
TABLE IV 

SHUTTLE PROGRAM CONTRACTS 

0 Orbiter/System Integration - R.I. Space Division 
l Flight control systems------ --Honeywell 
l Data processing 6 software requirements----IBM 
l Orbital maneuvering system pods -a----em--mAC 
l Vertical stabilizer-------------- Republic 
l Wing ---- --- ------- ---- ----Grumman 
l Mid-fuselage----- ------- General Dynamics 
l Ground maintenance C operations support -American Airlines 

0 Main Engine - R.I. Rocketdyne Division 
. Controller--------------- Honeywell 
l Hydraulic actuator-- --Hydraulic Research Inc. 

0 External Tank------- - Martin Marietta Corporation 

0 Solid Rocket Booster------------- Thiokol Chemical Corporation 
(Solid rocket motor; the total 
SRB to be defined later) 
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APOLLO SOYUZ TEST PROJECT MAJOR MILESTONES ~-. A-- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

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 

PRODUCTION 

SUPPORT TRUSSES 

PRODUCTION 

DOCKING 

MODULE 

THERM VAC 

FLIGHT 

111 CSM 

CSM 119 8. SLA’S 

Figure 2 



GROUND TESTS, MOCKUPS, TRAINERS AND SIMULATORS 

FAB& C/O I 

i i 
QIJAUDDTS (DS-16 -21 

DYMMICQUAL~DS-3) 

MU, TRNR & SIMUL 

Mu-28 KzSMIIl~ 

Ml n IDAl) 

MJ 31 1215 SCM DSI 

MC 2 KSM 1111 

CM-1 KSM llll 

CDR.3 CCSR 

MOD UPDATE 

C&R' / iDi3 1 / C;: 

SHIPTOJSC 

I 

PROCURL& SHIP 

Plgure 3 



ASTP 
PROJECT DOCUMENTATION 

PROJECT TECIINICAL 
PROPOSAL 

A5lPlOOOO 

ORGANIZATlOh PLAN 

PSTPZOOOO 

I _ 

PROJECT 
SCHEDULE 
DOCUMENT 

ASTP30000 

EDIJIPMEUT TRANSPORTATION 
DOCUMENTS 

ASTP2001GO 

PUBLIC INFORMATION PLANS 

ASTP20050 

SAFETY ASSESSMENT REPORTS 

ASTP20100 

I 
I 

I 
MISSION 

DOCUMENTS 

ASTP40000 

INTERACTING 
EDUIPMENT 
DOCUMENTS 

IED 

MISSiON RCOUIRLMENTS DOCKING MECHANISM 
FS:P40000 IED 

LAUNCH WINCOW PLAN 
ASTP43100 

TRAJECTORY PLAN 
ASTP40200 

COMMIJNICATIONS AND TRACKING EQUIPMENT 
IED 

DOCKING AIDS 
IfD50200 

FLIGHT PLAN GUIDELINES OPTICS AND ORIElITATION 
~STP403DO IED 

MISqlOir 'OPERATIONS PLAN 
AS:P43;00 

CONT IirGENCY PLAN 
ASTP40;OO 

ON-BOARD JOINT OPERATIONS INSTRUCTIONS 
ASTP40600 

CREW AtiD GROUND PERSONliEL TRAINING PLAN 
ASTP40700 

POST-MISSION REPORT 
ASTP40800 

Figure 4 
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CONTROL SYSTEMS 
IED 

INTER-CONTROL CENTER COMMUNICATIONS 
IED50ICO 

CABLE CDMMbNICAT10:15 AND TELEVISION 
IED5OLOO 

CONDITIONS AND EQUIPMENT IN CREW TRANSFER 
IEDS0700 
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APOLLO/SOYUZ TEST PROJECT 
SPACECRAFT 

NEW, COMPATIBLE 
DOCKING 
HOEWtl COWIECTIlMbR 

ArPErAT CTbHOBW 

\-DOC,KlNC MODULE 

CTblC(OBowita OTCEH 

$I/ LAPOLLO 

l N-l0JlJKPi- 

APOLLO-SOW2 RENDEZVOUS AND DOCKPWG TEST PROJECT 

3KCllEPKMEHTAJlbHb nPOEHf C6JkKEHHFI H CmOBKH “A~OJlJlOH/COID3” 

Figure 5 



ASTP LAUNCH CONFIGURATION 

LAUNCH ESCAPE SYSTEM 

LAUNCH THERMAL 
PROTECTIVE COVER 

SERVICE MODULE 

ORIENTATION LIGHTS (16) 

