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MISSION OVERVIEW

This is the 14th flight of Columbia and the 54th for the space shuttle.

The flight crew for the nine-day STS-55 mission is commander Steven (Steve) R. Nagel;
pilot Terrence (Tom) T. Henricks; payload commander Jerry L. Ross; mission specialists
Bernard A. Harris, Jr. and Charles (Charlie) J. Precourt; and payload specialists Hans
Schlegel and Ulrich Walter of Germany. The crew will be divided into a blue team,
consisting of Nagel, Henricks, Ross, and Walter; and a red team, comprised of Precourt,
Harris and Schlegel. Each team will work consecutive 12-hour shifts, providing for
around-the-clock operations.

STS-55's primary mission objective is to successfully launch, operate, and return the
German Spacelab D-2, a German sponsored (DLR) payload that is designed to conduct
research in a microgravity environment. The payload is composed of the Spacelab long
module with transfer tunnel, a unique support structure (USS) for mounting experiments
outside the module, and a complex autonomous shuttle payload: the Reaction Kinetic in
Glass Melts (RKGM) Get-Away Special (GAS). Module experiments will investigate
materials and life sciences, space technology, and automation and robotics. USS
experiments will complete Earth and stellar observations.

Spacelab D-2 isthe second German Spacelab mission (Spacelab D1 flew aboard STS-
61A in October/November 1985). It is under German mission management, and
Germany is responsible for its operation. In addition to continuing research areas and
scientific experiments from Spacelab D-l, Spacelab D-2 will investigate and qualify
technical and operational techniques and procedures in preparation for the operation of
Space Station Freedom.

Specific areas of investigationincludethe following:

Materials Science-The material science experiments fall intothe areas of fluid physics,
nucleationand solidification.The fluidphysicsexperimentsincludethe studyof capillarity
and instability;change of phases;and heattransfer and diffusion.The nucleationand
solidificationexperimentswill studynucleation,dynamicsof the solidificationboundary,
and productionof monocrystals.The HolographicsOptics Laboratory(HL) will investigate
transientheattransfer,mass transfer,surface convection,and particlemotioninoptical
transparentmediavia holographicmethods. HL encompassesfour differentexperiments:
Interferencespar Diffusionde Liquidesdans L'Espace (IDILE), Interfussionin Salt Melts
(ISIS), MarangoniConvection ina SquareCavity (MAC)), and NucleationandGrowth in
Binary MixturesWith MiscibilityGap (NUGO). The Werkstofflabor(WL) consistsof seven
separateexperimentfacilities. Experimentswithinthese facilitiesstudyseveralareas of
metal processing,crystal growthfor electronicsapplications,fluid boundary surfaces,and
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transport phenomena. The Material Science Experiment Double Rack for Experiment
Modules and Apparatus (MEDEA) accommodates three separate experiment facilities:
High Precision Thermostat (HPT), Gradient Furnace with Quenching (GFQ), and
Ellipsoidspiegelofen (Elli). Material science and physical chemistry experiments will be
carried out in the areas of critical point phenomena, direction solidification of metallic
crystals, and long term crystallization. Radiation Detectors (RD) is a set of four
experiments in which different types of material and biological probes will be exposed to
different environmental conditions. The results of these tests will be used in the
development of radiation protection in space.

Biological Sciences-The biological science experiments will study the electrofusion of
cells,cell functions,reactionto gravity,developmentprocesses,and radiationand
behaviorialphysiology. Humanaphysiologyexperimentswillbe performedinthe areas of
cardiovascularsystems,pulmonaryfunctionsand hormonaladaptation. Biolabor(BB)
studiesthe effectsof the absence of gravityon plantsandanimal organisms,and on
singlecells(gravitationalbiology-GB). BB also studiescultivationmethodsof different
cellsand electrocellfusionof plantandanimal cells(BiologicalMethods-BV). Anthrorack
(AR) measures cardiac,pulmonary,and metabolicfunctionin restingconditionsand
duringchallengesthat are imposedto changethe cardiopulmonaryfunction. This
experimentwill investigatefluidshifts,the hormonalsystem,lungcirculationand
ventilation,deconditioningof the cardiovascularsystem,andthe body'sreactionto
differentphysicalstates. Baroreflex(BA) will investigatechangesinthe baroreceptor
reflex that play a major role in the development of conditions responsiblefor the fall of
blood pressure (orthostatic hypotension) after space flight. The Urine Monitoring System
(UMS) is used to collect urine samples from each crewrnember. The urine sample will be
analyzed for protein metabolism, fluid electrolyte regulation, and pathophysiology of
mineral loss during space flight.

Technology-Technology areas of studywill includeautomation and robotics,and
transferfunctions. Inthe RoboticsExperiment(Rotex),a roboticarm located inan
enclosedworkcellwillbe operatedfrom bothwithinthe moduleand fromthe ground.
Rotexwillemployteleprogrammingand artificialintelligenceto lookat the design,
verificationand operationof advancedautonomoussystems. MicrogravityMeasurement
Assembly(MMA) willmeasurestructuraltransferfunctionsat variouslocations,thus
providinginformationaboutexperimentenvironmentalconditionsfor future Spacelab
flights. The CrewTelesupportExperiment(CTE) willdemonstratecommunication
between onboardand groundcomputer-baseddocumentationfiles (text),graphics,
photos)combinedwith real-timegraphicalinputsby the crewmemberand the ground.
The CTE is intendedto enhance the effectivenessof payloadoperations,maintenance,
and scientificreturn.

Earth Observation-The Modular OptoelectronicMultispectralStereo Scanner (MOMS),
an Earth observinginstrumentlocatedonthe USS platform,isan imagingand sensing
instrumentthat willprovidephotogrammeticmappingandtelemeticmappingapplications.
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__ Astronomy-The Galactic Uitrawide Angle Schmidt System (GAUSS) camera, located on
the USS, willbe usedto studythe MilkyWay.

Atmospheric Physics-Various materialswillbe exposedto the atmosphereand the
effectswillbe observed. The AtomicOxygen ExposureTray (AOET) willobtain in-situ
reaction-ratemeasurementsfor variousmaterialsinteractingwithatomicoxygen.

RKGM-The ReactionKineticinGlass Melts(RKGM) Get-away Specialwillstudythe
processesinvolvedinthe formationof a glassmelt, specificallythe processof mass
transportby diffusion. Mass transferis controlledbyeitherdiffusionor buoyancy
convection. Once on-orbit,the crewenables andactivatesthe RKGM payload. Once
activated,experimentelectronicsrunan automaticexperimentcontrolsequence.

The shuttleorbiterColumbiaplaysthe role of "mothership"to the Spacelab D-2 payload,
servingas a stableand reliableplatformfor microgravityinvestigations,and providinga
stableattitude, power,and coolingneeds.

