TABLE IV

SHUTTLE PROGRAM CONTRACTS

@® Orbiter/System Integration — R.I. Space Division

® Flight control systems Honeywell

® Data processing & software requirements——————=IBM

® Orbital maneuvering system pods MDAC

® Vertical stabilizer Republic

e Wing Grumman

o Mid-fuselage General Dynamics
e Ground maintenance & operations support———————-American Airlines

@® Main Engine - R.I. Rocketdyne Division

® Controller Honeywell

® Hydraulic actuator Hydraulic Research Inc.
® External Tank Martin Marietta Corporation
® Solid Rocket Booster Thiokol Chemical Corporation

(Solid rocket motor; the total
SRB to be defined later)
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11.

12.

APOLLO SOYUZ TEST PROJECT MAJOR MILESTONES

USA/USSR Approval of Project

Joint Testing of Docking System (Scale Models)
Joint Testing of Full Scale Docking Systems
Joint Testing of Communications Systems
Preflight Check of Compatible Systems
Familiarization of Crews

Training of Soyuz Crew in USA

Training of Apollo Crew in USSR

Training of Flight Controllers

Control Center Tests

Flight Readiness Review

Launch

Figure 1
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APOLLO/SOYUZ TEST PROJECT
MASTER PROGRAM SCHEDULE
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PRODUCTION
DOCKING
MODULE
THERM VAC

FLIGHT

CSM 111

CSM 119 & SLA'S

1972 1973 1974 1975 1
JTATSIOINTD LI TFIMIAIMISTITATISIOINID JJ [FIMIA[M]J[J[AISIOINTDIITFIMIAIM T  TUTATSTOINTD
DOCKING SYSTEM] DNY & JSC JsC !
DEVEL USSR-USA
| | | DNY & JSC JsC
QUAL : R-USA
PRODUCTION

USA BERReReE
USSR
usa/ussk B

b

J{A]s]o[N]D

NONNNBENE

TIFIMIAIMLI 1 JALSJOINID]

1972

1973

1974

1975

]

Figure 2



LS

GROUND TESTS, MOCKUPS, TRAINERS AND SIMULATORS
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ASTP

PROJECT DOCUMENTATION

PROJECT TECHNICAL
PROPOSAL

ASTP10000

ORGANIZATION PLAN
ASTP20000

PROJECT
SCHEDULE
DOCUMENT

ASTP30000

I EQUIPMENT TRANSPORTATION

DOCUMENTS

ASTP200100

PUBLIC INFORMATION PLANS
ASTP20050

SAFETY ASSESSMENT REPORTS
ASTP20100

I

MISSION
DOCUMENTS

ASTP40000

MISSION REQUIREMENTS
ASTPA0000

LAUNCH WINGOW PLAN
ASTP40100

TRAJECTORY PLAN
ASTP40200

FLIGHT PLAN GUIDELINES
ASTP40300

MISSION OPERATICNS PLAN
ASTP40400

CONT[NGENCY PLAN
ASTP40GL00

ON-BOARD JOINT OPERATIONS INSTRUCTIONS
ASTP40L00

CREW AND GROUND PERSONNEL TRAINING PLAN
ASTP40700

POST-MISSIGN REPORT
ASTP40B0OO

Figure 4
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INTERACTING
EQUIPMENT
DOCUMENTS

1ED50000

DOCKING MECHANISM
1£050000

COMMIKICATIONS AND TRACKING EQUIPMENT
1£D530100

DOCKING ALDS
1£050200

OPTICS AND ORIENTATION
1£D50300

CONTROL SYSTEMS
1EDS0400

INTER-CONTROL CENTER COMMUNICAT]ONS
TEDS0L00

CABLE COMMUNICATIONS ANU TELEVISION
TEDS0L00

CONDITIONS AND EQUIPMENT IN CREW TRANSFER
[ED50700
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APOLLO/SOYUZ TEST PROJECT
SPACECRAFT

NEW, COMPATIBLE
DOCKING ASSEMBLY

HOBLA COBMECTHUMER
ATPETAT CTbMOBHH

DOCKING MODULE
CTLHOBOYHER OTCEH

*ANOANOH®

APOLLO-SOYUZ REMDEZVOUS AND DOCKING TEST PROJECT
SKCNEPHMEHTANILHEA NPOEHT CEMXEHHA H CTHKOBKH "ANIOJUIOH/COn3 "

Figure 5



ASTP LAUNCH CONFIGURATION

|

(@ ]

LAUNCH ESCAPE SYSTEM \\\\\\\‘

LAUNCH ESCAPE SYSTEM

COMMAND MODULE (CM)
LAUNCH THERMAL

PROTECTIVE COVER FLASHING BEACON

REACTION CONTROL

SERVICE MODULE (SM) SYSTEM EMGINES

ORIENTATION LIGHTS (16)

SPS ENGINE

DOCKING MODULE (DM) EXPANSION NOZZLE

DM LAUNCH

SPACECRAFT LAUNCH SUPPORT STRUCTURE

ADAPTER (SLA)

SATURN IB
LAUNCH VEHICLE
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APOLLO/SOYUZ - TEST MISSION RADIO COMMUNICATIONS LINKS

& 22—

212175 Mz~~~

% RANGING & VOICE Q] —
b 4—2—Z—2Z~ 296.8 Mz — S~ L)
Ty 121.75 Mz I Y

PRIMARY VOICE

APOLLO T 12175 S SovUz

2 68 S

SECONDARY- VOICE

A Y - 296.8 Mi
USA FREQUENCY - 296.8 Mz USSR FREQUENCY - 121.75 MHz

USA NETWORK USSR NETWORK

Figure 7




DOCKING MODULE - SOYUZ END

GAS STORAGE TANKS

62

VHF/FM ATTENAS

Figure 8
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ASTP CABLE COMMUNICATIONS SYSTEM

