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APOLLO ASSOCIATE CONTRACTORS

e MIT
AC SPARK PLUG

e CHRYSLER

e BOEING

e NAA S&ID

e DOUGLAS

- CONVAIR

e GENERAL ELECTRIC
® GRUMMAN

e HAMILTON STANDARD

GUID & NAV EQUIP. -TECH MGMT
GUID & NAV EQUIP. -MFG

S=l

S=1C

S=lil

S=1M & S-1V B

LITTLE JOE 11

ACCEPTANCE CHECKOUT EQUIP.
LUNAR EXCURSION MODULE

SPACESUIT & PORTABLE EQUIP.

AP 3389C



/I‘_

APOLLO SUBCONTRACTORS

SUBSYSTEM

CM REACTION CONTROL ENGINES
DIGITAL TEST COMMAND SYSTEM
MISSION SIMULATOR TRAINER

SS HONEYCOMB PANELS

TV CAMERAS BLOCK |

REACTION CONTROL S/M

EARTH LANDING SYSTEM
ENVIRONMENTAL CONTROL

SERVICE MODULE PROPULSION MOTOR
LAUNCH ESCAPE PITCH CONTROL MOTORS
COMMUNICATION & DATA
STABILIZATION & CONTROL

ABLATIVE HEAT SHIELD

FUEL CELL MODULES

ESCAPE TOWER JETTISON MOTOR

R & D TELEMETRY ANTENNA

BATTERY CHARGER

SUBCONTRACTOR

ROCKETDYNE - CANOGA PARK, CALIF

CONTROL & DATA CORP - MINNEAPOLIS, MINN
GPI LINK DIVISION - BINGHAMTON, NY
AERONCA MFG CO - MIDDLETOWN, OHIO

RCA - PRINCETON, NJ

MARQUARDT CORP - VAN NUYS, CALIF
NORTHROP-VENTURA-NEWBERRY PK, CALIF
AIRSEARCH MFG CO - LOS ANGELES, CALIF
AEROJET-GENERAL - SACRAMENTO, CALIF
LOCKHEED PROPULSION CO - REDLANDS, CALIF
COLLINS RADIO CO - CEDAR RAPIDS, IOWA
HONEYWELL - MINNEAPOLIS, MINN

AVCO CORP - WILMINGTON, MASS

PRATT & WHITNEY - EAST HARTFORD, CONN
THIOKOL CHEMICAL CORP - ELKTON, MD
TRANSCO - VENICE, CALIF

ITT-INDUSTRIAL PROD DIV - SAN FERNANDO, CALIF

\

S

FAM-1003{®
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APOLLO SUBCONTRACTORS (CONT)

SUBSYSTEM

SUPERCRITICAL GAS STORAGE

ENTRY & POST LANDING BATTERY
STATIC INVERTER

RECOVERY ANTENNA

R&D BEACON ANTENNA

CENTRAL TIMING SYSTEM

POSITIVE EXPULSION TANKS RCS
ANTHROPOMORPHIC DUMMIES
PROPELLENT GAGING SYSTEM S/M RCS
HELIUM TANKS

DIGITAL UP-DATA LINK

2 KMC HI GAIN ANTENNA

FUEL & OXIDIZER TANKS

PROP GAGING MIXTURE & RATIO CONTROL
C-BAND ANTENNA

TV CAMERAS BLOCK 11

HF RECOVERY ANTENNA

HF ORBITAL ANTENNA

SUBCONTRACTOR

BEECH AIRCRAFT - BOULDER, COLO

EAGLE PICHER - JOPLIN, MO
WESTINGHOUSE-ELECTRIC CORP - LIMA, OHIO
AIRBORNE INSTRUMENTS LAB, LONG ISLAND, NY
MELPAR - FALLS CHURCH, VA

ELGIN - ROLLING MEADOWS, ILL

BELL AEROSYSTEM - BUFFALO, NY

ALDERSON LABS - LONG ISLAND, NY

GIANNINI CONTROL CORP - DUARTE, CALIF
AIRITE PRODUCTS - LOS ANGELES, CALIF
MOTOROLA INCORPORATION - SCOTTSDALE, ARIZ
DALMO-VICTOR - BELMONT, CALIF

ALLISON DIV GMC - INDIANAPOLIS, IND
SIMMONS PRECISION PROD - TARRYTOWN, NY
RADCOM - COLLEGE PARK, MD

WESTINGHOUSE - BALTIMORE MD

DEHAVILLAND ONTARIO, CANADA

DEHAVILLAND ONTARIO, CANADA

oTic,

FAM-1004 (@)



FACILITIES-NATIONWIDE

PROPULSION TESTS
LAS CRUCES, N.M.

TRANSPORT MOD, GSE
S&ID TULSA

CENTRIFUGE TESTS
JOHNSVILLE,PA

CSM—PM, ENGRG
S&ID DOWNEY

NAA
SOUTHERN CALIF

PARACHUTE TESTS
EL CENTRO, CALIF

PROPULSION TESTING
TULLAHOMA, TENN

DYNAMIC TESTS
HUNTSVILLE, ALA

LITTLE JOE Il LAUNCH

ENVIRONMENTAL TESTS

HOUSTON, TEX

WHITE SANDS, N.M.

