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NOTE

THIS DOCUMENT WAS PREPARED BEFORE FINAL COUNTDOWN PLANNING
WAS COMPTETED. LAUNCH OPERATIONS ARE INHERENTLY DYNAMIC AND
ARE GREATLY AFFECTED BY UNFORESEEN HARDWARE PROBTEMS AND
WEATHER. HOWEVER, THE TIMES CONTAINED WITHIN TIIIS DOCUMENT

REPRESENT THE MOST UP-TO-DATE INFORMATION AVAILABTE AT THE
TIME OE' PUBLICATION AND WILL PROVIDE THE READER WITTI AN
OVERVIEW OF TIIE SEQUENCE OF EVENTS LEADING UP TO, AND

INCLUDING, IAUNCH, FLIGHT AND LANDING.
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CREW INSIGNIA

THE OFFICIAL MISSION INSIGNIA FOR THE 41D SPACE SHUTTLE
FTIGHT FEATURES THE DEBUT OF NASATS NEWEST ORBITER, THE
SPACESHTP I'DTSCOVERYIT (Sen COVER). I'DTSCOVERY" LrKE rTS
PREDECESSORS, WAS NAMED AFTER EXPIORTNG "SHrPS" OF
HISTORY. THE PATCH DEPICTS THE ORBITER HEADING TOR NEW

HORIZONS. SURNAMES FOR THE CREW MEMBERS OF NASAIS ELEVENTH
SPACE SHUTTLE MISSION ENCIRCLE TIIE RED, WHITE AND BLUE
SCENE. THEY ARE ASTRONAUTS HENRY W. HARTSFIELD JR., COMMANDER;
MICHAEL L. COATS, PILOT; JUDITH A. RESNIK, STEVEN A. HAWLEY
AND RTCHARD M. (MrKE) MULLANE, Atr, MTSSTON SPECTALTSTS;
AND CHARLES D. WAtKER, PAYLOAD SPECIALIST.



DISCOVERY

FACTS AND FIGURES

STS 41D MARKS THE INITIAL FLIGIIT OE THE SPACESHIP 'IDISCOVERY"
NASA I S TTIIRD REUSABTE VEHICLE .

TTIE SPACECRAFT HAS TWO TASKS TO ACCOMPLISH. IT IS SCHEDULED

FOR AT I,EAST FOUR EARTH-ORBITING I{ISSIONS - ALL LAUNCHED

FROM THE KENNEDY SPACE CENTER, FLORIDA. THE "DISCOVERYr
WILL THEN BE TURNED OVER TO THE AIR EORCE FOR FLIGHT IN
POLAR ORBIT TAUNCHED FROM TIIE VANDENBERG AIR FORCE BASE,
CALIFORNIA.

THERE ARE NO MAJOR PHYSICAL DIMENSIONAL DIFFERENCES BETWEEN

THE ORBITERS "DISCOVERY,I AND TICHALLENGERN. THEY EACH HAVE

THE SAME MASSIVE L22 FOOT LONG STRUCTURE.

TtlERE IS, HOWEVER, A NOTICEABTE DIFFERENCE IN TIIE EXTERIOR OF

THE 'IDISCOVERY'" THE 8" X BU WTIITE-COLORED LOW TEMPERATURE

TILES ALONG TIIE SPACECRAFTIS MID-FUSELAGE SIDES AND THE

UPPER PORTION OE TIIE WING STRUCTURE HAVE BEEN REPLACED WITH
A BLANKET MATERIAL KNOWN AS AFRSI (ADVANCED FTEXIBLE REUSABLE

SURFACE INSULATION). THE BLANKET MATERIAL IS LOW DENSITY
BATTING MADE FROM HIGH PURITY SILICA FIBERS

IN ORDER TO PROTECT AGAINST RE-ENTRY FRICTION TEMPERATURES OF

up To L,TOOo F, APPROXIMATELY 51000 oF THE LOW TEMPERATIJRE

WHITE TILES WERE INITIALLY INSTALLED ON BOTH THE 'ICOLUMBIAN
AND THE IICHALLENGER,,. APPROXIMATETY 2I2OO AFRSI BTANKETS ARE

NOW USED TO PROTECT THE SPACECRAFT I S ALUMINU}'I STRUCTURES

AGAINST THAT TEMPERATURE.

IN ADDITION, nDISCOVERY" HAs APPROXIMATELY 2,000 NEWLY DEVELOPED

BLACK-COLORED HIGTI TEMPERATURE REUSABTE SURFACE INSULATION
TTLES. KNOWN AS FRCI {FIBROUS REFRACTORY COMPOSITE INSULATION}'
EACH OF TTIESE NEW TILES TIAVE A DENSITY OF L2 POUNDS PER CUBIC
FOOT.

SIGNIFICANT PROGRESS HAS BEEN ACHIEVED IN THE AREA OF WEIGTIT

REDUCTION. DUE TO A MANUE'ACTURING WEIGHT SAVING PROGRAM (FIRST
STARTED WITH IICHALLENGER" } THE IIDISCOVER.YII IS APPROXIMATELY

1,000 pouNDS LIGHTER (TOTAL WEIGI{T IS APPROXIMATELY 75r000 ToNS).
THIS IIAS BEEN ACCOMPLISHED PRIMARILY BY THE USE OF THE THERMAL

PROTECTION SYSTEM (TPS) BLANKETS RATHER THAN TITES AND IN THE USE

OF COII'IPOSIfE MATERIALS " UPGR.ADED ON-BOARD SYSTEMS AND ADDITIONAL
STRUCTURAL SUPPORT E'ITTINGS HAVE ADDED SOME WEIGIIT, TJHICII SUB-
fRACTED FROM THE TOTAL TPS REDUCTION.

A GALLEY WAS ORIGINALTY INTENDED FOR INSTALTATION INTO ''DISCOVERYI'
BUT WAS DEIETED TO PERI{IT INSTALLATION OF THE CONTINUOUS FLOW

ELECTROPHORESIS SYSTEM (CFES) INTO THE SPACECRAFTTS MID-DECK.



ASTRONAUT CREW

BIOGRAPHICAL DATA
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COMMANDER

HENRY [I . HARTSFIELD, JR.
( cor,oNEL , usAF - RETTRED )

BIRTHPLACE AND DATE: BORN IN BIRMINGHAM, ALABAMA, ON

NOVEMBER 2L, 1933.

PHYSICAI. DESCRIPTION: BROWN HAIR; HAZEL EYES; HEIGHT:
5 FEET 10 INCHES; WEIGHT: 155 POUNDS.

EDUCATION: GRADUATED FROM WEST END HIGH SCHOOL,
BIRMINGHAI4, ALABAMA; RECEMD A BACHELOR OF SCIENCE
DEGREE IN PTIYSICS AT AUBURN UNIVERSITY IN L954i
PERFORMED GRADUATE }SORK IN PTIYSICS AT DUKE UNIVERSITY
AND IN ASTRONAUTICS AT THE AIR FORCE INSTITUTE OT TECH-
NOTOGY; AND AWARDED A MASTER OF SCIENCE DEGREE IN
ENGINEERING SCIENCE TROM THE UNIVERISTY OT TENNESSEE
IN L97L.

SPECIAL HONORS: AIflARDED THE AIR FORCE MERITORIOUS SERVICE
MEDAL; THE GENERAL THOMAS D. WHITE SPACE TROPHY FOR
Le73 (L9741.

EXPERIENCE: TIARTSFIELD RECEIVED HIS COMMISSION THROUGH THE
RESERVE OEFICER TRAINING PROGRAM (ROTC) AT AUBURN UNI-
VERSITY. HE ENTERED THE AIR FORCE IN 1955, AND
HIS ASSIGNMENTS HAVE INCLUDED A TOUR WITH THE 53RD TAC-
TICAL FIGHTER SQUADRON IN BITBURG, GERMANY. HE IS
ALSO A GRADUATE OF THE USAF TEST PILOT SCHOOL AT
EDWARDS ArR FORCE BASE, CALTFORNTA, AND VIAS AN TNSTRUC-
TOR THERE PRIOR TO HIS ASSIGNMENT IN 1966 TO THE USAF
MANNED ORBTTTNG LABORATORY (MOL) PROGRAM AS AN ASTRO-
NAUT. ATTER CANCELLATION OF THE MOL PROGRAM IN JUNE
1959, HE WAS REASSTGNED TO NASA.

HE HAS LOGGED OVER 4,750 HOURS FLYTNG TrME--OF WHrCH OVER
4,400 HOURS ARE IN THE FOLLOWING JET AIRCRAFT: E-86,
F-100, F-104, F-105, F-106, T-33, AND T-38.

NASA EXPERTENCE: HARTSFIELD BECAME A NASA ASTRONAUT IN
SEPTEMBER 1969. HE WAS A MEMBER OF THE ASTRONAUT SUPPORT
CREW rOR APOLTO L6, SKYLAB 2, 3, AND 4 MTSSTONS, AND
PITOT OF THE ORBITER ''COLUMBIA" FOR STS-4.
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PILOT

MICHAEL L. COATS
(C0MMANDER, USN )

BIRTHPLACE AND DATE: BORN JANUARY L6, L946, IN SACRAIT'IENTO,
CATIFORNIA, BUT CONSIDERS RIVERSIDE, CALIFORNIA, AS
HIS HOMETOWN.

PHYSICAL DESCRIPTION: BROWN HAIR; BLUE EYES; HEIGHTz 6 EEET;
TIEIGIIT: 185 POUNDS.

EDUCATION: GF"ADUATED FROM RAMONA HIGH SCHOOL, RIVERSIDE,
CALIFORNIA, IN 1-964; RECEIVED A BACHELOR OF SCIENCE
DEGREE FRO!,I THE UNITED STATES NAVAL ACADEMY IN 1968,
A MASTER OT SCIENCE IN ADMINISTRATION OF SCIENCE AND
TECHNOTOGY FROM GEORGE WASHINGTON UNIVERSITY IN L977,
AND MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING
FROM THE U.S. NAVAL POSTGRADUATE SCHOOL IN L979.

RECREATIONAL INTERESTS I READING, RACQUETBALL, AND JOGGING.

SPECIAL HONORS: AWARDED 2 NAVY DISTINGUISHED FLYING CROSSES,
32 STRIKE FLIGHT AIR MEDAI,S, 3 INDIVIDUAL ACTION AIR
MEDALS, AND 9 NAVY COMMENDATTON MEDALS WrrH COMBAT V.

EXPERIENCE: COATS GRADUATED FROM ANNAPOLIS IN 1968 AND WAS

DESIGNATED A NAVAL AVIATOR IN SEPTEMBER L969. AFTER
TRATNTNG AS AN A-78 PTLOT, HE WAS ASSTGNED TO ATTACK
SQUADRON L92 (VA-192) FROM AUGUST L970 TO SEPTEMBER L972,
ABOARD THE USS NKITTYHAWK,' AND DURING TTIIS TIME, FLEW
315 COMBAT MISSIONS IN SOUTHEAST ASIA. HE SERVED AS
A FLIGTIT INSTRUCTOR WITH THE A-7E READINESS TRAINING
SQUADRON (VA-L22) AT NAVAT AIR STATION, LEMOORE,
CALTFORNTA, FROM SEPTEMBER 1972 TO DECEMBER 1973 AND
WAS TTIEN SELECTED TO ATTEND THE U.S. NAVAL TEST PILOT
scHooIJ, PATUXENT RTVER, MARYLAND. FOIILOWTNG TEST PILOT
TPaINTNG rN 1974, HE V{AS PROJECT OFFTCER AND TEST PILOT
FOR THE A.7 AND A-4 AIRCRAET AT TIIE STRIKE AIRCRAFT
TEST DIRECTORATE. HE SERVED AS A FLIGIIT INSTRUCTOR AT
THE U.S. NAVAL TEST PILOT SCHOOI, TROM APRIL L976 UNTIL
ILAY L977. HE THEN ATTENDED THE U.S. NAVAL POSTGRADUATE
scHooL AT MONTEREY, CALTFORNTA, FROM irUNE L977 UNTrr,
HIS SELECTION FOR THE ASTRONAUT CANDIDATE PROGRAM.

IrE HAS LOGGED 2,60A HOURS FLYTNG TrME AND 400 CARRTER
LANDINGS TN 22 DIFE'ERENT TYPES OF AIRCRAFT.

CURRENT ASSIGNMENT: COMMANDER COATS WAS SELECTED AS AN
ASTRONAUT CANDIDATE BY NASA IN JANUARY L978. IN
AUGUST L979, HE COMPLETED A I-YEAR TRAINING AND EVALU-
ATION PERIOD.
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MISSION SPECIALIST

STEVEN A. HAWLEY (PHD }

BIRTIIPLACE AND DATE: BORN DECEMBER 12, 1951' IN OTTAWA,
KANSAS, BUT CONSIDERS SALINA, KANSAS, TO BE HIS IIOME-
TOITTT.

PHYSICAL DESCRIPTION: BTOND HAIR; BLUE EYES; IIEIGHT:
6 FEET; WEIGHT: 150 POUNDS.

EDUCATION: GRADUATED EROM SALINA (CENTRAL) HIGH SCHOOL,
SAtINA, KANSAS, IN 1969; RECEIVED BACHETOR OF ARTS DEGREES
IN PHYSICS AND ASTRONOMY (GRADUATING WITH HIGHEST

"DISTINCTION) EROM THE UNIVERSITY OF KAI{SAS IN L973
AND A DOCTOR OF PTIILOSOPHY IN ASTRONOMY AND ASTROPHYSICS
FROM THE UNIVERSITY OF CALITORNIA IN 1977.

RECREATIONAI. INTERESTS: BASKETBALT, SOFTBAII.,, TENNIS, RUNNING,
PTAYING BRIDGE AND READING.

ORGANIZATIONS: MEMBER OF THE AMERICAN ASTRONOMICAL SOCIETY,
THE ASTRONOMTCAT, SOCTETY OF THE PACTFTC, SrGMA Pr STGMA,
PTII BETA KAPPA, AND THE UNIVERSITY OF KANSAS AIUMNI
ASSOCIATION.

SPECIAL HONORS: EVANS FOUNDATION SCHOTARSHIP, L970i UNIVERSITY
OF KANSAS HONOR SCHOLARSHIP, L970; SUMIIERFIEID SCHOLARSHIP,
L970-1973i VETA B. LEAR AV{ARD, L970i STRANATHAN AIIARD t
L972; UNDERGRADUATE RESEARCH GRANT, L97L; OUTSTANDING
PHYSICS MAJOR AWARD, L973; UNIVERSITY OF CALIFORNIA REGENTS
EELLOWSHIP, L974.

EXPERIENCE: HAWLEY ATTENDED THE UNIVERSITY OE. KANSAS,
MAJORING IN PHYSICS AND ASTRONOMY, AND WAS EMPLOYED
THERE DURING HIS TENURE AS AN UNDERGRADUATE BY THE
DEPARTMENT OF PHYSICS AND ASTRONOMY AS A TEACHING
ASSISTANT. IN L97L, IIE WAS AWARDED AN UNDERGRADUATE
RESEARCH GRANT FROM THE COLLEGE OF LIBERAL ARTS AND
SCIENCES FOR AN INDEPENDENT STUDIES PROJECT ON STELI,AR
SPECTROSCOPY. HE SPENT THREE SUMMERS EMPLOYED AS A
RESEARCH ASSISTANT: L972 AT THE U.S. NAVAL OBSERVATORY
rN WASHTNGTON I D.C., AND L973 AND L974 AT THE NATTONAL
RADrO AS?RONOMY OBSERVATORY rN GREEN BANK, WEST VTRGTNIA.
HE ATTENDED GRADUATE SCHOOL AT LICK OBSERVATORY,
UNMRSITY Or CALTFORNTA, SANTA CRUZ, AND WHrr,E THERE
HELD A RESEARCH ASSISTANTSHIP FOR ALMOST 3 YEARS.
HIS RESEARCH INVOTVED SPECTROPHOTOMETRY OF GASEOUS
NEBULAE AND EMISSION-TINE GALAXIES WITH PARTICULAR
EMPHASIS ON CHEMICAT ABUNDANCE DETERMINATIONS FOR
TTIESE OBiIECTS. THE RESUI,TS OF HIS RESEARCH HAVE BEEN
PUBLISHED IN MAJOR ASTRONOMICAL JOURNALS.



pRroR To IIIS SELECTTON BY NASA rN L978, DR. HAWLEY WAS A
POSTDOCTORAL RESEARCH ASSOCIATE AT CERRO TOLOLO INfER-
AMERICAN OBSERVATORY IN LA SERENA, CHILE.

CURRENT ASSIGNMENT: DR. HA9{LEY WAS SELECTED AS AN ASTRONAUT
CANDTDATE BY NASA IN JANUARY L978. rN AUGUST L979r HE
COMPLETED A I-YEAR TRAINING AIID EVALUATION PERIOD.

MISSION ASSIGNMENT: HAWLEY WILL BE WORKING fN CONJUNCTION
WITH MUI,IANE TO DEPLOY TIIE SYNCOM IV SATELLITE. IN
ADDITION, HE WILL BE ONE OF THE OPERATORS OF THE LARGE
FORMAT CAMERA AND THE IMAX CAMERA.
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MISSION SPECIALIST

JUDTTH A. RESNTK (PHD)

BIRTHPLACE AND DATE: BORN APRIL 5, 1949, IN AKRON, OHIO.