STS-55's secondaryobjectiveisto performthe operationsof the ShuttleAmateur Radio
Experiment(SAREX) II payload. SAREX, sponsoredby NASA, the AmericanRadio
Relay League/AmateurRadioSatelliteCorporation,and the JohnsonSpace Center
AmateurRadio Club,willestablishcrewvoicecommunicationwith amateurradiostations
within the line of sightof the orbiter. The SAREX will be operated at the discretion of the
licensed crewmembers. Crewmembers are licensed radio operators for STS-55. SAREX
will fly a modified configuration C on STS-55. Configuration C has the capability of
operating in either voice or data mode in communications with amateur stations within line
of sightof the orbiter. ConfigurationC can alsobe operatedinthe attended mode for
voicecommunicationand eitherattendedor automaticmode for data communications.

Eleven developmenttestobjectivesand 10 detailedsupplementaryobjectivesare
scheduledto be flownon STS-55.

jr.
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MISSION STATISTICS

Vehicle: Columbia(OV-102), 14thflight

Launch Date/Time:

3/21/93 9:52 a.m., EST
8:52 a.m., CST
6:52 a.m., PST

Launch Site: KennedySpace Center (KSC), Fla.--LaunchPad 39A

Launch Window: 2 hours,30 minutes

Mission Duration: 8 days,22 hours,5 minutes. A highlydesirableadditionalday cannot
be guaranteeddue to consumables,butpotentiallycouldbe achieved real time. Planning
willaccommodatethe longerdurationwhereverappropriate. The capabilityexistsfor two
additionaldays for contingencyoperationsand weatheravoidance.

Landing: Nominalend-of-missionlandingon orbit143

3/30/93 7:57 a.m., EST
6:57 a.m., CST
4:57 a.m., PST

Runway: Nominalend-of-missionlandingon concrete runway15, KennedySpace Center
(KSC), Fla. Weather alternatesare EdwardsAir Force Base (EAFB), Calif., and Northrup
Strip (NOR), White Sands, N. M.

Transatlantic Abort Landing: Banjul,The Gambia; alternates:Moron,Spain; Ben
Guerir, Morocco

Return to Launch Site: KSC

Abort-Once-Around: EAFB; alternates:KSC, NOR

Inclination: 28.45 degrees

1



°6 °

Ascent: The ascent profile for this mission is a direct insertion. Only one orbital
maneuveringsystemthrustingmaneuver,referredto as OMS-2, is used to achieve
insertionintoorbit. This direct-insertionprofileloftsthe trajectoryto provide the earliest
opportunityfororbit inthe event of a problemwitha space shuttlemain engine.

The OMS-1 thrustingmaneuverafter mainengine cutoffplusapproximatelytwo minutes
is eliminatedin thisdirect-insertionascentprofile. The OMS-1 thrustingmaneuver is
replacedby a 5-foot-per-secondreactioncontrolsystemmaneuver to facilitatethe main
propulsionsystempropellantdump.

Altitude: 160 nautical miles (184 statutemiles)circularorbit

Space Shuttle Main Engine Thrust Level During Ascent: 104 percent

Space Shuttle Main Engine Locations:

No. 1 position:Engine2030
No. 2 position:Engine2034
No. 3 position:Engine2011

External Tank: ET-56

Solid Rocket Boosters: BI-057

Mobile Launcher Platform: 3

Editor'sNote:The followingweightdata are currentas of March16, 1993.

Total Lift-off Weight: Approximately4,518,784 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately255,252 pounds

Orbiter (Columbia) Empty and 3 SSMEs: Approximately180,895 pounds

Payload Weight Up: Approximately26,864 pounds

Payload Weight Down: Approximately26,864 pounds

Orbiter Weight at Landing: Approximately227,203 pounds

Payloads-Payload Bay (* denotes primary payload): Spacelab D-2 with long module,
uniquesupportstructure(USS), and ReactionKineticin Glass Melts (RKGM) Get-Away
Special
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Payloads-Middeck: ShuttleAmateurRadio Experiment (SAREX) II

Flight Crew Members:

Red Team:

Mission Specialist 2: Charles (Charlie) J. Precourt, first space shuttleflight
Mission Specialist 3: BernardA. Harris,Jr., firstspace shuttle flight
Payload Specialist 2: HansSchlegel,Germany, firstspace shuttleflight

Blue Team:

Commander: Steven (Steve) R. Nagel, fourth space shuttle flight
Pilot: Terrence (Tom) T. Henricks, second space shuttle flight
Payload Commander (Mission Specialist 1): Jerry L. Ross,fourth space shuttle
flight

Payload Specialist 1: UlrichWalter, Germany,firstspace shuttleflight

Nagel, Henricks,and Precourtmake upthe orbitercrew,whichoperatesthe shuttle and
Spacelabsystemsmonitoredby the MissionControlCenter at NASA'sJohnsonSpace
Center, Houston,Texas. Harris,Schlegel, Ross,andWalter formthe sciencecrew,which

/_ will operate the Spacelab D-2 experiments monitoredby the German Space Operations
Center (GSOC) in Oberpfaffenhofen,Germany.

Ascent Seating:

Flightdeck, front left seat, commanderStevenR. Nagel
Flightdeck, front rightseat, pilotTerrence T. Henricks
Flightdeck, aft centerseat, missionspecialistCharlesJ. Precourt
Flightdeck, aft rightseat, missionspecialistBernardA. Harris,Jr.
Middeck,payloadspecialistHans Schlegel
Middeck,payloadspecialistUlrichWalter
Middeck,missionspecialistJerry L. Ross

Entry Seating:

Flightdeck, front left seat, commanderStevenR. Nagel
Flightdeck, front rightseat, pilotTerrenceT. Henricks
Flightdeck, aft centerseat, missionspecialistCharles J. Precourt
Flightdeck, aft right seat, mission specialistJerry L. Ross
Middeck, mission specialist Bernard A. Harris, Jr.
Middeck, payload specialist Hans Schlegel
Middeck, payload specialist Ulrich Walter
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Extravehicular Activity Crew Members, If Required:

Extravehicular(EV) astronaut1:missionspecialistJerry L. Ross
EV-2: missionspecialistCharlesJ. Precourt

Intravehicular Astronaut: pilotTerrence T. Henricks

STS-55 Flight Directors:

Ascent/Entry/Orbit1:Wayne Hale
Orbit 2 Team/Lead: Gary Coen
Orbit3 Team: Mill Heflin

Entry: Automaticmode untilsubsonic,thencontrolsticksteering

Notes:

• The remotemanipulatorsystemis not installedin Columbia'spayload bay forthis
mission•

• The shuttleorbiter repackagedgalley is installedin Columbia'smicldeck.
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MISSION OBJECTIVES

• Primary objective
- Spacelab D-2 operations

• Secondaryobjective
- Middeck

• Shuttle Amateur Radio Experiment (SAREX) II
• 11 development test objectives/10 detailed supplementary objectives
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FLIGHT ACTIVITIES OVERVIEW

Flight Day 1

Launch
OMS-2
Payload bay doors open
Spacelab D-2 activation
Payload activation
Priority Group B powerdown
Unstow cabin

Flight Day 2

Spacelab operations

Flight Day 3

Spacelab operations

Flight Day 4

Spacelab operations

Flight Day 5

Spacelaboperations

Flight Day 6

Spacelab operations

Flight Day 7

Spacelab operations

Flight Day 8

Spacelaboperations
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Flight Day 9

