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North American ’ Space Division .
Aerospace Group 1 Rockwell Internahcnat 6355V7093



BRIEFING CUTLINE
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PRESENT CONFIGURATION SUMMARY

SHUTTLE VEHICLE MISSION REQUIREMENTS

MISSION PROFILE
SHUTTLE VEHICLE CONFIGURATION - ET 2 SRB
® SHUTTLE VEHICLE WEIGHTS
SHUTTLE VEHICLE PERFORMANCE
ORBITER VEHICLE CONFIGURATION
e ORBITER VEHICLE WEIGHTS
ORBITER VEHICLE SUBSYSTEM SUMMARY
PAYLOAD ACCOMMODATIONS SUMMARY

North Amernican ‘l Space Division 63S5V7196

Aerospace Group Rockwell Internanonal
Preceding page blank
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SHUTTLE VEHICLE MISSION REQUIREMENTS

o MISSION REQUIREMENTS

OMS RCS

INCL ASCENT PL LAUNCH AV AV

MISSTON (DEG) (K LB) SITE (FPS) (FPS)

1. DUE EAST 28,5 65 KSC 650 100

2, RESUPPLY 55 25 KSC 1250 120

v/ 3A. DEPLOY 104 32 WTR 250 100
3B, RETRIEVE 104 0 WTR 500 150

NOTES:
1. OMS AV REMAINING IN EXCESS OF REFERENCE ENERGY ORBIT,
50 X 100 N MI

2, ACTUAL INSERTION CONDITION OPTIMIZED FOR MISSION
(50 X 100 N MI NOT REQUIRED)

3. RCS AV FOR ORBITAL TRANSLATION MANEUVERS. ADDITIONAL
RCS FOR ATTITUDE CONTROL ON-ORBIT & ENTRY TBD

o PROVIDE ONCE-AROUND ABORT CAPABILITY FROM LAST RTLS POINT

Norib Anencan ‘ Space Division .
Aerospace Crour l Rockwell Internanonal 6355V59574A



SPACE SHUTTLE MISSION PROFILE
DUE EAST LAUNCH FROM KSC

DADGUE PARACHUTE \
N 2 \
\

~ \ DtonmY
MAIN PARACHUTES \
ne10000FT \
20087 \ l'/; TRy
m“ ' '/' Yo = -121 DEG
e 100 o L ‘&4‘; Vo125 100r08
?\ .,.Ji}: y 8- 0 0EG
- —~2 72 - OCtAN PACT
Of Tan
: 95 DEG £ LONG
R RIS,

MAINTENANCE
AMD REFURMISHMENT

SUBORBITAL ET DISPOSAL

ORBIT INSERATION EARTH ORBIT OPERATIONS
& CIRCULARIZATION

~
EXTEANAL TANK ~
SEPARATION A Y
AND DISPOBAL \

TEMRMNAL PHASE
CAOSSRANGE = 980 NM
DOWNRANGE ~ 4 550 KM

h = 50000 FT

HORIZONTAL LANDING

DESIGN TOUCHDOWN VELOCITY » 188 XNOTS
MAX a » V3 OEG

160AY TURNARQUND

North Amernican
Aerospace Group

‘ ' Space Division
Rockwell Internahonal 63SSV5160D



324 IN. DIA
EXTERNAL

\

SHUTTLE VEHICLE

SOLID ROCKET BOOSTER (SRB)
142 IN. DIA

\
TANK (ET) -

,_z‘- ’ ]3*
78

SAB THRUST i
ATTACH
TANK/ORBITER —f
ORBITER AFT ATTACH
159 FT
TANK/ORBITER
FWD ATTACH

~ /’\%Q
N
~

145 FT

fe——— 181.25 FT

1554 FT

North Amencan

GROSS LIFT-OFF WEIGHT — 4167K LB
(50 X 100 N Mi BY 104 DEG)

ORBITER 150K LB DRY
SRB. . . . . . 2327K LB
EY ... ... 1633K LB
PAYLOAD . 32K L8

— 20.25 FY

Aerospace Greup

‘ ‘ Space Division
Rockwell Internanonal

63SSV5164E




EXTERNAL TANK SYSTEM

SUBSYSTEM

UMBILICAL \
RLATES T"’ \\ LH2 FEED LINE
\\ CAVITY PURGE LINE

//'- D

] /
N, 4 LO2 ANTI-GEYSERING LINE
S 4

\ EXTERNAL LH2 VENT LINE DIMENSIONS
\ \/\ EXTERNAL LH7 LENGTH . . . 1554 FT

PRESSURIZATION DIA . . .. . 324N.

LO7 FEED LINE

2 » LO7 ANTI-VORTEX BAFFLE
LH2 TANK NS / \X“
2 NN/ N
53,800 CU FT \ j T
. EXTERNAL LO;
PRESSURIZATION
LINE

LH2 LOADING SENSORS

TANK/BOOSTER UMBILICAL PLATE
INTER TANK

GROSSWT . . 1,633,000 LB LO2 TANK 19,500 CU FT )
ASCENT PROP WT 1,550,000 LB L0, LOADING 0X VENT
SENSORS
North American Space Division
Aerospace Group ’l‘ Rockwell Internatonar 635SV4347B
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SOLID ROCKET BOOSTER

DIMENSIONS
LENGTH. . . . . 145.1 FV
DIA. . ... .. 1423 IN.

SRB/ET AFT ATTACH

NOZZLE & TVC

AFT SKIRT &

4 SEPARATION MOTORS LAUNCH SUPPORT

FWD SKIRT

SRB/ET THRUST
ATTACH

GROSSWT . . . . . 1,163,500 LB
RECOVERYWY . . . 15425018
THRUST (SL) . . . . 25M LB

RECOVERY SUBSYSTEM
PARACHUTE PACKS
LOC/NAV AIDS

NOSE FAIRING

North Amnencan ‘ Space Division
Aerosgace Group Rockwell Inter nanonal 635S8V4348G



SPACE SHUTTLE WEIGHT SUMMARY

PAYLOAD CAPABILITY - MISSION 32 UP/25 DOWN 104° INCL

SYSTEM SRB ORBITER EXT TANK
GROSS WT  (4167) 2327 207 1633
ASCENT PROPELLANT 2018 1555
DRY WEIGHT 309 150 70
LANDING WEIGHT . 180

INERT WEIGHT 309 186 78
OMS PROPELLANT (NoOy/MMH) 11.7

(USABLE)

RCS PROPELLANT (USABLE) 4.5

WEIGHT IN KLB

North Amencan ‘ ' Space Division .
Aerospace Group l Rockwelt Internatonal 6355v7197
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PAYLOAD/CIRCULAR ORBIT ALTITUDE CAPABILITY
PRELIMINARY

80—

60 [—

PAYLOAD M=

* DELIVERY WITHOUT RENDEZVOUS
* DIRECT DEORBIT
e 50 FPS OMS AV RESERVE

* SUB ORBITAL ET DISPOSAL
() - NUMBER OF OMS KITS

INCL
28,5°

55°

90°

(1000 LB)
104°
20
0 j |
0 100 200 300 400 500 600

CIRCULAR ORBIT ALTITUDE (N MD)

North Amernican

‘ Space Division
Aerospace Group Rockwell interrahonal 6355V7180



ORBITER VEHICLE

UDDER 150
/gPEEDBRAKE
70 DEG INCLUSIVE WING | VERT TAIL
ANGLE

AREA
(SQ FT) 2690 413.25

K{r i 7BFT AR 2265 | 1.675
~23

- a A LE 450 450

™ 2 oms/Rcs PODS

*» OMS THRUST = 6K/EA
* RCS THRUST =900/EA

ELEVON DN-15 DEG, UP 40 DEG

- 123 FT -

26.3% Lg 828% Lp
FWD RCS | I
57 FT
L | [ |

jdl P—

i | l
I \ dla aa
=————— REF BODY LENGTH (Lg) = 107.5 FT BODY FLAP DN.10 DEG, UP 12 DEG

3 SSME
470K THRUST/EA

North £ “encan ’ Space Division
Aeroscace Group Rackwell Internahoai 63SSV4725B

loa
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ORBITER SUBSYSTEM SUMMARY
PROPULSION & POWER

oOMS
AUXILIARY POWER e TWO ENGINES (6000 LB VAC
THRUST EACH)
e 4 HYDRAZINE APU'S (150 HP EACH) N204/MMH PROPELLANT
5 KVA GENERATOR (23,800-LB CAPACITY)
3000 PSt HYDRAULIC PUMPS

ELECTRICAL POWER

©3 X 7 KW FUEL CELLS (H2,02)
1677 KWH ENERGY
27.5T0325VDC

3 X 10 AMP-HOUR BATTERIES

MAIN PROPULSION
RCS
® FWD MODULE & 2 AFT MODULES * 3 ENGINES (470,000 LB VAC
40 THRUSTERS (900 LB) THRUST EACH)
% 6 VERNIERS (25 LB) H2, 02 PROPELLANT
N204/MMH PROPELLANT
(6244 LB)
North Amernican ’ Space Division
Ae'~space Group Rockwell Internananal ' 63S5V6747A
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ORBITER SUBSYSTEM SUMMARY
MECHANICAL, STRUCTURE & ENVIRONMENT

MECHANICAL SUBSYSTEM

® 1 PAYLOAD MANIPULATOR
{50 FT REACH)

& PAYLOAD RETENTION
¢ LANDING GEAR

TIRES
ANTISKID BRAKES
DRAG CHUTE

® MECHANICAL CONTROLS &
ACTUATORS

ECLSS

¢ SPACE RADIATORS
FREON 21 FLUID
1440 5Q FT
COOLANT LOOPS
WATER IN CABIN
FREON FOR OTHERS
02, N2 ATMOSPHERE
WASTE DRIED & STORED
FOOD, GALLEY

THERMAL PROTECTION
SUBSYSTEM

* RCC LEADING EDGES
(NOSE/CHIN CAP > 2300 F)

» HRSI AREAS TEMP RANGE
650 TO 2300 F

® LRSI ON AREAS LESS THAN
650 F

THERMAL CONTROL SUBSYSTEM

® PASSIVE
® INSULATION & MAKEUP
HEATERS

¢ GROUND PURGE, PRELAUNCH,
& POSTLANDING

STRUCTURE

MOSTLY ALUMINUM
SKIN STRINGER 80DY

COMPOSITE MAIN ENGINE
THRUST STRUCTURE

{NCONEL 718 SANDWICH BASE
HEAT SHIELD

HONEYCOMB RUDDER/ELEVON
COVERS

North American
Aerospace Group

Space Division
Rockwell Internatonal

6355V6748

11
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ORBITER SUBSYSTEM SUMMARY

AVIONICS

GN&C

o STAR SENSORS
o INERTIAL MEASUREMENT UNITS
® RATE GYROS

® ACCELEROMETERS
¢ AIR-DATA SENSORS
® DOPPLER

OPERATIONAL FLIGHT
INSTRUMENTATION

¢ PCM DATA ACQUISITION &
DISTRIBUTION

* RECORDERS
o MASTER TIMING UNIT

DISPLAYS & CONTROLS

* 2PRIMARY FLIGHT STATIONS
* PAYLOAD-HANDLING STATION
® MISSION SPECIALIST STATION
o PAYLOAD SPECIALIST STATION
.

SUBSYS MGMT & POWER DISTRIB
PANELS

COMMUNICATION & TRACKING

* SGLS-COMPATIBLE (S BAND) TRANSCEIVER
* STON COMPATIBLE TRANSCEIVERS

o TDORS TRANSCEIVER

* PAYLOAD S-BAND INTERROGATOR

¢ TACAN INTERROGATOR

¢ RADAR ALTIMETER & ILS

° RENDEZVOUS RADAR

¢ BLACK & WHITE AND COLOR TV

® AUDIO CENTER

DATA PROCESSING

* 5 DIGITAL COMPUTERS
3 DEDICATED TO GaN

1 RECONFIGURABLE (G&N OR
PAYLOAD & PM)

1 DEDICATED TOPAYLOAD &
PERFORMANCE MONITORING

¢ MASS MEMORY
* KEYBOARDS & CRT DISPLAYS

North Amencan
Aerospace Group

‘ Space Division
Rockwell International

63SSV6749

11A



ORBITER WEIGHT SUMMARY
REFERENCE MISSIONS

WING GROUP 11,208

TAIL GROUP 2,669

BODY GROUP 35,552

INDUCED ENVIRONMENTAL PROTECTION 25,164

LANDING DOCKING 9,501

PROPULSION ASCENT 26,441

PROPULSION, AUXILIARY 5,223

PRIME POWER 3,432

ELECTRICAL CONVERSION & DISTRIBUTION 4,604

HYDRAULIC CONVERSION & DISTRIBUTION 1,576

SURFACE CONTROLS 1,837

AVIONICS 4,522

ENVIRONMENTAL CONTROL 4,231

PERSONNEL PROVISION 1,317 MISSION

PAYLOAD ACCOMMODATION 48

GROWTH 12,675 | 2 3a 3b
SUBTOTAL (DRY WT) 150,000 150,000 150,000 150,000 150,000

PERSONNEL 1,104 1,104 1,104 1,104

CARGO 65,000 25,000 32,000 2,500

RESIDUAL FLUIDS 2,421 2,421 2,421 2,421
SUBTOTAL (INERT WT) 218,525 178,525 185,525 156,02F

RESERVE FLUIDS 1,083 1,083 1,083 1,002

INFLIGHT LOSSES 4,037 4,037 4,037 4,037

PROPELLANT - MANEUVER/RCS 20,648 30,047 9,285 15,928
TOTAL WEIGHT 244,293 213,692 199,930 177,073

North American Space Division '
Aerospace G'oup ‘l Rgckwell Internahonal 5355V6525
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ORBITER PAYLOAD ACCOMMODATIONS

