THERMAL PROTECTION SYSTEM DESCRIPTION

LESS Hol Pﬁ 140 C CONFIGURATION
TRAJECTORY NOM WO. 14414,1 (UNFAIRED)

HRS]

TPS AREA WT (LB)

////////D;i//// ///////////////////;' I 777 77777777777/ 7777777777, /77y LRSI 6J 317 21 966

—_— HRS 5, 134 7,951

I 5 :

LESS [:;::]

o RCC 1409 3,023
N s TOTAL | 11,860 | 15,98y *

LRSI - COATED SILICA

HRSI - COATED SILICA
" RCC - REINFORCED CARBON-CARBON
SIP - NOMEX "E” FELT

LRSI
LESS \\\\\

Ry // * INCLUDES 2044-LB THERMAL SEALS,
HRSI HRSI BULK INS,

Figure 6 .
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LRST AND HRSI JOINT

BOROSILICATE COATING
(P= 0.067 PSF)
BOROSILICATE COATING
(P= 0.15 PSF)

LRSI TILE (LI-900
SILICA, P= 9 + 1 PCF)

0.035 MIN ‘
0.065 MAX

A

0.0075 RTV 560

ALUMINUM SKIN

STRAIN ISOLATOR PAD, NOMEX FELT TYPE “E",
STYLE 2352, NRB, 0.160 THICK

Figure 7
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RCC SEAL STRIP

(1) LH, (1) RH AND
(1)BOTTOM

RCC EXPANSION SEAL
(1) LH, (1) RH AND
(1) BOTTOM

RAL SUBSYSTEM

~—‘—‘- N e e N v W .

IRUC

me L.E. RCC PANELS
2~ (22) LH (22)RH N
NI 7

N P
R
' RCC SEAL
/ STRIPS

(22) LH
(22)RH

%

TOTAL AREA - 409 FT

TOTAL WEIGHT - 1609 LBS
TOTAL NUMBER PARTS - 95 RCC

Figure 8
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VERTICAL TAIL
SPACE SHUTTLE ORBITER

INCONEL SANDWICH DESIGN

FIN SPAR

FIN SEAL
<:::] WIPING SEAL
POWER HINGE (FIXED)
//K RING SUPPORTS
///////' : RUDDER SEAL
/7///// ’)//,,,-—-::%5 RUDDER

SPAR

SPRING WIPING . o

SEAL

INCONEL /////”’_

SANDWICH RING

DYNAFLEX g :
~ E?LQTING INSULATION A \

SECTION A-A

N
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ELEVON - WING

PAYLOAD BAY DO

ELEVON - FUSELAGE

—

Figure 10
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0.050 + 0,015
AIRSTREAM

— +0.010 TO +0.030 o
~0.010 TO -0,050

........... ' g . $%0T000 00 %0 AT %

\

TILE INSTALN TOLERANCES
INCREASE TOWARD TAIL & TOP
OF ORBITER

AL STRUCTURE

TPS GEOMETRY TOLERANCE

TILE ORIENTATION & SIZE

e MAX ANGLE BETWEEN LOCAL FLOW & TILE GAPS
(NO TILE GAP PARALLEL TO FLOW)

® TILE PLANFORM SIZE - SET BY STRESS REQMTS

'

|E]_T%_‘I_t+‘ 'Tiﬁ ;

I 111 T

WING LOWER SURFACE TILE GAP ORIENTATION

Figure 11
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MISSION SPECIALISTS
PRIMARY STATION

FLIGHT
STATIONS

— ORBITAL OPERATIONS

NAV BASE DEVELOPMENT
(LOOKING
WD) : FLIGHT
\ MU - [liNnsTRUMENTATION
\ | PAYLOAD CONTAINERS
R SPECIALISTS T~ v
STATION — /e
| FLIGHT DECK CONSOLES
STAR - PRESESRE _
SENSORS H /S EQUIPMENT
' ) MOUNTED
w  FORCEDAIR RENDEZVOUS el
“  CONVECTION & RADAR ANTENNA VIBRATION
C%%%PLLE’BTE ASSEMBLIES e ATED
' : SHELVES
PACKAGES | COLD PLATE - e
. COOLED ==
L= ‘ AVIONICS BAY 4 | Sl
COMMUNICATIONS ONICS
. & TRACKING, AIR - EQUIPMENT & Ay |8
=L COMPUTERS
| ' LOCK _REMOVE — —T
EPD&C, GN&C, &
OPERATIONAL VERTICALLY"""’Z@’TOP OF
INSTRUMENTA- BAY 6 BOXES
BAY 1 BAY 2 TION BAY 3 (LOOKING AFT) EPD&C & e oo

FLIGHT AFT AVIONICS BAYS

(LOOKING FWD)

CONTROL ON X 1307
FORWARD AVIONICS BAYS OPERATIONAL (LOOKING FWD)
— o - INSTRUMENTA

TION

Figure 12



ORBITER ELECTRICAL POWER SUBSYSTEM

FUEL CELL POWER PLANT (FCP) « 3
2-KW MINIMUM 7-KW CONTINUOUS, 12-KW PEAK/FCP ® POWER REACTANT STORAGE/DISTRIBUTION SUBSYSTEM
15 MIN DURATION ONCE/THREE HOURS © POWER GENERATION SUBSYSTEM

