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INTRODUCTION

THIS DUCUMENT DESCRIBES THE SPACE SHUTTLE SYSTEM AS IT
RELATES TO PAYLCADS. ITS PURPGSE IS TG PROVIDE POTENTIAL
USERS UF THE SPACE SHUTTLE WITH A UNIFORM BASE CF
INFURMATION CN THE ACCOMMODATIONS BETWEEN THE PAYLCAD AND
THe SHUTTLE. BY UTILIZING THIS INFORMATICN, PRELIMINARY
PAYLUAD PLANNING AND DESIGN STUDIES CAN BE EVALUATED AND
CUMPARLED AGAINST A COMMON SET = OF SHUTTLE/PAYLOAD
ACLUMMUUATIONS . THIS INFCRMAT ION AL SO MINIMIZES THE
NECESSITY FOR EACH PAYLOAD STUDY TGO DEVELOP INFORMATION OGN
THE SHUTTLE CCNFIGURATION.

THLIS DGCUMENT DESCRIBES A BASELINE CONFEIGURATION QOF THE
SPACE SHUTTLE SYSTEM WHICH IS CONSISTENT WITH CURRENT
PRUGKAM REQUIREMENTS APPROVED BY THE SPACE SHUTTLE PROGRAM
UFFlic s HOWEVER, IT SHOULD NOT BE CONSIDERED AS A SHUTTLE
PRUGRAM CCONTROL CR REQUIREMENTS COCUMENT.

THE SPACE SHUTTLE PRCGRAM REQUEST FOR PROPOSAL (RFP) NUMBER
9-bB(441-67-2-40P RELEASED TC INDUSTRY ON MARCH 17, 1972,
wiTH ANY SUBSEGUENT PROVISIONS, IS THE PRIMARY AND
CUNTRULL ING SOURCE DCCUMENT FOR THIS ISSUE. PARTS QF THE
RFP ARE REPEATED WITHIN BOTH FOR CCNTINUITY AND TO ELIMINATE
THE NEku FOR MANY GF THE PAYLOADS COMMUNITY TO REQUEST THE
RFP. '

SUMMARY LEVEL INFCORMATION ON SPACE SHUTTLE CONFIGURATION,
PRELIMINARY, PERFCRMANCE DATA, ANC OPERATION PHILOSCPHY ARE
oR1EFLY DESCRIBEC. [INFORMATION CN PAYLOAD INTERFACES, AS
KelATED TO SHUTTLE OPERATIONS, SUBSYSTEMS, ENVIRONMENT,
SAFETYy AND SUPPCRT EQUIPMENT, IS ALSO INCLUDED. THE SPACE
SHUTTLE PRELIMINARY CESIGN PHASE TO BE INITIATED SCON WILL
PRUVIVE INDEPTH INFGRMATION CN ORBITER CHARACTERISTICS.

CURRESPUNCENCE REGARDING LEVEL I PROGRAM REQUIREMENTS,
GUIUELINEs AND PLANNING SHOULDO BE ADORESSED TO NASA HQ.
11cMs RELATIVE TO GENERAL PRCGRAM REQUIREMENTS AND
INTERCENTER PRCGRAM INTERACTIONS SHOULD BE ACDRESSEC 10O THE
MSL SPALE SHUTTLE PRCGRAM OFFICE. INFORMAL COMMENTS AND
wue STIUNS ON TECHNICAL DETAILS SHOULO BE ADDRESSED YO THE
M3C PAYLOADS ENGINEERING OFFICE. PLEASE DIRECT THE
INQUIKIES TO THE FGLLOWING INDIV IDUALS- ‘

Je Le HAMMERSMITH
PAYLCAD QOFFICE COCE MHL
SPACE SHUTTLE PROGRAM
NASA HQ

WASHINGTCN L.C. 20546
202-155-8636



Je Co HEBERLIG ‘

PAYLOADS CCCRDINATION OFFICE CODE LA13
NASA~MSC

HOUSTCN, TEXAS 77058

713-483-2372

He Po LCAVIS

PAYLUOADS ENGINEERING OFFICE CODE ER4
NASA-MSC

HGUSTCN, TEXAS 77058

713-483-3681
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1.000 SPACE SHUTTLE SYSTEM
1.100 GENERAL PAYLOAD ACCCMMCODATIONS
1TeEM CAPABIL ITY/CHARACTERISTIC

.4

STRUCTURAL/MECHANICAL

MAX. PAYLGAD WT.
(LAUNCH)

MAX. PAYLOAD WT.
(LANDING)

PAYLUAD ENVELCPE
PAYLUAD C.G.
DOLKING PORT l.D.

VUCKING PARA-
METERS

PAYLUAD ALIGN-
MENT 1IN BAY

tLECTRICAL PCWER

-

VOLTAGE

LuAD

ENERGY

SUURLE

65,000 LBS

40,000 LBS NOMINAL, UP TO 65,000 LBS WITH

REDUCED SAFETY FACTORS

15 FT. CIA. BY 60 FT. LENGTH
FIGURE 2.1

1.0 METER

LATERAL MISAL IGANMENT

ANGULAR MISAL IGNMENT

RCLL MISALIGNMENT
CLCSING VELOCITY

0.5 DEG

30 VDC NOMINAL

CRBITER OPERATION PERIOODS 1000
1500
ON-QORBIT CCAST PERIODS 3000
6000

50 KWH CEDICATED

REDUNDANT DC BUSSES IN PAYLOAD

*/‘0.5 FT1a
+/-5.0 DEG
7.0 DEG
0.5 FPS

WATTS AVG.
WATTS PEAK
WATTS AVG.
WATTS PEAK

BAY



GUIVDANCE AND NAVIGATION

URBIT NAVIGA-
TIUN ACCURACIES

RENUE L VUUS RANGE

ATTITULE
PUINTING ACCURACY

STABILITY RATE

UCAUBANU .

UATA MANAGEMENT

CUMPUTATICN

UATA TRANSFER
vata ODUANLINK

VATA. UPLINK

STON 1000 FT.
STAR/HORIZON 4000 FT.

GROUND/ BEACON 1000 FT.
HCRIZON/BEACON 700 FT.

TORS 300 TO 1000 FT.

L ANDMARK 2000 FT.

300 N. MILES WITH COOPERATIVE TARGEY
0.5 DEG

TBD

005 DEGl 0.1 DEG

10,000 32 BIT WORDS
25,000 B8PS VIA DATA 8US
265,000 B8PS DIGITAL DATA, TV, ANC VOICE

2,000 BPS

ENVIRUNMENTAL CCATRCL/LIFE SUPPORT

PERSUNNEL ACCCM-
MULAT L UNS

CABIN ATMOSPHERE

WASTE MANAGEMENT

ACTlvE THERMAL
CUNTROL

4 MEN, 7 CAYS NOMINAL

42 MAN-DAYS WITHOUT SYSTEM CHANGES
10 MEN WITH MINOR CHANGES

30 DAYS WITH ADCITIONAL CCNSUMMABLES

14.7 PSIA

20 PERCENT OXYGEN, 80 PERCENT NITROGEN
65 DEG - 80 DEG F CONTROLLED TEMPERATURE
HUMIDITY CONTROL

CCNTAMINATION CCNTROL

CARBON CICXIDE CONTROL

WAT ER STORAGE 24 HOURS

CRBITER CPERATIONS
GA=CRBIT COAST

5200 BTU/HR
T80

PAYLUAU BAY ENVIRONMENT

ALUUSTIC

LESS THAN 145 DB OVERALL
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+/-0.25+/-0.5

/=0.254/=0.5

+/=0.2 ¢/-0.25 +/~0.2 #/-0.25

+/— 0.5+/-0.25 -3

MIN (DEG F)

+40
*40

+/-0.5
MAX (DEG F)

+120
+150

VIBRATIUN LESS THAN CURRENT LAUNCH VEHICLE
ACCELERATION X
LAUNCH lo5¢/-1.0
MAX. BOOST 3.0¢/-0.25
ENTRY -1
THERMAL
*PRELAUNCE
LAUNCH
CN—-ORBIT

*#ENTRY + POSTLANDING

*GSE CCNDITIONAL AIR

-100
=100

AVAILABLE

 +150
+200



le2U0

1.40100

1.20200

_ 8
CONFIGURATION DESCRIPT ION

SPACE SHUVTTLE VEHICLE

THE SPACE SHUTTLE SYSTEM CONSISTS OF AN ORBITER
WITH AN EXTERNAL PROPELLANT TANK AND TKO SOLID
ROCKET MOTORS (SRM*'S), FIGURE 1.1 SHOWS THE
BHUTTLE SYSTEM AS THE VEHICLES ARE COMBINED FCR
THE LAUNCH AND INITIAL B800ST PHASES OF THE
MISSION. ALTHOUGH THE ORBITER VEHICLE IS
REUSABLE, ITS PROPELLANT TANKS ARE EXPENDED GN
EACH MISSICN.

ORBITER VEHICLE

THE EBASELINE ORBITER IS A MANNED REUSABLE
DELTA-WINGED VEHICLE (FIG. l.2). CONTAINED
WITHIN THE MAIN FUSELAGE OF THE ORBITER ARE THE
CREW COMPARTMENT, A PAYLOAD BAY CAPABLE OF
ACCGMMCDATING SINGLE OR MULTIPLE PAYLOADS UP TG
15=-FCCT UCIAMETER B8Y 60-FOOT LONG, SUPPORT
SUBSYSTEMS, AN ORBITAL MANEUVERING SYSTEM, AND THE
MAIN PRCPULSION SYSTEM - ENGINES, PROTECTICN
AGAINST AERODYNAMIC HEATING IS PROVIDEC DURING
ASCENT ANC REENTRY BY- AN EXTERNAL THERMAL
PROTECTICN SYSTEM.

AERCCYNAMIC FLIGRT IS CONTROLLEC THROLGH THE
ELEVCNS ANLC RUDDERs WHILE SPACE-ATTITUDE CONTRGL
IS ACCOMPLISHED THROUGH REACTION CONTROL SYSTEM
THRUSTERS WHICH ARE ATTACHED TO THE VEHICLE AS
MCDULES. TO INSURE PRGOPER AEROCYNAMIC CONTROL
DURING ENTRY AND ATMOSPHERIC FLIGHYT PHASES, THE
LOCATIGN OF PAYLCALC LONGITUDINAL CENTER-OF-GRAVITY
MUST BE MAINTAINED WITHIN SPECIFIED LIMITS.
MULTIPLE SETS OF PAYLOAD ATTACHMENT POINTS PROVIDE
THE CAPABILITY TC RESTRAIN AND LOCATE THE PAYLODAD
WITHIN THE ORBITER WITFIN THESE LIMJITS.

PAYLCAD HANDLING DUR ING ORBITAL OPERATIONS
NORMALLY IS ACCOMPLISHED BY A STANCARD DEPLOYMENT
AND RETRIEVAL MECHANISM. THE CONCEPT SELECTED FOR
THIS BASELINE IS A PAIR OF MANIPULATOR ARMS
ATTACHED TC THE FCRWARC BULKHEAD GOF THE PAYLOAD
BAY. THESE ARMS ARE STOWED BENEATH THE PAYLOAC
BAY CCCRS WHICH OPEN TC CISCLOSE THE FULL LENGTH
AND WIDTH CF THE PAYLOAD BAY. THE MANIPULATGORS
PERFCRM MULTIPLE FUNCTIONS WHICH INCLUDE PAYLOAD



NASA-5-72-1429-S

SPACE SHUTTLE SYSTEM
PARALLEL BURN

—r

_—HO TANK
. (29 FT DIA % 150
FT LONG)

FT °

120
FT

- ma w— —— ———— — S S obmt W SEE: Smmt

~——— 735 FT |

FIGURE - I.1
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SPACE SHUTTLE ORBITER  _
BASELINE - FEB 72 33-{‘_3 N

3 - 470K

PAYLOAD VACUUM THRUST
15 FT DIA  HIGH
PERFORMANCE

" FIGURE - 1.2

o1
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BRECTICN, DEPLCYMENT, RETRIEVAL, AND STOWAGE BACK
IN THE PAYLOAD BAY. MANIPULATORS ALSO CAN SERVE
TO ASSIST COCKING TEE ORBITER  WITH ANCTHER
ORBITING ELEMENT. CCNTROL OF MANIPULATORS IS
ACCOMPLISHED BY AN OPERATOR LOCATED ON THE FLIGHY
DECK. '

DURING CRBITAL OPERAT ICNSy PAYLOADS CAN BE DOCKED
TC THE CRBIVER, REMAIN WITHIN THE PAYLOAD BAY, GR
BE CEPLOYED ANC RELEASED FROM THE GRBITER.
AIRLCCKS AND/GCR HATCHES ARE PROVIDED TYC PERMIT
SHIRTSLEEVE ACCESS TO PRESSURIZED PAYLGADS AND
PRESSURE SUIT ACCESS TC THE UNPRESSURIZED PAYLOAD
BAY,

THE CRBITER CREW CCMPARTMENTYT HOUSES THE FLIGHT
CREWy PASSENGERS, CCNTROLS AND DISPLAYS, AS kELL
AS MCST OF THE AVIONICS AND ENVIRGNMENTAL CONTRGL
SYSTEF. AN UPPER DECK PROVIDES CREW STATIONS TC
ACCCMPLISH ALL FLIGHT GPERATIONS OF THE ORBITER
AND CCNTRCGL CF THE MANIPULATOR SYSTEM. PRCVISIONS
- FGR PAYLCAC MCNITCRING, PASSENGER ACCOMMCDATICN,
ELECTRONICS, ANC ENV IRONMENTAL CONTROL/LIFE
SUPPCRT SYSTEMS ARE INCLUDED ON A LOWER DECK.
THE ENTIRE COMPARTMENT IS TEMPERATURE, PRESSURE,
HUMICITY, AND ATMCSPHERE CONTROLLEC TO PROVIDE A
SEA LEVEL TYPE *SHIRTSLEEVE®' ENVIRONMENT FOR THE
PERSCNNEL AND EQUIPMENT. A CREW OF FOUR CAN BE
ACCCMMCDATED IN THE PRESSURIZED CABIN FOR A
BASELINE MISSION CURATION OF 7 DAYS. uP 7O SiIX
ADDITICNAL PERSONS CAN BE ACCOMMODATED FOR SHORTER
DURATICN FMISSICNS WITH MINOR CHANGES TO THE CABIN
INTERIOR. THE OCRBITER DESIGN ALSO HAS THE
CAPABILITY TO EXTEND THE ORBITAL STAY TIME UP TC
30 DAYS. FOR MISSICNS IN EXCESS OF 7 DAYS, THE
WEIGHT CF THE EXPENDABLES SHALL BE CHARGEL AGAINST
THE PAYLCAC.