L .AUNCH ESCAPE SYSTEM 

IOMMAND MODULE (CM) 

FLASH1 NG BEACON 

REACTION CONTROL 
SYSTEM ENGINES 

DOCKING MODULE (DM) 

SPACECRAFT LAUNCH 
ADAPTER (SLA) 

EXPANSION NOZZLE 

DM LAUNCH 
SUPPORT STRUCTURE 

T 

SATURN IB A 
LAUNCH VEHICLE 

Figure 6 
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APOLLO/SOYUZ - TEST MISSION RADIO COMMUNICATIONS LINKS 

7 25g*7 MHz -- 
- 2g6-8 MHz - 

V‘ 

A 

APO1 

I 

USA 
UXIK rnrquddCY - 121.75 MHZ 

USSR NET 

Figure 7 



DOCKING MODULE - SOYUZ END 

i 

cn 
N 

GAS STORAGE TANKS 

Figure 8 



ASTP CABLE COMMUNICATIONS SYSTEM 

\ COMMAND MODULE , DOCKING MODULE DOCKING MODULE , ORBITAL MODULE ORBITAL MODULE LIVING MODULE 

\ _I_ -t- - 

l,CC” nr - USA EOUI PMENT 
I- 16 mm “’ 

USSR EQUIPMENT 

SOYUZ SOYUZ 
EOUIPMENT 

1 

USA USSR 
PROVIDES PROVIDES 

Figure 8A 



U,S, AND USSR COMPATIBLE DOCKING SYSTEMS 

USSR SYSTEM (PASSIVE MODE) USA SYSl 

INTERFACE SEAL, / 

rEM (ACTIVE) 
,;c;EM;L;UNNEL 

/ 
ALIGNMENT PIN 

S-PRING THRUSTER - 

Figure 9 



APOLLO SOYUZ TEST PROJECT 
MISSION PROFILE 

SOYUZ APOLLO 
ORBIT 
INSERT11 

ORBIT 

APOLLO ACTIVE- 

a PACIFIC OCEAN 

Figure 10 



FIRST TRANSFER OPERATIONS 

; INTEGRITY CHECK 

4 

: TUNNEL ACCESS 

5 

l ASTRONAUT TRANSFER 
l DMTOOM 

6 

l JOINT ACTIVITIES 

7 8 

l ASTRONAUT TRANSFER 
l OMTODM 

l DM PRESSURIZATION l TRANSFER, DM TO CM 

CM - COMMAND MODULE 

DM - DOCKING MODULE 

OM - ORBITAL MODULE 

Figure 11 
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NASA SPACE SHUllLE PROGRAM ORGANIZATION 

SPACE SHUTTLE PROGRAM 
DIRECTOR. HEADQUARTERS 

. 
LEVEL I REQUtREMENTS AND CONTROLS 

----------- ______------ -- ---s----v 
LEVEL II REQUIREMENTS AND CONTROLS 

SPACE SHUTTLE PROGRAM 
MANAGER. JSC 

--- --:.pq 

l- I 1 

SYSTEMS RESOURCES AND MANAGEMENT 
INTEGRATION SCHEDULES INTEGRATION INTEGRATION 

------__-_-- --- __________ --- --Be------ 

m LEVEL III REQUIREMENTS AND CONTROLS 
02 

I I 
I 

1 , 

SP4CE SHUl I LE PROJECT ORBITER PROJECT SPACE SHUTTLE PROJECT 
OFFICE. MSFC OFFICE. JSC I OFFICE. KSC I 

. 

