavebeengivento theDSOsponsor.Noimpactsofany
significancewerefound,andnowindowswillrequirereplacement.

DSO484 - AssessmentofCircadianShiftinginAstronautsbyBrightLight- ThisDSO
wasperformedduringthepreflightandpostflightactivities.The resultsof thisDSO
havebeengiventothesponsorforevaluation,andtheresultsoftheevaluationwillbe
publishedinseparatedocumentation.

DSO485 - InterMarsTissueEquivalentProportionalCounter- The InterMarsTissue
EquivalentProportionalCounter(ITEPC)collectedradiationdatathroughouttheflight.
Thesedatahavebeengiventothesponsorforevaluation,andtheresultsof the
evaluationwillbe reportedinseparatedocumentation.
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DSO487- ImmunologicalAssessmentofCrewmembers- Datawerecollectedforthis "_.
DSOduringtheprelaunchandpostflightperiods.Thesedatahavebeengivento the
sponsorforevaluation,andtheresultsof theevaluationwillbe reportedinseparate
documentation.

DSO491 - Characterizationof MicrobialTransferAmongCrewmembersDuring
Spaceflight- DatawerecollectedforthisDSOduringtheprelaunchand postflight
periods.Thesedataweregiventothesponsorforevaluation,andtheresultsof the
evaluationwillbe reportedinseparatedocumentation.

DSO603 - OrthostaticFunctionduringEntry,LandingandEgress- Datawere
collectedforthisDSO,andthesedatahavebeengivento thesponsorforevaluation.
The resultsoftheevaluationwillbe publishedinseparatedocumentation.

DSO604- Visual-VestibularIntegrationasa FunctionofAdaptation- Datawere
collectedforthisDSO,andthesedatahavebeengiventothesponsorforevaluation.
Theresultsoftheevaluationwillbepublishedinseparatedocumentation.

DSO605- PosturalEquilibriumControlDuringLandingandEgress- Datawere
collectedforthisDSOduringthelandingandegressactivities.Thesedataweregiven
tothesponsorforevaluation,andtheresultsof theevaluationwillbe publishedin
separatedocumentation.

DSO608 - EffectsofSpaceFlightonAerobicandAnaerobicMetabolismDuring
Exercise- Operationalexercisesessionswerecompletedthroughouttheflightbyall
crewmembers.Exercisestartandstoptimeswerereportedtocoordinatewiththe
SAMSexperimentandtheMMD (DTO913). TheCommander,Pilot,andMission
Specialist2 participatedinDSO608. Allsessionswerecompleted.The lastDSO608
sessionscheduledforthePilotwasperformedwiththeergometerhardmounted.The
datafromtheseoperationshavebeengiventothesponsorforanalysis.The resultsof
thatanalysiswillbe publishedinseparatedocumentation.

DSO610- In-FlightAssessmentofRenalStoneRisk- Allscheduledactivitiesin
supportof thisDSOwerecompleted,andthedatahavebeengiventothesponsorfor
evaluation.The resultsoftheevaluationwillbepublishedinseparatedocumentation.

DSO614- The EffectofProlongedSpaceFlightonHeadandGazeStability.Data
werecollectedduringtheprelaunchandpostflightperiodsinsupportofthisDSO.
Thesedatahavebeengivento thesponsorforevaluation,andtheresultsof the
evaluationwillbe publishedinseparatedocumentation.

DSO626- CardiovascularandCerebrovascularResponsestoStandingBeforeand
AfterSpaceFlight- Datawerecollectedduringtheprelaunchandpostflightperiods,
andthesedataweregivento thesponsorforevaluation,andtheresultsofthe
evaluationwillbe reportedinseparatedocumentation. F-_,
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DSO901 - DocumentaryTelevision- All scheduledactivitiesin supportof thisDSO
werecompleted.Thevideodatahavebeengivento thesponsorforevaluation,and
theresultsof thatevaluationwillbe reportedinseparatedocumentation.

,=

DSO902 - DocumentaryMotionPicturePhotography- Allscheduledactivitiesin
supportof thisDSOwerecompleted.The photographicdatahavebeengiventothe
sponsorforevaluation,andtheresultsofthatevaluationwillbe reportedinseparate
documentation.