Q/

_ OXYGEN 3
DEWARS - 2, 12.3 FT° CAPACITY, 1050 PSIA MAX PRESSURE

FCP_SUtSYSTEM

© 14-KW CONTINUOUS/24-KW PEAK
®27.5 TO 32.5 Vol

EQUIPMENT ACCESS

I

UMBILICAL SERVICE

REACTANT STORAGE

® 1530-KWH MISSION ENERGY
® 264-KiiH ABORT/SURYIVAL ENERGY

HYDROGEN DEWARS - 2 | - 112 LB 0, FOR ECLSS
3 *92 LB Hp’/TANK TOTAL LOADED
23.5 FT° © 781 LB 0,/TANK QUANTITY

CAPACITY, 335
PSIA MAX PRESSURE

e T A T S . R T

Figure 13
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TUBING

® TUBING
MATERTAL 21-6-9 (MB0160-035)
QUANTITY 1570 FEET
SIZES 0. D, 1/4", 3/8", 1/2", AND 5/8"
WALL SIZE .016

® JOINING METHODS
PERMANENT SEPARABLE FITTINGS

BRAZE DYNATUBE USED ON FC40 COOLANT, H20, Op, & Hp

INDUCTION BRAZE
(TUBE END TO FITTING)

Yt ' (l”!! N V% :|_
= C | Y
L |
BRAZE |
ROCKWELL
INTERNATIONAL DYNATUBE-RE S| STOFLEX
APOLLO

Figure 14
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ELECTRICAL POWER SYSTEM
INSULATION

@ LINE INSULATION

1. TUBING RUNS WILL BE INSULATED

USING POLYURETHANE FOAM 1/2" THICK, ON PRSD ONLY

2. LINE HEATERS WILL REQUIRE WRAP WITH ALUMINIZED

KAPTON TAPE, SPECIFICATION (TBD), ON PGS ONLY

LINE HEATERS WRAP REF:: F'JEJFS_ULATION
| PANEL REF.~ '

Figure. 15



AERU SUKFALE CUNTRULY

\

RUDDER SPEED BRAKE
HYDRO MECHANICAL ROTARY
ACTUATORS

\ ‘,

BODY: FLAP HYDRO- 4 N Q‘?
MECHANICAL ACTUATOR N\ Os LI
SYSTEM

kAN

ELEVON SERVO &
SURFACE ACTUATORS

Figure 16

o PDR REVIEW INCLUDED:

LAYOUTS

ENVELOPE DRAWINGS

ICD'S

PROCUREMENT SPECIFICATIONS
DESIGN REQUIREMENTS
INETALLATION/RIGGING

GS

VERIFICATION PLANS
SCHEDULES

QOO0 000ODO0OO0OO0

o TYPICAL ALL OPERATIONAL

VEHICLES
o AEROFLIGHT CONTROL
0. < *RUDDER CONTROLS
> M ®BRAKE PEDALS
S>>
~

\Q:::? )

T @ ".'
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ORBITER-ET SEPARATION SUBSYSTEM

UMBILICAL DOORS
UMBILICAL,
/////////FLUID, % ELECTRICAL

FWD STRUCTURAL
ATTACHMENT

e

AFT STRUCTURAL/////////

ATTACHMENT

e AFT STRUCTURAL
ATTACHMENT

Figure 17



ORBITER/ET AFT SEPARATIOCN

0-RING

FRANGIBLE HUT

9¢Z

BOLT =[N

ORBITER FITTING—" I |
EXTERNAL TANK FITTING—— | |

Figure 18



LET

CONTROLLER ORGANIZATION
AND REDUNDANCY

N

D

-

LIMIT
SENSORS

[INFLIGHT
ATA

ISENSOR

-  ouw - -

INPUT
ELECTRONICS

FF{{{?;-,‘ IGNITERS
Wl .
u  VEEl
| SR, -A'"—"
ON / OFF
CONTROLS
I ACTUATORS
ﬁ
——‘———-————q.-—dh— —1
3 |
COMPUTER
k—l INTERFACE fe— :
ELECTRONICH .
i _ OUTPUT [
S GITAL ELECTRONICS | 4
COMPUTER [
— :
POWER |
SUPPLY I
ELECTRONICS |
CONTROLLER ASSEMBLY |
______ GSE INTERFACE
{ vt

14 POWER BUS
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CONTROLLER ELECTRONICS ARRANGEMENT

-t ?

WIRING
B

N INPUT

\ ELECTRONICS
OUTPUT
ELECTRONICS

POWER SUPPLY

,_ INBOARD/ OUTBOARD

s
o e
SO :
ARSALY
%0t ettt e 0l 0 bty
(3] MSOD
e e
a®e o8 .
s a0 »

el

o ® .
wes 4
LALAAS ;
------
. .
.o .
OA O
» o h
tleve et
LRI )
LA "%
EXT 1323 g
AT e .

.

oooooooo

“~.INBOARD / OUTBOARD
WIRING

COMPUTER INTERFACE

IK ELECTRONICS
DCU PROCESSOR AND
POWER CONDITIONER
MEMORY ELECTRONICS

DCU MEMORY
HALF STACKS

Figure 20



SSME HEAT EXCHANGER DETAILS

OXYGEN PRESSURIZATION SYSTEM

0, BYPASS Eﬁs :Fg é;

o

FLOW CONTROL SYSTEM

——— - —

6€C

HOL GAS MANIFOLD

HEAT EXCHANGER TUBE ASSEMBLY

!
N
|
l
l
l
|

"

EXTERNAL TANK

v

i{\Jf 3

; 2.55¢
3/16 x 010"
Ly ]

i | .