PHYSICAL DESCRIPTION: BLACK HAIR; BROWN EYES; TIEIGHT:
5 FEET 4 INCIIES; WEIGHT: 115 POUNDS.

EDUCATION: GRADUATED FROM FIRESTONE HIGH SCHOOL, AKRON, OHIO,
IN L966; RECEIVED A BACHELOR OF SCIENCE DEGREE IN ELECT-
RICAT ENGINEERING FROM CARNEGIE.MELLON UNIVERSITY IN
L970, AND A DOCTORATE IN ELECTRICAL ENGINEERING FROM
THE UNIVERSITY OF MARYIAND IN L977.

RECREATTONAT INTERESTS: SHE IS
ENJOYS BTCYCLTNG, RUNI{rNG,
TIME.

A CIASSICAt PIANIST AND AtSO
AND FTYING DURING HER FREE

ORGANIZATIONS: ME!{BER OE THE INSTITUTE OF ELECTRICAL AND
ELECTRONIC ENGINEERS; AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE; IEEE COMMITTEE ON PROFESSIONAL
OPPORTUNITIES EOR WOMEN; AMERICAN ASSOCIATION OF UNMR-
SITY WOMEN; AMERICAN INSTITUTE OF AERONAUTICS AND ASTRO-
NAUTICS; TAU BETA PI; ETA KAPPA NU; MORTARBOARD;
CARNEGIE-MELLON UNMRSITY ADMISSIONS COUNCIL; SENIOR
MEMBER OF TEE SOCIETY OF WOMEN ENGINEERS.

SPECIAL HONORS: GRADUATE STUDY PROGRAM AWARD, RCA, L97Li
AMERICAN ASSOCIATION OF UNIVERSITY WOMEN FEtLOW,
L975-L97 6.

EXPERIENCE: UPON GRADUATING FROM CARNEGIE-MELLON UNIVERSITY
IN 1970, DR. RESNIK WAS EMPLOYED BY RCA MISSILE AND SURFACE
RADAR, LOCATED IN MOORESTOWN, NEW JERSEY; AND IN L97L,
SHE TRANSFERRED TO THE RCA SERVICE COMPANY IN SPRINGEIELD,
VIRGINIA. HER PROJECTS ITHILE WITH RCA AS A DESIGN ENGINEER
II{CLUDED CIRCUIT DESIGN AND DEVETOPMENT OF CUSTOM INTE-
GRAIED CIRCUITRY FOR PHASED-ARRAY RADAR CONTROI, SYSTEMS;
EQUIPMENT SPECIFICATION, PROJECT II{ANAGEMENT, AND PERFOR.[I'IANCE
EVAI,UATION FOR CONTROL SYSTEM EQUIPMENT; AND ENGINEERING
SUPPORT FOR TTIE NASA SOUNDING ROCKET PROGRAM AND TELEMETRY
SYSTEMS. DR.. RESNIK AUfIIORED A PAPER CONCERNING DESIGN
PROCEDURES EOR SPECIAL-PURPOSE INTEGRATED CIRCUITRY.

DR. RESNIK WAS A BIOMEDICAL ENGINEER AND STAFF FELLOW IN
THE LABORATORY OF NEUROPHYSIOLOGY AT THE NATIONAL INSTITUTES
oF HEALTH rN BETHESDA, MARYLAND, rROM L974 TO L977, V{HERE
SHE PERFORMED BIOI,OGICAL RESEARCH EXPERIMENTS CONCERNING
THE PHYSIOLOGY OF VISUAL SYSTEMS. IMMEDIATEIY PRECEDING
HER SELECTION BY NASA IN L978, SIIE WAS A SENIOR SYSTEMS
ENGINEER IN PRODUCT DEVELOPMENT WITH XEROX CORPORATION
AT EL SEGUNDO, CALIFORNIA.
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CURRENT ASSIGNMENT: DR. RESNIK WAS SELECTED AS AN ASTRONAUT
CANDTDATE BY NASA rN JANUARY L978. rN AUGUST L979, SIIE
COMPLETED A I-YEAR TRAINING AND EVALUATION PERIOD.

MISSION ASSIGNMENT: RESNIK WIL[, BE RESPONSIBLE FOR THE OAST-1
PAYLOAD CONSISTING OF TIIREE EXPERIMENTS: DYNAMIC AUG-
MENTATION EXPERIMENT (DAE}, SOLAR CELI, CALIBRATION FACILITY
(SCCF) AND TIIE SOLAR ARRAY EXPERIIIENT (SAE1. IN ADDITION
SHE WILL BE TTIE BACKUP ON THE CONTINUOUS E'LOW ELECTROPHORESIS
SYSTEIIT (CFES) EXPERIMENT.

L2



MISSION SPECIATIST

RICHARD M. MUTLANE
(LT " COLONBL, USAF )

BIRTIIPLACE AND DATEs BORN SEPTEMBER 10, L945, IN TIICHITA
FALLS, TEXAS, BUT CONSTDERS ALBUQUERQUE, NEW MEXTCO,
TO BE HIS HOMETOWN.

PHYSICAL DESCRIPTION: BROWN IIAIR; BROWN EYES; HEIGHT:
5 FEET 10 INCHES; WEIGHTz L46 POUNDS.

EDUCATION: GRADUATED FROM ST. PIUS X CATHOTIC HIGH SCHOOL,
ATBUQUERQUE, NEW MEXICO, IN 1963; RECEIVED A BACHELOR
OF SCIENCE DEGREE IN MIttrTARY ENGINEERING FROM THE
UNITED STATES MITITARY ACADEMY IN L967; AND AWARDED A
MASTER OF SCIENCE DEGREE IN AERONAUTICAI ENGINEERING
FROM TTIE AIR FORCE INSTITUTE OF TECHNOLOGY IN 1975.

RECREATIONAL INTERESTS: MICRO-COTI{PUTER SOFTWARE DESIGN, SKIING,
SCUBA DIVING, AND RACQUETBALL.

ORGANIZATIONS: MEMBER OF THE AIR FORCE ASSOCIATION.

SPECIAL HONORS: AWARDED 6 AIR MEDALS, TIIE AIR FORCE DISTIN-
GUISHED FLYING CROSS, MERITORIOUS SERVICE MEDAL, VIETNAM
CAMPAIGN MEDAL, NATIONAL DEFENSE SERVICE MEDAI,, VIETNAM
SERVICE MEDAL, AND AIR FORCE COMMENDATION !!EDAL; NAMED
A.DISTINGUISHED GRADUATE OF THE USAF NAVIGATOR TRAINING
SCHOOT (AND RECIPIENT OF ITS COMMANDERIS TROPHY}, THE
USAF INSTITUTE OF TECHNOLOGY, AND THE USAF TEST PILOT
SCHOOL; WINNER OF SECOND PLACE AWARD FOR TECHNICAL PAPERS
AT THE L975 AIAA MIDWEST REGIONAL CONFERENCE FOR
PRESENTATION OF MASTERIS THESIS.

EXPERIENCE: MUTLANE wAS GRADUATED FROM WEST POINT IN L967.
HE COMPLETED 150 COMBAT MISSIONS AS AN RF-4C }IEAPON SYSTEM
OPERATOR WHILE STATIONED AT TAN SON NEUT AIR BASE, VIET-
NAM, FROI{ JANUARY TO NOVEMBER 1969, AND A SUBSEQUENT
4-YEAR TOUR Or DUTY AT ROYAL ArR FORCE BASE, ATCONBURY,
ENGLAND. IN JULY L97 6, UPON COITIPLETTNG TIIE USAF TEST
PILOT SCHOOLIS FLIGHT TEST ENGINEER COURSE AT EDI,{ARDS
ArR FORCE BASE, CALIFORNIA, HE WAS ASSIGNED AS A FLIGHT
TEST WEAPON SYSTEM OPERATOR TO THE 3246TH TEST WING AT
EGtrN ArR FORCE BASE, FLORTDA.

CURREIIT ASSIGNMENT: LT. COt. MULLANE WAS SELECTED AS AN
ASTRONAUT CANDIDATE BY NASA IN JANUARY L978. IN AUGUST
L979, HE COMPLETED A I-YEAR TRAINING AND EVALUATION
PERIOD.

MISSION ASSIGNMENT: MULLANE WILL BE WORKING IN CONJUNCTION
WITII HAWLEY TO DEPLOY TTIE SYNCOM IV SATELTITE. IN
ADDITION, HE WILI BE ONE OF THE OPERATORS OF TIIE TARGE
FORMAT CAMERA AND THE IMAX CAMEFA.
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PAYLOAD SPECIATIST

CHARTES D. WATKER

BIRTHPLACE AND DATE: BORN IN BEDFORD, INDIANA,
AUGUST 29, 1948.

PHYSICAL DESCRIPTION: BROWN IIAIR; BtUE EYES; HEIGHT:
5 FEET 9 INCHES; WEIGHT: 145 POUNDS.

EDUCATION: GRADUATED FROM BEDFORD HIGH SCHOOL, BEDFORD,
INDIANA, IN 1966; RECEIVED A BACHELOR OF SCIENCE DEGREE
IN AERONAUTICAL AND ASTRONAUTICAL ENGINEERING FROM PURDUE
UNIVERSITY IN 1971.

RECREATIONAL INTERESTS: PHOTOGRAPHY, RUNNING, IIIKING, SCUBA
DIVING, AND READING

ORGANIZATIONS: HE IS A MEMBER OF THE AMERICAN INSTITUTE OF
AERONAUTICS AND ASTRONAUTTCS, THE AMERTCAN ASTRONAUTTCAT
SOCIETY, TTIE NATIONAL SPACE INSTITUTE, SPACE STUDIES
INSTTTUTE, THE NATURE CONSERVANCY, AND TIIE t-5 SOCTETY.

EXPERIENCE: HE IS CHIEF TEST ENGINEER FOR THE MCDONNELT DOUGLAS
ELECTROPHORESIS OPERATIONS IN SPACE (EOS) PROJECT. tIE
JOINED THE EOS TEAM AS ONE OF ITS ORIGINAT MEMBERS. HIS
CONTRIBUTIONS TO TT{E PROGRAM INCLUDE ENGINEERING PLANNING,
DEVELOPMENT AND SPACE FLIGHT TEST AND EVALUATION OF TTIE
EOS DEVICE. HE HAS BEEN INVOLVED WITH THE PROGRAM
SUPPORT EE'FORTS AT KENNEDY SPACE CENTER AND AT MISSION
CONTROL CENTER, HOUSTON. HE HAS ALSO BEEN RESPONSIBLE
FOR THE TRAINING OF TTIE ASTRONAUT CREWS IN THE OPERATION
OtI THE EOS PAYLOAD FOR ITS OPERATIONS ON STS-4, 5T5-6,
sTs-7, AND STS-8. WAT,KER SHARES A PATENT FOR THE CONTINUOUS
FLOV{ ELECTROPHORESIS DEVICE.

WATKER JOINED MCDONNELL DOUGLAS AS A TEST ENGINEER ON

TTIE AFT PROPULSION SUBSYSTEM FOR THE SPACE SHUTTTE
OFAITERS.

PRIOR TO JOINING MCDONNELL DOUGI,AS, WALKER WAS A DESIGN
ENGINEER WITH BENDIX AEROSPACE COMPANY IN L972 WHERE
HE WORKED ON AERODYNAMIC ANALYSIS, [I{TSSILE SUBSYSTEM
DESIGN AND FLIGHT TESTING.

MISSION ASSIGNMENT: WATKER WILL BE RESPONSIBLE FOR CONDUCTING
TIIE CONTINUOUS FLOW ELECTROPHORESIS SYSTEM (CFES)
EXPERIMENT.
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LAUNCH COUNTDOWN AND PROCEDURE OVERVIEW

IN ORDER TO SYSEEMATICATLY VERIFY ALL COMPONENTS AND
sysrEMs NEcEssARy FoR A succEssFuL LAUNCH, TIIE SPACE
SHUTTLE LAUNCH TEAM HAS DEVELOPED A TEST PROCEDURE
DOCUMENT TO INTEGRATE AND SEQUENCE AI.,T, PREPARATIONS,
TESTS, VERTFTCATIONS AND CALTBRATTONS PERTAINING TO
THE LAUNCH OF THE SPACE SHUTTLE.

THIS PROCEDURE IS KNOWN AS OPERATION AND MAINTENANCE
TNSTRUCTTON (OMr) 'rS0007 - SHUTTT.E T.AUNCH COUNTDOWNI!.
THIS OMI IIAS BEEN SUB-DIVIDED INTO SEVERAL PHASES:

PRETEST OPERATIONS
CAI,L TO STATIONS
SPACE STIUTTLE VEIIICLE (SSV) POWER UP
ORBITER POWER REACTANT SIORAGE AND DISTRIBUTION (PRSD)

AND GASEOUS NITROGEN (GN2 ) SERVICING OF TTIE
ORBITAL MANEUVERING SYSTEM (OMS) ENGINES

MAIN PROPULSION SYSTEM (MPS) HELIUM BOTTTE SERVICING
SIIUTTLE SYSTEM ACTIVATION AND CLOSEOUT
STIUTTTE MAIN PROPELLANT TANKING
FINAL LAUNCH COUNTDOWN

THESE PIIASES CONTAIN SEQUENCES DEFINING ALL REQUIRE}IENTS
AND DETAILING THE STEPS NECESSARY TO SATISTY THESE REQUIRE-
MEUTS FOR LAUNCH. AS rHESE TESTS ARE PERFOR.D{ED, ENGTNEERS
MONITOR TTIEIR RESPECTIVE SYSTEMS THROUGII COMPUTER DATA
pRovrDED TIIE!,I rN TIIE LAUNCH CONTROT CENTER (tCC) FIRING
ROOM (FRI ON COLOR COMPUTER VIDEO DISPLAY TERMINALS (CRTs).

PRETEST OPERATIONS

TEIS PHASE IS PRIOR TO TTIE COMMENCEMENT OF THE ACTUAL TEST-
ING PHASES. IT IS DESIGNED TO ASSURE TTIAT ALL FEEDLINES,
CoMMUNTCATTON AND ELECTRTCAL HOOK-UPS, AND MONTTORTNG AND
RECORDING CAMERAS ARE IN PROPER WORKING ORDER AND ARE CONTIG.
URED TO SUPPORT THE PRE-LAUNCH PHASES. TTIE COMPT'TERS ARE
CoNFIGURED rOR TrrE LAUNCTI PROCESS, AND ALL WARNING AND PAGTNG
SYSTEMS ARE VERIFIED TO BE WORKING PROPERLY. THE PRETEST
OPERATIONS PTIASE GENERALLY ASSURES THAT Af,L VEHICLE AND
GROUND SUPPORT EQUIPMENT (GSE) ARE READY TO START THE
COUNTDOWN PROCEDURE.
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CALt TO STATION

PRETEST SETUPS ARE VERIFIED TO BE COMPTETE AND ALL SUPPORT
PERSONNEL (TEST CONDUCTORS, ENGTNEERS, TECHNTCTANS, QUALTTY,
SAFETY, FIRE, RESCUE, MEDICAL AND SECURITY} ARE VERIFIED TO
BE IN THEIR DESIGNATED POSITIONS AND READY TO SUPPORT TIIE
LAUNCH COI'NTDOWN. EMERGENCY PROCEDURES AND EMERGENCY POITER-
DOTIN PROCEDURES ARE REVIEWED OI/ER THE COMMUNICATIONS NET TO
ENSURE THAT ALL PERSONNEI, ARE FN,TILIAR WITH THEIR
RESPONSIBILITIES IN AN EMERGENCY SITUATION. WHEN AI,L
VERIFICATIONS HAVE BEEN CONFIR},IED BY THE TEST DIRECTOR,
HE GIVES TIIE NGO" TO PROCEED WITH THE LAUNCH COUNTDOWN.

SPACE SHUTTI,E \IEHICI,E (SSV) POWER UP

THE ORBITER AND ITS EXTERNAL TANK ARE POWERED UP AND TIIE
GROUND SUPPORT EQUIPMENT (GSg} IS CONF'IGURED TO SUPPLY TTIE
SPACE SHUTTI,E WITH ALL NECESSARY SUPPORT (ELECTRICAI,,
coor,rNc, GAssES, FUEL, ETC.). THE ORBTTER BACKUP FLTGHT
CONTROL SYSTEM IS VERIFIED TO BE OPERATIONAL.

OP.BITER PRSD AND GN2 SERVICING OF OMS ENGINES

fHE PRSD SYSTEM, WHICH SUPPLIES REACTANTS TO THE ONBOARD
rUEL CELLS, IS SERVICED AND LOADED WITH CRYOGENIC LIQUIDS
(SUPER COLD LIQUID OXYGEN AND HYDROGEN). THE SERVICING OF
THE PRSD SYSTEM INCLUDES PURGING} THE SYSTEM OF INERTS, LEAK
CHECKS, LOADING OF REACTANTS (CRYOGENICS), AND PRESSURIZING
TIIE TANKS TO FLIGHT PRESSURE. NITROGEN GAS (GN2) WHICH
IS USED AS THE CONTROI FLUID AND PROPEI,LANT TANK PRESSUR-
rzATroN MEDTUM EOR THE OMS ENGTNES, rS ALSO LOADED.

