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f...... INTRODUCTION
t

The STS-67SpaceShuttleProgramMissionReportprovidestheresultsof theOrbiter
vehicleperformanceevaluationduringthissixty-eighthflightoftheShuttleProgram,
theforty-thirdflightsincethereturntoflight,andtheeighthflightoftheOrbitervehicle
Endeavour(OV-105). Inaddition,thereportsummarizesthepayloadactivitiesandthe
performanceoftheExternalTank(ET),SolidRocketBooster(SRB),ReusableSolid
RocketMotor(RSRM),andtheSpaceShuttlemainengines(SSME).

The serialnumbersof theotherelementsof theflightvehiclewereET-69fortheET;
2012,2033 and2031forSSMEs1,2, and3, respectively;andBI-071for theSRBs.
The left-handRSRMwasdesignated360W043A,andtheright-handRSRMwas
designated360L043B.

The primaryobjectiveof thisflightwastosuccessfullyperformtheoperationsofthe
UltravioletAstronomy(ASTRO-2)payload.Secondaryobjectivesofthisflightwereto
completetheoperationsof theProteinCrystalGrowth- ThermalEnclosureSystem
(PCG-TES),theProteinCrystalGrowth- SingleLockerThermalEnclosureSystem
(PCG-STES),theCommercialMaterialsDispersionApparatusITAExperiments
(CMIX),theShuttleAmateurRadioExperiment-II(SAREX-II),theMiddeckActive
ControlExperiment(MACE),andtwoGet-AwaySpecial(GAS)payloads.

The STS-67missionwasplannedasa 16-daymissionplustwo.contingencydays,one
forweatheravoidanceandoneforcontingencyoperations.Thesequenceofeventsfor
theSTS-67missionisshowninTableI, theOrbiterProjectProblemTrackingListis
showninTableII, andtheGovernmentFurnishedEquipment(GFE)ProblemTracking
ListisshowninTableII1. Inaddition,anyIntegrationin-flightanomaliesarereferenced
intheapplicablesectionsofthereport.AppendixA liststhesourcesofdata,both
formalandinformal,thatareusedinthepreparationofthisreport.AppendixB
providesthedefinitionofacronymsandabbreviationsfoundinthereport. Alltimesare
listedinGreenwichmeantime(G.m.t.)aswellasmissionelapsedtime(MET).

The seven-personcrewforSTS-67consistedofStephenS. Oswald,Civilian,
Commander;WilliamG. Gregory,Lt.Col.,USAirForce,Pilot;JohnM. Grunsfeld,
Ph.D, Civilian,MissionSpecialist1;WendyB. Lawrence,USN,CDR(Select),flight
engineerandMissionSpecialist2;TamaraE.Jernigan,Ph.D.,Civilian,Payload
CommanderandMissionSpecialist3; SamuelT. Durrance,Ph.D.,Civilian,Payload
Specialist1;andRonaldParise,Ph.D.,Civilian,PayloadSpecialist2. STS-67wasthe
thirdspaceflightfortheCommanderandMissionSpecialist3, thesecondspaceflight•
forbothpayloadspecialists,andthefirstspaceflightforthePilot,MissionSpecialist1,
andMissionSpecialist2.
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The STS-67SpaceShuttleProgramMissionReportfulfillstheSpaceShuttleProgram
requirementas documentedinJSC07700,VolumeVIII,AppendixE. The requirement F'-"._
thatisstatedinthatdocumentisthateachmajororganizationalelementsupportingthe
Programwillreporttheresultsof theirhardware(andsoftware)evaluationandmission
performance,plusidentifyall relatedin-flightanomalies.

The MarshallSpaceFlightCenter(MSFC)STS-67FlightEvaluationReportscontain
an in-depthdiscussionoftheperformanceofeachof theelementsprovidedbyMSFC.
The MSFCFlightEvaluationReportisdividedinsixvolumesasfollows:

a. VolumeI - ExecutiveSummary
b. VolumeII - SolidRocketBoosterProject
c. VolumeIII - ReusableSolidRocketMotorProject
d. VolumeIV - ExternalTankProject
e. VolumeV - SpaceShuttleMainEngineProject
f. VolumeVI - MainPropulsionSystem

CopiesofthesereportsmaybeobtainedfromtheGeorgeC.MarshallSpaceFlight
Center,MarshallSpaceFlightCenter,Alabama35812.

J
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f.._ MISSIONSUMMARY
I

Duringthe countdown,whilethefuelcellswerestillpoweredbythegroundreactants,
theperformanceoffuelcells2 and3 degradedmorerapidlythannormal.Thefuelcell
2 voltagedroppedfrom30.6Vdcto29.5Vdc,andthefuelcell3 voltagedroppedfrom
30.9Vdcto29.6Vdcovera periodof43 minutes.Inaddition,thevoltagedegradation
wasaccompaniedbya riseinthefuelcellsubstackdifferentialvoltage.Followingthe
periodoftheinitialdegradation,a fuelcellpurgewasperformedandthefuelcell
performancewasrecovered.However,somefurtherdegradationwasnotedanda
secondpurgesuccessfullyrecoverednominalfuelcellperformance.Bothperformance
decayswarecausedbyresidualheliumintheoxygensupplylinebetweenthe
extendeddurationOrbiter(EDO)palletandthefuelcellreactantmanifold.Thefuel
cellswereswitchedto internalreactantstosweepanyresidualheliumfromthesupply
lineanda thirdfuelcellpurgewasperformed.Nominalfuelcellperformancewas
noted,andthefuelcellswereswitchedbacktogroundreactantsforthe remainderof
thecountdown.Thefuelcellsoperatedsatisfactorilythroughoutthemission.

Asa resultofa prelaunchFreoncoolantloop(FCL)2 leak,FCL2wastoppedoffwith
an accumulatorquantityof37 percent,whichistheOperationalMaintenance
RequirementsandSpecificationDocument(OMRSD)upperlimit.Duringthe
countdown,whenfuelcellheatloadswereplacedontheFreonloops,theFreon

f- quantityapproachedthe39-percantLaunchCommitCriteria(LCC)limit,anditwas
believedthatthelimitmightbe violatedpriorto launch.TheLCClimitsfortheFCL
quantityare basedona 117-psiaFreonpumpinletpressurewitha 39-percent
accumulatorquantity.AnalysisshowedthattheactualFCL2 inletpressurewasonly
96 psia;consequently,theaccumulatorquantitycouldreach55 percentwithnoimpact.
AnLCCdeviationwasprocessed,andthelimitwasraisedto45 percentintheground
launchsequencer(GLS).

Theflashevaporatorsystem(FES)feedlineheatersare normallyconfiguredtoheater
string2 duringprelaunchoperations.Duringthecountdown,theFESaccumulatorB

. feedlinetemperaturebegantodecreasefrom75 °F shortlyaftercryogenicsloading
began.Thetemperaturereached56.6°F beforetheheaterwasreconfiguredtostring
1. The LCClimitis56 °F. Aftertheheaterreconfiguration,thetemperaturebeganto
increase;however,thefinalcountdownto launchthatbeginsatT-9 minuteswas
delayedI minute13secondsuntila positiveindicationofthetemperatureincrease
fromthestring1heaterwasobserved.

The STS-67Shuttlevehiclewaslaunchedat61:06:38:12.989G.m.t.(1:38:13a.m.
e.s.t.)onMarch2, 1995,aftera delayof I minute13secondsto resolvetheFES
heateroperationanomaly.The ascentphasewasnominalinall respects,andno
anomalieswere identified.AllSSMEandRSRMstartsequencesoccurredasplanned
andlaunchphaseperformancewassatisfactoryinall respects.Likewise,firststage

("--" ascentperformancewasas expected.SRBseparation,entry,deceleration,andwater
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impactoccurredas planned,andtheSRBrecoverywascompletedina nominal _..
manner.PerformanceoftheSSMEs,theET,andthemainpropulsionsystem(MPS) _ ,
wasnominal.

The orbitalmaneuveringsubsystem(OMS)-2 maneuverwasperformedat
61:07:18:34.5G.m.t.(00:00:40:21.5MET). The maneuverwasapproximately
177.6secondsindurationandthedifferentialvelocity(AV)wasapproximately
279 ft/sec.The Orbiterwasina 187nmi.circularorbitfollowingthemaneuver.

The payloadbaydoors(PLBDs)wereopenedforon-orbitoperationswiththerightdoor
openat61:08:15:13G.m.t.(00:01:37:00MET),andtheleftdooropenI minute
20 secondslater.

At61:08:54:45G.m.t.(00:02:1.6:32MET),thevernierthrusterL5Doxidizerinjector
temperaturebecameerraticandthethrusterwasdeselectedbyredundancy
management(RM)as FAILLEAKwhentheoxidizertemperaturedroppedbelow
130°F. Thisfailurenecessitatedusingtheprimaryreactioncontrolsubsystem(RCS)
thrustersforvehiclecontrol.The fuelinjectortemperaturedidnotdropaccordingly,
thusverifyingthatthiswasa falseindication.Asimilaroccurrencewasnotedon
STS-68,thelastflightofthevehicle.A pre-approvedgeneralpurposecomputer
memory(GMEM)changetomodifythevernierfail-leaklimitfortheoxidizerinjector
temperaturewasappliedat61:11:59G.m.t.(00:05:21MET). The GMEMchange
allowedtherecoveryofthevernierthrusters.The GMEMchangeusedwassimilarto /'-'_,
theoneusedforSTS-68tocompensatefora similarproblem.The L5Dthruster
operatednominallythroughouttheremainderofthemission.Laterinthemission,a
multiplexerldemultiplexer(MDM)built-intestequipment(BITE)testwasperformedon
channel7 ofcard14 intheFA1MDMtoaidinthetroubleshootingof theerraticvernier
thrusterL5Doxidizertemperaturemeasurement.The BITEtestresultsindicatedthat
theMDMwasfunctioningproperly.

Atapproximately61:15:19G.m.t.(00:08:41MET),theFES,whichhadbeenoperating
inthetoppingmodeontheprimaryA controllertosupplementradiatorcooling,went
intothestandbymode.At approximately61:16:36G.m.t.(00:09:58MET),theFESdid
notcomeoutofstandbyas itnormallyshould.ItappearsthattheFESexperiencedan
under-temperatureshutdownas itwasgoingintostandby.The FESwassuccessfully
restartedontheprimaryA controllerandtransitionedintoandoutofstandbynominally
untilapproximately73:11:43G.m.t.(12:05:05MET),whentheFESwentintothe
standbymodeandfailedtocomeoutofstandby2 hoursand25 minuteslater. Again,
theFEShadbeenoperatinginthetoppingmodeontheprimaryA controller.ThisFES
experienceda similaroccurrenceduringSTS-61(OV-105flight5). It appearsthatthe
FESoccasionallyexperiencesunder-temperatureshutdownswhengoingintostandby;
however,thiscannotbe provenconclusivelybecausetheinstrumentationusedbythe
FEScontrollersisnotavailableinthetelemetry.Inallcases,theFESwassuccessfully

restartedandtherewasnomissionimpact, r"_.
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('_' RCSprimarythrusterR4RwasdeselectedbyRMduetoa fail-leakconditionat
61:18:56G.m.t.(00:12:18MET). The oxidizerinjectortemperaturedecreasedto
13.7 °F andthefuelinjectortemperaturewentto42.1 °F. Thisthrusterhadnotbeen
firedduringthismissionandnootherthrusterwasfiringatthetimetheleakoccurred.
At61:19:18G.m.t.(00:12:40MET),whentheR4Rthrusterfuelinjectortemperature
reached40 °F, therightmanifold4 isolationvalveswereclosed.Theoxidizervalve
leakratewasestimatedat 10,000scch. Afterthemanifoldwasisolated,theoxidizer
manifoldpressurethendroppedrapidlytovaporpressure,andfuelmanifoldpressure
slowlydroppeddueto thermaleffects. Beginningatapproximately62:05:00G.m.t.
(00:22:22MET),theprimarythrusterR4Rfuelandoxidizerinjectortemperatures
trackedeachotherandcycledinthe80 to90°F rangeasa resultof heateroperation
andthemanifold4 pressurereached2 psia,indicatingallL02hadleakedoutofthe
manifold.The rightfuelmanifold4 pressurerespondedtothemanifoldtemperature.
The pressurewasashighas200 psiaandaslowas45 psia.Thismanifoldpressure
responseindicatedthattheR4Rfuelvalveleakage,if any,wasverysmall.

At61:21:54G.m.t.(00:15:16MET), thecrewreportednointercommunications(ICOM)
orair-to-ground(A/G)capabilityusingthemid-deckaudioterminalunit(ATU)andthat
themiddeckspeakeraudiohadfailed. Itwasalsoreportedthatthecircuitbreakerthat
powersthemiddeckATUwasopen.A telemetryreviewshoweda 15-amperespike
witha 1-seconddurationhadoccurredapproximately16minutesafterlaunch.Itwas

IF reportedbythecrewthata hand-heldmicrophone(HHM)wasbeingconfiguredat that
ATUataboutthesametime. TheyalsostatedthatthesameHHMdidnotworkwhen
usedattheairlockATU. Foron-orbitoperations,thecrewusedtheairlockATUwitha
headset.Laterinthemission,thecrewperformedtheATUandHHMtroubleshooting
in-flightmaintenance(IFM)procedureandcalleddowntheresults.The resultswere
evaluated,andalthougha failurewasnotidentifiedfromthedata,thebreakerwasnot
resetduringtheremainderof themission.DuringthetroubleshootingoftheATUand
HHM,itwasdiscoveredthatthe incorrectdigitalmultimeterleadsweremanifested.