N i
B T
INLET ~ BIFURCATION JOINT ovTLET !J
\Z::: ’

Figure 21



SATURN VEHICLES

SPACE SHUTTLE POGO ACTIVITIES

COMPARISON OF SATURN AND SHUTTLE STABILITY LOOPS

0%e

PROPELLANT
»{ STRUCTURE AND
] FEEDLINES
SPACE SHUTTLE
r""'—""_'__""_ - = - = — =
- l l
PROPELLANT : : |
P
~ STRUCTURE AND { LPOTE ggiam HPOTP POWER HEAD™]
FEEDLINES l ‘
L _ o ENemE Y _ _ _ __ _J

Figure 22
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|
5

VEHCLESOE CONTROL PACKAGE
/0 RckCuToN , )
| ISOLATION VALVE

GOX INLET DIFFUSER ——
60X OVERFLOW LINE—

i
' HELIUM PRECHARGE
| CONTROL PACKAGE

ERGINE/VEHICLE INTERFAC

S ——
o

i LOW PRESSURE

o

 HIGH PRESSURE
~ OXIDZER PUMP

Fieure 23
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OVERFLOW
LINE

THERMAL
BALL
BLANKET

3 »
LR B 2N 2% 2 4
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¥
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Figure 24




EXTERNAL TANK

ET7ORBITER
FWD ATTACK

ET/SRB FNDATTACP

£ye

//’

» TANK VENT VALVES

PROPELLANT
FEED, PRESSURIZATION

LINES

parmeoo o,
STRINGERS

=\
=7 \V
//,,/%\%%v@%w ~_

_

LHZ TANK

DIAMETER = 331 I} *

ikt LnNn = aJ1

LENGTH = 1846 IN.

‘| PROPELLANT WT = 1 55 x 10" LB
INERT WEIGHT 76,365 LB

4!

"

* WITHOUT EXTERNAL INSULATION

Figure 25



LO, TANK ANALYS!S
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Leak-Before-Failure Design

CRITICAL DEFECTS

™
ll,‘
L
lolll‘,,'.
taa,,
e

’ CRITICAL
WELD| THICKNESS, | STRESS STRESS, |cRACK FAILURE
in. DIRECTION ksi DEPTH, in. MODE
1 0.120 Parallel 5.3 12.4 Leak
Tepnverse 2.2 2049 -
2 0.120.212 Parallef 27’116 4702¢ Lezk
Transverse 53/232 | 5390279
3 8212842 Paratlal 11,678, 2642 Leak
Transverse 23.2/182]| 0.2790.458
¥ (0238 Paralicl 321 0.33 Ceak
Tt 135 0.83
6 0.400 Paraliel 27.3 0.47 Leak
Transverse 186 2.6
[} 04520479 ~ Paraliel 7.0/6.6 7582 Fracturs
Transverse &7 025
7 T 0386 Paraliel 0% 0.39 Leak
Transverse 8.3 22 .
8 0.280 Parallel 4.9 14.5 Leak
Transyerss 220 Q312
9 0.198.0.261 Paraliel 31.2/28.5] 0.36.0.43 Leak
Transverse 6.9/22.1 3.18-0.31
10 0.37 Paraliel 155 1.42 Leak
Transverse 20 0.38
\““
L]
oMo 0.175 Transverse | 2385 0266 Leak
o Paratiet i8s 1.04
2 0.1750.150 Transverse 185 0.444 Leak
Paratiel 2385 0.612
3 0.1750.150 Transverse 185 0444 Laak
Parallel 23.85 0.59
4 0.175-0.150 Transverse 185 0433 Leak
Parailel 2385 0.612
| 0.150 Transverse 231 0.284 " Leak
Parallel .1 13.30
6 0.324 Transverse 214 0.33 Leak
Paraliel 10.7 3.02
0.324 Transverse 21.4 0.33 Leak
Parailel 10.7 3.02 .
~ B 0328 Transverss 214 0.33 Lesk
Parsitel 107 3.02
[] 0.324 Transverse 214 0.33 Leak
Paraliel 119 244
0.324 Transversa 119 1.06 Leak
Paratlel 214 076
7 0.324 Transverse 119 1.06 Leak
Paratlel 214 0168
12 0.324 Transverse 214 0.33 Lesk
Parallel 102 302
13 0.324 Transverss 214 0.33 Leak
Parallel 1121 24
14 0.32% Transverse 214 0.33 “Leak
. Parallel 1283 1.85
15 0.324 Transverse 13.83 0.80 Leak
Parallel 21.4 076
16 0.324 Transverss 13.83 0.80 . Leak
Paratle| 21.4 0.76
17 0.324 Transverse 214 0.33 ‘Leak
Paratiel 10.7 3.02
18 0.324 Transverse 214 0.33 Leak
Parailel 13.14 203
19 0.324 Transverse 21.4 0.33 Leak
Pacaliel 15.67 1.63
20 0.324 Transverse 15.67 0.62 Leak
Paraliel 214 0.76
ki 0.324 Transverse 15.67 0.62 Teak
,__Parallel 214 0.76
24 0.3 Transverse 214 0.33 Leak
Paraliel 10.7 3.02
23 0.324 Transverse 214 0.33 Leak
Parallel 13.14 203
24 0.324 Transverse 21.4 0.33 Leak
Paraliel 15.67 1.63
25 0,323 Transverse 10.7 1.32 Teak
Parallel 21.4 0.76
26 0.324 Transverse | 107 1.32 Leak
Pacailel 274 0.76
Figure 26
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EXTERNAL TANK-

TYPICAL MECHANICAL JOINT

SECONDARY SEAL /DUAL SEAL
FLOATING FLANGE RING LEAK DETECTION PORT
WELD JOINT l / ATTACHMENT BOLT HOLE
.