COMMAND MODULE | DOCKING MODULE DOCKING MODULE |, ORBITAL MODULE ORBITAL MODULE  LIVING MODULE
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EQUIPMENT
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R L o
TICTTT T USA SYSTEMS CIRCUITS J L

CM EQUI PMENT
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=00y 0 bt
=5 i
1 | |

Figure 8A
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U.,S., AND USSR COMPATIBLE DOCKING SYSTEMS

USSR SYSTEM (PASSIVE MODE USA S
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Figure 9
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APOLLO SOYUZ TEST PROJECT
MISSION PROFILE

SOYUZ APOLLO
ORBIT ORBIT DOCKING APOLLO
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Figure 10



FIRST TRANSFER OPERATIONS

¢ INTEGRITY CHECK * DM CREW ENTRY * DM PRESSURIZATION
* TUNNEL INTEG CK

A1C1
(36
* TUNNEL ACCESS e ASTRONAUT TRANSFER ¢ JOINT ACTIVITIES

* DM TO OM

* ASTRONAUT TRANSFER * DM PRESSURIZATION * TRANSFER, DM TO CM
* OMTO DM

CM - COMMAND MODULE
DM - DOCKING MODULE
OM - ORBITAL MODULE

Figure 11



SPACE SHUTTLE MANAGEMENT RELATIONSHIPS

L9

AM/JIISF
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: SUPPORT INTEGRATION INTEGRATION :
i i
i 1
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| SHUTTLE PROJECTS ORBITER SHUTTLE PROJECTS| |
=777 OFFICE, MSFC PROJECT OFFICE, KSC
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SHUTTLE ROCKET TANK
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Figure 12
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NASA SPACE SHUTTLE PROGRAM ORGANIZATION

SPACE SHUTTLE PROGRAM
DIRECTOR - HEADQUARTERS

LEVEL | REQUIREMENTS AND CONTROLS

e e — —— — —— — —— —— . — — —— — —— —— —— —— — — — — — — — —— — —— — — — — —

SPACE SHUTTLE PROGRAM
MANAGER - JSC

[ | ]
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SHUTTLE
OFFICE

Figure 13
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PROGRAM MANAGER

VICE PRESIDENT &

Program Vice President & | Progrom Vice President &

BUSINESS MANAGEMENT

Assoc Progrom Manager - | Assoc Program Monager -
intearotion Orbiter
ASSURANCE SHUTTLE APPLICATIONS " SHUTTLE INTEGRATION
Director MANAGEMENT Directo MANAGEMENT
Director rector _— s
Directors
EXTERNAL TANK, LAUNCH
& LANDING
SSME, SRB
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PAYLOADS

PRODUCTION OPERATIONS
Director

ENGINEERING
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TEST
Directos

]

Figure 14
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CHIEF PROGRAM
ENGINEER

OFFSITE TEST
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]

[ TY & SAFETY TECHNICAL & AESOURCES
uu.::,,uw,‘ MANAGEMENT
racter
AVIONICS DESIGN'&
INTEGRATION

Duecter

AVIONICS SUBTSTEMS
ENGINEERING

PROCESSING

AVIONICS DATA

Dasctor

& SOFTWARE

AVIONICS SYSTEMS
ENGINEERING

Director

Spoceciall Mangaers
ov-1
ov-#

1

|

1

1

1

PROPULSION & APU
Director

TLECTRO/MECHANICAL
SYSTEMS

Director

AERO SCIENCES
Director

AIRFRAME DESIGN &
AMNALY S

Ditectar

SYSTEMS INTEGRATION &
REQUIREMENTS
Director

MOJECT INTEGRATION
TROL
Chiel Project Engineer

& COl

ECLSS/ POWER STSTEMS

Director

PATLOAD INTEGRATION

Figure 15
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YiCE PRESIDENT AND
PROGRAM MANAGER

DEPUTY PROGRAM
MANAGER

SPACE SHUTTLE
MAIN ENGINE PROGRAM

MATERIAL BUSINESS OPERATIONS QUALITY, RELIABILITY & ENGINEERING TEST PRODUCT OPERATIONS
A SYSTEM SAFETY
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DIRECTOR
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—

KEY PROJECT MANAGER
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Figure 16
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SPACE SHUTTLE PROGRAM

1
SHUTTLE SYSTEM DEVELOPMENT TLE
& PRODUCTION PHASE AL PHASE
1.0 2.0
SYSTEM AIRBREATHING
MANAGEMENT ENGINE (GFE) — FLIGHT OPERATIONS
_ 1.1 1.7 o 2.1
SYSTEM ENGINEERING FLIGHT TEST
& INTEGRATION SUPPORT — GROUND OPERATIONS
1.2 1.8 2.2

FLIGHT VEHICLE SYS

& ORBITER VEHICLE

SYSTEM SUPPORT

1.3 1.9
SOLID ROCKET
nnnceTen feec LAUNCH & LANDING
BOOSTER (GFL/ LAUNCH & LANDING
1.4 1.10
SPACE SHUTTLE
MAIN ENGINE PAYLOAD SUPPORT
(GFE) 1.5 1.11

varc)

e e A

(GFE)

GUVERNMENI JSUPFUKI
& EQUIPMENT
1.12

PROGRAM WORK BREAKDOWN STRUCTURE

Figure 17
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SPACE SHUTTLE SYSTEM
PROGRAM TARGET SCHEDULE