SUPPORTING SUBSYSTEMS

® GUIDANCE & NAVIGATION
o COMMUNICATIONS & TRACKING
o DISPLAYS & CONTROL

® DATA PROCESSING
Fggslg%m o UTILITIES PWR/FLUID/GAS
© ENVIRONMENTAL

® PAYLOAD ATTACHMENTS
© DOCKING MOOULE

PAYLOAD MANIPULATOR
STATION

PAYLOAD SPECIALIST
STATION

MISSION SPECIALIST
STATION

North Amernican ’ Space Divislon
Aerospace Group l Rockwell International 6355V7175

13



SCOPE OF P/L ACCOMMODATIONS

D&C PANELS

4 RCS
DISCONN PNL
DOCKING MOD &
LINE
/7
/
7
Pl
/
/
/
_________ qe—_\—= 7/
i I
) )
| |
| |
| |
______ L Jl -
STRUCTURE -
(P/L BAY) VENT LINES
o (] o (= | =T [T b
f -

* RESCUE KIT © RESEARCH MOD o MULTIPLESAT  eMAINT/SERV o LARGE *EARTH *PRODUCTIVE P/L THIRD STAGE
® APPLICATION MOO e PALLETIZED Moo SPACE OBSEAVATION o) 1GH ALTSAT. o EXPEND STORABLE
eSPACESTAMOD  EXPMTS TELESCOPE SAT e GEOSYNCSAT.  *EXPEND CRYD
*CARGO MOD « PLANETARY S/C  ® REUSABLE CRYD
e SORTIE LAB CANDIDATE

PAYLOADS
North American a Space Division
Aerospace Group Rockwell Internanonal 63SSV5294B

14
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BRIEFING OUTLINE

PRESENT
. CONFIGURATION
OVERVIEW
® ORBITER SUBSYSTEMS
® PAYLOAD
ACCOMMODAT 10NS

® TRADE STUDIES

North American ‘ ' Space Division
Aergspace Group Rockwell Internatonal

6355v6819a
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ORBITEF SUBSYSTENS & FAYLLA AT li717000

o PAYLOAD C.G.

e STRUCTURE

o MAIN PROPULSION SUBSYSTE::

o ORBITAL MANEUVERING SUBSYSTES;
® REACTION CONTROL SUBSYSTENS

o ELECTRICAL POWER SUBSYSTEM

o AUXILIARY POWER UNIT

o ENVIRONMENTAL CONTROL & LIFE SUPPORT SUBSYSTE
o AVIONICS

o MECHANICAL SUBSYSTEMS
® CREW SUBSYSTEM

e PAYLOAD CHECKOUT

o PAYLOAD ENVIRONNENT

o PAYLOAD IiITERFACES

‘l‘ Space Division
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PAYLOAD CENTER-OF-GRAVITY ENVELOPE
REQUIREMENT

MAXIMUM DESIGN
PAYLOAD WEIGHT — — — — — = — 7

PAYLOAD WEIGHT (THOUSANDS OF POUNDS)

0 | 1 | L 1
0 10 20 30 40 50 60

DISTANCE FROM FORWARD PAYLOAD BAY ENVELOPE IW FEET
ORBITER BODY STATION

North Amerncan ’ Space Division
Aerospace Group l Rockwell Internatonal ' 63S55V6821



BASELINE

DOWN PAYLOAD & C.G. TRADE

OBJECTIVE: ESTABLISH ORBITER IMPACT OF:

® 32K LB DOWN P/L
® INCREASED ALLOWABLE P/L C.G. RANGE

- ORBITER/PL C.G.: 64%-67%
- PARAMETRIC STUDY

ALT 3% C.G, EXCURSION

B.L.= 1290 INCHES

PARAMETRIC 2% - 5%

-

S i = S

STA 1102 (67%) =~

PAYLOAD
WE IGHT
(1000 L8)

J—

STA 1076(65%) STA 1102 STA 1063 STA 1102
65
60
50

40

30 ® INCREASED WEIGHT

20

BASELINE
10 2%
0 I I R I

0 10 20 30 40 50 60
DIST FROM FWD END P/L ENVELOPE (FT)

- STA 1037

® REVISED AERO CONFIGURATION
® [NCREASED CONTROL REQUIREMENTS

North Amernican

Space Division
Aerospace Group

Rockwell Internatonal

L\

6355v7096

18
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STRUCTURES SUBSYSTEM

PAYLOAD BAY DOOR

® 2 DOORS SPLIT AT VERTICAL
e 4 SEGMENTS PER DOOR
o SKIN & STRINGER

VERTICAL

® SKIN & STRINGER FIN COVERS
s HONEYCOMB RUDDER COVER
¢ MACHINED SPARS

® SHEET METAL RIBS

FWD FUSELAGE
o SKIN & STRINGER

AFT FUSELAGE

® SKIN & STRINGER SHELL

* TITANIUM/BORON EPOXY
THRUST STRUCT

* INCONNEL 718 BASE
HEAT SHIELD

CABIN

MID FUSELAGE
« SKIN & STRINGER

FWD FUSELAGE

* SKIN & STRINGER WING

* SKIN & STRINGER COVERS

o CONVENTIONAL ALUMINUM STRUCTURE . Evan UsS sPARS

® 3500 MAX TEMPERATURE HONEYCOM
© PROTECTED BY REUSABLE SURFACE INSULATION FYCOMB COVERS

North American ‘ Space Division
Aerospace Group Rockwell Internationat 63SSV1254E
19



PAYLOAD CLEARANCES

NORMAL STAGING
3 |N.—f1'-— 3 "N- —’]r_

]
(‘iL I

PAYLOAD 3IN. ! 421N
|—- HiIQ-BOOST
. HEADWIND \ /

JIN

THERMAL DISTORTION TWO WHEEL LANDING 0.70 IN.
ON-ORBIT 80N,

. | 261N
26N 28N L—ao IN.

HiQ BOOST
AT =150F TAILWIND '->~“<‘0.8 IN.

1.0 IN. 26IN. 201N,

b s e

North Amernican ‘ Space Division ,
Aerospace Group Rockwell Internatonal 63SSV3642E
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PAYLGAD BAY PURGE VENTING

PAYLOAD BAY WALL TEMP MIN MAX
® PAD PAYLOAD BAY PRE~LAUNCH +LOF +]120F
THERMO CONTROL LAUNCH +4OF +150F

ENTRY & POSTLANDING | -100F +200F

©® SEPARATE & DEDICATED
PURGE & VENT NETWORK

PAYLOAD BAY PURGE —
& VENT GROUND
DISCONNECT

(AFT BODY)

PAYLOAD .
LINER (P/L CONTAMINATION
CONTROL & INSULATION)

— STA 410
STA 400

PAYLOAD BAY
DOOR

FRAME
NO ENVIRONMENTAL PROTECTION

® RADIATORS OPEN
® EXCESS POTABLE WATER DUMP

REPRESSURIZAT ION
VENTS —

® AIR TEMP CONTROL

North Amencan ‘ ' Space Division
Aerospace Group Rockwell Internatonal 6355V6689A

20A



ORBITER THERMAL PROTECTION SYSTEM

LEADING EDGE TYPICAL H)-TEMP RSI &
LOW TEMP RSI

ACCESS PANEL AERO MOLD HRSI

LINE COATING LRSI
INSULATION {
AIRFRAME
STRUCTURE - - i

\ BOND N

70 0707070707078

XD

ALUMINUM STRAIN
ARRESTOR
STRUCTURE PLAT
MOLD LINE STRAIN LATE
ISOLATOR
FILLER BAR PAD

LEGEND

RCC REINFORCED
B carconcanson  LZZ]) Low-TEMP Rsi (LRSH

HI-TEMP RSI (HRsH)  [5 INSULATION

North American ‘ Space Division
Aerospace Group l Rockwell International 6355V19774G

21
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ORBITER MAIN PROPULSION SUBSYSTEM

LO; FILL/DRAIN
DISCONNECT

DISCONNECT
COVER DOOR IN
AFT BODY ONLY

L0, FEEDLINE

LH; FILL/DRAIN
DISCONNECT
LOX PRESSURIZATION ORBITER/EXT TANK
PRESSURIZATION  LO DISCONNECT ORBITER/EXT TANK

LH2 DISCONNECT
LH; FEEDLINE

LH7 VENT LINE 3 MAIN ENGINES

MPS HYDROGEN TANK 470K LB VAC
THRUST EA

WMPS LOX TANK

LOX VENT EXTERNAL TANK

‘b Amencan ‘ Space Division
Aeroscaze Group l Rockwell International 63SSv3832C



MAIN PROPULSION SUBSYSTEM SCHEMATIC

ET IRBITER
VENT vALVES >
w OVERRIDE OPEN
ALLOSEO D sanmect
S vAarves SEALING NTRIY GND
SHUTQHF nELum
1BOTH SIDES) pag PRESS SYS
. e '
W - Lon
REPAESS
T vnissunr swoomes tPaLs
PUINT ""“Jssr“""':"o O] L0% OVERBOARD BLEED
SENSORS e LOw CONTROL) No1001sevresrenmessressnrns T ) 6% ¥4 POUBDO 94 199 129981 pour sulto oisconngcy
;P;‘n;, ivsrn / W AELIEF VALVE)
ongt 2 .
an
Lox 'S LH) T MELIUN
REPAESS
VENT VALVES ENG C/0
w AR ar
sn:wv'nvltn.: ll [ ZE““O' GAGE
® 7 , L0 /9 - LA ANY S/ /1SS J
l I | ty
@ 7 -= A [ ﬁ ] ' LTI ¢ ? neratss
[ AELIEF
4 H @
] /
ar 1)1 : 4
[=] 3 GAGE 4 PRE RECIAC
Pa % VALVE pume
o g 7 \
1 UHy RECIAC [ } | i [
PRE iy
B e a: 1 B © ooe
L]
SENSORS A TOPPING SUBSYSTEM
1ENG € 0) § iy VoV VALVE
i, o—r—o
VENT 1] NEAT
L!msc / ] excn
VRESSURE SHITCHES : { 4
®RiSSURANT ¢
HLON CONTROL tve H
soL ¢
VALVE R
1 P — | T
[ === o
'N(ssunml SHUTOFF VALVE VALVE
fLow === | P
\ CONTROL QELIES VALVE DISCONNECT
SHUTOS ) FLaAME
ntuu VALVE ARRESTON e
AUVE WERT STAD VALVE R (ox by
Jmscouuu
North Amernc in ‘ Space Division 6
Aerospac: > oup Rockwell internatonal 3ssve791
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ORBITAL MANEUVERING SUBSYSTEM

OMS ENGINE
—
_ g \
7 }' PITCH & YAW
LA ELECTRO-
MMH_, 7 MECHANICAL
7 P4 | GIMBAL
© TWO PODS, AV = 1000 FPS 7~ P4 ]
® Fyac = 6000 LB/POD i \ 7 S
® N2O4/MMH L~ M0
® Wp = 11,940 LB USABLE/POD N7 <
o CROSS-OVER LINES 7 A PSS
BETWEEN PODS ( \\ v '(,)ansp N
¢ PAYLOAD BAY KIT FOR /’ D e A?‘KES'-'- NT
AV >1000 FPS N~

OMS He

Nerth A~encan ‘ ' Space Diviston
Aerospace Greup Rockwell Internanona 6355V1160C



w ORBITAL MANEUVER SUBSYSTEM
i CAPABILITY
EvisLy :

® PROPULSIVE THRUST FOR:
* ORBIT INSERTION
* ORBIT CIRCULARIZATION
* ORBIT TRANSFER
* RENDEZVOUS

* DEORBIT

® AV (BASIC) = 1000 FT/SEC WITH 65,000 LB PAYLOAD

o AUXILIARY PROPELLANT IN PAYLOAD BAY PROVIDES
ADDITIONAL AV CAPABILITY OF 1500 FT/SEC

Narth American ‘ Space Division
Aerospace Group Rockwell Internahonal

6355V6695A
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ORBITAL MANEUVER SUBSYSTEM (BASELINE)

Q

-1

PAYLOAD BAY

> Jg]{L J}@ = 4| +-
——d [ & T 1' :
gt —eg——1
NO NO ! ! NO NO
POD/VEHICLE
INTERFACE
NC NC
OVERBOARD OVERBOARD
North American Space Division
Agrrospace”Group ‘l Rockwell International - 63S5vV6790
26



OMS PAYLOAD BAY KIT

"""""'——_————'“__"—_T—'fm/ 7
| | 4
|
| | I
- o | _PAYLOAD
FUEL r/BAY AFT
FUSELAGE

INTERFACE

== e\ =

North Amencan ‘ Space Division
Aerospace Group Rockwell Internatonal 6355V5789

27
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ORBITER REACTION CONTROL SUBSYSTEM