NORTH AMERICAN AVIATION, INC.
SPACE AND INFORMATION SYSTEMS DIVISION

SATURN LAUNCH
MERRITT ISLAND LAUNCH
AREA, FLA

1-64 AP 713548



APOLLO SPACECRAFT
S&ID RESPONSIBILITIES

SLA GSE SPARES

INTERFACE WITH

piL ASSOCIATE
S~ .. CONTRACTORS
— G&N
= Q. e ACE
FACILITIES s LEM
ETC

TRAINERS



MANNED SPACECRAFT

ij J

1 MAN 2 MAN |3 MAN |
MERCURY GEMINI APOLLO
Do
L
PAYLOAD , LBS 3500 7,000 250,000 7 SRS
BOOSTER ATLAS  TITAN Il SATURN

THRUST, LBS 360,000 430,000 7,500,000




114SD10514A

APOLLO SPACECRAFT

LAUNCH ESCAPE SYSTEM

BOOST PROTECTIVE COVER

LUNAR EXCURSION
MODULE




SPACE VEHICLES

APOLLO
/ SPACECRAFT

APOLLO
SPACECRAFT

LEM
ADAPTER

INSTRUMENT
! UNIT

|25 INSTRUMENT
/—UNIT

s-v

224!

s-1v8
/_ BOOSTER

X 32 0

188" l//  BOOSTER

2,@'0&

APOLLO
SPACECRAFT

/— S-1 BOOSTER

LITTLE
JOE Il
BOOSTER

s-1
/— BOOSTER

i i

=1—— e AEL bl

LITTLE JOE 11 SATURN | SATURN

1B

v

N
‘) Joar— Jo

APOLLO
SPACECRAFT

LEM
ADAPTER

INSTRUMENT
/UNIT

S-IVB
/ BOOSTER

s-1i
/aoosmz

s-1C
/— BOOSTER

"



SATURN I L

APOLLO CM
S&ID
e T—aronto s
6 RLIO-A3 ENGINES
PRATT & WHITNEY
.\.A‘:‘
el
L
S-1
2 i ! TOTAL WT
~ CHRYSLER 188 FT 1,124,000 LB

I

8 H-1 ENGINES W
ROCKETDYNE \

NORTH AMERICAN AVIATION, INC. 11-4 AP 74370A
SPACE AND INFORMATION SYSTEMS DIVISION



114SD10280A 4

APOLLO CM
S&ID
APOLLO SM
S&ID A
LEM ADAPTER e SN
S-IVB
DOUGLAS LEM
GRUMMAN
S-I 225
CHRYSLER FT
ROCKETDY NE
~
6 8 H-1 ENGINES
75X 4" ROCKETDYNE TOTAL WT |
i 1,288,000 LB e




SATURN V

APOLLO CM
S&ID

APOLLO SM
S&ID

S-IVB

DOUGLAS LEM

ADAPTER
LEM S&ID
GRUMMAN
S-EE frm T
1 J-2 ENGINE Ao +a Pes O
ROCKETDYNE
S- IC—\
BOEING
5 J-2 ENGINES
ROCKETDYNE
Ul S oY
4 / 7 360 FT TOTAL WT

6,000,000 LB

5 F-1 ENGINES-
ROCKETDYNE

NORTH AMERICAN AVIATION, INC. JEn

11-4 AP 74372A
SPACE AND INFORMATION SYSTEMS DIVISION




SATURN V

_ SATURN
APOLLO
300
LUNAR EXCURSION MODULE
360 FT S-1VB
POLARIS =
31 FT LONG — ——fiju
~J_ |
200 =
81.5FT s-Il
TITAN
100 gt as !
102 MINUTEMAN
S-IC i
82.5 FT —  B~396IN 59 FT
~192 IN. 4 : 120IN. | & 70 N.
0 5

NORTH AMERICAN AVIATION, INC. 7-63 SP 24660 A
SPACE AND INFORMATION SYSTEMS DIVISION



355D10624

LAUNCH VEHICLES
WEIGHT / PAYLOAD / THRUST

7500K 94K TRANSLUNAR —_ m
o
250K
LIFT-OFF
THRUST
20. 2K 33. 5K
2.7|< mel Imm
| E i
ATLAS TITAN  SATURN| SATURN IB SATURN V
260K 300K 150 K 1200 K 6000 K

LIFT-OFF WEIGHT
* INTO 100 N MI CIRCULAR ORBIT




SPACECRAFT DEVELOPMENT FLIGHT CATEGORIES

BLK [1
(80% BLK 1)

MAJOR STEPS TO ULTIMATE MISSION

—

LUNAR LANDING «— finAL

'e' EARTH ORBITS WITH LEM €—— MULTI -VEHICLE
INTEGRATION

BLK |

—=

N

\

‘e’ EARTH ORBITS «—— PARAMETER & STATISTICAL

@ | SUBORBIT4——1ST INTEGRATED SC SYSTEMS EXPOSURE

BP 6 - PAD ABORT

BOOSTER-SC COMPATIBILITY
BP 12 - TRANSONIC ABORT

X ABORT & RECOVERY «———CREW SAFETY

BP 13 - BOOSTER
BP 15 - BOOSTER
BP 2 - HI Q ABORT

FAM-1005 &)}






LUNAR MISSION

PARKING ORBIT 22 2"

TRANSEARTH
COAST

REENTRY

_ LUNAR APPROACH TRAJECTORY
RECOVERY™\\ PPN TRANSLUNAR \
AT COAST \
4 \
NS, o2 il oL
ey ORBIT

INJECTION
LEM ASCENT e

LUNAR LANDING

TRANSLUNAR LEM ——\/'
INJECTION DESCENT —
257 % LTRANSEARTH

2 P INJECTION
Lo~ (9‘{;»7;5 QM Z—w-

< | & pr t g
N}.‘,kgﬂg [ oy



MISSION PLAN -LUNAR
ORBITAL RENDEZVOUS MODE

MOON AT EARTH
\LANDING

TR

TRANSEARTH

TRANSEARTH
it INJECTION

TRANSLUNAR
INJECTION 2

LUNAR ORBIT
& PICKUP \
EARTH ORBIT :
@ | LANDING
STAY & LAUNCH

CM-SM SEPARATION LUNAR ORBIT

ENTRY & LANDING INSEREEIDON
LUNAR ORBIT

s ®
MOON AT EARTH
LAUNCH

TRANSLUNAR
COAST

NORTH AMERICAN AVIATION, INC. 3-64 AP74100

SPACE AND INFORMATION SYSTEMS DIVISION



§ AU
600, 000

f \
I

300,000
IR

Ml

[ 200,000

o AI\ l Vil xl\ 1\

) mmm Iy
.e. o

[ )
SATURN \"