1982

1972 [1973 (1974 [ 1975] 1976 | 1977 [ 1978 1979 [ 1980 | 1981
UL

LI

L

TTT T T T T I T T T i T T T T T I T T I rrrd
FHF FVF (o}

SHUTTLE D\-ATP

o Fal <o
SYSTEM /\-PRR
MILESTONES /\- SRR

/\-PDR

(CDR-FHF)%", /XCDR (SYSTEM)
ATP - MAIN ENGINE

MAJOR G-ATP - ORBITER/INTEGRATION

ELEMENTS G-ATP . EXTERNAL TANK

PHASING
o ATP . SOLID ROCKET BOOSTER

DEV FLY TESTING-HORIZONTAL
SO ———

FLIGHTS DEV FLT TESTING-VERTICAL
Sm——

OPERATIONAL FLTS

LEGEND
ATP . AUTHORITY TO PROCEED CDR - CRITICAL DESIGN REVIEW
PRR - PROGRAM REQUIREMENTS REVIEW FHF . FIRST HORIZONTAL FLIGHY
SRR . SYSTEM REQUIREMENTS REVIEW FVF - FIRST VERTICAL FLIGHT
OS . OPERATIONAL SHUTTLE

PDR - PRELIMINARY DESIGN REVIEW

Figure 18
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ACE SHUTTLE PROGRAM SCHEDULE
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Figure 19A
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SPACE SHUTTLE PROGRAM SCHEDULE (CONT)

CALENDAR YEARS 1972 1973 1974 1975 1976 1977 1978 1979
slal el sTal o e a]aln e s TaaTe s a3 a1 2 a1 ]2 3]
PROGRAM & PRR o SRR FHF FVEy 10O O
(/M1/13/128)  (8/13/73) (05/20/73) (12/8176) (9/1778) {6/1/79) C-DDT&I
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I fwdl < O O h g
| DESIGN & DEVELOPMENT
SRB PROJECT I I l [
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4 1 4 T
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: <o

: — 3

SSME 0/D
ORB 0/D
I ET0/D.¢y
MAIN PROPULSION TESTS (MTF) FIELD ASSY & ACTIV A" l smnlc FIRING J
- SRB/ET/DUNMMY ORB GVT

INTEGRATED : L
TEST l PYEERL | vavr

BROUND VIBRATION TESTS (MSFC) O

| ET/DUNIMY ORB GVT ORB NO. 1/ET/SRE

| FHF ORB NO. COMP HFT ORB i40. 2 HFT

H \ ORB NO. | ORB NO. 2 FERRY TO KSC

HORIZONTAL FLIGHT TESTS (EAFB) I

I

M 0RB 2 0/D KSG
LAUNCH © o

A G SME ORB 2 0/D XSC SRB ORB NO. 2 0/D KSC

& LANDING ET ORB 2 0/D KSC FuE
PROJECT 1 v

1

VERTICAL FLT TEST }

Figure 19B
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¢ 20MS ENGINES

#40 RCS ENGINES
S P00 LB VAC THRUST, EA
'u RCS VERNIER ENGINES -

25 LB VAC Trmust EA .
-wemur LBl .

Y K1
DESiGN LANDING 187K .

8000 1.B V&G THRU&T EA

%

SPACE SHUTTLE VEHICLE

Figure 20

|

SHUTTLE VENICLE

¢ DESIGN LAUNCH
WEIGHT (LB}

® PAYLOAD (LB}
E EAST
DESIGN (1049}

4163K

85
2K

! EXTERNAL TANK

® LENGTH (FT)
& DIAMETER {IN.)

® WEIGHT (LB)
LAUNCH
USEABLE PROP

155.4
324

1631K
1563K

10385798558




ORBITER VEHICLE

LL

7
—21%

FWD RCS r——cmco BAY-—-—-—-l

122 FT

RUDDER 122.8 DEG
SPEED BRAKE
87 DEG INCLUSIVE | WING | VERT TAIL
ANGLE
AREA
(sQ FT) | 2690 413.25
18 FT AR 2.265| 1.675
5 ALE 45 45
(DEG)
™™~ 2 oMs/RcS PODS
s OMS THRUST = 6K LB/EA
* RCS THRUST = 900 LB/EA

ELEVON DOWN 15 DEG, UP 40 DEG

L

|

@

3 SSME
470K LB THRUST/EA

57 FT

<}

«———REF BODY LENGTH (Lg) = 107.5 FT

1 ga ' da

’ BODY FLAP DOWN 10 DEG, UP 18 DEG

FROM HOR1ZONTAL

Figure 21
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FORWARD FUSELAGE WINDOW SUBSYSTEM

- THERMAL

WINDOW
FUSELAGE ML

QUTER CAVITY
VENT

PRESSURE
WINDOW

PANES

CABIN ML

INNER CAVITY
VENT

Figure 22
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3
400 x 10~ i
POLAR ENTRY TRAJECTORY §
1
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Figure 23
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REFERENCE HEATING RATE (BTU/FTZ-SEC)
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ORBITER ISOTHERMS
&
TPS THICKNESS REQMT

(2630 F) 2561 F

(2860 F)

(2220 F)
2272 F

BOTTOM

TEMPERATURES

XXX ~ RAD EQUIL
(XXX) ~ RCC REAL
TEMP
¢THICKNESS IN INCHES

Figure 25



ORBITER THERMAL PROTECTION SYSTEM

NOSE LEADING EDGE TYPICAL HRSI & LRSI

SECTION

HRS | HRS | 6.0 x 6.0 IN.
TILE

0050 + 0.015 IN. COATING
.