Spacelab operations
FCS checkout
RCS hot fire

Flight Day 10

Spacelab deactivation
Priority Group B powerup
Cabin stow
Deorbit preparation
Deorbit burn
Landing

Note:

• Each flight day includes a number of scheduled housekeeping activities. These include
inertial measurement unit alignment, supply water dumps (as required), waste water
dumps (as required), fuel cell purge, Ku-band antenna cable repositioning, and a daily
private medical conference•
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CREW ASSIGNMENTS

Commander: (Steven R. Nagel)

Overall missiondecisions
Orbiter--IFM (Spacelab systems)
Payload--MOMS, GAUSS, RKGM, CTE, Baroreflex, UMS
DTOs/DSOs--DTOs 251,623, 660, 663, 665, 805; DSOs 323, 617, 618

Pilot: (Terrence T. Henricks)

Orbiter--IFM
Payload--IFM (Spacelab systems), MOMS, GAUSS, RKGM, CTE, Baroreflex, UMS
DTOs/DSOs--DTOs 251,623, 660, 663, 665; DSOs 323, 603, 617, 618, 625
Other--Earth observations

Payload Commander (Mission Specialist 1): (Jerry L. Ross)

Payload--IFM (Spacelab systems), IFM (Spacelab experiments), Spacelab module
experiments, Baroreflex, UMS
DTOs/DSOs--DTO 312; DSO 603
Other--EV1, medic

Mission Specialist 2: (Charles J. Precourt)

Orbiter--IFM
Payload--IFM (Spacelab systems), MOMS, GAUSS, RKGM, CTE, Baroreflex, UMS
DTOs/DSOs--DTOs 623, 660, 663, 665; DSOs 323, 486, 603, 617, 618
Other--IV, photo/TV

Mission Specialist 3: (Bernard A. Harris, Jr.)

Payload--Spacelab module experiments, IFM (Spacelab systems), IFM (Spacelab
experiments), Baroreflex, UMS
DTOs/DSOs--DSO 486
Other--EV2, medic

Payload Specialist 1: (Ulrich Walter)

Payload--Spacelab moduleexperiments, Baroreflex, UMS, IFM (Spacelab
f-_ experiments)
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Payload Specialist 2: (Hans Schlegel)

Payload--Spacelab module experiments, Baroreflex, UMS, IFM (Spacelab
experiments)
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DEVELOPMENT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

DTOs

Ascent aerodynamic distributed loads verification (DTO 236)
Entry aerodynamic control surfaces test (Part 6) (DTO 251)
Ascent structural capability evaluation (DTO 301D)
Entry structural capability evaluation (DTO 307D)
ET TPS performance, methods 1 and 2 (DTO 312)
Orbiter drag chute system (DTO 521)
Cabin air monitoring (DTO 623)
Thermal impulse printer system demonstration (DTO 660)
Acoustical noise dosimeter (DTO 663)
Acoustical noise sound level data (DTO 665)
Crosswind landing performance (DTO 805)

DSOs

. Urine monitoring system evaluation (DSO 323)
• Physical examination in space (DSO 486)
• Orthostatic function during entry, landing, and egress (DSO 603B*)
• Evaluation of functional skeletal muscle performance following space flight (DSO 617")
• Effects of intense exercise during space flight on aerobic capacity and orthostatic
functions (DSO 618")

• Measurement of blood volume before and after space flight (DSO 625*)
• Educational activities (objective 1 and 2) (DSO 802)
• Documentarytelevision (DSO 901)
• Documentarymotionpicturephotography(DSO 902)
• Documentarystillphotography(DSO 903)

* EDO buildup medical evaluation

f_
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STS-55 PRELAUNCH COUNTDOWN

T - (MINUS)
TERMINAL (_OI,JNTDOWN EVENT

06:00:00 Verificationof the launch commit criteria is complete at this time. The
liquid oxygen and liquid hydrogen systems chill-down commences in order
to condition the ground line and valves as well as the external tank (ET) for
cryo loading. Orbiter fuel cell power plant activation is performed.

05:50:00 The space shuttle main engine (SSME) liquid hydrogen chill-down
sequence is initiated by the launch processing system (LPS). The liquid
hydrogen recirculation valves are opened and start the liquid hydrogen
recirculation pumps. As part of the chill-down sequence, the liquid
hydrogen prevalves are closed and remain closed until T minus 9.5
seconds.

05:30:00 Liquid oxygen chill-down is complete. The liquid oxygen loading begins.
The liquid oxygen loading starts with a "slow fill" in order to acclimate the
ET. Slow fill continues until the tank is 2-percent full.

05:15:00 The liquid oxygen and liquidhydrogen slow fill iscomplete and the fast fill
begins. The liquid oxygen and liquid hydrogen fast fill will continue until
that tank is 98-percent full.

05:00:00 The calibrationof the inertial measurement units (IMUs) starts. The three
IMUs are used by the orbiter navigation systems to determine the position
of the orbiter in flight.

04:30:00 The orbiter fuel cell powerplantactivationis complete.

04:00:00 The Merritt Island (MILA) antenna, whichtransmits and receives
communications,telemetryand ranginginformation,alignmentverification
begins.

03:45:00 The liquid hydrogen fast fill to 98 percent iscomplete, and a slow topping-
off process is begun and stabilized to 100 percent.

03:30:00 The liquidoxygen fast fill is complete to 98 percent.

/r.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

03:20:00 The main propulsion system (MPS) helium tanks begin filling from
2,000 psi to their full pressure of 4,500 psi.

03:15:00 Liquid hydrogen stable replenishment begins and continues until just
minutes prior to T minus zero.

03:10:00 Liquid oxygen stable replenishment begins and continues until just minutes
prior to T minus zero.

03:00:00 The MILA antenna alignment is completed.

03:00:00 The orbiter closeout crew goes to the launch pad and prepares the
orbiter crew compartment for flight crew ingress.

03:00:00 Begin 2-hour planned hold. An inspection team examines the ET for
I._[.0J._[_.g ice or frost formation on the launch pad during this hold.

03:00:00 Two-hour planned hold ends.

02:55:00 Flight crew departs Operations and Checkout (O&C) Building for launch
pad.

02:25:00 Flight crew orbiter and seat ingress occurs.

02:10:00 Post ingress software reconfiguration occurs.

02:00:00 Checking of the launch commit criteria starts at this time.

02:00:00 The ground launch sequencer (GLS) software is initialized.

01:50:00 The solid rocket boosters' (SRBs') hydraulic pumping units' gas
generator heaters are turned on and the SRBs' aft skirt gaseous
nitrogen purge starts.

01:50:00 The SRB rate gyro assemblies (RGAs) are turned on. The RGAs are
used by the orbiter's navigation system to determine rates of motion of the
SRBs during first-stage flight.

01:35:00 The orbiter accelerometer assemblies (AAs) are powered up.
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i - T- (MINUS)
TERMINAL COUNTDOWN EVENT

01:35:00 The orbiter reaction control system (RCS) control drivers are powered up.

01:35:00 The flight crew starts the communications checks.