THE CRBITER AVIONICS SYSTEM PROVIDES THE FUNCTIONS
FCR GUIDANCE, NAVIGATICN, AND COGNTROL (FOR THE
ORBITER AND FOR THE MATED ORBITER/BOOSTER),
COMMUNICATIONS, LIMITEC AVIGNICS EQUIPMENT
PERFCRMANCE MONITCRING AND ONBOARD CHECKOUT,
ELECTRICAL POWER CISTRIBUTION, CCNDITIONING AND
CONTRCL, TIMING, AND DISPLAYS AND CCNTROLS. .
CERTAIN CF THESE CAPABILITIES CAN BE TIME SHARED
FOR SUPPCRT CF PAYLCADS. THESE INCLUDE
CAPABILITIES FOR ELECTRICAL POWER CISTRIBLTION AND

CCONTRCLy MASTER CAUTION AND WARNINGy NAVIGATIONAL
" INITIALIZATICN, AND COMMUNICATIONS. ORBITER
AVICNIC SYSTEM ALSC PROVIDES COMPUTATION
CAPABILITY FOR DATA PROCESSING AND CONTROL FOR
LIMITED FUNCTICAAL END-TO-END CHECKCUT GF
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OPERATICNS

PRCGRAM CBJECTIVES

THE BASIC CBJECTIVES OF THE SPACE SHUTTLE PROGRAM
ARE VO CEVELOP A SYSTEM WHICH CAN ECONOMICALLY
DELIVER PAYLCADS TO ORBIY, PERFORM ORBITAL
OPERATICNS, RETURN FROM CRBIT, ANC BE REFURBISHED

FOR REUSE. THE BASIC CPERATIONAL OBJECTIVE IS 10
CPTIMIZE SHUTTLE SUBSYSTEM CESIGN, GROUND
DEPENDENCE, AND OPERATIGNS CONCEPTS TO PROVIODE
MAXTNMUM PRCBABILITY OF MISSION SUCCESS AT MINIMUWM
RROGRAM CCST. SPECIFIC CPERATIONAL CRITERIA ARE
AS FCLLCWS~- ' :

A. LONG TERM CCMBINEC STORAGE AND OPERATIONAL
SERVICE LIFE

B. TCTAL VEHICLE TURN AROUND TIME FROM ORBITAL
MISSICN LANDING TO LAUNCH READINESS, LESS
THAN 14 CALENCAR CAYS o

C. DESIGN REQUIREMENT OF INTACT ABORT
D. BASELINE MISSIGN CURATION OF 7 DAYS

Ee. HCRIZCNTAL LANDCING
MISSICN PHASES

BASICALLY, THE MISSION PRASES OF THE SPACE SHUTTLE
SYSTEM ARE PRELAUNCHy LAUNCH, ASCENT, CRBITAL
OPERATICNS, DEORBIT ANC LANDING, POSTLANDING, AND
REFURBISHMENT. THESE PHASES REPRESENT THE TYPICAL
OPERATICNAL SEQUENCE ILLUSTRATED IN FIGURE 1.3.

PRELAUNCH —~ PRELAUNCH CPERATIONS START WITH THE
INITIAL CHECKOUT AND PREPARATION OF THE SPACE
SHUTTLE FCR A PART ICULAR MISSION. PAYLGAC
DETAILED SUBSYSTEM CHECKOUT AND PREPARATIONS ARE
CCNDUCTED INDEPENCENT CF THE ORBITER PREPARATIONS,
AND ARE CCMPLETED PRIOR TO INSTALLATION OF THE
PAYLCAC IN THE ORBITER. UPON COMPLETION OF THE
ORBITER AND PAYLGCAD INDEPENDENT CHECKS, THE
PAYLCAC IS INSTALLEC IN THE ORBITER PAYLCAD - BAY.
FOLLCWING PAYLOAL INSTALLATION, PAYLCAD AND
CRBITER SYSTEM INTERFACES ARE VERIFIED FCR
CONTINUVITY AND SAFETY. NEXT, THE ORBITER WITH AN
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SPACE SHUTTLE MISSION PROFILE

FIGURE - 1.3
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EXIERNAL PROPELLANT TANK IS ATTACHED TO THE SRM®S
ANC VEHICLE INTERFACE CHECKS ARE PERFORMED. IN

- THIS CCNFIGURATICAN, THE SPACE SHUTTLE SYSTEM IS

MATEC TGO THE LAUNCH UMBILICAL TORER FOR
TRANSPCRTATICN TQ ThHE LAUNCH PAD.

LAUNCH - FOLLOWING TRANSPORTATION TO THE PAD,
FINAL LAUNCH REACINESS OF THE SPACE SHUTTLE SYSTENM
AND FINAL VERIFICATION OF THE PAYLOAD STATUS PLUS
LCACING CF ANY TIME CRITICAL ELEMENTS ARE
ACCOMPLISHED. THE CREW AND PASSENGERS ENTER FQOR
THE TERMINAL COUNTDOWN AND LAUNCH AFTER THE
PRCPELLANTS ARE LCADED.

ASCENT - LIFTOFF INITIATES THE MISSION SEQUENCE
TIMERS, ANLC THE SRM®S AND ORBITER MAIN ENGINES
PROPEL THE SPACE SHUTTLE TO THE OESIRED STAGING
VELOCITY AND ALY ITUDE. AT STAGING, THE SRM'S
BURN CUT, AND THE SRM CASES SEPARATE FROM THE
ORBITER. AFTER THE ORBITER ACHIEVES LOW EARITH
ORBIT, THE ORBITER MAIN ENGINES ARE SHUT COWN, THE
MAIN TANK IS SEPARATED FROM THE ORBITER, AND THE
TANK 1S DECRBITEL BY A SMALL RETROROCKET.

CRBITAL CPERAT IGNS - THE ORBITER CRBITAL
MANEUVERING SYSTEM (OMS) ENGINES BURN THE ORBITER
FRCM THE INSERTICN CRBIT TO THE DESIRED ORBITAL
POSITICN, CR TG A RENDEZVOUS WITH ANOTHER ORBITING
ELEMENT. ATTITUCE CONTROL AND CRITICAL
TJRANSLATION MANEUVERS ARE PERFORMED BY THE ORBITER
REACTICN CCNTROL SYSTEM {(RCS) THRUSTERS. THE RCS
ALLCWS THE ORBITER TO MAINTAIN THE DESIRED ORBITAL
ATTITUDE FCR PAYLCAC CPERATIONS, OR TO PERFORNM
DOCKING MANEUVERS. WHEN THE ORBITER HAS ATTVAINED
THE CESIRED ORBITAL PCSITION AND ATTITUDE, THE
PAYLCAD IS REALCIED FGR CPERATIONS. PAYLGAD
OPERATICNS DURING THE CRBITAL MISSION PHASE MAY BE
PERFCRMED WITH THE PAYLOAD STILL IN THE PAYLCAD
BAY, ATTACHED YO THE ORBITER, OR DEPLCYED ANC
RELEASEC FROM THE ORBITER., PAYLCAD OPERATIONS,
WHICH MAY REQUIRE RACIC FREQUENCY ({(RF) AND/OR
HARCLINE INTERFACE BETWEEN THE PAYLOALD, THE
ORBITER VEHICLE, AND SOMETIMES THE GROUND, ARE
CONCERNEC MWITH SUCH FUNCTIONS AS COMMAND AND
CCNTROL, CATA TRANSFER, MONITORING AND CHECKOUT,
TRACKING AND RANGINGy, AND INSPECTION. PAYLOAD
OPERATICNS, WHICH NORMALLY REQUIRE SOME PHYSICAL
INTERFACE BETWEEN THE PAYLOAD AND THE ORBITER
VEHICLE, ARE CONCERNEC WITHE SUCH FUNCTIONS AS
DEPLCYMENT, ERECTICN CR RELEASE, LCGISTICS,
MAINTENANCE, SERVICING, RETRIEVAL, RETRACTION, AND
STOWAGE. PAYLCALC CEPLOYMENT AND RETRIEVAL
GPERATICNS GENERALLY WILL B8E ACCOMPLISHED 8y
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REMLTE MANIPULATOR ARMS MOUNTED TC AND SUPPLIED BY
THE OREBITER VEHICLE. THESE ARMS WILL 8E
CCNTRCLLED FROM AN CPERATIONS STATION IN TheE
ORBITER CREW CABIN WEITH VISuAaL DISPLAYS,
FLGCCLIGHT S, AND PREPRUGRAMEL COMPLTER CONTROLS TC
ASSIST YrE OPERATOR DURING THESE OPERATIONS, FCR
PAYLCACS wWhICH REMAIN ATTACHED TC ThE CGRBITER,
MCCULE DEPLOYMENT WILL BE AVAILABLE IF REQUIREC.
IF ERECVICN OR CEPLCYMENT (S REQUIREC, THE
MANIPULATCERS (0] PAYLCAD SUPPLIED SPECIAL
MECHANICAL SYSTEMS CAN BE USED.

DECRBIT ANC LANCING - UPON COMPLETION CF THE
ORBITAL CPERATIONS, THE ORBITER IS PREPARED FCR
DEGREIT AMNC ENTRY. THIS EVENT IS INITIATEC 8Y THE
FIRING GF THE OMS ENGINES TG PROVIDE SUFFICIENT
DELYA-V TC DEORBIT THE ORBITER, AND ORIENTING THE
ORBITER TC THE PROPER ANGLE CF - ATTACK 10
ACCCPPLISH ENTRY., CURING REENTRY, THE ORBITER IS
PROTECTED BY AN EXTERNAL THERMAL PROTECTICN SYSTEW
WHICFH INSULATES STRUCTURE AND PAYLOAD FROM ThHE
REENTRY AERODYNAMIC HEAT ING. FOLLOWING REENTRY,
THE GCRBITER CHANGES ATTITUDE FOR ATMCSPHERIC
FLIGKT TC THE LANCING SITE. AFTER ACQUISITICOAN CF
THE LANCING SITE, THE CRBITER MAKES A FINAL
APPRCACH AND HORIZCONT AL LANDING.

PCST LAACING ~ FCLLOWING LANCINGy, THE ORBITER IS
YOWEL TC THE SAFING AREA WHERE THE CREW AND
PASSENGERS DISEMBARK. AFTER A CCOLOOMWN PERICD CF
{TB0)s CRITICAL PAYLOAC ITEMS MAY BE REMOVED FRCM
THE PAYLCAC BAY GR SUPPCRTED BY GROUND SUPPORT
EGUIFMENT (GSE). THE CRBITER AND PAYLOAD ARE VHEN
DEFUELEL AND SAFEC. UPCN COMPLETICN OF THE SAFING
OPERATICNS, THE ORBITER IS TOkED 10 THE
MAINTENANCE AND REFURBISHMENT BUILCING.

MAINTENANCE AND REFURBISHMENT ~ IN THE MAINTENANCE
AREA A RECCVERED CR NON-CEPLCYED PAYLOAD FROM ThE
ORBITER ANC RETURNEC TC THE PAYLODAC SERVICE AREA,
WHILE SCHECULED REFURBISEMENT WORK IS STARTEC CN
THE CREITER SUBSYSTEMS. TYPICAL ITEMS FUR ORBITER
REFURBISHMENT INCLUDE SELECY THERMAL PRCYECTICN
SYSTEM PANELS, ENVIRCNMENTAL ANC LIFE SUPPORT
SYSTEM CANISTERS AND FILTERSy AND ANY MAINTENANCE
ITEM® NCTED DURING FLIGFT. HWITH THE COMPLEYION CF
THE WMAINTENANCE AND REFURBISHMENT HORK, THE
ORBITER IS PREPAREC FOR THE PRELAUNCH OPERATIONS
CF THE NEXT MISSICHh.
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SHUTTLE ABCRTS

A RECUIREMENT OF THE SHUTTLE IS THE INTACY ABORT
AND RECCVERY OF ThHE CREW, ORBITER, AND PAYLOAC.
TGO PRCVIDE THIS CAPABILITY, THE SHUTTLE HAS
SEVERAL ABCRT MODES AVAILABLE FOR THE VARIOUS
PHASES CF THE MISSION.

THE PERFCRMANCE CAPABILITY 10 MEET THLS
REQUIREMENT IS AS FOLLCWS—

A, CREW ANLC PASSENGER INSERTION THROUGK LAUNCH
CCMMIT ~ THE SHUTTLE PROVIDES EMERGENCY
EGRESS FOR CREW AND PASSENGER EVACUATION TO A
SAFE AREA IN A MAXIMUM TIME OF 2 MINUTES.

Be LAUNCH COMMIT THRCUGH RETURN-TO-SITE - THE
SHUTTLE HAS THE CAPABILITY CF INTACT ABORT
AND RETURN TO THE LAUNCH SITE. OF F~THE-PAD
ABCRT WILL UTILIZE SEPARATE ABORT SRM'S. THE
SYSTEM DESIGN WILL INCLUDE PROVISICNS FGR
EXTERNAL TANK SEPARATION AND CISPOSAL.

C. RETURN-TO~-SITE THROUGH ORBIT INSERTICN — THE
CRBITER HAS THE CAPABILITY (WITH CNE MAIN
ENGINE QUT) TO ABGRT ONCE ARCUND AND RETURN
TC THE PRIMARY LANDING SITE FROM THE POINT IN
THE FLIGHT TRAJECTORY WHERE A DIRECT RETURN
TG SITE CAPABILITY ENDS.

D. CRBITAL AND REENTRY ~ THE ABCRT MACE AFTER
ORBIT INSERTION WILL 8E EARLY MISSION
TERMINATION AND RETURN TO A SULITABLE LANDING
SITE.
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PERFCRMANCE

PERFCRMANCE CAPABRILITIES

THE REFERENCED MISSIONS FOR THE SPACE SHUTTLE ARE
DESCRIBEC IN THE FOLLOWING PARAGRAPHS AND ARE
GIVEN TG DEFINE BASELINE PERFORMANCE CAPABILITIES
ONLY.