ERASEXY

U
BOND e X
INES o HRSE AR w s o LRS
MEING L
STRAIN
FILLER BAR ARRESTOR SILICA
- PLATE ROPE

30° 30°

Z8

NRSI MIGH-TEMP RSI - COATED
SILICA (BgDY, OMS POD, TAIL,
UPPER & LONER WING)

LRSI LOW-TEMP RSI - FOAMED
ELASTOMERIC SILICONE RUBBER
(BODY, OMS POD & UPPER WING)

RCC - REINFORCED CARBON-CARBON (NOSE CAP,
NOSE GEAR DOOR & CHIN PANEL, WING
LEADING EDGE)

Figure 26
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FWD RCS MODULE

RCS THRUSTERS

RCS AND OMS LOCATION ON ORBITER

POD

OMS ENGINE
(ONE PER POD)

/7
/ AFT RCS/OMS

OMS AV KIT

f ]
o SSAaR ""‘\ RCS THRUSTERS

X
H S (12 PRIMARY +
;”oy ; 1 VERNIER PER POD)
‘
! <

“\‘\V (77

\

THRUSTER DOORS

(16 PRIMARY +
4 VERNIER)

Figure 27
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He SPHERES

*1 FWD RCS MODULE, 2 AFT RCS SUBSYSTEMS IN PODS
* 40 MAIN THRUSTERS (16 FWD, 12 PER AFT RCS)
THRUST LEVEL = 900 LB
ISP = 289 SEC
MIB = 15.8 LBf SEC
* 6 VERNIER THRUSTERS (FWD & AFT RCS)
THRUST LEVEL = 25 LB
ISP = 228 SEC
MIB = 0.75 LBf SEC
» BIPROPELLANTS: N204 3708 LB

MMH 2317 LB /-\J

RCS
PROPELLANT

PROPELLANT
TANKS /\

900-L8B THRUSTER
8 REQUIRED/SIDE

25-LB VERNIER
THRUSTER

2 REQUIRED
/SIE

25-18
VERNIER
THRUSTER

900-LB THRUSTER
RCS He 12 REQUIRED

TS AUXILIARY PR FT POD (APSAP
END MODULE UXILIARY PROPULSION SUBSYSTEM AFT POD ( )

Figure 28



OMS/RCS SCHEMATIC

TO PROPELLANT
VALVE ACTUATORS
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PRESSURIZATION
4300
20 (235)
265 + 8
o PROPELLANT FEED
OXIDIZER  EUEL
215 215
214 214
g 5.8
ENGINE
OXIDIZER EUEL
205 208.2

125

OMS POD PRESSURE BUDGET

HELIUM BOTTLE HELIUN

REGULATOR OUTLET-PRI (SEC)

BURST DISK/RELIEF VALVE

PROPELLANT TANK (ULLAGE)

TANK OUTLET

A PFEED

ENGINE INLET
CHAMBER

Figure 30
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PRESSURIZATION

4000
295 (300)
425 + 10

PROPELLANT FEED

OXIDIZER  FUEL

280 280
279 279
13 13
ENGINE
OXIDIZER  FUEL
266 266
158

RCS PRESSURE BUDGET

HELIUM BOTTLE
REGULATOR LOCKUP—PRI (SEC)
BURST DISC/RELIEF VALVE

PROPELLANT TANK (ULLAGE)
TANK OUTLET

A Peeep

ENGINE INLET
CHAMBER

Figure 31

I
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FOUR GROUPS OF 3 THRUSTERS
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ORBITER CABIN ARRANGEMENT

EMERGENCY OVERHEAD '
HATCH /wmoows PILOT'S /?}:i:g: SPECIALIST'S
FLIGHT SECTION — AFT WINDOWS STATION
AIRLOCK HATCH oNORBIT / g#;g?g'l‘r
-ORB1
STOWAGE /\— STATION COMMANDER'S N (REF)
STATION
S PAYLOAD 2 -
? A& sav Hatch ﬂ
AVIONICS X
A LT AU ™o .
PASSENGER SEATS AIRLOCK
Al ECLSS EQUIPMENT TN ACCESS \ F(»:;(;;gl;%ngr;\u(ron
X384 X576 SEATING POSITION)
CREW CABIN FLIGHT SECTION
SLEEPING
BERTHS (4) /PASSENGER SEATS (6)
AVIONICS ——f
AVIONICS L =
| >ACCESS T0 D
, - FLIGHT SECTION - =
MANAGEMENT =
GALLEY //Q 2
PHOTOGRAPH I C
ATRLOCK STATION MIDSECTION
MIDSECTION LAUNCH/LANDING
ON-ORBIT CONFIGURATION CONFIGURATION

Figure 32



ORBITER MECHANICAL SUBSYSTEMS

RUDDER SPEED BRAKE
HYDRO MECHANICAL ROTARY
ACTUATORS

MANIPULATGR

DRAG CHUTE
AND MORTAR

BODY FLAP ELECTRO-
MECHANICAL ACTUATOR aty

SYSTEM Q

68

ELEVON SERVO
ACTUATORS,

MAIN GEAR
® BRAKES
e WHEELS AND TIRES
® ANTISKID

¢ SUPPORT TO EXTERNAL TANK
AND SRB SEPARATION

SEPARATION
® STRUCTURE DISCONNECT
® SYSTEMS DISCONNECT
® SEPARATION SYSTEM CLOSEOUT DGOR

PAYLOAD

RETENTION CARGO DOOR

ACTUATION AND LATCHING

\ MAN | PULATOR

,f”E;Ew TRANSFER TUNNEL KIT

HATCHES
‘(LEFT SIDE AND UPPER)

STAR TRACKER DOOR

AEROFLIGHT CONTROL
RUDDER PEDALS
» SPEED BRAKE
LANDING/DECELERATION
e LANDING GEAR DEPLOY

BRAKES
‘ o NOSE GEAR STEERING

L. L
MANIPULATOR ;\ DRAG CHUTE DEPLOY
DEPLOY RCS DOOR
DEPLOY
o LATCHING
DEPLOYABLE NOSE GEAR
AIR DATA SENSORS  SEPARATION ® WHEELS AND T1RES
(BOTH SIDES) o STRUCTURE STEERING
® SYSTEMS * DAMPER

Figure 33
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TYPE 1 (0p)

SPHERICAL
38,6 0D
34,6 1D

INCONEL 718 PV

2219 AL SHELL

TYPE 1T (Hp)