01:25:00 The SRB RGA torque test begins.

01:20:00 Orbiter side hatch is closed.

01:10:00 Orbiter side hatch seal and cabin leak checks are performed.

01:01:00 IMU preflight align begins. Flight crew functions from this point on will be
initiated by a call from the orbiter test conductor (OTC) to proceed. The
flight crew will report back to the OTC after completion.

01:00:00 The orbiter RGAs and AAs are tested.

00:50:00 The flight crew starts the orbiter hydraulic auxiliary power units' (APUs')
water boilers preactivation.

00:45:00 Cabin vent redundancy check is performed.

00:45:00 The GLS mainline activation is performed.

00:40:00 The eastern test range (ETR) shuttle range safety system (SRSS) terminal
count closed-loop test is accomplished.

00:40:00 Cabin leak check is completed.

00:32:00 The backup flight control system (BFS) computer is configured.

00:30:00 The gaseous nitrogen system for the orbital maneuvering system (OMS)
engines is pressurized for launch. Crew compartment vent valves are
opened.

00:26:00 The ground pyro initiator controllers (PICs) are powered up. They are
used to fire the SRB hold-down posts, liquid oxygen and liquid hydrogen
tail service mast (TSM), and ET vent arm system pyros at lift-off and the
SSME hydrogen gas bum system prior to SSME ignition.

00:25:00 Simultaneous air-to-ground voice communications are checked. Weather
r-- aircraft are launched.



-20-

T - (MINUS)
HR:MIN:SEC TI_RMINAL COI_NTDQWN EVENT

00:22:00 The primary avionics software system (PASS) is transferred to the BFS
computer in order for both systems to have the same data. In case of a
PASS computer system failure, the BFS computer will take over control of
the shuttle vehicle during flight.

00:21:00 The crew compartment cabin vent valves are closed.

00:20:00 A 10-minute planned hold starts.

All computer programs in the firing room are verified to ensure that the
proper programs are available for the final countdown. The test team is
briefed on the recycle options in case of an unplanned hold.

The landing convoy status is again verified and the landing sites are
verified ready for launch.

The IMU preflight alignment is verified complete.

Preparations are made to transition the orbiter onboard computers to Major
Mode (MM)-101 upon coming out of the hold. This configures the
computer memory to a terminal countdown configuration.

00:20:00 The lO-minute hold ends.

Counting Transition to MM-101. The PASS onboardcomputersare dumped and
comparedto verifythe properonboardcomputerconfigurationfor launch.

00:19:00 The flightcrewconfiguresthe backupcomputerto MM-101 and the test
team verifiesthe BFS computeristrackingthe PASS computersystems.
The flightcrewmembersconfiguretheir instrumentsfor launch.

00:18:00 The MissionControlCenter-Houston(MCC-H) now loadsthe onboard
computerswiththe properguidanceparameters basedon the
prestatedlift-offtime.

00:16:00 The MPS heliumsystemis reconfiguredby the flightcrew for launch.

00:15:00 The OMS/RCS crossfeedvalves are configuredfor launch.

All test supportteam membersverifythey are =gofor launch."
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T- (MINUS)
TERMINAL COUNTDOWN EVI_NT

00:12:00 Emergency aircraft and personnel are verified on station.

00:10:00 All orbiter aerosurfaces and actuators are verified to be in the proper
configuration for hydraulic pressure application. The NASA test director
gets a "go for launch" verification from the launch team.

00:09:00 A planned 10-minute hold starts.

Holy10
Minutes NASA and contractor project managers will be formally polled by the

deputy director of NASA, Space Shuttle Operations, on the Space Shuttle
Program Office communications loop during the T minus 9-minute hold. A
positive "go for launch" statement will be required from each NASA and
contractor project element prior to resuming the launch countdown. The
loop will be recorded and maintained in the launch decision records.

All test support team members verify that they are "go for launch."

Final GLS configuration is complete.

00:09:00 The GLS auto sequence starts and the terminal countdown begins.
Counting

From this point, the GLSs in the integration and backup consoles are the
primary control until T-0 in conjunction with the onboard orbiter PASS
redundant-set computers.

00:09:00 Operations recorders are on. MCC-H, Johnson Space Center, sends a
command to turn these recorders on. They record shuttle system
performance during ascent and are dumped to the ground once orbit is
achieved.

00:08:00 Payload and stored prelaunch commands proceed.

00:07:30 The orbiteraccess arm (OAA)connectingthe accesstower and the orbiter
side hatch is retracted. If an emergencyarises requiringflightcrew
activation,the arm can be extended either manuallyor by GLS computer
controlinapproximately30 secondsor less.

00:06:00 APU prestartoccurs.

Ff"
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T- (MINUS)
HR:MIN:SEC TERMINAL (_OUNTDOWN EVENT

00:05:00 Orbiter APUs start. The orbiter APUs provide pressure to the three orbiter
hydraulic systems. These systems are used to move the SSME engine
nozzles and aerosurfaces.

00:05:00 ET/SRB range safety system (RSS) is armed. At this point, the firing circuit
for SRB ignition and destruct devices is mechanically enabled by a motor-
driven switch called a safe and arm device (S&A).

00:04:30 As a preparation for engine start, the SSME main fuel valve heaters are
turned off.

00:04:00 The final helium purge sequence, purge sequence 4, on the SSMEs is
started in preparation for engine start.

00:03:55 At this point, all of the elevons, body flap, speed brake, and rudder are
moved through a preprogrammed pattern. This is to ensure that they will
be ready for use in flight.

00:03:30 Transfer to internal power is done. Up to this point, power to the space
vehicle has been shared between ground power supplies and the onboard
fuel cells.

The ground power is disconnected and the vehicle goes on internal power
at this time. It will remain on internal power through the rest of the mission.

00:03:25 The SSMEs' nozzles are moved (gimbaled) through a preprogrammed
pattern to ensure that they will be ready for ascent flight control. At
completion of the gimbal profile, the SSMEs' nozzles are in the start
position.

00:02:55 ET liquid oxygen prepressurization is started. At this point, the liquid
oxygen tank vent valve is closed and the ET liquid oxygen tank is
pressurized to its flight pressure of 21 psi.

00:02:50 The gaseous oxygen arm is retracted. The cap that fits over the ET nose
cone to prevent ice buildup on the oxygen vents is raised off the nose cone
and retracted.

00:02:35 Up until this time, the fuel cell oxygen and hydrogen supplieshave been
addingto the onboardtanksso that a full loadat lift-offis assured. This
fillingoperationisterminatedat thistime.
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T- (MINUS)
TERMINAL COUNTDOWN EVENT

00:02:30 The caution/warning memory is cleared.

00:01:57 Since the ET liquid hydrogen tank was filled, some of the liquid hydrogen
has turned into gas. In order to keep pressure in the ET liquid hydrogen
tank low, this gas was vented off and piped out to a flare stack and burned.
In order to maintain flight level, liquid hydrogen was continuously added to
the tank to replace the vented hydrogen. This operation terminates, the
liquid hydrogen tank vent valve is closed, and the tank is brought up to a
flight pressure of 44 psia at this time.