* 1 FWD MODULE, 2 AFT MODULES
*Fyac =900 LB

* 40 THRUSTERS & 6 VERNIERS

* N204/MMH

PROPELLANT TANKS

900 LB THRUSTER
12 REQUIRED

PROPELLANT
TANKS

900 LB THRUSTER
8 REQUIRED/SIDE

25 LB VERNIER THRUSTER

He SPHERES FWD MODULE He SPHERE LEFT REAR MODULE

Notth Amencan ‘ Space Division
Aerospace Group Rockwell Internatonal 6355V1161G

28



RCS PERFORMANCE & CAPABILITY SUMMARY

o MAIN THRUSTER

THRUST LEVEL = 900 LB Igp = 289 SEC MIB = 15.8 LB SEC €= 20:1
FORWARD MODULES = 16 AFT MODULES = 24 TOTAL = 40

© VERNIER THRUSTER
THRUST LEVEL = 25 LB Igp = 228 SEC MIB = 0.75 LBp SEC €= 40:1
FORWARD MODULES = 6 AFT MODULES = 0 TOTAL = 6

o PROPELLANT:  NoOy/MMH
FORWARD MODULES  AFT MODULES (TOTAL)

MAX CAPACITY MISSION REQMT, LB 2576 2702
MISSION NO, 4 TOTAL LOADED, LB 3003 3241
VEHICLE SIZING MISSION  MISSION REQMT, LB 1245 2297
MISSION NO. 3A TOTAL LOADED, LB 1566 2806
hor0Spaee e ‘l o o 6355V6696A

29
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ORBITER RCS SUBSYSTEM SCHEMATIC
FORWARD MODULE LEFT DOOR THRUSTERS ONLY SHOWH

Sk s

+Y 4 -X
25 LB THRUST LEVEL VERNIER

900 LB THRUST
LEVEL

t.or'n American ‘ ' Space Division
Aerospace Group Rockwell Internatonal

63SSV6786
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ORBITER RCS SUBSYSTEM SCHEMATIC AFT MODULE

Jots w4

North Amencan ’ Space Division
Aerospace Group Rockwell Internatora’ 6355V6787
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ORBITER ELECTRICAL POWER SUBSYSTEM

FUEL CELL POWERPLANT (FCP) - 3
2 KW MINIMUM/7 KW CONTINUOUS/12 KW PEAK

DEWAR REPLACEMENT
(MsR AREA ONLY)

NI-CD BATTERIES - 3 b=—8C Jl
10 AMP-HOURS

ACCESS DOORS
(RH & LH SIDES)

UMBILICAL SERVICE \\

HYDROGEN DEWARS - 2
25.512 FT3 CAPACITY,
335 PSIA MAX. PRESSURE

ABE DRIVEN AC GENERATORS - 3

® FERRY ONLY
¢ 75/90 KVA,120/208 VAC, 400 HZ

DFI BATTERY ASSEMBLY

® 1726 WH; 982 WATTS
® 3 APOLLO ENTRY & POST-
LANDING BATTERIES

OXYGEN DEWARS - 2
(13.145 FT3 capAcITY,
1050 PSIA MAX. PRESSURE)

FCP SUBSYSTEM

14 KW CONTINUOUS/24 KW PEAK
27.5 T0 32.5 vDC

1677 KWH MISSION ENERGY

282 XWH ABORT/SURVIVAL ENERGY
100 LB 02 ALLOTTED TO ECLSS

REACTANT STORAGE

® 98 LB Hy/TANK

* 834 LB 0,/TANK

North American

Space Duvision
Aerospace Group

Rockwell International

ol

63SSV6688A
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ORBITER ELECTRICAL POWER SUBSYSTEM (EPS)
SUBSYSTEM CAPABILITY

® PRIME POWER - 3 FUEL CELLS
FAIL OPERATIONAL/FAIL SAFE
- OPERATIONAL POWER CAPABILITY
* 14 KW CONTINUOUS/24 KW PEAK (2 OR 3 FUEL CELLS)
* CONTINUOUS POWER CAPABILITY HEAT REJECTION LIMITED BY RADIATORS
FAIL SAFE POWER CAPABILITY
*7 KW CONTINUOUS/12 KW PEAK (1 FUEL CELL)

© EMERGENCY POWER - 3 NI-CD BATTERIES (10 AH EACH)
EMERGENCY PRIME POWER RESET
CRITICAL CREW DISPLAYS & LIGHTING

® FERRY FLIGHTS - 3 AC GENERATORS (75 KVA EACH)
FAIL OPERATIONAL/FAIL SAFE

© DEVELOPMENT FLIGHT INSTRUMENTATION (DFI) - 1 BATTERY PACKAGE (3 BATTERIES)
CONTINGENCY POWER SOURCE FOR DFI
UP TO 982 WATTS/1726 WATT-HOURS

® REACTANT STORAGE
SUPERCRITICAL STORAGE DEWARS (OXYGEN & HYDROGEN)

FAIL SAFE
SELECTED COMPONENTS - FAIL OPERATIONAL/FAIL SAFE
SIZING
* 7 DAY ORBITER OPERATION (1677 KWH)
* PAYLOAD ALLOTMENT (50 KWH) - INCLUDED ABOVE
* 96 HOUR SURVIVAL (282 KWwH) - BOTH TANKS OPERATIONAL

* 7 DAY ECLSS SUPPLY (100 LB 0p)

North Amenican ’ Space Division
Aerospace Group L Rockwell Internatonal 63SSV6693A
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RELIEF VENT

\

ELECTRICAL POWER SUBSYSTEM SCHEMATIC

POWER REACTANT STORAGE & DISTRIBUTION (PRSD)

VERT VENT

VERT FILL GSE
PORT HOR1Z_DRAIN VERT_DRAIN Hp VALVE SUPPLY
MODULES
- " N0 T ] vy
c/0 : oraiy - | & e !
o 1 ) [ - ] - ®@+— 10 FCP 1
PRESS || [/ I \fvy————O——— T T =
RELIEF |- 4 LM ¢/0 | paviono P\
MODULE Q@ 1§ accommopATIONs P\ ____ @ T0 FcP 3
c/ofm || ] ! TANK ASSEMBLIES ! |
QD ! e e )
| M; PRS TANK ASSEMBLY-ND. 1 c/0
- - == Q
_C H-@1— 10 Fep 2
HYDROGEN PRS TANK ASSEMBLY NO. 2 |——— ____ﬁ
—{ OXYGEN PRS_TANK ASSEMBLY NO. 2 1 - 0 EcLss
| 0, PRS TANK ASSEMBLY NO. 1 (CM/)O o Y0 FCP 2
¢/0 _l____l [VAC-T0R PUFP | | {' PAYLORD
w SRESS c/0 | ACCOMMODATIONS | T @~ 10 FCP 3
' {1 rerer H Q0 | TANK ASSEMBLIES }
-8
MODULE + | S -®—4— T0 FCP 1
Ay, N I — INCNC ””ER [ % TV - ®—-+— 10 EcLss
a NCAP HORTZ i MODULES &
| DRAIN | )
L ____NU @ Pum -
= e HLL [ DUAL ELEMENT HEATER £
EL VERT VENT
PORT HORIZ DRAIN VERT DRAIN T3 SELF-SEALING QD (WITH CAP) SUPPLY

® SHUTOFF VALVE (LATCHING, EXCEPT AS NOTED)

North Amernican
Aerospace Group

o\

Space Division
Rockwell International

6355V6784A
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ELECTRICAL POWER SUBSYSTEM FUEL CELL POWERPLANT (FCP)

0,
PURGE VENT
ueaters (3) 2D
FROM FCP 3 o]

FROM FCP 2 p—l

HEATERS (3)

)

PURGE VENT Ha0 VENT Q®
omn ®

ogn HEATERS (2)

L FROM FCP 3 p—

H FROM FCP 2

FLOW CONTROL VALVE
SHUTOFF VALVE

" SELF-SEALING QD (WITH CAP)
] REACTANT REGULATOR

FUEL CELL REMOTE POWER CONTACTOR
POWERPLANT NO. 1 = (CURRENT LIMITING)
Q? RELIEF VALVE é
QD & FLEX COUPLING
FROM O [ Yy, l
SupPLY. L . cece stace [0 38—
FROM H., — _.__{ YYY Yy l——¢ PRODUCT H20
SUPPLY. T T0 €CLSS
HI ’——— ]
ACCUM : FROM FCP 2
]
@ i PRODUCT H,0
CODLANT
PUMP : ——{ T0 ECLSS
: FROM FCP 3 1 MaIN BUS
[}
oLt fly B G 1 S— **'@9
FILL { . DRAIN BATTERY RPC gafs»ENTIAL
BUS
FROM FCP 2 ——r—t :‘g‘ --tk--
FROM FCP 3 ¢—f—rr v R ~ FROM BATTERY
— - i CHARGER
FCP/ECLSS HX \ 1 _ _] NI-CD BATTERY
(ONE OF THREE)
FROM ECLSS PRIMARY FROM ECLSS SECONDARY [ .|
COOL ING LOOP L—— cooLInG LoOP COLDPLATE MOUNTS
North Amencan ‘ Space Division 63S5v6785
Aerospace Group Rockwell internatonal
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ORBITER ELECTRICAL POWER SUBSYSTEM (EPS)
PAYLOAD POWER & ENERGY

BASELINE CAPABILITY

® ENERGY - 50 KWH

® PONER - 1 KW AVERAGE/1.5 KW PEAK (AVAILABLE ALL MISSION PHASES)
3 KW AVERAGE/6 KW PEAK (AVAILABLE ON ORBIT - MOST
MISSION PHASES)

OPTIONAL EXTENSION CAPABILITY

NEW TANKS INSTALLED IN P/L BAY

<

l“/

L ¥4

C4§*3L357:

IS pd
——

ADDITIONAL BASELINE TANKS INSTALLED
BELOW P/L LINER & BETWEEN FRAMES

North American ’ Space Division
Aerospace Group Rockwell Internanonal 63SSV6694A
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ELECTRICAL POWER PROFILE
EXAMPLE OF A COMPOSITE OF ALL KNOWN
ORBITAL ACTIVITIES IN A 7-DAY POLAR MISSION

® BASELINE ENERGY TO PAYLOAD - 50 KWH
@ BASELINE POWER TO PAYLOAD

¢ 1.0 KW (AVG) |DURING ® 3.0 KH (AVG) DURING
(W) ICRITICAL NON-CRITICAL (ON-ORBIT)
® 1.5 KW (PEAK){ORBITER PHASES e 6.0 KW (PEAK) | ORBITER PHASES

ORBITER FUEL CELL (2)
POWER OUTPUT (KILOWATTS)

PEAK FUEL CELL POWER SUBSYSTEM BASELINE
MISSION ENERGY- REQUIREMENTS 14 KW CONTINUOUS/24 KW PEAK
2 - * TOTAL MISSION INCLUDING PAYLOAD 1627 KWH ©27.5 T0 32.5 VOC
¢ LAST 24 HOURS OF MISSION W/0 P/L 262 KWH e 1677 KWH MISSION ENERGY
20k © 282 KWH ABORT/SURVIVAL ENERGY
AVGls.— HEAT REJECTION CAPABILITY (RADIATORS TOWARD SUN)
(2| POTENTIAL POWER AVAILABILITY TO PAYLOAD ‘- : [
~9 KW e
8 e AVG POWER REQUIREMENTS l RENDEZVOUS  UNDOCK & ENTRY
& DOCKING  SEPARATION nr.
) & ASCENT PAYLOAD , CARGO gEBIT RESCENT
MIN 41 SEPARATEON & EARTH SURVEY (TYPICAL POWER TRANSFER ROLLOUT
LEVEL FOR SORTIE TYPE MISSIONS | |
0 P 1 ] ]
1 16 A 50 - 55 v 1451V'165 167 168
GROUND ELAPSED TIME (HOURS)
North American Space Division
Aerospace Group ’l Rockwell International 6355v68258
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ORBITER AUXILIARY POWER UNIT SUBSYSTEM

(WITH BURST
PROTECTION)

PUMP GEAR BOX
, / TURBINE

APU EXHAUST DUCT

HYDRAULIC PUMPS
& GENERATORS

(TYPICAL APU) = FUEL & PRESS
g Vi MODULE
© 10 YEAR LIFE + 5 © 4 INDEPENDENT SYSTEMS
® 100 REUSES 3 4 © 150 HP/APY
v\ « ONE 60 GPM, 3000 PS!
HYD PUMP
ACCESS DOOR * 5 KVA
GENERATOR
AP0 FUEL TARKS © MONOPROPELLANT
APU FUEL TA * HYDRAZINE (N2Hg)

FILL, DRAIN,
VENT & PURGE
RECEPTACLE

INSULATION

North Amernican ‘ Space Division
Aerospace Group l Rockwell Inter nahonal 63s5vV2637C