MPS HELIUM BOTELE SERVICING

TTIE TEN HELIUM FILLED PRESSURE BOTTLES, USED TO PURGE THE
MAIN PROPUTSION SYSTEM (MPS} DURING FLIGHT AND PROVIDE
PRESSURE TO OPERATE TEE MPS VALVES, ARE SERVTCED AND BROUGHT
UP TO PRE-TANKING PRESSURE (2OOO PSI).

SHUTTLE SYSTEM ACTIVATION AND CLOSEOUT

AIR.TO.GROUND COMMUNICATIONS AND TRACKING SYSTEMS ARE
ACTIVATED AND VERIFIED TO BE OPERATIONAL, AND PREPARATIONS
ARE MADE TO LOAD CRYOGENIC LIQUIDS (O)TYGEN AND HYDROEPU)
INTO TTIE EXTERNAL TANK (ET}. TTIE ORBITER FLIGHT CONTROL
SYSTEM IS ACTIVATED AND TESTED. ORBITER AND Ef INSTRU-
MENTATTON SYSfEMS, ORBTTER NAVATDS (MSBLS, TACAN, RADAR
ALTIMETER), GUIDANCE STAR TRACKER, AND AIR DATA CONTROL
SYSTEMS ARE TESTED, A VERIFICATION OF ALL ORBITER SWITCH
POSITIONS IS II{ADE WITH A BACKUP ASTRONAUT VERIFYING THE
POSITIONS TO ENSURE THEIR CORRECTNESS.
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THE SHUTTLE IS PREPARED FOR INDEPENDENT OPERATION. GROUND
SUPPORT EQUIPMENT (GSE) IS DISCONNECTED AND THERMAL PROTECTION
sysrEM (Tps) pl,ucs ARE TNSERTED rNTO THE CAVrrrES. TTIESE PLUGS
ARE SIMILAR IN COMPOSITION TO THE TPS TILE, HOWEVER, THEY ARE
THREADED AND SCREW INTO THE CAVITY. THE ORBITERIS WINDOWS ARE
CLEANED AND PROTECTIVE SOFT COVERS ARE INSTALLED UNTIL iIUST
PRIOR TO THE REMOVAL OE ACCESS PLATFORMS AND RETRACTION OF THE
ROTATING SERVICE STRUCTURE (RSS). PROTECTIVE COVERS ARE REMOVED
FROM THE ENVIRONMENTAL CONTROL AND LIEE SUPPORT SYSTEMS (ECLSS)
AND THE RSS IS ROLLED AWAY E ROM THE SHUTTLE VEIIICLE TO TIIE
LAUNCH POSITION. THE SOUND SUPPRESSION SYSTEM HAS A FINAL
CHECKOUT AND IS FILLED. ENGINE COVERS ARE REMOVED FROM THE
MAIN ENGINES AND SOLID ROCKET BOOSTERS (SRBs). FLAME DEFLECT-
ORS ARE ALSO MOVED INTO POSITION AFTER THE RSS HAS BEEN ROLLED
BACK. THE ONBOAFD COMPUTERS ARE CONFIGURED AND EINAL PREPARA-
TroNS ARE MADE FOR CREW BOARDTNG. THE SLIDEWTRE, WHrCH TIIE CREW
USES IN CASE ON AN EMERGENCY, IS PREPARED. THE STIDEWIRE, WITH
rwo MAN BUCKETS, CONNECTS THE FIXED SERVICE STRUCTURE (FSS) TO A
BUNKER AREA L?OO FEET FROM THE BASE OF THE E'SS. AT APPROX-
IMATELY T-8 HOURS, THE ORBITER PURGE SYSTEM IS TRANSFERRED
FROM AIR TO GN2 IN SUPPORT OF MAIN PROPELLANT TANKING. TTIE
PAD AREA IS CLEARED OF NONESSENTIAL PERSONNEL BY APPROXIMATELY
T-8 HOURS IN PREPARATION FOR ET LOADING. FROM T-2 HOURS, ONLY
ASTRONAUT PERSONNEL OPERATE ORBITER SVIITCH POSITIONS.

SHUTTLE MAIN PROPELLANT TANKING

TEE ORtsITER COMPARTMENTS ARE VERIEIED TO BE INERTED AND THE
HAZARDOUS GAS DETECTION SYSTEM AND THE LIQUID HYDROGEN (tH2}
HAZAFJ)OUS WARNING SYSTEM VERIFIED TO BE OPERATIONAL. THE
EXTERNAL TANK (ET) AND TTIE GROUND SUPPORT EQUIPMENT USED TO
LOAD TIIE ET ARE CHILLED DOWN EOR THERT{AL CONDITIONING, AND
THE ET IS FILLED ITITH TIQUID OXYGEN (LOX OR LO2) AND LIQUID
HYDROGEN (LH2). UPON COMPLETION OF THE TANKING OPERATION,
A SPECIALIZED CRE1I MAKES A VISUAL INSPECTION OF THE ET TO
EVALUATE FROST BUILDUP RESULTING FROM PROPELLANT TANKING.

FINAI. I,AUNCH COUNTDOWN PHASE

DURING THIS TINAL PIIASE, THE FLIGHT CREW BOARDS THE ORBITER
AT T-2 HOURS 05 MTNUTES AND PERFORMS COMMUNTCATTONS, GUTDANCE
AND NAVIGATION CHECKS. THE CRETil CONEIGURES SWITCHES IN THE
ORBITER TO THE PROPER POSITION EOR I,AUNCH. THE ORBITER HATCH
IS CLOSED, TATCHED AND THE CABIN IS PRESSURIZED. THE MAIN
PROPULSION SYSTEM HELIUM TANKS ARE BROUGHT TO FLIGHT PRESSURE,
AS ARE THE ORBTTAL MANEUVERING SYSTEM (OMS) AND THE REACTTON
CONTROL SYSTEM (RCS). THE FUEI, CELLS ASSUME TIIE TOTAL ELECTRICAL
LOAD FOR TIIE SIIUTTTE SYSTEMS AND THE GROUND LAUNCH SEQUENCER (GrS )
ASSUMES CONTROL OF TTIE I.AUNCH COUNTDOWN AT T-9 MINUTES AND COUNTING.
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THE GLS IS A SET OF AUTOMATED COMPUTER PROGRAMS WHICH PERFORII

THE FINAL SERIES OF EVENTS IN A SPECIFIED SEQUENCE AND

CAN AUTOMATICALLY STOP THE COT'NTDOWN IF ANY OF TIIE
LAUNCH COMMIT CRITERIA ARE OUT OF LIMITS OR A SYSTEM MAL-
FUNCTION OCCURS. THE GLS CAN ALSO SAFE THE VEHICLE AND
GROUND SYSTEIT{S. THE GLS STARTS THE FINAL AUTOMATED COUNT-
DOWN AT T-9 I{INUTES. IT RETRACTS THE ORBITER ACCESS

ARM (OAA), POSITIONS VALVES FOR FILLING TANKS, PRESSURIZES
AND SEALS TIIE ET, AND ACTIVATES THE SOUND SUPPRESSION
SYSTEIT{ (SSS). TIIE SOUND SUPPRESSION SYSTEM CONSISTS OF A
LARGE WATER SYSTEM WHICH SPRAYS 400,000 GALLONS/MINUTE OF

WATER ON TOP OF TIIE DIOBILE LAUNCH PTATFORM (MLP) DURING
LIFTOFF TO I,IMIT TTIE TREMENDOUS AMOUNT OF ACOUSTICAL VIBRA-
TION GENERATED BY THE TTIREE MAIN ENGINES AND TWO SOLID
ROCKET BOOSTERS. AT T.6.6 SEC. TIIE MAIN ENGINES ARE IGNITED
AND UPON ACHIEVING 90t TIIRUST, TIIE SOLID ROCKET BOOSTERS
(SRBS) ARE IGNITED, TTIE HOLDDOWN POSTS ARE RELEASED, AND

LIFTOFF OCCURS. FOTLOIIING TOWER CLEAR, RESPONSIBITITY FOR

THE SPACE SHUTTIE INFLIGHT OPERATIONS IS TURNED OVER TO THE

MISSION CONTROL CENTER, JOENSON SPACE CENTER AT HOUSTON, TEXAS-
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TERMINAL COUNTDOWN DETAILED DESCRIPTION

THIS SECTION GIVES A MORE DETAITED DESCRIPTION OF THE FINAL

NINE HOURS OF THE COUNTDOWN. (H=HOURS, M=MINUTEST S=SECONDS)

T-8H4OM ORBITER FUEL CELL ACTIVATION IS PERFORMED.

T-6H3OM VERIFICATION OF THE I,AUNCH COMMIT CRITERIA IS MADE

AT THIS TIME.

T-6IIOOM TTIE tO2 AND LH2 SYSTEMS ARE CHILLED DOWN IN ORDER TO

PRECONDITION THE GROUND LINES AND VALVES, AS WELL AS

TIIE EXTERNAL TANK (ET), FOR CRYO LOADING.

T-5H5OM LH2 SYSTEM CHILLDOWN IS COI\IPLETED AND LII2 LOADING
BEGINS. TIIE LH2 LOADING STARTS WITII A "SLOW FILTII
IN ORDER TO ACCLIMATE THE ET AND PREVENT BUCKtING.
SLOW FILL CONTINUES UNTIL THE TANK IS 2* FULL.

T-5H3OM THE LO2 SYSTEM CHILLDOWN IS COMPLETE AND AN LO2

"S[OW FILL" BEGINS AND CONTINUES UNTIL THE TANK IS
28 FULL.

T-5H2OM THE LO2 AND tH2 SLOW FILLS ARE COMPLETE AND THE FAST

FII,TS BEGIN. TIIE TAST FILLS WILL CONTINUE UNTIT THE

LO2 AND LH2 TANKS ARE 98t FULL.

T-4HOOM THE MILA COMMUNICATION AND TRACKING SYSTEII ANTENNA,
WHICH TRANSMITS AND RECEIVES COMMUNICATION, TELEMETRY
AND RANGING INFORMATION, IS VERIFIED TO BE ALIGNED
PROPERLY.

T-3H45M THE LTI2 FAST FILL IS COMPLETE AND A SLOW TOPPING
OFF PROCESS IS BEGUN.

T-3H25M THE LO2 FAST FILL IS COMPI,ETE AND TOPPING OFF STARTS.

T-3H15M THE LH2 TOPPING OFF IS COMPLETE AND A PERIODIC
REPLENISHMENTISBEGUN.THISISDoNEToASSURE
THAT THE ET REMAINS COMPLETELY FULL (AT FLIGTIT
MASS) EVEN AFTER VENTING OF TIIE LHz.

T-3HO5M THE LOz TOPPING OFF IS COMPLETE AND THE REPIENISTI-
MENT PROCESS BEGINS.

T-3HOoM TIIE LOI/LH2 FILL IS VERIFIED TO BE IN A STABLE
REPLENISTIMENT MODE. THE ORBITER CLOSEOUT CREW GoES
TO THE PAD AND PREPARES TTIE CREW COMPARTMENT FOR CREW

INGRESS.

l-9



T.3HO OM
(HOTDTNG)

T-3H O OM
(couNrrNG )

T-2H3OM

T-2HO5M

T-zHOOM

T-1H55M

T-1H3OM

A PLANNED TWO HOUR HOLD BEGINS. THE INERTIAL
MEASURING UNITS (IMU) PRE-FLIGHT CAI.IBRATION
STARTS. THREE IMUS ARE USED BY THE ORBITER
NAVIGATION SYSTEM TO DETERMINE THE POSITION
OE' THE ORBITER WHILE IN FIIGHT. AT THREE HOURS
I'tilENTY MINUTES PRIOR TO LAUNCH (DURING THE HOLD),
THERE WILL BE A TELEVISED WEATHER BRIEFING BY JSC
TO THE CREW IN TIIEIR QUARTERS LOCATED IN THE
OPERATION AND CHECKOUT (O&C} BUILDING, SIMULTANEOUSLY,
TTIE FTIGHT CREW IS SUITING UP IN THEIR OUARiIERS.

TIIE PLANNED TWO HOUR IIOI,D ENDS.

TTIE CRETT BEGINS TIIEIR TRIP FROM THE O&C BUITDING
TO THE PAD.

THE TEST DIRECTOR GIVES A 'IGO FOR CREW INGRESSN
UPON THEIR ARRIVAL AT THE PAD. THE TAUNCH COMMIT
CRITERIA MONITORING COMPUTER PROGRAMS ARE ACTIVATED.

THE GROTIND I,AUNCH SEQUENCER (GtS ) COMPUTER PROGRAMS
ARE INITIATrZED. TrrE MAIN PROPULSTON SYSTEM (MpS)
I{ELIUM TANKS ARE BROUGHT TO FLIGHT PRESSURE (4400
PSI}. ANOTTIER WEATHER ERIEEING FOR SRB RETRIEVAT
IS GIVEN. A FIRST MOTION SIMUTATED SIGNAL IS SENT TO
JSC, RANGE SAFETY, AND THE FTRTNG ROOM. THIS STGNAL
IS USED TO INDICATE LIFTOE'T. THE SRB RATE GYRO
ASSEMBI.IES (RGAS) ARE TURNED ON. TIIE RGAs ARE USED
BY THE ORBITER NAVIGATION SYSTEM TO DETERMINE RATES
OF MOTION OF TIIE SRBs DURING STAGE ONE FLIGTIT.
THE SRB HYDRAULIC PUMPING UNITS GAS GENERATOR
HEATERS ARE TURNED ON AND THE SRB AFT SKIRT GN2
PURGE STARTS.

THE CREW PROCEEDS TO THE WHITE ROOM AND CREW INGRESS
BEGINS. THE CREW PERFORMS THEIR FINAL SUIT CONNEC-
TIONS TO THE ORBITER LIFE SUPPORT AND COMMUNICATIONS
SYSTEMS. AFTER THE CREW INGRESS CHECKLIST IS COMPI,ETE,
THE ORBITER CRE}'I MODUTE IIATCH IS CIOSED.

TIIE CREVT BEGINS THEIR COMMUNICATION CHECKS I{ITH
JSC AND THE KSC FIRING ROOM. THE SRB RATE GYRO
ASSEMBLY TORQUE TEST BEGINS. THE EASTERN TEST RANGE
(ETR) SHUTTIE RANGE SAFETY SYSTEM (SRSS) OPEN LOOP
VALIDATION BEGINS.
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T-1H2OM

T-LHL0M

T- ]-H 0 5M

T- LH 01M

T-LH00M

CREW INGRESS IS COII{PLETED AND THE HATCH IS CLOSED.

THE EASTERN TEST RANGE (ETR) RANGE SAFETY HOI,D FIRE
INDICATION CHECKS START. THIS VERIFIES THAT RANGE
SATETY PERSONNEL CAN STOP THE LAUNCH rF REQUTRED.

THE CABIN IS PRESSURIZED AND A 20 MINUTE LEAK
CHECK IS PERTORMED.

FINAI, IMU PRE-FLIGHT ALIGNMENT BEGINS.

THE SHUTTLE TANDING FACILITY (SLF) CONVOY IS VERIFIED
TO BE IN POSITION FOR LAUNCH. PRESSURE READINGS ARE
TAKEN FROM THE SRB CHAMBERS AND VERIEIED CORRECT
TO ENSURE AN EVEN BURN. FIRE AND RESCUE SUPPORT ARE
VERIFIED AT THE SHUTTLE LANDING FACILITY. THE
EASTERN TEST FANGE (ETR) FINAI, OPEN LOOP COMMAND
NETWORK VERIFICATION IS STARTED.

T-5OII,IOOS THE CREW BEGINS THE WATER BOILER PRE-ACTIVATION.
THE EASTERN TEST RANGE (ETR) SHUTTLE RANGE SAFETY
SYSTEM ( SRSS ) TERII{INAL COUNT CLOSED LOOP TEST IS
PERFORMED.

T.45MOOS TTIE S-BAND TELEMETRY SYSTEM IS SWITCHED TO IIIGH
POWER AND THE TM SYSTEM IS ACTIVATED. IITITA ADJUSTS
THE UPLINK COMMAND SIGNALS TO THE PROPER LEVEL.
THE GROUND LAUNCTI SEQUENCER MAINLINE COMPUTER
PROGRAMS ARE ACTIVATED.

T-35MOOS THE SHUTTLE TO GROUND TETEMETRY IS CONFIGURED TO
SWITCH TO OPEN LOOP AT LIFTOFF, RATHER THAN HARDLINE.
A READY FOR TAUNCH VERIFICATION IS MADE FOR THE
LANDING SITES AND BOOSTER RETRIEVAI, E'ORCES.

T.32II{OOS THE BACKUP FLIGHT SYSTEM (BFS) COMPUTER DATA TRANSTER
PREPARATION IS PERFORMED.

T-31.M0 OS THE CHASE PEANES ARE I{ANNED .

T-30M00s TrrE oRBITER IIANEUVERING SYSTEM (OMS) ENGINES ARE
PRESSURIZED FOR LAUNCH.