-------pq pi+------ 4 USAF - 

Figure 13 



VICE PRESIDENT L 

PROGRAM MANAGER 

.’ 
IUSINESS MANAGEMENT 

Director 

1 

I 1 I 

,* sot Progmn Monog*r - 
Orbiter 

SHUTTLE APPLICATlONS 
Director ------I 

------I ~~ 
SHUTTLE INTEGRATION 

MANAGEMENT 

Dit.XtDI5 
EXTERNAL TANk LAUNCH 

L LANDING 

SSME. SRB 

DOD STS PROJECTS 

PATLOADS 

Figure 14 
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I I I I 

SPACE SHUTTLE 
MAIN ENGINE PROGRAM 

L 

Figure 16 



I SPACE SHUTTLE PROGRAM I 

I 
I I 

SHUTTLE SYSTEM DEVELOPMENT SHUTTLE 
& PRODUCTION PHASE 

1.0 
OPERATIONAL PHASE 

2.0, 

SYSTEM AIRBREATHING 
MANAGEMENT I ENGINE (GFE) - FLIGHT OPERATIONS 

1.1 1.7 . 2.1 

SYSTEM ENGINEERING FLIGHT TEST 
& INTEGRATION SUPPORT - GROUND OPERATIONS 

1.2 6 1.8 2.2 

FLIGHT VEHICLE SYS 
& ORBITER VEHICLE -- SYSTEM SUPPORT GFE PRODUCTION 

1.3 1.9 I 2.3 

SOLID ROCKET 
BOOSTER (GFE) -- LAUNCH & LANDING L 

SPARES, REPAIR 

1.4 1.10 
& OVERHAUL 2 4 

. 

SPACE SHUTTLE 
+ 

MAIN ENGINE I PAYLOAD SUPPORT 
(GFE) 1.5 1,ll 

T 
EXTERNAL TANK GOVERNMENT SUPPORT 

(GFE) 1 6 - & EQUIPMENT 
. 1.12 

PROGRAM WORK BREAKDOWN STRUCTURE 

Figure 17 



SPACE SHUTTLE SYSTEM 

RAM TARGET SCHE 
1972 I1973 11974 1 1975 1 1976 1 1977 1 1978 1197’9 11980 1 1981 I 1982 
11111111111111111111llllll I Ill l Ill ll l I11111 

SHUTTLE &ATP FHF FVF OS 
CF c? 0 

SYSTEM &PRR 

MILESTONES &SRR 

A- PDR 

(CD&FHF)-,-:$ &DR (SYSTEM) 

CY 
AT? - MAIN ENGINE 

MAJOR (\(- ATP - ORBITER/INTEGRATION 

ELEMENTS v w ATP - EXTERNAL TANK 
PHASING V 

cr 
ATP - SOLID ROCKET BOOSTER 

DEV FLT TESTING-HORIZONTALS 

FLIGHTS DEV FLT TESTING-VERTICAL m 

LEGEND OPERATIONAL FLTS- 

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

Figure 18 



SPACE SHUTTLE PROGRAM SCHEDULE 

ORBI'TER 
PRIJEC; 

A8E 
PKJEC: 

ET 
PF3JECT 

1372 1973 1574 1975 !!176 1?77 1378 i’?79 
I . Lt 1 2 3 4 1 .T 3 ‘; 1 2 3 4 1 2 3 i, 1 ;I 3 4 1 2 3 I; 1 7 3 4 

I 
e PRR 4 SRR Q Ftli FVF 0 IOCQ 0 

, 11!13 121A 18,‘13,731 fO5/20 751 i12’U1176i 16/l/19) GDDTBI 

i 

SHUTTLL PDR SHUTTLE SHUlTLE CDR SHUTTLE 

,$Dfi 

SHUTTLE FVF CElfT IS/l/79 

0 0 6 
(04/05/!61 

a 

I 
(07/08/f74) /\, PDR 

wmr77) 
17!1.'78) 

~,~~, 
c, PFC FFC 0 

‘-A ENC o:D ~ITF 
I 

Slhl ENI; 0’0 DO:‘/NFY lUNDEP REVIEWI 
FUNC TEST SET O’D PhlUL I I I DUM SE f ORtJ 2 O/D PhlOL 

i 1. - MFO & “ELIVFRY 

A PDR 
u 

C-ORB IHFCT I 
CDR HFT Sup7 1 
u UVACDR -.-. 