AUXTLIARY POWER UNIT SUBSYSTEM

LEGEND

SYMBOL
D~ coupLING

& vALVE-sOLENOID
é REGULATOR

B3 FILTER

O HEATER

«@®- MODULATING VALVE
&=  TEST PORT

- APU FUEL MODULE

FUEL SUPPLY

HYDRAUUC SYSTEM EQUlPMENT

' l
\ HYD RETURN :
: LUBE OIL '
[}
! WATER BOILER !
I
|
FIRE | :
EXTINGUISHING
AGENT |
© SYSTEM CONTAINER ! OIL HEATER :
L o|=--- )
FIRE SQUIB mvs"g Y !
DETECTOR = i | RESERVOIR |
' |
'[ma]" -7 TeE SWING/| To oTner apu’'s’ | —| V! '
CHECK VALVE = 0 .
P DISCHARGE x '
I | ' 741 3 FROM OTHER ~r
CONTROL |- - - 3 |
' TURBINE : ! APU/S f HYD '
“giam 1 €3 1 | NH ' pymp
. (2 STAGE) 3 | J
INJECTION L= -
Lo — 4 a1
" 4 i Y
i NZ\D ) E_-‘;
NGENERATOR
GENERATOR _____ ‘ ._E-EA;R gox ' (3 APU'S ONLY)
FIRENALL ENCLOSURE _/_ _ (PRESSURIZED),

APU

GAS GENERATOR

EXHAUST

Aerospace Group

MODULE DISCONNECT PURGE LINE DUCT
North Amencan ‘ ‘ Space Division
Rockwell Internanonal 6355V6793
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ENVIRONMENTAL CONTROL & LIFE SUPPORT SYSTEM

ATMOSPHERE REVITALIZATION UNIT

CABIN TEMP CONTROL DUCTING FOOD MANAGEMENT
ECLSS CONTROL PANEL SPACE RADIATOR PANELS DEPLOYED
- (1030 SQ FT TOTAL EFFECTIVE AREA UPPER SURFACE)
AVIONICS BAY DUCTING < ;aﬂ" I~ (410SQ FT TOTAL EFFECTIVE AREA LOWER SURFACE)
\ Y .
AVIONICS FANS/HEAT .
EXCHANGER N \& HYDRAULIC HEATERS
™ -
WASTE MANAGEMENT ————S-a X\

N, STORAGE o IR
2 .
FUEL CELL HEAT EXCHANGERS ~~

0, STORAGE

AVIONICS
SPACE RADIATOR AIR/FAN COOLING
515-SQ FT EFFECTIVE
AREA PER SIDE

AMMONIA BOILER & TANKS
(ATMOSPHERE HEAT SINKS)

205SQ FT EFFECTIVE
HEAT SHIELD POSITION AREA PER SIDE

AHEAD OF WING PAYLOAD HEAT EXCHANGER

MNorth Amercan ‘ Space Division
Aerospace Gioun Rockwell Internaticnal 6355V290G

40



ENVIRONMENTAL CONTROL & LIFE SUPPORT

f FRO Bl CELL

<+ Ny

T4 REDUNDANT
SLBLI® ATOR

HEAT ExCHaNGEa

CONDENSATE
AND URINE X e
STORAGE i =T
200 L6 CAP Tanx
VO PRESSURIZED 200 LB CAPACITY '
PAYLOAD MODULE -Q i
8 1
' '
. : SPACE AADILTC D
FOOD WANAGEMENT WASTE S, D -
N CF . VANAGEMENT 1 f U
. — H {
o \ H i
" [}
- INTERCHANGER .
53'6"53.‘».‘;" 1 asetuna : |
AIRLOCK STORAGE ) 1 M
HATCH .1 N S—— :
] ]
COMD CAS™ Y ' " !
HeAr ] HEAT SINKS REJECTION
WaTER PAYLOAD * CAPACITY 17638 BTU WP H i
—1— - ;
| CHILLER @ AvIONICS BAY HEATEXCHANGEA i 1
LOW WATER PUNP Pagssunt 281U ma o m"‘
Qggw 300 BTUMR PLOW 550 L8 HA C_ONE.L_‘ “ : : ==
ULAT 140 BTUMA .m”%o;_)'un N
19 UHR
TASIN HTAT LOADS : £AEON PUNP H MYORAULIC MEATER
wETARGUC . 130 F WAX COLDWALL Q) rron7miama g PROVIDE UP 10 -»
Gsgn 1120870 HA e 2000 81 KA 100 BTy KR | 15000 8Ty MR
O1AT 935 @tuNR H Y ( N
OwatL winoow 17008TU WA || H e ' H ! H
Geguismeny 1H08TU HR o —4 |~
FAN FLOW 88D LB/HR \VaVAR] !
Q * 500 B1UMR COLO PLATE COOLED -4
CABIN TEMPERATURE FUEL CELL m.ea
CONTROL FILTER o) mask assemoLy | @ 1300 8YU HA HEATERCHANIER
1 WI008T w3
L KW L3
i —wmm— | | NHy
CABIN AVIONICS - PAYLOAD HEAT EXCHANGER
L , INTERFACE
—d
AUSAE A Y
Osan 670 BT HR RESTO.CIOR
L -
SREQN 10
FAFEn’y, “a
S.as Sk
North Amenican ’ Space Division
: Aerospace Group Rockwell Internahonal 631SSV459°78
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ORBITER THERMAL CONTROL SUBSYSTEM

# o= HEATERS REQD
o = INSULATION BLANKETS (TG 15000)
EXTERNAL COATINGS

OMS/RCS POD

AFT EQUIP
BAY
CABIN AREA PA LINEP RADIATORS
RCS TANKS \ ./ 4 ——
. Ly d s - - \ *
\ aris
o) 2 1 *
(@] 5 \
\ APU TANKS
LANDING GEAR FWD LWR AVIONICS
EQUIP BAY LANDING GEAR
North American ‘ Space Division
Aerospace Group Rockwell International 635SV1095E
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PAYLOAD HEAT REJECTION

CABIN TEMP CONTROL DUCTING
(1000 BTU/HR FROM P/L CONSOLE)

SPACE RADIATOR PANELS DEPLOYED

AVIONICS FANS/HEAT
EXCHANGER

{2000 BTU/HR

FROM P/L AVIONICS)

N2 STORAGE

FUEL CELL HEAT EXCHANGERS
07 STORAGE

SPACE RADIATOR
6515 SQ FT EFFECTIVE
AREA PER SIDE

N,
\HEAT SHIELD POSITION PAYLOAD HEAT LOAD
AHEAD OF WING REJECTION CAPABILITY:
PAYLOAD
HEAT MAX 5200 BTU/HR
EXCHANGER ALL MISSION PHASES

205 SQ FT EFFECTIVE AREA PER SIDE

North Amencan ‘ Space Division
Aerospace Group Rockwell Internationat

6355V2568E
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PAYLOAD HEAT REJECTION REQMTS TRADE

* OBJECTIVE:

* FCL DESIGN CONDITIONS

HANDLE 21,500 BTU/HR FROM PAYLOAD

PRELAUNCH WITH 10 MAN CREW

4o F
l

Hy0/F21 HX
40,200 BTU/HR

35 F¥

!

108F

PAYLOAD
5200 BTU/HR

122 F*

GSE HX

F21

140 F

2200 LB
R

T— 118 F
8 PUMP

F/C HX

35,000 BTU/HR

DETERMINE BASELINE HEAT REJECTION SUBSYSTEM CAPABILITY TO

* F21 CONTROL
TEMPERATURES
ESTABLISH FCL
FLOWRATE

North American
Aerospace Group

N

Space Division
Rockwell international

6355v6806A
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TYPICAL MISSION PHASES

S 1 pavion ii%ég%gANﬁER..._fEF 7] PAYLOAD
[_ *44,000 BTU _] ] ORBITER
MISSION PHASE m
PRELAUNCH
ASCENT BURN
RE-ENTRY
POST LANDING

REND. & DOCK.
GROUND CHECKOUT
COAST ADJUST

DOCK & UNDOCK
STATION KEEP

1] 18,900 BTU/HR
= 20,4

L 1 1 1 ! 1 1 .HR
0 5 .10 15 20 25 30 35 40 45
. BTU/HR
* FUEL CELLS NOT INCLUDED
North American ’ Space Division
Aerospace Group Rockwell International 6355V6805A
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CONCLUSTONS

21,500 BTU/HR OF PAYLOAD HEAT REJECTION CAN BE PROVIDED
o ASSUMING PAYLOAD HX DESIGN CONDITIONS OF COOLANT (WATER) & FLOW (550 LB/HR)

CONDITIONS RESULT IN
e 70 - 90 F PAYLOAD COOLANT TEMPERATURE TO THE HEAT LOAD
o APPROXIMATE WEIGHT INCREASE OF 10 LB FOR A 12 F APPROACH TEMPERATURE HX

FACTORS EFFECTING RECOMMENDATION
o COOLANT OTHER THAN WATER CAN RESULT IN LARGER HEAT EXCHANGER WEIGHTS
FREON 21 HAS BEEN CONSIDERED

* LOWER PAYLOAD COOLANT TEMPERATURES DURING NON-CRITICAL PHASE CAN CAUSE
ADDED COMPLEXITY TO BOTH ARS & ATCS

o HEAT LOAD ON ARS/ATCS DURING PAYLOAD SUPPORT
(COAST ADJUST COULD BE TYPICAL)

STUDIES TO CONTINUE

Nee' Amar can ‘ ' Space Division
Aercsnace Groug l Rock we  Internancnal 6355V7094
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SPACE SHUTTLE AVIONICS
AVIONICS SYSTEM FUNCTIONS

* GUIDANCE NAVIGATION & CONTROL
* COMMUNICATIONS & TRACKING
* DISPLAYS & CONTROLS
o ELECTRICAL POWER DISTRIBUTION & CONTROL
* DATA PROCESSING & SOFTWARE
 INSTRUMENTATION

- OPERATTONAL & DEVELOPMENT

North American
Aerospace Group

‘ Space Division
Rockwell Internatonal

6355V6794
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SHUTTLE SYSTEM AVIONICS

SATELUTE
COMM

(TDRS)
EXTERNAL TANK ORBITER
® GUIDANCE, NAVIGATION & CONTROL
SEPARATION =1 o INSTRUMENTATION PAYLOADS
o DATA PROCESSING & SOFTWARE © MANAGEMENT
® MEASUREMENTS o ELECTRICAL POWER DISTR & CONTROL o MANIPULATION
¢ PERFORMANCE MONITOR - e COMMUNICATION
SRB'S
e CONTROLS SSME
IGNITION GROUND FACILITIES i B
STAGING M
SEPARATION e CHECKOUT & CONTROL ¢ IGNITION
ve o COMMUNICATIONS & TRACKING
e AIR TRAFFIC CONTROL
® MEASUREMENTS ® DATA DISTRIBUTION ABES

North Amenican ‘ Space Division
Aerospace Group Rockwell Internahonal 63SSV771C



ORBITER AVIONICS INSTALLATION

PRIMARY {

FLIGHT
A — ORBITAL
[ED OPERATIONS

STAR SENSORS '
/ IMU
/ |

FLIGHT DECK CONSOLES

NAVIGATION BASE

SHOCK MOUNTED

PASSIVE COOLED SHELVES
AVIONICS EQUIP,
(1 - |
%ﬂuﬂ
COMM & TRACK, 4, e
COMPUTERS, ]
EPD&C, GN&C, BAY | BAY II
& OP FLT INST . —
OP FLY INST & nn
EPD&C gAY m L~
BAY | BAY I BAY It
FWD AVIONICS BAYS AFT AVIONICS BAYS
North American ‘ Space Division
Aerospace Group Rockwell Internahonal 63SSV1101F

49



\

SPACE SHUTTLE AVIONICS

AVIONICS SYSTEM BLOCK DIAGRAM

1 Gp GNEC MDM EFFECTORS
> cgnpl - o AFT —a| /MONITORS L_
1 No. ROUP T
e l G SRB RATE
- GNSC MDM SENSORS i
——— It ((;:SMP - ol FWD .= —u| /EFFECTORS
) GROUP | /MONITORS
MEMORY [ r r
M'S (2
L——» SRB MDM'S (2) DaC GNAC
e TLM COUPLERS DAC 1
»1 cp o4 REC
> p SW SCAN
o >l mx (12) - —
e 4r_, NO. 3 i cocke1t
A s |
UP-DATA DATA ACQ 01 MDM
7 el CONTR »10RB/ET/SRB
> BUFF i 9 X
1 COMP 7 ) rsua_ _=
*1 No. 4 |
F — Lot |
P/L -
] MANIP — c
" Mo DAC e mante
: »] Comp COUPLERS D&C
| q-d NO. 3 MOM
- COMM - =
St 1 l o) ‘rPAYLOQDﬂ'
} > maNIP
i S |
|
North American ‘ Space Division
Aerospace Group Rockwell International 635SV6795
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SPACE SHUTTLE AVIONICS

PAYLOAD SIGNAL INTERFACES BASELINE

POWER, DED CONTROLS, VOICE, DIG CMDS, EXPT CONTROL-w

SAFING CONTROLS

(DIRECT THROUGH
TO PAYLOAD)

POWER, P/
RF DATA,
COMP CMDS

L DATA FOR RF

FORWARD STATION

AVIONICS BAY

Cau el
> MISSION SPECIALIST f———————p
STATION
¢ CRT —————
e KYBD 2 o
o ANNUN'R

o DED DISPLAYS
s DED CONTROLS

TRANS, COMPU-
y TATION, INSTN

DOCKING
MODULE

r—. PAYLOAD BAY
—1

.....l

—

CONTROL

EXPERIMENT

EXPERIMENT
DATA

* COMPUTERS
"Ceu DIskL ¢ COMMUNICATION
e GN6C EQUIP
'3335353 ¢ INSTRUMENT g
* POWER DISTR
GND XMTR, P/L
RCVR XCVRS

PAYLOAD SPECIALIST
STATION
(TYPICAL)

o CRT

s KYBD

* COMPUTER
® RECORDERS
* DED D&C

.