FOR PERFORMANCE CCHMPARISGNSs MISSICNS 1 AND 2 WILL
BE LAUNCHEL FROM KENNECY SPACE CENTER {KSC) INTC
AN INSERTICN ORBIT OF 50 8Y 100 NAUTICAL MILES
MISSICN 3 wILL BE LAUNCHED INTO THE SAME INSERTICN
ORBIT FROM THE WESTERN TEST RANGE. THE MISSICN
ON~CREBIT TRANSLATIONAL DELTA-V CAPABILITY {IN
EXCESS GF THAY REQUIREC TO ACHIEVE THE INSERTICN
CRBIT AND THAT RECUIREC FOR ON-CRBIT AND ENTRY
ATTITUCE CCNTROL) IS STATED FOR EACH MISSICN AND
INCLUDES CN-ORBIT CELTA-V RESERVES. THE REACTICN
CONTRCL SYSTEM {RCS) TRANSLATION DELTA~-V REQUIRED
FOR EACH MISSICN IS WUSED TO ACCOMPLISH ALL
RENDEZVCUS AND DCCKENG MANEUVERS AFTER TERMINAL
PHASE INIVIATIONS

MISSIGN 1 IS A PAYLCAD DELIVERY MISSION TC A 1CC
NAUTICAL MILE CIRCULAR ORBIT. THE MISSION WILL BE
LAUNCHED QCUE EAST, AND REQUIRES A PAYLOAC
CAPABILITY OF 65,000 POUNDS MWITH TYHE ORBITER
VEHICLE AIRBREATHING ENGINES REMOVEL. THE PURPOSE
OF THIS MISSION WILL BE ASSUMEC TO BE PLACEMENT
ANC/CR RETRIEVAL OF A SATELLITE. THE ORBITER
VEHICLE CN-ORBIT TRANSLATICNAL DELTA-V REQUIREMENT
IS 950 FEET PER SECONLC (FPS) FRCM THE ORBITAL
MANEUVER SUBSYSTEM {OMS) AND 120 FPS FROM THE RCS.

MISSIGN 2 IS A RESUPPLY MISSION TOUO AN ORBITAL
ELEMENT IN A 270 NAUTICAL MILE CIRCULAR (ORBIT A7
55 LCEGREES INCLINATICN. THE RENDEZVOUS IS
ACCOFPLISHED USING A 17-0RBIT CCELLIPTIC
RENCEZVCUS SEQUENCE (SEQUENCE IS FOR REFERENCE
ONLY). THE PAYLCAD REQUIREMENT IS 25,000 POUNDS,
WITH THE AIRBREATHING ENGINES. THE ORBITER’
VEHICLE CN-ORBIT TRANSLATICNAL DELTA~V RECQUIREMENTY
IS 1,400 FPS FROM THE CMS ANC 120 FPS FRGM THE
RCS. ‘

MISSICN 3 IS A PAYLCAD DELIVERY MISSION TC A 1CC
NAUTECAL MILE CIRCULAR POLAR QORBIT AND RETURN TG
LAUNCH SITE IN A SINGLE REVOLUTION. THE PAYLOAD
REQUIREMENT IS 40,000 POUNDS WITH CRBITER VEKICLE
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AIRBREATHING ENGINES REMOVED. THE ORBITER VEHICLE
ON-ORBIT TRANSLATION DELTA-V REQUIREMENT IS 500
FPS FRCM THE OMS AND 150 FPS FROM THE RCS.

PERFURMANCE ANALYSIS

THE PERFCRMANCE GIVEN IS BASED ON THE MOST SEVERE
OF THE THREE REFERENCE MISSIONS, THE DELIVERY OF A
65,000-PCUND PAYLCAL TO A 28.5 DEGREES INCLINATION
ORBIT. THE CURRENT DESIGN APPRCACH FOR THE
ORBITAL MANEUVERING SYSTEM (OMS) IS TO HAVE TwG
SETS GF CMS TANKS INTEGRALLY MOUNTED, HAVING A
TOTAL CAPACITY QGF 1000 FPS WITH A 65,000-POUND
PAYLCAC. EXTRA TANKAGE CAN BE INSTALLED 10
PRCVIDE AN ADDIVICNAL 1500 FPS TO MEET THE
RECUIRED 2500 FPS CAPACITY. THIS ACDITIONAL
TANKAGE ANC PROPELLANTS MAY BE LOCATED IN THE
PAYLCAC BAY,

PERFCRMANCE DATA

FIGURE 1.4 SHOWS THE SHUTTLE PAYLCAD VERSLUS
INCLINATIGNS FCR VARIQUS CIRCULAR CRBITAL
ALTITUDES REACHEC. THE CMS PROPELLANT WAS LCADED
TO THE EXTENT NECESSARY TO PROVICE EXACTLY THE
ON-CRBIT DELTA-V REQUIRED FOR EACH MISSION. THIS
DELTA-V IS GIVEN AT THE RIGHT SIDE OF THE FIGURE
FGR EACH CURVE AS TOTAL CMS DELTA-V. AT THE LEFTY
CF EACH CURVE IS GIVEN THE CCRRESPONDING CIRCULAR
ORBITAL ALTITUDE THAT THE SHUTTLE CAN REACH,
CIRCULARIZE AT, AND RETROFIRE FROM, WHILE
MAIMTAINING A TCTAL GF 170 FPS RESERVE FOR
RENCEZVOUS AND/OR CONT INGENCIES. THE OMS IS NOT
USEC AT ANY TIME IN THE LAUNCH PHASE, I.E., PRIOR
TO THE SHUTTLE REACHING THE 50 8Y 100 NAUTICAL
MILE INJECTION ORBIT. THE TOTAL INJECTEC WEIGHT
AT ANY GIVEN INCLINATION IS A CONSTANT, AND
REPRESENTS THE MAXIMUM CAPABILITY OF THE SHUTTLE
TO THAT INCLINATIGCN. THE VARIATION IN PAYLOAC
BETWEEN ALTITUDES IS DUE TO TRADING PAYLCAD FCR

CMS PRCFELLANT. ‘

FIGURE 1.5 SHCWS PAYLOAD AS A FUNCTION OF CIRCULAR
CRBIT ALTITUDE REACKED, MAINTAINING A S0 FPS ONS
DELTA-V RESERVE. FOR THIS PLCT INSERTION 1§
ALWAYS INTC A 50 2Y 100 NAUTICAL MILE ORBIT, AND
ANY ADDITICNAL ALTITUDE IS ACHIEVED BY THE OMS
ALCNE. ALL PERFORMANCE CALCULATIGNS ARE BASEL
UPGN CARRYING THE ENTIRE PAYLOAD THROUGHOLT ALL QF
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THE CELTA-Y MANEUVERS. THIS ®WCULD ALLOW THE
VEHICLE TC DEORBIT IN THE EVENT THAT THE PAYLOAD
FCR ANY REASCN CCULD NOY BE ODEPLOYED. IT wOULD
ALSC BE ThHE CASE IF ONE PAYLCAD WAS DELIVERED 7TC
ORBIT ANC ANOTHER PICKED UP FOR RETURN TO EARTH.
FOR THIS FIGURE PAYLOAC IS TRADED DIRECTLY FOR . OMS
PRCPELLANT UNTIL TVHE OMS TANKS ARE FULL. THIS
FIGURE CCES NOT INCLUDE ANY RENDEZVOUS ALLCWANCE.
FOR RENDEZVGUS MISSIONS, 120 FPS EXTRA OMS MUST BE
RESERVEC FOR THE REMNDEZVOUS MANEUVERS. THIS
RECUCES THE CIRCULAR CORBITAL ALTITUDE THAT CAN BE
REACHEC WITH ANY PAYLOAD AND ANY CCNFIGURATION BY
25 NAUTICAL MILES,

FIGURE 1.6 SHOWS THE CAPABILITY OF THE SHLTTLE TC
OELIVER PAYLCAD TC A HIGKF ELLIPTICAL ORBIT. THESE

DATA ASSUME THAT THE MAIN ENGINES ARE SHUT DOOWN IN

THE ACMINAL 50 €Yy 100 NAUTICAL MILE INJECTICN
- ORBIT. THE DISPOSABLE TANK IS THEN JETTISONED AND
THE CRBIT RAISED TC 10C BY 100 NAULTICAL MILES WITH
THE CMS SYSTEM, AFTER THIS IS DONE, THE (OMS
SYSTEM IS THEN USEC TC RAISE TkE APOGEE. THE
UPPER CURVE ASSUMES A DIRECT DECRBIT AT APOGEE
WITH REENTRY COMING AT PERIGEE. ThIS CAN BE DONE
IN THCSE CASES WHERE THERE IS NO SPECIFIC
REQUIREMENT ON THE POSIVIONING OF THE APSICES CF
THE ELLIPSE. 1IN THAT CASE, THE ORIENTATICN CAN BE
SELECTED TC ALLOW THE PROPER APSIDAL POSITION FGCR
DIRECT ENTRY FROM APOGEE. THE BOTTOM CURVE IS FCR
THCSE CASES WHERE THE SHUTTLE MUST RECIRCULARIZE
AT 100 NAUTICAL MILES BEFORE DEQORBIT. THIS wOULD
BE THE CASE IF SCME FARTICULAR APGGEE POSITICN
MERE REQUIRED FOR THE PAYLOAC WHERE ENTRY WERE NOT
POSSIBLE AT PERIGEE.

WITH THE SHUTTLE LAUNCHED INYO A HIGH ELLIPSE, A
PAYLCAC SATELLITE CCULC BE PLACED INTG A CIRCULAR
ORBIT AT APCGEE ALTITUCE WITH A SINGLE BURN OF A
THIRL STAGE. THIS WOULD ALLOW THE USE OF A SINGLE
SIMPLE PRCPULSICN STAGE CN THE PAYLOAC.
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SPACE SHUTTLE/PAYLCAD ACCOMMODATICNS

GENERAL

THIS SECTICN DEFINES THE SPACE SHUTTLE/PAYLCAD
OPERATICNAL, PHYSICAL, AND FUNCTIONAL
ACCCMMCDATICNS PRCVIDED BY THE SPACE SHUTTLE
SYSTEM. THE APPROACH BEING TAKEN IS TO MAXIMIZE
THE EBENEFITS TO THE PAYLCADS WITH MINIMUM IMPACT
CN THE CRBITER,
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CPERATICMAL INTERFACES

PRELAUNCH OPERATICNS

PAYLCAC CHECKOUT - INCOMING PAYLOADS ANC
EXPERIMENTS WILL BE RECEIVED AT THE PAYLGAD
BERVICE AREA WHERE FINAL PAYLOAD INSPECTIGN,
CHECKCUT, AND INTEGRATED TESTS WILL BE PERFORMED.
IF THE INSTALLATION OF AN INDIVIDUAL EXPERIMENT
INTC A PAYLCAD IS REQUIRED, I7 WILL BE
ACCGPPLISHED IN THIS AREA. ANY DEFICIENCIES
OISCCVEREC DURING THESE OPERATIONS RILL BE
CORRECTELC PRIOR TO INSTALLATION OF THE PAYLCAD
INTC THE CGRBITER.

THE CCNCEPT OF PAYLCAC CHECKOUT AND ASSEMBLY
PRCVICES MAXIMUM FLEXIBILITY FCR THE VARICOUS
PAYLCAC REQUIREMENTS AND DECCUPLES THE OPERATIONAL
CRBITER VEHICLE CHECKCUT FROM THE PAYLOAL
CHECKCUT. THIS IS ACCOMPLISHED BY THE USE CF
STRUCTURAL INTERFACE FIXTURE FOR PHYSICAL AND
MECHANICAL CRBITER/PAYLCAL INTERFACE CHECKS, ANC
WITH ELECTRONIC ANALOG UNITS FOR ELECTRICAL POWER,
DATA MANAGEMENT, CONTROL, ANC COMMUNICATICN
INTERFACE CHECKS BETWEEN THE ORBITER AND THE
PAYLCALC,

DURING ALL PHASES CF THE PRELAUNCH OPERATIONS,
SPECIAL EMPHASIS WILL BE PLACED GCN CONTAMINATIGN
CONTRCL PRCCEDURES TO PROTECT SENSITIVE PAYLOAC
ELEMENTS.

PAYLCALC CENTER-OF-GRAVITY ~ PRECISE INFORMATICON CN
THE PAYLCAC MASS CENT ER-OF-GRAVITY {(C.G.) MUST BE
BSTABLISHEC PRIOR TO INSTALLATION OF THE PAYLOAC
IN THE CRBITER. FOR ABORTS ANLC ENTRY, THE PAYLCAD
C.Go. IS RESTRICTEC IN THE LONGITUDINAL AXIS TC
THE ENVELCPE SHOWN IN FICURE 2.1.

PAYLCALD INSTALLATICN - THE INSTALLATION CF THE
PAYLCAD INTC THE CRBITER MAY OCCUR AT EITHER GF
TWC FACILITIES- THE SHUTTLE MAINTENANCE ANT .
REFURBISHMENT FACILITY (MRF), CR THE VERTICAL
ASSEMBLY BUILDING {VAB). THE CAPABILITY TG CHANGE
CUT PAYLCALS GN THE PALC WILL EXIST FCR CONTINGENCY
PURPCSES CNLY ANC SHOULD NOT BE CCNSIDERED AS A
NORMAL CR PLANNELC OPERATION. NORMALLY, TRE
PAYLCAC IS INSERTELC INTO THE ORBITER PAYLGAD BAY
WHILE THE CRBITER IS IN THE HORIZONTAL POSITION IN
THE FRF. FOLLOWING INSTALLATION AND ESTABLISHMENT
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OF ELECTRICAL ANC CTHER INTERFACES, VALIDATION CF
THESE INTERFACES IS ACCOMPLISHED.

VEHICLE INTEGRATICN - THE NEXT PHASE OF PRELAUNCH
OPERATICNS INVOLVES THE MATING OF THE ORBITER ANC
THE SRM'S., THE PAYLOAL PRELAUNCH OPERATICNS MUST
BE BASICALLY CCMPLETED SINCE ACCESS TO THE PAYLOAD
IS LIMITEC TO PAYLOAD MONITORING VIA SHUTTLE
SYSTEMS EXCEPT UNDER SPECIAL CIRCUMSTANCES. WITH
THE SHUTTLE IN THE VERTICAL POSITION AND FINAL
INTERFACE CHECKS CCMPLETE, THE SHLTTLE IS READY
FOR PRELAUNCH GPERATICNS.

CRBITER PRELAUNCE COPERATIONS

LAUNCH PREPARATICN - THE VEHICLE OPERATICNS ARE
DEVOTED PRIMARILY TC VERIFYING THE LAUNCE
UMEILICAL TOWER/L AUNCH FACILITY CONNECTIONS,
PERFCRMING THE FINAL INTEGRATED TESTS, SERVICIAG
THE VEHICLE, LOACING THE CREW AND PASSENGERS, AMND
FINAL CLCSEOUT. FIGURE 2.2 IS A REPRESENTATIVE
FLCW OF ACTIVITIES DURING THIS PERICD. ALTHOUGH
PAYLCACS NCMINALLY ARE LOADED PRIOR 10 THE
CRBITER/BOCSTER MATING, IT IS POSSIBLE TO REPLACE
THE PAYLCAC ON-PAC IN CONTINGENCIES. FAZARDCLS
SERVICING FROCEDURES ARE -ALSO CCNDUCTEC OURING
THIS PERICDy IF THERE ARE SUCH REQUIREMENTS.
ACCESS TO THE PAYLCAD WHILE CN THE PAD NORMALLY
NILL BE LIMITED TC THOSE ITEMS ACCESSIBLE THROUGH
THE CRBITER CREW COMPARTMENT OR THROLGH THE
PAYLCAD BAY DCCR. THE ACCESS, REMOVAL, AND
LOACING CF PAYLCAC EQUIPMENT ON THE PAD WwILL BE
LIMITED TC NCT MCRE THAN 10 HOURS ELASPED TINE
PRICR TC T-2 HOURS.