I DFSICN R DtVELOPMTNT 

C-\/A-f AFT f USE 
VA O,‘D JSC IF\VD FIJSTI 

I 

FLlr.Yl SET NV. 1 NACELLE SUB CONTR 

I I I DEl.IVERY + 

DkSIGN 8 DEVELOPMENT ORB 2 ET O/D I 

O’D KSC 

hIFG a DELIVERY 
P 

Figure 19A 



CALENDAR YEARS 

PROGRAM 
MILESTONES 

SRB PROJECT 

FACILITIES 

INTEGRATED 
TEST 

LAUNCH 
& LANDING 
PROJECT 

SPACE SHUTTLE PROGRAM SCHEDULE (CONT) 
1972 1973 1974 1975 1976 1977 1978 1979 

3 4 1121314 11213 4 1 2 314 1 z 3 4 1 2 314 1 2 3 4 1 2 3 4 

4 PRR & SRR 

1/11/13/72A I (8/13/73) 035/20~31 
Q FHF FVF c, loco Q 

i SHUTTLE PDR 
(12/01/76) P,f1/78) (6/l/79) C-DDTI 

SHUTTLE SHUTTLE CDR SHUTTLE SHUTTLE FVF CERT 
Q Q 

(9/1/lt 

I 
(07/08/14) (04/05/76) IEDR 

107/IR/771 
,I,&, 

PDR 
c;, I 

FIRST FlRltiG CDR 
-1 c, 

C-QUA$HINGI 

DESIGN 8 DEVELOPMENT 

I I 

I 
I 

L 

CASES FOR GVT p c, SRB ORB NO.2 O/D KSC 

MFG 8 DELIVERY 
I 
Y 

1 I I 

PMDL FOR MID FUSE (ORB NO. 11 MSFC B 4619 LOX TANK 1 I I 

--i--T- 
MAIN PROPULSION TESTS 

i 

L ROUND VIBRATION TES 

I 
I I 
HORIZONTAL FLIGHT TE 

TS ( 

.STS 

TF) 

IMSFC) 

(EAFB) 

SRB/ET/DUMMY ORB GVT 

* 
I J# VCVT 

ET/DUMMY DAB GVT ORE ND. l/ET/SRI? 

ORBNS FHF 
! 

COMP HFT 
ORB iid. 2 HFT 

ORB NO. I 017B ND. 2 FERRY TO KSC 

0 OtRB 2 O/D KSC 

SSYE ORB 2 O/D 
I 

ET ORB 2 D/D 
SRB ORB NO.,2 O/D KSC 

0 FVF 

VERTICAL FLT TEST 

Figure 19B 
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ENOINES . D\AMETER (IN.) 

Figure 20 



ORBITER VEHICLE 

RUDDER +22.8 DEG 

87 DEG INCLUSIVE WING VERT TAIL 

(SQ FT) 2690 413.25 

2 OHS/RI3 PODS 

9 ens THRUST - 6~ LB~A 

l RCS THRUST - 900 LB/EA 

CARGO BAY- 

REF BODY LENGTH (LB) - 1 

&‘A t 

BODY FLAP DOWN 10 DEG, UP I8 DEG 
FROM HORIZONTAL 

Figure 21 



FORWARD FUSELAGE WINDOW SUBSYSTEM 

FUSELAGE ML 
Illa - 

OUTER CAVITY 

~//.-/,j+p,TYPKAL BARRIER 

VENT 

CABIN ML 

PRESSURE 
WINDOW 
PANES 

Figure 22 



TYPICAL ENTRY TRAJECTORY 

POLAR ENTRY TRAJECTORY; 
1 

'-TEMPERATURE 

\ LLMIT BOUNDARY 

RELATIVE VELOCITY, 

FT/SEC 

Figure 23 
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ORBITER THERMAL PROTECTION SYSTEM 

03 
N PANEL I 

HRS I 
Fl LLER BAR / 

NW HIc)(-TEW RSI - COATED 
,LRSI LOW-TEt4' RSI - FOAMED 

/ ELASTOMERIC SILICONE RUBBER 
(BODY, 0M.S POD & UPPER WING) 

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

Figure 26 



RCS AND OMS LOCATION ON ORBITER 

FWD RCS MODULE \ AT /I 

OMS A',' KIT 
\ 

(12 PRIMARY + 
1 VERNIER PER POD> 

RCS THRUSTERS' ' THRUSTER DOORS 
(16 PRIMARY + 
4 VERNIER) 

Figure 27 



ORBITER REACTION CONTROL SUBSYSTEM 

91 FWD RCS MODULE, 2 AFT 
040 MAIN THRUSTERS (16 FWD, 12 PER AFT RCrr 

THRUST LEVEL = 900 LB 
ISP = 289 SEC 
MIB = 15.8 LBf SEC 

l 6 VERNIER THRUSTERS (FWD ii AFT RCS) 
THRUST LEVEL = 25 LB 
ISP = 228 SEC I 
MIB = 0.75 LBf SEC 

9BIPROPELLANTS: N-0. 3708 LB I 

9OD-LB THRUSTER 
8 REQUIRED/SIDE 

25.LB VERNIER 
TUDIICTCD 

900-LB THRUST" tK 

12 REQUIRED 

ne JrnLnLJ 

FWD MODULE \AUXILIARY PROPULSION SUBSYSTEM AFT POD (APSAP) 