FIXED FLANGE

,?/l/l/l,x&\\\\\\v

DUAL PRIMARY SEAL

Figure 27
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External Tank Propulsion/Mechanical Subsystem LO, Propellant Feed

GO, PRESSURIZATION LINE

L0 ANTIGEYSER LINF@

109 FEEDLINE
-

PIVOTING
SUPPORTS

INSULATION BLOCK SUPPORT

L02 VENT/RELIEF VALVES
L0, PRESSURIZATION LINE

< (INTERNAL)
‘ L, g
L0, FEEDLINE b “‘%ﬁﬂ/é‘\

2 )

LO, RIGHT AFT
UMBILICAL
DISCONNECT PLATE

L0, VENT VALVE
PNEUMATIC LINF
(IN ELECTRICAL TRAY)

L0, PRESSURIZATION
' LINE-

DUAL FLANGE SEAL

© VENT/RELIEF VALVES
: ORIFICE AND DIFFUSER — 4t PNEUMATIC LINE
ar&écnssk (INTERNAL)
R ‘ L0, FEEDLINE VENT OVERBOARD
TYPICA 0 ION ' X DUMPS
MECHANICAL JOINTS GIMBAL JOINT

Figure 28
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External Tank Propulsion/Mechanical Subsystem Separation Hardware

INTERTANK PURGE
MANIFOLD (INTERNAL)

NOSE FAIRING

LOZ RIGHT AFT UMBILICAL
DISCONNECT PLATE

LH, TANK

VENT
VALVE ACTUATION

INTERTANK
UMBILICAL

DISCONNECT
PLATE

i~=— INTERTANK PURGE (N3)

2
LEFT AFT UMBILICAL
DISCONNECT PLATE

LANYARD

n .
“~— BALL LOCK MECHANISM

S ET UMBILICAL
CARRIER PLATE

- ADJUSTMENT BOLTS FOR
HEIGHT OF GROUND
UMBILICAL PLATE

h— GH
DISCONNECT

GROUND l H SUPPORT LUGS

UMBILICAL PLATE

Figure 29
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Q—-.—
Heat
input

—

Bubble
formation

Figure 30
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HELIUM INJECTION

SYSTEM

| «—— VENT VALVE GHe

ACTUATION LINE
1/4” DIA

LH,
TANK

| > GHe SUPPLY 3/8” DIA

LOCATED IN THE
_— T~ INTERTANK AREA

e NITIAL :
DESIGN CURRENT
FEATURE DERe DESIGN RATIONALE
CHECK 2-SERIES | A4-SERIES/ | INCREASED
VALVES PARALLEL | RELIABILITY
LINE SIZE 1/4” 378" MARGIN FOR
GROWTH
FILTER NONE ONE PROTECT
CHECK VALVES
COMPONENT NOT INTERTANK | MIN'IZE
LOCATION | DEFINED EFFECT ON
VENT VALVE
OPERATION
WEIGHT 8LlB 2518 rONnE
COMPFCIVINTS

/
. e L ORIFICE _
L=
e—:--\ANTI-GEYSER LINE (4" Dia.)

Figure 31
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Ef ANII-GEYDEK DYDIEM IEDI
CONFIGURATION

PROTOTYPE ELBOW
& ANTIGEYSER ASSEMBLY

17 4" 17
HELILM

H i INJECTION

TANK QUTLET AND BAFFLE/SCREEN
ASSEMBLY TO SIMULATE FLIGHT
HARDWARE (LENGTHS, DIAMETERS, ANGILES
& HEATING RATES) '

/ CUTOFF SENSORS

SIMULATED ORBITER
LOX FEEDLINE

- VEHICLE SIMULATION:

® VERTICLE LINE LENGTHS
CATCH TANK(S) e LINE DIAMETERS

* HEATING RATES
5 PUMP * TANKOUTLET HARDWARE

34—
a4
. —
LUk >
\ /
N / THROTTLE
/ N DN VALVE
OVEREBOARD \
BLEED —— \ e »|
‘\ / FLOWMETER
~ /

e LINE ORIENTATION ANGLES

———
™~ SIMMULATED ENGINE LOX LINES
ILENGTH, DIAMETER &
HEATING RATES)

Figure 32 '
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POINT SENSOR PROPELLANT GAUSING SYSTEM
' BASELINE CONFIGURATION -

2 FEEDTHROUGH I

CONNECTORS i

(TY? - 4 PLACES) i
fLO? 7 SENSORS

Ty

3 SENSORS
/

A/’/”—_—;i*y : ‘ o N L
f( dfii : \ o E L GROUKD
o T LOADING

SYSTEM
7 SENSORS S
Ly LHy FEED LINE DISCONNECTS ~ DISCONNECT
' (REF) » : .
3 SENSORS . N
. g, POINT ” LAUNCH |
; {7 SENSOR ‘ MWULT IPLEXER " Processing
\ ELECTRONICS T SYSTEM
1] . N
“\ poro I | ' ‘
f et T L 370 ENGINES ,
ECO (ReF) _ * FOR ECO (REF} D
4 stsin ET @b ORBITER ) ORBITER <~ GROUND

Figure 33
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ET/SRE ATTACH CONFIGURATION

ET/SRB FORWARD ATTACH

- _ _ NN (.
N

I
\\\\\\\\\ /Ill\
/j 1
<*A

%T SUPPORT gRAME
INTER-TANK

SRB THRUST
ET THRUST LONGERON

LONGERON _
\\\ 71 ™
/ o

\.