The left-handoutboardmainlandinggear(MLG)tirepressure1measurementbecame
erraticat62:17:39G.m.t.(01:11:01MET)forapproximately40 minutesi"At
62:18:53G.m.t.(01:12:15MET),theerraticbehaviorresumed.Sevenminuteslaterthe
measurementwentoff-scalelow,whereitremaineduntil65:02:00G.m.t.
(03:19:22MET),whenthemeasurementreturnedtoa normalreading. A redundant
measurementexists,thusthiserraticbehaviordidnotaffectthemission.

Thefuelcell1 hydrogenflowmeteroperatederraticallythroughoutthemission,
fluctuating+ 0.2 Ib/hrfromthetypicalreadingof0.5 Ib/hr.Thisconditionwasalso
notedonSTS-59andSTS-68(theprevioustwoflightsofOV-105)andthedecisionwas
madetofly as-is.At72:00:00G.m.t.(approximately11 daysMET),themeasurement
begandriftingupwardandfluctuatedaround0.7 Ib/hr.Theflowmetersarecriticality3
andare onlyremovedandreplacedona non-interferencebasis.Thisflowmeter(SIN

,F--_ H444)andfuelcellSIN 110haveflownonSTS-44,-45, -46, -59, -68,andthisflight.



WhenthecrewwasloadingthefourthHasselbladfilmcanisterofthe missionat
approximately66:08:13G.m.t.(05:01:35MET),thecrewmembernotedthatthedata
modulewasmissingtheHasselbladdatarecordingsystem(HDRS)option.The HDRS
optionprintsdatasuchastimeandexposurenumberonthefilm. AnIFMprocedure,
whichincludedremovingandreplacingthebatteryandperformingthe initialization
procedurewascompletedsuccessfullyandproperoperationwasrecovered.

The crewreportedat66:21:42G.m.t.(05:16:04MET)thatthecamcorderpower
interface(CCPI)failedwhilebeingusedtopowerthecompactportablelight(CPL).
The problemwastracedtoan intermittentcontactattheCPL-to-battery-adapter
connector.The problemwasnotpreviouslyapparentbecausean opendeadface
switchinthisconnectorpreventedreadinga voltageattheCPL-to-battery-adapter
contacts. Duringsubsequenttroubleshootingwiththedeadfaceswitchdepressed,the
properCCPIoutputof 8 voltswasobserved.An IFMrestoredtheCPLtofull
operationalcapability.

Whilethecrewwasdownlinkingvideoat69:03:05G.m.t.(07:20:27MET),degradation
of thevideowasnotedwithtearingatthetopandbottomoftheimage.
Troubleshootingisolatedtheproblemtothecommercial(TEAC)videotaperecorder.

The FESfeedlineheaterswerereconfiguredfromsystem1tosystem2 at
69:05:22G.m.t.(07:22:44MET). NominalheatercycleswereseenontheFESsupply r-._
Baccumulator/hi-loadlinesystem2 heater.Thisheaterexhibitedmarginalprelaunch
performancewhentheaccumulatorfeedlinetemperatureapproachedtheLCClimit,
anda switchtothesystem1heaterwasrequired.

At69:12:09G.m.t.(08:05:31MET),duringthefirstswitchoverfromoxygen(02) to
nitrogen(N2)flowfollowingthepressurecontrolsystem(PCS)reconfigurationfrom
systemI tosystem2, a peakN2flowrateof4.56 Ibm/hrwasobserved.Duringthenext
O=-to-N2switchoverat69:22:11G.m.t.(08:15:33MET),thepeakobservedflowratewas
4.0 Ibm/hr.DuringnominalOz-to-N2switchovers,thetypicaltransientresponsefroma
cabinregulatorlastsfor10to20 secondswitha peakflowrateof1.0to 1.5Ibm/hr.To
preventnuisancealarms,thecautionandwarningforthismeasurement(setat
4.9 Ibmihr)wasinhibited.The behaviorofPCSsystem2 wassimilartothatobserved
duringthe lastflightof thisvehicle(STS-68)onthefirstfewO2-to-N2switchovers.The
hardwarecautionandwarningforN2flowwasreactivatedbecausedatasignaturesof
theO2-to-N2switchoversbecamenominal.

However,duringa switchoverat74:21:49G.m.t.(13:15:11MET),.theflowwentoff-
scalehigh(over5.0 Ibmihr)forabout1.5 minutesandtrippedthecautionandwarning
N2flowratealarmwhichwassetat4.9 Ibm/hr.Performanceoftheregulatorfollowing
eachswitchovertransientwasnominal.DatafrompreviousflightsofOV-105reveal
similartransienthighPCS2 N2flowbehavior;however,thisbehaviortypically
disappearedafterthefirst2 or3 switchovercycles,butthiswasnotthecaseonthis 'P'_'._

6



flight.The cautionandwarningalarmswere inhibitedpriortosubsequentO_-to-N2
•./"_" switchoversonPCS2.

Testingof a methodtoprovidecommunicationsthroughthezoneof exclusion(ZOE)
wassuccessfullyconductedon 19occasionsduringthemission.Thetestswere
performedinsupportoftheupcomingMirdockingmission,andtheprocedureusedan
existingspareTrackingandDataRelaySatellite(TDRS)inconcertwiththeCanberra,
Australia,groundstation.The testsprovideduninterruptedcommunicationsthroughout
a completeorbitof theEarth.

Flightcontrolsystem(FCS)checkoutwascompletedatapproximately
74:18:35:59G.m.t.(13:11:57:11MET)withnominalsystemperformance.Insupportof
theFCScheckout,auxiliarypowerunit(APU)1wasrunforapproximately3 minutes
and36 secondsandconsumed12Ibof fuel. AllAPU1andhydraulicsystem1
parameterswerenominal.Dueto theshortAPUrun-time,watersprayboiler(WSB)
coolingwasnotrequired.Followingthecheckout,theAPUsystemBheaterswere
selectedat74:21:17G.m.t.(13:14:39MET). Allheatersperformednominally.

The extremelysuccessfulASTRO-2scientificmissionwasbroughttoa closewiththe
completionofthelastobservation,whichwasthatofthemoon,at 76:05:05G.m.t.
(14:22:27MET). All threeprincipalinvestigatorsexpresseddeepsatisfactionwiththe
quantityandqualityofthedatacollected.The instrumentpointingsystem(IPS)was

_-_. stowedat76:05:36G.m.t.(14:22:58MET).

The RCShot-firewasperformedat 76:14:17G.m.t.(15:07:40MET). All thrusters
exceptR1Afirednominally.ThrusterR1AwasdeselectedbytheRMsystemasfailed
offbecauseof lowchamberpressure(8 psia)duringa 320-msfiring.Bothoxidizerand
fuelflowoccurredduringthefiring,andlowheatsoak-backconfirmedthe low
performance.Duringtheprelaunchperiod,theiceinspectionteamhadreportedthata
clear liquidwasdrippingfromthelipof thisthruster.

All entrystowageanddeorbitpreparationswerecompletedonthenominalend-of-
missionlandingday(March17). However,all landingopportunitiesonMarch17were
waivedbecauseofunfavorableweatherattheShuttleLandingFacility(SLF). The
crewcompletedalldeorbitpreparationsfora landingat KennedySpaceCenter(KSC)

•onMarch18;however,unacceptableweatheragainforcedcancellationof thelanding
at KSC. A decisionwasmadeto landat EdwardsAirForceBase(EAFB)onorbit262.
Thepayloadbaydoorswereclosedandlatchedat 77:18:07G.m.t.(16:11:29MET).
The deorbitmaneuverforan EAFBlandingwasperformedat77:20:39:13G.m.t.
(16:14:01:00MET),andthemaneuverwas299.4secondsindurationwitha AVof
520.5ft/sec.

Entrywascompletedsatisfactorily,andmainlandinggeartouchdownoccurredon
EAFBconcreterunway22 at77:21:47:01G.m.t.(16:15:08:48MET)onMarch18, 1995.

r"-_ The nosegeartouchdownoccurredat77:21:47:14G.m.t.,andtheOrbiterdragchutet
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wasdeployedsatisfactorily2 secondslater. Thedragchutewasjettisonedat o_--_
77:21:47:43G.m.t.,withwheelsstopoccurringat77:21:48:00G.m.t. The rolloutwas
normalinall respects.Theflightdurationwas16days15 hours8 minutesand
48 seconds.TheAPUswereshutdown18minutes33 secondsafterlanding.

8



F-"_ PAYLOADS
!

The primarypayloadoftheSTS-67flightwastheASTRO-2. Thesecondarypayloads
consistedoftheMiddeckActiveControlEquipment(MACE),theProteinCrystalGrowth
(PCG)Experiments,theCommercialMaterialsDispersionApparatusInstruments
TechnologyAssociatesExperiments(CMIX),theShuttleAmateurRadioExperiments
(SAREX-II)andtheGet-AwaySpecialpayloads.

ASTRO-2LABORATORY

The Astro-2Laboratory,whichmadeitssecondflightontheSpaceShuttle,contained
threetelescopicinstrumentsmountedontheSpacelabInstrumentPointingSystem
(IPS). The HopkinsUltravioletTelescope(HUT)wasusedtoperformedspectroscopic
observationsoftheelectromagneticspectrum,providingscientistsfurtherinsightinto
theelementalmakeupandphysicalconditionspresentinthecelestialobjects.The
secondinstrument,theUltravioletImagingTelescope(UIT),wasusedtophotograph
objectsinultravioletlightonfilmthatwasdevelopedafterreturntoEarth. Thethird
instrument,theWisconsinUltravioletPhoto-PolarimeterExperiment(WUPPE),was
usedtomeasuretheintensityofultravioletlightanditspolarization.Simultaneous
observationsusingthethreetelescopesprovidedcomplementaryperspectivesof the
samecelestialobjects.

The ASTRO-2LaboratoryanditsSpacalabsystems,includingtheIPS,performedin
an outstandingmannerfromactivationonflightdayI todeactivationonflightday15.
The outstandingperformanceofbothhardwareandpersonnelprovidedthescience
communitywitha plethoraofultravioletastronomicaldata. Attheendofthemission,
theprincipal-investigator(PI)teamsreportedthatthescienceobtainedfarexceeded
thepre-missionexpectations.The UITPI reportedthatallofthetargetsoriginally
plannedhadbeenobserved.The HUTteamreportedthatmorethan100HUTtargets
hadbeenobserved,andtheWUPPEteamreportedthattheyhadcollectedmorethan
threetimesas muchdataascollectedontheASTRO-1(STS-35)mission.Additionally,
theASTRO-2madethefirstsuccessfulultravioletobservationsof theEarth'smoon.
Thisextremelysuccessfulscientificendeavorproducedawealthofdatathatwill
occupytheultravioletastronomycommunityforsometimetocome. Oneof thehighest
priorityobservingprograms,thesearchforintergalactichelium,wassuccessfully
completed.

MIDDECKACTIVE CONTROL EXPERIMENT

The MiddeckActiveControlExperiment(MACE)was usedtostudytheactivecontrolof
flexiblestructuresinspace.A smallmulti-bodyplatformwasassembledand
free-floatedinsidetheSpaceShuttle.Flightday12wasplannedtobethe lastdayof
operationsfortheMACE;however,at therequestof theCommander,MACE

..'F-_- operationswereextendedthroughflightday14. Asa result,a totalof584 protocol



runswerecompleted,withonly381 runsplannedpriortothemission.Allexperiment .f-._
hardwareandsoftwareoperationswerenominal.TheMACE-providedKu-band
InterfaceSystem(KIS)wasusedtouplinkanddownlinkmessagesinlieuofthe
portableaudiodatamodem(PADM),whichexperiencedrandomproblemsaswellas
beingmuchsloweroperationally.

PROTEINCRYSTALGROWTHEXPERIMENTS

TwoProteinCrystalGrowthexperimentsystemswereflownonthismission.Onewas
definedas ProteinCrystalGrowth- ThermalEnclosureSystem(PCG-TES),andthe
secondwasProteinCrystalGrowth- Single-LockerThermalEnclosureSystem(PCG-
STES). TemperaturesofthePCG-TESandPCG-STESwerecontrolledwithinthe
specifieddesignof0.1 °C. STS-67wasthelongest-activecrystal-growthflightof the
PCGprogram.The experimentsweredeactivatedonflightday161Finalassessment
of theexperimentswillbe determinedwhentheco-investigatorsanalyzethecrystals.

COMMERCIALMATERIALSDISPERSIONAPPARATUSINSTRUMENTATION
TECHNOLOGYASSOCIATESEXPERIMENT

The CommercialMaterialsDispersionApparatusInstrumentationTechnology
AssociatesExperiment(CMIX)wasthethirdina seriesofsixexperimentsto flyduring
theSpaceShuttleProgram.The CMIXincludedbiomedical,pharmaceutical,
biotechnology,cellbiology,crystalgrowthandfluidsscienceinvestigations.Activation ,'-",: i
anddeactivationof theMaterialDispersionApparatus(MDA)andBioprocessing
Module(BPM)werecompletednominally.AfterthelastdeactivationoftheMDAat
approximately66:06:38G.m.t.(05:00:00MET),a circuitbreakeronthecommercial
refrigerationmodule(CRIM)opened.Apparentlya shortoccurredthatdisabledthe
heateronthe20 °C sideoftheCRIM,andthatresultedintheCRIMoperatingwiththe
heatersofffortheremainderofthe mission.Thetemperatureofthe20 °Csideof the
CRIMstabilizedat approximately8.8 °C,andthismayhavedegradedthescientific
resultsoftheexperiment.The CRIMalsoexperiencedoccasionaltemperature
excursionsthatrequiredinstallingthe=elephanttrunk"coolingducttobringthe
temperaturewithinspecification.