DOCKING & MANIPULATOR

HANDLING STATION

* TRANS, ROT, TV &

LIGHT CONTROLS
* POSITION & RATE
INFO

C&W INFO, VOICE,
DATA, STATUS '

North Amerncan
Aerospace Group

o\

Space Division
Rockwell Internatonan

6355V6698
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ORBITER GUIDANCE NAVIGATION & CONTROL

[ “PeRFORMANCE, MONITOR™ | |GUIDANCE
| & PAYLOAD MGMT | » 3-DEDICATED DIGITAL COMPUTERS
¢ 1-DEDICATED DIGITAL | o 1—-RECONFIGURABLE DIGITAL COMPUTER
— COMPUTER__ __ 1 (NORMALLY PAYLOAD MGMT/PM BACKUP)

NAVIGATION

*STAR TRACKERS

* INERTIAL MEASUREMENT UNIT
*TACAN INTERROGATOR
*RADAR ALTIMETER & ILS

|
-

DRIVERS & ACTUATORS

* AERO SURFACES
* PROPULSIVE ELEMENT

______ -

/ : ; : Id
FLIGHT CONTROL
¢ AIR DATA
* RATE GYROS
- * ACCELEROMETERS

—————————— 7 * MANUAL CONTROLS

® TACTICAL AIRCRAFT NAVIGATION (TACAN) |
¢ INSTRUMENT LANDING SYSTEM (ILS)

K////////////////////]—/-

North American ‘ Space Division
Aerospace Group Rockwell Internatonal

635sv3836C
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GN&C BLOCK DIAGRAM

L e cowuter |
MDM | s fz=o| o
A o A g | D
i |
b |
L1 4o compUTER | L L 4o
GYROS B | A R Y H e [ L,
: : +41 B -
i | e
2

U C N e Lo | [AcTTeR
GYROS C . | | +» & 10B ! e

ETC C Ry |

Iy l

INPUT SIDE

CONTROLLING LINE: soLtp | | 2] COMPUTER |—d—nt

LISTENING LINE:  DASHED | _ o] 6
OUTPUT SIDE

CONTROLLING LINE: SOLID ALTERWATE LINES NOT SHOWN

ALTERNATE LINE: DASHED SHOWN FOR COMPUTER B,C, & D

o mergen ON e,



\

ORBITER AVIONICS SUPPORT TO PAYLOADS
GN&C

REQUIREMENT

® THE CAPACITY TO TRANSFER ORBITER STATE VECTOR, ATTITUDE,
GREENWICH MEAN TIME, & MISSION ELAPSED TIME TO THE
PAYLOAD SHALL BE PROVIDED

o SUPPORT THE ACCOMPLISHMENT OF THE POINTING & STABILITY
REQUIREMENTS OF +0.5 DEGREES WITH +0.1 DEGREE PER SEC,
INCLUDING INTERFACING WITH A P/L PROVIDED ATTITUDE SENSOR

7
=z
>

‘l‘ 2*{3:‘6_0'“'?_9" o 63SSV6797
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SPACE SHUTTLE AVIONICS
ORBITAL COMMUNICATIONS & TRACKING

_BASELINE DETACHED
PAYLOAD TDRS (S-BAND LOW &
EVA MEDIUM BIT RATE)
~ f

TM, VOICE (HW OR RF) S-BAND UPDATES & COMMANDS 2K BPS
S-BAND TLM 16K BPS
SENSOR RANGE DATA (PASSIVE P/L)

* ATTACHED PAYLOAD (HwW)
VOICE COMMANDS 2K BPS
P/L DATA 25K BPS OR 256K BPS

*UPLINK

*UPLINK VOICE, COMMANDS 2K BPS
VOICE, COMMANDS -~ 2K BPS « DOWNL INK
VOICE DATA

¢ DOWNL INK
VOICE, WB DATA
256K BPS (TDM) OR 25K BPS
INTERLEAVED WITH ORB DATA
INTO A 128K BPS STREAM

25K BPS INTERLEAVED WITH
ORB DATA INTO A 128K BPS STREAM
OR 128K BPS P/L DATA

s ONE WAY DOPPLER

/

TDRS (S-BAND)

*ONE WAY DOPPLER

STON (S-BAND)
(SPACE TRACKING &
DATA NETWORK)

North Ar-encan ‘ Space Division
Aeroscace Greup Rockwell Interranonat 6355v7182
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ORBITER AVIONICS SUPPORT TO PAYLOADS
COMMUNICATIONS & TRACKING

2-WAY VOICE COMMUNICATIONS AT MSS TO ATTACHED NASA PAYLOADS VIA HARDWIRE & TO RELEASED
NASA PAYLOADS VIA RF WITH CONFERENCE CAPABILITY WITH GROUND

CAPABILITY TO INITIATE, TRANSMIT, & RELAY FROM GROUND UP TO 2K BPS (INFORMATION RATE)
OF COMMANDS OR UPDATES TO ATTACHED OR RELEASED PAYLOADS
MEDIUM BANDWIDTH TDRS LINK (S-BANDS, TDM)

2 INDEPENDENT DUPLEX DIGITAL VOICE CHANNELS\

UPLINK DATA — REALTIME COMMANDS & COMPUTER UPDATES

DOWNLINK DATA — TLM, P/L DATA & COMMAND VERIFICATION

ONE WAY DOPPLER

DIGITAL DATA RATES:
~TTACHED P/L

TO ORBITER
25K BPS P/L DATA (PM)
256K BPS P/L DATA & WIDEBAND DATA (FM)

FROM ORBITER
2K BPS (INFORMATION RATE) COMMANDS & UPDATES

Ngeh Arer can ‘ Space Division ]
A;rcsoare Grao..o l Rockv.e' Internahonal 63S5V6823
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ORBITER AVIONICS SUPPORT TO PAYLOADS (CONT)
COMMUNICATIONS & TRACKING

® RELEASED P/L'S

* TO ORBITER
16K BPS TLM UNMANNED

¢ FROM ORBITER
2K BPS (INFORMATION RATE) UNMANNED

RENDEZVOUS SENSORS

PROVIDE ON-BOARD CAPABILITY TO RENDEZVOUS WITH PASSIVE & COOPERATIVE TARGETS
FROM 300 N MI TO 100 FEET FOR ALL DESIGNATED MISSIONS

RENDEZVOUS 1S ACCOMPLISHED WITH MICROWAVE RADAR & STAR TRACKER

North Amenican ‘ Space Division
Aeiospace Group l Rockwell Internatonal 6355V6824

57



SPACE SHUTTLE AVIONICS
DISPLAY & CONTROL REQUIREMENTS

e PROVIDE THE CREW WITH THE MEANS TO:
o MONITOR & COMMAND VEHICLE ROTATION, TRANSLATION & FLIGHT PATH

* MONITOR & COMMAND ONBOARD SUBSYSTEMS
o MONITOR & COMMAND CRITICAL ATTACHED PAYLOAD FUNCTIONS

o ANNUNCIATE & COMMAND SAFING OF HAZARDOUS CONDITIONS
e PROVIDE CREW OVERRIDE OF AUTOMATED CRITICAL COMMAND FUNCTIONS
® PROViut CREW SELECTION OF AUTOMATIC OR MANUAL FLIGHT GUIDANCE & CONTROL

o EXERCISE MANUAL CONTROL OF FLIGHT MODES

e PROVIDE AUTONOMOUS ONBOARD SYSTEM MANAGEMENT, CONFIGURATION CONTROL,
FAULT ISOLATION TO LEVEL REQUIRED IN FLIGHT

oI Vo Reliialete ’ Space Division
Rk soraahcng 6355V6796

Aprcspace Gour

58



DISPLAYS & CONTROLS SUBSYSTEM

fL o
A

v
i

B

.
ol

LEATRT IV

I

63S5V19844A

Space Division
Rockweli International

N

3
c
g 2
s15]
23
<3
hs
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SPACE SHUTTEE AVIONICS
ORBITER AVIONICS BASELINE SUPPORT
TO PAYLOADS DISPLAYS & CONTROLS

o MISSION SPECIALIST STATION WITHIN THE FLIGHT SECTION FOR DISPLAYS & CONTROLS
REQUIRED TO MANAGE THE ORBITER/PAYLOAD INTERFACES

© PAYLOAD HANDLING STATION SHALL PROVIDE THE FLIGHT CREW WITH THE CONTROLS/
VISIBILITY, & DISPLAYS REQUIRED TO DEPLOY & RETRIEVE PAYLOADS

® PAYLOAD SPECIALIST STATION SHALL PROVIDE PANEL SPACE FOR MONITORING &
CONTROLLING OPERATION OF ATTACHED OR DETACHED PAYLOADS EXPERIMENTS

® PAYLOAD CgW SIGNALS SHALL BE DISPLAYED TO THE FLIGHT CREW & AT THE MSS

® CAPABILITY TO DISPLAY PAYLOAD PARAMETERS IN REALTIME AT THE MSS

© PAYLOAD HANDLING STATION TV DISPLAYS CAPABLE OF DISPLAYING COMPATIBLE
PAYLOAD TV

North American ﬁ Space Division
Aerospace Grouo l Rockwell Internancnal 6355V6822 60



SPACE SHUTTLE AVIONICS
ORBITER 28V DC POWER DISTRIBUTION

T/R T/R T/R
1 2 3
1 | |
(marn oc Bus 1 (mamn oc Bus 2)—— (AN oc Bus 3 )——
(AFT LOC DC D Gn LOC DC 2) (AFT LoC oc_3)
",‘,St,‘éﬁ“ FUEL @ FUEL
UMBIL CELL CELL r——
k| 'l ] 3 |PAYLOA
| |
3
2 L& 2 |
R ; T 1)
(rwo Loc oc 1) _ (pwo voc oc 2 (‘rvp Loc oc 3
o A:l'-]_ ( ESS/CONTj _I_ 0 C ESS/CONT ) gﬁgn CESS/CONT ) _r‘:; "
BAT 1 = BAT BUS 1 _l BAT 2 C BAT aus 2 ) CBAT leus 3 ) BAT 3
l j < ] 1 l

MAIN DC POWER:

28 V DC NOMINAL, TWO WIRE SYSTEMS, STRUCTURE CURRENT RETURN

North American
Aerospace Group

N

Space Division
Rockwell internanonal

63SSV6697A
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r <~ ) ORBITER AVIONICS SUPPORT TO PAYLOADS
< 1N ELECTRICAL POWER DISTRIBUTION & CONTROL

® 50 KWH OF REDUNDANT pc POWER CONSUMPTION
© RESTRICTED TO 1 KW AVERAGE & 1,5 KW PEAK (ASCENT & DESCENT)

® POWER AVAILABLE AT OTHER TIMES SHALL BE 3 KW AVERAGE & 6 KW PEAK

Lionth Arnencan ’ Space Division
Acrossane Groop Rockwell Internahonal 63SSV6802
62



ORBITER DATA PROCESSING & SOFTWARE

GNsC )
SENSOR
DATA
FLIGHT
MANUAL SYSTEMS
CONTROL
INPUTS r ?
P
. PAYLOAD
MASS MEMORY SOFTWARE DEWVX 1= NIPULATOR
HUX MISSION CRITICAL A0 OEDICATED
COMPUTERS
DISPL
f §
MANIPULATOR
MUX ¢——
KEYBOARDS CONTROLS
PAYLOAD & PCM DATA
MISSION CRITICAL COMPUTER RECONFIGURABLE FOR FLIGHT CRITICAL FUNCTIONS
North Amenican ’ Space Division
Aerospace Group Rockwell International 63S5v38378
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SPACE SHUTTLE AVIONICS

ORBITER AVIONICS SUPPORT TO PAYLOAD
DATA PROCESSING & SOFTWARE

e COMPUTATIONAL CAPABILITIES ARE PROVIDED FOR PAYLOAD
HANDLING & PAYLOAD DATA MANAGEMENT & FOR CHECKOUT OF
THE ELECTRONIC INTERFACE WITH THE PAYLOAD

® TWO COMPUTERS, EACH WITH A MEMORY CAPACITY OF 48K
32 BIT DATA WORDS - ONE DEDICATED TO PAYLOAD ON ORBIT

North American ‘ Space Division 6355V6798
Aerospace Group Rockwell International
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ORBITER DEVELOPMENT & OPERATIONAL FLIGHT INSTRUMENTATION