T-22M00S THE PRTMARY COMPUTER DATA (PASS) IS TRANSFERRED TO
THE BACKUP COMPUTER (BFS) rU ORDER FOR BOTH SYSTEMS
TO HAVE THE SAME DATA. IN CASE OF A PRIMARY COMPUTER
SYSTEM FAILURE, THE BACKUP COMPUTER VTIIL TAKE OVER
CONTROL OF THE SHUTTLE VEHICLE DURING FLIGHT.
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T-2OMOOS A 10 MINUTE PLANNED HOI,D BEGINS. ALL COMPUTERS IN
(HOLDING) THE FIRING ROOM ARE CONFIGURED WITH THE PROPER

PROGRAMS FOR THE FINAL COUNTDOWN. TIIE TEST TEAM IS
BRIEFED ON TIIE RECYCLE OPTIONS IN CASE OF AN UNPLANNED
HOLD AND ON EMERGENCY PROCEDURES IN CASE OF AN
EIIERGENCY. THE TANDING CONVOY STATUS IS AGAIN VERIFIED
AND THE LANDING SITES ARE VERIFTED READY FOR LAUNCH.
THE COT'NTDOWN CIOCK IS SET TO PICK UP AT THE END OF
TIIE 10 MIN. HOLD. TWO MIN. PRIOR TO COMING OUT OF
TTIE IIOtD, THE IPIU PREFLIGHT ALIGNMENT IS VERIFIED
COMPLETE. PREPARATIONS ARE MADE TO TRANSITION THE
ONBOARD COMPUTERS TO MAJOR MODE 101 UPON COMING OUT
or THE HOLD, WHrCH CONFTGURES THE COMPUTER MEMORY TO
TERMINAL COUNTDOWN CONFIGURATION.

T-2OMOOS THE 10 MINUTE PTANNED HOLD TERMINATES. THE COMPUTER
(COUNTING)TRANSITION TO II{AJOR MODE 101 (TERMINAL COUNTDOWN

CONFIGURATION) TS PERFORMED. UPON CONE'IRMATION OF
MAJOR MODE 101, THE PRIMARY COMPUTER IS DUMPED AND
COMPARED TO VERIFY THE PROPER ONBOARD COMPUTER
CONFIGURAIION FOR LAUNCH.

T-l9MOOS TTIE CREW CONFIGURES THE BACKUP COMPUTER TO MAJOR
MODE 101 AND THE TEST TEAM VERIFIES THE BACKUP
COMPUTER IS TRACKING THE PRIMARY COTvIPUTER. TTIE
CREW TTIEN CONFIGURES THEIR INSTRUMENTS TOR LAUNCH.

T.16MOOS TTIE MAIN PROPULSION HELIUM SUBSYSTEM COCKPIT
SWITCHES ARE CONE'IGURED FOR LAUNCH AND THE HELIUM
TANK ISOLATION VAI.VES ARE OPENED.

T-15MOOS THE ORBITAL MANEUVERING SYSTEM (OMS} AND REACTION
CONTROL SYSTEM (RCS) CROSSFEED VAL\IES ARE CONFIGURED
FOR I,AUNCH. THE CHASE AIRCRAFT ENGINES ARE STARTED.

T-l2MOOS THE COUNTDOWN CLOCK IS CONFIGURED FOR THE NEXT IIOLD
AT APPROXIMATELY T-gMOOS. TTIE EXACT HOLD TIME IS
DEPENDENT UPON THE LOX TER},IINATE REPLENISHMENT
FUNCTION OF THE EXTERNAL TANK. EMERGENCY AIRCRAFT
AND PERSONNEL ARE VERIFIED ON STATION.

T-IOMOOS THE ONBOARD COMPUTER DUMP AND COMPARE IS VERIFIED
COMPLETE AND SATISFACTORY.

T-gMOOS A 10 MINUTE PTANNED HOLD BEGINS. FINAT GROUND
(HOLDING} LAUNCH SEQUENCER CONFIGURATTON IS COMPLETED. THE

COUNTDOWN CLOCK IS SET TO START AT THE END OF THE
HOI.D. THE TEST DIRECTOR GETS A "GO FOR I,AUNCHN
VERIFICATION FROM THE LAUNCH TEAM.

T-gMOOS THE GLS AUTO SEQUENCE STARTS AND THE TERMINAL COUNT
(CoUNTING)BEGINS. THE CHASE AIRCRAFT BEGrN THErR TAKEOFF.
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T-9MO OS

T- 7yt3 0s

T-5M 3 OS

T-5MO OS AUXITIARY

T- 51,{ 0 0s

T-4M5 55
(apPROx)

GBQUND LAUNCH SEQUENCER INITIATION
FF IN THE TERMINAL
COUNT ARE UNDER COMPUTER CONTROL. THE GROUND
LAUNCH SEQUENCER (ctS ) IN THE FTRING ROO!,I INTEGRA-
TION CONSOI.E IS THE PRIMARY CONTROL COMPUTER FOR
THE VEHICLE AND GROUND UNTIL T-OM3lS WHEN THE
FLIGHT COMPUTER REDUNDANT SET LAUNCH SEQUENCER
TAKES OVER PRIMARY VEIIICf,E CONTROL.

sIgRT=gRBrrER ACCESS oAA) RETRACT
THE ARM coluNscu THE oRBrrER
HATCH IS RETRACTED. IF AN EMERGENCY ARISES REQUIRING
CREW EVACUATTON, THE ARM WILL BE EXTENDED ETTHER
MANUALLY OR BY COMPUTER CONTROL IN APPROXIMATEI,Y 15
sEcoNDS.

ORBITER OPERATIONAL INSTRUMENTATTON RECORDERS ON
JoHNS
(MCC) SENDS A CoMMAND To TURN THESE REcoRDERs oN.
THEY RECORD SHUTTLE SYSTEM PERFORMANCE DURING ASCENT,
oN-oRBIT, AND DESCENT OPERATIONS. THE RECORDERS
sToRE THrs rNroRMATroN EoR PLAYBACK AFTER r,ANDrNG.

THE cRglg acrrv ER uNrrs wHrcH
PROVIDE PRESSURE TO TIIE THREE ORBITER HYDRAUI,IC
SYSTEMS. THESE SYSTEMS ARE USED TO MOVE THE ENGINE
NOZZI,ES AND AEROSURFACES.

SRB IGNITION ANq-EEUTTLE RANGE SAFETY SYSTEM (SRSS)

EF-rnrs porNT, THE FTRTNG crRcurr FoR THE sor,rD
ROCKET BOOSTER IGNITION AND DESTRUCT DEVICES IS
MECHANICALLY ENABLED BY A MOTOR DRIVEN SWITCH
CALLED A SAFE AND ARM DEVICE (S&A).

TERMINATE ET I=IAUID OXYGEN REP
TLLED, SOME OF

THE LIQUID OXYGEN HAS BEEN TURNING INTO A GAS. IN
ORDER To KEEP PRESSURE rN THE TANK tow, THE GAsEous
9? IS VENTED AND REPLACED By MORE LTQUTD OXYGEN.
THIS LE\IEL MAINTAINTNG OPERATION IS TERMINATED AND
PREPARATIONS ARE MADE TO BRING THE FUEL TANKS TO
FTIGHT PRESSURE.

T-4M 3 OS MAIN ET]EI, VALVE HEATERS OFF
ASA
VAIVE

PREPARATION
HEATERS ARE

FOR ENGINE START, THE MAIN FUEt
TURNED OFF.

THE FINAT - ENCE ON THE SPACE
SHUTTI,E MAIN ENGINES (SSUU ) rS BEGUN rN
PREPARATTON FOR ENGINE START.

T-4Ir{ 0 0s
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T-3M5 5S AEROSURFACE PROFITE

T- 3M3 OS

T-3M255

T-2M5 5S

T- 2yt5 0s

T-2M35S

T-1M5 75

ALL OF THE ELEVONS, SPEEDBRAKE AND RUDDER ARE MO\IED
THROUGH A PRE-PROGRAMMED PATTERN. TTIIS IS TO ASSURE
TEEY WILL BE READY TOR USE TN FLIGIIT AND TO PLACE TTIEM
IN CORRECT POSITION FOR LAUNCH.

GROUND POWER TRANSITION
TO THE SPACE \IEHICLE HAS

BEEN SHARED BETWEEN GROUND POWER SUPPLIES AND THE
ONBOARD EUEL CELLS. THE GROUND POWER IS DISCONNECTED
AND THE VEHICTE SWITCHES TO INTERNAI, POWER AT
THIS TIME. IT TIILL REMAIN ON INTERNAL POI,{ER
THROUGH THE REST OF THE MISSION.

MAIN PROPULSION SYSTEM GIMBAL CHECK
LED ) THROUGII

A PRE-PROGP"AMMED PATTERN TO ASSURE TTIEY WILL
BE READY FOR ASCENT FLIGHT CONTROL.

E)CTERNAL TANK (NT1 LIQUID OXYGEN (TO2)

R THE SIIUTTLE MAIN ENGINES
IS ENTERED INTO A PRESSURIZATION PROCESS TO BRING
TTIE TANKS TO FLIGHT PRESSURE.

START GOX ARM RETRACT
THE CAP TilHICH FITS OVER THE EXTERNAL
TO PREVENT ICE BUITDUP ON THE OXYGBN
OF'F THE NOSB CONE AND RBTRACTED.

F.UqI{. ,CEI,L GtsquNPjiUPPrY _O_Ff
THE EUEL CELL GROUND (GASEOUS) OXYGEN AND HYDROGEN
SUPPI,IES, WHICH HAVE BEEN PROVIDING THE FUEL CELLS
WITTI REACTANTS TO ENSURE A FULL LOAD IN THE ONBOARD
CRYO TANKS AT LIFTOEF, ARE TERMINATED AND TIIE FUEI
CELLS BEGIN TO USE ONBOARD REACTANTS.

ET LIQUID HYDROGEN REPLENISH TERI{INATION AND
PRE- PRESSURIZATION START

TANKS WERE FILLED, SOME
OT THE LIQUID HYDROGEN TIAS BEEN TURNING INTO GAS.
IN ORDER TO KEEP PRESSURE IN THE TANK tOW, THIS
GAS WAS VENTED OFF AND PIPED OUT TO A BURN POND AND
IGNITED. IN ORDER TO MAINTAIN FLIGHT LEVEIJ, LIQUID
HYDROGEN HAS BEEN CONTINUOUSLY ADDED TO THE TANKS
TO REPLACE fHE VENTED HYDROGEN. THIS OPERATION
TERMINATES, TTIE TANKS ARE BROUGHT UP TO FIJIGHT
PRESSURE AND THE SHUTTLE IS ISOLATED FROM GROUND
LOADING EQUIPMENT.

SRB FREQUENCY DE.MULTIPTEXER AUTOMATIC CALIBRATION
COMMAND

TANK NOSE CONE
VENTS IS RAISED

THIS COMUIAND TELTS THE SRB DFI
AN AUTOMATIC CATIBRATION. THIS
DATA RECORDING THROUGH FLIGHT.

SYSTE},I TO PERFORM
ASSURES ACCURATE

T- 0tr{ 4 0S
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T-OM4OS EXTERNAL TANK IIEATERS OFF
EATERS ON EXTERNAL TANK

STRUCTURAL MEMBERS HAVE BEEN ON IN ORDER TO PREVENT
FROST BUTLDUP. THESE ARE TURNED OFF IN PREPARATION
FOR LIFTOFT.

T-OM4OS SRB FORWARD MULTIPLEXER/DE-MULTIPLEXER LOCKOUT
v

LOCKED. THEY WILL NO LONGER PERFOR.II{ A COMMAND
UNLESS IT IS PRECEDED BY AN UNLOCK COMMAND. THIS
IS DONE AS A PROTECTION AGAINST INFI,IGHT ELECTRONIC
INTERFERENCE.

T-oM3BS VENT DOOR SEQUENCE START
ITION THE ORBITER VENT

DOORS TO THE LAUNCH CONTIGURATION.

T-0M31S GO FOR REDUNDANT SET LAUNCH SEQUENCE START
PUTERS

ARE GIVEN THE 'GO' TO TAKE OVER VEHICLE CONTROT OF
THE TERMINAL COUNT. ONLY ONE FURTHER COMMAND IS
NEEDED FROM THE GROUND, IIGO FOR MAIN ENGINE START,'
AT APPROXIMATELY T-0M6.65. THE GROUND LAUNCH
SEQUENCER (Gr,S ) rN THE TNTEGRATTON CONSOLE IN THE
I.AUNCH CONTROI, CENTER CONTINUES TO MONITOR SEVERAL
HT'NDRED IAUNCH COMMIT CRITERIA AND CAN CALL A CUTOFF
IF A DISCREPANCY IS OBSERVED.

T-OM28S START SRB HYDRAUIIC POWER UNITS
H SOI.,ID ROCKET

BOOSTER ARE STARTED BY THE GLS. THESE PROVIDE
HYDRAULIC POWER FOR SOLID ROCKET BOOSTER NOZZr.E
GIMBALLTNG (THRUST \IECTOR CONTROL - TVC) FOR
ASCENT FLIGHT CONTROL.

T-OM16S SRB GIMBAL PROFILE COMPLETE
IS APPLIED TO THE SRBs,

THE ENGINE NOZZLES ARE COMITIANDED THROUGH A PRE-
PROGRAMMED PATTERN TO ASSURE THAT THEY WILL BE
READY FOR ASCENT FLIGHT CONTROL.

T-OM]-5S PRE-LIFTOE'F SOUND SUPPRESSION VENT VALVE OPEN
ron

THE SOUND SUPPRESSION WATER SYSTEM IN ORDER TO BEGIN
WATER FLOW TO THE PAD AT T-OM13S.

T-OM16S AR[4 T-ZERO UMBILICAL RELEASE
EXPTOSIVE DEVICES THAT

WILL SEPARATE THE T-ZERO UMBILICAL, WHICH IS THE
FINAL EI,ECTRICAL CONNECTION BETWEEN THE GROUND AND
THE SHUTTLE.
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T-OM135

T-OMLzS

T- OUI1.1-S

T-0ML0s

sRB AFE MUTTTPLEXER (MDM)
iPTTXNN UNITS ARE LOCKF:D

OUT. THIS IS TO PROTECT AGAINST ELECTRICAI, INTER-
FERENCE DURING FI,IGHT. THE ELECTRONIC LOCK REQUIRES
AN UNLOCK CO!{MAND BEFORE IT WILL ACCEPT ANY OTIIER

COM!{AND.

TERMINATE MPS HELIUM FILL
BOTTLES ON THE ORBITER USED

TO MAINTAIN CRITICAL PT'RGES ON THE MAIN PROPULSION
SYSTEM DURING ASCENT AND ON ORBIT IS TERIIINATED.

SRB SEUTTLE RANGE SAFETY SYSTEM (SRSS) INHIBITS
REMO\IED
THE SRB DESTRUCT

GtS GO FOR TI{AIN

SYSTEM IS NOW ACTIVE.

ENGINE START

T-OM1OS

T-OM1OS

T-0M0 9 . 5s

T-OMO BS

T-OMO85 LH2 RECIRCULATION/ttIGH POINT BTEED VATVE CtOsE
THE
AND

@N FUEL REcrRcutATroN FLow vAr,vES
LH2 MANIFOLD HIGH POINT BLEED VALVES ARE CIOSED.

UND COMMAND. THE

GROUND CO!,IPUTERS INFORM THE FLIGHT COMPUTERS THAT
TTIEY HAVE A OGO FOR MAIN ENGINE START". THE GtS
RETAINS CUTOE'F CAPABILITY UNTIL JUST PRIOR TO SPA

IGNITION.

COMMAND DECODER POWER OFF
ffiERS ARE UNITS wHICH ALLOw GROUND

CONTROT OF TAE ORBITER trE THE PRIMARY FLIGIIT COMPUTERS

FAIL. THESE T'NITS ARE hlOT ACCESSIBLE DURING FLIGHT,
AND ARE POWERED OEF AT THIS TIME.

H2 BURNOFF
ffi-ffiffirlgN FOR IGNITION, FLARES ARE IGNITED UNDER

THE ENGINES. THIS BURNS AWAY ANY FREE GASEOUS HYDROGEN

THAT MAY COTLECT UNDER TIIE ENGINES DURING PRESTART
OPERATIONS.

PREVAI,VES OPEN
ffiOMPUTERS ENTER INTO THE ENGINE START
SEQUENCE, THE PREVALVES ARE OPENED. THESE VAL\/ES
ef,iOW LI9UID IIYDROGEN AND OXYGEN ELOW TO THE ENGINETS

TURBOPUMPS.

LH2 RECIRCULATION PUMPS OFT
ffi PUtlpS PROVIDE FOR FLOW OF FUEL
TEROUGH THE ENGINE COOLING SYSTEM DURING TIIE TERMINAL
COUNT. THESE ARE SUPPLIED BY GROUND POWER, AND ARE

POT{ERED OFF IN PREPARATION FOR ENGINE START.
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T.OMOSS GROUND COOLANT UNIT STOP
AL COOLING AT THIS TIME,

AS TIIE GROUND COOLANT UNITS ARE POWERED OFF. THE
ORBITER WITL REDTSTRIBUTE HEAT WITTIIN THE VEHICLE
UNTIL rT REACHES 1401000 FEET AT WHrCH TIME THE
FTASH EVAPORATOR WILL BE TURNED ON.