GET-AWAYSPECIALPAYLOAD

The GASpayload(G-3871388)consistedof anAustralian-manufacturedtelescope,
namedEndeavour,aswellasthesupportingequipmentforoperatingandrecordingthe
resultsof theultravioletobservations.Ultravioletobservationsof deepspacewere
madetostudythestructureofgalacticsupernovaremnants,thedistributionofhotgas
intheMagellanicclouds,thehotgalactichaloemission,andemissionsassociatedwith
galacticcoolingflowsandjets. The GASobservationswerecompletedat
approximately063:09:40G.m.t.(02:03:02MET). Livevideoof thedoorclosureonthe
GAScanistercontainingthetelescopewasreceived.The payloaddatawerebeing ..-...
analyzedasthisreportwasbeingwritten. : _
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"- , SHUTTLEAMATEURRADIOEXPERIMENT-II

The SAREX-IIdemonstratedtheeffectivenessofcommunicationsbetweentheOrbiter
andlow-costgroundstationsusingamateurradiovoiceanddigitaltechniques.
Studentsfrom26 schoolsintheU. S., SouthAfrica,IndiaandAustraliawerecontacted
byvoiceusingtheSAREX-II. Inaddition,thecrewcompletedsevenpersonalcontacts.
Sixofthesevencrewmembersparticipatedinthevoicecontacts.Amateurradio
operatorsworld-widewereabletocontacttheSAREX-IIequipmentusingthe
automatedreplyfeatureof thesystem.

z
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VEHICLE PERFORMANCE .--_

Thevehicleperformancewassatisfactorythroughoutthelaunch,on-orbit,andentry
phasesof themission.Atotalofsevenin-flightanomalies(tableII)wasdefinedfrom
theOrbiterandnoneweredefinedfromtheMSFCelements.Noneof theanomalies
impactedthemission.

Thevehicleperformancedeterminationwasmadeusingvehicleaccelerationand
preflightpropulsionpredictiondata. Fromthesedata,theaverageflight-derivedengine
specificimpulse(Isp)thatwasdeterminedfor thetimeperiodbetweenSRBseparation
andthestartof3g throttlingwas451.9seconds,as comparedtothemainpropulsion
systemtagvalueof452.74seconds.

SOLIDROCKET BOOSTERS

AllSRBsystemsperformedasexpected.The SRBprelaunchcountdownwasnormal,
andnoSRBLCCorOMRSDviolationsoccurred.

The heatedgroundpurgeoftheSRBaftskirtwasusedtomaintainthecaselnozzle
jointtemperatureswithintherequiredLCCranges.Duetothecoldtemperatures,the
aft skirtpurgewasoperatedintermittentlytomaintainthemeanbulkflexbearing
temperatureabove60 °F andtherebykeepthenozzle-to-casejointwarmerpriortothe J;"'_
LCCtimeperiod.AtT-15 minutes,thepurgewaschangedtohighpressureto inertthe
SRBaft skirt.

BothSRBsweresuccessfullyseparatedfromtheET atT+125.04seconds.The SRBs
wereobservedwiththeretrievalshipsradar;however,neitherSRBwasvisually
sighteduntildaybreak.RecoveryoftheSRBswascompletedina normalmannerwith
noproblemsor anomaliesnoted.

REUSABLESOLIDROCKETMOTORS

The RSRMsperformedasdesignedwithinthecontractenditem(CEI)specification.
Power-upandoperationof theigniterandfieldjointheaterswereperformedina
routinemanner,andall RSRMtemperaturesweremaintainedwithinacceptablelimits
throughoutthecountdown.

DataindicatethattheflightperformanceofbothRSRMswaswellwithintheallowable
performanceenvelopesandwastypicalof theperformanceobservedonprevious
flights.The maximumtraceshapevariationofpressurevs.timewasnominalandwas
calculatedtobe approximately1.3 percentat 73.0seconds(leftmotor)and
approximately1.3 percentat80 seconds(rightmotor)vs.the3.2 percentallowable.
The postflightinspectionoftheRSRMsindicatednominalperformance. _.._.
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.._. The RSRMpropellantmeanbulktemperature(PMBT)was64 °F at liftoff,andthe
•{ "' propulsionsystemperformancebasedonthisPMBTisshowninthefollowingtable.

RSRM PROPULSION PERFORMANCE

Parameter Leftmotor,64 °F Rightmotor,64 °F
Predicted Actual Predicted I Actual

Impulsegates
1-20,106 Ibf-sec 64.94 65.18 64.58 64.96
1-60,106 Ibf-sec 173.41 174.83 172.63 173.97
I-ATr 10e Ibf-sec 296.82 296.97 296.94 296.51

VacuumIsp,Ibf-sec/Ibm 268.5 268.6 268.5 268.1
Burnrate,in/sec@ 60 °F 0.3677 0.3702 0.3663 0.3693

at625 psia
Burnrate,inlsec@ 81 °F 0.3688 0.3712 0.3673 0.3703

at625 psia
Eventtimes,seconds=

Ignitioninterval 0.232 NIA 0.232 NIA
Webtime=' 110.8 109.5 111.5 110.3
Separationcue,50 psia 120.7 119.7 121.3 119.5
Actiontimeb 122.8 121.7 123.5 122.2

F-. Separationcommand 126.2 125.1 126.2 125.1
; PMBTvOF 64 64 64 64

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

Decaytime,seconds 2.8 2.7 2.8 3.4
(59.4psiato85 K)

TailoffImbalanceImpulse Predicted Actual
differentialr Klbf-sec NIA 836.9

ImpulseImbalance= leftmotorminusrightmotor
aAlltimesare referencedto ignitioncommandtimeexceptwherenotedbya b
b Referencedto liftofftime(ignitioninterval).

EXTERNALTANK

All objectivesandrequirementsassociatedwiththe ETpropellantloadingweremet
satisfactorily.All ET electricalequipmentandinstrumentationoperatednominally.The
ETpurgeandheateroperationsallperformedproperlywithoneexception.Theheater
ontheprimaryET liquidhydrogen(LH2)anti-icingpurgefailedpriorto tanking.The
auxiliaryunheatedhigherflowpurgewasused,anditfunctionedproperlythroughout
loading.NoET LCCorOMRSDviolationswereidentified.

Typical ice/frostformationswereobservedonthe ETduringthecountdown.Noice
.F_- wasobservedontheacreageareasoftheET. Lessthanusualquantitiesof iceorfrost

13



werepresentontheliquidoxygen(LO2) and LH2feedlinesandonthepressurization
linebrackets,andsmallamountsof iceorfrostwereobservedalongtheLH2 ;"
protuberanceair load(PAL)ramps.AllobservationswereacceptableperNSTS-
08303. The IcelFrostInspectionTeamreportedthatnoanomalousthermalprotection
system(TPS)conditionswerepresent.

The ETpressurizationsystemfunctionedproperlythroughoutenginestartandflight.
The minimumullagepressureexperiencedduringtheullagepressureslumpwas
13.7 psid.

ET separationwasperformedsatisfactorily,andETentryandbreakupoccurred
approximately78 nmi.uprangeofthepreflightpredictedintactimpactpoint.

SPACESHUTTLEMAINENGINES

AllSSMEparametersappearednormalthroughouttheprelaunchcountdownandwere
•typicalof prelaunchparametersobservedonpreviousflights.Engine-readywas
achievedatthecorrecttime;allLCCweremet;andengineperformanceduringstart,
thrustbuild-up,andmainstagewerenormal.

Flightdataindicatethatthe SSMEperformanceduringshutdownandpropellantdump
operationswasnormal.Engineshutdownwasas predictedwithcutofftimesfor
SSME-1,SSME-2,andSSME3 being513.33,513.43,and513.57seconds, f-_.
respectively,asreferencedto theenginestartcommand.The highpressureoxidizer
turbopump(HPOTP)andthehighpressurefuelpump(HPFTP)temperatures
appearedtobewellwithinspecificationthroughoutengineoperation.SpaceShuttle
mainenginecutoff(MECO)occurred506.96secondsafterliftoff.

Analysisof thedatarevealeda numberofconditionsthatoccurredduringSSME
operation.The hotgasinjectionpressuresensorfrozeduringmainstageafterthe
throttlebucket.Allthreesensorsrecoveredpriortothe3gthrottledown. This
conditionhasoccurredmanytimesbeforeandisbelievedtobecausedbyice
formationinthesenseline.

SSME3 maincombustionchamber(MCC)channelB1pressuresensorexhibitedan
upwardspikeatenginestartplus398.9seconds.Thisspikeoccurredlaterinthe
ascentphasethanspikesattributedtoradar. An instrumentationteamisstudyingthe
issueasa resultofthepreviousin-flightanomalies,andtheteamisaddressing
potentialspikesresultingfromnoisesourcesotherthanradar. Thesensorwas
removedandreplaced,andtheerraticsensorwillundergofailureanalysis.

The SSME2 HPOTProtorexhibitedslowdownat enginecutoffplus2.5 seconds,This
valueiswithinpreviousexperience.
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SHUTTLERANGESAFETYSYSTEM

The ShuttleRangeSafetySystem(SRSS)closed-looptestingwascompletedon
scheduleduringthelaunchcountdown.AllSRSSsafeandarm(S&A)deviceswere
armedandsysteminhibitsturnedoffat theappropriatetimes.AllSRSSmeasurements
indicatedthatthesystemoperatedasexpectedthroughoutthecountdownandflight.

Asplanned,theSRBS&Adevicesweresafed,andSRBS&Asystempowerwasturned
offpriortoSRBseparation.The ETsystemremainedactiveuntilETseparationfrom
theOrbiter,operatingasplanned.

ORBITERSUBSYSTEMSPERFORMANCE

MainPropulsionSystem

The overallperformanceof theMPSwassatisfactory,andnoLCCor OMRSD
violationswerenoted.

LO2loadingwasperformedwithnostop-flowsorreverts.However,shortlyafterthe
initiationof LO2replenish,manualcontrolof thereplenishvalvewasselected,sincethe
auto-replenishalgorithmwasunabletomaintaintheproperLO2liquidlevelintheET.
ThiswasthefirstpropellantloadingsincethenewLO2replenishvalvewasinstalled.

s---_ Afterapproximately50 minutes,theLO2valvecontrolsoftwarewascorrectedandauto-
replenishwasreselected.Auto-replenishsuccessfullymaintainedtheLO2liquidlevel
for theremainderof thecountdown.

Basedon an analysisof loadingsystemdata,theLO2loadattheendof thereplenish
cyclewas1,388,161Ibm,whichiswithin+0.02percentof theplannedloadandwell
withintherequiredloadingaccuracy.

LH2loadingwasperformedwithone32-minutestop-flowthatwascausedbytheLH2
consoleC4at KSCwhena circuitbreakerwasaccidentallytripped.The consolewas
broughtbackon lineandreducedfast-fillresumed.

Basedonan analysisoftheloadingsystemdata,theLH2loadat theendof replenish
was231,877Ibm. Comparedwiththepredictedloadof231,832Ibm,thisisa
differenceof +0.02percent,wellwithintherequiredMPSloadingaccuracy.

Throughouttheperiodofpreflightoperations,nosignificanthazardousgas
concentrationsweredetected.The maximumhydrogenconcentrationlevelinthe
Orbiteraft compartment(occurredshortlyafterstartof fast-fill)wasapproximately
156ppm. Thislevelcomparesfavorablywithpreviousdatafromthisvehicle.

AscentMPS performancewascompletelynominal.DataindicatethattheLO2andLH2
,,"_ pressurizationsystemsperformedasplanned.Also,all netpositivesuctionpressure
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(NPSP)requirementsweremetthroughouttheflight.Thegaseoushydrogen(GHz)flow
controlvalveperformancewasnominalthroughoutascent. Y-'_

The MPSautomateddumpandvacuuminertingwereperformednominally;however,a
secondLH2vacuuminertingwasrequiredwhentheLH:,manifoldpressurereached
34 psia. Themanifoldpressurewas0 psiaafterthesecondinerting.Thiswasthe
secondflightof theOI-23softwarewiththepatchthatwasintendedtoeliminatethe
needfor thesecondvacuuminerting.Duringthefirstflightofthepatch(STS-63),a
secondvacuuminertingwasnotrequired.The mannerinwhichthevacuuminert
procedurewillbe performedonfutureflightsisunderevaluation.

Manifoldrepressurizationin preparationforentrywasnominalaswastheamountof
heliumused(62Ib)duringentry.

Reaction Control Subsystem

The RCSmetall requirementsplacedonthesystemduringthemission;however,three
thrusteranomaliesoccurredthatarediscussedinthefollowingparagraphs.Propellant
consumptionbytheRCSwas5,208.4IbmfromtheRCS,and3,683IbmfromtheOMS.