Figure 28 
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OMS POD PRESSURE BUDGET 

i 

PRESSURIZATION 

4300 

220 (235) REGULATOR OUTLET-PRI (SEC) 

265 + 8 

PROPELLANT FEED 

BURST DISK/RELIEF VALVE 

215 215 PROPELlANT TANK (ULLAGE) 

214 214 

9 5,8 

ENGINE 

205 

125 

208,2 

HELIUM BOTTLE 

TANK OUTLET 

AP 
FEED 

ENGINE INLET 

CHAMBER 

i 

Figure 30 
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ORBITER CABIN ARRANGEMENT 

EMERGENCY 

HATCH-L& FLIGHT SFCTION 
. 

OVERHEAD 
WINDOWS 

AIRLOCK HATCH 

:lG:C $?a 

-AFT wiNDows 

-4Jr ON-ORBIT 
rk STATION 

_/PAYLOAD 
BAY HATCH 

PILOT'S 
STATION, 

OMISSION SPFtlAl IST’t 

PASSENGER 

x384 X5& 

CREW CABIN 

/ 

SLEEPING 
BERTHS (4) 

COMMANDER'S 

PHOTOGRAPHIC 

STATION, 

MIDSECTION 
ON-ORBIT CONFIGURATION 

ON-ORBIT 
STATION 
(REF) 

v (BOOST/ENTRY 
'PAYLOAD MONITOR 

SEATING POSITION) 

FLIGHT SECTION 

/ 
PASSENGER SEATS (6) 

MIDSECTION 
LAUNCH/LANDING 
CONFIGURATION 

Figure 32 



ORBITER MECHANICAL SUBSYSTEMS 

RUDDER SPEED BRAKE 
HYDRO MECHANICAL ROTARY 

SEPARATION 
.STRUCTURE DISCONNECT 
.SYSTEMS DISCONNECT 

DRAG CHUTE .SEPARATION SYSTEM CLOSEOUT DOOR 

AND MORTAR 

BODY FLAP ELECTRO- 
MECHANiCAL ACTUATOR 
SYSTEM 

ELEVON SERVO . 
ACTUATORS \ r$ 

a 

MAI N GEAR ’ 
. BRAKES 
l WHEELS AND TIRES 
l ANTISKID 

*SUPPORT TO EXTERNAL TANK 
AND SRB SEPARATION 

/ 
-CREW TRANSFER TUNNEL KIT 

l DRAG CHUTE DEPLOY 

f fl& $iTllESslDE AND UPPER) 

STAR TRACKER DOOR 
I 

AEROFLIGHT CONTROL 
RUDDER PEDALS 

* SPEED BRAKE 
LANDI NC/DECELERATION 

.LANDING GEAR DEPLOY 
BRAKES 

*NOSE GEAR STEERING 

MAN I PULATOR 
DEPLOY II 

I I 1 ‘RCS DOOR 

I DEPLOY 
l LATCHING 

DEPLOYABLE NOSE GEAR 
AIR DATA SENSORS SEPARATION . WHEELS AND TIRES 
(BOTH SIDES) . STRUCTURE STEERING 

l SYSTEMS . DAMPER 

Figure 33 



TYPE I (02) 

SPHERICAL 
38,6 OD 
34,6 ID 
INCONEL 718 PV 
2219 AL 

.-- 

SHELL 

TYPICAL DEWAR DESIGN 

VERTICAL 
ELECT. CONDUIT REF 

\ 1' 
FLUID TEMPERATURE SENSOR 

MULTILAYER INSULATION 

BALL ROD END BEARING, 

-AUNCH POSITION -AUNCH POSITION 

REF 

REF 

PRESSURE VESSEL PRESSURE VESSEL 

SUPPORT CABLE 

TYPE II (Hz> 

SPHERICAL 
GIRTH RING / 

46 OD 
43,2 ID 
2219 AL PV 
2219 AL SHELL 

SUPPORT BOSS 
INTEGRALLY 
FORGED & MACHINED 

QUANTITY SENSOR ASSY' 
CAPACITANCE TYPE 

Figure 34 

\ BOTTOM PENETRATION PLUG 

HORIZONTAL DRAIN HORIZONTAL DRAIN 

\ BOTTOM PENETRATION PLUG 
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ENVIRONMENTAL CONTROL AND LIFE SUPPORT 

I * FECAL CANISTER VENT 
* * AVIONICS BAYS VENT I 

Figure 36 



ORBITER THERMAL CONTROL SUBSYSTEM 

- - 

* = HEATERS REQD 
- = INSULATION BLANKETS (TG 15000) 