DSO903 - DocumentaryStillPhotography- All scheduledactivitiesinsupportofthis
DSOwerecompleted.The photographicdatahavebeengiventothesponsorfor
evaluation,andtheresultsofthatevaluationwillbe reportedinseparate
documentation.

/

°q,.
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PHOTOGRAPHYAND TELEVISIONANALYSIS F--_,

LAUNCH PHOTOGRAPHYAND VIDEO DATA ANALYSIS

The STS-65missionwaslaunchedfromComplex39A onJuly8, 1994. Onlaunch
day,24 videosof thelaunchactivitieswerescreenedandnoanomalieswerenoted.
Followingthe launchdayscreeningactivities,53of54 plannedfilmswerealso
screened.Onecamerafailedandthefilmwaslost. Noanomalieswerenotedinthe
reviewofthevideoandphotographicdata.

ON-ORBITPHOTOGRAPHYANDVIDEODATAANALYSIS

Nosignificanton-orbitvideoorphotographicrecordedeventswereobservedthat
requiredanalysis.VideoandphotographicdatafromDTO312wereevaluated.

LANDINGPHOTOGRAPHYANDVIDEODATAANALYSIS

LandingoftheSTS-65Orbiterwasdelayedonedaybecauseofweatherconstraints.
The STS-65missionwasconcludedonJuly23, 1994witha landingat KSC. Twelve
videosplusNASASelectof theOrbiterapproachandlandingwereevaluated.In
addition,15landingfilmswerealsoscreened.NoOrbiteranomalieswerenotedinany
ofthephotographicorvideodata. F--._
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,("_ TABLEI.-STS-65MISSIONEVENTS

Event Description Actualtime,G.m.t.

APUActivation APU-1GGchamberpressure 189:16:38:12.74
APU-2GGchamberpressure 189:16:38:13.61
APU-3GGchamberpressure 189:16:38:14.59

SRBHPUActivationa LHHPUSystemA startcommand 189:16:42:32.083
LHHPUSystemBstartcommand 189:16:42:33.243
RH HPUSystemAstartcommand 189:16:42:33.403
RHHPUSystemBstartcommand 189:16:42:33.563

MainPropulsionSystem ME-3Startcommandaccepted 189:16:42:53.437
Starta ME-2Startcommandaccepted 189:16:42:53.585

ME-1Startcommandaccepted 189:16:42:53.704
SRBIgnitionCommand CalculatedSRBignitioncommand 189:16:43:00.013

(Liftoff)
Throttleupto 104Percent ME-3Commandaccepted 189:16:43:03.078

Thrusta ME-1Commandaccepted 189:16:43:03:104
ME-2Commandaccepted 189:16:43:03.105

Throttledownto ME-3Commandaccepted 189:16:43:26.478
67 PercentThrusta ME-1Commandaccepted 189:16:43:26.505

ME-2Commandaccepted 189:16:43:26.506
MaximumDynamicPressure Derivedascentdynamicpressure 189:16:43:51

(q)
Throttleupto 104Percenta ME-3Commandaccepted 189:16:44:00.718

ME-1Commandaccepted 189:16:44:00.745
ME-2Commandaccepted 189:16:44:00.746

("_ BothSRM'sChamber RHSRMchamberpressure 189:16:44:57.613
Pressureat50 psia mid-rangeselect

LHSRMchamberpressure 189:16:44:58.453
mid-rangeselect

EndSRMActiona RHSRMchamberpressure 189:16:45:00.053
mid-rangeselect

LHSRMchamberpressure 189:16:45:00.723
mid-rangeselect

SRBPhysicalSeparationa LHrateAPUturbinespeed- LOS 189:16:45:03.493
RH rateAPUturbinespeed- LOS 189:16:45:03.493

SRBSeparationCommand SRBseparationcommandflag 189:16:45:04
ThrottleDownfor ME-3commandaccepted 189:16:50:32.081

3gAccelerationa ME-1commandaccepted 189:16:50:32.110
ME-2commandaccepted 189:16:50:32.113

3,qAcceleration Totalloadfactor 189:16:50:37.7
ThrottleDownto ME-3commandaccepted 189:16:51:24.241

67 PercentThrusta ME-1commandaccepted 189:16:51:24,271
ME-2commandaccepted 189:16:51:24.274

SSMEShutdowna ME-1commandaccepted 189:16:51:30.671
ME-2commandaccepted 189:16:51:30.674
ME-3commandaccepted 189:16:51:30.721

MECO MECOcommandflag 189:16:51:31
MECOconfirmflag 189:16:51:31

ETSel0aration El"separationcommandflag 189:16:51:50
aMSFCsupplieddata

,t
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TABLEI.-STS-65MISSIONEVENTS(Continued) :_

Event Description Actualtime_G.m.t.