The RCSvernierthrusterswereactivatedat61:08:36:48G.m.t.(00:01:58:35MET)and
operationofallsixthrusterswasverified.At61:08:54:45G.m.t.(00:02:16:32MET)Ithe
vernierthrusterL5Doxidizerinjectortemperaturebeganoperatingerratically,andthe f-'-_
thrusterwasdeselectedbyRMasFAILLEAKwhentheoxidizertemperaturedropped
below130°F (FlightProblemSTS-67-V-01).Thisfailurenecessitatedusingthe
primaryRCSthrustersforvehiclecontrol.Thefuelinjectortemperaturedidnotdrop
accordingly,thusverifyingthatthiswasa falseindication.A similaroccurrencewas
notedon STS-68,thelastflightofthevehicle.A pre-approvedGMEMchangeto
modifythevernierfail-leaklimitfortheoxidizerinjectortemperaturewasimplemented
at 61:11:59G.m.t.(00:05:21MET). The GMEMchangeenabledtherecoveryofthe
vernierthrusterforattitudecontrol.The GMEMchangeusedwassimilartotheone
usedforSTS-68tocompensatefor a similarproblem.The L5Dthrusteroperated
nominallythroughouttheremainderofthemission.Laterinthemission,an MDMBITE
testwasperformedonchannel7 ofcard14intheFA1MDMtoaidinthe
troubleshootingof theerraticvernierthrusterL5Doxidizertemperaturemeasurement.
The BITEtestresultsindicatedthattheMDMwasfunctioningproperly.

RCSprimarythrusterR4RwasdeselectedbyRMduetoa fail-leakconditionat
61:18:56G.m.t.(00:12:18MET)(FlightProblemSTS-67-V-02).The oxidizerinjector
temperaturedecreasedto13.7 "F andthefuelinjectortemperaturedecreasedto
42.1 °F. Duringprelaunchoperations,thebutcherpapercoveringthethrusterwas
notedtobe wet. Thisthrusterhadnotbeenfiredduringthismissionandnoother
thrusterwasfiringatthetimetheleakoccurred.The oxidizervalveleakratewas
estimatedat 10,000scch. At61:19:18G.m.t.(00:12:40MET),whentheR4Rthruster
fuelinjectortemperaturereached40 "F, therightmanifold4 isolationvalveswere _"
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,f.._ closed.In lessthanonesecond,theoxidizermanifoldpressuredroppedtovaporpressure,indicatinga significantleak. Fuelmanifoldpressureslowlydroppeddueto
thermaleffects.Beginningatapproximately62:05:00G.m.t.(00:22:22MET),the
primarythrusterR4Rfuelandoxidizerinjectortemperaturestrackedeachotherand
cycledinthe80 to90 °F rangeasa resultofheateroperation.Thesetemperatures
indicatedthattheoxidizervalvehadstoppedleaking.The rightoxidizermanifold4
pressurereached2 psia,indicatingall liquidoxidizerhadleakedoutofthemanifold.
The rightfuelmanifold4 pressurerespondedtothemanifoldtemperature.The
pressurewasashighas200 psiaandaslowas45 psia. Thismanifoldpressure
responseindicatedthattheR4Rfuelvalveleakage,ifany,wasverysmallat thattime.
Aftertheflight,therightfuelmanifold4 isolationvalvewasfoundtobe leaking
70-100cchof liquid(12,000scchgas),andthiscouldhavemaintainedthemanifold
pressureandhiddenanysmallR4Rfuelvalveleakthatwasnotdetectablebya fuel
injectortemperaturedroporfuelmanifoldpressuredrop.

The RCShot-tirewasperformedat 76:14:17G.m.t.(15:07:40MET). Allthrusters
exceptR1Afirednominally.ThrusterRIA wasdeselectedbytheRMsystemasfailed
offbecauseof lowchamberpressure(8 psia)duringa 320-msfiring(FlightProblem
STS-67-V-05).Bothoxidizerandfuelflowoccurredduringthefiring,andlowheat
soak-backconfirmedthelowperformance.Duringtheprelaunchperiod,the ice
inspectionteamreportedthata clearliquidwasdrippingfromthelipof thisthruster.
ThethrusterleakedduringtheSTS-67flowintheOrbiterProcessingFacility(OPF).

F-._ Ironnitratecontaminationintheoxidizervalveisthesuspectedcauseof thefailure;
consequently,thethrusterwillberemovedandsenttoWhiteSandsTestFacility
(WSTF)forflushing.

WhenthecrewsetuptheRCSinterconnecttotherightOMSat64:22:42:30G.m.t.
(03:16:04:17MET),theleft RCS3/4/5tankisolationvalveAwasonlymomentarily
placedintheclosedposition(1to2 seconds),thenitwasplacedbackto thegeneral
purposecomputer(GPC)position.Itshouldhavebeenleftintheclosedposition.The
oneto twosecondsintheclosedpositionwasan insufficientlengthof timeforthetank
isolationvalvestofullyclose.The openindicationsforthefuelandoxidizervalves
werelostatthefirstswitchinganddidnotshow=close"untilsixanda halfminuteslater
whentheleftRCS3/415tankisolationvalveAwasreturnedto theclosedpositionand
left there. In the meantime,whenthe crossfeedvalveswereopened,theleft RCS
propellanttankswereopentotherightOMSpropellanttanks.TherightOMSoxidizer
pressurewasat261 psiawhiletheleftRCSoxidizertankwasat244 psia. Boththe
rightOMSandleft RCSfueltankswereatabout250 psia. Therewasabouta
2 percent(27 Ib)increaseintheleftRCSoxidizerquantityasOMSpropellantwas
transferredintothe RCS. Nopressuretransientsoccurredwhilepropellantswere
flowingintotheRCSasthemaximumdifferentialpressure(AP)was17psid,anda
maximumof 30 psidisallowedwithpropellantsflowing.

The RCSwasreconfiguredfromrightOMSto leftOMSinterconnectat67:22:15G.m.t.
..-"_ (06:15:37MET). Followingthisreconfiguration,thecrewwasaskedtorepressurizethe
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rightOMSpropellanttanks.Duringthisprocedure,therightandleftOMSpropellant f_
tankswereinterconnectedforabout30 secondswhentherightOMScrossfeedvalves
wereinadvertentlyreopened.A higherpressureintheleftOMSpropellanttanks
resultedinthetransferofpropellantsfromthelefttotherightOMSpropellanttanks.
The amountoffuelandoxidizertransferredwasestimatedatabout43 Iboffueland
93 Ibofoxidizer.Duringthetransfer,themaximumoxidizerAPwas16psidandthe
fuelAPwas12psid. NodamagewassuspectedbecausetheAPdidnotexceedthe
20-psidpermissiblelimit.

Orbital Maneuverin,q Subsystem

The OMSperformedsatisfactorilyduringthetwofirings,whichtotaled477 seconds.
The OMSandRCSconsumed22,758IbmofOMSpropellantduringthetwofiringsand
the interconnectoperations.The onlyproblemsnotedconcernedthegagingsystem.
The leftforwardfuelprobewasinoperativeandthiswasknownpriortoflight.Also,the
rightoxidizertotalquantitywasindicatinghigherthanit shouldhavebeen. Neitherof
theseproblemsimpactedthemissioninanyway.

Firing
OMSfiring Engine Ignitiontime,G.m.t./MET duration, AV,ft/sec

seconds
OMS-2 Both 061:07:18:34.5G.m.t. 177.6 279.0

(00:00:40:21.5MET) o-'-"_
Deorbit Both 077:20:39:13.1G.m.t. 299.4 520.5

(16:14:01:00.1MET)

Duringthedeorbitmaneuver,thegagingsystemtotalizerchanneldecreased
throughouttheungagablelockouttimer,andthenshifteddownto 18percentwhereit
begantrackingnormallyuntiltheendofthemaneuver.

Power Reactant and Stora,qe Distribution Subsystem

The powerreactantstorageanddistribution(PRSD)subsystemperformednominally.
The STS-67missionwasthefifthflightoftheEDOpallet,andthefirstflightofthepallet
ona vehicleotherthanOV-102. Also,STS-67wasthefirstnine-tank-setmission.The
PRSDsubsystemsuppliedthefuelcellswith5,037Ibmofoxygenand634 Ibmof
hydrogenfortheproductionof 7,241kWhofelectricalenergy.A totalof226 Ibmof the
oxygenconsumedwasusedbytheenvironmentalcontrolandlifesupportsystemfor
crewbreathing.The missionextensioncapabilityatan averagepowerlevelof18.1kW
was97 hours;andatan averagepowerlevelof11.1kW, a 161-hourmissionextension
waspossible.

,5
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(F-_., ,FuelCellSubsystem

Thefuelcallpowerplant(FCP)subsystemperformednominallythroughoutthemission.
Thefuelcallsgenerated7,241kWhofelectricityat anaveragepowerlevelof 18.1kW
anda loadof599amperes.Thefuelcallsconsumed5,037Ibmofoxygenand634 Ibm
ofhydrogen,andproduced5,671Ibmofwaterasa by-productof theelectricity
production.

Duringthelaunchcountdown,beginningat061:02:02G.m.t.,whilethefuelcallswere
stillpoweredbythegroundreactants,theoutputvoltageoffuelcalls2 and3 degraded,
indicatinga severeperformanceproblem.Thefuelcall2 voltagedroppedfrom
30.6Vdcat 154amperesto29.4Vdcat 152amperes,0.75-voltbelowtheLCC
minimumperformancecurve.Fuelcall3voltagedroppedfrom30.9Vdcat 50amperes
to29.6Vdcat 148amperes,0.5-voltbelowtheLCCminimumperformancecurve. In
addition,thevoltagedegradationwasaccompaniedbya riseinthefuelcallsubstack
differentialvoltage.Followingtheperiodof theinitialdegradation,all threefuelcalls
werepurgedandthefuelcallperformancerecovered.However,somefurther
degradationwasnotedanda secondpurgeagainsuccessfullyrecoveredfuelcall
performance.Bothperformancedecayswerecausedbyresidualheliumintheoxygen
supplylinebetweentheEDOpalletandthefuelcallreactantmanifold.Thefuelcalls
wereswitchedto internalreactantstosweepanyresidualheliumfromthesupplyline
anda thirdfuelcallpurgewasperformed.Nominalfuelcallperformancewasnoted,

F_-- andthefuelcallswerereturnedtogroundreactantsfortheremainderofthe
' countdown.

Duringthefirstseveralhoursofthemission,thefuelcall3 waterreliefvalve
temperaturedroppedtoapproximately63 °F. The nominalheater-ontemperatureis
70 °F,but it isnotuncommontohaveheater-onset-pointsnear60 °F. Thefuelcall
relieflinetemperaturewasalsoerraticanddecreasingduringthisperiod.These
signatureswereprobablyduetoa slightleakageofwaterthroughthefuelcall3 water
reliefvalve. At61:12:00:38G.m.t.(00:05:22:25MET),thefuelcallwaterreliefheaters
wereswitchedto theBsystemandoperationof thefuelcall3 reliefvalveheaterwas
obtained.Operationof theA heaterwasverifiedduringpreflightoperations;however,
theonset-pointwasnotdetermined.Thefuelcall3 reliefvalveleakrateappearedto
decreaseandtherewasnomissionimpact.Theleakageisa knownproblemwitha
waiverinplace,andtheleakagefirstoccurredonSTS-47(FlightProblem
STS-47-V-08).

Thefuelcell1 hydrogenflowmeteroperatederratically,fluctuating:t:0.2 Ib/hrfromthe
typicalreadingof0.5 Ib/hr.ThisconditionwasalsonotedonSTS-59andSTS-68
(previoustwoflightsofOV-105)andthedecisionwasmadetoflyas-is.At
approximately72:00:00G.m.t.(approximately11daysMET),themeasurementbegan
driftingupwardsandfluctuatedaround0.7 Ib/hr.Theflowmetersare criticality3 and
are onlyremovedand replacedona non-interferencabasis.Thisflowmeter
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(SIN H444)hasbeeninstalledonfuelcellSIN 110andflownonSTS-44,-45, -46, -59, .--_.
-68, andthisflight. :

At61:18:45G.m.t.(00:12:07MET),thefuelcell3 alternatewater-linecheck-valve
beganleaking,asevidencedbythefuelcell3 alternateproductwaterlinetemperature
increasingasthewarmproductwaterflowedpastthesensor.Thefuelcell2 alternate
watercheckvalvealsobeganleakingat64:00:00G.m.t.(02:17:22MET),asevidenced
bythechangeinfuelcell2 alternatewaterlinetemperature.At 72:21:46G.m.t.
(11:15:08MET),thefuelcell2 alternatewaterlinetemperatureexhibitedan increaseto
approximately115°F, indicatingincreasedflow.Thesevalvesleakfrequentlyand
particularvalveshavea historyofleakage(ref.FlightProblemSTS-54-V-07).This
leakagedidnotimpactthemission.

AuxiliaryPowerUnitSubsystem

The APUsperformedsatisfactorilyoneachoftheoccasionsthattheywereused. The
APUswereshutdownafterascentintheorderrequiredbyDevelopmentTestObjective
(DTO)414, SequenceA. The resultsofthisDTOarepresentedintheDevelopment
TestObjectivesectionofthisreport.APUrun-timeandfuel-consumptiondataare
presentedinthefollowingtable.

APURUN-TIMESANDFUELCONSUMPTION

APU1 (SIN203) APU2 (SIN311) APU3 (SIN410) .F--._j
Flightphase

Time, Fuel Time, Fuel Time, Fuel
min:secconsumption,min:secconsumption,min:sec consumption,

Ib Ib Ib
Ascent 19:29 48 19:33 49 19:20 48
FCS 03:35 12

checkout
Entnj" 62:50 118 90:40 182 62:36 123
Total 85:54 178 110:13 231 81:56 171

"The APUswereshutdownapproximately18minutes33secondsaftermaingeartouchdown.

Hydraulics/WaterSprayBoilerSubsystem

The hydraulics/watersprayboiler(WSB)subsystemperformedsatisfactorily
throughoutascent,on-orbit,andentry. The onlydeviationfromnominalperformance
wastheWSBregulatorreliefvalves,whichreseatedbelowtherequiredspecification
valueof28 psia. SystemI reseatedat27.9 psiaandsystem3 reseatedat27.59 psia.
Thisbelow-specificationoperationdidnotimpactthemissioninanymanner.