PAYLCAD SERVICES — PAYLOAD SERVICES ARE FURNISHED
THRGUGH STANCARD CRBITER/PAYLOAD INTERFACES AND
THROUGH PAYLCAD ACCESS PANELS. STANDARC GROUND
AND LAUNCH SERVICES MAY BE SUPPLEMENTED BY
RECCMFIGURATION OF AN ACCESS PANEL TO ACCOMMODATE
LUNIQUE PAYLCAC SERVICES. HOWEVER, THE
RECCMNFIGURATION CF ACCESS PANELS AND SUPPCRTY GCF
UNIQUE SERVICES ARE CHARGED TO THE PAYLOALC. »

NORMALLY, THE CREBITER/PAYLOAL INTERFACES PROVICE

POWER, CCMMUNICATIONS, STATLS MONITORING,
ATMCSPHERE CCNTRCL, VENTINGy AND CERTAIN PAYLOAC
PRGPELLANT ACCESS PRCVISIONS. THE PAYLOAC

SERVICES FCR CRYCGENIC PROPELLANTS INCLUDE ACCEESS
FOR FILL, VENT, ODRAIN, AND DUMP. ATMOSPHERE
CGNTRCL CF THE PAYLOAD BAY IS PROVICED THROUGH GSE
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DURING PRELAUNCH OPERATICNS, PRIMARILY TO KEEP THE
BAY FREE OF CONTAMINAT ION BY EXTERNAL SOURCES.

FLIGHT CPERATIGCNS

SHUTTLE ASCENT - THE LIFT-OFF TO INSERTICN PHASE
WILL BE ESSENTIALLY AN AUTCOMATIC CGCPERATICN UNDER
CRBITER CCANTROL. THE EARLY VERTICAL FLIGHTS WILL
HAVE GRCUNC SUPPCRT FCR TRAJECTCRY AND SYSTENMS
MUCH LIKE THAT EXISTING FOR APOLLO. AFTER TFE
SHUTTLE CPERATIONS MATURE, THERE WILL BE LESS NEED
FCR REAL-TIME SHUTTLE SYSTEMS SUPPCRT FOR LAUNCF.
DURING LAUNCH; THE PAYLOALD SUPPORT WILL BE LIMITED
PRIMARILY TO MINIMUM SUBSYSTEMS SUPPCRTY AND
PAYLCAL SAFETY STATUS FMONITCORING.

PAYLCAD CCNTRCL ANC DISPLAY -~ TEE ORBITER WNWILL
HAVE PROVISICNS FOR MCNITORING AlLL
SAFETY-CF-FLIGHT PARAMETERS GENERATED By THE
PAYLCAC. THESE PARAMETERS ARE OCISPLAYED TGO THE
FLIGHY CREW AND MISSION SPECIALISTS. 1IN AOCDITICN
TG THE SAFETY-OF-FL IGHT PARAMETERS, PAYLCAC
PECULIAR PARAMETERS CAN BE DISPLAYED TQO THE
MISSICN SFECTALISY CN THE GENERAL PURPQOSE
DISPLAYSy, GR THRCUGH PAYLCAD SUPPLIED MISSICN
PECULIAR CISPLAYS TO THE PAYLOAD SPECIALIST.

PAYLCAC CHECKOUT - PRICR YO PAYLOAC OPERATION GR
DEPLCYNENT, FUNCTIONAL CHECKQUT CAN BE
ACCCFPLISHED BY USE OF PROGRAMS STORED 1IN THE
MEMCRY CF THE COMPUTER USED FOR PAYLOAD CHECKOUT.
MANUZL INSERTION OF PAYLCAD CATA/CCMMANDS INTO THE
COMPLTER CAN BE MADE THROUGH THE KEYBOARD.
DECICATED PAYLOAC DISPLAYS AND CONTROLS CAN ALSC
BE USEC IN CONJUNCTICN WITH PAYLOAD CHECKOUT.
VISUAL INSPECTION AND MANUAL ASSISTANCE 8Y Tkt
CREW CAN BE ACCCMPL ISHED BY EXTRAVEHICULAR
ACTIVITY (EVA) OR INTRAVEHICULAR ACTIVITY (1IvA).
WHEN THE CRBITER CGCKING PCORY IS SECURED TO A
DOCK ING PORT an ANGCTHER ORBITAL ELEMENT,
SHIRTSLEEVE ACCESS IS AVAILASBLE THROLUGH TKE
ORBITER AIRLCCK ANC DOCKING PORY TG THE ORBITAL
ELEMENT. VERIFICAYTION OF DOCKING AND UNDCCKING IS
DISPLAYEL TQ THE CRBITER FLIGHT CREN.

PAYLCAC CEPLCYMENT AND RETRIEVAL - THE ORBITER
PRCVIDES A PAYLOAC CEPLOYMENT/RETRIEVAL MECHANISHM
TC DEPLCY PAYLOACS CLEAR OF THE ORBITER MCLD LINE.
FOR RETRIEVAL, THIS MECHANISM INTERFACES WITH
PAYLCALS CESIGNED FOR RETRIEVAL AND, AFTER
ATTACHMERT TGO THE PAYLCAC, ALIGNS THE PAYLOAC IN
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JHE PAYLCALC BAY FCR SECURE STOWAGE OF THE PAYLOAC.
IN ACCITICON, THIS MECHANISM IS CAPABLE CF
SUPPCRTING THE PAYLCAD IN THE DEPLOYED POSITICN
UNCER ATTITUOE STABIL fZATICN AND CCCKING LCADS.

DEPLCYMENT CF SFIN-STABILIZEC PAYLOADS HKAY BE
ACCCMPLISHED FROM A SPIN TABLE PROVIDED BY THE
PAYLCAL. ANY ADDITICNAL PAYLOAD PECLLIAR
DEPLCYMENT, ERECTICN, RETRACVION, EV CETERA,
REQUIREMENTS FOR SPECIAL MECHANICAL SYSTEMS IS
PRCVIDED BY THE PAVYLOACL,

MULTIPLE PAYLOAD CEPLOYMENT <~ THE ORBITER WILL
HAVE THE CAPABILITY TG ODEPLOY MULLVIPLE-PAYLOALS
CN-CFBIT CURING A SINGLE MISSION, INCLUDING
PLACEMENT (R COCKING OF PAYLOADS TCO A STABILIZED
800Y. FCR MULTIPLE-PAYLUADC MISSICNS THE ORBITER
SUBSYSTEMS SUPPORT CAPABILITY IS SHARED BY Tkt
PAYLCACS.

DOCKING — UOCKING CF THE ORBITER TC A PAYLCAC CR
ANCTHER CREITAL ELEMENT CAN BE ACCOMPLISKHED WIIH
rre wnwar o < ANTPULATOR ARMS AND COCKING PORT, CR
BY CIRECT COCKING. PRIMARY COMMAND AND CONTRCL
AUTHCRITY REHMAINS WITF+ THE ORBITER DURING THE
DOCKING GPERATIONS. 7TOQO ACCOMMODATE DOCKING, THE
ORBITER CRIENTS AND APPRCACHES THE ORBITAL ELEMENMNT
WITH ThE USE OF THE ORBITER RCS. KHEN THE ORBITER
IS WITHIN THE REACH DISTANCE OF THE MANIPULATGR
ARM QGOF TFHE CREITAL ELEMENT, THE MANIPULATORS
ENGAGE THE ORBITAL ELEMENT AND DRAW THE Tw0 BCDIES
TCGETHER TC ACCOMPLISH CCNNECTION OF THE OOCKING
INTERFACES. FOR DIRECT DOCKING, THE ORBITER AS
THE ACTIVE VEHICLE APPROACHES AND ENGAGES THE
DCCKING MECHANISMS ON THE ORBITAL ELEMENT B8Y
IMPACT ENGAGEMENT. THE OPERATIONAL DESIGN
PARAMETERS FCR DCCKING ARE GIVEN IN TABLE 2-1.

TABLE 2-] ~ CPERATICN DESIGN PARAMETERS FOR DOCKING

LATERAL MISALIGAMENT 4/~ 0.5 FEET
ANGULAR MISALIGNMENT +/~ 5.0 DEGREES
RULL MISALIGMNMENT 7.0 DECREES
CLuSi N VELGCCITY AT CCONTACT 0.5 FPS
ALTIVE VEHICLE ANGULAR VELCCITY AT CONTACTY 1,0 DEG/SEC
PASSIVYE VEHICLE ANGULAR VELCCITY AT CONTACY 0.1 DEG/SEC

WHEN THE ORBITER CCCKING PORT IS SECURED 10 A
DOCK ING PORT CN ANOT HER ORBITAL ELEMENT,
SHIRTSLEEVE ACCESS IS AVAILABLE THROUGH THE
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CRBITER AIRLCCK ANC DOCKING PORT VYO THE ATTVTACHED
ELEMENT. VERIFICATION OF DOCKING AND UNDOCKING IS
DISPLAYED TC THE CRBITER FLIGHT CREW.

EVA/IVA - TO OISTINGUISH BETWEEN EXTRAVEHICULAR
ACTIVITES (EVA) AND INTRAVEHICULAR ACTIVITIES
{IVA) WITH REGARL TC A PRESSURE SUITED CREWMAN,
THE FCLLCWING DEFINITIGN IS GIVEN.

EVA APPLIES TO ACTIVITIES CCNDUCTED OUTSIDE THE
SPACECRAFT PRESSURE HULL OR AN OPEN PAYLOAD BAY.
IVA BY A PRESSURE-SUITED CREWMAN, IS CONFINED B8Y
THE VEHICLE STRUCTURE. ACTIVITIES WITHIN THE
PAYLCAD BAY WITH THE DCORS CLOSED ARE CCNSIDERED
IVA. IF A SECTICN IS APPLICABLE TO EVA ONLY, IVA
WiLL BE EXCLUDED €Y A NOTE. OCTHERWISE, THE TERM
EVA wILL BE USED TC INCLUDE IVA,

THE CRBITER PROVICES THE CAPABILITY TGO PERFCRY
MULTIPLE EVA'S IN CRBIT, OR IVA'S INTO THE PAYLGAC
B8AY. FHOWEVER, THE EXPENDABLES AND EVA SLITS ARE
PROVICEC AT THE EXPENSE CF PAYLGAC NWEIGHKT. The
CREWMEN EVA 1S CCNSIDEREC THE NORMAL EVA MODE CF
OPERATICN WHERE CNE CREWMAN PERFORMS THE EVA TASK,
THE SECOLND CREWMAN MAINTAINS A BACKUP STATUS, AND
BOTH EVA CREWMEN ARE MCNITORED FROM WITEHIN THE
CRBITER. €VA IS A METHCD FOR THE CN-ORBIT PAYLCAC
ACTIVITIES, AND ITS USAGE . FOR BCTH NORMAL ANC
CONTINGENCY PAYLCAD CPERATIONS MUST BE TRADED
AGAINST TEE ADVANTAGES . ANC DISADVANTAGES CF
ALTERNATE METHODS. IT 1S POSSIBLE THAT FOR SOME
TASKSy EVA CCULD BE A FHIGHLY COST EFFECTIVE METHCD
FCR PERFCRMING PAYLCAD OPERATIONS.

COMMUNICATICNS - A COMMUNICATION SATELLITE SYSTEM
IS AVAILABLE FOR RELAY OF VOICE ANC VIDEQO BETWEEN
THE CRBITER AND GRGOUND. THE ORBITER IS ALSC
CAPABLE CF DIRECT CCMMUNICATION WITH THE GRCUND.
THE CRBITER/PAYLCAC COMMUNICATION INTERFACES ARE
GIVEN IN TABLES 2-1IA ANC 2-11B. THESE INTERFACES
PROVICE AVAILABLE COMMUNICATION CHANNELS FCR
PAYLCAL OPERATIGNS DUR ING A MISSION.
CCHMUNICATICN REQUIREMENTS IN EXCESS OF THESE ARE
SUPFPCRTELD BY THE PAYLOAD.



32

TavlLe 2-11A - CRBITER/PAYLCAC COMMUNICATION INTERFACES

4

' HARCWIRE PAYLOAD INTERFACE .

P "
SIGNAL ' ' '

VESURIPTICA * CRBITER EQUIPHMENT 'PAYLOAD EQUIPMENT®

—— —— -

VUiLkE ' '
———— ' '
INTERCOM * AUCIC CENTER AUDIG COMM PANEL®
. '
TLM ¢
—— ]
4

INTERLEAVED TLM® STCRED PROGRAM

* FRCCESSOR
' .
UIRECT TLM * MODULATCR/DEMODULATOR

WILDESAND ANALCG® WICEBANC XMTR

REMOTE MUX UNIT

PCM ENCOCER

FDM EQUIPMENT

WlUEBAND PCH WICEBAND XMTR PCM ENCOCER OR
RECORDER
IV VIDEG WIDEBANC XMTR Tv CAMERA
LUMMANDS

— ——— o — ——

ATTALHED PAY-
LUAD CGMMANCS

COMPUTER PAYLOAD CECODER

v

CAMERA VICEC VIDEG CISPLAY UNIT Tv CAMERAS
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TABLE ¢-118 — CRBITER/PAYLCAL COMMUNICATION INTERFACES

' ’ RF PAYLOAD INTERFACE | '
L | . — | ]
' 51 GNAL v ' e
*  ODESCRIPTICN * ORBITER EQUIPMENT  *PAYLOAC EQUIPMENT®
] ) ] .
[ - — pu—— | - —— ]
* VUILE ] ' .
- ] L} ]
*  UUPLEX * VHF TRANSCEIVER * V+F TRANSCEIVER °
] ] [} ]
¢ TLM ] ] v
0 ——— . { v ]
¢ DATA * pCM RECEIVER * PCM TRANSMITTER ¢
)  § ] 3
' CUMMANDS ' ' '
0 v o e s o | ] [}
* DETALHED PAY- ¢ TRANSMITTER * RECEIVER J
' LUAU * SIGNAL FCRMATTER v SIGNAL PROCESSOR®
] ] ] [ ]
* RANGING ' . .
W e ] | ] e
*  UETACHED PAY- ¢ TRANSCEIVER * TRANSCEIVER .
' LuAD * CIGITAL RANGING * RANGE TONE '
' * CENERATOR (DRG) * TRANSFER ASSY °
¢ ' * (RTTA) .
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CREMN

THE BASIC CRBITER CREW SIZE IS FOUR, TWO GF WHICH
ARE THE CCMMANDER AND PILCT WHO USUALLY ACCOMPLISH
THE FLIGHT OPERATIONS OF THE ORBITER. THE
FCLLCWING NOMENCLATURE IS USED TO IDENTIFY AND
DESCRIBE THE DUTIES OF THE PERSONNEL. :

COMMANDER ~ THE CCMMANCER IS IN COMMAND OF ThE
FLIGRT ANC IS RESPONSIBLE FOR OVERALL SPACE
VEHICLE, PAYLCAD FLIGHT OPERATIONS, AND VEHICLE
SAFETY. HE IS PRCFICIENT IN ALL PHASES OF VERICLE
FLIGHT, ~ PAYLOAD MANIPULATION, DOCKING ANC
SUBSYSTEM COMMAND, CONTRCL, AND MCNITOR OPERATICN.
HE IS ALSO KNCWLECGEABLE GF PAYLOAD AND PAYLOAD
SYSTEMS AS THEY RELATE TO FLIGHT OPERATIONS,
COMMUNICATION REQUIREMENTS, DATA HANDLINGs ANC
VEHICLE SAFETY.