APUDeactivation APU-2GGchamberpressure 189:16:58:58.97
APU1 GGchamberpressure 189:16:59:11.11
APU3 GGchamberpressure 189:16:59:20.23

OMS-1Ignition Leftenginebi-propvalveposition Notperformed-
Rightenginebi-propvalveposition directinsertion

trajectoryflown
OMS-1Cutoff Leftenginebi-propvalveposition

Rightenginebi-propvalveposition
OMS-2Ignition Leftenginebi-propvalveposition 189:17:22:55.2

Rightenginebi-propvalveposition 189:17:22:55.2
OMS-2Cutoff Leftenginebi-propvalveposition 189:17:25:16.5

Rightenginebi-propvalveposition 189:17:25:16.7
PayloadBayDoors(PLBDs) PLBDfightopen1 189:18:10:45

Open PLBDleftopenI 189:18:12:04
FlightControlSystem

Checkout
APUStart APU-1GGchamberpressure 202:07:36:15.04
APUStop APU-1GGchamberpressure 202:07:43:28.70

PayloadBayDoorsClose PLBDleftcloseI 203:07:08:29
PLBDrightcloseI 203:07:10:39

PayloadBayDoorsReopen PLBDfightopen1(BFS) 203:11:27:54
PLBDleftopen1 (BFS) 203:11:29:13

OMS-3Ignition Leftenginebi-propvalveposition 203:12:47:44.1 F"_
Rightenginebi-propvalveposition 203:12:47:44.2

OMS-3Cutoff Leftenginebi-propvalveposition 203:12:48:16.2
Rightenginebi-propvalveposition 203:12:48:16.2

OMS-4Ignition Leftenginebi-propvalveposition 203:13:32:42.2
Rightenginebi-propvalveposition 203:13:32:42.2

OMS-4Cutoff Leftenginebi-propvalveposition 203:13:33:12.6
Rightenginebi-propvalveposition 203:13:33:12.8

PayloadBayDoorsClose PLBDrightcloseI 204:07:06:52.174
(Secondtime) PLBDleftcloseI 204:07:09:02.609

APUActivationforEntry APU-2GGchamberpressure 204:09:35:59.188
APU-1GGchamberpressure 204:09:53:13.526
APU-3GGchamberpressure 204:09:53:15.293

DeorbitBurnIgnition Leftenginebi-propvalveposition 204:09:40:38.3
Rightenginebi-propvalveposition 204:09:40:38.3

DeorbitBurnCutoff Leftenginebi-propvalveposition 204:09:43:11.1
Rightenginebi-propvalveposition 204:09:43:11.1

EntryInterface(400Kfeet) Currentorbitalaltitudeabove 204:10:06:06
Blackoutend Datalocked(highsamplerate) Noblackout
TerminalAreaEnergy Majormodechange(305) 204:10:31:32
MainLandingGear LHmainlandinggeartirepressure1 204:10:38:00

Contact RHmainlandinggeartirepressure2 204:10:38:00
MainLandingGear LHmainlandinggearweightonwheels 204:10:38:00

WeiQhtonWheels RHmainlandinggearweightonwheels 204:10:38:01
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/F_, TABLEI.- STS-65MISSIONEVENTS(Continued)

Event Description Actualtime,G.m.t.