,6

Through66:17:00G.m.t.(05:10:22MET),thesystem2 hydrauliccirculationpumphad
run 15 times. On five of the runs(6, 7, 8, 9 and 15), theE2 yawactuatorswitching "'_,
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valveswitchedfromprimary(hydraulicsystem1) tostandby(hydraulicsystem2). After
,J"_'. theninthrun,theF_.2yawactuatorswitchingvalvedidnotswitchbacktoprimaryuntil

66:14:37G.m.t.(05:07:59MET),justpriortothefifteenthrun. Ontwoof theruns
(7 and8), theE3pitchactuatorswitchingvalveswitchedfromprimary(hydraulic

• system3)tostandby(hydraulicsystem2). The hydraulicsystem2 thrustvector
controller(TVC)isolationvalvehadbeenclosedsinceshortlyafterascent.The most
probablecauseoftheswitchingvalvemovementisleakagethroughthehydraulic
system2 TVC isolationvalve. Asof74:01:00G.m.t.(12:18:22MET),thehydraulic
system2 circulationpumphadrun42 times,andnofurtherswitchinghadbeennoted.
A reviewofpreviousflightdatarevealednomovementontheswitchingvalvewithAPU
2 startedforentryat lowpressureandtheothertwoAPUsnotrunning.TheTVC
isolationvalveexperiencedan estimated800 psig,andnomovementoftheswitching
valveswasnoted.Thisswitchingconditiondidnotaffecttheperformanceofthe
hardwarenordidit impactthemission.

The FCScheckoutperformancewasnominalonhydraulicsystemI andWSB1. The
APUsranfor3 minutes36 secondsduringtheFCScheckoutandthisistheshortest
periodrequiredtoperformthatcheckout.The lubricationoilreturntemperature
reachedonly169°F,thusnospraycoolingwasrequired.Spraycoolingbeginsat
275 °F.

WSBsystem2 useda largeamountofwater(46Ib)duringdescent.Thewaterusage
F-_ exceedsthe45Ibmaximumlimit.Theusageofthisamountofwatercausedan

investigationforleaks;however,nonewerefound.Theamountofusageoverthe
maximumdidnotaffectthemission.

Electrical Power Distribution and Control Subsystem

Theelectricalpowerdistributionandcontrol(EPDC)subsystemperformedsatisfactorily
throughoutthemissionwithnoanomaliesor problemsidentified.

Anelectricalcircuitbreakeroperatedasdesignedwhenitopenedbecauseofan
anomalyinthecommunicationssystem.The anomalyisdiscussedinthe
CommunicationsandTrackingSystemsectionof thisreport.

EnvironmentalControland LifeSupportSystem

The environmentalcontrolandlifesupportsystemperformednominally.

Theactivethermalcontrolsystem(ATCS)performedsatisfactorily.

The FESfeedlineheatersarenormallyconfiguredtoheaterstring2 duringprelaunch
operations.Duringthecountdown,theFESaccumulatorBfeedlinetemperaturebegan
todecreasefrom80 °F shortlyaftercryogenicfluidloadingbegan.The temperature

.,"_' reached56.6°F beforetheheaterwasreconfiguredtostringI (FlightProblem
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STS-67-V.-07).The LCClimitis56 °F. Aftertheheaterreconfiguration,the
temperaturebeganto increase;however,thefinalcountdownto launchthatbeginsat
T-9 minuteswasdelayed1minute13secondsuntila positiveindicationof that
increasefromthestringI heaterwasobserved.A reviewofSTS-68flightdatashowed
thatthissensorcycledbetween70 °F and85°F onthatflight.The FESfeedline
heaterswerereconfiguredfromsystemI backtosystem2 at69:05:22G.m.t.
(07:22:44MET). NominalheatercycleswereseenontheFESsupplyB
accumulator/hi-loadlinesystem2 heater.

Atapproximately61:15:19G.m.t.(00:08:41MET),theFES,whichhadbeenoperating
inthetoppingmodeontheprimaryA controllertosupplementradiatorcooling,went
intothestandbymode.At approximately61:16:36G.m.t.(00:09:58MET),theFESdid
notcomeoutofstandbyas itnormallyshould.TheFESexperiencedan under-
temperatureshutdownas itwasgoingintostandby.The FESwassuccessfully
restartedontheprimaryAcontrollerandtransitionedintoandoutofstandbynominally
untilapproximately73:11:43G.m.t.(12:05:05MET),whentheFESwentintothe
standbymodeandagainfailedtocomeoutofstandby2 hoursand25 minuteslater.
ThisFEShasexperienceda similaroccurrenceduringSTS-61(OV-105flight5). Initial
indicationsarethattheFESisoccasionallyexperiencingunder-temperatureshutdowns
whengoingintostandby;however,thiscannotbe provenconclusivelybecausethe
instrumentationusedbytheFEScontrollersisnotavailableinthetelemetry.Inall
cases,the FESwassuccessfullyrestartedandtherewasnomissionimpact.

Asa resultofa prelaunchFreoncoolantloop(FCL)2 leak,FCL2 wastoppedoffwith ; )
an accumulatorquantityof 37 percent,whichistheOMRSDupperlimit.Duringthe
countdown,whenfuelcellheatloadswereplacedontheFreonloops,theFreon
quantityapproachedthe39-percentLCClimit,anditwasbelievedthatthe limitmight
beviolatedpriorto launch. The LCClimitsfor theFCLquantityare basedona
117-psiaFreonpumpinletpressurewitha 39-percentaccumulatorquantity.Analysis
showedthattheactualFCL2 inletpressurewasonly96 psia;consequently,the
accumulatorquantitycouldreach55 percentwithnoimpact.An LCCdeviationwas
processed,andthelimitwasraisedto45 percentintheGLS.

The radiatorcold-soakprovidedcoolingduringentrythroughtouchdownplus
15 minuteswhenammoniasystemA usingtheprimaryGPCcontrollerwasactivated.
SystemA operatedfor24 minutesuntiltheammoniawasdepleted.The ammonia
systemA wasdisconnectedandthegroundcoolingcartwasconnecteda fewminutes
later. The ammoniatankwasdepletedabout10minutesfasterthanusualbecausethe
onboardswitcheshadplacedbothFreonloopsintheradiatorbypasspositionbefore
ammoniaactivation,resultingina largerheatloadontheammoniasystem.

The atmosphericrevitalizationsystem(ARS),aswellastheatmosphericrevitalization
pressurecontrolsystem(ARPCS),performedsatisfactorilythroughoutthemission.
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At69:12:09G.m.t.(08:05:31MET),duringthefirstswitchoverfromoxygen(O2)to
,F"" nitrogen(N2)flowfollowingthepressurecontrolsystem(PCS)reconfigurationfrom

system1tosystem2, a peakN2flowrateof4.56 Ibm/hrwasobserved.Duringthenext
O=-to-N2switchoverat69:22:11G.m.t.(08:15:33MET),thepeakobservedflowratewas
4.0 Ibm/hr.DuringnominalO2-to-N2switchovers,thetypicaltransientresponsefroma
cabinregulatorlastsfor10to20 secondswitha peakflowrateof1.0to1.5 Ibm/hr.To
preventnuisancealarms,thecautionandwarningforthismeasurement(setat
4.9 Ibm/hr)wasinhibited.The behaviorof PCSsystem2 wassimilartothatobserved
duringthelastflightofthisvehicle(STS-68)onthefirstfewO2-to-N2switchovers.The
hardwarecautionandwarningforN2flowwasreactivatedbecausedatasignaturesof
theO2-to-N=switchoversbecamenominal.

However,duringa switchoverat 74:21:49G.m.t.(13:15:11MET),theflowwentoff-
scalehigh(over5.0 Ibm/hr)forabout1.5minutesandtrippedthecautionandwarning
N=flowratealarmwhichwassetat4.9 Ibm/hr.Performanceof theregulatorfollowing
eachswitchovertransientwasnominal.DatafrompreviousflightsofOV-105reveal
similartransienthighPCS2 N2flowbehavior;however,thisbehaviortypically
disappearedafterthefirst2 or3 switchovercycles,whichwasnotthecaseonthis
flight.The cautionandwarningalarmswereinhibitedpriortosubsequentO2-to-N2
switchoversonPCS2.

TheARPCSsystem2 cabinpressureregulatorwasnotedtobecontrollingcabin
S. pressureupto0.16psialowerthanthesystemI regulator.Troubleshootingto

determinethecauseofthe twoARPCSproblemswillbe performed.

SupplywatertankD beganexhibitingerraticbehavioratapproximately68:20:18G.m.t.
(07:13:40MET). The conditioncontinuedtoworsenovertime,butthemeasurement
remainedusable.Watertankquantitytransducershaveexhibitedsimilarsignaturesin
thepast.The excursionsaremostprobablyduetocorrosioninthepotentiometer,
whichindicatesthewatertankbellowspositionforcalculationoftankquantity.This
conditionhadnoimpactonthemission.

Thewastecollectionsystemperformedsatisfactorilythroughoutthemission.

Airlock System

Useof the airlocksupportcomponentswasnotrequiredbecausenoextravehicular
activity(EVA)wasperformed.Theactivesystemmonitorparametersindicatednormal
outputsthroughoutthemission.

Smoke Detection and Fire Suppression Subsystem

The smokedetectionsystemshowednoindicationsofsmokegenerationduringthe
flight.Useof thefiresuppressionsystemwasnotrequired.
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Avionicsand SoftwareSupportSystems

The integratedguidance,navigationandcontrol(GNC)subsystemperformednominally
throughoutthemission.TwoDTOswereperformedusingtheGNCsubsystem,andthe
resultsarereportedintheDevelopmentTestObjectivesectionof thisreport.

Theflightcontrolsystemperformedsatisfactorily.FCScheckoutwascompletedat
approximately74:18:35:24G.m.t.(13:11:57:11MET)withnominalsystemperformance.
InsupportoftheFCScheckout,APU 1ranforapproximately3 minutesand
36 seconds.

The postlandingenginepositioningto therain-drainpositionwasaccomplishedwithout
theengineI pitchactuatoroscillatingatthehardstopasseenonpreviousflights.The
OI-23softwarewasupdatedtocorrectthiscondition,andit performedproperly.This
wasthelastflightoftheOI-23software,andtheOI-24softwarehasalsobeenmodified
tocorrectthiscondition.

The inertialmeasurementunit(IMU)andstartrackerbothperformedsatisfactorilywith
noproblemsidentified.

Whenthebackupflightsystem(BFS)wasbroughtoutofhaltduringdeorbit
preparations,thecrewwasobservedtryingtoassignBFStoa CRT;however,dueto
lossofsignal,theconditioncouldnotbeverified.Afterpostflightdiscussionswiththe
crew,itwasconfirmedthattheconditiondescribedina DiscrepancyReport109628
hadoccurred.Aftersomeinitialdifficulty,thecrewwasabletoassigntheBFSto
GPC5, andtheconditiondidnotrecurduringtheremainderof theflight.

DisplaysandControlsSubsystem

The displaysandcontrolssubsystemperformednominally.

Communications and Trackin,q Subsystems

The communicationsandtrackingsubsystemperformednominally.Testingofa
methodtoprovidecommunicationsthroughtheZOEwassuccessfullyconductedon
19of21 orbitsduringthemission.Twoorbitswerelostbecauseofan incorrectswitch
configuration.ThetestswereperformedinsupportoftheupcomingMirdocking
mission,andtheprocedureusedanexistingspareTDRSinconcertwiththeCanberra,
Australia,groundstation.The testsprovideduninterruptedcommunicationsthroughout
a completeorbitof theEarth.

J
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At 61:21:54G.m.t.(00:15:16MET), thecrewreportedno ICOMorair-to-ground(A/G)
('_""_ capabilityusingthemid-deckATU,andthatthemiddeckspeakeraudiohadfailed

(FlightProblemSTS-67-V-04).Itwasalsoreportedthatthecircuitbreakerthatpowers
themiddeckATUwasopen.Atelemetryreviewshoweda 15-amperespikewitha
1-seconddurationhadoccurredapproximately16 minutesafterlaunch. Itwasreported
bythecrewthata HHMwasbeingconfiguredat thatATUataboutthesametime.
TheyalsostatedthatthesameHHMdidnotworkwhenusedat theairlockATU. For
on-orbitoperations,thecrewusedtheairlockATUwitha headset,andforentrythe
payloadstationATUwasused. Laterinthemission,thecrewperformedtheATUand
HHMtroubleshootingIFMprocedureandcalleddowntheresults.Althougha failure
wasnotevidentfromthedata,thebreakerwasnotresetduringtheremainderof the
mission.

The PADMexperiencedintermittentlock-ups.Thecrewbelievedtheproblemwasdue
tothePADMoverheating.TheychangedoutthePADMafteroneoccurrenceand
powercycledthepayloadgeneralsupportcomputer(PGSC);thisrecoveredthePADM
operationalcapability.Allotheroccurrenceswereclearedwitha powercycle.

OperationalInstrumentationlModularAuxiliaryDataSystem

Performanceoftheoperationalinstrumentation(OI)andthemodularauxiliarydata •
system(MADS)wassatisfactory.

The left-handoutboardMLGtirepressure1 measurementbecameerraticat
62:17:39G.m.t.(01:11:01MET)forapproximately40 minutes(FlightProblem
STS-67-V-03).At62:18:53G.m.t.(01:12:15MET),theerraticbehaviorresumedand
sevenminuteslater,themeasurementwentoff-scalelowwhereitremaineduntil
65:02:00G.m.t.(03:19:22MET),whenthemeasurementreturnedtoa normalreading.
The measurementreadcorrectlyfortheremainderofthemission.A redundant
measurementwasavailable,andthiserraticbehaviordidnotaffectthemission.