PAYLOAD DATA

'/IIIIIIII r_—- m—m_——— D/F/'/éc// a U/ /7777
y
GNOC SERIAL DATA ~pf  MOM = ANTENNA SYSTEM | % MASTER é E woM g
UNIT (1)
aa P, —_——- J 777777777, I 7777
R S ] &
VYTV ITTYY P, hand haad P T
D:.D(;'::Im ;/gr/(r/c{a// {- S BAND ] | S BAND WB '////{{{//4 . SIGNAL .
Pt conDITIONER MASTER f TRANS | | fraansmiTren . RECORDER 4 . CONDY ._gm'
! 161 % UNIT (1) UL, | ronoens | | " . 10Fn (1) . TIONEA
(L L LLLLL SIS/, A = oM ﬁ - 1 A7 I07s | “un
0oac [ RECORDER /] i
ANNUN ,_’,5 IMAINT) (1) SELECTED LOW FREQUENCY DATA
IATORS] put 2770777777 |
- CAUTION L__
s ~T™ WARNING (1) (1Y} "
|
SW SCAN COMMAND GNBC COMPUTERS | FAEQUENCY
PIMULTIPLEXER DECODER 1) MULTIPLEXER @
ENGINE 0 MOM) SUBSYSTEM COMMANDS | e
| e l
—\ '
-4 TIME
MASTER | EBAND
CRASH VOICE TIMING | SYNC nme anosyne] 9
] recoroer RECORDER (1) uNIT id | st — TME A RECOROER
o SYNC T
3 GSE |
| OF1 ot OF J
L 1 L
NOTE -
NUMBERS INDICATE QUANTITIES ™" PART OF ANOTHER TYPE COMMON

REQUIRED WITHOUT REDUNDANCY

L o o SUBSYSTEM

=] Funcriona
| repunvancy

TO OPERATIONAL

FLIGHT INSTRUMENTATION
(OFt) AND DEVELOPMENT
FLIGHT INSTRUMENTATION
(OF

North Amernican
Aerospace Group

o\

Space Division
Rockwell Internatonal

6355v22758
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INSTRUMENTATION CAPABILITY

OPERATIONAL INSTRUMENTATION
» ACQUIRES & CONDITIONS SUBSYSTEMS DATA
e DIGITIZES & FORMATS DATA TO SERIAL DIGITAL PCM STREAM
o ACQUIRES PAYLOAD DATA
* [TEKLEAVES P/L DATA WITH PCM DATA STREAM
» RECORDS DATA & CREW VOICE
* PROVIDES HARDWIRED DATA FOR DISPLAY & CAUTION/WARNING
e PROVIDES DATA FOR PERFORMANCE MONITOR
* PROVIDES MASTER TIMING FOR ONBOARD SYSTEMS
» DECODES GROUND COMMANDS FOR GROUND C/0
* PROVIDES INTERFACE BETWEEN ORBITER & MAIN ENGINE COMTROLLERS

DEVELOPMENT FLIGHT INSTRUMENTATION
o ADDITIONAL INSTRUMENTATION CAPACITY FOR DEVELOPMENT FLIGHTS
o ACQUIRES & CONDITIONS DATA
* DIGITIZES & FORMATS QUASI-STATIC DATA TO SERIAL DIGITAL PCM STREAM
* FREQUENCY MULTIPLEXES WIDEBAND DATA (VIBRATION & ACOUSTIC)
e RECORDS DATA
* PROVIDES TIMING, SYNCED TO MASTER TIMING FOR DATA CORRELATIOM

tavn A wercan ‘ ' Space Division 635SV6801
£2:0:7 477 Groun Rock el Internancna’ ;
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SPACE SHUTTLE AVIONICS
SUMMARY

© CURRENT DESIGN SATISFIES IDENTIFIED PAYLOAD REQUIREMENTS

o EMPHASIZE PAYLOAD/ORBITER AVIONICS INTERFACE DEFINITION

o MULTIPLEX INTERFACE FOR PAYLOAD STIMULI & DATA

e PROVIDE FLEXIBILITY TO ACCOMMODATE WIDE VARIETY OF PAYLOADS

o PROVIDE STANDARD PAYLOAD AVIONICS INTERFACE

North American ‘ Space Division 635
Aerospace Group l Rockwell Internatonal 385v6803
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ORBITER MECHANICAL SUBSYSTEMS

RUDDER SPEED-BRAKE
CONTROL

\ SEPARATION
¢ STRUCT DISCONNECT

® SYSTEMS DISCONNECT
¢ SEPARATION SYS CLOSEOUT DOOR

DRAG CHUTE
& MORTAR PAYLOAD
RETENTION CARGO DOOR
ACTUATION & LATCHING
\ MANIPULATOR
. ew TRANSFER
TUNNEL KIT
i\ - HATCHES (LEFT SIDE & UPPER)
/ 4
STARTRACKER DOORS
ELEVON CONTROL 00

AERO FLT CONTROL

® RUDDER PEDALS

® SPEED BRAKE
LANDING/DECEL

o LANDING GEAR DEPLOY

o BRAKES

o NG STEERING

® DRAG CHUTE DEPLOY

MAIN GEAR
o BRAKES
::v:ﬁ;:;;mes MANIPULATOR ns%gg&nv
EPLOY
H ACTUATOR ! SLATCHING
* ELECT/MEC SEPARATION NOSE GEAR
o SUPT TO EXT TANK ¢ STRUCT © WHEELS (TIRES)
& SRB SEPARATION ¢ SYSTEMS e STEERING
¢ ACTUATED DOORS DEPLOYABLE ¢ DAMPER
¢ DEPLOYED BOOMS AIR DATA SENSORS
DEPLO (BOTH SIDES)
North Amernican ‘ Space Division
Aerospace Group Rockwell Internatonat 63SSV1079H
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PAYLOAD RETENTION

720 IN PAYLOAD
ENVELOPE

DETERMINANT LOADS

VERT (2) &
LONGITUDINAL (X)
LOADS ONLY

180 IN DiA
PAYLOAD

[PAYLOAD RETENTION SYSTEM |

SECTION
(TYP 8 PLACES)

PAYLOAD IN GUIDE

RETRACTABLE
ALIGNMENT GUIDE
(DEPLIYED POS)

PAYLGAD
ATTACHMENT

@ rwo
v PAYLOAD N
LOCKED POSITION

North Amernican
Aerospace Group

‘ ' Space Division ~
Rockwell Internatonal 6355V3351C
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PAYLOAD SUPPORT ATTACHMENTS TRADE

OBJECTIVE:

© OPTIMIZE ATTACH POINT SPACING FOR PAYLOADS
o ESTABLISH ORBITER IMPACT QF REVISED ATTACHMENTS

PAYLOAD SUPPORT ATTACHMENTS
® 12 EQUALLY SPACED (BASELINE IS 9)
® 58 INCH SPACING
COMPATIBLE WITH
e ORBITER
¢ PAYLOAD
% = FINAL DIMENSIONS TO BE DETERMINED

o DETERMINATE STRUCTURE
® 4 POINT RETENTION

o

13 IN.

PAYLOAD
= STRUCTURAL
ATTACH
-7 POINTS

+Y

PAYLOAD MAX — 582 1302
ENVELOPE
PAYLOAD SUPPORT——s=} 640 698 756 814 872 930 988 1046 1104 1162 1220 1278 |
STATIONS | I | | | |
1 ' 1 ' ] )
o = -f 4 - - - 1 - 4
l I ' 1 [ | 0 ! 1 '
]
1 ' ' ' [} 1
§ ATTACH
- - - —— 7 = 413*
7 = 400—§ PAYLOAD —_ b ¢ —_
- T T 1 1
I . ' ' ' ' | | | '
- o l - | l ¢ ATTACH
- - - -Q——{———Z = 304%
PAYLOAD SUPPORT ATTACH
North American ’ Space Division
Aerospace Group Rockwell Internahonal 6355v7100
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RETENTION SYSTEM DESIGN - UPPER

000N HINGE
\ i ENVELOPE
| ]

| _ RADIATOR HOSE GUIDE
T AT Xo 8278 X, 1220 |

12410

ELECTRIC ACTUATOR
DUAL MOTOR, LIMIT SWITCHES

-— ——— FAL

| 12.75
{30.00 GUIDE)
9.00 —
1.75 REF RADIATQR ‘20 00 GU'UE'
4.75 REF CARGO BAY DOOR Nt
31.0 \
{ r~ 21.00
TPS ML \—I L
GUIDE - STOWED POS l 20.00 GUIDE-SPRING-
| [ LOADED 10° OUTBD
2o 4105 SPLIT LINE
NOTE: |[‘ """"
LONGERON DEFL :
1.20 INBD - 1.75 QUTBD | ==-or =res womm ] S

STL INSERT
RETENTION FITTING ALUM

K LB

PIL TRUNIIION 1N LATCHED POS

l . I /STNUCTU"AL ML ELECTRO-MAGNEYIC BRAKES O FWD
A
e STRUCTURAL ATTACHMENTS
:{‘g‘zg‘- o ALIGNMENT GUIDE
® ACTUATOR

LOCKS ATTACHMENT
FOLDS GUIDE

North American
Aerospace Group

Space Division
Rockwell International

o\

635SV3352C

n
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PAYLOAD DEPLOYMENT/RETRIEVAL SYSTEM

4
/l

MATING /
ADAPTER \§\
\“.
)5 (<4 2]
. 7
i U] // \\
MANIPULATOR (OPTIONAL) s/ 17_.
” ;4 . v
i GRAB TYPE END EFFECTOR
Al

. su> 7
TV MONITORS CAMERA ASSEMBLY A
577 S
MANIPULATOR 2
SHUTTLE /L D : <
. F T T T 17 1

‘PZ a
CONTROLLER. A S
.';Q g
\\?/
SHUTTLE

ROTATIONAL PAYLOAD BAY ILLUMINATION

v

. ) CONTROLLER * COMMANDABLE LIGHTS ON BOOMS
RAMS HAND * FIXED LIGHTS ON SIDE BULKHEADS
CONTROLLERS ¢ APPROPRIATE PHOTOMETRIC LIGHT

LEVELS TO PROVIDE MANIPULATOR
DEXTERITY & EFFICIENT ASTRONAUT
WORKING CONDITIONS

North Amernican ‘ Space Division ,
Aerospace Group l Rockwell Internatonal 6355V2556F
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MANIPULATOR SYSTEM CHARACTERISTICS

MANIPULATOR
YAW AXIS STOWED

PITCH AXIS \
\
"z DEPLOY AXIS

N 1307
™ \
L DEPLOY MECHANISM

F =S s S =F == 5o

PILOT EYE DOCKING EYE

North American ‘ ' Space Division '
Aeraspace Group Rockwell Internatonal 635S5V4004B
k)



ALTERNATE PAYLOAD DEPLOYMENT MECHANISMS - TRADE

OBJECTIVE
* INVESTIGATE IMPACT OF SWING TABLE ATTACHMENT PROVISIONS, FORE & AFT

o INVESTIGATE IMPACT OF PIVOT CONCEPT FOR 00S/TUG SUPPORT

SWING TABLE
INSTALLED ON
AFT BULKHD -
SMALL AWT

SWING TABLE CONCEPTS

SWING TABLE

INSTALLED ON
FWD BULKHD -
SMALL AWT

PIVOT CONCEPT

jf }=— payLORD F ! 2
TN )
; -
' NN
1 o
lec e m m e L X
ST LOAD REACTION
1278 PIVOT
North Amer can ‘ ‘ Space Division
Aerospace Group Rocxwet inter=a-: ~al 6355V6816A
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CONCLUSIONS OF STUDY
ON
P/L DEPLOYMENT MECHANISM ATTACH POINTS

e BASELINE BULKHEADS ADAPTABLE TO SWING TABLE ATTACHMENT
WITH SLIGHT WEIGHT "A"

e AFT BULKHEAD/LONGERON “CORNER" USABLE FOR 00S/TUG
ADAPTER SUPPORT WITH SLIGHT WEIGHT "A"

o SMALL ACTUATOR REQUIRED TO ROTATE ADAPTER IF ONLY (1)
MANTPULATOR USED

e MAXIMUM PAYLOAD LENGTH APPROX 2 FT LONGER USING SHORT
ADAPTER RATHER THAN WITH SWING TABLE

North Amencan ’ ‘ Space Division
Aerosr Ice Group l Rockwell internahcnal 6355V6817
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. FORWARD

TRANSFER
TUNNEL

DOCKING MODULE

EXTENSION

TUNNEL

TRUSS
SUPPORT

DOCKING
RING

\

DOCKING RING \ ‘1

M PAYLOAD

N

-

N

4

/

TRANSFER TUNNEL V

o

X578
HATCH

AFT
TRANSFER

/ TUNNEL

) DOCKING MODULE

* SUPPORTED BY PAYLOAD RETENTION FITTINGS FOR
INCREASED DOCKING MODULE RIGIDITY

¢ INSTALLATION IS SIMILAR TO BOTH PAYLOAD
GROUND & SPACE OPERATIONS

s MANUAL (SHIRTSLEEVE) PAYLOAD SYSTEM
LINES CONNECT/DISCONNECT

« CAN BE USED FOR AIRLOCK FOR PAYLOADS SHORTER
THANSG3 FT

ASSEMBLY

North Amenican
Aerospace Group

6355V4667C

’ ' Space Division
Rockwell Internahonal
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DOCKING RING INTERFACES

DOCKING LATCHES
USED TO MATE WITH
TRANSFER TUNNEL
(12 PLACES)