X

]

DETAIL A

Figure 34

ET/SRB AFT ATTACH

ET M/L

SRB M/L

SEPARATION PLANE
(TYPICAL)
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SEPARATION PLANE ~
e "

CENTERING

LOCK DETENT

ET/ORBITER FWD STRUCTURAL ATTACH

\

\\\ BOLT RETAINER

" /\\ BEARING CENTERING SPRING (2)
~~

N

— STRUCT SUPPORT CHANNEL

» |
!I = BOLT RETAINER

SMST CARTRIDGE

A-FRAME

Figure 35
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ET/0RBITER AFT INTERFACE STRUCTURE

CROSS BEAM —

LO, FEEDLINE

75
2O
A

<J FORWARD

Figure 36
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ET DISPOSAL FOR KSC LAUNCHS
NOMINAL AND AOA

70°,

T T N T ). | ] B Es S
,..,/N ) %ég%&% / )"rTT P )

st | - N . —h‘& ((((( J:% ﬂDCIAL ST REPUBL;
Buo ’r:)\“ A \ \j h0.0.0.9.0.9.04 3 —
SN ﬂ
50° Lo -~

. )ﬁ' -

Tevma?

A

- »
\‘\u:"- 0
20° 55 e o
Y 'Ef’ =N ARABTA CHint
ARHIL 1N % 1
'1 Ve SEa <

10° s el

T WINEZOELA
=

120°E
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ALTITUDE, FT

TYPICAL ET ENTRY TRAJECTORIES

,
312x 10 FOR MISSION 3A
| | | ENTRY CONDITIONS
ol \ - 1 @« -130° PITCH RATE = 1.3%/SEC
e 2 0= -130° PITCH RATE = 30°/SEC
3 @=130° PITCH RATE = -1.3%/SEC
216 - | |
258 |-
20 -
222 |-
A —976 N. ML
04 - -
18 [~
168 [-
150 ! ! ! ! !
e 22 a7 52 57 6

SOUTH LATITUDE, DEG

L L 1 1 ] 1 |

-960 -640 =320 0 320 640
DOWN-RANGE ERROR FROM PRIME TARGET, N, MI.

Figure 38
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DISPERSION AT
240, 000 FT
ALTITUDE, N, MI.

ESTIMATED "FRISBEE" EFFECT ON ET ENTRY

400

300

200

100

TOTAL

DOWN RANGE

UP RANGE

1 1 | “|" | -

40

80.. 120 160 -'200". 240
ET TUMBLE RATE, DEG/SEC

Figure 39
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JROGUE CHQTE

SOLID ROCKET BOOSTER

4 SEPARATION MOTORS  yoomib g TYC
APPROXIMATE WEIGHTS & THRUST 20,000 LB THRUST LAC“‘\\\\
3ROSS WEIGHT . . . 1,286,560 LB
INRT W ... 180,510 LB ;fl;!,
THRUST L -’i ~ t
AFT SKIRT &

LAUNCH SUPPORT

L SEPARATION MOTORS “,,—""' 7
20,000 LE THRUST EAfr‘——’,a'

. // &\4

’//P-v

€ =7.16:1

SRB/ET ATTACH RING
& SWAY BRACES

i ‘ “ rJ
\ r' & \‘., »
- g vy e /,,/TT}

SRE/ET THRUST

ATTACH
. IMENSIONS
\\ FWD SKIRT SEPARETION AVIONICS ; LENGTR . . . 1780 IN,
NOSE FRIRING PERETIONAL FLIGHT g DIL . . . . 14€ I\

INSTRUMENTATION
RECOVERY AVIONICS

Figure 40
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FORWARD Y

Case Design Configuration

JOINT

ATTACH STIFFENER RING

Figure 41
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VACUUM THRUST (100 LBF)

PERFORMANCE SUMMARY

REPRODUCIBILITY LIMITS

=

\ - MAXIMUM

N

P,

|
MINIMUM ‘

.

|
|
I

i

i i
I

. t

X ‘ .

I i J

b I S UUU S I

|
l
j
e

40 60 80

BURN TIME (SECONDS)

Figure 42
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SRB/ET SEPARATION SYSTEM

FWD BSM ORIENTATION

(BSM=Booster Separation Motor)

FWD STRUCTURAL

AFT BSM ORIENTATION

INITIATE & CONTROL
SEPARATION
SEQUENCE

ATTACHMENT <:zf"5 T
e
| e R—

-y >
A\
) ™~
g

-

14
A)
~

_J

\\\~Pc PRESSURE TRANSDUCER

\\\4 BSM EACH SRB

Figure 43

AFT STRUCTURAL
/ATTACHMENT
Z > ELECTRICAL UMBILICAL

4 BSM EACH SRB
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SEFPARATIUN DYO TEM AVIUNILDS

ORBITER SRB

~ | . ARM
SEPARATION\ | SERARATION BOLT
SYSTEM A y P FIRE 1 PIC A >
SIGNALS I , A (4) ,
| ~ FIRE 2
1 N
| ARM
SEPARATION MOTORS
| FIRE 1 bIC Ny @ SMSI—A
| A (2) =
| FIRE 2
| | - SR
| MDM Pc XDCR 1
SEPARATION Pt | PRIME DATA BUS PR _
CUE \ ' [~ _.[: SR
50 115 PSIA ] BACKUP DATA BUS Pc XDCR 2
ON 2 Pc XDCR'S 7 ' , B X
| SRM
| Pc XDCR 3