Duringdeorbitpreparations,theMADSfailedto turnonaftertheappropriateuplink
• commandwassent. The problemwasisolatedto themasterMADSpower,whichwas

intheoffposition.The switchwasplacedintheonposition,andtheMADSoperated
satisfactorilyfortheremainderof themission.

Structuresand MechanicalSubsystems

Thestructuresandmechanicalsubsystemsoperatedsatisfactorilythroughoutthe
mission.The landingandbrakingparametersareshowninthetableonthefollowing
page.
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Landingand BrakingParameters

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

ft keas deg/sec
Maingeartouchdown 1716 210.0 ~ 2.5 NIA
Nosegeartouchdown 6182 150.6 NIA ~5.4

Brakeinitiationspeed 141.6knots
Brake-ontime 42.8seconds
Rolloutdistance 9,918feet
Rollouttime 60.9seconds
Runway 22 (Concrete)EAFB
Orbiterweightat landing 217,450Ib

Peak
Brakesensor pressure, Brakeassembly Energy,

location psia millionft-lb
Left-handinboardI 1296 Left-handoutboard 12.31
Left-handinboard3 1428 Left-handinboard 14.17 ."_,
Left-handoutboard2 1368 Right-handinboard 14.90
Left-handoutboard4 1404 Right-handoutboard 10.73
Right-handinboardI 1464
Right-handinboard3 1404
Right-handoutboard2 1356
Right-handoutboard4 1416

The dragchuteperformancewasnominal.The dragchuteDTOwasnotperformed
becausean attemptwasmadetoperformthecrosswindDTO.

IntegratedAerodynamics,Heatingand ThermalInterfaces

Theascentandentryaerodynamicswerenominal.Allfiveoftheprogrammedtest
inputs(PTIs)requiredby DTO251 werecompleted.Also,themanualmaneuver
requiredduringfinalapproachforDTO254wascompleted;however,theyawrates
werelessthancommanded.

The aerodynamicand plumeheatingduringascentwasnormalwithnoproblemsnoted.
Likewise,theaerodynamicheatingduringentrywasalsonormal.All thermalinterface
temperatureswerealsonominal.
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ThermalControlSystem

The performanceof thethermalcontrolsystem(TCS)wasnominalduringall phasesof
themission,withallOrbitersubsystemtemperaturesmaintainedwithinacceptablelimits.

" Aerothermodynamics

The acreageheatingduringentrywasnominal,andnounusuallocalheatingareas
werenoted.

ThermalProtectionSubsystemandWindow-__

The thermalprotectionsubsystem(TPS)performedsatisfactorily.Basedonstructural
temperatureresponsedata(temperaturerise),theentryheatingwasnominal.Datato
determineboundarylayertransitionfromlaminartoturbulentflowwerenotavailable
whenthisreportwaswritten.

Basedondatafromthedebrisinspectionteam,overalldebrisdamagewaswellbelow
average.TheOrbitersustaineda totalof79 hits,ofwhich13hada majordimensionof

f--- oneinchorgreater.The numberof impactsonthelowersurface(50)of thevehicle:

wasmuchlowerthanaverage(-90). The numberofimpactsonthelowersurfacewith
a majordimensionofat leastoneinchor greaterwas11,comparedwiththeaverageof
14..The overallTPSconditionswasexcellent.

Thistotaldoesnotincludethenumeroushitsonthebaseheatshieldattributedtothe
flamearrestmentsparklersystem.A comparisonofthesenumbersto thestatisticsfrom
51 previousmissionsofsimilarconfigurationindicatesthatthenumberofhits,aswell
asthehitswitha majordimensiongreaterthanoneinch,werebothlessthanaverage.
Thefollowingtabledelineatesthedataonhitsforthevehicle.

OrbiterSurfaces Hits> 1 Inch TotalHits
LowerSurface 11 50
UpperSurface 1 10

RightSide 0 1
LeftSide 1 2

RightOMSPod 0 4
LeftOMSPod 0 12

Total 13 79

.,i--. The majorityofthelowersurfacedebrisdamagesiteswereconfinedtotheaft center
portionofthesurface,withmanyofthedamagesitesshowingsignsofentrythermal
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erosion.Nodamagesiteswerefoundontheoutboardelevonsortheoutboardwing ..-_
areas. Also,therewerenounusuallylargedamagesites.AllETIOrbiterseparation - '
devicesappearedtohavefunctionedproperly.

The numberof tiledamagesitesonthebaseheatshieldwaslessthanusual.The
dome-mountedheatshieldcloseoutblanketsonall threeSSMEswereintactandin
goodconditionwithsomeminorfrayingnotedonSSME1 atthe12,4, and6 o'clock
positions.The experimentaltoughenedunipiecesurfaceinsulation(TUFI)tilesthat
werelocatedonthetriangularcarrierpanelbetweenandbelowSSMEs2 and3
sustainedonesmallimpact.

Orbiterwindows3 and4 exhibitedheavyhazingandstreaks.Tiledamagearoundthe
windowswaslessthanusual.Windowstreakingandtiledamageinthisareaare
attributedto impactsfromforwardRCSpapercoversand/orpaper-coveredroom
temperaturevulcanizing(RTV)material.

A tilelocatedontopofthefuselageimmediatelyaftofwindow1hada missingcorner
piecethatmeasured2 1/2 inchesby2 inchesby2 inches.Thisdamagedidnotappear
tohaveresultedfroma debrisimpact,butmayhavebeenthesourceofdebris.

A browndiscolorationwasvisibleontheforwardsectionof theleftpayloadbaydoor.
The areaofdiscolorationextendedfromthedoorleadingedgeaft toa locationonthe
doorabovetheliquiddumpventnozzlesontheleftsideoftheOrbiter.Afterexposure .P_.
to rainandtheferryflight,thediscolorationwasreportedtohavedisappeared.In '
addition,a whiteresiduewasobservedaroundtheliquidwastedumpventnozzle,and
exposedredRTVwasobservedalongtheforwardedgeofthepayloadbaydoorinthis
samearea. Ananalysisisbeingmadeofthesamplestodeterminetheirsource.

Ashortsectionof inconelthermalbarrierlocatedontheloweraft insideedgeof theleft
speedbrakewasdamaged.Twotilesadjacenttothe thermalbarrierwerealso
damaged.
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/,,._,, REMOTEMANIPULATORSYSTEM

The remotemanipulatorsystem(RMS)wasflownbutwasnotusedduringthismission.
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FLIGHTCREWEQUIPMENT/GOVERNMENTFURNISHEDEQUIPMENT .--_

Theflightcrewequipment/govemmentfurnishedequipment(FCE/GFE)performed
satisfactorily.Someminorproblemsoccurredandthesearediscussedinthefollowing
paragraphs.

WhenthecrewwasloadingthefourthHasselbladfilmcanisterofthemissionat
approximately66:08:13G.m.t.(05:01:35MET),thecrewmembernotedthatthedata
modulewasmissingtheHasselbladdatarecordingsystem(HDRS)option(Flight
ProblemSTS-67-F-04).The HDRSoptionprintsdatasuchastimeandexposure
numberonthefilm. AnIFMprocedure,whichincludedresecuringthebatteryand
performingthe initializationprocedure,wascompletedsuccessfullyandproper
operationwasrecovered.

The crewreportedat66:21:42G.mlt.(05:16:04MET)thatthecamcorderpower
interface(CCPI)failedwhilebeingusedtopowerthecompactportablelight(CPL)
(FlightProblemSTS-67-F-01).The problemwastracedtoan intermittentcontactatthe
CPL-to-battery-adapterconnector.The problemwasnotpreviouslyapparentbecause
an opendeadfaceswitchinthisconnectorpreventedreadinga voltageattheCPL-to-
battery-adaptercontacts. Duringsubsequenttroubleshootingwiththedeadfaceswitch
depressed,theproperCCPIoutputof8 voltswasobserved.AnIFMrestoredtheCPL
tofulloperationalcapability. _---._

!

DuringthetroubleshootingoftheATUandHHMat68:03:14G.m.t.(06:20:36MET),the
crewreportedthatthedigitalvoltmeterleadswerenotintheconfigurationthatwas
specifiedinthe IFM(FlightProblemSTS-67-F-02).The multimeterleadtipswere
supposedtobe removable,therebyallowingotherconnectors(foundinthe
temperatureprobekit)tobe usedwiththemultimeter.The IFMwasperformed,using
thepinkitassemblytoaidinobtainingthenecessarymeasurements.

Whilethecrewwasdownlinkingvideoat69:03:05G.m.t.(07:20:27MET),degradation
inthevideowasnotedwithtearingatthetopandbottomof theimage.
Troubleshootingisolatedtheproblemtothecommercial(TEAC)videotaperecorder
(FlightProblemSTS-67-F-03).

/
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("'_ CARGOINTEGRATION

Cargointegrationhardwareperformancewasnominalthroughoutthemissionwithno
anomaliesidentified.
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DEVELOPMENTTESTOBJECTIVESIDETAILEDSUPPLEMENTARYOBJECTIVE-'=;

A totalof 11 DeveiopmentTestObjectives(DTOs)and16 DetailedSupplementary
Objectives(DSOs)wasdefinedfortheSTS-67mission.Thepreliminaryresultsof the
DTOsandDSOsare discussedinthefollowingparagraphs.

DEVELOPMENTTESTOBJECTIVES

DTO251 - EntryAerodynamicControlSurfacesTest- AlternateElevonSchedule
(Part9) - Allfiveoftheprogrammedtestinputs(PTIs)maneuverswereexecutedduring
entryasscheduled.The datahavebeengivento thesponsorforevaluation,andthe
resultsoftheDTOwillbe reportedinseparatedocumentation.

DTO254 - SubsonicAerodynamicsVerification(Part2) - The crewperformedthe
maneuverthatfulfilledtherequirementsof thisDTOduringfinalapproachtothe
runway.The preliminaryresultsindicatethattheyawrateswerelessthanexpected.
The datahavebeengivento thesponsorforevaluation,andtheresultswillbe reported
inseparatedocumentation.

DTO301D- AscentStructuralCapabilityEvaluation- Dataweregatheredforthis
data-onlyDTOduringtheascentphaseof themission,andthesedatawererecorded
ontheMADSrecorder.The datahavebeengiventothesponsorforevaluation,and F-"_.
theresultswillbe publishedinseparatedocumentation.

DTO307D - EntryStructuralCapability- Dataweregatheredforthisdata-onlyDTO
duringtheentryphaseofthemission,andthesedatawererecordedontheMADS
recorder.Thesedatahavebeengiventothesponsorforevaluation,andtheresults
willbe publishedinseparatedocumentation.

DTO312 - ETTPS Performance(Methods1 and3) - Photographyof theET(after
separation)wasacquiredwiththeNikoncamerathatuseda 300mmlensanda 2X
extender(method3). A totalof37 photographswerefoundonmagazine301which
wasusedfor thephotography.The exposurewasgoodonallframes,andthefocus
wasgoodon mostoftheframes.Thefirstpicturewastakenapproximately23 minutes
afterliftoff,andthefinalpicturewastaken8 minutes35 secondslater.

Allaspectsof theETwereimaged.The ET appearedtobe ingoodcondition,andno
anomalieswere noted.

Two 16mmumbilicalwellfilms(5 mmand10mm)oftheSRBseparationwere
screenedandnoanomalieswerefound.The 16mmfilmsof theETweredarkand
unusable.

,=
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DTO414 - APUShutdownTest(SequenceA) - Afterascent,theAPUswereshutdown,.......
, intheorder(APU3, APU1andAPU2) prescribed.Noback-drivingof thepowerdrive

unit(PDU)wasnoted.The resultsof theDTO,whichhasbeenperformedon
numerousflights,willbe publishedinseparatedocumentation.

DTO667 - PortableIn-FlightLandingOperationsTrainer- The portablein-flight
landingoperationstrainer(PILOT)wasusedseveraltimesbytheCommanderand
almostdailybythePilotduringtheflight.The Commandernotedduringthedebriefing
thatthePILOTdoesnotincorporatethebeep-trimfunctiontobringthenosewheel
downto therunway.Duringtheactuallanding,theCommandermanuallyderotatedthe
Orbiter,possiblybecauseof thetrainingreceivedonPILOT.

DTO674- ThermoElectricLiquidCoolingSystemEvaluation(LessOmegaRecorder)-
ThisDTOwasperformedduringascentandentry.ThedatafromtheDTOhavebeen
giventothesponsorforevaluation.Theresultsoftheevaluationwillbereportedin
separatedocumentation.

DTO700-8- GlobalPositioningSystemDevelopmentFlightTest(Configuration1) -
TheGlobalPositioningSystem(GPS)performednominallyduringallphasesof the
mission.Apowercycleofthereceiverassemblywasperformedtoreinitializesystem
operationpriortoOPS3 transitionbecauseofa knownsoftwareproblem.Corrective
actiontomodifythissoftwareisbeingimplementedonfutureunits.

I

DTO700-9- OrbiterEvaluationofTDRSAcquisitioninDespreadBypassMode- This
DTOwasperformed16timesduringthemission.TheobjectiveofevaluatingTDRS
acquisitiontimevariancesfor thetransitionfromtheSpaceflightTrackingandData
Network(STDN)toTDRSmodewassuccessfullyachieved.Thetimemeasured
rangedfrom2 to 10secondsdependingonactualOrbitercommandsequence
executionandinitialnetworksystemconfiguration.Thisprocedurewasdevelopedas
an alternativetoreducethelossofcommandcapabilitytimeduringpoweredflight(for
a roll-to-heads-upattitude)fromthenominal45 secondstoabout7 to10seconds.
ThisprocedurewillalsobeevaluatedbyMissionOperationspersonnelpriorto its
implementation.The resultsoftheDTOwillbe publishedinseparatedocumentation.