T-OMO6.65 ENGINE IGNITION

T+ OMO OS

ALL THREE ENGINES START, SEPARATED BY 120 MILI,ISECOND
INTERVALS. THE ENGTNES THROTTI,E UP TO 90 PCT THRUST
LEVELS IN THREE SECONDS. A CHECK IS MADE AT T-OMO3S.
IF AI,L THREE ENGINES ARE AT 90 PCT TTIRUST AT TIIAT
TIME, TTIE SRB IGNITION SEQUENCE BEGINS. THE ENGINE
START AND THRUST CHECKS ARE MADE BY TTIE FOUR PRIMARY
FLIGHT COMPUTERS.

SRB IGNITION
Effi]IffiE, THE SRBs ARE IGNITED, THE HoLDDowN
EXPLOSIVE BOLTS ARE BLOIEN AND THE T.ZERO UMBILICAL
EXPI,OSIVE BOLTS ARE BLOWN BY COMMAND OF TTIE FOUR
FLTGHT COMPUTERS. TIIE MISSION ELAPSED TIME RESETS
TO ZERO. THE SHUTTLE LIFTS OFF THE PAD AND CLEARS
THE TOWER AT APPROXIMATELY T+OO:07 SECONDS.
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MISSION PROFILE

THIS MISSION WILL BE A MUITI-ORBIT FIJIGHT FROM KENNEDY SPACE
CENTER. THE ELIGHT WII,L tsE ACHIE\IED IN A 173 NAUTICAL
MILE ORBIT. THIS ORBIT WILL BE ACHIEVED BY TVfO ORBTTAL
MANEUVERING SYSTEM (OMS) MANEUVERS (BURNS). THE OMS-I
BURN WILI, OCCUR OVER THE ATLANTIC OCEAN SHORTLY AFTER EXTERNAL
TANK SEPARATION (ET-SEP) TO TNSERT THE ORBITER INTO ORBIT.
THE OMS.2 BURN WILL OCCUR OVER THE INDIAN OCEAN AT THE APOGEE
ALTITUDE ESTABTISHED BY THE OUS-1 BURN.

TTIE ASCENT FLIGHT PHASE OF THIS MANUAL CONTAINS THOSE EVENTS
FROM AFTER LIFTOFF TO SHORTLY AFTER THE OMS-2 BURN. THIS
SECTION IS BASED ON A NOMINAL ASCENT AND DOES NOT INCI.UDE
ABORT MODES [RETURN TO LAUNCH SITE (RTIS} AND ABORT ONCE
AROUND (AOA)]. THE EVENTS ARE IISTED BY APPROXIMATE TIME
ONLY.
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ASCENT PROF I LE

IIAIIEUVER FOR O{S2 BURII T[26:28

APU SHUT0Olril T*1tt:09

Ottsl ilr il CO'IPLETET +L9t?2

L02/LH2 DUr4P T*11:02
OilSl BURII T+10:50

l,lAllEUYER FOR 0t'ls1 BURII Tl9:tt7

o,ts ExGlllE Pt{R DoUil

0tls2 U,RII Tl t[6:26

Tl52:5

ot'ls2
l,tPs P0b,Ef, D0llll Tl23:57

BURiI COi'IPLETE T* lt8:39

ET SEP Tl9:08
tlEG0 TlI:56

FLASH EVAP Ofi Tll :00

SRB SEP Tt 2:05

).tAX 0 Tl 0:56

HAIII EXGIXE THROTTLE DOHTI T}O:29 ' T ll'lE SEQII Ell CE

0ll ORB I T T156: 27
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T+ OMO 45

T+ 0M0 5S

T+ 0M0 75

T+ OMO 75

T+ 0M0 85

T+ OM2 OS

T+ 0M 295

T+ lM0l_s

ASCENT FLIGHT PHASE - NOMINAL ASCENT

CONFIRM MAJOR I\,IODE LOz
COMPUTER ME!,TORY

CONFIGURATION CHANGES TO MAJOR MODE 102 WHICH
ENABLES THE STAGE 1 (SRB) OPEN LOOP GUIDANCE
SYSTEM.

STAGE 1 GUIDANCE ON
ffiroN THAT srAGE 1 GUTDANcE rs
oN AND ONCE TOWER CLEAR HAS OCCURRED, THE VEHTCLE
IS READY FOR FIRST STAGE STEERING.

TOWER CLEAR
rnFffir-coNFrRMs rHE cURRENT sHUTTLE ALTTTUDE
IS ABOVE 275 FEET AND INCREASTNG.

VELOCITY = 119 rT/S
THIS EVENT CONTIRMS THE
THAN ]-].9 FEET PER SECOND

PITCHOVER
WHEN THE RELATIVE VELOCTTY REACHES 121 EEET PER
sEcoND, tr'IRST STAGE STEERTNG STARTS A PTTCHOVER
MANEUVER FOLTOWED BY A ROLI/YAW MANEUVHR.

RoLL/YAW MANEUVER CoMPLETE
ATTER THE VEHICLE PTTCH ATTITUDE EQUATS 88 DEG, THE
ROLI, AND YAW ATTITUDE WILL START CHANGING. WHEN
THIS MANEUVER rS COMPLETE, THE CREW WILL BE IN A
"HEADS DOWNN ATTITUDE AND ALIGNED WITH THE LAUNCH
AZIMUTH.

MAIN ENGINE THROTTTE DOWN (MAX Q REGION)
DYNAMIC

PRESSURE INCREASES AND THE STRUCTURAL LOADS ON THE
VEHICLE RISE. THE ONBOARD COMPUTERS WILT I,IMIT
THESE LOADS IrO A SAFE VALUE WITH A POSSIBILITY OF
TLYING SLIGHTTY OFF COURSE. TO HEI,P LIMIT THE
DYNAMIC PRESSURE TO 671 POUNDS pER SQUARE FOOT,
THE CREW hIILL REDUCE THE MAIN ENGINE THROTTLE TO
75r.

MAIN ENGINE THROTTLE UP TO ].047
TC PRESSURE (MAX Q)

REGION IS PAST, DUE TO THE ALTITUDE. THE CREW
WILL INCREASE TTIE THROTTTES BACK TO 104T.

SRB CHAMBER PRESSURE LESS THAN 50 PSI
WHEN THE SRB CHAMBER PRESSURE FOR BOTH SRBs DROPS
BELOW 50 POUNDS pER SQUARE INCH, THE SRB STAGING
SEQUENCE WILI, START.

SHUTTI,E VETOCITY IS GREATER
AND INCREASING.

T+ 2M0 25
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T+2M 0 55

T+ auL0S

T+ 2M16S

T+ 2t416S

T+ zM165

sRB sEPARArrory_-qEgENgp. 9N
SEPARATTON SEQUENCE

HAS STARTED. AT THIS TrME, SRE SEPARATTON PYROS
ARE ARMED AND THE RANGE SAFETY SAFE AND ARM DEVICES
ARE ROTATED TO THE SAFE POSITION. NEXT THE SRB
RANGE SAFETY SYSTEM IS POWERED DOWN AND THE COMMAND

FOR SRB SEPARATION IS ISSUED. TTIIS COMMAND FIRES
THE SRB SEPARATION PYROS.

INITIATE GUIDANCE FREEZE
QUETrcE, THE EIRST STAGE

GUIDANCE IS FROZEN TO TIOTD THE VEHICI,E ATTITUDE
CONSTANT.

SRB SEPARATION
ffiTE rRoH THE ExTERNAL TANK AT AN
ATTITUDE OE 25 NM AND 25 NM TR,OM THE LAUNCH SITE.
THE LEFT AND RIGHT SRBS ARE JETTISONED AFTER BURN-
OUT ON A TUMBLING rREE r'ALL TnAJECTORY. AT 78.5
sEc AFTER SEPARATTON, THE NOZZTE EXTENSTON ON EACH
SRB IS JETTISONED. DURING BHE DESCENDING PORTION
OF THE TRAJECTORY, THE SRBI ACHIEVE A NOSE-UP TRIM
coNDrrroN. AT AN ALTTTUDE Or 171000 FEET, THE
NOSECAP ON EACH SRB rS JETATSONED, BEGTNNTNG TIIE
PARACHUTE DEPLOYMENT SEQUENCE. THIS CULMINATES AT
7,000 FEET WrrH THE DEPTOYMENT OF TIIREE MAIN
PARACHUTES ON EACH SRB. SRB IMPACT IN THE ATLANTIC
ocEAN OCCURS 311 SECONDS ArTER SEPARATTON, 138 NM

FROM THE LAUNCH SITE. AT THIS TIME, THE SRB RE.
TRIEVAL CREW WILt RECOVER THE SRBS AND RETURN TTIEM
TO KENNEDY SPACE CENTER FOR DISASSEMBI,Y AND REFUR.
BISHMENT.

TRANSITION TO MAJOR MODE 103
ONBOARD COMPUTER

MEMORY CONFIGURATION CHANGES TO A NON-SRB MA,JOR
MODE 103 WHrCH CONTATNS rHE STAGE-2 (SSME ONLY)
OPEN LOOP GUIDANCE SYSTEM.

SECOND STAGE GUIDANCE INITIATE
READYT STAGE 2

STEERING IS ON, FREEZE BODY COMMAND IS OFF, AND
STAGE 1 GUIDANCE IS OTF. AT THE BEGINNING OF STAGE
2 curDANCE, THE ONBOARD COMPUTERS ARE PROGRAMMED TO
ASSUME AN ENGINE FAIL WIIJL OCCUR IN ORDER TO GET
THE EARLIEST POSSIBLE PRESS-TO-MECO CAPABILITY.
rHIS LOFTS THE TRAJECTORY UNTIL GUIDANCE STARTS,
ASSUMING NO ENGINE FAILURES. Af THIS TIME (T+4MOOS)
THE VEHICLE WILL PITCH DOWN 25 DEGREES.
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T+ 31,10 0S FTASH EVAP HTR ACTIVATION

T+ 7M2 55

BELOW 140,000 FEET THERE HAS BEEN NO WAy TO REMOVE
EXCESS HEAT GENERATED INSIDE TIIE ORBITER. AT THIS
TIME, THE CREtf WrLL VERTFY THE FLASII EVAPORATORS
ARE WORKING AND WILL TURN ON THE FLASH EVAPORATOR
DUCT AND NOZZLE HEATERS TO PREVENT THE WATER FROM
EREEZING.

ME THROTTLE DOWN (3G LIMrT)
W REACHES 3GS, THE MAIN
ENGINES WILI, BE THROTTLED BACK TO MAINTAIN AN
ACCELERATION OF 3GS UNTIL 6 SECONDS PRIOR TO PIAIN
ENGTNE CUTOFF (MECO).

ME THROTTLE DOWN TO 65t (MECO PREP)
NGINES ARE

THROTTTED DOWN TO 65T TO PREPARE TIIEM FOR SHUTDOWN.
AS THE MECO TARGET IS APPROACHED, GUIDANCE GIVES
UP CONTROL OF THE MECO POSITION PARAMETERS. FIVE
sEcoNDS BEFORE MECO, A rrNE CUTOFF MODE IS ENTERED
AND GUIDANCE CONTROLS ONLY FOR THE INERTIAL VELOCTTY
OF MECO.

MECO
At AN ALTITUDE OF 60.0 NM AND 740 NM FROM THE LAUNCH
SITE, MECO WILL OCCUR. THE MArN ENGINES ARE HELD
AT 658 UNTIL THE GUIDANCE VELOCITY TARGET IS REACHED.
AT TIIIS TIME, THE MAIN ENGINES ARE COMMANDED TO
CUTOF'F AND AN ATTITUDE HOLD IS COMMANDED. THE
REACTION CONTROL SYSTEM (RCS) TS USED TO MAINTAIN
THE ORBITER/ET ATTITUDE AND MINIMIZE ATTITUDE RATES
FOR ET SEPARATION (ET-SEP).

!4ECO CONFIRMED
ffirRMs MEco rs coMpLETE AND srARTs rHE
ET SEPARATION SEQUENCE. THE ET SEP SEQUENCE WILL
THEN PERFORM MAJOR TASKS SUCH AS UMBILICAL UNLATCH
AND RETRACT, COMMAND THE MAIN ENGINE PREVALVES
CLOSED, ARI\,I THE ET TUMBLE SYSTEM, DISCONNECT THE
ELECTRONICS, INHIBIT AND SEPARATION MODE CHECKS,
AND FINAI,tY WILL COMMAND STRUCTURAL SEPARATION.

ET SEPARATION
MIFIES PHYSICAL ET sEPARATToN HAs
OCCURRED. THE RCS JET FIRING IS INHIBITED JUST
PRIOR TO STRUCTURAL SEPARATION OF THE ET TO PREVENT
POSSIBTE DAMAGE AT THE FORWARD ATTACH FITTING.
IMMEDIATELY FOLLOITING STRUCTURAL SEPARATION OF THE
ORBITER AND ET, INERTIAL ATTITUDE HOLD IS INHIBITED
AND THE ORBITER PERFORMS A HIGH MODE RCS -Z
TRANSLATION MANEUVER, ASSURING ORBITER CTEARANCE
EROM THE ARC OF THE ROTATING ET AND ATLOWS THE CREW
TO OBSERVE THE ET PRIOR TO PERFORMING THE OMS-I BURN.

T+8M27S

T+ 8M56S

T+ 8M3 55

T+ 9MO 85
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T+ 9MO BS
(coNT. )

T+ 9MO 2S

T+ 9MO 25 SSMES POS ITIONED FOR AUTO DUMP

T+9M475

T+9M49S

T+ l_ 0M5 0s

sEvEN SECONDS AFTER THE MECO COMMAND, THE ET
TUMBLE SYSTEM IS ACTIVATED TO JETTISON THE ET ON
A SUBORBITAT TRAJECTORY THAT RESULTS IN AN IMPACT
TOCATION IN THE INDIAN OCEAN. THE ET IMPACT POINT
EOOTPRINT IS 1059 NM UPRANGE AND 745 NM DOWNRANGE
FROM THE NOMINAL IMPACT POINT. THERE IS ALSO A
PLUS OR MINUS 29 NM CROSS RANGE DEVTATION FROM THE
NOMINAL IMPACT POINT. THE ET BREAKUP OCCURS DURING
ENTRY AT 1951000 FEET. THE ET EOOTPRTNT DOES NOT
IMPACT CLOSER THAN 2OO NM FROM A LAND MASS. FOLLOWING
ET SEPARATTON, THE ORBTTER HAS AN APOGEE OF 248.3 NIvl

AND A PERIGEE OF 31.9 NM.

TRANSITION TO MAJOR MODE 1.04
RANSLATION MANEUVER,

THE ONBOARD COMPUTER MEMORY CONFIGURATION CHANGES TO
MAJOR MODE 104 WHICH CONTAINS THE GUIDANCE PROGRAMS
NEEDED FOR THE FIRST OMS BURN.

TTIIS IS A CONFIRMATION THAT THE MAIN ENGINE BETLS
HAVE BEEN POSITIONED FOR THE LO2 AND LH2 DUMPING
THAT OCCURS DURING THE OMS-I BURN. THIS POSITIONING
BEGAN DURING THE ET SEPARATION SEQUENCE.

MANEUVER FOR OMS-I BURN
MODE LO4, THE PREDETERMINED

GUIDANCE TARGETS AND REQUIRED POSITION OF THE ORBTTER
ARE AUTOMATICALLY LOADED INTO THE ONBOARD COMPUTERIS
MEMORY AND IS DISPLAYED ON THE ONBOARD CRTs. THE
CREW WILL CONFIRM TIIE TARGETING RESULTS, AND THEN
MANEUVER TO THE BURN ATTITUDE INDICATED.

ATTITUDE EOR OMS.I BURN
ORBITER HAS BEEN MANEUVERED

TO TTIE PROPER OMS-1 ATTITUDE. A TIMER ON THE ORBITERIS
CRT COUNTS DOWN THE TIME TO IGNITION (TIG). AT
T-15 SEC BEFORE TrG, THE CREW GrVES THE ONBOARD
COMPUTERS A "GO FOR BURNIT COMMAND.

OMS-I BURN
WHEN THE TIME TO IGNITION REACHES ZERO,
ENGINES }\IILL FIRE. THE ORBITER WILL BE
BERMUDA AT THIS TIME. DURING THE BURN,
WILL BE APPROACHING THE DESIRED VBTOCITY

THE OMS
OVER
THE VEHICLE

AND APOGEE.
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T+l-1-M02S MpS LO2/LHz DUMP TNTTTATE

T+13M325

OVERBOARD DUMPING OF RESTDUAL PROPELLANTS IS
REQUIRED AFTER EXTERNAT TANK SEPARATION. THERE
ARE APPROXIMATELY 54OO POUNDS OF PROPELLANT
TRAPPED IN THE ORBITER. TRAPPED LH2 POSES A
HAZARD DURING ENTRY SINCE IT MAY COMBINE WITH
ATMOSPHERIC OXYGEN TO FORM A POTENTIALLY EXPLO.
SIVE MIXTURE. IN ADDITION, IF NOT DUMPED, THE
PRoPELLANTS WrtL OUTGAS, CAUSTNG LOW-LEVEL
ACCELERATTONS NOT SENSED BY GUTDANCE, AND THUS
CREATING NAVIGATION ERRORS. EINALLY, IF THE
PRESSURE RELIEF VALVES SHOULD HANG UP, THESE
PROPETLANTS I*{AY RUPTURE THE LINES CAUSING
sERrous DAMAGE. TO AVOrD THrS POSSTBTLTTY, THE
MAIN PROPELLANT SYSTEIII DUMP WILL BE PERFORMED
WITH THE OMS-1 BURN. LO2 AND LH2 TRAPPED IN
TIIE FEEDLINE MANIFOLD WILL BE EXPELLED UNDER
PRESSURE SUPPLIED BY THE HETIUM SUBSYSTEM.