SPHERICAL

46 0D

43,2 1D

2219 AL PV
2219 AL SHELL

TYPICAL DEWAR DESIGN

ELECT, CONDUIT REF

FLUID TEMPERATURE SENSOR -

MULTILAYER INSULATION

BALL ROD END BEARING

1

VERTICAL
LAUNCH POSITION

=—3.25 DIA TYP
FILL TUBE REF

fjjj::VENT TUBE REF

PRESSURE VESSEL

UPPER
PENETRATION
PLUG

OUTER SHELL
PENETRATION

GIRTH RING

SUPPORT BOSS
INTEGRALLY
FORGED & MACHINED

QUANTITY SENSOR ASSY
CAPACITANCE TYPE

Figure 34

‘\\\‘____:!<:::,,/"////)\\\HORIZONTAL DRAIN

BOTTOM PENETRATION PLUG
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ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM

ATMOSPHERE REVITALIZATION UNIT

CABIN TEMP CONTRO{. DUCTING FOOD MANAGEMENT
SPACE RADIATOR PANELS DEPLOYED
— {1030-SQ-FT TOTAL EFFECTIVE AREA,UPPER SURFACE)

ECLSS CONTROL PANEL

AVIONICS BAY DUCTING {410-SQ-FT TOTAL EFFECTIVE AREA LOWER SURFACE)

HYDRAULIC HEATERS

N, STORAGE

FUEL CELL HEAT EXCHANGERS

0, STORAGE

SPACE RADIATOR
515-SQ-FT EFFECTIVE
AREA PER SIDE

AMMONIA BOILER & TANKS
{ATMOSPHERE HEAT SINKS)

205-SQ-FT EFFECTIVE
AREA PER SIDE

PAYLOAD HEAT EXCHANGER

HEAT SHIELD POSITION
AHEAD OF WING

Figure 35



Z6

ENVIRONMENTAL CONTROL AND LIFE SUPPORT

FROM FUEL CELL
70 REDUNDANT
*+ Ny SUBLIMATOR -
HEAT EXCHANGER

SUBLIMATOR

CONDENSATE — POTA
AND URINE [ -7 "<=dy WDAYEBRLE == T
STORAGE ~e_ T TANK -
YO PRESSURIZED '
PAYLOAD MODULE CABIN |
@ PRESSURE 1
RELIEF I H SPACE RADIATOR
. - L
e F MAMAGEMENT WAS)E - -1
48 CFM = ) oop EMEN MANAGEMENT .
| . -— P
| S
-
0/N2 }
| -
50 F CONDENSATE !
AND URINE }_
AIRLOCK STORAGE * _vewr 1
HATCH > -1 |
1
CONO CABN - ' s 3
HEAT LIQUID-COOLED GARMENT HK,
' L WATER
i CHILLER O AVIONICS BAY '
PRESSURE -
LIOH WATER PUMP ’C@ CONTROL ‘ ;}
AtR COOLED v
e
| 130 F MAX
=
| ELECTRICAL |
| EQUIPMENT o
! FAN
] COLD PLATE COOLED FUFL CELL
CABIN TEMPERATURE ] . - T
CONTROL . FILTER  0;/MASK ASSEMBLY | — :i:HANGEH
-~
i T
|
CABIN AVIONICS — %k %k PAYLOAD HEAT EXCHANGER
) INTERFACE
CABIN TEMPE HATUHE 1 : H —an VENY
10807 .
PARTIAL PRESSURE FILTER/FLOW
CONTROL RESTRICTOR
FIRE -
EXTINGUISHER § r s
)| _ FREON 1301
o FIAE EXTINGUISHER % FECAL CANISTER VENT
SYSTEM
o su8 % % AVIONICS BAYS VENT

Figure 36



ORBITER THERMAL CONTROL SUBSYSTEM

T e

* = HEATERS REQD

= = INSULATION BLANKETS (TG 15000)

EXTERNAL COATINGS

€6

CABIN AREA

RCS TANKS

P/L LINEP

OMS/RCS POD

AFT EQUIP
BAY.

RADIATORS

LANDING GEAR

- ¥*
O o) [ )
\
FWD LWR AVIONICS
EQUIP BAY LANDING GEAR

Figure 37

APU TANKS
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ORBITER AVIONICS SUBSYSTEM

PRIMARY
FLIGHT
ORBITAL
OPERAT |ONS
DS ---
Fup 4 |
WD INERTIAL DEVELOPMENT
MEASUREMENT FLIGHT INSTRUMENTATION
STAR UNIT CANNISTER S
SENSORS

FLIGHT DECK CONSOLES

o\

FORWARD CABIN AREA
NAVIGATION BASE

RADAR ANTENNA
ASSEMBLY
SHOCK MOUNTED

SHELVES
COMMUNICATIONS e
& TRACKING an
COMPUTERS, _
EPDEC, GN&C, BAY | BAY II
& OPERATIONAL o, N T
FLIGHT EPDSC, & nn
zgf;RU"ENTAT'°N FLIGHT CONTROL / Bay m [

BAY | BAY i BAY iU

FORWARD AVIONICS BAYS AFT AVIONICS BAYS!