PETAL
GUIDE

1IN,
PETAL

630DIA

iy

; AVAILABLE AREA FOR
SYSTEM LINES INTERFACE

DOCKING RING

v USED WITH
e TRANSFER TUNNEL
« PETAL GUIDE ADAPTER

40.0 DIA CLEAR
PASSAGE

OUTWARD
OPENING HATCH
TC T.EAP
AL.vC.A
PASSAGE

48.0 DIA LOCAL

44 0DIA
HATCH COVER

700 DIA

E‘fﬂ 56 0 DIA LOCAL

CARRY-ON UTILITIES
CONNECTORS ON PAYLOAD

\40 0 DIA CLEAR HATCH

® PASSIVE PART OF DOCKING SYSTEM

* ADAPTATION WITH 1 IN. LENGTH PETALS
* 67 IN. DIA SEALING RING

¢ SHIRTSLEEVE MAINTENANCE

North American
Aerospace Group

Space Division

i
o\

Rockwell International

6355V3349E
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ORBITER HYDRAULIC SUBSYSTEM

PARAMETERS
L INDEPENDENT SUBSYSTEMS

PRESSURE 3000 PSI

SPEED BRAKE HYDRAULIC FLUID HIL-H=5606
MOTORS & FOUR CHANNEL
CONTROL SERVO TEMPERATURE -40°F TO +275°F

PWR/HYD SYS 130 HP

SPEED BRAKE HYDRAULIC MOTORS &
FOUR CHANNEL CONTROL SERVOD

RUDDER FOUR CHANNEL
SERVO ACTUATOR

3

TVC THREE CHANNEL
SEAVO ACTUATORS (6)

80DY FLAP HYDRAULIC
MOTORS
MLG STRUT ACTUATOR

ELEVON FOUR CHANNEL MLG UPLOCK
SERVO ACTUATOR (4) ACTUATOR NLG UPLOCK
ACTUATOR
‘ NLG STRUT
g ACTUATOR
s“‘
3/ (
) q
MLG BRAKE/ANTI-SKID — Q[;
VALVES Q N
MLG & NLG [ 7,
VALVES NOSE WHEEL STEERING i\
ACTUATORS ——u 1
-»
~

~

North Amencan ‘ Space Division
Aerospace Group l Rockwell International 63SSV1080F



ORBITER HYDRAULIC SUBSYSTEM SCHEMATIC

M.E. TVC SERVO- BODY FLAP HYD MOTORS (3)
ACTUATORS
’ ELEVON SERVOACTUATORS,
3-CHANNEL (6) A-CHANNEL (4) FILTER (2)
HYD. POWER /o
SUBSYSTEM ESERVOIR
@D APU/MAIN PUMP

CIRCULATION PuMP

UMBILICAL
DISONNECTS (2)

NOSE GEAR UPLOCK
ACTUATOR;
NOSE GEAR STRUT

\\ \ l : ﬁ ACTUATOR

=11 e
——? \\ RELIEF VALVE
THERMAL CONTROL NOSE WHEEL

-::i:éizl “*=4EE__T | BOILER
2]
-

s e e e e s a—

NTl= o7 e

M.E. CONTROL VALVES STEERING
VALVES (3 FREON OIL HEATER gﬁ;:s°§ﬁg ACTUATORS
ENGINES) ANTI-SKID
LANDING GEAR VALVES VALVES (2)
MAIN GEAR UPLOCK
ACTUATOR (2)
MAIN GEAR STRUT
ACTUATOR (2)
‘ — NOTES:
{_ (@ ONLY ONE OF THE FOUR HYDRAULIC
‘ POWER SUBSYSTEMS, WITH TYPICAL
SPEED BRAKE HYD MOTORS & 4-CHANNEL SERVO SYSTEM LINE ROUTING, IS TLLUSTRATED.
RUDDER SERVOACTUATOR, 4-CHANNEL
North American ’ Space Division
Aerospace Group Rockwell International 6355v6788
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ORBITER CREW FUNCTION & STATIONS

PILOT STATION PAYLOAD WINDOW/EMERGENCY HATCH
SPECIALIST SEAT ON ORBITER STA
PAYLOAD HANDLING
CENTER - mssu(m SPECIALIST L — — 7494
CONSOLE ,,a;77" SEAT (LAUNCH 2469 ——= INTRA DECK
POSITION
/ ) _ L nccess
- . - PAYLOAD BAY
\\ ¥ access
[l atrLock
FLIGHT PAYLOAD HANDLING /////(’ "‘\\\<I,a'
STATION STATION AVIONICS - 2332
MAIN PANEL xeyg “HISSION SPECIALIST N Ecss eepr N 5pioek watcH
SEAT (OPERATIONS ; !
POSITION) X578
SIDE 378
COMMANDER
STATION CONSOLE CREW CABIN
Lio LioH STATION CREW FUNCTION AVIONICS smw;ti\gu
CARTRIDGES HOD OVERALL RESPONSIBILITY FOR STORAGE
WATER COMMANDER | VEMICLE FLIGHT OPERATIONS, l’/,/’
. o
TANKS (5) AND PILOT gsw nonuroan:c AND CRITICAL/ ‘W
T~ =T \7N] L INTERFACE
AVIONICS j__*L MISS1ON C6W MONITORING AND CONTROL OF A iRLock
COOL ING— F%: SPECIALIST | ORBITER SUBSYSTEM/PL INTERFACES
l gﬁ N PAYLOAD PAYLOAD INSTRUMENT CALIBRATION U
. —\ SPECIALIST | CHECKOUT, MONITOR, & CONTROL :::iEEj._. 2EZ§§§
LU MANIPULATOR ARM OPERATION, AND A\ (24 x 30)
i FANS ON-ORBIT DOCKING/PAYLOAD HANDLING, AND HYG IENE
5 WASTE MGMT 5 PAYLOAD BAY OPERAT!ONS FACILITY AVIONICS
! X57 MID SECTIO;
N
LOWER SECTIOW
North American ‘ Space Division
Aerospace Group Rockwell International 63SSv7098
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DOCKING & MANIPULATOR
STATION

MISSION .
SPECIALIST .
STATION \

BASED ON DWG VL-70-003218
JUNE 4, 1973

] PAYLOAD
| SPECIALIST STATION

LAUNCH SEAT
LOCATIONS

~
No~*h Ar-er can ‘ Space Division
Aerospace Group Rockwell International 63SSV6691A
81



FLIGHT DECK VISIBILITY-BASELINE

PLAN
VIEW-

—_— 'j TYP RIGHT
& LEFT

\ 71 ek e
15 20900 \(i\/
'So/\ l /\,\ /Lls° DESIGN ,oo//“fﬁ\ -8 7 /
— <:f ‘Sggissg::]::ZQQESSQS

EYE

v ;\ W <3

A-A
PILOT STATION

FLIGHT
VISIBILITY \\ ~ FLic

s
L— A B8 a—j B-8
ON-ORBIT
aaCen e s e = AJRLOCK STATION
IAS=D TV L L 70-003218 VISIBILITY
CONE -, 1T
Morth Amencan ’ Space Division
Ae-aspace Group Rock..e: ~iernarora 6355V6690



DOCKING OPERATIONS

DOCKING
AXIS

=

ccTV
TARGET | DOCKING
VEHICLE ' TARGET
4 1 3
/t 1 1\
LINE-OF-SIGHT pe=—g===y
DOCKING TARGET
Tt overHeap |
DOCKING
FIELD OF VIEW WINDOW
ON-ORBIT

FLIGHT
STATION

-

North American
Aerospace Group

' Space Division
Rockwell International

635SV6750
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PAYLOAD VISUAL OBSERVATION

VIEW WINDOW

| _ TV DISPLAY

PAYLOAD BAY v
CAMERAS/LIGHTS

¢ 2 IDENTIFIED
TV CAMERA ® LOCATION NOT
MANIPULATOR ARM
ASSEMBLIES Y & LIGHT DEFINED
PAYLOAD HANDLING @
STATION
INTERFACE
LEGEND
\ MANIPULATOR ARM
Lo b " _ TERMINAL DEVICE OR
i = ?g\‘/ END EFFECTOR OR TOOLS
}‘O Ry [
h Iﬁh\ PAYLOAD ADAPTER
ARM DEPLOY L
END EFFECTOR (
MECHANISM A W (3) PAYLOAD
Nortri Amer.can ‘ Space Division
Aeioszaze Grougp Rockwell International 635Sv3840D

84



FLIGHT DECK VISIBILITY TRADES

\_____/\—q

OBJECTIVE:
| REMOVED OVERHEAD DEFINE VISIBILITY
PILOT WINDOWS REQUIREMENTS FOR
PAYLOAD HANDLING
& DOCKING

ON-ORBIT WINDOW
L—"(PILOT STA)

MANIPULATOR STA
=" WINDOW

AFT
STATIONS
VISIBILITY

50-29' T0 120.30'

18° 10 19° 20*

North Amencan ’ Space Division
Aerospace Group Rockwell Internanonal 6355V6692B
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PAYLOAD CHECKOUT/INSTALLATION

PAYLOAD INSTALLATION

* MAINTENANCE & C/O AREA (SAME EQUIPMENT IN
SAFING AREA, & AT ALTERNATE & FERRY LOG SITES)

B PAYLOAD

INSTALLATION
SLING

CLEANLINESS PAYLOAD BAY
SHROUD KIT DOOR OPENING
ACCESS
STAND

PAYLOAD CHECKOUT

e MAX. FLEXIBILITY FOR P/L REQMTS

* DECOUPLED ORBITER CHECKOUT
FRAOM PAYLOAD CHECKOUT

® USE OF STRUCTURAL FIXTURES
FOR ORB/PAYLOAD INTERFACE CHECKS

o SPECIAL EMPHASIS ON CONTAMINATION
CONTROL PROCEDURES TO PROTECT
SENSITIVE PAYLOAD ELEMENTS

FIXTURE ,/_t

!

|

section B-B

PAYLOAD INSTALLATION STEPS

1. TRANSFER PAYLOAD FROM TRANSPORTER TqQ
PAYLOAD SLING IN MAINT & CKOUT AREA

. INSTALL SHROUD (WHEN CLEANLINESS IS
REQUIRED)

. MOVE PAYLOAD OVER ORBITER
. DROP SHROUD CURTAINS & CONDITION

VOLUME

o LAUNCH PAD _
CAPABILITY PROVIDED

> 8
view A-A

5. POSITION ACCESS STAND

6. OPEN DOORS WITH PAYLOAD BAY DOOR
OPENING FIXTURE

7. INSTALL PAYLOAD

8. AEMOVE PAYLOAD SLING & ACCESS STAND
9. CLOSE PAYLOAD BAY DOORS
10. REMOVE ALL GSE

FOR PAYLOAD EXCHANGE

North Amencan
Aerospace Greup

Space Division
Rockwell Internatonal

o\

6355V2601C
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PAYLOAD CHANGEOUT STRUCTURE

/
C}’l £
! ' i
SAlewdl] —
L ‘ —
| '
e L AN
I }I\ ______ - -
| | v —_—
' 1 r—
i ri--- --
| Ny | A — — >
Vo A R 7 < |
S B q o : =l _
| e ot I ]
| .. 1 N~ N
L IR n‘_l—-i';&r 1125 1L TRANSLATE PAL'TO OR®
A1 T R N7
| | AN +
E : E 1;- He — ‘
- ¥ N e . A1y
Col // * A | _PAYLOAD UP TO LEVEL
: : f s L‘F”* 1 —_ t I 330" 1RRveL !
o ‘._' ™7 .
TOP '~ | >< /l V - //
OF MLP S S A A Wincavy S g
X | - NP > R e ] 000 o
~ _ A
- _[ . Y _ 1 l L e -
[ : I | <\ EixED TOWER‘“ L []
| i : BASE I-— ] |
North Amencan ’ Space Division
Aerospace Group Rockwell International 63S5V5570A



BASELINE LAUNCH UMBILICALS

UMBILICAL DISCONNECT T = 0
(O - oRBITER DISCONNECTS

@ - PAYLOAD DISCONNECTS

o
1450

GHaVENT
1

48.0

JOO0R MECHANISM

N®

[
o

®

OO
OO

z, 412

1450,

480

l DOOR MECHANISM

DOOR MECHANISM

OO

)

*

OO

(Ke )
FILL/DRAIN J

5o

L J / s

z, M2

.- GROUND ELECTRICAL

L1 POWER VEHICLE

STATIC GROUND

2,378

GH3 FILL,
GROUND PRECHARGE LH2 FILL,DRAIN
LH SIDE
*FUEL

REE\I TRY COLC
He PLRGE ™eFilL.

GO) FILL. GROUND
PRECHARGE

SH SiDE
*OXIDIZER

z, 376

Nl et
.z A~ercan

Aer~scace Gic .