ASCENT TRAJECTORY

LT(FT)
(0 L O
s off T
B ORBIT ACQUISITION
t = 706 SEC
TR V= 24,200 FPS
/ﬂ LES JETTISON
' V=7800 FPS
S-IVB IGNITION
t ~ 542 SEC
S-1l IGNITION V=20,900 FPS
V=7600 FPS
| | :
e 1000 1500

RANGE (N MI)



25SD10516A

APOLLO SPACECRAFT/S-IVB EARTH ORBITAL CONFIGURATION




124SD10447

TRANSLUNAR INJECTION & COAST

12,800 N MI RADIUS
THR AFTER TRANSLUNAR

INJECTION
. VA _M
59@ MOON

TRANSPOSITION
& DOCKING



TRANSPOSITION & DOCKING i““‘
6|

| ADAPTER
SEPARATION

FLY-AROUND DOCKING




SD10520A

APOLLO SPACECRAFT TRANSLUNAR
CONFIGURATION




84AP77520

PROPOSED
LUNAR
LANDING
AREA




124SD10439

LUNAR ORBIT & LEM DESCENT

LUNAR ORBIT
INSERTION

INITIATION OF
RETROTHRUST
LEM SEPARATION
& DESCENT



84AP 77521

LEM DESCENT AND LANDING

LUNAR PARKING
ORBIT (80 N MI)

200 N MI

50 000 FT

LANDING CONFIGURATION

(r

: ww/—ASCENT STAGE
‘l) _—DESCENT STAGE

: \VT\
SIS “/ ; M N MW"W




LEM ASCENT & LUNAR
ORBITAL RENDEZVOUS

LUNAR ORBIT ASCENT TRANSFER
= ; ‘ v . fm:. >

RENDEZVOUS

FAM-1006 {®):



84APT77535

LEM ASCENT

ASCENT CON FIGURATION

%%H—ASCENT STAGE

\\5\\"\ l\\ ( ‘ ‘ | \{ W//y‘l'f:’//?f/

\‘\\

_—_.-__.-

——l



114SD10292

LUNAR ORBITAL RENDEZVOUS & DOCKING

CSM & LEM
DOCKING

LEM TAKEOFF &
LUNAR ORBITAL
RENDEZVOUS



25SD10519A

APOLLO SPACECRAFT LOR CONFIGURATION







TRANSEARTH & SM SEPARATION

NORTH AMERICAN AVIATION, INC.
SPACE AND INFORMATION SYSTEMS DIVISION 3.64 AP74111



ENTRY CORRIDORS

\400,000 FT

/

L1-62 AP 22824



“Z7100

ALTITUDE
(K) FT

400

TYPICAL RE-ENTRY RANGE

RANGE (N M)

300

200

.\$

1148D10179



RECOVERY MODES

HEAT SHIELD DROGUE CHUTES RELEASED & PILOT
JETTISONED

AT 25,000 FEET

° Cal ¥y

TIME DELAY
DROGUE CHUTES
DEPLOYED

MAIN CHUTES EXTRACTED
& DEPLOYED TO A REEFED
CONDITION AT APPROX

13,500 FT

/MAIN CHUTES FULLY
OPENED AFTER BEING
REEFED FOR 6 SEC



STRUCTURES

ST-31A L9}



206 = Vx

LINN INIWNYLSNI 9AI-S
1186 = VX

‘e .wﬁo\

8€8
002

¢'gg - Ox  JINCOW ONYWWOO

G g€t VX
6eel = X

W3LSAS 3dVJS3 HONNV

868V - <x|\@
$90p = 1X X

SIXV %
SNOILVLS d3iLVy93LNI OT10dV




LAUNCH ESCAPE TOWER

ST-1001 +



COMMAND MODULE

COMPARTMENTS




COMMAND MODULE AERODYNAMICS

— & LIFT VECTOR CONTROL
e LIFT

S| /IL//// LOCATION OF
o~ HEAVY EQUIP.




COMMAND MODULE COMPARTMENT

CONFIGURATION
RIGHT HAND LEFT HAND HEAT SHIELD
EQUIPMENT BAY EQUIPMENT BAY

INNER STRUCTURE

N

) <4

FORWARD / N

l
r/ COMPARTMENT

\r
#Z CREW COMPARTMENT
LOWER
EQUIPMENT BAY AFT COMPARTMENT

FAM-1001A



COMMAND MODULE INNER STRUCTURE

SIDE WINDOW
INSTALLATION

HATCH WINDOW
///\\v INSTALLATION
O

FORWARD
HATCH ASSY

= CREW ACCESS
\ / HATCH ASSY

=RENDEZVOUS WINDOW
INSTALLATION

5-63 AP 26024A



INNER STRUCTURE-INNER SHELL

ACCESS CYLINDER ASSY
FORWARD
BULKHEAD INNER SHELL ASSY,
LOWER LET ¢
SUPPORT S INNER SHELL ASSY,
LONGERON
CREW ACCESS
FORWARD / HATCH FRAME
ASSY .

J
=

NS 1
N~ =i ;! UPPER LET
L= 1~ SUPPORT
AFT BULKHEAD [ ¢ AMONGERON
RING IS AFT SIDE
‘ WALL
AFT BULKHEAD, = Ismff
INNER FACE FWD
ASSY
SHEET ASSY +Z +Y
_Yj>1<_z

e
ST-204 L % ;



C/M SECONDARY STRUCTURE

A
RY/AN T

VTR A

: \ a\h SR /

]

"

- GO
VAT

a3
~ = = :
e i
!
doweiRi)
ISR
S - f— =
SR - 9
= )
it % Q) (Y,
2 & {0
e > Fi s
) s e P
ol \ [/ \_/
4,,' o
A.\\
>/
=)

VAW

V)

........