OMS-1 CUTOTF
AFTER AN OMS-I BURN OF APPROXIMATELY 2.5 MIN THE
BURN WILL TERMINATE AND THE OMS ENGINES WILL
AUTOMATICALLY PURGE THEMSELVES. FOLLOWING THE OMS-1
BURN, THE ORBITER WILL BE AT AN ALTITUDE OE 119 NM AND
1,635 NM FROM THE LAUNCH SITE IN AN EGG-SHAPED ORBIT.

T+13MO9S SSMES STOWED

T+ 14M0 9 S

ArTER THE LH2 DUMP IS COMPLETE, THE ONBOARD COMPUTERS
WILL AUTOMATICALTY POSITION THE MAIN ENGINE BELLS TO
THE PROPER POSITION FOR DEORBIT AND ENTRY

APU POWER DOWN
ffir srowAGE, HYDRAUI,Tc PREssuRE
REQUIREMENTS TERMINATE. THE CREW WILL TURN OFF
THE AUXILIARY POWER UNITS (APUs) WHICH SUPPLY
HYDRAULIC PRESSURE. THE APU EUEL ON BOARD MUST
BE CONSERVED FOR RE-ENTRY.

FI,ASH EVAPORATOR FEEDLINE ON
HEATERS ARE TURNED

ON TO PREVENT WATER, FLOWING TO THE FLASH
EVAPORATOR COOLING SYSTEM, FROM FREEZING.

CRYO TANK HEATERS ON
ARE TURNED ON TO MAINTAIN

A CONSTANT PRESSURE ON THE OXYGEN AND HYDROGEN
TANKS USED BY FUEL CEttS SUPPLYING ELECTRICAL
POWER TO THE ORBITER SYSTEMS. BY TURNING
THESE TANK HEATERS ON, HEAT ENERGY IS ADDED TO
THE LIQUTD GASSES, THUS INCREASING TANK PRESSURE.

T+ 15M 0 0S

T+ 15M0 0S
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!+2214525 TRANSITION TO MAJOR MODE 105
FOLT,OWTNG THE APU POWER DOWN, THE ONBOARD COMPUTERSI
MEMORY CONTIGURATION CHANGES TO MAJOR MODE ]-05,
hIHICH CONTAINS THE GUIDANCE PROGRAMS NEEDED FOR THE
OMS-2 BURN.

T+23M57S MPS POWER DOWN

AFTER COMPLETION OF THE MPS DUMP, THE MPS SYSTEM
IS POWERED DOWN.

T+23M57S MPS VACUUM INERT START
AFTER TIIE MPS POWER DOWN, THE MPS WILL BE VACUUM
INERTED BY THE PILOT. VACUUM INERTING ALLOWS
ANy TRACES OF LO2 AND LH2, LEFT OVER AFTER THE
PROPELTANT DUI{P, TO BE VENTED rNTO SPACE. BOTH
TTIE LO2 AND LH2 LINES WILL BE INERTED SIMUL-
TANEOUSLY.

T+24MOOS H2 PRESS LINE VENT CLOSED

T+ 25M0 0S

PRIOR TO CLOSING THE ET UMBILICAL DOORS AND AFTER
THE MPS VACUUM INERTING HAS STARTED, THE CREW
OPENS TIIE MPS H2 PRESSURE LINE VENT TO EXPEL ANY
HYDROGEN IN THE LINE THROUGH THE UMBILICAL DOOR
OPENING. THIS VENTING VilILL LAST ONE MINUTE.

ET UMBILICAL DOORS CLOSED
THE ET UMBILICAL DOORS ON THE ORBITER MUST BE
CLOSED PRIOR TO RE-ENTRY. THE UMBILICAL DOORS ARE
NOT CLOSED UNTIL THE TI2 PRESSURE LINE VENTING IS
COMPLETE TO AVOID TRAPPING ANY HYDROGEN IN THE
ET DOOR WELLS.

T+26M285 MANEUVER FOR OMS-2 BURN
ONCE MAJOR MODE 1.05 IS
AND VERIFIES THE PROPER
THE ONBOARD COMPUTERS.
THEN POSITIONED FOR THE

T+25M3OS ATTITUDE FOR OMS-? BURN
AFTER THE PROPER OMS-2 GUIDANCE INFORMATION HAS
BEEN SET UP AND VERIFIED BY THE MISSION CONTROL
CENTER, THE PrLOT CONFTGURES TrrE OMS/RCS SWITCTTES
FOR THE BURN AND THE COMMANDER MANEUVERS THE
VEHICLE TO THE BURN ATTITUDE.

T+4OM2OS MPS VACUUM INERT COMPLETE
PS VACUUM INERTING IS

COMPLETE. THE INERTING WILL NORMALLY BE COMPLETE
APPROXIMATELY 5 MIN. BEFORE TTIE OMS-2 BURN.

VERIFIED, THE CREIil TOADS
GUIDANCE PARATvIETERS ON
THE OMS ENGINES ARE
OMS-2 BURN.

40



T+46M26S OMS-2 BURN
rnu-ouFguRN occuRs wHEN THE oRBrrER HAS REAcHED
ITS APOGEE (253 NM) OVER THE INDIAN OCEAN. THE
OMS.2 BURN TS IDENTICAL TO THE OMS.]. BURN EXCEPT
THE PURPOSE OF THE OMS-2 BURN IS TO ESTABLISH A
crRcuLAR oRBrr, WHEREAS THE OMS-L BURN ESTABTTSIIED
ORBIT INSERTION.

T+48M39S OMS-2 CUTOFF
AT TTIE TIME OF OMS-2 CUTOFF, THE ORBITER WILL BE
AT AN ALTTTUDE Or 253 NM AND 9,681 NM FROM THE
LAUNCH SITE. TIIE ORBITER IS NOW IN A CIRCUTAR
(253 NM BY 253 NM) ORBrr.

T+52M52S OMS ENGINE POWER DOWN
NN, THE OMS ENGINES ARE NO

LONGER REQUIRED FOR ON-ORBIT OPERATIONS AND ARE
POWERED DOWN.

T+54MOOS OMS/RCS POST BURN CONFIGURATION

T+56M275

AT THIS TIME, THE ORBITAL MANEUVERING SYSTEM AND
REACTION CONTROL SYSTEM VALVES ARE CONFIGURED FOR
ON.ORBIT OPERATIONS.

TRANSITION TO MAJOR MODE 106
RN CONFIGURATION,

THE ONBOARD COMPUTERS ARE CONFIGURED TO MAJOR MODE
106 AND ON-ORBIT OPERATIONS START. THIS MODE
CONTAINS ALL T'UNCTIONS NECESSARY TO MONITOR AND
CONTROL THE ORBITER DURING INSERTION COAST.
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MISSION EVENT TIMELINE
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MISSION EVENT TIMELINE (CONTINUED}

r[r:0ll

I rESf ,2 (l{ULtI-}t00R(.}

I IESI '3 (II{-PLRI{E)

I IESr tZ (xULII-il00n1)

6

b
ra

s
E
r
U
?

r{
0
e

s
c
R

ta

PRE SLEEP FC'GLcr. ll3'l I rcs cro

cc
e0
EX
XF

E

e
€
H

C

0E0c8I t eetP 3
!-

l.:I:f i.

F
UJ

t--
I
I
I
I

I IESI tt (.{ULII-x0CnL} '
O IEST II (XULII-HOONL)

t LFC/rrrcrt 0trCf
MsT OEEI



FD- ].

FD- 2

FD- 3

FD- 4

FD-5, 6

FD- 7

ON-ORBIT OPERATIONS

THE RMS WILL BE POSITIONED SO THAT THE WITNESS
PLATE (RECORDS UPPER STAGE SOLID ROCKET MOTOR
EXHAUST PLUME DATA) IS PERPENDICULAR TO THE LINE-
OF-SIGHT TO THE UPPER STAGE.

THE SYNCOM IV SATELLITE WII,L BE DEPLOYED. THE
DEPLOYMENT OPPORTUNITIES ARE DETERMINED BY CONSTRAINTS
IMPOSED ON THE RIGHT ASCENSION OF' THE ASCENDING NODE
OF THE ORBIT. NORMALLY, A DEPLOYMENT AT THE DESCENDING
NODE OF ORBrT L7 IS PLANNED, FOLLOWED 45 MINUTES
LATER BY A PERIGEE KICK MOTOR (PKM) BURN ON THE
ASCENDING NODE OF ORBIT 18. IF THE DEPLOYMENT HAS
TO BE DELAYED, A SECOND ATTEMPT WILL BE SCHEDULED
ON FD-3 WITH AN ORBIT 33D DEPLOYMENT AND AN ORBIT
34A PKM BURN.

IN ADDITION, FD-2 OPERATIONS INCLUDE POWERING UP
THE CONTINUOUS ELOW ELECTROPHORESIS (CTES) EXPERI.
MENT (SCHEDULED TO RUN CONTINUOUSLY 8O-1OO HOURS)
AND POWERING UP THE SOLAR ARRAY EXPERIMENT (SAE).
DATA TAKING WILL ALSO COMMENCE WITH THE SOLAR CELL
CALIBRATION FACILITY (SCCE') .

THE LARGE FORMAT CAMERA (LFC) WILL BEGIN ITS OBLIQUE
PHOTOGRAPHY OF THE EARTHTS SURFACE. DATA ACQUTSITION
ON.ORBIT WILL BE GROUND CONTROTLED EXCEPT FOR SPECIFIC
ENGINEERING TESTS COMMANDED BY THE CREW. ALSO ON
THIS DAY, THE SOLAR ARRAY WING WILL BE POWERED UP
FOR OAST-1 TESTING.

OPERATIONS CONSIST OF A CONTINUATION OF OAST-1 TESTING
AND ADDITTONAL DATA ACQUISITTON WITH THE SCCF.

CONSISTS OF EXTENSIONS AND RETRACTIONS OE THE SOTAR
ARRAY WING. THE CREW WILL BE REQUIRED TO EXTEND
AND RETRACT THE ARRAY, INPUT THE PULSES, OPERATE THE
CAMERAS, AND PROVTDE CONSTANT MONTTORTNG OF THE ARRAYTS
STABII,ITY. ALSO ON FD-6, THE ORBIT WILI BE LOWERED
IN ORDER TO ACQUIRE ADDITIONAL PHOTOS OF THE EARTH
WITTI TTIE LARGE FORMAT CAMERA.

FINAL CALIBRATIONS WITH THE SCCF WILL BE TAKEN. THE
STUDENT FLOAT ZONE EXPERIMENT WILL BE TURNED ON AND
FTIGHT CONTROL SYSTEM CHECKOUTS WILL BEGIN. THERMAT
TESTING OF THE LARGE FORMAT CAMERA WILL ALSO BE
ACCOMPLISHED ON THIS DAY.

DE-ORBIT PREPS, ENTRY AND LANDING.FD- 8
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THE CARGO

THE STS 41D MANIFEST INCLUDES THREE PAYLOAD BAY PAYLOADS, TI,TO

GETAWAY SPECIAL (GAS) CANISTERS, TWO RMS EXPERIMENTS, AND FOUR
MID-DECK EXPERIMENTS:

PAYIJOAD BAY

SYNCOM IV
LFC
OAST 1.

CINEMA 360 (GAS CAN)
UTAH STATE GAS CAN
GLO EXPERTMENT (RMS )

WITNESS PTATE EXPERIMENT (RMS }

T{ID-DECK PAYLOADS

CFES III
IMAX
RUIE

FLOAT ZONE EXPERII{ENT

SYNCOM IV

syNcor,! rv, A HUGHES HS381 SATELLITE, IS THE FrRST rN A SERIES OF
FOUR SATELLITES THAT WILL REPLACE THE FTEET SATCOIq SATELLITES.
rN THrS CApACrry, THEY WrLL PROVTDE WORLDWTDE COMMUNTCATTONS FOR
DOD SHIPS AND PLANES. AT LIFT.OFF SYNCOM }TItL STAND LA.L FEET
HrGH WrTH A DTAMETER OF L4 FEET, AND WILL WErGH 17,500 POUNDS.
ONCE ON STATION THE SATELTITE WILL MEASURE 20.3 FEET IN HEIGHT
AND WErcH 2,900 POUNDS.

SYNCOD{ IV IS CARRIED ALOFT IN THE PAYLOAD BAY IN A CRADLE.
THIS CRADLE PROVIDES EI,ECTRICAL AND MECTIANICAT INTERFACES
TO THE ORBITER. MECHANICAL INTERFACES INCLUDE TWO LONGERON
TRUNNIONS ON EACH SIDE OF THE CRADLE AND ONE KEEL TRUNNION.
THE FORWARD TRUNNIONS ARE THE tOAD CARRYING TRUNNIONS, WHILE
TIIE AFT TRUNNIONS PROVIDE STABILIZATION. ALTHOUGH NO ACTIVE
TATCHES ARE REQUTRED FOR ON ORBrT OPERATTONS, TWO ACTTVE
TATCHES ARE USED ON THE PORT SIDE TO AVOID ACCESS PROBLEMS ITITH
RMS DURING GROUND INSTAI,LATION

ETECTRICAL INTERFACES ON THE CRADLE PROVIDE ORBITER ETECTRIC
POWER TO THE CRADLE AND SATELLITE VIA A CONNECTOR ON THE PORT
SIDE OF THE CRADLE NEAR THE PORT STABILIZING TRUNNION. SIGNAL
INTERFACES ARE PROVIDED ON EITHER SIDE OF THE CRADLE NEAR TIIE
STABILIZING TRUNNIONS. THESE ALLOW DATA TRANSFERRAL THROUGH MDM
PF-1 AND THROUGH THE T-O UMBILICAL ON THE GROUND. AN OPTIONAL
LINK TO MDM PF-2 IS ALSO PROVIDED.
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SYNCOM IV PAYLOAD ELEMENTS

ORB I TER COORD I I{ ATES
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SYNCOM IV

DEPLOYMENT EVENT TIME HISTORY

TIME (SEC} EVENT

O.OO DEPLOYMENT BEGINS

0.17 UMBILICALS DISCONNECT

O.27 KEEL BLOCK LIFTS OUT OF CRADLE SLOT

0.33 SPRING EORCE TERMINATES

0.35 PIVOT FITTINGS DISENGAGE FROM HOUSINGS ON
PIVOT OUTRIGGER

0.51 PUSHOFF FITTINGS CLEAR HOUSINGS ON PUSHOFF
OUTRIGGER

1.15 SEPARATION SWITCH CLOSES; POSTEJECTION
SEQUENCER TURNS ON

L.27 PIVOT FITTTNGS CLEAR HOUSINGS ON PIVOT
OUTRIGGER

L.92 TOP bT TNAUSMIT ANTENNA CUP CLEARS BAY
ENVELOPE (90 IN. RADIUS)

4.35 TOP OF PKM NOZZLE CLEARS BAY ENVEI,OPE

6.50 BOTTOM OF PKM NOZZLE CLEARS BAY ENVETOPE

10.61 BOTTOM OF SOLAR PANEL CLEARS BAY ENVELOPE
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DEPTOYMENT OF THE SYNCOM IV BEGINS WITH A "FRISBEE" EJECTION
FROM TTIE PAYLOAD BAY. AS THE SATELLITE IS RETEASED A SPRING
ON THE PORT SIDE OT' THE CRADLE KICKS THE SATELLITE OUT OF THE
PAYLOAD BAY CAUSING BOTH TRANSLATION AND ROTATION OF THE
PAYtOAD. FORTY-FIVE MINUTES AFTER EJECTION A PERIGEE KICK
MOTOR FIRES, PLACING SYNCOM IV IN AN ELLIPTICAL TRANSFER
ORBIT. APOGEE ALTITUDE IS INCREASED THROUGH SEVERAI, EIRINGS
oE THE rrQUrD APOGEE MOTOR. IIHEN APOGEE ALTTTUDE REACHES
19,300 NM TIIE APOGEE MOTOR FrRES AGArN TO CTRCULARIZE THE FrNAL
GEO-SYNC ORBIT.

ONCE ON ORBIT THE SYNCOM IV SATELTITE DEPLOYS ITS UHF ANTENNAS
AND OMNI ANTENNA TO PERFORM ITS COMMUNICATIONS FUNCTIONS. POWER
IS PROVIDED BY A CYLINDRICAL SOLAR ARRAY. HYPERGOLIC RCS JETS
PROVIDE STATIONKEEPING FOR THE SATELTITE.