DragChuteDeployment Dragchutedeploy1 CPVolts 204:10:38:08.0
NoseLandingGear NLGLHtirepressure1 204:10:38:17

Contact
NoseLandingGear NLGweightonwheelsI 204:10:38:18

WeightOnWheels
DragChuteJettison DragchutejettisonI CPVolts 204:10:38:42.6
WheelStop Velocitywithrespectto runway 204:10:39:09
APUDeactivation APU-1GGchamberpressure 204:10:58:10.85

APU-2GGchamberpressure 204:10:58:12.14
APU-3GGchamberpressure 204:10:58:13.79
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TABLE II.- ORBITER PROBLEM TRACKING LIST

No. Title Reference Comments
STS-65-V-01 OEXSystemControl 191:21:18G.m.t. DuringOEXrecordercommanding,theOEXSystem

Module 002:04:25MET ControlModule(SCM)stoppedexecutingcommands.
StoppedExecuting IM65RF01 Powercycles,softwareresetsandrecoverycommands
Commands IPR73V-0003 didnotrestoreSCMoperation.Nofurtheron-orbit,
LEVELIII CLOSURE entryorpostlandingdatafromMADS,AlP,and

ACIP/HIRAP(DSO-314)wererecorded.Normal
postflightdatadumpattemptnotsuccessful.SCM
recoveredandOEXrecorderdumpedafterbattery
boardremoval.Symptomswerereproducedwith
batteryboardremovedusingsamecommand
sequenceasusedon-orbit.SODBadditionto
documentcommandinglimitationsinwork.

STS-65-V-02 SupplyWaterDumpNozzle 192:08:00G.m.t. Duringthethirdsupplywaterdump,thesupplyand
Icing 002:15:17MET wastewaterdumpnozzletemperaturesdropped

IM65RF02 indicatingicing.Thesupplywaterdumpwas
o= IPR73V-0017 terminatedandnozzleheaterswereusedtoevaporate

iceuntilnozzletemperaturesreturnedtonormal,then
awastewaterdumpwasperformed.Supplywater
dumpswereperformedusingtheFESforthe
remainderoftheflight.DetailednozzleandTPS
inspectionsshowedevidenceof RTVdeteriorationas
wellasdifferencesinTPSconfigurationbetween
vehicles.Flowrateandspraypattemverifications
wereperformed.

STS-65-V-03 WCSProblems 193:06:06G.m.t. Compactorpistonstoppedat themidwaypointduring
A. CommodeFaultDuring 003:13:23MET pistonretractionduringthethirdcompactioncycle
CompactionCycle IM65RF10 resultingina CommodeFaultindication.Crew

manuallyretractedpistonandfoundnoproblems
duringcompactor,piston,andtransporttube
inspection.Compactoroperationswerenominalfor
remainderof themission.Possibleoperationerror
identifiedbycrewduringdebriefing.Partsofa
shearedrollpinfoundinsidetheouteredgeof piston
duringOMRSDcleaning.NoKSCaction.



TABLE II.- ORBITER PROBLEMTRACKING LIST

No. Title Reference Comments
B.CommodeFilter IM65RF03 Thefirstreplacementcommodeodorbacteriafilter
AnomaliesandOdor (SINTBD)didnotfitandtheoriginal(ascent)filterwas
Management reinstalled.Thefilterwassuccessfullyinstalledon

flightday12aftera lubricantwasappliedtothe
grommetandthefilterremainedinstalledthrough
entry.Otherreplacementfiltersdidnotencounter
interference.Plenumfilterreplacementand
installationofan additionalARScharcoalcanister
wereperformedtocontrolodors.Usedplenumfilter
wascleananddrybutretainedodors.NoKSCaction.

C. FanSeparatorI Stall IM65RF11 Crewreportedgurglingnoiseandodorfromfan
andLiquidBackflow IPR73V-0008 separator1duringoperationon flightday13. Data

PR indicatenormalfanstart-upbutIowseparatordrum
V070-2-18-0326 speed. Liquidbackflowmayhaveoccurredthrough

thedualfanseparator1outletcheckvalvesafterthe
previoususefor10secondsresultinginfloodingofthe
fanseparator.ThefanseparatorI bowlwasstill
pumpingliquidatnormalshutdowntime. Thecrew
attemptedtoclearfanseparatorI byrestartingwithout
success.Fanseparator2 wasusedfortheremainder
of themission.Liquidbackflowfromthewastetank
throughthecheckvalvesoccurredonedayafter
landingwhenwatertankswererepressurizedfor
supplywatersamplingresultingina 4-gallonwaste-
tankquantityreductionandoverflowintothemiddeck
area. AccessibleplumbingdrainedpriortoWCS
removalforshipmenttothevendor.