COMMAND MODULE HEAT SHIELDS

BLOCK I et

@ S inediane
. N e |

FORWARD HEAT SHIELD

{ :, 1 &

\
)

‘/.Z Ayl :

AFT HEAT SHIELD

CREW COMPARTMENT
HEAT SHIELD




ENTRY HEAT LOAD DISTRIBUTION
& ABLATOR THICKNESS

WINDWARD SIDE~ 17 %

AVCOAT 5026-39

i

3
RELATIVE S

WIND_> e EPOXY RESIN

e GLASS FIBERS

.5 o SILICA FIBERS -
o PHENOLIC
MICROBALLOON
o LEEWARD SIDE ~ 3% A

COMPARTMENT
HEAT SHIELD ~80%

FAM-1506 @



AVCO 5026-39

ABLATION PROCESS

HEAT FLOW HEAT DISSIPATED
TO ABLATOR BY ABLATOR

I

q RADIATION  q RE-RADIATION

Il

q CONVECTION g MASS:
FLOW *

HEAT
FLOW
THRU

ABLATOR

q ABLATOR CAPACITY

BLOCKING GAS/"M

CHAR LAYER

DEGRADATION ZONE

RU

VIRGIN MATERIAL

ST-205A (%]



APOLLO SKIN CONFIGURATION

MAX AT MAIN CHUTE DEPLOYMENT
200°F 600°F

BONDED ALUMINUM HONEYCOMB
INSULATION (q FELT)

/—BRAZED STEEL HONEYCOMB SUBSTRUCTURE
ABLATIVE MATERIAL
s /_

\
1-———}*
b

ST-206D (@)}



ASTRO-SEXTANT DOORS

LATCH RH DOOR

MECHANISM

HINGE
MECHANISM

FLEX1BLE SHAFTS

HAND CRANK

NZ SEALED DRIVE

,,,,,,,,

ST-608A { 4



CM FORWARD SECTION

DOCKING MECH

LEM LATCH (12)
PYRO SEP SYS

FORWARD
HEAT
SHIELD

STRUCTURE
ST-618A 4



LEM DOCKING MECHANISM

LUNAR EXCURSION N/
MODULE 4 5%

DROGUE

COMMAND MODULE

NORTH AMERICAN AVIATION, INC. 3-64 AP 74234
SPACE AND INFORMATION SYSTEMS DIVISION



SERVICE MODULE .

ECS RADIATOR
EPS RADIATORS / .

DOCKING
LIGHTS

CM/SM el
FAIRING e

Y
FAM -1505 i %);



SERVICE MODULE

........



APOLLO S/M STRUCTURE & SYSTEMS EQUIPMENT

CO>XHELIUM TANK (2)

OXIDIZER TANK (2)
FUEL TANK (2)

FWD BULKHEAD INSTALL

PRESS. SYS PANEL -

RCS CLUSTER, HOUSING,
H]Q[MODULE’ & TANK

=
a0

ASSY (4)
als! Z>02 TANKS
FUEL CELLS—y_H—] Ho TANKS
AFT BULKHEAD ASSY— oo :
USBE ANTENNA—" @ ( SECTOR |

SPS ENGINE\



S/M SPS NOZZLE AND HEAT SHIELD

FUEL FILL POINT BEAM 6

HEAT SHIELD/

SPS ENGINE

BEAM 5
]

.......



CM/SM STRUCTURAL INTERFACE

{
“ ;

\d Addtoas O SOV ;.s.f
\ C ?‘

e COMPRESSION PAD

8 COMPRESSION PAD/TENSION

+Y
TIE COMBINATION

VIEW
LOOKING FORWARD

FAM 1501 {®)}



C/M-S/M SEPARATION SYSTEM

ST-600A & )]



AFT TENSION-TIE

“‘ PHENOLIC FIBRE-GLASS

e
& MARINITE 65"
R\

\\\\\\\\ \\\\\\\\\\\\\ AVCO 5026-39 %

AVCO \\\\\&\\\\\\\\\\\\\\\\\\\\\ MARINITE *'65"

5026-39 “\1
Vf\«f » EXPLOSIVE SEPARATION

SOLID
FIBERGLASS

IN ERT
%\Nj OF Sla B arET

ST-616A .‘*

BARREL




C/M-S/M SEPARATION SYSTEM

ORDNANCE INSTALLATION

LSC CUTTER ASSY

CLAMP
ST-602A i)}



A -

C/M TO S/M ELECTRICAL CABLE &
HARD LINE ASSY

1200 WIRES AVCO

(2 PENETRATIONS) 5026-22 HARDLINES
\ TAPE CABLE
3\ 1000 WIRES K /s CONX

_\\\ ; y \ o
WIRES TO

L O O T T O L T

CROSS SECT. AT CUTTER
COMPARTMENT j

CUTTER ASSY

HARDLINES

FAIRING

CM/SM FAIRING



CSM & LEM COMPARISON




LEM DESCENT STAGE

FUEL TANK (2) OXIDIZER TANK (2)

HYDROGEN

TANK
SCIENTIFIC
EQUIPMENT
BAY

OXYGEN

TANK

WATER TANK

DESCENT
ENGINE

LANDING
RADAR
ANTENNA

NORTH AMERICAN AVIATION, INC. 3.64 AP 74317
SPACE AND INFORMATION SYSTEMS DIVISION



LEM ASCENT STAGE

OXIDIZER TANK

LIQUID HYDROGEN TANK
ELECTRONIC EQUIPMENT

GASEOUS OXYGEN TANK
FUEL TANK (RCS)

HELIUM TANK
HELIUM TANK (RCS)

OXIDIZER TANK (RCS)

FUEL TANK

“WATER TANK (ECS)

IVORTH AMERICAN AVIATION INC.
SPACE AND INFORMATION SYSTEMS LIVISION

3 64 AP 74318



LEM/S-IVB ADAPTER

PANEL SEPARATION

BY LINEAR CHARGES

o~
FAM-1503A§~@.?