00:01:15 The sound suppression system will dump water onto the mobile launcher
platform (MLP) at ignition in order to dampen vibration and noise in the
space shuttle. The firing system for this dump, the sound suppression
water power bus, is armed at this time.

00:01:00 The SRB joint heaters are deactivated.

00:00:55 The SRB MDM critical commands are verified.

00:00:47 The liquid oxygen and liquid hydrogen outboard fill and drain valves are
closed.

00:00:40 The extemal tank bipod heaters are turned off.

00:00:38 The onboard computers position the orbiter vent doors to allow payload
bay venting upon lift-off and ascent in the payload bay at SSME ignition.

The SRB forward MDM is locked out.

00:00:37 The gaseousoxygen ET arm retract is confirmed.

00:00:31 The GLS sends "gofor redundantset launchsequencestart." Atthispoint,
the four PASS computerstake overmaincontrolof the terminalcount.
Onlyone further commandis neededfrom the ground,"gofor main engine
start," at approximatelyT minus9.7 seconds. The GLS inthe integration
consoleinthe launchcontrolcenterstillcontinuesto monitorseveral
hundredlaunchcommitcriteriaand can issuea cutoffif a discrepancyis
observed. The GLS alsosequencesgroundequipmentandsends
selectedvehiclecommandsinthe last31 seconds.
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HR:MIN:SEC TERMINAL (_OUNTDOWN EVENT

00:00:28 Two hydraulic power units in each SRB are started by the GLS. These
provide hydraulic power for SRB nozzle gimbaling for ascent first-stage
flight control.

The orbiter vent door sequence starts.

00:00:21 The SRB gimbal profile is complete. As soon as SRB hydraulic power is
applied, the SRB engine nozzles are commanded through a
preprogrammed pattern to assure that they will be ready for ascent flight
control during first stage.

00:00:21 The liquid hydrogen high-point bleed valve is closed.

The SRB gimbal test begins.

00:00:18 The onboard computers arm the explosive devices, the pyrotechnic initiator
controllers, that will separate the T-0 umbilicals, the SRB hold-down posts,
and SRB ignition, which is the final electrical connection between the
ground and the shuttle vehicle.

00:00:16 The sound suppression system water is activated.

00:00:15 If the SRB pyro initiator controller (PIC) voltage in the redundant-set launch
sequencer (RSLS) is not within limits in 3 seconds, SSME start commands
are not issued and the onboard computers proceed to a countdown hold.

00:00:13 The aft SRB MDM units are locked out. This is to protect against electrical
interference during flight. The electronic lock requires an unlock command
before it will accept any other command.

SRB SRSS inhibits are removed. The SRB destruct system is now live.

00:00:12 The MPS helium fill is terminated. The MPS helium system flows to the
pneumatic control system at each SSME inlet to control various essential
functions.

00:00:10 LPS issuesa "go" for SSME start. This is the last requiredground
command. The groundcomputersinformthe orbiteronboardcomputers
that they have a "go" for SSME start. The GLS retainsholdcapabilityuntil
justpriorto SRB ignition.
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HR:MIN:SEC TERMINAL COUNTDOWN EVENT

00:00:09.7 Liquid hydrogen recirculation pumps are turned off. The recirculation
pumps provide for flow of fuel through the SSMEs during the terminal
count. These are supplied by ground power and are powered in
preparation for SSME start.

00:00:09.7 In preparation for SSME ignition, flares are ignited under the SSMEs. This
bums away any free gaseous hydrogen that may have collected under the
SSMEs during prestart operations.

The orbiter goes on internal cooling at this time; the ground coolant units
remain powered on until lift-off as a contingency for an aborted launch.
The orbiter will redistribute heat within the orbiter until approximately 125
seconds after lift-off, when the orbiter flash evaporators will be turned on.

00:00:09.5 The SSME engine chill-down sequence is complete and the onboard
computers command the three MPS liquid hydrogen prevalves to open.
(The MPSs three liquid oxygen prevalves were opened during ET tank
loading to permit engine chill-down.) These valves allow liquid hydrogen
and oxygen flow to the SSME turbopumps.

00:00:09.5 Command decodersare powered off. The command decoders are units
that allow ground control of some onboard components. These units are
not needed during flight.

00:00:06.6 The main fuel and oxidizer valves in each engine are commanded open by
the onboard computers, permitting fuel and oxidizer flow into each SSME
for SSME start.

All three SSMEs are started at 120-millisecond intervals (SSME 3, 2, then
1) and throttle up to 100-percent thrust levels in 3 seconds under control of
the SSME controller on each SSME.

00:00:04.6 All three SSMEs are verified to be at 100-percent thrust and the SSMEs
are gimbaled to the lift-off position. If one or more of the three SSMEs
does not reach 100-percent thrust at this time, all SSMEs are shut down,
the SRBs are not ignited, and an RSLS pad abort occurs. The GLS RSLS
will perform shuttle and ground systems safing.

Vehicle bending loadscaused by SSME thrustbuildup are allowed to
initializebeforeSRB ignition. The vehiclemovestowardsET includingET

_- approximately25.5 inches.
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HR:MIN:SEC TERMINAL COUNTDOWN EVENT

00:00:00 The two SRBs are ignitedundercommandof the four onboardPASS
computers,the four hold-downexplosiveboltson each SRB are initiated
(each boltis 28 incheslongand3.5 inchesin diameter),and the two T-0
umbilicalson each side of the spacecraftare retracted. The onboard
timers are startedand the groundlaunchsequence isterminated. All three
SSMEs are at 104-percentthrust. Boostguidancein attitudehold.

00:00 Lift-off.
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STS-55 MISSION HIGHLIGHTS TIMELINE

Editor's Note:This timeline lists selected highlights only. For full detail, please refer to the
NASA Mission Operations Directorate STS-55 Flight Plan, Ascent Checklist, Post
InsertionChecklist,DeorbitPreoChecklist.and Entry_Checklist.

T+ (PLUS)
DAY/

HR:MIN:SEC EVENT

DAY ZERO

0/00:00:07 Tower is cleared (SRBs above lightning-rod tower).

0/00:00:10 180-degree positive roll maneuver (right-clockwise) is
started. Pitch profile is heads down, wings level.

0/00:00:19 Roll maneuver ends.

0/00:00:27 All three SSMEs throttle down from 100 to 70 percent for
maximum aerodynamic load (max q).

0/00:00:56 All three SSMEs throttle to 104 percent.

0/00:01:01 Max q occurs.

0/00:02:05 SRBs separate.

When chamber pressure (Pc) of the SRBs is less than
50 psi, automatic separation occurs with manual flight crew
backup switch to the automatic function (does not bypass
automatic circuitry). SRBs descend to approximately 15,400
feet, when the nose cap is jettisoned and drogue chute is
deployed for initial deceleration.

/--
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T+ (PLUS)
DAY/

EVENT

At approximately 6,600 feet, drogue chute is released and
three main parachutes on each SRB provide final
deceleration prior to splashdown in Atlantic Ocean, where
the SRBs are recovered for reuse on another mission.
Flight control system switches from SRB to orbiter RGAs.