Figure 38
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ORBITER COMMUNICATIONS & TRACKING

EXTRAVEHICULAR NASA DOD
ACTIVITY DETACHED DETACHED
PAYLOAD PAYLOAD
.(T:ksg\ﬂ:gb\f/aoﬁf « SBAND DATA * S-BAND DATA, COMMANDS
¥ COMMANDS, VOICE SENSOR TRACKING DATA
* SENSOR TRACKING DATA
* ATTACHED PAYLOAD
VOICE, COMMANDS, * UPLINK
PAYLOAD DATA, VOICE, COMMANDS « UPLINK
WIDE-BAND DATA A * DOWNLINK VOICE, COMMANDS
* UPLINK \. VOICE, WB DATA, « DOWNLINK
VOICE, COMMANDS \ PAYLOAD DATA VOICE DATA
* DOWNLINK , DAT

VOICE, WIDE-BAND *ONE WAY DOPPLER

DATA, PAYLOAD DATA
« TACAN * ONE WAY DOPPLER

TRACKING DATA

» MSBLS %\
- STDN (TDRS) ———

———
L - [

Figure 39
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SPACE SHUTTLE MAIN ENGINE

e IMPROVED EFFICIENCY - HIGH-PRESSURE LIQUID
OXYGEN/L1QUID HYDROGEN ENGINE SYSTEM

® THRUST, VACUUM 470,000 POUNDS/ENGINE
e THROTTLEABLE 50% TO 109%
® COMBUSTION CHAMBER PRESSURE - 3000 PSIA

® TURBOPUMP CHARACTERISTICS FUEL OXIDIZER
DISCHARGE PRESSURE (PSIA)

MAIN 6,200 4,620

BOOST - 7,630

SPEED, RPM 35,100 29,225

POWER, BHP 62,240 21,300

FLOW RATE, LB/SEC 147 884

FLOW RATE, GPM 15,000 5,570

® ENGINE WEIGHT 6300 POUNDS

= 4X PWR

® EQUIVALENT HORSEPOWER, EA ENGINE - 6,500,000/ 2,500 HP/CU IN.>
DENSITY OF J-2

® 100 STARTS /55 MISSION REUSE

® DEVELOPMENT PROGRAM OBJECTIVES:
MEET SPECIFIED PERFORMANCE & WEIGHT

Figure 40



SSME MAJOR COMPONENTS

DOME/ INJECTOR
-
T OXIDIZER
PREBURNER

LOW=-PRESSURE
FUEL TURBOPUMP FUEL

PREBURNER

HOT-GAS
MANTFOLD ¢ )
&2, HIGH-PRESSURE

=) OXIDIZER TURBOPUMP

-

HIGH-PRESSURE AL\ - MAIN COMBUSTION CHAMBER
FUEL TURBOPUMPig\' 4
-
'

e LOW-PRESSURE
OXIDIZER TURBOPUMP

) NOZZLE

CONTROLLER §

Figure 41
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521 981
§189 °f

119 Pk -
LAABS/SEC <

]

9

=
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xy
o
=
o
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8
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'

Figure 42
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BALL & SOCKET
ORB/ET AFT
ATTACH

GROSS WT 1,630,700 LB
PROPELLANT (USABLE)

LOX (LB) 1,329K
LH2 (LB) 221K
TOTAL (LB) 7,550K

EXTERNAL TANK

DIMENSIONS

155.4 FT

_LENGTH
DIAMETER| 324 IN.

PYRO SEPARATION OF
ORB/ET FWD ATTACH 0IC

STANDING
TANK

Figure 43
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SOLID ROCKET BOOSTER

DIMENSIONS
LENGTH., . . .145.1 FT
DIA . . . . . 142.3 IN.

4 SEPARATION MOTORS
(23,000 LB THRUST) EACH

SRB/ET AFT ATTACH

4 SEPARATION MOTORS

AFT SKIRT &
LAUNCH SUPPORT

NOZZLE & TVC

GROSS WT

SRB/ET THRUST
ATTACH

FWD SKIRT

RECOVERY WT . . . .
THRUST (SL) .

« .. 1,163,500 LB
154,250 LB
.o 2.5M LB

RECOVERY SUBSYSTEM
PARACHUTE PACKS
NOSE FAIRING LOC/NAV AIDS

Figure 44
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SCOPE OF P/L ACCOMMODATIONS

ARCS
BocKING D scomect
MODULE LINES
Vs
%
//
SOFTWARE /7
/
/7
_________ q==A—=n L/
ARCS | |

1 i

| |

: ' ,

______ [ ] -_____: L:_-__
STRUCTURE e
(PAYLOAD BAY) VENT LINES
DlD T i 1 i ni .
C 7 X (b VB = [Tk
o RESCUE KIT o RESEARCH MOD ® MULTIPLE SAT © MAINT/SERV o LARGE o EARTH ® DOD
® APPLICATION MOD ® PALLETIZED MOD SPACE OBSERVAT I ON PAYLOADS
o SPACE STA MOD  EXPERIMENTS TELESCOPE SATELLITE
& CARGO MOD
o PRODUCTIVE PAYLOAD o THIRD STAGE
® SORTIE LAB CANDIDATE PAYLOADS
NASA/DOD/NON'NASA ® HIGH-ALTITUDE SATELLITE e EXPEND STORABLE
® GEOSYN SATELLITE & EXPEND CRYO

® PLANETARY SPACECRAFT ® REUSABLE CRYO

Figure 45
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z
N\\\DETERMINATE LOADS
N STRUCTURAL ATTACH

PAYLOAD RETENTICN

PAYLOAD

Y wﬁ“\ rsw.*‘

N\
\
\
\
F;"l

180 IN. DIA

ENVELOPE ~ —¢ff—F ==
720 IN.
MAX e
PAYLOAD g1, STA
LENGTH  gg, 1302

PAYLCAD SUPPORT

CENTERLINE 4— - —» LOADS STATIONS
TYPICAL CROSSECTION
619 715 833 951 1069 1187 1293
l 6149 , 774 | 8?2 1010 1128 1246 |
RREN l | | Pz in*
CARGO o | . , ; | . . , ' ;
BAY _l_ U SR IS Y S O o -
CENTERLINE | T °l- T_"“" T - G —— 4 IY *
b ! RETENTIONPOINTS | | | 109IN*
1 ’ 4 ’ ! | ! + I

* FINAL DIMENSIONS TO BE DETERMINED

Figure 46



PRACTICAL LAUNCH AZIMUTH AND
INCLINATION LIMITS FROM VAFB AND KSC

e
=
w
<<
=
(=]
3
=
<

VAFB

SOLID ROCKET

70
90
120

=
So
d
=a
N
<

BOOSTER IMPACT

renatteengg s
A .-nmu.-m.-ula.--umm.-..