PILCT - THE PILOT IS SECOND IN COMMAND AND IS
EQUIVALENT TC THE COMMANDER IN PROFICIENCY AND
KNCWLEDGE CF THE VENWICLE.

MISSICN SPECIALIST — THE MISSION SPECIALIST IS
RESPCNSIBLE FOR INTERFACING CF PAYLOAD ANC QORBITVER
OPERATICNS AND THE . MANAGEMENT OF PAYLGOAC
OPERATICNS. THE SPECIALIST IS TRAINED IN VEKICLE
AND PAYLCAC SUBSYSTEMS, FLIGHT OPERATICNS, AND
PAYLCAC CCMMUNICATICNS DATA MANAGEMENT. NMCRE THAN
ONE MISSICN SPECIALIST MAY BE INCLUDED 1IN THE
CREhR.

PAYLCAC SPECIALISY - THE PAYLOAC SPECIALISTY IS
RESPCNSIBLE FOR THE APPLICATIONS, TECHNOLCGY, AND
SCIENCE PAYLGAD/ INSTRUMENTS OPERATIONS . THIS
SPECIALIST HAS CETAILED KNOWLEDGE OF ThE
PAYLCAC/INSTRUMENTS, OPERATIONS, REQUIREMENTS,
OBJECTIVES, AND SUPPORTING EQUIPMENT. MCRE THAN
CNE PAYLCALC SPECIALIST MAY BE INCLUDED IN THE
CREN

PASSENGER/CBSERVER - PASSENGER/OBSERVERS ARE
PERSCNNEL WHC ARE CNBOARD, BUT HAVE NO ACTIVE PART
IN SEUTTLE CPERATICNS.

CRER PROVISICNS = VOLUME IS AVAILABLE HITHIN THE
CREW CCMPARTMENT FCR ACDITIONAL PAYLOAD SPECIALISY
CR PASSENGERS, HCWEVER, THEIR WEIGHT, PERSCNNEL
SUPPCRT SYSTEMS, EQUIPMENT, AND CONSUMABLES ARE
CHARGEC TC THE PAYLCAC. ALSOy WITHIN THE CREMW
COMPARTMENT ARE SLEEP PROVISIONS TO ALLCW CRER
ROTATICA FOR 24~HOUR OPERATICNS. PAYLOAD
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OPERATICNS MAY ELECT EITHER MULTIPLE SEIFTS CR
DISCRETE WCRKING HOURS TO SUPPORT MISSICN
CBJECTIVES., '

PCSTFLIGHT GPERATIONS

FCLLCWING LANDING, THE ORBITER IS TOWED 10 TkE

. SAFIMG FACILITY WHERE THE CREW AND PASSENGERS

DISENMBARK AND THE NECESSARY POSTFLIGHT CCOLDGWN
ANC SAFINC OPERATIGNS ARE PERFORMED. NCRMALLY,
THE PAYLCAC WILL REMAIN WITH THE ORBITER UNLESS
THERE ARE CRITICAL EXPERIMENTS WHICH MULST BE
REMCVEC AT THIS FACILITY. THIS FACILITY CAN ALSG
BE USEC TC SAFE AND PURGE HAZARDOLS PAYLOAD ITEMS.
THE PAYLCAC MUST EBE COMPATIBLE WITH THE AVAILABLE
SHUTTLE GSEs CR SUPPLY THE NECESSARY EQUIPMENT TC
SUPPCRT THE OPERATICN.

WHEN THE SAFING OCPERATIONS ARE COMPLETED THE
GRBITER IS TOWED TO THE MRF WHERE THE PAYLCAD IS
NGRFALLY REMCVED FRCM THE ORBITER.



<300

<e30100

£¢30101

£e3010¢

£030103

3¢é

SYSTEM/SUBSYSTEM INTERFACES

STRUCTURAL/MECHANICAL INTERFACES

PAYLCAC BAY ENVELGPE - THE GCRBITER PAYLOAL BAY CAN
ACCCMMCDATE A PAYLQOAD, OR CCMBINATIONS CF
PAYLCADS, WHCSE CYNAMIC ENVELOPE 1S EQUAL TO, QR
LESS THAN, 60 FEET 1IN LENGTH AND 15 FEET I[N
DIAMETER. THIS PAYLCAL ENVELOPE EXCLULLCES Tht
NECESSARY PAYLOAL STRUCTURAL ATTACHMENT PCOINTS,
WHICH EXTEND CUTSIDE THE ENVELOPE TO INTERFACE
WITH THE ORBITER . STRUCTURAL MOUNTING PCINTS.
CLEARAMCE ENVELOPE BETWEEN THE PAYLCAD - ENVELCPE
AND THE ORBITER STRUCTURE IS PROVIDED 8Y THKE
CRBITER TG AVOID CRBITER DEFLECTICN AND DEPLOYMENT
INTERFERENCE BETWEEN ThE ORBITER AND PAYLCAOD.

PAYLCAD STRUCTURAL ATTACHMENT - MULTIPLE
STANCARCIZED ATTACHMENT POINTS ARE LOCATED (T18D)
IN THE PAYLGAC BAY TO STRUCTURALLY SUPPORT ALL
PAYLCACS. THE LCCATIONS OF THESE POINTS ARE AT CR
QUTSIBE THE 15-FCCT DIAMETER PAYLGCAD MGOLD LINE ANC
TRANSMIT PAYLCAD LCADS TG THE ORBITER PRIMARY
STRULCTURE. THESE ATTACHMENT POINTS INTERFACE WITH
THE PAYLOACS OR PAYLOAL ADAPTERS AND ARE CAPABLE
OF SUFPCRTING THE PAYLCAD UNDER ALL MISSICN
PHASES. TFE ORBITER HAS THE CAPABILITY TG LANC
40,000 PCUND PAYLCADS WITH NCMINAL WIND AND LGAD
FACTLRS (AIREREATHING ENGINES REMOVEC) ANC LARGER
PAYLCACS WITH RECUCED STRUCTURAL SAFETY FACTORS.

YHE CRBITER ALSC PRCVIDES THE CAPABILITY FGR
DETERMINING THE MECHANICAL ALIGNMENT GF THE
PAYLCAC (WITH RESPECT TO THE REFERENCE FRAME CF
THE CRBITER) TO AN ACCURACLY CF 0.5 DEGREE IN ALL
AXES WHILE THE PAYLCAD IS ATTACHEL TO THE PAYLOALD
BAY.

REMCTE MANIPULATOR SYSTEM (RMS) — THE CRBITER
PAYLCAL CEPLOYMENT AND RETRIEVAL MECHANISM
CCNSISYS GF 4 PAIR OQOF REMCTE MANIPULATOR ARMS
MHICK ARE STOWEC OUTSIDE THE PAYLOAD VOLUME.'
FIGURE 2.3 IS A PRELIMINARY DESIGN OF A TYPICAL
SYSTENM. PAYLCAC ENGAGEMENT IS ACCGMPL ISHED
THRCUGH TERMINAL CEVICES ON THE ENC OF EACHK ARM.

TO ACCCFMCDATE PAYLCAL RETRIEVAL AND STCWAGE IN
THE PAYLCAC BAY, THE PAYLOAD PROVIDES THE ORBITER
COMPATIBLE MECHANICAL, ELECTRICAL, ANC FLUID
INTERFACES ., '
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DOCKING MECHANISM =~ TEHE DOCKING MECHANISM IS
DESIGNED TU INTERFACE WITH STANDARDIZED PDOCKING
MECHANISMS CN OTHER ORBITAL ELEMENTS AND CN
ANCTHER CREBITER. THE COCKING MECHANISM CONTAINS
ALL THE NECESSARY HARDWARE FOR ENGAGINGy LATCHING,
ANGC SEALING THE INTERFACE BETWEEN THE ORBITER AND
ANCTHER CREITAL ELEMENT., [INCLUDEC IN THE CRBITER
ARE APPRCPRIATE LISPLAYS FOR VERIFICATION OF THE
BENGACEMENT AND SEPARATION OF THE COCKING
INTERFACE. WITHIN THE CIAMETER GOF THE ODOCKING
RING ARE A CLEAR PASSAGEWAY OF 1.0-METER DIAMETER
AND THE NECESSARY POWER, CAUTICN AND WARNING,
DATA, CCMMUNICATION, AND FLUID INTERFACE
CONNECTCRS TC SUPPCRY COCKEC ORBITAL OPERATIONS.

PAYLGAD EBAY DOCR(S) - THE ORBITER FAS THE
CAPABILITY TO EXPCSE THE ENTIRE LENGTH AND THE
FULL WIDTH OF THE PAYLCAC BAY. WITH THE PAYLOAD
BAY DCCR(S) ANC RACIATORLS) CPEN, THE
UNCBSTRUCTUELC 180-DEGREES LATERAL FIELD~OF-VIEW IS
AVAILABLE TO THE PAYLOAC AT THE PLANE OF THE HKINGE
LINE, wHICF IS LCCATED (TB8D) RELATIVE 710 THE
LONGITUCINAL CENTERLINE GF THE PAYLOAD BAY.

PAYLCAC BAY SERVICE PANELS - PAYLCAC BAY SERVICE
PANELS ARE PLACEC AT CISCRETE LGCATIONS IN THE
ORBITER STRUCTURE FOR GSE SERVICE ACCESS 710 T¢E
PAYLCAC. THESE PANELS, LOCATED IN THE PAYLCAC BAY
WALLSy NCRMALLY ARE BLANK, NONSTRUCTURAL PANELS
WHICH ARE CAPABLE CF BEING REPLACEC WITH PAYLOAD
PECULIAR PANELS DESIGNED TO SERVICE A PARTICULAR
PAYLCAC. THE WEIGHT DIFFERENCE BETWEEN THE BLANK
SERVICE PANEL ANC THE PAYLCAC PECULIAR PANEL IS
CHARGEL AGAINST THE PAYLOAD WEIGKT. THE LINES
CONNECTING THE PAYLOAD TC THE SERVICE PANEL ALSC
ARE C(HARGEL AGAINST THE PAYLOAD WEIGHT.

FLUID SYSTEM INTERFACES

OMS CELTA-V KIT - CN-CORBIT MANEUVERING CELTA-V IN
EXCESS CF THE 1000-FPS AVAILABLE IN THE BASELINE
CRBITER IS AVAILABLE 8y ADDITION oF OMS
PRCPELLANT, THE ADDED VOLUME AND WEIGHT FCR-
PRCPELLANT, TANKAGE, AND PLUMBING TO THE VEHICLE
OMS 1S CHARGED TC PAYLOAC.

PRCPULSIVE PAYLCAC INTERFACES - PRCPULSIVE STAGES
CARRIED WITHIN THE PAYLCAC BAY REQUIRE VARIOLS
TYPES CF FLUID TINTERFACES BEVTWEEN THE ORBITER
VEHICLE ANC THE PAYLCALC BaAY, THESE INTERFACE
RECUIREMENTS VARY SIGNIFICANTLY WITH THE TYPES GOF
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PRCPELLANT UTILIZED B8Y THE PROPULSIVE STAGE.
STCRABLE PROPELLANTS, SUCH AS THOSE USED B8Y THE
AGENA, CELTA, ANC TRANSTAGE CAN BE LOADED PRICR TC
STAGE INTEGRATICN MWITH THE ORBITER. NO FILL
CCNNECTICNS, THEREFCRE, ARE REQUIRED B8LT ODRAIN
CONNECTICNS CAN BE REQUIRED FOR EMERGENCY OUNMP.
SEVERAL CPTICNS APPEAR FEASIBLE FCR PROVIDING THE

FLUIC INTERFACES PREVICUSLY MENTICNED.

FLUIC CCNNECTICON PANEL{S) ARE LOCATED TO MINIMIZE
VEHICLE SCAR NWEIGHT. THESE INTERFACE PANELS
PROVICE THE FLUIC SERVICING PLUS THE VENTING

"LGCATICNS. THE PROPULSIVE PAYLOALC PRCPELLANTS

RECUIRE VENTING AS WCULD, IN MCST CASESy THE
PRESSURANTS, FOR THESE CASESy THE FLUID
CONNECTICN PANELS ARE FITTED FBR THE PAYLOAC.
WHEN NCT REQUIREC, THE SERVICE PANELS ARE REPLACED
BY BLANK PANELS. PROPELLANT SERVICE UMBILICALS
AND DOUMP PROVISICNS ARE REQUIRED FCR CRYC
PAYLCALS.

TABLE 2-1I1 INDICATES THE SERVICING APPLICABILITY
FCR EACH CLASS CF PAYLCACS FLUIDS. THE *OPEN
PAYLCAL BAY DOOR® IS SERVICING PAYLOADS WHEN THE
BAY CCCRS ARE CPENED. CRYO SERVICES ARE NC1
INCLUCEC SINCE THE OCORS ARE CLOSED PRIOR TC
LAUNCH, HOWEVER, A CUMP SYSTEM IS REQUIREC.

TABLE 2-111 - LOACING AND DUMPING GPTICNS

. J OMS *  REMOVABLE * QPEN *
' * INTEGRATION * SERVICE PANELS * PAYLGAD *
. . . * BAY DOOR ¢
) ——— P e
] | J ] ] &
* UMS KiT . X ' X . X ¢
[ ] L] L] ]
' LUX/LH2 . ' X ' J
[} i B | [ | @
* EAKTH STORABLE * . X . X .
L] * [ ] ] ] ]
<.30203  PAYLCAC BAY VENTS — ADEQUATE PENETRATION FCR

VENTING ANC PURGING THE PAYLOAD EAY ANC ACTIVE
PAYLCAL EFFLUENTS ARE PROVICED BY THE CRBITER.
THIS VENT SYSTEM CCONSISTS CF NONPRCPULSIVE VENTS.
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ELECTRICAL POHER

ELECTRICAL PUOWER FOR PAYLOADS IS AVAILABLE FROM
THE CRBITER ELECTRICAL POWER SYSTEM. AN

BLECTRICAL ENERGY ALLOWANCE OF 5C KILOWATT-HOURS

{KWH) IS DEDICATEC FOR PR2YLOAD SUPPORT WITH ENERGY
IN EXCESS OF THIS ALLOCATION BEING MISSICN
DEPENDENT AND CAPABLE OF BEING SUPPLEMENTEL 8Y
ADDITICNAL CONSUMABLES TC THE ORBITER FUEL CELLS
AND/CR BY INDEPENDENT PAYLOAD SYSTEMS.