0/00:03:58 Negative return. The vehicle is no longer capable of
return-to-launch site abort at Kennedy Space Center
runway.

0/00:07:02 Single engine press to main engine cutoff (MECO).

0/00:08:26 All three SSMEs throttle down to 67 percent for MECO.

0/00:08:29 MECO occurs at approximate velocity 25,877 feet per
second, 36 by 158 nautical miles (41 by 182 statute
miles).

0/00:08:36 Zero thrust.

0/00:08:47 ET separation is automatic with flight crew manual backup
switch to the automatic function (does not bypass automatic
circuitry).

The orbiter forward and a_tRCSs, which provide attitude
hold and negative Z translation of 11 fps to the orbiter for ET
separation, are first used.

Orbiter/ET liquid oxygen/liquid hydrogen umbilicals are
retracted.

Negative Z translation is complete.
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T+ (PLUS)
DAY/

HR:MIN:SEC EVENT

In conjunction with this thrusting period, approximately 1,700
pounds of liquid hydrogen and 3,700 pounds of liquid
oxygen are trapped in the MPS ducts and SSMEs, which
results in an approximate 7-inch center-of-gravity shift in the
orbiter. The trapped propellants would sporadically vent in
orbit, affecting guidance and creating contaminants for the
payloads. During entry, liquid hydrogen could combine with
atmospheric oxygen to form a potentially explosive mixture.
As a result, the liquid oxygen is dumped out through the
SSME combustion chamber nozzles, and the liquid
hydrogen is dumped out through the right-hand T-minus-
zero umbilical overboard fill and drain valves.

MPS dump terminates.

APUs shut down.

._ MPS vacuum inerting occurs.

--Remaining residual propellants are vented to space
vacuum, inerting the MPS.

--Orbiter/ET umbilical doors close (one door for liquid
hydrogen and one door for liquid oxygen) at bottom of aft
fuselage, sealing the aft fuselage for entry heat loads.

--MPS vacuuminertingterminates.

0/00:40 OMS-2 thrustingmaneuveris performed,approximately
2 minutes,19 secondsinduration,at 221 fps, 162 by 160
nauticalmiles.

0/00:51 Commandercloses all currentbreakers, panel L4.

0/00:53 Missionspecialist(MS) seat egress.

0/00:54 CommanderandpilotconfigureGPCs for OPS-2.

0/00:57 MS configurespreliminarymiddeck.
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T+ (PLUS)
DAY/

HR:MIN:_EC EVENT

0100:59 MS configures aft flight station.

0/01:00 MS unstows, sets up, and activates PGSC.

0/01:04 Pilot activates payload bus (panel R1).

0/01:08 Commander and pilot don and configure communications.

0/01:12 Pilot maneuvers vehicle to payload bay door opening
attitude, biased negative Z local vertical, positive Y velocity
vector attitude.

0101:17 Commander activates radiators.

0/01:18 If go for payload bay door operations, MS configures for
payload bay door operations.

0/01:28 MS opens payload bay doors.

0/01:33 Commander switches star tracker power 2 (panel 06) to ON.

0/01:36 Mission Control Center (MCC), Houston (H), informs crew to
"go for orbit operations."

0101:37 Commander and pilot seat egress.

0/01:38 Commander and pilot clothing configuration.

0/01:39 MS/PS clothing configuration.

0/01:50 Pilot initiates fuel cell auto purge.

0/01:51 MS activates teleprinter (if flown).

0/01:53 Commander begins post-payload bay door operations and
radiator configuration.

0/01:55 MS/PS remove and stow seats.

0/01:56 Commander starts ST self-test and opens door.
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T+ (PLUS)
DAY/

EVENT

0/01:57 MS configures middeck.

0/01:59 Pilot closes main B supply water dump isolation circuit
breaker, panel ML86B, opens supply water dump isolation
valve, panel R12L.

0/02:01 Pilot activates auxiliary power unit steam vent heater, panel
R2, boiler controller/heater, 3 to A, power, 3 to ON.

0/02:07 Mission Control Center tells crew to "go for Spacelab
activation."

0/02:08 Spacelab D-2 activation.

0/02:09 Ku-band antenna deployment.

0/02:10 Commander configures vernier controls.

0/02:12 Commander, pilot configure controls for on-orbit.

0/02:15 Initiate Spacelab activation.

0/02:15 Commander manuevers to IMU alignment attitude.

0/02:19 Ku-band antenna activation.

0/02:21 MS enables hydraulic thermal conditioning.

0/02:25 IMU alignment: ST.

0/02:26 MS resets caution/warning (C/W).

0/02:28 Pilot plots fuel cell performance.

0/02:30 Redteam begins presleep activities.

0/03:30 IngressSpacelab.

0/03:30 Red team beginssleep period.



-32-

T+ (PLUS)
DAY/

HR:MIN:SEC EVENT

0/04:05 DTO 623.

0/04:15 RKGM activation.

0/04:40 Payloadactivation.

0/04:45 PriorityGroup B powerdown.

0/05:05 Biolabor

0/06:55 DSO 323 UMS setup.

0/08:55 Blueteam beginspresleepactivities.

0109:30 Red team beginspostsleepactivities.

0/10:00 Blueteam handoverto redteam.

0/11:05 Blueteam beginssleepperiod.

0/11:43 MOMS.

0/14:50 Biolabor.

0/18:40 DSO 486 operations.

0/19:05 Blueteam beginspostsleepactivities.

0/20:13 RKGM deactivation.

0/20:35 Red team handoverto blue team.

0/21:05 Biolabor.

0121:42 Baroreflex.

0/22:30 Red team begins presleep activities.

MET DAY ONE
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T+ (PLUS)
DAY/

EVENT

1/00:15 DSO 323.

1/00:30 Red team begins sleep period.

1/00:55 SAREX setup.

1/01:45 DTO 660--TIPS activation.

1/06:05 SAREX operations (U.S. school).

1/06:30 DSO 323.

1/07:45 SAREX operations (U.S. school).

1108:30 Red team begins postsleep activities.

1108:30 DTO 663.
_f

1109:00 DTO 623.

1/09:35 Blue team handover to red team.

1109:45 Blue team begins presleep activities.

1/10:35 DSO 618.

1/11:00 Baro reflex.

1111:45 Blue team begins sleep period.

1/12:30 DSO 323.

1/12:40 Biolabor.

1/18:46 SAREX operations (Australia).

1119:i 5 Blue team begins postsleep activities.

1/20:15 SAREX operations (personal contact).
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1/21:00 Redteam handoverto blue team.

1/21:30 Redteam begins presleepactivities.

1/21:40 DSO 618.

1/22:25 DTO 663.

1/23:25 SAREX operations(personalcontact).

1/23:30 Redteam beginssleep period.

MET DAY TWO

2/00:06 SAREX operations(U.S. school).

2/00:30 AR land.

2/03:15 SAREX operations(U.S. school).

2/03:45 DSO 323.

2/05:00 Biolabor.

2/05:35 Crew pressconference.

2/06:15 SAREX operations(U.S. school).