STS-65-V-04 IMU1RedundantRateBite 199:12:36G.m.t. NumeroustransientredundantrateBITEmessages
009:19:53MET weregeneratedwhentheIMU-1(SIN204) azimuth
IM65RF04 gymexperiencedspikesexceeding0.7°/hr.during
PR latertransients.NoKSCtroubleshooting.IMU
GNC-2-18-0102 removedandshippedto ISL. Symptomsreproducedat

ISL.



TABLE I1.-ORBITER PROBLEMTRACKING LIST

No. Title Reference Comments
STS-65-V-05 RCSVemierThrusterR5D 199:09:14G.m.t. VernierthrusterR5DwasfailedoffbytheRM. The

FailedOff 009:16:31MET thrusterwashot-firedsuccessfully,thenreselected.
IPR73V-0004 Subsequentperformancewasnominal.Dataindicate

possibleintermittentlossofR5DcommandB (enable)
signal.MDMFA2BSRwaspolledandindicatedthat
nofaultswererecorded.KSCtroubleshootingdidnot
reproducetheanomaly.

STS-65-V-06 LowWasteDumpFlow 198:07:06G.m.t. Thesecondwastewaterdumpwasinitiatedat
008:14:23MET 198:06:33G.m.t.(008:13:50MET)andwasperformed
IM65RF05 inthreesegments.Thedumpratedegradedduring
IPR73V-0016 thesecondsegmentofthedumpandwasnominal

duringthethirdsegment.A thirdwastewaterdump
wasperformedat 202:05:39G.m.t.(12:12:56MET)in
7 segments,allwitha degradeddumpflowrate.
Nozzleinspection,waterflushandsample,urinesolids
filterremovalandcitricacidflushwere performed.

STS-65-V-07 PoorDumpQuality 201:00:34G.m.t. Poorqualitydatawerereceivedfromtrack2 ofOPS
OperationsRecorder2 011:07:51MET recorder2 duringa dumpatan 8:1ratioinboththe
Track2 IM65RF06 reverseandforwarddirections.Goodqualitydata

IPR73V-0005 werereceivedwith1:1ratiodumpthroughgroundsite.
Tracks3 through14onOPSrecorder2 wereusedas
anAOSrecorder.PostflightdumpthroughT-Oat 8:1
and1:1fromtrack2 notsuccessful.Track2 re-
recordedinbothdirections,anddumpreversewas
worsethanforwardwithdegradedqualityinboth
directions.RecorderremovedforshipmenttoNSLD.

STS-65-V-08 LH2ManifoldPressure 189:17:23G.m.t. TheLH2manifoldpressurerosetoan unexpectedhigh
FollowingVacuumInert 000:40:00MET peakpressureof 17psiafollowingvacuuminert. After

IPR73V-0014 reachingthepeakpressure,theLH2manifoldpressure
decreasedfasterthanexpected.Firstuseof OI-23
softwarewhichincludedMPSdumpandvacuuminert
sequenceautomation.TheOI-23softwarewas
verifiedtohaveperformedasdesignedandLH2
systemresponsestosoftwarecommandswasnominal.

.J .... J



TABLE II.- ORBITER PROBLEMTRACKING LIST

No. Title Reference Comments
STS-65-V-08 LH2manifoldlargevolumedecaycheckfailedat0.696
(Continued) psi/hr(max.= 0.601psi/hr).Manifoldreliefvalveleak

checkandlargevolumedecaycheckplanned.
STS-65-V-09 HighMPSHeliumUsage 204:10:29G.m.t. A totalof59.7 Ibofheliumwasusedduringthe

DuringEntry 014:17:46MET 650-secondsystemblowdownperformedduringentry.
IPR73V-0015 Nominalusageis55.7_ 1.1IbforOV-102. This

conditionwascausedbytheOI-23softwarechange
fromsingletodualregulationsupply.FileIXOMRSD
changeplanned.

STS-65-V-10 LeftFlightDeckSmoke 197:15:52G.m.t. Theleftflightdecksmokedetectorconcentration
DetectorTransients 007:23:09MET indicationdroppedoff-scalelowfortwoseconds

followed14secondslaterbynegativespikesfora
periodoffiveseconds.Afterlanding,a masteralarm
wasreceivedfromtheleftflightdecksmokedetector
withnoconcentrationchangeobservedinthedata.
The smokedetectorwasreplaced.