THIS POWER IS IN THE FCRM OF REGULATED RECUNDANT
DC PCWER HAVING THE CHARACTERISTICS SHOWN BELOW.

VCLTAGE ~ 30 VOC NCMINAL
TRANSIENT - (TBL)
LCAD - 1000-WATTS AVERAGE, 1500-

WATTS PEAK (PEAK ORBITER
OPERATION PERIQDS)

~ 3000-WATTS AVERAGE, &0CO-
WATTS PEAK (CN-ORBIT
CCAST PERIOBS)

EXTENDED DURATICN MISSICN SUPPCRT - FOR EXTENDED
DURATICN PMISSIONSy OR FCR MISSIONS REQUIRING
INCREASED TOTAL ELECTRICAL ENERGY, ADDITIONAL FUEL
CELL REACTANTS ARE REQUIRED AND ARE PLUKBED IN
FRCM THE PAYLCAD gAv. THESE CONSUMABLES, THEIR
TANKAGEy AND THE PLUMBING TO THE CRBITER INTERFACE
ARE CHARGEL TO THE PAYLOAD. THE EXTENDED CULRATION
MISSICN RECQUIRES ALCEC CCNSUMABLES FOR THE PAYLOAC
AND FCR CPERATICN CF TrE ORBITER BEYOND THE NCRMAL
J-CAY CRBITER MISSION.

DISPLAYS ANC CONTRCLS

DISPLAYS AMND CONTRCLS FCOR PAYLOAD OPERATICNS ARE.
PRCVICEC AT THE CCMMANDER/P ILOT, MISSIGN
SPECIALIST, AND PAYLOAC HANDLING STATIONS.

PAYLCAC CISPLAYS AND CONTROLS AT TEE
CCMMANDER/PILCT STATIONS ARE PRIMARILY CCNCERNED
WITH CCMMUNICATICNS, PCWER COCNTROL (MASTER CIRCUIY
BREAKER CCONTROL SWITCH FCR PAYLCAC POWER), AND A
PAYLCAC MASTER CAUTION ANC WARNINC L IGHT.
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DISPLAYS AND CONYRCLS. PROVIDED AT THE MISSICN
SPECIALISY STATICN INCLUCE- '

A. MASTER CAUTICN ANLC WARNING

8. CAUTICN ANC WARNING PANEL WITH CEBICATED
WIRING FOR CISPLAYS

C. A CATHCDE RAY TUBE ({CRT) ANC KEYBCARD FCR

- CCNTRCL OF PAYLOAC MONITORING AND CHECKOLTY IN

CCNJUNCTION WITH THE COMPUTER USED FCR
PAYLCAC MONITCRING

D. SPACE FOR DISPLAYS AND CONTRCLS PROVIDED BY
THE PAYLOAD

E. AUCIC CCMMUNICATICNS PANEL WITH AUDIC-CHANNEL
SELECTOR FCR COMMUNICATIONS WITH CREWMEN,
PERSCANEL IN PAYLCAD BAY, EVA PERSONNEL,
PERSCNNEL IN A& FREE FLYING PAYLOAD: OR THE
GRCUNC

THE PAYLCAC HANCLING STATICN DISPLAYS AND CCNTROLS
ARE DESIGAED TC SUPPORT PAYLCAC DEPLCYMENT,
DOCK ING, RETRIEVAL, ANC REMOTE OPERATIONS THROUGH
THE. USE CF THE MANIPULATOR ARMS. SPECIFIC
DISPLAYS AND CONTRCLS CF THIS STATION INCLUDE THE
FOLLCWING ITEMS-

A. MANIPULATOR CONTROL SYSTEM AND PAYLOAD
RETENTICN CCNTROLS AND DISPLAYS

8. DISPLAYS FCR PAYLGAC BAY 1TV VIDEG, AND
CONTRCLS FOR OPERATING AND SUPPLYING PCWER TC
THE PAYLCAD EAY CAMERAS

C. AUCIC CCMMUNICATIGN PANEL WITH AUDIO CHANNEL
SELECTOR FCR COMMUNICATIONS WITH CREWMEN,
PAYLCAC BAY, EVA PERSONNEL, AND GRGUND

De CAUTICN ANC WARNING ODISPLAYS FOR CENERAL
PAYLCAC OPERATIONS ITEMS

E. PAYLCALD BAY L IGHT ING CCONTROLS FCR
ILLUMINATICN CF PAYLOADS, PAYLOAD BAY AREA,
ANC PAYLCAD INTERFACES
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GUIDANCE AND NAVIGATION

BYSTEM CAPABILITIES -~ THE ORBITER GUIDANCE,
NAVIGATICN, AND CCNTROL (GN+C) SYSTEM IS CAPABLE
CF PRCVICING GUICANCE, NAVIGATION, AND CONTROL FCR
THE CRBITER THROUGH ALL PHASES OF ORBITAL SPACE
FLIGKT FRCPM LAUNCH THRCUGH ENTRY, AND FOR AIRCRAFT
AERCCYNAMIC FLIGHT MOUES. ODURING THE CN-CRBIT
PHASESy THE GUIDANCE AND NAVIGATION OF THE ORBITER
CAN BE INDEPENDENY OF CIRECT GROUND SUPPORT,

RENCEZVCUS - TkE ORBITER HAS THE  ONBOARC
CAPABILITY TO RENDEZVCUS WITH AN IN-PLANE
COCPERATIVE TARGETY UP TO 3C0 NAUTICAL MILES, ANC
IS THE ACTIVE VERICLE CURING RENDEZVOUS, OCCKING,
ANDC UNCCCKING. THE ORBITER IS ALSC CAPABLE OF
MANUAL CCCKING WITH OTHER ORRBRITERS OR CCMPATIBLE
ORBITAL ELEMENTS DURING DAYLIGHT OR DARKNESS. BY
USING GRCUND FACILITIES AND OTHER AICS, THE
ORBITER IS CAPABLE CF RENDEZVOUS WITH ANC
RETRIEVAL CF A PASSIVE STABLIZED ORBITING ELEMENT.

ORBIT NAVIGATION - TABLE 2-IV PRESENTS A SUMMARY
OF ESTIMATED NAVIGATION PERFORMANCE FOR SOME OF
THE FCSSIBLE SYSTEMS.
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TAoLE 2-IV - TYPICAL NAVIGATION SYSTEM ACCURACIES

SYSTEM RMS PCSITION (FT) - RMS VELOCITY {FPS)
STDN 1000 | ‘1
STAR/HURIZON 4000 2
LRUUND BEACtN 1000 1
UKL LUN/ BEACCN 700 1
TuKS 300 TO 1000 1

LANUMARK /2000 2
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CRBITER/PAYLCAD CATA TRANSFER ~ INFORMATICN FRQO¥
THE GN+C CCMPUTER SUBSYSTEM CAN BE TRANSFERRED 1C
THE PAYLCAC BAY VIA HARODWIRE. AS A MINIMUM, THE
ANFCRMATICN WILL INCLUCE TIMING, STATE VECTCR
INITIALIZATICN ANC EXTRAPOLATION {IF DESIRED), AND
SPACECRAFT ATTITUCES AND ATTITUDE RATES.

STABILIZATIOM ANC CCNTROL

PAYLCAC PCINTING ACCURACY - THE ODOMINANT ERRORS
INVGLVED IN PCINTING A PAYLOAD WITH THE SPACECRAFT
SYSTEMS ARE CONTRIBUTED BY THE STRUCTURAL
MISALIGNMENTS AND THERMAL DISTORTIONS. THE
GUICANCE AND NAVIGATION (G+N) SUBSYSTEM ERRORS,
INCLLUCING AN EQUIVALENT ANGULAR ERROR CUE T¢C
NAVIGATICN UNCERTAINTY ARE LESS AT 0.2 ODEGREE (1
SIGMA). CCNTROL SYSTEM ERRORS, I.E., ATTITUCE
DEADBANC EXCURSICNS, MUST ALSO BE ADDED TO THE

STATED ERRCR SOURCES.

THE CRBITER IS CAPABLE CF PCINTING THE PAYLCAL
CONTINUCUSLY FOR ONE ORBIT EVERY CTHER ORBIT FCR
ONE 24-HCUR PERICC PER MISSION AT ANY GROUND,
CELESTIAL, CR CRBITAL OBJECT WITHIN +/-0.5
DEGREES. PAYLOAC REQUIREMENTS IN EXCESS OF THIS
CAPABILITY SHOULC BE PROVIDELC BY THE PAYLCAC OR
EXPERIMENT SYSTEMS,

REACTICM CCNTROL SYSTEM = FIGURE 2.4 SHONKS
THRUSTER LOCAT ICNS IN THE WING TIP/NGSE
CONFIGURATION. CURRENT THRUSTER SIZING YIELD THE
STABILITY RATES INCICATEC IN TABLE 2-V.

TABLE 2-V - MINIMUM ANGULAR STABILITY RATES

* AXIS * STABILITY RATES ¢
| JS— - .
' ' ’
' FITCH ¢ {18C) e
) . .
' YAW ' (TBLC) b
’ . ')
¢ RGLL ¢ (TBC) .
' * .
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PAYLCAC CHECKQOUT

PAYLCAC CHECKQUT PROVISIONS ARE COMPRISED CF
MISSION SPECIALIST STATION CRT AND KEYBGOARD,
COMPUTER FCR PAYLCAL MCNITORING, STORED PROGRANM
PROCESSCRy PAYLOAL PROVICEDC REGIONAL ACCUISITIGON
UNITS (RAU'S), RECCRDERS, DISPLAYS AND CCONTROLS,
AND PAYLOAC COMMAND DECOCER SUBUNITS. FIGURES 2.5
AND 2.6 SHCW THESE INTVERFACES. THE COMPUTER
PROVILCES FCR SOFTWAREy CATA PROCESSING, COMMAND
ANC CCNTROL, DATA ACQUISITION, AND DISPLAY
CAPABILITIES REQUIRED FOR PAYLCAD FUNCTIONAL
ENO-TC-ENC CHECKCUT, AND STATUS MCNITORING WHILE
INSTALLED IN THE PAYLOAL BAY.

DETAILEC ACCEPTANCE TESTING OF EACH PAYLOAD ITEM
IS PERFCRMED PRIGR TO INSTALLATION. CHE(KOUT CF
THE FAYLCAC FOR PRELAUNCE DPERATIONS MAKES USE CF
THE CGRCUND CHECKCUT EQUIPMENT AND THE CNBOARC
CHECKCUT COMMANC CECCDER FOR HARDWIREC UPLIAK
COMMANCS. A HARCWIRED PCM DCWNLINK TO THE GROUND
CHECKCUT EQUIPMENT IS ALSO PROVIDEC FOR CHKECKOLT
DATA, WHICK IS INTERLEAVED WITH ORBITER SUBSYSTEM
DATA.

THE PHYSICAL INTERFACES 7TC THE PAYLCAD FOR
INFLIGHT USE ARE THE RAU®S AND THE PAYLOAC COMMAND
DECCCER SUBUNITS PROVICEL BY THE PAYLOAC. THIS
ALLCWS FCR THE PAYLCAD TC BE COMMANDED FRCM TkE
GRCUND VIA THE RF LINK OR THE OCONBOARD PAYLCAL
MCNITOR STATION THRQUGH THE COMMAND CECODER
SUBUNIT. A KEYBOARD PERMITS THE MISSICN
SPECIALIST TC COMMUNICATE WITH THE COMPUTER, AND A
CRT PERMITS THE DISPLAY OF PAYLOAC CHECKGLT (DATA.

CHECKCUT DATA ARE CCLLECTED FROM THE PAYLCAD BY
THE PAYLOAC RAU'S AND SENT TO THE STORED PROGRAM
PRCCESSOR {SPP). IT CAN THEN BE INTERLEAVED HITH
ORBITER CCWNLINK PCMy AND EITHER SENT TO THE
GROUND VIA THE RF LINK OR RECORDEC UNDER CERTAIN
CIRCUMSTANCE CN A RECORDER,

PAYLCAC RECGICNAL ACQUISITION UNIT (RAU) - TEE
PAYLCAD RAU INTERFACES THE PAYLOAD WITH THE STORED
PROGRAM PROCESSCR (SPP). IT WILL SANMPLE THE
PAYLCAD DATA CUTPUTS ON COMMAND FRCM THE SPP. THE
CESIGN REQUIREMENTS FOR THE RAU ARE AS FOLLOWS-

A. THE RAU INTERFACE WITH THE STORED PROGRAN
PRCCESSOR UTILIZES PARTY LINE TECHNIQUES 1O
MINIMIZE THE AMCUNT OF (INTERFACE WIR ING
RECUIRED.
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B. THE RAU ACCEPTS ANALOG AND DIGITAL SIGNALS IM
THE QUANTITIES, AND MIXTURES BASED ON PAYLGAD
MEASUREMENT REQUIREMENTS.

C. THE RAU SAMPLES AND DIGITIZES PAYLOAD ANALCG
SIGNALS TO THE ACCURACY REQUIRED 8Y THKE
CCMPUTER AND CTHER CATA USERS.

D. THE RAU SAMPLES PAYLCAD CHECKQUT DATA AT
SAFMPLING RATES COMPATIBLE WITH THE CCMPUTER
ANC OTHER USER RECUIREMENTS.

E. THE RAU IS PACKAGED TO OPERATE DURING ALL
"MISSICN PHASES IN THE SAME ENVIRONMENT AS THE
VEHICLE SUBSYSTEMS WITH WHICH IT INIERFACES.