ADAPTER PANEL SEPARATION LINE




SLA PANEL DEPLOYMENT

ATTENUATOR NEGATOR SPRING REEL P
(8 PLACES) (4 PLACES)

22,

ST-30258 { @)}



ELECTRICAL POWER
SYSTEM

nnnnnn



Hy & 09 CRYOGENIC STORAGE

Iy o
CompPreraed &t-Ata
(8]

STORAGE VESSELS

CONTROL VALVES

PRESSURE

TEMPERATURE

f/’(’f
EP-011B {®);



CRYOGENIC STORAGE SYSTEM

GAS CONTAINER | CAPACITY | TOTAL CAPACITY
0 INCONEL (20 | 320 LBS (EA) 640 LBS
Hy TITANIUM @ | 28 LBS (EA) 56 LBS
() ot
,\Ji\ _\‘% /1\/(,6./.[
o INPUT SETTLED STORED SYSTEM
TEMP. TEMP. PRESSURE ALLOCATION
a 900 + 35 EPS - 410 #
0 S E
2 291" F e PSIA ECS - 230 #
, s 25 + 15
Hy e e . FUEL CELLS ONLY

f,.-we_
Y

FAM-2001 {®)}



CRYOGENIC STORAGE SYSTEM

TANK TO FIC
# f QUANTITY
FLOW SENSOR SENSOR
REACTANT
ISOLATION
RELIEF = T0 FIC
VADME = > P
%URGE pro’®
PRESSURE
SWITCH
TANK
o . Yo Fic
; +28Y
= = TANK #1
o _:\_ __:\A £ HEATER
| o e T AUTO
/v; LoD A 9 A”M lL\,»-— ”JU—J. tn— Letil 4 4 a8 ‘G“"Hﬁ{

To v%

'®
“‘g’;

N e

& Oy O ;* Faia

C»J b At

: QUANTITY
| |IND|CATOR

TANK
HEATER

K[ Press.
K‘INDICATOR
PRESSURE

SENSOR

s o
77N

EP-008A{®)}

e
]



ELECTRICAL POWER SYSTEM

BLOCK Il

FAM-2005 (@)}



EPS GROUND LOOPS

FIC

DC BUSSES

LOADS

NEG BUS

VGP
\}G/‘mﬁtk EnD.
RoINT

AC BUSSES
LOADS .

NEUTRAL BUS
FAM-2002 {4}



ELECTRICAL POWER SYSTEM

FUNCTIONAL DIVISION

POWER SOURCES

e D.C. SYSTEM

FUEL CELL MODULES (3)
BATTERIES (3)

e A.C. SYSTEM
INVERTERS (3)

POWER DISTRIBUTION
e D.C. BUSSES
e A.C. BUSSES

SPECIAL CIRCUITS

o BATTERY CHARGER B A SRR (L e B8
- PYROTECHNIC BATTERIES (o) oo+ dofns 7k oo L

° S/M JETTISON CONTROL BATTERIES (2)

Aroen, ECS # ﬁv“\-vu»ﬁ

FAM-2003 { )}



EPS POWER SOURCES

FUEL CELL MODULES

29V £ 2 VDC HYDROGEN-OXYGEN-POTASSIUM HYDROXIDE
1500 WATTS EA BY-PRODUCT IS POTABLE WATER
% BATTERIES
29V £ 2VDC SILVER-OXIDE-ZINC (KOH)
40 AH

AC INVERTERS

115/200 VAC SOLID STATE (TRANSISTORIZED)

3 PHASE i
400 CYCLES ek b s JO YR . 3 LanCa
1250 VA 2 g =

FAM-204 (%)}



SIM JETTISON
CONTROL
"A'" BATTERY

FUEL
CELL

OVERLOAD SENSE
& REVERSE
CURRENT RELAY

2| Fuee
U ceL

OVERLOAD SENSE
& REVERSE
CURRENT RELAY

ELECTRICAL POWER SYSTEM

smicm DC DISTRIBUTION

T0
OFF BATTERY A
1y

I
]
|
i
UNDER
I b BATTERY
' VOLTAGE BATTERY "A GHAREFR o—» [orrRY B
1 SENSING =
i BATTERY C
I BATTERY|BUS A
SIM - s
HAM BUS i
R 1
-
FLIGHT
NON
1y 1 BATTERY
EssBEalgmL BATTERY "C’ e

FUEL
CELL

—
5 A A

OVERLOAD SENSE
& REVERSE
CURRENT RELAY

SIM JETTISON
CONTROL
"B BATTERY

e i g9

»l

BATTERY[BUS B

et |

TO LOAD

UNDER
VOLTAGE
SENSING

BATTERY "B"

PYROTECHNIC

BATTERY
IIAII

SIM : CIM

PYROTECHNIC
BATTERY
IIBI!

PYROTECHNIC
BUS "A"

PYROTECHNIC
BUS IIBII




ELECTRICAL POWER SYSTEM

AC DISTRIBUTION

VOLTAGE FAIL
sim | om & OVERLOAD
i MAIN SENSING
1 BUS A g
! 2 VC 1250 VA o
i INVERTER
FROM ‘ 115/200 VOLT 400 ~ ob
FUEL CELIS 2 g&”g&% ] 3¢ INVERTER NO. 1[ e C
1 2 ‘
! e
[ ]
i
i
®A
I . ConTROL ] 115720 vOIT a0~ [ g7} AC BUS 0 s/c
i 3¢ INVERTER NO. 3 g " LOADS
! s CIRCUIT CIRCUITS
]
]
]
i
i
: INVERTER oA
FROM L | CONTROL J—od 115/200 VOLT 400~ B
FUEL CELS % cracoir 7Y 3¢ INVERTER No. 2 oC
i
i MAIN .
1 BUS B I
: 28 VDC WA VOLTAGE FAIL
SIM g CIM §" | &OVERLOAD
! 3y SENSING
L~