LARGE FOR},IAT CAMERA (TFC}

THE LFC IS DESIGNED TO PROVIDE HIGH RESOLUTTON PHOTOGRAPHS OF THE
EARTIIIS SURFACE FEATURES. TITO CAMERA SYSTEMS MAKE UP tFC AND
ALLOW FOR PRECISE LOCATIONS OF IAND MASSES TO BE DETERMINED. THE
LFC CAMERA WITH A 9 X 18 INCH FORMAT PERFORMS LAND MASS
IMAGING. ITS GEOMETRIC LENS HAS DEIi{OIISTRATED MORE TIIAN THREE
TIMES THE RESOI,UTION OF CONVENTIONAL AERIAL CARTOGRAPTIIC LENS
DESIGNS. THE ATTITUDE REFERENCE SYSTEM (ARS}/STET,T,ER CAMERA
SYSTEM (SCA} PROVIDES EXACT LOCATION DETERMINATION BY
PHOTOGRAPHING STARFIELDS. THE FIRST FLIGHT OF LFC IS INTENDED AS
AN ENGINEERING DEMONSTRATION. LFC WIIL ALSO FLY ON STS 41G
AND STS 51A.

THE TFC PAYIOAD CONSISTS OF FIVE SUBASSEMBTIES:

A. LARGE FORMAT CAMERA (tFC}
B. STETLAR CAMERA ARRAY (SCA1
C. LFC ELECTRONICS ASSEMBLY
D. ARS ELECTRONICS ASSEMBLY
E. GAS SUPPLY ASSEMBLY (GSA)

THE SCA IS ALIGNED AND ATTACHED TO THE LFC. THE GSA PROVIDES GN2
TO BOTH CAMERAS. THIS GAS MAINTAINS 2 PSIG INTERNAL PRESSURE IN
THE LFC, LIFTS LFC FrLl! OFF THE PLATEN, PROVIDES LFC FILM WrTII A
BEARING SURFACE DURING ADVANCE, AND PROVIDES POSITIVE PRESSURE TO
THE SCA. EACH CAMERA IS SUPPORTED BY ITS OWN EI.ECTRONICS.

ALL LFC PAYLOAD SUBASSEMBLIES ARE MOUNTED ON THE MISSION PECULIAR
EQUIPTiIENT SUPPORT STRUCTURE (MPESS} WHTCH IS CARRIED IN THE
ORBITER PAYLOAD BAY. MPESS IS SUPPORTED BY TWO LONGERON
TRUNNIONS ON EACH SIDE AND ONE KEEL FITTING. THE ELECTRONICS
ASSEMBLIES RECEIVE POWER, COMMAND PATHS, AND DATA PATTIS
THROUGH MPESS WIRING INTERFACING WITH THE ORBITER. ALL
CABLING IS ROUTED FROM STANDARD INTEREACE PANELS (SIPS) THROUGH
THE MPESS CIRCUIT BREAKERS AND FROM THERE EITHER TO THE POWER
CONTROT BOX (PCB) ON THE E'LEXIBLE MULTIPLEXER/DEMULTIPLEXER
(E'MDM). THE FMDM, PCB AND PCV ARE ALL MOUNTED ON THE MPESS.
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OAST- 1

OAST.1 CONSISTS OT THREE RELATED EXPERIMENTS MOUNTED ON A MISSION
PECULIAR EQUIPMENT SUPPORT STRUCTURE (MPESS}. EACH OF TTIE
THREE EXPERIMENTS, THOUGH RELATED, HAS AN INDEPENDENT OBJEC-
TIVE. THE SOLAR ARRAY EXPERIMENT (SAE) WILL EVALUATE THE EXTENSION
AND RETRACTION OF A LARGE SOLAR ARRAY. THE SOLAR CELL CALIBRATION
FACILITY (SCCF) WILL CALIBRATE SOLAR CETLS MOUNTED ON THE SAE IN A
TRUE SPACE ENVIRONMENT. TIIE DYNAMIC AUGMENTATION EXPERIMENT (DAE)
MEASURES THE DYNAMIC RESPONSE OF THE EXTENDED SOLAR ARRAY STRUCTURE
TO KNOWN IMPULSE LOADS.

SAE

THE SAE CONSISTS OF THE EQUIPMENT REOUIRED TO EXTEND AND RETRACT
THE SOTAR ARRAY TflING AND GATHER DATA ON ITS ELECTRICAL, STRUCTURAL/
MECHANICAL, AND THERMAL PERFOR"IvIANCE. THIS EQUIPMENT IS LOCATED
ON THE MPESS IN TIIE CARGO BAY AND IS CONTROTLED TROM THE
AFT FLTGHT DECK (AFD) THROUGH A STANDARD DISPTAY SYSTEM
(MCDS), AND THE DEPLOYMENT/POINTING PANEL (DPP). A CREWMAN
OPERATES THE SAE EXPERIMENT AND MONITORS ITS STATUS. FOUR ORBITER
CLOSED CIRCUIT TELEVTSION (CCTV} CAMERAS IN THE CARGO BAY AND
STS-PROVIDED VIDEO TAPE RECORDERS (VTRIS} IN THE AFD ARE USED
FOR RECORDING EXPERIMENT OPERATIONS. VIDEO RECORDING IS ACCOMP-
LISIIED FROM THE AFD.

THE SAE EXPERIMENT ASSEMBLY CONTAINS PYROTECHNIC DEVICES TO ATLOW
SEPARATION OF THE WING ASSEMBTY AND THE CANISTER ASSEMBLY FROM
THE SUPPORT STRUCTURE IN CASE OF A MALFUNCTION THAT PRECLUDES
STOTIAGE AND LOCKING OT THE SOLAR ARRAY WING. THE SEPARATION OF
THESE ASSEMBLIES TS TNITIATED THROUGH THE USE OF PYROTECHNIC-
ACTUATED PIN PUtLERS. THE PYROTECHNIC SYSTEMS, BOTH PRIMARY AND
SECoNDARY, ARE ACTTVATED THROUGH THE DDp Wrrrr CONFTRMATTON OF
ARMING AND CLAMP OPENING DISPLAYED ON THE SSP.

TESTING OF THE SAE WILT FALL INTO FOUR CATEGORIES: ARRAY WING
OPERATION, EXTENDED ARRAY DYNAMICS, MAST TEMPERATURE GRADIENT,
AND ELECTRICAL MODULE AND WING THERMAL PERFORMANCE TESTS. THE
FOI,LOWING PARAGRAPHS DESCRIBE FUNCTIONAL OBJECTIVES OF EACH AREA
OE TESTING.

ARRAY WING OPERATION

THE OBJECTIVE OF THE ARRAY WING OPERATION TESTS IS TO DEMONSTRATE
THAT THE SOLAR ARRAY CAN BE DEPLOYED, RETRACTED AND AUTOMATICALLY
DESTO}TED IN AN EARTH ORBITAT ENVIRONMENT. THIS TEST REQUIRES THAT
THE ORB]TER BE MANEUVERED TO AN ATTITUDE TIIAT WII,L ALLOW THE SUN-
LIGHT TO ILLUMINATE THE SOI,AR ARRAY IN ORDER TO OBTAIN VISUAL DATA
AND ALLOW THE CREI{ TO MONITOR THE OPERATION ON CLOSED CIRCUIT TV
(CCTV). ALL EXTENSION AND RETRACTION OPERATIONS SHALL BE DOCUMEN-
TED VIA CCTV WITH THE VIDEO RECORDED ONBOARD AND THE TAPES RETURNED
FOR POSTFLIGHT CCTV. PERFORMANCE DATA WILL BE COLLECTED AND
RECORDED BY THE SAE TAPE RECORDER. DURING THESE TESTS, WHENEVER
THE ARRAY IS UNSTOWED, THE PRIMARY ORBITER REACTION CONTROL SYSTEM
(RCS} F'IRINGS MUST BE INHIBITED TO PRECLUDE DISTURBING THE SOLAR
ARRAY IN EXCESS OF THE O.OO3 GIS ACCELERATION ALLOWS. THIS TEST
WILL BE PERFORMED FIVE TIMES.
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EXTENDED ARRAY DYNAMICS

THE OBJECTIVE OF THE EXTENDED ARRAY DYNAMICS TEST IS TO MEASURE
THE MULTIMODAL AND OUT-OF-PIANE BENDING OF THE SOLAR ARRAY WING
WHEN PREPLANNED, CONTROLLED IMPULSES OF KNOWN !,IAGNITUDE AND
DIRECTION ARE IMPARTED TO THE ORBITER BY THE RCS. TEN TESTS ARE
TO BE PERFORMED: SIX TESTS IN WHICH THE SOLAR ARRAY IS PARTTY
EXTENDED AND FOUR TESTS IN WHICH THE SOLAR ARRAY IS FULLY EXTENDED.
TWO OF THE PARTIAL EXTENSION TESTS ARE TO BE PERFOR}TED IN DARKNESS.

TWO FORWARD BUTKHEAD CCTV CAMERAS AND TWO AFT BULKIIEAD CCTV
CAMERAS WILL BE USED SIMUITANEOUSLY DURING THE DAYLIGHT TESTS
TO VIEI{ DIFFERENT AREAS OF THE ARRAY WITH THE SPECIFIC CAMERA
FIEI,DS-OF-VIEW TO BE DEFINED IN THE PAYI,OAD INTEGRATION PLAN
FLIGHT PIANNING ANNEX. THE DAYLIGHT OPERATIONS REQUIRE THAT THE
ORBITER BE MANEUVERED TO AN ATTITUDE THAT WILL ALLOW OPTIMUM
ILLUMINATION OE THE ARRAY TO ACCOMMODATE CCTV VIEWING. ARTITICIAL
ILTUMINATION MAY BE REQUIRED ON THE DARK SIDE OF THE ARRAY FOR
ccTv vrEwrNG. THE TWO TESTS PERFORMED rN DARKNESS DO NOT REQUTRE
CCTV COVERAGE ALTHOUGH USE OF THE CCTV MAY BE OPTED BY THE STS
FOR CREW-MONITORING. THE TESTS IN DARKNESS MAY BE PERFORMED IN
ANY STABILIZED VEHICLE ATTITUDE.

DURING EACH TEST THE ORBITER PRIMARY RCS THRUSTERS WILL BE
INHIBITED WHENEVER THE ARRAY IS UNSTOWED. THE ORBITER RCS
THRUSTERS WILL BE INHIBITED AFTER THE SELECTED ATTITUDE IS
ACHIEVED AND THE VEHICLE IS STABILIZED, AND WILL BE ACTIVATED
ONLY FOR PREDETERMINED AND CONTROLLED FIRINGS TO EXCITE THE
ARRAY. ALSO, CONSTRATNTS ON CREVI MOTTONS, WATER DUMPS, AND OTHER
CoNTROLLABLE DISTURBANCES WrLt BE REQUIRED TO ALLOW DAMPING OF
THE ARRAY MOTIONS FOR 20 MINUTES BEFORE EACH TEST AND ARE
REOUIRED DURING THE DATA COLLECTION PART OF THE TEST. FOR THE
TESTS OF THE FULTY EXTENDED ARRAY, THE VERNIER AS WEIL AS PRIMARY
RCS MUST BE INHIBITED WHENEVER THE ARRAY IS BEYOND THE PARTIAL
POSITION.

THE DATA COLLECTION PERIOD SHALL START BEFORE THE TIME OF' THE
CONTROLTED RCS EXCITATION FIRING AND SHALL BE A MINIMUM OF THREE
MINUTES FOR CCTV AND FIVE MINUTES FOR SAE DATA-RECORDER OPERATION.
THE CCTV AND SAE DATA RECORDER SHALL ALSO ACQUIRE DATA DURING
EXTENSIONS AND RETRACTIONS OE' THE ARRAY FOR TIIESE TESTS. ALL
CCTV DATA SHALL BE RECORDED ONBOARD, AND THE TAPES SHALL BE
RETURNED FOR POSTLFIGHT ANALYSIS.

MAST TEMPERATURE GRADIENT

THE OBJECTIVE OF THE MAST TEMPERATURE GRADIENT TEST IS TO OBTAIN
DATA ON ARRAY OPERATIONS UNDER A MAXIMUM TEMPERATURE GRADIENT ON
THE MAST CANISTER. THIS TEST REQUIRES THAT THE ORBITER BE
MANEUVERED TO AN ATTITUDE TO OBTAIN THE SUN-INCIDENCE ANGLE
PREDICTED TO YIELD THE MAXIMUM TEMPERATURE GRADIENT ON THE MAST
CANISTER, AND SECONDARILY, TO ACCOMODATE THE COLLECTION OF VISUAL
DATA AND CREW MONITORING BY CCTV. AT FOUR MINUTES AFTER SUNRISE OF
ANY CHOSEN ORBTT, THE TEST WrLL BEGIN AND WrLL CONSTST OF TAKTNG
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PERFOR.II{ANCE DATA MEASUREMENTS WHILE THE ARRAY IS RETRACTED
FROM THE PARTIAL POSITION FOR 1 MINUTE AND THEN REEXTENDED TO
THE PARTIAL POSITION FOR 1 MINUTE. DURING THIS TEST, THE PRIMARY
RCS MUST BE INHIBITED TO PRECLUDE DISTURBING THE ARRAY TN EXCESS
OE THE O.OO3 G'S ACCELERATION LIMIT. ONLY ONE PERFORMANCE OF
THrS TEST rS REOUTRED. CCTV DATA CAMERAS SHATL BE OBTATNED FOR
THIS TEST. ftIE DATA SHALL BE RECORDED ONBOARD, AND THE TAPES
SITALT BE RETURNED FOR POSTFLIGHT ANALYSIS.

ELECTRICAL MODULE PERFORMANCE AND WING TTIERMAT PERFORMANCE

THE OBJECTIVE OF THIS TEST IS TO OBTAIN AND RECORD CURRENT, VOLTAGE,
AND TEMPERATURE DATA ON THE ETECTRICAL II{ODULES AND TEMPERATURE
DATA ON THE WING AT VARIOUS SUN-INCIDENCE ANGLES. THIS TEST IS
TO BE PERFORMED THREE TIMES DURfNG BOTH DAYLIGHT AND DARKNESS.
DURING DARKNESS PERFORMANCE DATA WILL BE RECORDED ONLY FIVE
MINUTES OF EACH 25 MINUTES OE TEST (AT 20 PERCENT SAE RECORDER DUTY
CYCTE } . DURING THESE TESTS THE PRITI{ARY RCS FIRINGS MUST BE
INHIBITED TO PRECLUDE DISTURBING TTIE SOLAR ARRAY IN EXCESS OF
TTIE O.OO3 GIS ACCELERATION LIMIT. A TOTAL OF APPROXIMATEI,Y TOUR
HOURS IS REQUIRED FOR THESE TESTS.

SOTAR CEI,L CALIBRATION FACILITY

TIIE SCCF IS A SELE-CONTAINED (DATA ACQUISITION, DATA STORAGE
TEMPERATURE CONTROL) FACILITY DESIGNED TO CALIBRATE SOLAR CELLS
IN THE TRUE SPACE ENVIRONMENT PROVIDED BY THE STS. CALIBRATION
OF THE SOI,AR CELLS IS ACCOMPLISHED BY ALIGNING TIIE +Z AXIS
oF THE SCCE TO THE SUN IIITHIN A 30 HALF-ANGLE CONE, FROM

.SUNRISE THROUGII SUNSET ON EACH OE 8 TO 10 EARTH ORBITS.
ATIGNMENT OF THE SCCE TO THE SUN ITILL BE ACCOMPLISTIED BY THE
STS. IN ORDER FOR THE SCCF TO PROVIDE VALID DATA (CEtL SIIORT
CIRCUIT CURRENT, CELL TEMPERATURE}, THE SCCE MUST BE ALIGNED
TO THE SUN FROM BEGINNING OF SUNRISE TO END OF SUNSET ON EACII
SCCF DATA ORBIT.

DYNAMIC AUGMENTATION EXPERIMENT

THE DAE CONSISTS OE A RETROREFLECTOR FIELD TRACKER (RFT) AND ITS
ASSOCIATED POI{ER CONTROL BOX. THIS EQUIPMENT IS LOCATED ON
THE MPESS AND CONTROLLED FROM THE AFD THROUGH GENERAL
PURPOSE COMPUTER (GPC} KEYBOARD ENTRY. THE DAE WItt MEASURE
AND RECORD SOLAR ARPAY REFLECTIONS THROUGH ANALYSTS OF LASER
LIGHT REFLECTED BY TARGETS MOUNTED ON THE SOLAR ARRAY BLANKET.
THE OBJECTIVE OF THE EXTENDED ARRAY DYNAMICS TESTS IS TO MEASURE
THE MULTIMODAL AND OUT-OF-PLANE BENDING OF THE SOLAR ARRAY WING
WHEN PREPTANNED, CONTROLLED IMPULSES OF KNOWN MAGNITUDE AND
DIRECTION ARE IMPARTED TO THE ORBITER BY THE RCS. THIS
E'UNCTIONAL OBJECTIVE IS PERFOR"IiIED AT 70 PERCENT SOLAR AR,RAY
DEPLOYMENT IN DARKNESS AND 1OO PERCENT DEPLOYMENT IN SUNI,IGHT.

GETAWAY SpECrAr CANTSTERS (GaS CamS )

TWO GAS CANS ARE TLYING IN THE PAYLOAD BAY ON THIS ELIGHT: A
UTAH STATE UNIVERISTY GAS CAN AND TIIE CINEMA 360.