TABLEIII.-GFEPROBLEMTRACKINGLIST
No. Title Reference Comments

STS-65-F-01 ArriflexCameraFilmMagazine 191:14:39G.m.t. Crewreported16mmArriflexCamerafilm
Jam 001:21:56MET magazineSIN1016jammed.Malfunction

procedureclearedjambutsubsequentlyrecurred.
Filmmagazinereplaced,normaloperation
restored.FilmmagazineSIN 1016stowedinthe
16mmbaginlockerL100.

STS-65-F-02 70mmHasselbladCamera 192:23:33G.m.t. A. CrewreportedHasselbladcamerajammed-
Malfunctions 003:06:50MET unabletoremovelens.AnIFMtoclearjamand

removelenswassuccessful;however,camera
A. CameraJammed/LensStuck andlensagainjammedat 193:00:44G.m.t.

Cameraandlensstowedfortheremainderof
B. ShutterTrigger flight.

Failed/SpringLost B. Crewreportedtheretainingringonthe
Hasselbladcamerashutterreleaseplungerwas
missing.Crewusedgraytapeforretention.

olo Duringasubsequentattempttorepairthejammed
cameraandlens,theshutterreleasebutton
plungerspringwaslostontheaftflightdeck.

STS-65-F-03 CCTVCameraDDegraded 193:17:30G.m.t. CCTVCameraDisexperiencingintermittent
HorizontalSync 004:00:47MET degradationof thehorizontalsynchronization

whichcausedtheNASAgroundterminal(NGT)
framesynchronizerto loselock,resultingincolor
shifting(tearing).

STS-65-F-04 ErgometerFastenerFailure 195:22:20G.m.t. Crewreportedleftaft fastener(fromseated
006:05:37MET crewpersonperspective)broken.Leftaft fastener

swappedwithrightforwardfastener.Ergometer
wasusableforremainderofmission.



TABLEIII.-GFEPROBLEMTRACKINGLIST
No. Title Reference Comments

STS-65-F-05 GalleyRHSFailedtoDispense 193:07:49G.m.t. Crewreportedgalleyrehydrationstation(RHS)
ColdWater 003:15:06MET didnotdispensecoldwaterbuthotwaterwas

dispensednormally.Aftergalleypowerwas
cycled,galleydispensed½ ounceofcoldwater
wheneither8-ounceor7.5-ouncedispense
quantitieswereselected.Crewperformed
malfunctionprocedurewhichrestorednominal
galleyRHSperformance.

O1



TABLE IV.- MSFC PROBLEM TRACKING LIST

No. Title Ref.time Discussion
STS-65-B-01 RH RSSSafeandArm Ascent Theright-handRangeSafetySystemSafeandArm

DeviceLooseMounting devicehadtwooffour mountingfastenersthatwere
Fasteners not properlyseated. Gapsunderthe fastenerheads

measured0.06 in.and0.078in.with the safetywire
intact. Stressanalysisshowsflight loadare not
sufficientto causethe gap. Fail-safeanalysisshows
two remainingfastenerssufficientto retainsafeand
armdeviceonthepanel.Thesafeandarmdevice
mountingfastenerswillbeinspectedtoverifythatno
loosewashersorgapsexist.

STS-65-B-02 Brokenfasteneron Ascent Left-handintegratedelectronicsassembly(lEA)end
LHAFTlEA EndCover coverhasonebrokenfasteneronthesystems-

ol tunnelsideof thecover.Noevidenceexistsof
r_ water-impactdamageinthisarea. Lossof this

fastenerdoesnotcauselossof thecover;however,
genericimplicationstoothercoverfastenerswillbe
investigated.

STS-65-M-01 AftSegmentStiffener Ascent CracksaretypicallyseenatthecenterlineofcavityA
StubCrack crackwasfoundontheleft-handaft segmentfor-

wardstiffenerringstubextendingradicallyinward
fromtheouterdiameterof thestub.The crackwas
locatedat90.5degreesandwasapproximately114
inchdeep.