PIC =PYROTECHMICINMITIATOR CONTROLLER
MOM© - MULTIPLEXUR - DEMULTIPLEXER

SMSI = STARDARD MANMED SPACEFLIGHT IRITIATOR
Pc - - CHAMBGER PRESSURE
XDCR — TRANSDUCER

Figure 44
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SRB PDR
- RECOVERY SUBSYSTEM

NOMINAL TRAJECTORY

ql >
APOGEE
h = 210K ft
q=4 psf
t= 65 sec

HIGH ANGLE OF o

ATTACK REENTRY - ¢\ eNCE INITIATION,

MODE NOSE CAP DEPLOYMENT/ °
. h = 19,000 ft
“SEPARATION . : :“;’; ¢ h““ pet v = 658.3 ft/sec
q = 200.0 psf

ROGUE PACK
DEPLOYMENT
h = 18,702 ft

v = 5535 ft/sec
q = 198.8 psf

t®o t= 174 sec = 234 soc

ROGUE CHUTE INFLATES
TO 1ST REEFED CONDITION
h=18,109 ft (81%),,
v = 544.7 ft/sec .
q = 196.8 psf
DROGUE CHUTE DISREEF
TO FULL INFLATION
h = 12,404 ft
v v = 437.1 ft/sec
/q = 165.7 pst
t= 248 e

Figure 45
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FRUSTUM AND DROGUS

h=9212 ft
v = 375.7 ft/sec
q=128.3 pst

- t=256%¢ -

DROGUE CHUTE
DEPLOYS AFT
FRUSTUM WITH
MAIN PACKS

IMPACT AT ™50 FPS

h = 8860 ft

SRB PDR
RECOVERY SUBSYSTEM

h=4924 f¢ -
v = 399.8 {t/sec v = 252.6 ft/sec.
| o= 14700 6655 pat
© é t= 270 sec - H
MAIN CHUTES .
INFLATETG " MAIN CHUTES DISREEF ~ . S
ST REEFED  AND INFLATE TO 2ND
_CONDITION _ REEFED CONDITION L IN
(18%) “e%) .

MAIN CHUTES DISREEF
TO FULL INFLATION

v =1533 tt/sec
Q= 2561 psf

t=278 sac h=00f
v=97.7 ft/sec
q‘ / q=11.35 pst

(;/ —~t=311 sec
ey

o

SRB WATER IMPACT
RANGE = 125 n. mi.

NOZZLE JETTISON

Figure 45 (Concluded)

FOOTPRINT = 10X33 n. mi.
(BOTH)
DETACH PARACHUTES AT IMPACT

DEPLOY TOWING
PENDANT
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\1A. 200

OROGUE
CHUTE CANOPY

TETHER LINE

BRIDLE LEG
(3 REQ'DY

RECOVERY SYSTEM PACKAGING IN THE NOSE CONE

DROGUE CHUTE
SUSPENSION LINES

$TA. 273

SUSPENSION LINES
{104 REQ'D PER CHUTE)

MAIN CHUTE CANOPY

e

Figure 46

RISER LINE SUNDLE
(2 REQ'D PER CHUTE)

RISER/ SUSPENSION ATTACH
FITTING (2 REQ'D PER CHYTE)

MAIN CHUTE FLOTATION
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LIRS )

29 WEEKS

D R R N T TR R LY AN SR o)

FIRST YVERTICAL FLIGHT

A
FRF
13 WEEKS SECOND FLIGHT
11 WEEKS | THIRD FLIGHT
8 WEEKS | FOURTH FLIGHT
28 DAYS | FIFTH FLIGHT
SIXTH FLIGHT EITA’I—:-] 2 WEEK

N I N | L] | | I
0 8 16 24 30 38 46 54 60 43 74

Figure 47



SAFETY ANALYSIS PROCESS

£92

HAZARD - PRESENCE OF POTENTIAL RISK
SITUATION CAUSED BY UNSAFE ACT OR oS IDERATLONS
CONDITION (NHB 5300.4 (ID-1)) —!  CRE ‘
eNO. SPECIFIC
SIMULTANEOUS
AR L0SS OF EVENTS REQUIRED
FAILURE MODES 1 PERSONEL —| e TIME CRITICAL - NO
(FMEA) GROUND TIME FOR CORRECTION
PERSONNEL ® EXPERIENCE-AIRCRAFT-
CREDIBLE POTENTIAL —1 AND/OR SPACECRAFT
ACCIDENTS . RISK PUBLIC
Y o TIME OF EXPOSURE
HAZARDOUS * CRITICAL
OPERAT IONS « CREDIBLE
OR PROCEDURES
CREW OPERATIONS
AND/OR PROCEDURES - \L{gfgcgg 8{; Eﬁg‘é‘ﬁ%}gs HAZARD REDUCT ION

e DESIGN FOR MINIMUM
HAZARD

e S/FETY DEVICES
® AR G DEVICES
+ o SPECIAL PROCEDURES

REPORT AS RESIDUAL . '
HAZARD TO MANAGEMENT CLOSE OUT
NASA REVIEW : NASA REVIEW

Figure 48
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SHUTTLE AND ORBITER