A S2T,

.3 RD-1008A %@



124SD10324 A

APOLLO FUEL CELL POWERPLANT

HYDROGEN IN -)a LOAD F(- OXYGEN IN

_\/\/\/\_‘_
ANODE ) CATHODE
REACTION A ‘i REACTION
HYDROGEN & s M OXYGEN &
HYDROXYL ION _OR- | WATER &
| PRODUCES Hy -~ V102 ELECTRONS
& WATER & N e PRODUCE
ELECTRONS M Off/ : HYDROXYL
s [ OH20 @ | ION
WATER, HEAT & /)| ELECTRO -}
RECIRCULATING LYTE  Jiv
HYDROGEN Hy %o,
HEIGHT = 44 IN. ouT =
DIAM =22 IN. \/mcmooss

> a
WEIGHT =245 LB EACH RICKE! SINTERS. "



EPS FUEL CELL DIAGRAM

ELECTRICAL
(ml LoAD

CONDENSER
= o o
F =l o 1 e
| {>" HYDROGEN H
] I \ REGENERATOR OXYGEN
: , ___TOECS 1o H_HYDROGEN REGULATOR REGULATOR
¢ M_._‘_'VET._[E] o
7 P : o T
| HYDROGEN
3, | PREHEATER
03 t =
COOLANT PUMP : OXYGEN
— : s PREHEATER
< =5 = e
— ol H NITROGEN
H
GLYCOL i .
}ACCUMULATOR i i '
B sl g HEMOE R Slsumeer - oiE e
SPACE i SIM
RADIATOR NITROGEN Sen
Hy FILL 0,
STORAGE STORAGE

P

(@)%
FAM-20008 ‘@ i

et

o
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FUEL CELL REACTION

MAXIMUM REACTANT WATER GENERATION RATE-
e S S POUNDS PER HOUR-
© VOLTAGE PURGING NOT INCLUDED
2.5 ’— 2.5
PURGE REQUIREMENTS
2.0~ NOTINCLUDED 20+
15k 2ol L5k MAXIMUM
OXYGEN 01
1.0} 281
28 NORMAL LA
27} OPERATING
0.5 HYDROGEN BAND 051 MINIMUM
0 ! _F'—'/ | | ! 1 o i l ! | I
0 0.5 1.0 1.5 2.0 2,5 0 0.5 1.0 1.5 0 0.5 1.0 1.5 2.0 2.5

GROSS POWER PER POWERPLANT - KILOWATTS



EPS COMPONENTS

LOWER EQUIPMENT BAY PYRO
BATTERIES

D.C. INPUT
MOTOR SWITCHES

J— e

BATTERY CHARGER

D.C. AC POWER

INPUT ~ CONTROL UNIT
MOTOR
SWITCH

ASSEMBLY,
BATTERY

INVERTER
BATTERY B NO. 1
INVERTER
NO. 3 BATTERY VENT LINE
INVERTER

VENT LINE
CONTROL VALVE

BATTERY C e

EP-020A % #)}



SEQUENTIAL

EVENTS
CONTROL
SYSTEM

FAM-3005 { #)]



SEQUENTIAL EVENTS CONTROL SYSTEM

MAJOR FUNCTIONS COMPOSED OF:
e LAUNCH ESCAPE — 77— e SEQUENCE CONTROLLERS
MASTER EVENT SEQUENCE
e VOTES EDS AUTO ABORT CONTROLLER <
EARTH LANDING SEQUENCE &= ix
(e L.E. TOWER JETTISON CONTROLLER

SM JETTISON CONTROLLER

~e CM - SM SEPARATION o INTERFACING HARDWARE

o SM JETTISON S SrgpiTasd LAUNCH ESCAPE SYSTEM
) EARTH LANDING SYSTEM

e EARTH.LANDING | EMERGENCY DETECTION SYSTEM
ke MECHANICAL SEPARATION DEVICES

FAM-3006 *®:

S



LAUNCH ESCAPE SYSTEM

MAJOR COMPONENTS

e TOWER STRUCTURE W ae

® ROCKET MOTORS
LAUNCH ESCAPE MOTOR
PITCH CONTROL MOTOR
TOWER JETTISON MOTOR

e BALLAST

e CANARDS

o TOWER SEPARATION MECHANISM

® BOOST PROTECTIVE COVER

FAM-3007 (@)}



LAUNCH ESCAPE SYSTEM

NOSE CONE PP g | D% 5
& Q BALL CANARD B et
X sl
q@';;v
Y
BALLAST
CANARD
ACTUATOR ‘/ié o L
POWER SYSTEMS & 70 an
PITCH INSTRUMENTATION P
CONTROL WIRE HARNESS
7 MOTOR P
N LAUNCH 5
?’S" 022 g MOTOR ESCAPE > LAUNCH ESCAPE
S' MOTOR S TOWER

ELECTRICAL
DISCONNECT

4
/5
fé\ ;( FITTINGS
\yl.\ , Al
/ :

STRUCTURAL
SKIRT
‘BUNA N
RUBBER
INSULATION
BOOST
PROTECTIVE

COVER
(APEX SECTION)

EXPLOSIVE BOLTS



ABORT VEHICLE MECHANICS

DIRECTION OF

ABORT =
5

+7>-7

CG OF ABORT VEHICLE AT LAUEH (MOVES OUT ~ 1)

Dot I frre / Lihon b a/ ;
Y wiad >

CG OF ABORT VEHICLE AT BURNOUT

CG OF COMMAND MODULE ONLY

-
FAM-3009 {®)}



CANARD OPERATION

PIC
MOTOR
IGNITED

UE
MOTOR
IGNITED

CM/SM

| CANARDS ;
| DEPLOYED |
), (11 SEC) | EFFECT & DAMP

AARDS

TURN-AROUND
ELS LOGIC BUS ENERGIZED MANEUVER

(14 SEC)