2/07:30 Red team beginspostsleepactivities.

2/08:00 DTO 663.

2/08:30 Blueteam handoverto red team.

2/08:45 Blueteam beginspresleepactivities.

2/10:10 Biolabor.

2/10:45 Blueteam beginssleep period.
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DAY/

HR:MIN:SEC EVENT

2/11:55 Rotex.

2/13:30 DTO 623.

2/14:15 DSO 323.

2/17:25 DSO 486.

2/18:13 MOMS.

2/18:45 Blue team begins postsleep activities.

2/20:30 Crew press conference.

2/20:45 Red team handover to blue team.

2/21:00 Red team begins presleep activities.
f

2/21:30 Baro reflex.

2/22:10 DTO 663.

2/22:40 SAREX operations (U.S. school).

2/22:45 Red team begins sleep period.

MET DAY THREE

3100:00 Biolabor.

3/00:15 SAREX operations (U.S. school).

3/01:40 CTE operations.

3/04:00 SAREX operations (Africa).

3/05:00 DSO 323.

3/06:45 Red team begins postsleep activities.
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3/07:15 DTO 663.

3/08:30 Blue team handover to red team.

3/08:45 Blue team begins presleep activities.

3/09:15 Baro reflex.

3/10:30 Biolabor.

3/10:45 Blue team begins sleep period.

3/11:25 Crew press conference.

3/15:30 DSO 323.

3/16:48 MOMS.

3/18:10 SAREX operations (SAREX antenna test).

3/18:30 DTO 623.

3/18:45 Blue team begins postsleep activities.

3/19:45 SAREX operations (SAREX antenna test).

3/20:30 Red team handover to blue team.

3/20:45 Red team begins presleep activities.

3/21:45 Biolabor.

3/22:45 Red team begins sleep activities.

3/22:45 DTO 663.

MET DAY FOUR

4/02:00 DTO 663.
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DAY/

HR:MIN:SEC EVENT

4/02:30 SAREX operations (Africa).

4/04:10 DSO 323.

4/04:55 SAREX operations (U.S. school).

4/06:45 Red team begins postsleep activities.

4/07:45 DTO 663.

4/08:30 Blue team handover to red team.

4/08:45 Blue team begins presleep activities.

4/08:45 AR saline.

4/10:45 Blue team begins sleep period.

4113:25 Biolabor.

4/15:18 MOMS.

4/16:32 DSO 486.

4/18:45 Blue team beginspostsleep activities.

4/20:30 Red team handover to blue team.

4/20:45 Red team begins presleep activities.

4/21:50 DTO 665.

4/22:10 SAREX operations (personal contact).

4/22:25 DTO 663.

4/22:40 SAREX operations (U.S. school).

4/22:45 Red team begins sleep period.
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4/22:45 DSO 323.

4/23:45 Baroreflex.

MET DAY FIVE

5/00:20 DTO 623.

5/02:05 MOMS.

5/02:30 Biolabor.

5/04:15 U.S. crewconference.

5/04:25 DTO 665.

5/06:00 DSO 323.

5/06:00 DTO 665.

5/06:15 Red team beginspostsleepactivities.

5/06:15 DTO 665.

5/07:00 DTO 663.

5/08:00 Blue team handoverto redteam.

5/08:15 Blueteam beginspresleepactivities.

5/08:15 AR saline.

5/10:15 Blueteam beginssleep period.

5/12:12 Baroreflex.

5/15:25 MOMS.

5/16:00 SAREX operations(Australia).
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' T+ (PLUS)
DAY/

EVENT

5/17:45 DSO 323.

5/18:15 Blue team begins postsleep activities.

5120:00 Red team handover to blue team.

5/20:15 AR saline.

5/20:30 Red team begins presleep activities.

5/21:20 DTO 663.

5122:30 Red team begins sleep period.

MET DAY SIX

6/00:33 MOMS.

6/01:55 Biolab.

6/04:30 CTE stow.

6/05:30 DSO 323.

6/06:00 DTO 623.

6/06:30 Red team beginspostsleepactivities.

6/07:00 DTO 663.

6/08:05 Blue team handoverto redteam.

6/08:20 Blueteam beginspresleepactivities.

6/09:45 Rotex.

6/10:15 Blueteam beginssleepperiod.

6/12:31 MOMS.
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6/15:25 DSO 486.

6/16:45 DSO 323.

6/17:30 Blue team begins postsleep activities,

6/19:15 Red team handover to blue team.

6/19:30 Crew press conference.

6/20:30 Baro reflex.

6/20:45 Red team begins presleep activities.

6/22:25 SAREX operations (personal contact).

6/22:45 Red team begins sleep period.

6/22:50 DTO 663.

MET DAY SEVEN

7/00:15 Biolabor.

7/01:45 AR tissues.

7/03:15 DSO 323.

7/04:00 MOMS.

7/05:30 DSO 323.

7/06:00 Red team beginspostsleepactivities.

7/06:30 DTO 663.

7/07:05 Blueteam handoverto redteam.

7/07:20 Blueteam beginspresleepactivities.
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T+ (PLUS)
DAY/

EVENT

7/07:55 DSO 618.

7/09:15 Blue team begins sleep period.

7/11:05 DTO 623.

7/11:45 UMS stow.

7/14:05 MOMS.

7/16:30 Baro reflex.

7/17:15 Blue team begins postsleep activities.

7/18:15 Red team handover to blue team.

7/19:30 SAREX stow.
J

7/20"05 AR tissues.

7/21:00 DSO 618.

7/21:05 Biolabor.

7/21:50 DSO 486/802.

7/22:05 Red team beginspresleepactivities.

7/22:10 FCS checkout.

7123:30 RCS hotfire.

MET DAY EIGHT

8/00:00 Cabinstow.

8/00:05 Redteam beginssleepperiod.

8/03:45 Baroend.
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DAY/
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8/04:08 MOMS.

8/04:52 Biolabor deactivation.

8/07:10 Blue team begins presleep activities.

8/08:05 Red team begins postsleep activities.

8/08:30 Blue team handover to red team.

8/09:15 Blue team begins sleep period.

8/11:05 WL crystal.

8/13:10 Payload deactivation.

8/13:15 DTO 623.

8/13:40 Spacelab deactivation.

8/14:35 Spacelab egress.

8/15:15 Blue team begins postsleep activities.

8/15:40 Priority Group B powerup.

8/17:05 Begin deorbit preparation.

8/17:07 CRT timer setup.

8/17:12 Commander initiates coldsoak.

8/17:21 Stow radiators, if required.

8/17:39 Commander configures DPS for deorbit preparation.

8/17:42 Mission Control Center updates IMU star pad, if required.

8/17:51 MS configures for payload bay door closure.
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8/18:00 Ku-bandantennastow.

8/18:02 MCC-H gives "go/no-go"commandfor payload bay door
closure.

8/18:05 Maneuvervehicleto IMU alignmentattitude.

8/_18:20 IMU alignment/payloadbay dooroperations.

8/18:28 MCC givesthe crewthe go for OPS 3.

8/18:35 Pilotstartsrepressurizationof SSME systems.