RELIABILITY AND SAFETY ACTIVITIES

107 101 102 FIRST
SRR 102
APDR SHUTTLE ORB FLT A&l FLT FIRST
3 A&LT PDR SHUTTLE
13 7-22-74|ppr o-pg-75 ORB FLT cop  SHUTTLE COR 75977 chl'l- MANHED
PRR PDR 5-27-77
17- 22 74 1-30-76 A&L CDR COR ORB FLT
11-13- 72 2 4 74 3 3-75 -4-30-76 3-30-79
é g g—8—31—77
, [T T T 3
197z 1973 1974 : 1975 1975 1977 1978 1979
REQUIREMENTS : |
DEFINED | :
e ABORT : |
o RESCUE | |
e FLUID VENTING | |
e FIRE/TOXICITY | |
e SEPARATION [ [
e REDUNDANCY : |
® CERTIFICATION , !
FMEAS «
SUBSYSTEMS - 18 20 MISSION
COMPONENTS - 850 947 FINAL ORB RULES
MODES - 1047 3773 FMEA INPUTS
HAZARDS ¢ evsTEMS - 18 20 CONTINGENCY
ORBITER HA'S/SAR 120 200 UPDATE PLAN &
TOP-DOWN SAFETY ANALYSIS 150 PROCEDURES
INTERFACE ANALYSES 747/0R8  SSME/ORB SITE &
ET/ORB PREL UPDATE C/0 OPERATIONS
SRB/ET SUPPORT :
SHUTTLE SAFETY ANALYSIS REPORT A UPDATE

Figure 49
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ET INTERSTAGE
CONTINUOUS MONITORING
FOR 0,, H

SRB
PERIODIC HYPERGOLIC
PORTABLE

GROUND HAZARDOUS GAS DETECTION SYSTEM

FTT7ITTI777
LAUNCH PAD OP'S

SUMMARY

ORBITER
HGDS - PORTABLE
& FACILITY BASED

_ORBITER

HGDS - SELECTED
COMPARTMENTS
CONTINUOUS MONITORING

FOR CRYOGENIC & HYPERGOLIC

e ==
‘ =
GROUND TURNAROUND

e POSTLANDING
o MAINTENANCE

Figure 50
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LANDING/DECELERATION
NOSE GEAR INSTALLATION

~
e
.

SECTION A-A

Figure 51
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LANDING/DECELERATION
MAIN GEAR

o

_—HYDRAULIC ACTUATOR/SNUBBER

SHOCK STRUT

Figure 52
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ARM

SAFE &

RANGLC ORI

BASELINE SYSTEM

(LSC=Linear Shaped Charge)

)
Q
=

=
—t

N ——
INSULATION / '

SRM CASE

:

BASE PLATE

DEVICE

CDF MANIFOLD
(Contained Detonating Fuse)

CDF ASSY
ELECTRICAL CABLES

Figure 53
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RANGE SAFETY
BASELINE SYSTEM

;7 LHp

i
/

L02 \

A AN AW AR AWANAYA N

LSC FOR SRM DESTRUCT 7

Figure 54
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MAJOR GROUND TEST PROGRAMS

ORBITER 1975 1976 1977 1978 1979 1980 1981
—== ay Y - ,
* STATIC STRUCTURAL (First Approach-LandingfAl pop (F LZS¢ Manned Orbital Flight)
CREV MOD FAB TEST T
ATRFRAME [ s N\
* FLIGHT CONTROL
HYDRAULICS LAB £ FAB

* HORIZ GND VIBR TEST

¢ AFT FUS VIBROACOUSTIC

® OMS & AFT RCS STATIC FIRING

* FWD RCS STATIC FIRING

FAB

TEST

FAB

CREW ESCAPE SYST %
SLED TEST

Figure 55
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SSME

e HOT FIRINGS
EXTERNAL TANK
e STRUCTURAL TEST

LO2 TANK

LH2 TANK

INTERTANK
SRB

® SRM - STRUCTURAL
TEST

® SRM - STATIC
FIRINGS

e SRB ELECT &
INSTN VERIF
TEST

SHUTTLE SYSTEM

o MAIN PROPULSION TEST §

® MATED VERTICAL
GND VIBR TEST

® SHUTTLE AVIONICS
INTEGRATION LAB

MAJOR GROUND TEST PROGRAMS (CONT)

1975 1976 1977 | 1978 | 1979 1980 1981 |
‘!\ ]
FAL FMOF_ @
SFAB TEST ____}"—’:.> *
GVT MODAL TEST, STATIC TESTS =
| FAB | [N 7= —~)
P8 T M
[ | TEST }—Q@
FAB TEST ‘
T oroP TEST
[ FAB | TEST J—=>C Jj]
, —~ D
$ FAB I ks =
FAB N\ TEST />
FULL g -
| 1/4 SCALE ] SCALE[ ]
Factiv TEST -_—

Figure 55 (Concluded)
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EXTERNAL TANK PROPEL-
LANT CONTROL
& INSTRUMENTATION

orGaormmr CONTROL DISPLAYS & CONTROLS
@GAGING —

® 2 PRILARY FLIGHT STATIONS
@ INSTRUMENTATION (DATA| @ PAYLOAD HANDLING STATION
(INTERFACE EQUIPMENT ONLY)

O MISSION SPECIALIST STATION
@PAYLOAD SPECIALIST STATION
@ SUBSYSTEM MANAGEMENT
POWER DISTRBUTION PANELS

PCWER & CONTROL
.EAI.;'C"I"RENG'NE c?:igsoun
W
COMMUNICATIONS ; O oS e SR, DisTRiby-
& TRACKING . . @ FUGHT CONTROL AVIONICS