EXTERNAL COATINGS 

EQUIP BAY LANDI NG GEAR 

Figure 37 



ORBITER AVIONICS SUBSYSTEM 

PRIMARY 

P 

FWD t 

STAR 
SENSORS 

FLIGHT \ 

INERTIAL 
MEASUREMENT \\‘ 

I 

‘.:.::j:j::::.. .: 
Ill 

FLIGHT INSTRUMENTATION 

I It 

D- m 

1 I 1 I. II I 

FLIGHT DECK CONSOLES 

---- 

NAVIGATION BASE 

6 OPEftAT.IONAL 

BAY I BAY II BAY III 

FLIGHT CONTROL BAY Ill 

FORWARD AVIONICS BAYS AFT AVIONICS BAYS 

Figure 38 



ORBITER COMMUNICATIONS 8 TRACKING 

*TELEMETRY, VOICE 
l S-BAND DATA, COMMANDS 

VOICE, Wf3 DATA, 
DATA 

l DOWNLINK 
VOICE, WIDE-BAND 

l UPLINK 
VOICE, COMMANDS 

l DOWNLINK 
VOICE, DATA 

.ONE WAY DOPPLER . . 
DATA, PAY LOAD DATA \ 

l TACAN l ONE WAY DOPPLER 

TRACKING DATA 

.~~22L! 

Figure 39 



SPACE SHUTTLE MAIN ENGINE 

l IMPROVED EFFICIENCY - HIGH-PRESSURE LIQUID 
OXYGEN/LIQUID HYDROGEN ENGINE SYSTEM 

.THRUST, VACUUM 470,000 POUNDS/ENGINE 

.THROTTLEABLE 50% TO 109% 

. COMBUSTION CHAMBER PRESSURE - 3000 PSIA 

. TURBOPUMP CHARACTERISTICS FUEL 

DISCHARGE PRESSURE (PSIA) 

MAIN 6,200 

BOOST b 

SPEED, RPM 35,100 
POWER, BHP 62,240 
FLOW RATE, LB/SEC 147 
FLOW RATE, GPM 15,000 

l ENGINE WEIGHT 6300 POUNDS 

OXIDIZER 

4,620 

7,630 

29,225 

21 ,300 

884 

5,570 

.EQUIVALENT HORSEPOWER, EA ENGINE - 6,500,OOO 2,500 HP/CU IN, 
x4.X PWR 

l 100 STARTS /55 MISSION REUSE 
DENSITY OF J-2 

. DEVELOPMENT PROGRAM OBJECTIVES: 

MEET SPECIFIED PERFORMANCE & WEIGHT 

Figure 40 



LOW-PRESSURE 
FUEL TURBOPUMP 

HIGH-PRESSURE 
FUEL TURBOPUMP 

CONTROLLER 

WE MAJOR COMPONENTS 

G I MBAL DOME/ INJECTOR 
BEARI N 

OXIDIZER 
PREBURNER 

H 1 GH-PRESSURE 
OX1 0 I ZER TURBOPUMP 

-MAIN COMBUSTION CHAMBER 

LOW-PRESSURE 
OXIDIZER TURBOPUMP 

NOZZLE 

Figure 41 
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SOLID ROCKET BOOSTER 

I DIMENSIONS 

LENGTH. . . .145.1 FT 

AFT SKIRT 6 

t"""" SUPPoRT 

7:l 

4 SEPARATION MOTORS 
(23,000 LB THRUST) EACH 

W/ET AFT ATTACH-+ 

DIA . . . . .142.3 IN. 

4 SEPARATION MOTORS 

-SRB/ET THRUST 

/ 
NOSE FAIRING 

PARACHUTE PACKS - 
LOC/NAV AIDS 

Figure 44 



SCOPE OF P/L ACCOMMODATIONS 

. RESCUE KIT l RESEARCH HOD l HULflPLE SAT l HAINT/SERV . LARGE . EARTH 
. APPLICATION HOD . PALLETIZED HOD SPACE OBSERVATION 
.SPACE STA HOD EXPERIMENTS TELESCOPE SATELLITE 
l CARGO HOD 
. SORTIE LAB 