Damageoccurredduringsplashdownandthe
damagewaslocatedatthecavitycollapsecenterline.
Splashdowndamagetothisstubandstiffenerrings
wasmoreextensivethanistypicallyseen.



TABLE IV.- MSFC PROBLEMTRACKING LIST

No. Title Ref.time Discussion
STS-65-M-01 AftSegmentStiffener Cracksaretypicallyseenatthecenterlineofcavity
(Continued) StubCrack collapse;however,thiscrackwasunusualinthatit

occurredbetweenholes.

Thecrackedsectionwasexcisedandthepreliminary
examinationresultsindicatethatthecrackwas
causedbystresscorrosionaftersplashdown,withno
indicationof anypre-existentflaw. Thefinal
geometryappearstobea half-moonshapedcrack
witha maximumdepthofapproximately112inch.

Thefracturesurfacehadan intergranularstructure
indicatinghydrogen-assistedstresscorrosion
cracking(SCC). The probablecrackinitiation
locationwasontheaft outerflangecornerandwas
approximately0.060-inchlongby0.012-inchdeep
fromwhichitgrewinwardapproximately0.25inch.

Thecrackinitiatedduringwaterimpactdamageand
grewduringtowbackduetoSCC. Allnecessarycon-
ditionsforSCCwerepresent,i.e., residualtensile
stressbecauseofwaterimpactcavitycollapseloads,
probableinitiationlocation,damagetoprotection
system(primer,paint,K5NA,Instafoam,etc.),
corrosiveenvironment(saltwater)duringtowback,
presenceofzincinprimertohelpacceleratecrack
growth,andthesusceptibilityof theD6ACmaterialto
SCC.



DOCUMENTSOURCES

Inanattempttodefinetheofficialaswellastheunofficialsourcesof datafor
thismissionreport,thefollowinglistisprovided.

1. FlightRequirementsDocument
2. PublicAffairsPressKit
3. CustomerSupportRoomDailyReports
4. MERDailyReports
5. MERMissionSummaryReport
6. MERQuickLookReport
7. MERProblemTrackingList
8. MEREventTimes
9. SubsystemManagerReports/Inputs
10. MODSystemsAnomalyList
11. MSFCFlashReport
12. MSFCEventTimes
13. MSFCInterimReport
14. CrewDebriefingcomments
15. ShuttleOperationalDataBook
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("-_', ACRONYMSAND ABBREVIATIONS

Thefollowingisa list of the acronymsand abbreviationsandtheir definitionsas
theseitemsareusedin thisdocument.

AAEU AquaticAnimalExperimentUnit
AERIS AmericanEchocardiographResearchImagingSystem
AMOS Air ForceMauiOpticalSite
AOS acquisitionof signal
APCF AdvancedProteinCrystallizationFacility
APU auxiliarypowerunit
ARS atmosphericrevitalizationsystem
ATCS activethermalcontrolsystem
ATR automatictemperaturerecorder
BDPU Bubble,Drop,and ParticleUnit
BITE built-intest equipment
BSK Biostack
BSR BITEstatusread
CCK cellculturekit
CCTV closedcircuittelevision
CNES FrenchSpaceAgency

.('-_- CPCG CommercialProteinCrystalGrowth
CPF CriticalPointFacility
CPR
CRIM CommerciaalRefrigerator/IncubatorModule
CSA CanadianSpaceAgency
DARA GermanSpaceAgency
DCU digitalcontrolunit
DPS dataprocessingsystem
DSO DetailedSupplementaryObjective
DTO DevelopmentalTestObjective
AV differentialvelocity
deg/hr degreeperhour
EBP electrodebufferpump
EDO ExtendedDurationOrbiter
EDOMP ExtendedDurationOrbiterMedicalProject
EOM end-of-mission
EPDC electricalpowerdistributionandcontrolsubsystem
ESA EuropeanSpaceAgency
ET ExternalTank
FCE flightcrewequipment

. FCP fuelcellpowerplant
FCS flightcontrolsystem

_f"" FCV flowcontrolvalve
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FES flashevaporatorsystem :°"--_
FFEU FreeFlowElectrophoresisUnit
FID failureidentification
FM frequencymodulation
FO flightobjective
FRSI flexiblereusablesurfaceinsulation
FSM fuelsupplymodule
ft/sec feetpersecond
g gravity
GFE Govemmentfumishedequipment
GH2 gaseoushydrogen
G.m.t. Greenwichmeantime
GN2 gaseousnitrogen
GPC generalpurposecomputer
HIRAP highresolutionaccelerometerpackage
HPFT highpressurefuelturbine
HPOTP highpressureoxidizerturbopump
HRM
HUMS hydrogenumbilicalmassspectrometer
lEA integratedelectronicsassembly
IFM in-flightmaintenance
IML-2 InternationalMicrogravityLaboratory
IMU inertialmeasurementunit • !