@S BAND COMMUNICATIONS 4 T S
& TRACKING EQUIPMENT

@ TACAN

@RADAR ALTIMETER &

LANDING 5YSTEM

@ RENDEIVOUS RADAR

OPERATIONAL FLIGHT
INSTRUMENTATION

® DATA ACQUISITION
& DISTRIBUTION

@ RECORDERS

@ MASTER TIMING UNIT

SOLID ROCKET BOOSTER
CONTROL & RECOVERY

@ IGNITION CIRCUITS
@ FLIGHT CONTROL

DATA PROCESSING

@RZCOVERY SYSTEM
A i TERS @ INSTRUMENTATION (DATA
O©KEYBOARDS & DISPLAYS GUIDA:CCE(,:':TARVOKEATION {INTERFACE EQUIPMENT ONLY )}

@ STAR SENSORS

@ INERTIAL MEASUREMENT UNITS
® RATE GYROS

@ ACCELEROMETERS

® AIR DATA SENSORS

(ALL THESE SYSTEMS TO BE INTEGRATED AND TESTED IN THE SAIL)

Figure 56
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SRB/ET SEPARATION SYSTEM VERIFICATION LOGIC

|
=)

Figure 57

QUALIFICATION ., PLANNED MAJOR TEST COMPONENT TEST OTHER
FORWARD BSM FIRING VAC CHAMBER
SEPARATION NPE—— BSM FIRING
BOLT BSM IGNITION p PPN Y —
SYSTEM ' — = -
P ORMAGE [ soFruare COMPUTER
AFT VERIF SIMULATION
SEPARATION BSM IGNITION | | INITIATE & SEPARATION
BOLT | | sYs ALT & CONTROL SEP DYNAMICS
| BALLISTIC r SEQUENCE
| ENVIRONMENT _] I
ELECTRICAL - COMPUTER 1
UMBILICAL 4 SIMULATION |
MATED
\ SRM FIRING SCALE MODEL WIND CFOLNITGRHOTL
I |SRB Pc TRANSDUCER TUNNEL TEST L
SRB PC #{" SRB THRUST ;
TRANSDUCER TBA bEr AERO FORCES o
IL & MOMENTS [ aaLysis |
: MASS
PROPERTIES
BACKUP CUE , , L_ — _J
L1 ACCELEROMETER| ¢ SRB STA STRUCT ATTACH
MANUAL SWITCH FWD & AFT PYRO TESTS
STRUCTURAL
»|  ATTACHMENTS FWD & AFT
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orauh ONULLILL MALN FRUSULOIUN DIDL D

(SCHEMATIC)
Orb | Fac

GO, Press. IHe Prepress.
L0z

GHy Press. __‘AHe Prepress.
LH,

LHy Recirc, '

:
LO) Feed -

Engine No. 1
Functions Same

As Engine No. 2

" LH

Figure 58

Blowg ENGINE-GNp

L=

F

' !I
I

No. 2 Purge

L

L0y
Feed

" jwz Bleed
‘ ONy Purge

Bleed

ol
Engine No, 3

Press. Functions Same

As Engine No. 2
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POGO SUPPRESSOR SYSTEM

GIMBAL JOINTS

VEHICLE LOp TANK PRESSURANT LINE

AV S W S w4

FAILURE
FLEX HOSES L0y MONITOR
BLEED
60p RECIRCULATION LINE  VALVE o o) FAIL-SAFE
I L1 — 1 ><F BLEED LINE v ISOLATION

RFACEr{}1

642

NE/VEHICLE INTE

=7

m
r—Ln ENGI

SQUIB VALVE

RECIRCULATION ISOLATION VALVE ez RO ENGINE SRS T
Ay, PACKAGE DIAPHRAGM
GOz INLET DIFFUSER o
602 OVERFLOW LINE éf;/ PA%E:EF ﬁtﬁl AT
. HOT GAS
ACCUMULATOR YAl DR CHARGE OUTLET
| PRESSURE CACKROE
- TRANSDUCER
‘ L0 : HEAT
- '( EXCHANGER
LO2
K o BYPASS
LOW PRESSURE
OKIDIZER PUMP e\ 1ym suppLY LINE | L2 HEAT FAIL-SAFE
{1 = EXCHANGER ~ ISOLATION
ANTIFLOOD SQUIB VALVE
TO ENGINE VALVE
FLEX PNEUMATIC HIGH PRESSURE
HOSES PACKAGE OXIDIZER PUMP

Figure 59
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® POGO INTEGRATION
e STABILITY ANALYSIS

LUV CFUMWAULCILINL O LU s sanL

o STABILITY ANALYSIS

o SRB STRUCTURAL MODEL

JsC N~ MSFC © LOX TANK MODAL TEST
| POGO | o MATED GVT /
INTEGRATION o 1PT |
PANEL
ROCKWELL SD | ~
. A
® ORBITER STRUCTURAL MODEL .
e MATED STRUCTURAL MODEL ROCKETDYNE MMC THIOKOL
e FEEDLINE/SUPPRESSOR MODEL
e IPS POGO STABILITY ANALYSIS @ SSME MODEL o ET HYDRO MODEL o SR
* ORBITER HGVT : e SSME TEST e FEEDLINE KODEL
® LVGVT e SUPPRESSOR DEV.
o NPT
e QNS POGO ANALYSIS
@ DEVELOPHENT FLIGHT DATA ANALYSIS
e Sk ARCH I B B NASA
RCENTER CENTER - CENTER HEADQUARTERS
"6 1/8 SCALE VIBRATION TEST  © ACTIVE SUPPRESSOR TESTS "o LAUNCH CPERATION o COORDINATION

© DYNAMIC FLOW/ETER DEV.
o EARLY STABILITY STUDIES

o ACTIVE SUPPRESSOR AMNAL.

Figure 60