)

Space Division
Reckwer =t var~-a

63S5V3332E
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PREFLIGHT UMBILICAL

® ORBITER/PAYLOAD LAUNCH PAD SERVICE
® LH SIDE ONLY
® DISCONNECT AT ~ T-26 MIN

TR —_—

—— e XY v

—— —e - -

- - e ree—er —— . e

\PRE-FLIGHT UMBILICAL }

| ) [ 02 TKNO, 2 FILL
RESERVED FOR I 02 TK NO. 2 FILL VENT

PAYLOAD \ 7 Qﬁ» %Zo 390.5

O . 09 GROUND SUPPLY

O&/ 09 TKNO. 1 FILL VENT
O——
ey

H2 RELIEF

N

Hy TK FILL-VENT NO. 2 N

0, TKNO. 1 FILL
[ GN PURGE (NOT A VEH CONN)
Ha TANK FILLNO. 2 | TFs ) Ao e saeseessees= EEE— L

PURGE BARRIER
N

BALL LOCK NO. 1
N

| HOT GN2 PURGE (NOT A VEH

O— CONNECTION)

GND COOLANT SUPPLY
O\- Z, 3635

GND COOLANT RET

H2 TK NO. 1 FILL VENT ]

T

Hg TK NO. 1 FILL VENT —]

/ ! X
H., GSE SUPPLY HAZ GAS DET
He PURGE 2 (NOT A VEH CONNECTION)

North American ‘ ' Space Division
Aerospace Group Rockwell International 6355V3331B
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PAYLOAD DYNAMIC RESPONSE

MODEL REQD FOR EACH

PAYLOAD/ORBITER SYSTEM

|_PAYLOAD | TO ESTABLISH PAYLOAD
ACCELERATION LOADS

< Svvorvrd ]

0

3

4
F(r)

TYPICAL MODEL

North American ’ Space Division
Aerospace Group Rockwell Internatonal

6355v6834
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CABIN/PAYLOAD ACOUSTICS AND VIBRATION SPECTRA

LA
/.

A
0O IS,

VIBRATION SPECTRA FOR MID FUSELAGE AND CABIN PAYLOAD BAY NOISE LIMITS
[ 170
st CABIN 164} — O OVERALL EXTERNAL
160 = OVERALL INTERNAL
2r MID FUSELAGE 150 _/
ACCELERATION 0. SOUND
SPECTRAL B
DENSITY s} \ {:5:?_”“ 140 EXTERNAL
{g¢/Ha)
" ldbre20p 59
2 NM T’
oo 120 |- © INTERNAL
5 -
1o
2
oobdt—t 1 1 0 111 U U T O T O T |
10 2 65100 2 510002 § 10000 OA 8 3 125 500 2K 8K
FREQUENCY (Hz) 1/3 OCTAVE~- BAND CENTER FREQ (Hz}
REQUIREMENTS: .
PAYLOAD BAY INTERIOR <145 d8 OVERALL
PAYLOAD BAY EXTERIOR <164 dB OVERALL
North American ‘ Space Division
Aerospace Group Rockwell Internanonal 635S5V356C
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PRELAUNCH THROUGH P/L DEPLOYMENT

* INSULATED CRYO TUG P/L
* 8= 909 ON ORBIT

ENTRY THROUGH POST LANDING

e ADIABATIC P/L BAY WALLS
® HIGH CROSSRANGE ENTRY

® NO PAYLOAD
+100 -
200 HOT LIMIT
PIL PIL
BAY BAY
WALL WALL
TEMP TEMP 150
(oF) DISCONNECT (°F)
[ GROUND PURGE
DEPLOY P/L
LIFTOFF & COLDSOAK
OPEN
i DOORS 100 START GROUND
—1 TOUCHDOWN —1 URGE (Y0230} 1
-100 1 1 14 2 1 J 0 1 L 1 1
0 10 20 30 60 100 150 200 0 20 40 60 80
TIME (MIN} TIME (MIN)
North Amencan ‘l Space Division

Aerospace Group

Rockwsell Internatonal

6355V2562D
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THERMAL DESIGN REFERENCE MISSION

- ON-ORBIT
UNCONSTRAINED THERMAL UNCONSTRAINED | THERMAL UNCONSTRAINED THERMAL

ASCENT ATTITUDE CONDITIONING ATTITUDE CONDITIONING ATTITUDE PRE- DESCENT
HOLD t=13 HOLD t=3HR HOLD CONDITION
t=6HR t=6HR t=6HR t=7HR

- SUN
V4

E OR
® THERMAL ATTITUDE MANAGEMENT REQUIREMENTS ARE REDUCED
FOR B8 ANGLES LESS THAN 90 DEG

North Amencan ’ ' Space Division
Aerospace Group Rockwell International 6355v6809
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PAYLOAD POINTING & STABILITY

® REQUIREMENTS

“® POINT P/L WITHIN +0.5 DEGREES (PAYLOAD MOUNTED SENSOR)

* ANGULAR RATES 0.01 DEG/SEC MAXIMUM

* SENSOR REFERENCE: EITHER GN&C NAV BASE OR PAYLOAD SENSOR

* COORDINATE - SYSTEM REFERENCE: - EITHER INERTIAL OR LOCAL VERTICAL

® RCS CAPABILITY, 25-LB VERNIER JETS (PRELIMINARY)
e LOCAL VERTICAL, NOSE FORWARD, PAYLOAD DOWN, 100-N MI CIRC ORBIT

PROPELLANT CONSUMPTION *
DEADBAND (LB/HR)
+0.42 2.3
+1.41 ' 1.0
4,24 0.94

*INCLUDES 25% ALLOWANCE FOR UNCERTAINTY

North Amencan ‘ ‘ Space Division
Aerospace Group l Rockwell International 63S5V6699
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" PAYLOAD POINTING & STABILITY OPTIONS

PAYLOAD POINTING
CONNECTION OPTION ERROR
PAYLOAD
TARGET ' ————————{ PAYLOAD POINTING »>10.5 DEG
DATA QPEN LOOP
{ 08 = $0.1/40.5
GN&C
® computen [P  RCS );\
GN&C P/IL
COMPUTER SENSOR O 10 CURRENT_ _
| =+05DEG!
{4 PAYLOAD ALIGN LOOP \ = e
CLOSED REQWT
}\ 10.1%  305° >05° Js
ORBITER PAYLOAD
NAV BASE STRUCTURE|  \ aLign/ CONNECTION” | o
SENSOR POINTING BY ‘
YLOAD ORBITER& | <0.1DEG
PAYL PAYLOAD =
t MOUNT
GN&C PAYLOAD
COMPUTER <4~ GIMBAL
MOUNT
e
North American ’ Space Division
Aerospace Group Rockwell Internatonal e 63SSV5020A



MISSION KIT - TRADE
EPS, ECLSS, OMS

TYPICAL EQUIPMENT & CONSUMABLE KITS FOR SPECIAL MISSIONS

ECLSS: 4 DURATION KITS . EPS: 4 ELECTRICAL ENERGY KITS
4 SPECIAL TANKS, +4000 KWH
e £00D ONE SET BASELINE-SIZED H2 & 02 TANKS,
® WASTE “OLLECTORS #g‘;‘;"o" +980 KWH
o LiOM ESTABLISHED TWO SETS BASELINE SIZED H2 & 02 TANKS,
® BACTERIACIDE TANKS mcando [ +1960 KwH
BAY
BETWEEN
FRAMES

/

3o
00000 r
o] | s54IN
BETWEEN 100 IN
FRAMES 141 IN.
® NITROGEN 175 LB l/
® 07 IN EPS TANKS IN CARGO
o WATER TANKS ’ BAY OMS: 4 PROPELLANT
f ‘ © ONE BASELINE FUEL, OXIDIZER & PRESS , 4 11,895 LB
® TWO BASELINE FUEL, OXIDIZER & PRESS., 4 23.838 LB
l o THREE BASELINE FUEL, OXIDIZER & PRESS., 4 35.781 LB
N¢-*h American ‘ Space Division
Ae-nspace Group Rockwell International 63SSV5305D
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CONTAMINATION TRADE STUDIES

OBJECTIVE:
ESTABLISH METHODS OF CONTAMINATION AVOIDANCE

® WATER DUMPS & VENTS

® SILICONES & HYDROCARBONS .

© PROPULSION SYSTEM PRODUCTS/IMPINGEMENT
® HYDRAULIC & COOLING SYSTEMS

° EMC
© RADIOISOTOPES
BASELINE
VERNIER RCS I WATER DUMPS/VENTS
a0° | | FuEL ceLt w0 HoLo UP TO 12 HOURS
(TYP) * WASTE H20 & URINE STORAGE  UP TO 7 DAYS
| (RETURN TO EARTH)
= N « FECAL CANISTER Hp0 VENT OVERBOARD
| | < Avionics Bavs Hp0 VENT OVERBOARD

A
(TYP) Z

North Amernican ‘ Space Division
Aerospace Group l Rockwell Internatonal 6355v7099
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ALTERNATE ARRANGEMENT OF RCS VERNIER THRUSTERS
4 FORWARD, 2 AFT

95%
PLUME
ENVELOPE

/_
N

99%
PRANDTL 100%
HEVER 1195% % MASS
97° FLOW
EXPANSION "<;\47 go EXHAUST
ANGLE CONES
40°
SYMMETRICAL
~ ABOUT
NOZZLE

PERCENT FLOW EXHAUST CONES

LEAST P/L CONTAMINATION

NO PLUMES DIRECTED UPWARD;

North Amencan
Aerospace Group

‘ ' Space Division
Rockwell International

6355V6830A
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TRADE STUDY FOR PROPULSION STAGES INTERFACE REQMTS

OBJECTIVES
ESTABLISH ORBITER/PAYLOAD INTERFACE REQMTS
® PROPULSIVE/NON-PROPULSIVE PAYLOADS
PROPELLANTS
PRESSURANTS
AUXTLLIARY FLUIDS (RCS, APU, ETC.)
® OPERATIONAL PHASES

PRELAUNCH - SERVICING
FLIGHT - ABORT
POST FLIGHT - SAVING & DESERVICING

e OPERATIONS

FILL
DRAIN
VENT
DuMP

Nortr Amerncan ’ Space Divislon
Aerospace Group l Rockwell Internahonal 63s5V6812
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PAYLOAD PROPELLANT DUMP DURING ABORT
(CRYOGENIC STAGE)

ONCE
ARQUND

DUMP TIME

POWERED - » 306 SEC
GLIDE - ~ 100 MIN

DUMP TIME

POWERED - 306 SEC
GLIDE ~1000 SEC

215 10
400 SEC

116 T0
247 SEC

ABORT MODES

North American ‘ ' Space Division
Aerospace Group Rockwell International 63SSV6813
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T~

STUDY OUTPUTS

o DUMP SYSTEM SIZING/ROUTING

e POWERED VS GLIDING DUMP

e DUMP SEQUENCE

o PRESSURIZATION SYSTEM AUGMENTATION

e DUMP PORT LOCATION

o-ATTITUDE CONTROL DURING DUMP

o OPERATIONAL CONCEPTS/PROCEDURES

o IMPACT ON GROUND FACILITIES

North Amenc=n
Aerospace Group

‘ Space Dvision
Rockwell Internatcnal

6355V6815
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SHUTTLE ITEMS CHARGEABLE TO PAYLOAD

CREW & CREW PROVISIONS
* CREW IN EXCESS OF 4
* LIFE SUPPORT EQUIP & CONSUMABLES IN EXCESS OF 28 MAN DAYS
o CREW SEATS IN EXCESS OF 4

MISSION PROVISIONS
« OMS AV KITS
« EVA/IVA EQUIPMENT & CONSUMABLES
e RCS PROPELLANT IN EXCESS OF NOMINAL
« DOCKING ADAPTOR

PAYLOAD INSTALLATION PROVISIONS
* ELEC & PROPELLANT LINES & CONNECTORS
e STRUCTURAL ADAPTOR
¢ STRUCTURAL SUPPORT FITTINGS
* MISSION/PAYLOAD EQUIP IN EXCESS OF STD PROVISIONS

PAYLOAD - INTEGRATED ASSEMBLY FOR USE IN SPACE

North American ’ Space Division
Aerospace Group Rockwell International 63S5V3844B
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PAYLOAD RELATED MCR SCHEDULE

Lo T F I w 1T A I w 1T 9 1 o 7 A& 1 s 1 o w | o ]
HEAVY WT PAYLOAD (FEASIBILITY OF LAUNCHING 72K LB DOD P/L

FINAL BRIEFING #5/19 O FINAL REPORT (6/23)

PAYLOAD CONTAMINATION (PROVIDE PROVISION FOR 7 DAY WATER STORAGE)

ERB A 4/26 D T0 GO 6/7
SHUTTLE PROGRAM CONTAMINATION ASSESSMENT & CONTROL PLAN

TASK 14 TASK 24 TASK 38 TASK 4 B ERB 3 D FINAL REPORT
ﬂg‘—_ﬂ&_@f“s RELEASED TO DESIGN, SIX 25 LB THRUSTERS

SILICA TPS/TCS & THERMAL CONDITIONING
i FINAL BRIEFING & 5/31
PAYLOADS SUPPORT _

a8
ORBITER C.G. EFFECTS
INTERIM BRIEFING B A UPDATE BRIEFING

ORBITER RENDEZVOUS SENSOR - PROPOSED MICROWAVE SYSTEM

TPS/TCS REQTS FOR 6/3 MISSION

[=

IN HOLD, PENDING BASELINE REDEFINITION

CABIN RESIZING
)

PAYLOAD STRUCTURAL ATTACHMENTS EQUALLY SPACED ATTACH POINTS, LONGERON
ERBZ A 6/18 & KEEL IN SAME PLANE
PAYLOAD TILT TABLE ATTACHMENT  ppoyISIONS FOR FORWARD & AFT TILT TABLES
ERBS A6/6
SPECIAL PAYLOAD LANDING CONSIDERATIONS STUDY
ERG & A LETTER TO NASA

PROPULSION STAGES INTERFACES REQTS

PRECIMINARY RESULTS 3,1 " ERBA 775 2 FINAL REPORT

North Amernican ‘ Space Division
Aerospace Group Rockwell Internanonat 6355Vv7101
1C3