ISP specificimpulse
ITEPC InterMarsTissueEquivalentProportionalCounter
IVIS inertialvibrationisolationsystem
KSC KennedySpaceCenter
kW kilowatt
kWh kilowatthour
LBNP LowerBodyNegativePressure
LCC LaunchCommitCriteria
LCEOR/F LinearCompressorEnhancedOrbiterRefrigerator/Freezer
LED lightemittingdiode
LESC LockheedEngineeringandScienceCompany
LESS leadingedgestructuralsystem
LH2 liquidhydrogen
LIF LargeIsothermalFumace
LiOH lithiumhydroxide
LO2 liquidoxygen
MADS modularauxiliarydatasystem
MAS MicrobialAirSampler
MAST MilitaryApplicationof ShipTracks
MDM multiplexer/demultiplexer
MECO mainenginecutoff
MET missionelapsedtime -"f-",,
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_7---, MLGD mainlandinggeardoor
MMD MicrogravityMeasurementDevice
MPS mainpropulsionsystem

' MSFC MarshallSpaceFlightCenter
NASA NationalAeronauticsandSpaceAdministration
NASDA NationalSpaceDevelopmentAgencyofJapan
NIZEMI SlowRotatingCentrifugeMicroscope
NPSP netpositivesuctionpressure
NSLD NASAShuttleLogisticsDepot
NSTS NationalSpaceTransportationSystem(i.e.,SpaceShuttleProgram)
OARE OrbitalAccelerationResearchEquipment
OEX Orbiterexperiments
OI operationalinstrumentation
OMRSD OperationsandMaintenanceRequirementsandSpecifications

Document
OMS orbitalmaneuveringsubsystem
OPS operations
PADM portableaudiodatamodem
PAL protuberanceairload
PAWS PerformanceAssessmentWorkstation
PCIS powercontrolandinterfacesystem
PCM phasechangematerial

f-". PDU powerdriveunit
PILOT PortableIn-FlightLandingOperationsTrainer
PMBT propellantmeanbulktemperature
POGO longitudinaloscillation
PRSD powerreactantstorageanddistribution
PTI programmedtestinput
QSAM Quasi-SteadyAccelerationMeasurement
RAMSES AppliedResearchonSeparationMethodsUsingSpace

Electrophoresis
RCRS regenerativecarbondioxideremovalsystem
RCS reactioncontrolsubsystem
RHS rehydrationstation
RJD reactionjet driver
RM redundancymanagement
RMS remotemanipulatorsystem
RRMD Real-TimeRadiationMonitoringDevice
RSRM RedesignedSolidRocketMotor
RSS rangesafetysystem

• RTLS returnto launchsite
RTV roomtemperaturevulcanizing
S&A safeandarm
SAMS SpaceAccelerationMeasurementSystem
SAREX ShuttleAmateurRadioExperiment

B-3



SCM SpinalChangesinMicrogravity/systemcontrolmodule f--'_
SLF ShuttleLandingFacility
SIN serialnumber
SODB ShuttleOperationalDataBook
SRB SolidRocketBooster
SRSS Shuttlerangesafetysystem
SSME SpaceShuttlemainengine
STGT ShuttleTDRSGroundTerminal
TDRS TrackingandDataRelaySatellite
TED thermalelectricdevice
TEl thermoelectricincubator
TEMPUS ElectromagneticContainerlessProcessingFacility
TPS thermalprotectionsubsystem
TVC thrustvectorcontrol
VIBES VibrationIsolationBoxExperimentStation
VMS VerticalMotionSimulator
WCS Wastecollectionsystem
WSB watersprayboiler
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