T/J MOTOR

TOWER AND BOOST
COVER JETTISONED
(25,000 FT)

TOWER SEP
(EXPL BOLTS)

FWD HEAT
@ SHIELD JETT

ey,

e’

$11
FAM-3004 A i(@ ¢



BOOST PROTECTIVE COVER - =%
",».in»fu O B anf)

3 TV X {;-«A-af;w'l -’

FIBERGLASS HONEY COMB
SANDWICH (5/8")

APEX

SECTION
(RIGID) GAP
(SINGLE PIECE)

CORK ABLATOR 0. 3"

COVER ATTACHED FORWARD/AFT
AFT TO LES TOWER INTERFACE
SECTIOBNE) oy
(FLEXIBL
(7 PANELS) TEFLON
IMPREGNATED

GLASS CLOTH
. 008"

HATCH

- ) DETAIL A

- —_
~_—— e ——

VENTS RCS BLOWOUT
PLUGS (10)

FAM-3010 {(®)}



TOWER SEPARATION MECHANISM

EXPLODED VIEW

v {A]
RETAINER (NUT) MAIN CHARGE
Y _ CARTRIDGE
7 B
2. ASSY {g]
1 Vi

[ b |

N

NOTCH

S

FLEXIBLE LINEAR
SHAPED CHARGE
(RDX)

7

N
S

&S

R

AN

/
4

BOLT BODY

ST,

prOLlo
e’

O

ST-615D



EARTH RECOVERY SYSTEM

MAJOR COMPONENTS

® FWD HEAT SHIELD SEPARATION
ELS MECHANISM
*PARACHUTE SUBSYSTEM
DROGUE PARACHUTES
PILOT PARACHUTES
MAIN LANDING PARACHUTES

*RECOVERY AIDS
POST LANDING VENTILATION SYSTEM
FLOTATION BAGS
SEA PICKUP SLING
SEA MARKER
SWIMMER UMBILICAL
RECOVERY ANTENNAS (HF & VHF)

FAM-3011 &%



EARTH LANDING SYSTEM

F e
RD-1012{ @}



EARTH LANDING SYSTEM PARACHUTES

DROGUE CHUTE (2)

FIST RIBBON TYPE
DIA = 13.7 FT

PILOT CHUTE (3)
RING SLOT TYPE

DIA= 7.2FT
e
MAIN CHUTE (3)

RING SAIL TYPE

DIA = 88.1 FT

(o 7@&“-‘@ s NA
. (7 8 ";!I !/'.,~i" LAA

\ z’.l (. f'L{/{'Y /

\\\ ‘\ \\\ \ FAM-3002 ¢



ELS EQUIPMENT
BLOCK |

DROGUE RISERS

DISCONNECT

MAIN CHUTE (3)

DROGUE
MORTARS

MAIN CHUTE
DI SCONNECTS SEQ-18D

PILOT MORTAR (3)

(
(

7R 2



ELS EQUIPMENT

BLOCK I}

MAIN CHUTE

STATIC GIMBAL
(FLOWER POT)

DROGUE MORTAR
WITH COILED RISER

PITCH
MOTORS

nnnnn
Te



FORWARD HEAT SHIELD

} SEPARATION SYSTEM

CARTRIDGE BODY
INITIATOR —_ | !
BOOSTER
CHARGE ——
i ROD ASSY
PROPELLANT =
= SEAL
! INNER CYLINDER A
L ~ PLATE
=
gReecH | .. )12 [ STUD

i

SPRING
O-RING =]
OUTER CYLINDER
TUBE FITTING 3 ;\ ; PIN

PISTON
TENSION TIE
PISTON

¥R NUT

O-RING |

TUBE END

sT-575 { #)



NORMAL MODES OF OPERATION

LES

300 K'
TOWER JETTISON
NORMAL MANUAL*®
~ 20 SEC
% 10 s
i 2ND STAGE IGNITION

*LES MOTOR BACKUP

SATURN 1 B TRAJECTORY

ALTITUDE

—24K'

— 10K'

ELS
\ DROGUE DEPLOY
DI SREEF ~ &7

E.M. 5. JETT
1.6 SEC

8 SEC

DROGUE JETT

&
MAIN DEPLOY
8 SEC

DISREEF

ORBITAL OF LUNAR ENTRY

FAM-303A {#)



ATMOSPHERIC ABORT MODES

NORMAL
TOWER JETT. 280,000 FT

HIGH ALTITUDE

HIGH VELOCITIES
SPARSE ATMOSPHERE

120,000 FT —

MEDIUM ALTITUDE

HIGH VELOCITIES
DENSE ATMOSPHERE

38,000 FT —

LOW ALTITUDE

LOW VELOCITIES
DENSE ATMOSPHERE
CHUTE TIME MINIMUM

MANUAL CM
ORIENTATION
(TOWER) PRIOR TO
ATMOSPHERE RE-ENTRY
TOWER
JETT
~ 10 SEC MANUAL
ABORT
SIGNAL® £ - ali
CANARD £lat
DEPLOY )
11 SEC
ABORT
SIGNAL®
F.H.S.
TOWER JETT. DROGUE
JETT. DEPLOY
CANARD "4 1.6 SEC - " F.H.S. JETT
DEPLOY, "3 SEC ey @ JETT
= 12 SEC p
o S 24,000 FT
11 SEC FH.S. JELY | DROGUE DEPL.
SRR (T DROGUE DEPL.