*PLANETARY SPACECRAFT OREUSABLE CRY0 

Figure 45 



PAYLOAD RETENTION 

Y 
+I--- 

\ 
13 wd*m 

- ~ 

+z?+ 

+- 

\ 

DETERMINATE LOADS CARGO 

YIIIVVI 
1 b,, ., DnlhlTC JRAL ATTACt’ 

CENTERLINE / 

TYPICAL CROSSECTIOW 

619 715 833 951 1069 I 

PAYLOAD- hIPPORT 
STATIONS 

1187 1293 

13 IN.* 

t 

*FINAL DIMENSIONS TO BE DETERMINED 

W$ure 46 



4D 

IT2 
NORTH 

UT, 35 
DEG 

PRACTICAL LAUNCH AZIMUTH AND 
INCLINATION LIMITS FROM VAFB AND KSC 

30 25 
125 120 115 8~ 82 81 80 79 78 77 

WEST LONGITUDE, DEG WEST LONGITUDE, DEG 

VAFB 

20; x ;An ,“Y 

AZIMUTH. DEG 

NORTI 
LAT. 
DEG 

29 

-I 
28 

27 

26 

KSC SOLID ROChET 
BOOSTER IMPACT t / A7lMllfU 

Figure 47 



ORBITER ENTRY AND RETURN FLIGHT PROFILE 

1 

ALTITUDE 

O RCS ATTITUDE 
OREIENTATION 

ENTRY INTERFACE 

' RCS/AERO SURFACE THRU 
a TRANSITION FROM 
30 DEG TO 10 DEG 

OAERO SURFACE TAEM INTERFACE 

RANGE 

Figure 48 
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BASELINE REFERENCE TRAJECTORY 

1 

H 

FINAL APPROACH 
H = 10,000 FT 

IAS = 240 KNOTSy 

PRE-FLARE 
H = 1700 FT 

IAS = 280 KNOTS-= 
/ 

-- --- - 
I 

- LH 

4 D 

1500 FTw 7500 FT z 

Figure 50 



ENTRY FOOTPRINT CAPABILITY 

Error Band 

Guided Traiectory 

5700 

Downrange, n .mi . 

L 
Min TPS 

(TEMPERATURE) 
Max TPS 

(BACKFACE) 

ENTRY INTERFACE POST BLACKOUT 

(400K to 50K) (130K to 5010 

Figure 51 



TURNAROUND CYCLE 

LANDING 

LIFTOFF 

\/ 

PRELAUNCH PRELAUNCH l DEACTIVATION 

/ K' l CREW EGRESS 

. PROPELLi . PROPELLANT LOADING 
. ORBITER COOLING 

l CREW INhncxs l CREW INGRESS 
I 

2-HR LAUNCH l REMOVE PAYLOAD, VAFB 

- CYC-rCYP C”rC”C . SYSTEMS CHECKS 
. DRAIN/PURGE OMS/RCS/APU 
l REMOVE OHS/RCS 

SHUTTLE ASSEMBLY 

. ORBITER MATING 
. REMOVE PAYLOAD, KSC ONLY 

. INTERFACE VERIFICATION 
l RSI INSPECTION AND REPLACEMENT 

. CLOSEOUT 
l FUNCTIONAL VERIFICATION 

.J MOVE TO PAD 
. INSTALL OMS & RCS MODULES 
. INSTALL PAYLOAD, KSC ONLY 
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CONFIGURATION MANAGEMENT 
RESPONSIBILITY LEVELS 

NASA HQ 
(PROGRAM DIRECTION) 

JSC-SSPG 
PROGRAM MANAGEMENT 

I PROJECT MANAGEMENT 

I 

LEVEL I 

LEVEL II 

LEVEL III 

LEVEL IV 
I 

ELEMENT CONTRACTORS 

f”ROGRAM DIRECTOR- 
CONTROLLED REQMTS 
& DIRECTION 

PROGRAM MGR-CONTROLLED 
REQMTS & DIRECTION THAT 
AFFECTS D 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 

CONTRACTORCONTROLLED 
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 
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SPACE SHUTTLE TEST PROGRAM FACILITIES 

PALMDALE CAL IF 

AFT FUSE V/A 

GRND VIRR TEST-HORIZ /In h L-l\ 
SH"l%TAVIONICS 

FLIGHT READINESS- 

INTEGRATION LAB 
FIRING, VERT LAUNCH 

3 ECLSS CLUSTER FIRING/ 

FWD FUSE V/A MAIN PROPULSION 

AND T/V SYSTEM 

Figure 54 



MAIN PROPULSION TEST STATION SET 42 
PICTORIAL 

E 

TOP OF SERVICE 
CORE. ELEV 289.67 

W??!!EXTERNAL TANK (ET) 