NIl il T nu"un- Shaeos st Se
’o-un.uuunco-l--cuuu-ln'nc- uunuua;--nunnum"um.

"nun'ucl'\ 1

=y fas iy
S e T ey -

AZIMUTH, DEG

NORTH
LAT
DEG

103

30

80 19 18 mn
WEST LONGITUDE, DEG

81

115

0

2
WEST LONGITUDE, DEG

]

125

Flgure 47
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ALTITUDE

ORBITER ENTRY AND RETURN FLIGHT

DEORBIT BURN (ORBIT ALTITUDE)

© RCS ATTITUDE

OREIENTATION

ENTRY INTERFACE
(4OOK FT)

_ = -0,820
ORCS TO q = 20 PSF Te

© RCS/AERO SURFACE THRU
o TRANSITION FROM
30 DEG TO 10 DEG

©AERO SURFACE

TOUCHDOWN

PROFILE

BLACKOUT

TACAN UPDATE

(130K FT)

TAEM INTERFACE
(70K FT)
APPROACH

& LANDING
(10K FT)

RANGE

Figure 48



SoT

AEROSURFACE CONFIGURATION

MAX OPERATING DEFLECTION

//Y)R = 22,8° PARALLEL
- T TO FRL
\_—___L___—____I

RUDDER

SURFACE AREA = 100.15 FT2

MAX OPERATING DEFLECTION

SPEED BRAKE sp = 4367
PARALLEL TO FRL

SURFACE AREA = 100.15 FT2 (ONE SIDE)

BODY FLAP MAX RETRACT POSITION

-

ELEVON [ =777\ bgp 7 <18 LHR ML

MAX UP POSITION

<7\ 6 = -40° e
e === __ [bgp = +10° LWR ML

_ T —— ————
w ‘ -2
.. / by = +15° MAX EXTENDED POSITION
\
MAX DOUN POSITION SURFACE AREA = 142.6 FT@

SURFACE AREA = 210 FTZ (ONE SIDE)

Figure 49



BASELINE REFERENCE TRAJECTORY

FINAL APPROACH
H = 10,000 FT
IAS = 240 KNOTS™

PRE-FLARE
H = 1700 FT
[AS = 280 KNOTS—~-

90T

/FTOUCHDOWN
/ IAS = 185 -~

- -
——
a—

ll‘SOO F'TI 7500 FT A_l

Figure 50

LH




L0T

Crassrange, n. mi.

+1100

-1100

T

ENTRY FOOTPRINT CAPABILITY

Guided Trajectory

LA AL
4900  ~H63006 5700

Downrange, n.mi.

Min TPS Max TPS
(TEMPERATURE) (BACKFACE)

ENTRY INTERFACE
(400K to 50K)

),

Crossrange, n. mi.

Figure 51

Evror Band

POST BLACKOUT
(130K to 50K
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PRELAUNCH

INTERFACE VERIFICATION
PROPELLANT LOADING

CREW INGRESS 2-HR LAUNCH
SYSTEMS CHECKS

TURNAROUND CYCLE

LIFTOFF

CAPABILITY

SHUTTLE ASSEMBLY

e ORBITER MATING

e INTERFACE VERIFICATION
e CLOSEOUT

& MOVE TO PAD

Figure 52

o —

LANDING

SAFING

e DEACTIVATION

e CREW EGRESS

® ORBITER COOLING

e REMOVE PAYLOAD, VAFB

e DRAIN/PURGE OMS/RCS/APU
® REMOVE OMS/RCS

MAINTENANCE & C/0

REMOVE PAYLOAD, KSC ONLY

RST INSPECTION AND REPLACEMENT
FUNCTIONAL VERIFICATION
INSTALL OMS & RCS MODULES
INSTALL PAYLOAD, KSC ONLY
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CONFIGURATION MANAGEMENT
RESPONSIBILITY LEVELS

NASA HQ _
(PROGRAM DIRECTION) LEVELI
JSC-SSPO
PROGRAM MANAGEMENT LEVEL Il
MSC MSFC KSC LEVEL 11l
PROJECT MANAGEMENT
LEVEL IV

ELEMENT CONTRACTORS

Figure 53

PROGRAM DIRECTOR—
CONTROLLED REQMTS
& DIRECTION

PROGRAM MGR-CONTROLLED
REQMTS & DIRECTION THAT
AFFECTS BOTH ORBITER
&/OR BOOSTER &/OR MAIN
ENGINES &/OR THE LAUNCH
& LANDING DEVELOPMENT

PROJECT MGR-CONTROLLED
REQMTS & DIRECTION THAT
CLEARLY AFFECTS ONLY THE
ORBITER, THE BOOSTER, THE
MAIN ENGINES, OR THE
LAUNCH & LANDING
DEVELOPMENT '

CONTRACTOR-CONTROLLED
REQMTS IMPLEMENTATION &
DIRECTION THAT CLEARLY
AFFECTS ONLY THE RESPEC-
TIVE ELEMENT FOR WHICH
THE CONTRACTOR HAS CON-
TRACTUAL RESPONSIBILITY

& THEN WITHIN THE AUTHORI-
ZATION OF THE NASA PROJECT
MANAGER




SPACE SHUTTLE TEST PROGRAM FACILITIES

o ,a‘i’i”’;knn VIBR TEST-VERT

e o

S
=

. EAFB/ FRC 4 e HNTSVILLE
5 PALMDALE CALIF Y.
MISSISSPPI TEST FAC @ | ——=—"\ ksc FLORIDA =t
WHITE SANDS NEW MEXICO ) 2
, HOUSTON TEX =
P‘
)
y >
AFT FUSE V/A

FLIGHT READINESS

SHUTTLE AVIONICS FIRING, VERT LAUNCH

INTEGRATION LAB

§ GRND VIBR TEST-HORIZ

CLUSTER FIRING/
MAIN PROPULSION

FWD FUSE V/A SYSTEM

AND T/V

Figure 54
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[____a
MAIN ENGINE& =S ==

.......