PAYLCAC CCMMAND CECCDER SUBUNIT (PCDS) ~ A SERIAL
DIGITAL LIMNE IS PROVIDED FROM THE COMPUTER THROUGH
THE PCLS. THIS ALLOWS THE PAYLOAD TO BE CCMMANDEC
FROF THE GRCUND CR FRCM THE MISSICN SPECIALISY
STATICN KEYBCARD. THE PCDS PROVIDES STIMULI AND
COMMANES TG THE PAYLOACS FOR OPERATION CR
CHECKCUT. THE DESIGN REQUIREMENTS ARE AS FOLLOWS-

A, ACCEPT SERIAL CIGITAL CCMMANDS AND PROVICE
" VERIFICATION CF CORRECT DIGITAL
CCPMANDS/SEQUENCES FROM THE CCMPUTER

B. BE CAPABLE CF SIMULTANEOUS COMMANG/STIMLLI
GENERATICNy 1.Eey EMPLOY MULTIPLE PRCGRAMABLE
FUNCTION GENERATORS

C. PRCVIDING AUTCMATIC, BUILTIN CALIBRATICA
: MEANS UPCN CCMMAND, VIA SERIAL DIGITAL DATA
FRCM THE COMPUTER

De BE ENVIRONMENTALLY PACKAGED FCR THE PAYLOAD
EAVIRCNMENT

HARCWIRE INTERFACES - COAXIAL CABLES AND WIRES ARE
PRCVICEL BETWEEN THE PAYLOAL INTERFACE AND ThE
MISSICN SPECIALIST STATICN {MSS). THESE CAN BE
USED FCR INTERFACING PAYLOAC PROVIDED CISPLAYS,
RECORDERSy CONTRCLSy ET CETERAy INSTALLED IN THE
CCNSCLE AT THE MSS WITH PAYLOADS. STANDARDIZED
INTERFACE CONNECTCRS ARE PROVIDED CN THESE WIRESS
TIMFE CCDES AND SYNCHRONIZATION FREQUENCIES CAN BE
MADE AVAILABLE FROM THE ORBITER CENTRAL TIMING
UNIT, AND TRANSMITTED TO THE PAYLOAD BY THESE
INTERFACES.
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COMMUNICAT IONS

FIGURE 2.7 IS A SCHENATIC DIAGRAM OF THE
COMMUNICATICNS PRCVISICNS. :

VOICE — THE CORBITER AUCIO COMMUNICATIONS SYSTEM
PROVIDES VOICE COMMUNICATIONS FOR PAYLOAD
OPERATICAS AS FOLLOWS~-

A. TwhO-WAY  VOICE CCMMUNICATIONS BETWEEN THE
PAYLCAC BAY ANC GRCUND

Bs . ThC~-WAY VOICE CCMMUNICATIONS BETWEEN CREMW
STATICNS AND THE PAYLOACL BAY STATIONS

C. RACIO FREQUENCY {RF) VOICE COMMUNICATIONS .
BETWEEN RELEASED PAYLOADS AND THE ORBITER

Ge EVA VCICE CCMMUNICATIONS USED ONBCARD THE

- ORBITER OR RELAYEC TO THE GROUND. ThO UNIQUE

EVA CHANNELS ARE PROVIOEDy WITH CCNFERENCE
CAPABILITY TC (TBC) ADDITIONAL EVA*S.

WIDEBAND DATA -~ A HARDMWIREC INTERFACE IS PROVIDED
IN THE PAYLGAD BAY FOR TRANSMISSIGCN OF REALTIME GCR
DELAYEC WICEBAND PAYLOAD DATA TO THE GROUNC. THIS
LINK ACCCMMOCATES UP TC 256,000 BITS PER SECCANC
4BPS) CF DIGITAL CATA CR PROVIDES WIDEBANLC ANALLG
DATA. IN EITHER CASE, THE PAYLOAC PROVIDES THE
NECESSARY EGQUIPMENT TO INSURE THAT THE PAYLOAD
DATA ARE CCMPATIBLE WITH THE ORBITER TRANSMITTER.

OIGITAL DATA ~ PAYLCAD PCM CATA FRCM RAU'S IN THE
PAYLCAD BAY CAN BE TRANSMITTED TO THE GROUND
THROUGH THE STCRED PROGRAM PROCESSOR ANC S—BAND
TRANSMITTER. UP TC 25,C0C BPS OF PAYLOAD CATA CAN
BE TRANSMITTED TC THE GRCUND BY THIS METHGCC. DATA
FRCFM RELEASEC PAYLCADS UP TC 2,0C0 B8PS CAN BE
RECEIVEL BY THE CORBITER SYSTEM FOR RELAY 10 TkE
GROUNMNDs CR FCR TRANSMISSION TO THE COMPUTER USED
FOR PAYLCAC MONITORING. :

TELEVISICN (TV) - TKC COAXIAL INTERFACES ARE
PRCVICEC IN THE PAYLOAC BAY FOR TRANSMISSION CF
PAYLCAC TV VIDEO SIGNALS TC THE GROUNDy OR TG THE
VIDEC CISPLAYS AT THE PAYLOAC HANCLER STATION.

UPLIM CCMMANCS/ CATA - INFLIGHT UPLINK INFORMATIGN
FOR ATTACHED PAYLCADS IS ROUTED TO THE COMPUTER
FRGM THE S—~BAND UPLINK COMMAND OECODER. THIS
INFCRMATICN IS RELAYED TO THE PAYLOAD VIA A SERIAL
DIGITAL INTERFACE TC THE PCDS. IN ADDITICN, THIS
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INFCRMATICN CAN BE RELAYED TO RELEASE PAYLCADS (LP
TO A RANGE OF TBC MILES) VIA RF, UP TO 2,000 BPS,
COMMANDS CRIGINATEC IN THE CRBITER CAN ALSO BE
TRANSMITTED Y0 THE RELEASED PAYLOADS BY THE SAME
MEANS. THIS LINK INCLUDES A COMMAND " CONFIRMATION
CAPABILIYY. :

CREW SYSTENS

SUPFCRTS ANC RESTRAINTS — MOBILITY AIDS ARE -
PRCVIDED IN THE PAYLOAC BAY ANC ORBITER STRUCTURE.
THESE MCBILITY AIDS INCLUDE STRATEGICALLY LOCATED
HANCFCLDS, TETHER-ATTACHMENT POINTS, AND FGCT
RESTRAINTS AT WORK AREAS. SIMILAR MOBILITY AICS
SHCULD BE PROVIDED ON PAYLOADS WHICH REQUIRE CREN
OPERATICANS SUCH AS MAINTENANCE, INSPECTICN,
DEPLCYMENT; GR HABITATION.

EVA SUPPORT EQUIPMENT - THE EVA CAPABILITY FCR A

MINIMUM CF TWO CREWMEN IS PRCVIDEC BY THE ORBITER.
TO SULPPCRT EVA, THE ORBITER HAS AN AIRLCCK, EVA
EQUIPMENT STCRAGE AND CCNNING AREA, EXTRAVERICULAR
LIFE SUPPCRT SYSTEM (EVLSS) RECHARGING STATICN,
CREN MCBILITY AIDS, AND THE NECESSARY
COMMUNICATION CIRCUITS AND MCNITORING SYSTEMS FCR
CN-CKBIT CPERATIONS. THE EVA EQUIPMENT  ANC
EXPENCABLES ARE AVAILABLE, AND ARE CHARGEABLE 1IC
THE PAYLCAC. THIS EVA EQUIPMENT INCLUDES - (1)
PRESSURE GARMENT ASSEMBLIES (PGA®S) {2) EVLSS'S,
43) MANEUVERING SYSTEMS, {4) TCOL KITS, 15)
RESTRAINTS, AND (&) PORYABLE L IGHTS. STANDARG
TOCLS AND A TORQUING DEVICE #RE INCLUDED 1IN THE
JGCL KIT. SPECIALIZED TOOLS ANO TOOL ACAPTERS ARE
PROVICEC BY THE PAYLOAD.

BVA CESIGN CCNSIDERATICNS -~ THE FOLLOWING ITEMS
MUST BE CCNSIDEREC IN PAYLOAD ODESIGN TC ENSURE
COMPATIBILITY WITH THE EVA CREWMAN TC OBTAIN
MAXIMUM UTILITY FROM TIME SPENT IN EVA.

" A.  HANCHCLDS OR GUIDERAILS ARE PROVIDED ALCNG

THE EVA TRAVERSE WHEREVER POSSIBLE.

8. FCCT RESTRAINTS AND TETHER-HOGK ATTACH POINTS
ARE PROVIDEC AT WORK STATIONS QR WHEREVER
PULLING, PUSHINGy GCR TORQUING ACTIONS ARE
RECUIREC.

C. PAXIMUM FORCE AND TGRQUE CAPABILITIES FOR THE
RESTRAINED EVA CREWMEN ARE-
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TCRQUE - (TBD) FT-LBS
FCRCE PULL — (TBD) LBS
FCRCE PUSH - (TED) LBS

De REACH MCBILITY ANG VISIBILITY ARE CCNSIDEREC
IN WORK STATICN DESIGN. TOOLS AND CONTROLS
MUST BE COMPATIBLE WITH THE GLOVEC HAND.

Ee  MAXIMUM ENVELOPE CIMENSICNS OF THE PGA/PLSS
ARE SHCWN IN FIGURE 2.8.

Fe LIGHTING LEVELS ARE COMPATIBLE WITH THE TASKS
TG BE PERFORMED.

G. SHARP CR DANGEROUS OBJECTS ARE ELIMINATED
FRCM THE EVA ROUTE. - '

PAYLCAD WEIGHT WEICKH CAN BE TRANSFERRED @8y TFE
CREWMAN IS DEPENDENT UPCN THE PHYSICAL
CONFIGURATION OF THE PAYLOAD AND THE METHOD CF
TRANSFER. PAYLOAC TRANSFERS FROM THE PAYLCAD BAY
TO AN EVA WORK STATION CAN BE ACCOMPLISHEC BY THE
CREWMAN CARRYING THE PAYLCAD TO THE WORK STATION,
CR BY USING A TRANSFER DEVICE SUCH AS CLCTRESLINE
TYPE CCNVEYOR. TC CARRY THE PAYLGCAL TO THE WORK
STATICNe THE CREWMAN GRASPS THE PAYLOAD BY MEANS
OF EANCHCLCS, OR ATTACHES THE PAYLCOAD TO THE PGA
OR CTHER EVA ECUIPMENT BY MEANS OCF RESTRAINT
DEVICES. '

EVA AIRLCCK - AN AIRLOCK{S) IS PROVIDED B8Y TKE
ORBITER WHICH ALLCWS DUAL EVA FROM THE ORBITER.
THE ATRLCCK(S) PRCVIDE IVA ACCESS TO THE PAYLOAD
BAY wiTK PAYLOAD COCRS CLCSED, AS WELL AS EXTERMAL
TC THE CRBITER. THE EVA CAPABILITY EXISTS WITH CR
NITHCUT AN ORBITAL ELEMENT ATTACHEC TO THE DOCKING
PCRT.

CREW CCMPARTMENT/PAYLOAD BAY ACCESS - AN INTERNAL
ACCESS BETWEEN THE CREW COMPARTMENT ANC THE
PAYLCAC BAY IS CESIGNED IN THE ORBITER. THIS
ACCESS ALLONWS SHIRTSLEEVE Iva TRANSFER CF
PERSCNNEL AND CARGC THRQOUGH A HATCH LOCATED IN THE
AFT SECTION OF THE CABIN TO A HABITABLE PAYLOAD

MCDULE IN THE PAYLCAD BAY. LOCATED WITRIN TFE

PRESSURIZEC VCLUME CF THIS INTERFACE ARE REDUNDANT
POWERy Ce¢W, DATA; CCMMUNICATIONS, ANC  FLUID
INTERFACE CCNNECTCRS TC SUPPORT HABITABLE PAYLOADS
IN TrHE PAYLOAC BAY.

ILLUMINATICN — THE CRBITER HAS LIGHTING SYSTEMS TC
SUPFCRT CREBITER/PAYLOAC CPERATIONS EXTERNAL TC THE
ORBITER, INSIDE THE PAYLCAC BAY, AND INSIDE THE



ENVELOPE DIMENSIONS FOR A SUITED PRESSURIZED MALE CREW MEMBER

10.3 REF —o]

36.0 REF

X MIN

I“——-—IB.A REF

DIMENSION

PERCENTILE (INCHES)
5 95

A - HEIGHT

B - MAX BREADTH AT ELBOWS (ARMS RELAXED)

C - MAX BREADTH AT ELBOWS (ARMS AT SIDE)

D - MAX DEPTH WITH PORTABLE LIFE SUPPORT SYSTEM
(PLSS) & BACKUP OXYGEN (OPS)

E - MAX DEPTH WITHOUT PLSS/OPS

WEIGHT (POUNDS), WITH PLSS/OPS

WEIGHT (POUNDS), WITHOUT PLSS/OPS

68.7
»
*
26.0

15.5
331.7
206.2

4
2

76.
29.
26.
28.
17.
04.

8
4
4
4
9
6
78.9

* INDICATES DATA NOT AVAILABLE

FOR DIMENSIONS D & E 2 INCHES HAVE BEEN ADDED TO MAXIMUM CHEST OF SUITED/PRESSURIZED -
CREWMAN FOR PLSS CONTROL BOX TO OBTAIN ENVELOPE DIMENSIONS

MEASUREMENTS MADE ON A7L PGA, PRESSURIZED TO 3.75 PSIG
| PGA/PLSS DIMENSIONS

FIGURE - 2.8

bs
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CREW CCMPARTMENT. THE EXTERNAL LIGHTING SYSTENM
PRGVIDES ILLUMINATION FOR PAYLGAD DEPLCYMENT,
DCCKING, AND RETRIEVAL GCPERATIONS. PAYLCAD BAY
ILLUFINATICN IS AVAILABLE FOR PAYLOAD INSPECTICN,
ATTACHED PAYLCAD CPERATIONS, PAYLOAD LATCHINGs AND
PAYLCAC RELEASE. THE LIGHTING SYSTEM NWITHIN THE
CABIN ILLUMINATES THE PAYLOAL DISPLAY AND CONTROL
STATICN AT LEVELS WHICH ARE CONSISTENT WITH ThE
CREW CCMPARTMENT TLLUMINATION REQUIREMENTS.

ENVIRONMENTAL CONTRCL/LIFE SUPPORT SYSTEM

SYSTEM CAPABILITIES — THE CRBITER ENVIRCNMENTAL
CONTRCL/LIFE SUPPGRT SYSTEM (ECLSS) BASELINE IS
CESICNEC TC ACCOMMGCATE A CREW OF FOUR FOR A
MISSICN DURATION OF 7 CAYS. THIS SYSTEM HAS TEE
CAPABILITY TO ACCCMMCCATE UP TO 42 MAN-DAYS
WITHCUT SYSTEM CHANGES. WITH MINOR CHANGES, SIX
ADDITICNAL PECPLE CAN EE ACCOMMODATED WITH SLIGHTY
INCREASES IN ATMCSPHERIC DRY BULB TEMPERATURE,
HUMICITY, ANC CARBCN DIOXIDE CONTENT.

ATMCSPHERE SUPPLY AND PRESSURE CCNTROL - THIS
SYSTEM IS DESIGNEC TO CONTROL AND MAINTAIN
AUTCNMATICALLY A TWO-GASy SEA LEVEL ECQUIVALENT
ATMCSPHERE (14.7 PS 1A, 80-PERCENT MITROGEN,
20-PERCENT OXYGEN) WITHIN THE ORBITER CABIN ANC
HABITAEBLE PAYLOAL MODULES.