DTO805- CrosswindLandingPerformance- Thewindconditionswerepredictedtobe
acceptableat landingtimeandthedragchutewasdeployedlaterthannormalsothat
all therequirementsof theDTOcouldbe accomplished.However,theactualrunway
windat landingwasmainlya headwind,thusnotmeetingtherequirementsofthisDTO.
Consequently,theDTOwasnotaccomplished.
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DETAILEDSUPPLEMENTARYOBJECTIVES _-_
jr "-.

DSO326 - WindowImpactObservations- Observationsweremadeby the
crewmembers duringthe mission. The results of the observations have been given to
the sponsorfor evaluation. The resultsof the evaluationwill be publishedin separate
documentation.

DSO328 - In-FlightUrineCollectionAbsorberEvaluation- Datawerecollectedforthis
DSOduringtheflight.The DSOdatahavebeengiventothesponsorforevaluation,
andtheresultsofthesponsor'sevaluationwillbepublishedinseparate
documentation.

DSO484 - Assessmentof CircadianShiftinginAstronautsby BrightLight
(ConfigurationB)- ThisDSOwasperformedduringthepreflightandpostflightperiods
only. Thecrewobservationshavebeengiventothesponsorforevaluation.The
resultsofthesponsor'sevaluationwillbepublishedinseparatedocumentation.

DSO487 - ImmunologicalAssessmentof Crewmembers- ThisDSOwasperformed
duringthepreflightandposfflightperiodsonly.The datafromthisDSOhavebeen
givento thesponsorforevaluation.The resultswillbe publishedinseparate
documentation.

DSO488 - MeasurementofFormaldehydeUsingPassiveDosimetry- ThisDSOwas ..'-'_._
performedas plannedduringtheflight.ThedatafromtheDSOhavebeengivento the
sponsorforevaluatiOn.The resultswillbe publishedinseparatedocumentation.

DSO603C- OrthostaticFunctionDuringEntry,LandingandEgress- ThisDSOwas
performedduringthe latterstagesoftheflight,aswellasafter landingandegress.
The datafromthisDSOweregivento thesponsorforevaluation.The resultsof the
evaluationwillbepublishedinseparatedocumentation.

DSO604 - OI-3C,Visual-VestibularIntegrationas FunctionofAdaptation- Preflight,
on-orbit,andpostflightdatawerecollectedfor thisDSO. The datahavebeengivento
thesponsorforevaluation.The resultsoftheevaluationwillbepublishedinseparate
documentation.

DSO605 - PosturalEquilibriumControlDuringLanding/Egress- Preflightandpostflight
datawerecollectedforthisDSO. Thedatahavebeengiventothesponsorfor
evaluation.The resultsoftheevaluationwillbepublishedinseparatedocumentation.

DSO608 - Effectsof SpaceFlightonAerobicandAnaerobicMetabolismDuring
Exercise- Datawerecollectedfor thisDSOduringtheflight.Thesedatahavebeen
givento thesponsorforevaluation.Theresultsof theevaluationwillbe publishedin
separatedocumentation. ;-'-_
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DSO614 - The EffectofProlongedSpaceFlightonAerobicandAnaerobicMetabolism
("_' DuringExercise(ProtocolB)- TheDSOmeasurementsweretakenduringthepreflight

andpostflightperiods,andthedataweregivento thesponsorforevaluation.The
resultsoftheevaluationwillbepublishedinseparatedocumentation.

DSO621 - In-FlightUseof Florinefto ImproveOrthostaticIntolerancePostflight- This
DSOwasperformedduringthemission,andthedatahavebeengiventothesponsor
forevaluation.Theresultsoftheevaluationwillbe reportedinseparate
documentation.

DSO624 - PreandPostflightMeasurementofCardiorespiratoryResponsesto
SubmaximalExercise- ThisDSOwasperformedasplanned,andthedatahavebeen
giventothesponsorforevaluation,The resultsoftheevaluationwillbe reportedin
separatedocumentation.

DSO626 - CardiovascularandCerebrovascularResponsestoStandingBeforeand
AfterSpaceFlight- MeasurementdatawerecollectedforthisDSO,andthedatahave
beengivento thesponsorforevaluation.The resultsoftheevaluationwillbe reported
inseparatedocumentation.

DSO901 - DocumentaryTelevision- Onboardvideowasrecordedandthetapeshave
beengivento thesponsorforevaluation.The resultsoftheevaluationwillbe reported

F_. inseparatedocumentation.

DSO902 - DocumentaryMotionPicturePhotography- Onboardmotionpicture
photographywasperformedbythecrew,andthefilmshavebeengivento thesponsor
forevaluation.The resultsof theevaluationwillbe reportedinseparate
documentation.

DSO903 - DocumentaryStillPhotography- Onboardstillphotographywasconducted
bythecrew,andthephotographshavebeengiventothesponsorforevaluation.The
resultsoftheevaluationwillbe reportedinseparatedocumentation.

F _,
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PHOTOGRAPHYAND TELEVISIONANALYSIS ._

.LAUNCHPHOTOGRAPHYANDVIDEODATAANALYSIS

Onlaunchday,24 videoswerescreened;andfollowinglaunchday,54of the55
expected35 mmfilmsoflaunchwerereceivedandreviewed.Onecamera,E-9,didnot
operate.

The reviewofthevideoaswellasthe35-mmfilmsdidnotrevealanyanomalies.

ON-ORBITPHOTOGRAPHYAND VIDEODATAANALYSIS

Norequestswerereceivedtoevaluateanyoftheon-orbitphotographyduringthe
mission.

LANDINGPHOTOGRAPHYANDVIDEODATAANALYSIS

Fivevideosof landingwerereviewedandnoanomalousconditionswerefound.In
addition,thereviewofthelandingdayfilmsalsorevealednoanomalies.
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TABLEI.- STS-67SEQUENCEOF EVENTS

Event Description Actual time, G.m.t.

/""_-. APUActivation APU.1GG chamberpressure 061:06:33:24.43
APU-2GG chamberpressure 061:06:33:26.76

• APU-3GG chamberpressure 061:06:33:26.74
SRB HPUActivation" LHHPUSystemA startcommand 061:06:37:44.949

LHHPUSystemB startcommand 061:06:37:45.309
RHHPUSystemA startcommand 061:06:37:45.269
RHHPUSystemB startcommand 061:06:37:45.429

MainPropulsionSystem ME-3Start commandaccepted 061:06:38:06.423
Start' ME-2Start commandaccepted 061:06:38:06.641

ME-1Start commandaccepted 061:06:38:06.681
SRBIgnitionCommand CalculatedSRBignitioncommand 061:06:38:12.989

(Liftoff)
Throttleup to 104Percent ME-2Commandaccepted 061:06:38:17.341

Thrust" ME-3Commandaccepted 061:06:38:17.343
ME-1Commandaccepted 06t:06:38:17.361

Throttledownto ME-2Commandaccepted 061:06:38:44.381
67 PercentThrust" ME-1Commandaccepted 061:06:38:44.384

ME-3Commandaccepted 061:06:38:44.402
MaximumDynamicPressure Derivedascentdynamicpressure 061:06:39:04

(q)
Throttle upto 104 Percent" ME-2Commandaccepted 061:06:39:09.342

ME-3Commandaccepted• 061:06:39:09.344
ME-1Commandaccepted 061:06:39:09.362

BothSRM'sChamber RHSRMchamberpressure 061:06:40:12.389
Pressureat 60 psi' mid-rangeselect

.-/_"_ LHSRMchamberpressure 061:06:40:12.429
mid-rangeselect

EndSRMAction" RHSRMchamberpressure 061:06:40:14.909
mid-rangeselect

LHSRMchamberpressure 061:06:40:16.369
mid-rangeselect

SRB PhysicalSeparation" LHrateAPUturbinespeed- LOS 061:06:40:18.029
RHrateAPUturbine speed- LOS 061:06:40:18.029

SRBSeparationCommand SRBseparationcommandflag 061:06:40:19
ThrottleDownfor ME-2commandaccepted 061:06:45:42.789

3gAcceleration" ME-3commandaccepted 061:06:45:42.794
ME-1commandaccepted 061:06:45:42.810

3gAcceleration Total loadfactor 061:06:45:42.7
ThrottleDownto ME-2commandaccepted 061:06:46:33.670

67 PercentThrust' ME-3commandaccepted 061:06:46:33.675
ME-1commandaccepted 061:06:46:33.691

SSMEShutdown" ME-2commandaccepted 061:06:46:39.990
ME-3commandaccepted 061:06:46:39.990
ME-1commandaccepted 061:06:46:40.011

MECO MECOcommandflag 061:06:46:40
• MECOconfirmflag 061:06:46:41

ET Separation ET separationcommandflag 061:06:47:00
"MSFC supplieddata
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TABLE I.- STS-67 SEQUENCE OF EVENTS

Event Description Actual time, G.m.t. :

APUDeactivation APU-3GG chamberpressure 061:06:52:46.95
APU1 GG chamberpressure 061:06:52:53.34
APU2 GG chamberpressure 061:06:52:58.62

OMS-1Ignition Leftenginebi-propvalveposition Notperformed-
Rightenginebi-propvalveposition direct insertion

trajectoryflown
OMS-1Cutoff Left enginebi-propvalveposition

Rightenginebi-propvalveposition
OMS-2Ignition Leftenginebi.propvalveposition 061:07:18:34.5

Rightenginebi-propvalveposition 001:07:18:34.5
OMS-2Cutoff Left enginebi-propvalveposition 061:07:21:32.1

Rightenginebi-propvalveposition 061:07:21:32.1
PayloadBayDoors(PLBDs) PLBDrightopenI 061:08:15:13

Open PLBDleft openI 001:08:16:33
FlightControlSystem

Checkout
APUStart APU-I GG chamberpressure 074:10:35:24.87
APUStop APU-I GGchamberpressure 074:18:38:59.99

PayloadBayDoorsClose PLBDleft closeI 077:10:04:13
PLBDright closeI 077:18:06:33

APUActivationfor Entry APU-2GGchamberpressure 077:20:35:06.29
APU-I GGchamberpressure 077:21:02:50.48
APU-3GG chamberpressure 077:21:02:57.78

DeorbitBum Ignition Rightenginebi-propvalveposition 077:20:39:13.1

Left enginebi.propvalveposition 077:20:39:13.1 _ !
DeorbitBum Cutoff Rightenginebi-propvalveposition 077:20:44:12.5

Left enginebi-propvalveposition 077:20:44:12.5
EntryInterface(400Kfeet) Currentorbitalaltitudeabove 077:21:15:50
Blackoutend Datalocked(highsamplerate) Noblackout
TerminalAreaEnergy Majormodechange(305) 077:21:40:44
MainLandingGear RHmainlandinggeartirepressureI 077:2t:46:59

Contact LH mainlandinggeartire pressure2 077:21:47:01
MainLandingGear LH mainlandinggearweighton 077:21:47:01

WeightonWheels wheels 077:21:47:02
RHmainlandinggearweighton
wheels

NoseLandingGear NLGLHtire pressureI 077:21:47:14
Contact

NoseLandingGear NLGweighton wheelsI 077:21:47:15
WeightOn Wheels

Drag ChuteDeployment Drag chutedeploy1 CPVolts 077:21:47:16.0
Drag Chute Jettison Drag chutejettison 1 CP Volts 077:21:47:43.0
Wheel Stop Velocitywith respectto runway 077:21:48:00
APU Deactivation APU-3GGchamberpressure 077:22:05:33.616

APU-1GG chamberpressure 077:22:05:39.847
APU-2GGchamberpressure 077:22:05:45.503
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TABLEI1.-ORBITERPROBLEMTRACKINGLIST

No. Title Time Comments
STS-67-V-O1 RCSVernierThrusterL5DOxidizer 061:08:54G.m.t. At 061:08:54G.m.t.(00:02:16MET),RCSvernierthrusterL5Doxidizer

TemperatureErratic 00:02:16MET Injectortemperaturebeganbehavingerratically.Thetemperaturedropped
belowthe130 °FleakdetectionlimitandtheRMdeclaredit fail-leak.The
fuelInjectortemperatureforthisthrusterwasstable,confirmingthatthere
wasnoleak,andthattheproblemappearsto bedueto Instrumentation.
Thissamebehavioroccurredonthe lastflightof thisvehicle(FlightProblem
STS-68-V-02).Thisthrusterwas changedoutdudngtheSTS-67flow. A
GMEMwas performedto recoverthevehiclecontrolwiththevernier
thrusters.

KSC: Instrumentationtroubleshooting(connectorHI-Pot)completed.No
anomalynoted(willprobablybea UA).

STS-67-V-02 PrimaryThrusterR4RFailLeak 061:18:56G.m.t. At 061:18:56G.m.t.(000:12:18MET),theRMsoftwaredeclaredprimary
00:12:18MET thrusterR4Rfail-leak.TheoxidizerInjectortemperatureandthefuel

LevelIII Closure CAR67RF01 temperatureswereboth.decreasing, confirminga realleakthroughthe
PRRP01-22-0784 oxidizervalve.Thisthrusterhadnotbeenfiredduringthismission,Wet

butcherpaperwas notedonthethrusterpreflight.At 061:19:18G.m.t.
(000:12:40MET),therightmanifold4 isolationvalveswereclosedbecause

co thefuel injectortemperaturefellbelow40°F.(.D
KSC: ThrusterremovalandreplacementonMay13,1995.