MAIN PROPULSION TEST STATION SET 42

PICTORIAL
MAIN DERRlC%
= & |
TOP OF SERVICE //”\ i
CORE. ELEV 289.67\ " Vm EXTERNAL TARK_ (€T)
g A H

T
N
N

TOP OF ENGINE ACCESS ek
PLATFORM, ELEV. 140.0

| MIDBODY FRAME
1% /ORBITER AFT FUSELAGE
==: 5

T A
| e

TOP OF ENGINE REMOVAL
PLATFORM ELEV. 122,507

L] \
P E g}laonon OF ASPIRATOR
~ ELEV. 114,56

X

HEEE Wy N

_ CANAL
[ ” SOUTH ELEVATION

Figure 55

H ;W @ Top OF suBsTRUCTURE HANDLING GSE
 ELEV. 2500 e ET INCT ATION EQUI

STATIC FIRING READINESS CHECKOUT GSE

® ELECTRICAL CHECKOUT
® PNEUMATIC CHECKOUT
¢ ACCESS EQUIPMENT

® HYDRAULIC SERVICING
® AUXILIARY EQUIPMENT
¢ DATE RECORDING

PREPARATION FOR STATIC FIRING

COUNTDOWN GSE

o TEST ARTICLE PURGING
o TANK CONDITIONING

PROPELLANT LOADING SUPPORT GSE

a1 0o & LH, L DADING
Ly

R Ly WA

® ELECTRONICS CONTROL
® PNEUMATIC SERVICING

® SYSTEM PURGING
e DATA RECORDING

STATIC FIRING COUNTDOWN GSE
* PROPELLANT TOPPING CONTROL

a CTATIC CTIRINC CILCOTDANTICC
T 2IANAL TLIRIT LLOVIRVILVY

® PNEUMATIC SERVICING & CONTROL

» HYDRAUL IC POWER

vivivLay

® EMERGENCY PURGING
® ENGINE AREA FIREX
® FRAG & HEAT SHIELD
¢ EMERGENCY DRAIN CAPABILITY
® DATA RECORDING

O

R ll‘Jl"'\\L Tal N LyYuvar

e MIDBODY INSTALLATION éQUIP
o AFT FUSELAGE INSTALLATION EQUIP,

RS

® MAIN ENGINE INSTALLATION EQUIP.
® SUR ASSY & COMPONENT REMOVAL

EQUIP. AS REQUIRED
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TPS TEST PROGRAM
REPRESENTATIVE VEHICLE AREAS TO BE TESTED

RUDDER UPPER
EDGE SEAL

VERTICAL STAB/
RUDDER CAVITY SEAL

RUDDER
LOWER EDGE \ VERT STAB. LEADING EDGE)STRUCTURAL
SEAL
T VERT STAB LEADING EDGE THERMAL
(N WX
& LRSI SYSTEM VENT ¢

PRESSURE LDS & THERMAL
LRS! SYSTEM STRUCTURAL

LRS! SYSTEM
VIBRO ACOUSTIC

5.1.1 VINDOW SEAL
/ CREW ACCESS DOOR SEALS
’/
7 oS

N\
ELEVON/FUSELAGE . \ ‘
ROOT SEAL \<>
| HEOARD/OUTEOARD
ELEVOH INTERFACE
SEAL =~
ELEVON WiNG L =)
UPPER SURF
g

SEAL T \ ACCESS PANEL, SEA!
ELEVCH/WING \ N ¢ PLUGS FOR
OUTS0ARD VENTS REMOVABLE FASTENERS
INTERFACE SEAL \ IN LRSI NN

'RCC/HRSY "ACCESS PANEL

SEALS SEAL & PLUGS

EXIT 2.3.3 RCS
DOOR SEALS

Figure 56
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TPS TEST PROGRAM
REPRESENTATIVE VEHICLE AREAS TO BE TESTED (CONT)

EDGE PRESSURE
HRS1

"

4

4

>

»

HAS! TILE
SYSTEM VENTING
& PRESSURE LOADS

\;

ELEVOH
LE & CAVITY
SEAL
vV 4
LYRANLC ABES EXHAUST, //,
SEALS CONCEPTS SRM & RCS PLUME
HRST TILE CONFIG
GAP & FILLER
TOLERANCE
EVALUATION

AND AERO SHEAR EFFECTS

VIBRO/ACOUSTIC

ELEVON TRAILING EDGE

HRS) TILE SYSTEM
FAILURE MODE EVAL

STATIC DISCHARGE

HRSI TILE SYSTEM
STRUCTURAL EVALUATION

HEATING COMPARISON

HIGH TEMP MEASUREMENT
TECHNIQUES

FLOW THRU GAP HEATING
‘

STATIC SEAL
CONCEPTS
3

Y PROTUBERANCE

Do

— IN HRSI

NOSE GEAR
DOOR SEALS
d ‘ BELLY PANEL
3 ATTACHKENT LO7)
Q BRG INSULATORE

LE & NOSE
ATTACH LOAD BRG
INSULATION

Figure 57



KSC OPERATIONAL SITE

\ LANDING Ml
FACILITY (NEW)

INDUSTRIAL
AREA

HYPERGOLIC —
MAINT £ SERV FAC

b 5
CAPE KENNEDY
18 —=% ¢ 17
NORTH
6 -MERCURY
REDSTONE

Figure 58

114