57



PCB ASSEMBLY

FMDM

ELECTROil I CS
PACKAGE DAE

RETRORE FLECTO R

F I ELD TRACKER
(arr ) DAE I-{PESS

DAE EXPER I MENT ASSEMBL I ES

58



UTAH STATE UNIVERSITY GAS CAN

THIS 2.5 CUBIC FOOT GAS CAN WILL PERFORM FOUR EXPERIMENTS. THE

FIRST EXPERIMENT IS THE CAPILTARY WAVE EXPERIMENT WHICH WILL
PHOTOGRAPH WAVE ACTION ON A WATER SURFACE IN A ZERO G ENVIRONII{ENT.
A SOLDERING EXPERIMENT WILL STUDY SOLDER FLUX SEPARATION. THE

HEAT PIPE EXPERIMENT WILL STUDY HEAT TRANSFER THROUGH WATER
INTO PARAFFIN. THE FOURTH EXPERIMENT WILL DOCUMENT SURFACE

TENSION CONVECTION. IN THIS EXPERIMENT PARAFFIN IMPREGNATED

WITH CARBON WIIL BE PHOTOGRAPHED AS IT METTS AND FLOWS WITHIN
A CYLINDER.

CINE!,IA 360

THE CINEMA 350 PAYLOAD WILL PRODUCE A COLOR MOTION PICTURE FILM
OF SHUTTLE FTIGTIT OPERATIONS. THIS IS A JOINT VENTURE BY NASA

AND CINEMA 360 INCORPORATED. ONE 35MM MOTION PICTURE CAMERA IS
MOUNTED IN A HEATED, PRESSURIZED GAS CAN TIIAT IS MOUNTED ON THE

PORT SIDE OF THE PAYLOAD. THE FILM EXPOSED THROUGH THE
CINEMA 360 FISIIEYE LENS WILL BE PROCESSED FOR PROJECTION IN
PLANETARIUMS.

RMS EXPERIMENTS

THE SHUTTLE'S RE}'IOTE MANIPULATOR SYSTEM (RMS) IS BEING USED TO

PERFORM TWO EXPERIMENTS ON STS 41D. THE FIRST IS A STUDY OF THE

SYNCOM IV PLUME ENVIRONMENT. A WITNESS PTATE ASSEMBTY ATTACHED
TO THE RMS LOWER ARM BOOM WILL BE EXPOSED TO THE PLUME ENVIRON'
MENT AS THE SYNCOM IV KICK MOTOR IGNITES. THE RMS WILL BE

STOWED IN THE PtB WITH THE WITNESS PLATE ATTACHED. THE WITNESS
PLATE WILI PROVIDE DATA ON PLUME ENVIRONMENT THAT WOULD OTHER-
WISE BE IOST DUE TO REENTRY. THIS DATA COLLECTED FROM TTIE WITNESS
PLATE SAMPLES WIIIL ALLOW NUMERICAL ANALYSIS OF THE PLUME AND

DAMAGE CRITIERA FOR TIIE ORBITER WINDOWS AND TIIER!'IAL PROTECTION
SYSTEM.

TTIE SECOND EXPERIMENT ON THE RMS IS THE GLO EXPERIMENT. IN THIS
EXPERIMENT NINE TAPES OF DIFFERENT MATERIALS ARE ADDED TO RIUS TO

STUDy TIIE EFFECTS OF THE SPACE ENVIRONMENT ON THESE VARIOUS
T{ATERIAtS.

CoNTTNUOUS FLOW ELECTROPHORESTS SYTEM rrI (crE-q-lrr

CFES III IS AN ELECTROCIIEMICAT SYSTEM CAPABTE OF SEGREGATING
PARTICLES WITIIIN A BIOLOGICAL SAMPLE. THIS IS THE F'IFTII FLIGHT
oF CEES, WHICH IS A JOINT VENTURE AMONG ORTH PHARMACEUTICALS,
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY, AND NASA. CFES III WILL
RUN CONTINUATLY FOR 8O-HOURS DURING THE T,TISSION AND WILL INCTUDE
AN ENZYME LINKED IMMUNOSORBENT ASSAY (EIISA) EXPERIMENT. LOCATED
IN THE CREW MODULE MID-DECK, CFES CONSISTS OF THREE MODULES.
THE FLUIDS SYSTEMS IIIODULE IS LOCATED ON THE PORT SIDE WHERE

THE GALLEY VTOULD NORMALLY BE LOCATED. TTIIS MODULE IS COOLED
BY TTIE ORBITERIS WATER COOLANT LOOPS. THE EXPERIMENT CONTROL AND

MONITORING MODULE AND THE PUIITP ACCUMUIATOR MODUTE ARE MOUNTED ON

AV BAY 1. ALL THREE MODULES RECEIVE ETECTRICAI, POI{ER FROM TIIE
ORBTTER.
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IMAX

THE IMAX CAMERA WII.,L FLY FOR ITS SECOND TIME ON THIS FLIGHT. IT
WILL DOCUMENT VARIOUS ORBITER OPERATIONS DURING THE MISSION.
SEVEN ROLLS OF 1OOO FOOT FILM AND TWO FILM II{AGAZINES WILL BE
SfOWED WITH THE IMAX CAMERA IN TWO MID-DECK STOWAGE LOCKERS.

RADIATION MONITORING EOUIPMENT (RME)

TTIE RME CONSISTS OF A HANDHELD RADIATION MONITOR AND A POCKET
METER. THESE WILL BE STOWED IN A MID-DECK LOCKER WITH THREE
SPARE BATTERIES. TIIE TVIO SELF-CONTAINED METERS WILL MEASURE
RADIATION I.,EVELS AT VARIOUS TIMES ON ORBIT.

STUDENT E'LOAT ZONE EXPERIMENT

THIS STUDENT EXPERIMENT IS DESIGNED TO COMPARE A CRYSTAL GROWN BY
THE FLOAT ZONE TECHNIQUE TN MICROGRAVITY CONDITIONS TO ONE GROWN
ON EARTII USING THE SAME TECIINIQUE. LOCATED ON THE MID-DECK THIS
EXPERIMENT WILL HEAT A GALLIUM ROD DOPED WITII THALLIUM UNTII. A
MOLTEN ZONE IS FORI,TED. THIS ZONE WILL TRANSLATE THE ENTIRE
LENGTH OT THE IO.INCH ROD. THE EXPERIMENT WILL RUN FOR FIVE HOURS.
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DE-ORBIT

ON ENTRY DAY, THE CREW FIRES THE OMS ENGINES TO DECELERATE
FOR ORBITER RE-ENTRY. PRIOR TO THE OMS BURN, THE ApUs
ARE POWERED UP TO SUPPLY HYDRAULIC PRESSURE TO THE ORBITERIS
AEROSURFACES AND LANDING GEAR. DURING RE-ENTRY, THE ORBITER
LOSES COMMUNTCATTON CONTACT WrrH THE GROUND, DUE TO rHE
IONIZATION OF AIR PARTICLES SURROUNDING THE ORBITER WHICH
IS CAUSED BY THE FRICTIOI{ (ANN RESULTING HEAT) OT RE.ENTRY.
THE ORBITER IS PROTECTED FROM TIIIS HEAT BY THE THERMAL
PROTECTION SYSTEM (TPS). DURING THE TERMINAL PITASE
oF THE ORBITERTS DESCENT, IT WII,L APPROACH ITS PRIMARY
LANDING SITE, EDWARDS AFB, CALIFORNIA, FROM THE WEST.
TIIE ORBITER RAPIDLY DECELERATES, USING ITS nUOOen/
SPEEDBRAKE AND VEHICLE NOSE UP ATTITUDE. WHEN TTIE
ORBITER HAS DESCENDED TO AN ALTITUDE OF 3OO FEET, THE
CRET{ TOWERS THE LANDING GEAR AND LANDS THE ORBITER SIMII,AR
TO AN AIRPLANE. TTIE PRIMARY DIFTERENCE BETWEEN AN AIRPLANE
APPROACII AND TANDING AND AN ORBITER APPROACH AND LANDING IS
THAT THE ORBITER LANDS WITH NO PROPULSIVE POWER, AS ITS MAIN
ENGINES ARE NOT UTILIZED.
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POST LANDING ACTIVITIES

ONE HOUR AFTER THE DE.ORBIT BURN, THE ORBITER WILI, LAND AT
A SPEED OF APPROXIMATELY 185 MPII. AT IIHEELS STOP, TIIE ORBITER
IS MET BY A CONVOY OF GROUND SUPPORT VEHICtES. A VISUAL IN-
SPECTION FOR OBVIOUS ANOMALIES IS PERFOR"I,IED. A TEAM OF SAFETY
PERSONNEL IN SCAPE SUITS PERFORI,I CHECKS FOR fOXIC AND
EXPLOSIVE/TLAMMABLE GASSES AND WHEN THE AREA IS DECLARED
SAFE, THE COOLING AND PURGE GROUND SUPPORT EQUIPMENT IS
BROUGHT UP TO TIIE ORBITER, CONNECTED, AND ACTIVATED. TIIE
LANDING GEAR IS PREPARED FOR IOWING AND TTIE TOW VEHICLE AND

rOW BAR ARE ATTACTIED TO THE ORBITER.

AS THrS @CURS, THE CREW REMOVES TIIETR HELMETS, SAFE THErR
SEATS, GO THROUGII A POST LANDTNG SWTTCII CONFIGURATTON, AND
PREPARE TO EGRESS THE ORBITER. THE GROUND CREW POSITIONS AN
ACCESS VEIIICT,E BESIDE TIIE ORBITER UNDER THE CREW ACCESS HATCH.
MOUNTED ON THrS VEHTCLE rS A nMrNri WHrrE ROoM, WHrCH WrtL
BE POSITIONED NEXT TO THE ORBITER. TTIE ASTRONAUT SUPPORT CREW

AND A FLIGHT SURGEON ENTERS THE ORBITER AFTER fHE SIDE
TIATCH IS OPENED. AFTER THE ASTRONAUTS HAVE BEEN EXAMINED BY
TIIE FLIGHT SURGEON, THEY EGRESS THE ORBITER AND DEPART THE RUN-
WAY IN THE ASTRONAUT TRANSPORT VAN. THE ASTRONAUT SUPPORT CREVT

REMAINS IN TIIE ORBITER TO PERFORT,T POST LANDING PROCEDURES AND

SUPPORT TOWING OPERATIONS.

AFTER FIVE DAYS OF DESERVICING AND PREMATING OPERATIONS PER.
FORIIIED BY THE KSC RECOVERY TEAM, THE ORBITER IS TOWED INTO
POSITION AND IS II{ATED ON TOP OF TIIE SIIUTTtE CARRIER AIRCRAFT
(SCA) FOR FERRY BACK TO KENNEDY SPACE CENTER. IN THESE
ACTMTIES, TIIE HYPERGOLIC SYSTEMS WILI BE SAFED, THE ORBITER
ENGINES AND AEROSURFACES MOVED TO FERRY POSITIONS, AND TIIE
ORBITER ELECTRICAL AND COOLING SYSTEMS WILL BE CONFIGURED TO
SUPPORT FERRY. A SPECIAL TAII.CONE WItL BE INSTALLED ON THE
ORBITER TO DECREASE BUFFETTING AND AERODYNAMIC DRAG. AT KSC,
TIDISCOVERYIT WItL BE DEMATED FROM TIIE SCA IN TTIE MATE-DEMATE DEVICE
AND TOWED TO THE ORBITER PROCESSING FACILITY (OPF). AT TTIE
OPF, THE ORBITER IS DESERVICED, CHECKED OUT, SERVICED, AND
MADE READY FOR ITS NEXT FLIGHT.
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ACRONYMS & ABBREVIATIONS
,

AA ACCELEROMETER ASSEMBLY
AFD AFT FLIGHT DECK
AFS AIR FORCE STATION
AOA ABORT ONCE AROUND
APU AUXITIARY POWER UNIT
ARS ATTITUDE REFERENCE SYSTEM
ASE AIRBORNE SUPPORT EQUIPMENT
ASTP APOLTO-SOYUZ TEST PROJECT
BFS BACKUP FLIGHT SYSTEM
C.360 CINEMA-360 CAMERA
CCTV CLOSED CIRCUIT TELEVISION
CDC COUNTDOWN CLOCK
CFES CONTINUOUS ELOW ELECTROPTIORESIS SYSTEM
CRT CATHODE RAY TUBE
CRYO CRYOGENIC
CTS CAtI, TO STATION
D&C DISPLAYS AND CONTROLS
DAE DYNAMIC AUGMENTATION EXPERIMENT
DFI DEVELOPMENT FLIGHT INSTRUMENTATION
DPP DEPLOYMENT/POINTING PANEL
ECLSS ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM
ELISA ENZYME LINKED IMMUNOSORBENT ASSAY
ESA EUROPEAN SPACE AGENCY
ESS EQUTPMENT SUPPORT SECTTON
ET EXTERNAL TANK
ETR EASTERN TEST RANGE
ET-SEP EXTERNAL TANK SEPARATION
EVA EXTRAVEHICULAR ACTIVITY
FD FLIGIIT DAY
FMDM FLEXIBLE MUTTIPLEXER/DE.MULTIPLEXER
FPS FEET PER SECOND
FR TIRING ROOM
FRF FLIGHT READINESS FIRING
FSS FIXED SERVICE STRUCTURE
c FORCES OF GRAVITY (3C = 3 TIMES FORCE OE GRAVITY)
GAS GETAWAY SPECIAL
GH2 GASEOUS HYDROGEN
GLS GROUND LAUNCH SEQUENCER
GN2 GASEOUS NITROGEN
GO2 (GOX) GASEOUS OXYGEN
GPC GENERAL PURPOSE COMPUTER

. 
:., "GSA GAS (GETAWAY SPECIAL) SUPPLY ASSEMBLY

GSE GROUND SUPPORT EQUIPMENT .. ,. 

"IMU INERTIAL MEASUREMENT UNIT , '"''r
IUS INERTIAL UPPER STAGE .., .:.,..j;

JSC JOHNSON SPACE CENTER ..i,;Ii.';
KSC KENNEDY SPACE CENTER .' .. ,....i,,
LCC LAUNCH COMMIT CRITERIA ... :

74



LCC LAUNCH CONTROL CENTER
tFC LARGE FORMAT CAMERA
I',H2 TIQUID IIYDROGEN
LO2 (LOX) LIQUID OXYGEN
MAX Q MAXIMUM DYNAMIC PRESSURE
MCC MISSION CONTROL CENTER
II,IDD MATE-DEMATE DEVICE
MD!{ MULTIPLEXER/DE-MULTIPLEXER
ME !{AIN ENGINE
MECO MAIN ENGINE CUTOFF
MET MISSIO}I ELAPSED TIME
MILA MERRITT ISLAND LAUNCH AREA
MLP MOBILE LAUNCH PLATFORIVI
MLR MONODISPERSE LATEX REACTOR
MMU MASS MEI4ORY UNIT
MPESS MISSTON PECULTAR EoUTPMENT SUPPORT STRUCTURE
MPS MAIN PROPULSION SYSTEM
MSBLS MICROWAVE SCANNING BEAM LANDING SYSTEM
NASA NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NM NAUTICAI, MILES
02 OXYGEN
OAA ORBITER ACCESS ARM
OAST OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY
O&C OPERATIONS AND CHECKOUT BUITDING
OFT ORBITAL FLIGHT TEST
OTIII OPERATIONS AND MAINTENANCE INSTRUCTIONS
OMS ORBITAL MANEUVERING SYSTEM
OPF OR.BITER PROCESSING FACILITY
OSTA OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS
PAM PAYI,OAD ASSIST MODULE
PASS PRIMARY ASCENT SYSTEM
PCB POWER CONTROL BOX
PRSD POWER REACTANT STORAGE AND DISTRIBUTION
PSI POUNDS PER SQUARE INCH
RCS REACTION CONTROL SYSTEM
RFT RETROREFLECTOR FIELD TRACKER
RGA RATE GYRO ASSEMBLY
RIITE RADIATION MONITORING EQUIPMENT
RII{S REMOTE MANIPULATOR SYSTEM
RPM ROTATIONS PER MINUTES
RSS ROTATING SERVICE STRUCTURE
RTIS RETURN TO LAUNCH SITE
S&A SAFE AND ARM DEVICE
SAE SOLAR ARRAY EXPERIMENT
SCA SHUTTI,E CARRIER AIRCRAFT
SCA STETLAR CAMERA ARRAY
SCCF SOLAR CELL CALIBRATION FACITITY
SIP STANDARD INTERFACE PANEL
SI,F SHUTTLE LANDING FACILITY
SRB SOLID ROCKET BOOSTER
SRM SOLID ROCKET MOTOR
SRSS SHUTTLE RANGE SAFETY SYSTEM
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SSME SPACE SHUTTLE II{AIN ENGINE
SSS SOUND SUPPRESSION SYSTEI,I
SSV SPACE SHUTTLE VEHICLE
STS SPACE TRANSPORTATION SYSTEM
TACAN TACTICAT AIR NAVIGATION
T. TIME PRE-IGNITION
T+ TITT{E POST-IGNITION
TIG TI},TE TO IGNITION
TPS THERMAT PROTECTION SYSTEIT'I
TVC THRUST VECTOR CONTROT
UV UTTRAVIOTET
VAB VEHICTE ASSEMBTY BUITDING
VTR VIDEO TAPE RECORDER
WSB VIATER SPRAY BOTLER
ZERO-G ZERO GRAVITY
ZLV Z-AXIS TOCAL VERTICAT
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