STS-67-V-03 Lelt-HandMLGOutboardTire 062:17:39G.m.t. Thelett-handoutboardMLGtirepressureI measurementbecameerraticat
PressureI (V51P0570A)Off-Scale 001:11:01MET 062:17:39G.m.t.forapproximately40 minutes.At062:18:53G.m.t.
Low CAR67RF02 (001:12:15MET),theerraticbehaviorresumedandthemeasurementwent

IPR69V-0008 off-scalelow7 minuteslater.Theredundantpressuremeasurementshowed
LevelIII Closure a nominalsignature.At065:02:00G.m.t.(03:19:22MET),thetirepressure1

measurementreturnedto a normalreading.
KSC: Troubleshootingiscomplete.Attemptstorecreatetheanomalywere

unsuccessful.Signalconditionertroubleshootingcontinuing(probablya UA).
STS-67-V-04 Lossof MiddeckAudio,ICOM,and 061:06:54G.m.t. At 061:21:54G.m.t.(00:15:16MET),thecrewreportedthatthemiddeck

Air-to-GroundCommunications 000:00:15MET audioterminalunitandhand-heldmicrophonewerenotfunctioningonboth
IPR69V-0009 A/GandICOM.Thecrewalsoreportedanopencircuitbreaker

correspondingtothenon-functioningequipment.A datareviewrevealeda
15-amperespikethatwas I secondindurationatapproximately16 minutes
MET. Thecrewreportedthatthesamehand-heldmicrophonedidnotwork
whenusedattheaidockATU. An IFMproceduretotroubleshootthe failure
producedroughlytheresultsexpectedfornominalhardware.TheIFMdid
notreveala causefortheopencircuitbreaker

KSC: Troubleshootingiscontinuing.Orbiteraudiosystemisoperating
properly.Investigationofhand-heldmicrophoneusedduringtheon-orbit
anomalyrevealednoproblem.TroubleshooUnqof speakerboxwillbe



TABLEII.- ORBITERPROBLEMTRACKINGLIST

performedaftertesthardwareareavailable.
STS-67-V-05 RCSPrimaryThrusterRIA Fail-OFF 076:14:17G.m.L DuringtheRCShot-tire,primaryRCSthrusterRIA deselectedaftera

015:07:39MET 320msecfiring.Peakchamberpressurereachedapproximately8 psla.
LevelIII Closure PRRP01-22-0765 Bothoxidizerandfuelflowoccurred.Lowheatsoak-backconfirmedlow

CAR67RF03 performance.
KSC:ThrusterwillberemovedandreplacedonApril29, 1995.

STS-67-V-06 PCSSystem2 NitrogenHighFlow 074:21:49G.m.t. Afterthemid-missionchange-overfrompressurecontrolsystem(PCS)1 to
TransientsAfterSwitchesfrom 013:15:10MET PCS2, severaloccurrencesoftransienthighnitrogenflowwereobserved.
Oxygento Nitrogen IPR69V-0015 Thetransientsoccurredatthebeginningofthenitrogenflowcycleupon

PR-ECL-0418 switchoverfromoxygento nitrogen.Higherthannormalinitialnitrogenflow
hasbeenobservedonsixofthe11 oxygen/nitrogenswitchovercyclesthat
haveoccurredandrangefrom2.75to 5.0Ibm/hrandlastuptoseveral
minutes.Normalnitrogenflowprofilessustainan initialpeakof1.5fora few
seconds.Duringoneevent,the flowwentoff-scalehigh(>5.0Ibm/hr)for
about1.5minutes,tdppingthecautionandwarningalarmforexceeding
nitrogenflowrateFDlimitof4.9 Ibm/hr.Noneofthehigh-flowtransients
wereexplainablebyeventsknowntoproducehighnitrogenflow,suchas low
cabinpressureordecreasingcabintemperature.Datafrompdorflightsof
OV-105revealsimilartransienthighPCS2 nitrogenflowbehavior;,however,
thisbehaviortypicallyonlyoccursonthefirsttwoorthreeswitchovercycles.

-I_ Datareviewcompleteat thevendor,Carlton.No OMRSDviolationsexist.
o KSC:PRdispositionisinworktoclose.

STS-67-V-07 FESSupplyB Accumulator/Hi-Load 061:06:17G.m.t. TheFES supplyBaccumulator/hi-loadlinesystem2 heaterisuseddudng
LineSystem2 HeaterPerformance IPR69V-0004 prelaunchoperations.WhenETcryogenicloadingbegan,theaccumulator
DuringPrelaunch linetemperaturebegandecreasingfromapproximately80 °F. The

temperaturedecreasedto 56.6°F beforetheheaterwasreconfiguredto
system1. TheLCClimitis 56°F. AftertheheaterreconfiguraUon,the
accumulatorlinetemperaturebeganto increase.Thehigh-loadlineisheated
bythissameheaterandits temperatureremainedabove100°F. Theheater
thermostat,whichislocatedontheaccumulatorline,wasclosed(heateron)
throughouttheprelaunchpedodfollowingthestartof ETcryogenicloading.
Nominalheaterperformancewasobservedpdorto ETcryogenicloading.
TheFESfeedlineheaterswererecontiguredfromsystemI to system2 at
069:05:22G.m.t.(007:22:44MET). Nominalheatercycleswereseenonthe
FESsupplyBaccumulator/high-loadlinesystem2 heater.
KSC:Detailedinspectionof insulationfoundgapininsulationthatmayhave

contributedtoprelaunchproblem.Insulationrepairinwork. Heater
performancewasnominal.LCCrevisioninprogresstoclarifyheater
switchingprocess.



TABLEIII.- GOVERNMENTFURNISHEDEQUIPMENTPROBLEMTRACKINGLIST

No. Title Time Comments

STS-67-F-01 IntermittentPowerConnection 066:22:43G.m.t. Thecrewreporteda failureoftheCamcorderPowerInterface
BetweenCCPIBatteryAdapterand 05:16:05MET (CCPI)to powertheCompactPortableLight(CPL)>
CPL SubsequenttroubleshootingIsolatedtheproblemto an

IntermittentcontactattheCPL-to-battery-adapterconnector.
LevelIII Closure An IFMsuccessfullyrestoredCPLoperation.Repairof the

intermittentconditionwillberequiredpostfiight.
STS-67-F-02 IncorrectDigitalMulUmeterLeads 067:03:06G.m.t. ThecrewdeterminedthattheDigitalMuitimeter(DMM)kit

05:20:24MET containedprobeswithfixedtipsinsteadof therequiredprobes
LevelIII Closure withinterchangeabletips.

STS-67-F-03 TEACVideoTapeRecorderFailure 069:03:06G.m.t. At069:03:05G.m.t.(07:20:27MET),thecrewattemptedto
007:20:27MET playbackvideotothegroundusingtheTEACvideotape_:

recorder.Thevideoreceivedwas"tearing"withnoiseatthe
topandbottomofthescreen.To troubleshoottheproblem_
freshrecordingsweremadeon boththeTEACandthe
camcorders.TheTEACcouldnotplayeitheritsownorthe

J_ camcordertapes.Thecamcorderscouldplaytheirowntapes,
butnotthetapesrecordedontheTEACrecorder.The
camcorderscouldplaytheirowntapes,butnotthetapes
recordedontheTEACrecorder.TheTEACrecorderappears
to havefailed.A tapeofthevideohasrecordedforanalysis

STS-67-F-04 HasselbladDataModuleProgrammer 066:08:13G.m.t. Whenloadingthefourthfilmcanisterof themission,at
Fault 005:01:35MET approximately66:08:13G.m.t.(05:01:35MET),the

crewmembernotedthatthedatamoduleprogrammerwas
LevelIII Closure missingtheHDRSoption.TheHDRSoptionpdntsdatasuch

astime,data,andnumberonthefilm. AnIFMwasworkedto
recoverproperoperation.Thebatterywasremovedand
replacedandaninitializationprocedurewasperformed.This
procedurewassuccessfulandnofurtherproblemswere
reported.





(,._. DOCUMENTSOURCES

Inan attempttodefinetheofficialaswellastheunofficialsourcesofdatafor
thismissionreport,thefollowinglistisprovided.

1. FlightRequirementsDocument
2. PublicAffairsPressKit
3. CustomerSupportRoomDailyReports
4. MERDailyReports
5. MERMissionSummaryReport
6. MERQuickLookReport
7. MERProblemTrackingList
8. MEREventTimes
9. SubsystemManagerReportsllnputs
10. MODSystemsAnomalyList
11. MSFCFlashReport
12. MSFCEventTimes
13. MSFCInterimReport
14. CrewDebriefingcomments
15. ShuttleOperationalDataBook
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/----,, ACRONYMSANDABBREVIATIONS
1

Thefollowingisa listof theacronymsandabbreviationsandtheirdefinitionsas theseitems
are usedinthisdocument.

A/G Air-to-ground
APU auxiliarypowerunit
ARPCS atmosphericrevitalizationpressurecontrolsystem
ARS atmosphericrevitalizationsystem
ASTRO-2 UltravioletAstronomy-2 payload
ATCS activethermalcontrolsystem
ATU audioterminalunit
BFS backupflightsystem
BITE built-intestequipment
CCPI camcorderpowerinterface
CEI contractenditem
CMIX CommercialMaterialsDispersionApparatusITAExperiments
CPL compactportablelight
CRIM commercialrefrigeratormodule
DSO DetailedSupplementaryObjective
DTO DevelopmentalTestObjective
AP differentialpressure
AV differentialvelocity

('-"_ deglhr degreeperhour
EAFB EdwardsAirForceBase
EDO ExtendedDurationOrbiter
El entryinterface
EPDC electricalpowerdistdbutionandcontrolsubsystem
ET ExternalTank
EVA extravehicularactivity
FCE flightcrewequipment
FCL Freoncoolantloop
FCP fuelcellpowerplant
FCS flightcontrolsystem
FES flashevaporatorsystem
ft/sec feet persecond
g gravity
GAS GetawaySpecial
GFE Governmentfurnishedequipment
GH2 gaseoushydrogen
GLS groundlaunchsequencer
GMEM generalpurposecomputermemory
G.m.t. Greenwichmeantime
GPC generalpurposecomputer
GPS GlobalPositioningSystem
HAINS highaccuracyinertialnavigationsystem

/..-._ HDRR highdataraterecorder
; HDRS HasselbladDataRecordingSystem
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HHM hand-heldmicrophone
HPFT highpressurefuelturbine _
HPFTP highpressurefuelturbopump
HPOTP highpressureoxidizerturbopump
HUT HopkinsUltravioletTelescope
ICOM intercommunications
IFM in-flightmaintenance
IMU inertialmeasurementunit
IPS InstrumentPointingSystem
Isp specificimpulse
KIS Ku-bandInterfaceSystem
KSC KennedySpaceCenter
kW kilowatt
kWh kilowatthour
LCC LaunchCommitCriteria
LESC LockheedEngineeringandScienceCompany
LH2 liquidhydrogen
LO= liquidoxygen
MACE MiddeckActiveControlExperiment
MADS modularauxiliarydatasystem
MCC maincombustionchamber
MDA MaterialsDispersionApparatus
MDM multiplexer/demultiplexer
MECO mainenginecutoff
MET missionelapsedtime f"_
MLG mainlandinggear ' ;
MPS mainpropulsionsystem
MSFC MarshallSpaceFlightCenter
N= nitrogen
NASA NationalAeronauticsandSpaceAdministration
nmi. nauticalmile
NSTS NationalSpaceTransportationSystem(i.e.,SpaceShuttleProgram)
Oz oxygen
OI operationalinstrumentationsubsystem
OMRSD OperationsandMaintenanceRequirementsandSpecifications

Document
OMS orbitalmaneuveringsubsystem
OPF OrbiterProcessingFacility
PADM portableaudiodatamodem
PAL protuberanceairload
PCG ProteinCrystalGrowth
PCG-STES ProteinCrystalGrowth-SingleLockerThermalEnclosureSystem
PCG-TES ProteinCrystalGrowth-ThermalEnclosureSystem
PCS pressurecontrolsystem
PGSC payloadandgroundsupportcomputer
PI PrincipalInvestigator
PILOT PortableIn-FlightLandingOperationsTrainer
PLBD payloadbaydoor
PMBT propellantmeanbulktemperature _ i
PRSD powerreactantstorageanddistribution
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(,'-_ PTI programmedtestinput
RCS reactioncontrolsubsystem
RM redundancymanagement
RMS remotemanipulatorsystem
RSRM ReusableSolidRocketMotor
RTV roomtemperaturevulcanizing
S&A safeandarm
SAREX-II ShuttleAmateurRadioExperiment-II
SLF ShuttleLandingFacility
SIN serialnumber
SRB SolidRocketBooster
SRSS Shuttlerangesafetysystem
SSME SpaceShuttlemainengine
STDN SpaceflightTrackingandDataNetwork
TCS thermalcontrolsystem
TDRS TrackingandDataRelaySatellite
TEAC Brandnameof recorder
TMBU tablemaintenanceblockupdate
TPS thermalprotectionsubsystem
TUFI toughenedunipiecesurfaceinsulation
TVC thrustvectorcontrol
UIT UltravioletImagingTelescope
Vdc Volts,directcurrent
WSB watersprayboiler

f_. WSTF WhiteSandsTestFacility
WUPPE WisconsinUltravioletPhoto-PolarimeterExperiment
ZOE zoneofexclusion
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