THE WEIGHT OF ACCITICNAL ATMCSPHERE STCRAGE
EQUIFMENT AND EXPENDABLES TG SUPPORT MISSIONS
BEYCND 28 MAN-DAYS ARE CHARGED TC THE PAYLOAC.
THE FAYLCAC SHOULC NOT INTRODUCE ACDITIONAL OXYGEN
OR NITRCGEM INTO THE HAEITABLE ATMOSPHERE.

ACTIVE THERFAL CCNTRCL - THE CORBITER ACTIVE
THERMAL CCNTROL SUBSYSTEM PROVIDES INTERFACE HEAT
EXCHANGERS TC REJECT PAYLOAD WASTE HEAT 10 THE
ORBITER HEAT REJECTION ECQUIPMENT. THIS SUBSYSTEM
A4S CAPABLE GF TRANSFERRING PAYLOAD WASTE HEAT LP
TG 5200 BTU/KR DURING PEAK ORBITER OPERATICONS, AND
{T8C) BTU/HR DURING CN-GRBIT COAST PERICODS.
SUFPLENMENTARY CN-CREBIT HEAT REJECTION IS PROVIDED
BY CRBITER WATER EVAPORATION OR BY PAYLCAC
SUPPLIEC HEAT REJECTION SYSTEMS. THE PAYLCAL IS
ALSC RESPCNSIBLE FCR PROVIDING THE PAYLCAD HEATY
TRANSPCRY THERMAL CCNTROL SYSTEM AND HARCWARE T1C
INTERFACE WITH THE CRBITER ACTIVE THERMAL CONTRCL
SUBSYSTEM INTERFACE HEAT EXCHANGER.
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WASTE MANAGEMENT - ALL SOLID AND LIQUID WwASTE
PRCCUCTS ARE STORED ONBOARD FOR RETURN TO EARTH,
HOWEVER, AN OVERBCARC LIQUID CUMP SYSTEM IS
PROVIGCED AS A CONTINGENCY MEASURE.  WASTE #®ATER
FRCM PAYLCAC EXPERIMENTS CR OPERATIONS 1S
PROCESSEC ANC/OR STOREC BY THE PAYLCAD. '

PAYLCAC BAY ENVIRCNMENT

ACCUSTIC ~ THE ORBITER PAYLOAD BAY INTERICR SOUND
PRESSURE LEVEL WILL NOT EXCEED 145 DB.

VIBRATICN -~ VIBRATICN ENVIRONMENT WITFIN THE
PAYLCAL BAY WILL NOT EXCEED CURRENT LAUNCH VEFICLE
PAYLCAD ENVIRCNMENTS.

SHCCK - ORBITER/BOOSTER SEPARATICN AND CRBITER
LANCING ARE EXPECTED TC INDUCE SHORT DURATICA
SHOCK TT THE PAYLCADS.

FLIGHT ACCELERATICN LOADS - THE SHUTTLE FLIGHT
ACCELERATICN LOACS ARE GIVEN IN TABLE 2-VI1 FOR THE
VARICUS FLIGHT PHASES. THESE LOALC FACTORS INCLULCE
THE CYNAMIC INDUCED LOADS, AND CARRY THE SICNS CF
EXTERNALLY APPLIEC LOALS.
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TABLE 2-VI - PRELIMINARY LIMIT LCAD FACTORS FOR PAYLOAD
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PAYLCAD BAY ATMOSPHERE — THE ORBITER PAYLCAD BAY
CAN BE ATMCSPHERIC CONTROLLED INDEPENDENT CF OTHER
PARTS CF THE CRBITER STRUCTURE WHILE ON THE LAUNCH
PAC. THIS PRCVISIGN ALLCWS THE CONTROL OF THE
TEMPERATURE, HUMICITY, ATMOSPHERE COMPOSITION, ANC
PARTICLE CONTAMINATION OF THE PAYLCAD BAY BY THE
USE CF LAUNCH SITE GSE, : :

THE CRBITER PAYLCAC EAY IS VENTEC DURING TkE
LAUNCH AND ENTRY PHASES, AND OPERATES
UNPRESSURIZEL DURING THE QORBITAL PHASE OF TKE
MISSICN. THE PRESSURE ENVIRONMENT CURVES FOR THE
LAUNCH AND ENTRY PHASES ARE SHOWN IN FIGLRE 2.6,

CONTAMINATION ~ CCNTAMINATION OF THE PAYLOAD IS
MINIMIZED THROUGH CONTROLLED VENTING, MATERIAL
CCATRCL, ANC PRELAUNCH ATMOSPHERIC CGNTROL.
ATTITUDE CCNTROL SYSTEM THRUSTERS ARE DESIGNED T1C
PREVENT PLUME [IMPINGEMENT ON TRE PAYLCAD CR
PAYLCAL BAY.

THERMAL ENVIRONMENT AND CCNTROL - THE
DETERMINATION CF PAYLOAD TEMPERATURE AN
TEMPERATURE ENVIRCNMENTS WHICH THE PAYLCAD WILL
ACTUALLY EXPERIENCE IN THE PAYLOAC BAY REQUIRES
KNCWLECGE QOF THE SPECIFIC MISSION ENVIRONMENT FRGOM
BCCST THROUGH ENTRY, THE TYPE OF THERMAL CONTRGL
PRCVIOEL BY THE SHUTTLE VEHICLE ANC THE PAYLOAC,
AND THE PAYLOAD 8AY - AND PAYLOAD THERMAL
CHARACTERISTICS. TO CBTAIN THIS INFORMATICN
RECUIRES DETAILEC KNOWLEDGE CF THE ACTUAL SHUTTLE
AND PAYLCAL CESICN, AS HELL AS THE SPECIFIC
INFLIGHT CRIENTATICNS WHICH PROBABLY WILL VARY FGR
EACK CIFFERENT MISSICN OBJECTIVE. AS SHUTTLE
PAYLCAC BAY AND PAYLOAC THERMAL DESIGN CRITERIA IS
CURRENTLY ENV IS ICNED, THE FOLLOWING DESIGN
RECUIREMENTS HAVE PBEEN [IMPCSED CON THE SHUTTLE
VEHICLE THERMAL CESIGN.

THE INTERNAL WALL TEMPERATURE LIMITS FOR THE
PAYLCAC BAY, NOT CCNSIDERING PAYLGAD HEAT ADDITICN
OR REMCVAL SHALL REMAIN WITHIN THE RANGES NOTED IN
THE FCLLCWING TAELE-
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CONDITICA MININUM ( F) MAXIMUM ( F)
PRELAUNCH +40 +120
LAUNCH +40 . +150
UN-URBIT (DOGR-CLCSEC) -100 +150
ENTRY AND POST LANGING -100 +200

AS AM CN-ORBIT THERMAL CCNTROL PCINT-DESIGN FCR

SIZING THE NCMINAL PAYLOAC PASSIVE THERMAL CONTRCL

PRCVIDEC BY THE CRBITER, THE PAYLOAD BAY IS
DESIGNEC TC LIMIT THE NET HEAT LEAK INTO OR OUT CF
A 1C0-CEGREE FAFRENKHEIT CONSTANT TEMPERATLURE
PAYLCAD TO 3 BTU/HR/SQUARE FOOT, WITH THE PAYLCAD
DCCRS CLGSED UNDER WORST-CASE CRBITAL
ORTENTATIGAKS .

PRGVISICNS ARE INCORFORATEL IN THE PAYLCAD
BAY—-WALL DESIGN FCR ATTACHMENT AND REMCVAL OF
PASSIVE THERMAL CONTROL IN MODULAR FORM TC MEET
MNARIABLE PAYLOAD THERMAL CCNTROL REQUIREMENTS.

THE TEMPERATURE LIMITS  SPECIFIED FCR THE
PRELAUNCH, LAUNChy ANC ENTRY PHASES PRCVIDE A
DESIGN ENVIRCNMENT INTERFACE BETWEEN THE PAYLOAD
ANC FAYLCAC BAY, WHICH REPRESENTS CONSERVATIVE
PAYLCAC BAY-WALL EAVIRCNMENT TEMPERATURES FOR A
PASSIVE PAYLCAD. BECAUSE OF THE VARIABLE NATURE
CF THE ON-CRBIT PAYLOAD BAY THERMAL CONTRCL
REQUIREMENTS; CAUSEC BY VARIATIONS IN THE ORBIT
THERPAL ENVIRONMENT AND = PAYLOAD THERMAL
REQUIREMENTS, FLEXIBILITY IN MEETINC THESE
¥ARIATICNS IS PRCVIDED BY REMOVAL AND PLACEMENT CF
DIFFERENT PASSIVE INSULATICON SYSTEMS AS REQUIREC.
AN CM-CRBIT PCINT CESICN REQUIREMENT PROVIDES FCR
NOMINAL PAYLCAD BAY PASSIVE THERMAL CONTRCL IN THE
PAYLCAD BAY DESIGN.

IF THE PAYLOAD BAY CANNGT BE PASSIVELY CONTROLLED,
PRCVISICNS FOR LIMITEC ACTIVE THERMAL COATROL CF
¥HE PAYLCAC IS AVAILABLE FROM THE SHUTTLE GRBITER.
ACTIVE PAYLOAD THERMAL CCNTROL IS SUPPLIEC BY . THE
ORBITER ACTIVE FLUID LCGCP SYSTEM THROUGH A HEAT
EXCHANGER IN THE ORBITER TO SUPPORT THE PAVLOAD IN
THE PAYLCAD BAY. THE FEAT TRANSFER CAPACITY FCR
PAYLCADS ECUIPMENT IS~
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A PEAK CAPACITY OF 5200 BTU/HR DURING PEAK
CRBITER CPERATIONS

B. PEAK CAPACITY OF (TED) BTU/HR DURING CN-ORBIT
CCAST PERIOQCLS

SINCE A MINIMUM ENERGY ALLOWANCE OF 50 KWH IS
PRCVIDEC BY THE CRBITER ELECTRICAL POWER SYSTEM
FOR PAYLCAL SUPPCRT, A PCRTICN OF THIS PCWER CAN

B8E UTILIZEC FOR ACTIVE HEATER THERMAL CONTROL,

DEPENDING UPON OTHER PAYLCAD ELECTRICAL POWER
REGUIREMENTS .

RADIATICN - RADIOACTIVE SOURCES CN THE ORBITER ARE
CCNTRCLLEC TO RECUCE STRAY SIGNAL SOULRCES 10
EXPERIMENTS OR PAYLCADS CARRIED BY THE CRBITER,
PAYLCAD SUPPLIED RACIOACTIVE SOURCES ARE APPROVED
VHRCUGK THE CRBITER INTEGRATION CENTER (MSC) TC
MEET ALL FLIGHT AND SAFETY REQUIREMENTS.
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SAFETY, RELIABILITY, AND QUALITY ASSURANCE

SHUTTLE CAPABILITIES

ABGRTS ~ TFHE SHUTTLE IS DESIGNED TGO PROVIDE SAFE
MISSICN TERMINATICN CAPABILITY FOR ALL FLIGHT
REGIMES. SAFE MISSION TERMINATION INCLULDES THE
INTACT RETURN OF PAYLOADS TO EARTH.

CREw ANC PASSENGER EGRESS ~ EMERGENCY EGRESS
CAPAEBILITY FCR THE CREW ANLC PASSENGERS IS PROVIODEC

FOR PRELAUNCH AND PCSTLANDING OPERATIONS.

CAUTICN ANC WARNING - THE SHUTTLE PRCVIDES A
CAUTICN ANC WARNING SYSTEM FOR PROCESSING AND
DISPLAYING CRITICAL PAYLOAD DATA, SEE SECTIGN
2.30400 FOCR A CESCRIPTICN OF THE CAUTICN AND
WARNING SYSTEM.

PAYLCAD CCNTROL - THE SHUTTLE PROVIDES A LIMITED
HARCWARE ANO RF CONTROL CAPABILITY TO PROVIDE
CORRECTIVE MEANS TC CIRCUMVENT CATASTROPHIC EVENTS
FRCHE OCCURRING, ANC FOR ACTIVATICN AND
DEACTIVATICN CF PAYLOAD SYSTEMS. SEE SECTICNS
2.30700 ANC 2.30800 FOR MORE DETAILS.

DUMPS AND VENTS - THE CAPABILITY TC DUMP LIQUICS
AND VENY GASES IS PROVIDEC. INTERCONNECTYS 10 THE
DUMP ANC VENTING SYSTEMS ARE AVAILABLE TC SAFELY
REMCVE LIQUIDS ANC GASES FROM THE PAYLOAD BAY, IF
REQUIREC.

PURGE - A NITROGEN PURGE CAPABILITY IS PROVIDEL
FOR INERTING THE PAYLUAD BAY PRIGR TO LAUNCH.

PAYLCAC

PURPCSE ANC SCOPE -~ THE FIRST INTENT GF THIS
SECTICN IS TC DEFINE MINIMUM SAFETY, RELIABILITY,
AND CUALITY ASSURANCE REGQUIREMENTS TQ BE INVOKED
ON PAYLCAD SUPPLIERS, THESE REQUIREMENTS
COCNSIDER PRIMARILY THE SAFETY, RELIABILITY, AND
QUALITY ASSURANCE CF PAVLCAD HAZARES, THE NORMAL
OPERATICN CR FAILURE OF WHICH COULC CAUSE HRAZARCS
TO PERSONNEL, OR CAMAGE TO THE SHUTTLE SYSTEM,
RELATED FACILITIES, OR CTHER PAYLOAD ELEMENTS.
SECCNC, THE COMPATIBILITY OF THE PAYLOAD WITH THE
SHUTTLE INTERFACES IS ALSO A CONCERN.
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GENERAL RECUIREMENTS — THE PAYLCAD SUPPLIER IS
RESPCNSIBLE FOR THE FOLLOWING SAFETY, RELIABILITY,
ANC CUALITY ASSURANCE ACTIVITIES~.

A.

B.

D.

THE DETERMINATION OF THE HAZARCOUS ASPECTS CF
HIS PAYLGAL AND THE IMPLEMENTATICN CF
RECUIREC CORRECTIVE MEASURES.

ASSURANCE OF THE COMPATIBILITY OF HIS PAYLGOAD
WITE THE SHUYTLE INTERFACES.

ICENTIFICATICN TC NASA OCOF THE UMNESCLVEC
RESICUAL HAZ ARDS ANO INTERFACE
INCCMFATIBILITIES PRIOR TO NASA APPRCVAL CF
HIS PAYLCAD.

THE ON-ORBIT FUNCTICNAL RELIABILITY, QUALITY,
AND SAFETY (OF HIS PAYLOAD.
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