TOP OF ENGiNE ACCESS 

,ORBITER AFT FUSELAGE 

HIDBODY FRAME 

TOP OF EtiGlNE REMOVAL 
PLATFORM,ELEV. 122.50 

rAUXILIT\RY 
r DERRICK 

6OTTOM OF ASPIRATOR 
ELEV. 114.56 

P TOP OF SUBSTRUCTURE 
/ELEV. 2500 

SOUTH ELEVATION 

STATIC FIRING READINESS CHECKOUT GSE 

l ELECTRICAL CHECKOUT 
l PNEUMATIC CHECKOUT 
*ACCESS EQUIPMENT 
l HYDRAULIC SERVICING 
*AUXILIARY EQUIPMENT 
l DATE RECORDING 

PREPARATION FOR STATIC FIRING 
COUNTDOWN GSE 

. TEST ARTICLE PURGING 
l TANK CONDITIONING 

PROPELLANT LOADING SUPPORT GSE 

l LO2 & LH2 LOADING 
l ELECTRONICS CONTROL 
l PNEUMATIC SERVICING 
l SYSTEM PURGING 
l DATA RECORDING 

STATIC FIRING COUNTDOWN GSE 

*PROPELLANT TOPPING CONTROL 
*STATIC FIRING ELECTRONICS 
l PNEUMATIC SERVICING & CONTROL 
. HYDRAULIC POWER 
l EMERGENCY PURGING 
l ENGINE AREA FIREX 
OFRAG & HEAT SHIELD 
l EMERGENCY DRAIN CAPABILITY 
l DATA RECORDING 

HANDLING GSE 

l ET INSTALLATION EQUIP. 
*MIDBODY INSTALLATION EQUIP. 
.AFT FUSELAGE INSTALLATION EQUIP. 
.MAIN ENGINE INSTALLATION EQUIP. 
*SUB ASSY & COMPONENT REMOVAL 

EQUIP. AS REQUIRED 

Figure 55 



TPS TEST PROGRAtl 
REPRESENTATIVE VEHICLE AREAS TO BE TESTED 

w I RUDDER UPPER 

w 
EDGE SEAL 

VERT STAB. LEADING EDCEISTRUCTURAL 

VERT STAB LEADIMG EDGE MERItAl 

PRESSURE LDS THERML 

LRS I SYSTEH STRUCTURAL 

VIBRD ACOUSTIC 
SEA:. -- 5.1.1 WINDOW SEAL 

CREW ACCESS DOOR 6EAl.i 

ACCESS PANEL, SEA!, 

IMERFACE SEAL 

SEALS 

EXIT ‘2.3.3 RCS 
DOOR S-EALS 

Figure 56 
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REPRESENTATIVE 
TPS TEST. PROGRAM 

VEHICLE AREAS TO BE 

EDGE PRESSURE 

w “RSI 
AND AU0 SHEAR EFFECTS 

TESTED KONT) 

HRSI TILE 
SYSTEt? VCNTICiG 
G PRESSURE LOADS 

ELEVON am - -a...-. 

ELEVON TRAILING EDGE 

HRSI TILE SYSTEtl 
FAILURE WOE EVAL 

STATIC DISCHARGE 

HRSI TILE SYSTEIl 
STRUCTURAL EVALUATION 

RADIANT VS CONVECTIVE 
HEATING COHPARISON 
tllGtl TEHP tiEASUREt4ENT 
TECHNIQUES 

/ FLOW THRU GAP HEAT1 NC 
Lt 6 CAVIIT 
SEAL 

GKMIC 
SEALS CONCEPTS 

HRSI TILE CONFlG 

GAP & FILLER 
TOLERANCE 

ATTACHhiENT LOl1 
BRG INSULATOR!. 

ATTACH LOAD BRG 
EVALUATION INSULATION 

LESSv 
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KSC OPERATIONAL SITE 

INDUSTRIAL I..1 

HAI NT & SERV FAC 

UNCH PAD “B” 

LAUNCH PAD “A” 

PA LC 14 
‘gs, LC 13 

kLC 12 

/\n?’ -CAPE KENNEDY 

NORTH 

;iC 5 C 6 -MERCURY 

r 
REDSTONE 
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