8/18:39 Commanderand pilotperformDPS entryconfiguration.

8/18:48 MS deactivatesST and closesST doors.

_ 8/18:50 All crew members verify entry payload switch list.

8/19:05 All crew members perform entry review.

8/19:07 Crew begins fluid loading, 32 fluid ounces of water with salt
over next 1.5 hours (2 salt tablets per 8 ounces).

8/19:20 Commander and pilot configure clothing.

8/19:35 MS/PS configure clothing.

8/19:46 Commander and pilot seat ingress.

8/19:48 Commander and pilot set up heads-up display (HUD).

8/19:50 Commander and pilot adjust seat, exercise brake pedals.

8/19:58 Final entry deorblt update/uplink.

8/20:04 OMS thrust vector control gimbal check is performed.

8/20:05 APU prestart.
F _
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8/20:20 Close vent doors.

8/20:24 MCC-H gives "go" for deorbit burn period.

8/20:30 Maneuver vehicle to deorbit burn attitude.

8/20:33 MS/PS ingress seats.

8/20:42 First APU is activated.

8/20:45 Deorbit burn.

8/20:48 Initiate post-deorbit burn period attitude.

8/20:52 Terminate post-deorbit bum attitude.

8/21:00 Dump forward RCS, if required.

8/21:08 Activate remaining APUs.

8/21:33 Entry interface, 400,000 feet altitude.

8/21:38 Automatically deactivate RCS roll thrusters.

8/21:45 Automatically deactivate RCS pitch thrusters.

8/21:50 Initiate first roll reversal.

8/21:54 Initiate second roll reversal.

8/21:55 TACAN acquisition.

8/21:57 Initiate air data system (ADS) probe deploy.

8/21:58 Initiate third roll reversal.

8/21:59 Beginentry/terminalarea energy management (TAEM).

8/21:59 Initiatepayloadbay venting.
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8/22:00 Automatically deactivate RCS yaw thrusters.

8/22:04 Begin TAEM/approach/landing (NL) interface.

8/22:04 Initiate landing gear deployment.

8/22:05 Vehicle has weight on main landing gear.

8/22:05 Vehicle has weight on nose landing gear.

8/22:05 Initiate main landing gear braking.

8/22:06 Wheel stop.
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GLOSSARY

NG air-to-ground
AG airglow
AA accelerometer assembly
ACS active cooling system
ADS air data system
AFB Air Force base
NL approach and landing
AOS acquisition of signal
APC autonomous payload controller
APCS autonomous payload control system
APU auxiliary power unit
ASE airborne support equipment

BFS backup flight control system

CCD charge-coupled device
CCDS Center for the Commercial Development of Space

_ CDMS command and data management subsystem
COAS crewman optical alignment sight
CRT cathode ray tube
CAN caution/warning

DACA data acquisition and control assembly
DA detector assembly
DC detector controller
DAP digital autopilot
DOD Department of Defense
DPS data processing system
DSO detailed supplementary objective
DTO development test objective

EAFB Edwards Air Force Base
ECLSS environmental control and life support system
EDO extended duration orbiter
EDOMP extended duration orbiter medical project
EHF extremely high frequency
ELV expendable launch vehicle
EMP enhanced multiplexer/demultiplexer pallet
EMU extravehicular mobility unit

:- EOM endof mission



II

-48-

EPS electrical power system
ESC electronic still camera
ESA European Space Agency
ESS equipment support section
ET external tank
ETR Eastern Test Range
EV extravehicular
EVA extravehicular activity

FC fuel cell
FCP fuel cell power plant
FCS flight control system
FDF flight data file
FES flash evaporator system
FPA fluid processing apparatus
FPS feet per second
FRCS forward reaction control system

GAP group activation pack
GAS getaway special experiment
GLS ground launch sequencer
GN&C guidance, navigation, and control
GPC general-purpose computer
GSFC Goddard Space Flight Center

HAINS high accuracy inertial navigation System
HRM high-rate multiplexer
HUD heads-up display

IFM in-flight maintenance
IMU inertial measurement unit
I/O input/output
IR infrared
IUS inertial upper stage
IV intravehicular

JSC Johnson Space Center

KEAS knots equivalent air speed
KSC Kennedy Space Center

LBNP lower body negative pressure
LCD liquid crystal display
LES launch escape system
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LPS launch processing system
LRU line replaceable unit

MCC-H Mission Control Center--Houston
MDM multiplexer/demultiplexer
MECO main engine cutoff
MET mission elapsed time
MILA Merritt Island
MLP mobile launcher platform
MM major mode
MPM manipulator positioning mechanism
MPS main propulsion system
MS mission specialist
MSFC Marshall Space Flight Center

NCC corrective combination maneuver
NH differential height adjustment
NMI nautical miles
NOR Northrup Strip
NPC plane change maneuver
NSR coelliptic maneuver

O&C operations and checkout
OAA orbiter access arm
OCP Office of Commercial Programs
OG orbiter gl0w
OMS orbital maneuvering system
OPF orbiter processing facility
OTC orbiter test conductor

PAO public affairs officer
PASS primaryavionicssoftwaresystem
PC proportionalcounter
PCMMU pulsecode modulationmasterunit
PCS pressurecontrolsystem
PDU playback/downlinkunit
PGSC payloadand generalsupportcomputer
PI payload interrogator
PIC pyro initiator controller
POCC PayloadOperationsControlCenter
PRCS primary reactioncontrolsystem
PRD payload retentiondevice
PRLA payloadretentionlatchassembly

_ PRSD power reactant storageand distribution
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PS payload specialist
PTI preprogrammed test input
P/TV photo/TV

RAAN rightascensionof the ascendingnode
RCRS regenerablecarbondioxideremovalsystem
RCS reactioncontrolsystem
RF radiofrequency
RGA rate gyroassembly
RMS remote manipulatorsystem
ROEU remotelyoperatedelectricalumbilical
RPM revolutionsper minute
RSLS redundant-setlaunchsequencer
RSS rangesafetysystem
RTLS returnto launchsite

S&A safe and arm
SA solar array
SAF Secretary of the Air Force
SHF superhigh frequency
SM statute miles
SPASP small payload accommodations switch panel
SPOC shuttle payload of opportunitycarrier
SRB solid rocket booster
SRM solid rocket motor
SRSS shuttle range safety system

SSCE solid surface combustion experiment
SSME space shuttle main engine
SSP standard switch panel
SSPP Shuttle Small Payload Project
SSPP solar/stellar pointing platform
ST star tracker
STA structural test article
STS Space Transportation System
SURS standard umbilical retraction/retention system

TAEM terminal area energy management
TAGS text and graphics system
TAL transatlantic landing
TDRS tracking and data relay satellite
TDRSS tracking and data relay satellite system
TFL telemetry format load
TI thermal phase initiation
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TIG time of ignition
TPS thermal protection system
TSM tail service mast
TT&C telemetry, tracking, and communications
"IV television
TVC thrustvector control

UHF ultrahigh,frequency

VRCS vernier reaction control system
VTR videotape recorder

WCCS wireless crew communication system
WCS waste collection system

f_
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