ABORT

&
< GNAL MAIN DEPLOY DROGgL(JE JETT. / 10,000 FT
MAIN DEPLOY

PAD

*ARBITRARY ALTITUDE IN EACH ABORT'REGION CHOSEN




EMERGENCY DETECTION SYSTEM

SATURN 1-B
ANGLE OF ATTACK @

LIV LIV
METER RATES  GUID
L/V GUIDANCE .
@UV ENGINES® L
] AUV
| I@l@ @ SEEE
LIV RATES =OJO,
IO
2 ENG OUT L/V RATES EDS
AUTO AUTO AUTO
J@| |@|—@
ENGINE
OP. PRESSURES OFF OFF OFF

MASTER
EVENT
SEQUENCE
CONTROLLER

FAM-3015 { %}



IMPACT ATTENUATION

METHODS OF ABSORBING KENETIC ENERGY:

WATER DEFLECTION

CM STRUCTURE DEFLECTION

CRUSHABLE RIBS

ATTENUATION STRUTS (CRUSHABLE ALUM. MATL.)

St

iy

VERTICAL ATTENUATION

STRUT, FOOT (X-X AXIS) VERTICAL ATTENUATION

STRUT, HEAD (X-X AXIS)

nyn

BEARING
PLATE

7

g
CRUSHABLE

LONGITUDINAL RIBS

ATTENUATION

STRUT (Z-Z AXIS)

LATERAL ATTENUATION
STRUT (Y-Y AXIS)

Fam-3012 3\ ®)}



ENVIRONMENTAL
CONTROL SYSTEM

FAM-2505 L #))



ENVIRONMENTAL CONTROL SYSTEM

-
RD-1009 { 4}



ECS FUNCTIONAL REQUIREMENTS

CONTROL SPACECRAFT ATMOSPHERE

® PRESSURE-TEMPERATURE-HUMIDITY-CONTAMINATION

PROVIDE COOLING FOR SPACECRAFT EQUIPMENT

® GUIDANCE & NAVIGATION-STABILIZATION & CONTROL
© COMMUNICATIONS-AC POWER SUPPLY-OTHER

CONTROL COLLECTION, STORAGE & DISTRIBUTION OF WATER

® POTABLE WATER FOR CREW USE
e WASTE WATER FOR SUPPLEMENTAL COOLING

......



ECS OPERATIONAL REQUIREMENTS

PRESSURIZATION & TEMPERATURE CONTROL-CABIN/SUIT

® PRE-LAUNCH @ SPACE OPERATIONS

@ ASCENT SHIRT SLEEVE e
® ENTRY PRESSURE SUIT (= Facs A=)
® ABORT EMERGENCY

CONTAMINANT REMOVAL
WATER MANAGEMENT
HUMIDITY CONTROL

EQUIPMENT COOLING

ECS-303 {(#)]



ENVIRONMENTAL CONTROL SYSTEM

SUBSYSTEM FUNCTIONS

OXYGEN SUPPLY SUBSYSTEM
e NORMAL OXYGEN SUPPLY
e RESERVE OXYGEN SUPPLY
e CABIN PRESSURE CONTROL
® FLUID TANK PRESSURIZATION

PRESSURE SUIT SUBSYSTEM
e WATER & CONTAMINANT REMOVAL FROM SUIT & CABIN

e SUIT PRESSURE & TEMPERATURE CONTROL

WATER SUBSYSTEM
e STORES & DISTRIBUTES
POTABLE WATER (DRINKING & FOOD RECONSTITUTION)
WASTE WATER (SUPPLEMENTAL COOLING)

WATER GLYCOL SUBSYSTEM
e PRIMARY HEAT TRANSFER
® COOLING FOR SUIT & ELECTRONICS
® HEATING OR COOLING FOR CABIN

® REJECTS EXCESS HEAT TO SPACE
FAM-2506



ENVIRONMENTAL CONTROL SYSTEM

FUNCTIONAL BLOCK DIAGRAM

SERVICE - TAHNE COMMAND MODULE
MODULE | 3 PLSS Pt Bid \ ¢ Y \
: OXYGEN CONN 2, CABIN CABIN EMERGENCY SuIT
| SUPPLY RELIEF PRESSURE INFLOW DEMAND
1 A 1.3.3 OXYGEN . VALVE REGULATOR REGULATOR REGULATOR
[ PRESSURE | yui I TT TT T
| | REGULATOR |
OXYGEN \ 1 TANK —U&——]l ' I
supeLy | I PRESSURE ] STEAM_VENT
(2 TANKS) : REGULATOR i (
| o EXTRACTOR
1 “ WASTE T l l
1
1 WATER | I Sov =
1
| ] W"TVE?LSEL'EF < | SUIT HEAT EXCHANGER [ € N
|
H 1
FUEL '
CELLS | >
(3) |
POTABLE 5
: = <5
WATER WATER
| CHILLER
] - =
1
1 r»~ el HEATER
I | : —
.,'],ﬂ,mm EYAP 50"
) COOLING —
7 y MU=
! {TRES. | = THERMAL /
SPACE | FANK £° = " -T0AD
RADIATORS | | Vs
@ 1 l " =
[ | % 4 A= I
! ‘GLYCOL g / = |
PUMPS = )-— ——— 1
(e i /4 M CABIN >
! HEAT
EXCHANGER \ DEBRIS )
: — NS ([T (A | I )
=

=
FAM-2507 & %))



SIM

ENVIRONMENTAL CONTROL

OXYGEN SUBSYSTEM

SYSTEM

EMEG 0,
| R A DR SRR s INFLOW REG
RECHARGE :
l i 10
l : SuIT
' DEMAND
L em SIT ISOLA- == T e
I TION VALVE | Sefee A
I : REG |
|
| MANUAL 02
SUPPLY Q//\ﬂ\ﬁ/réms
I S.0. VALVE VALV
13 = S b - 5 | PO — s 1
1
| CAPILLARY :
g 1
e s e |
| !
10 BACKUP |
= EPS' OXYGEN =t
| SUPPLY \
YLI
l c LIC ACCUM
' SELECTOR VALVES
| CABIN PRESS.
02 02 I RELIEF VALVE
SUPPLY SUPPLY | T H
1
1
I & cLyco
I ! RES
I J POT
WATER
Sim l C/Im WASTE TANK
T0 STEAM WATER
| pucT TANK

ECS-21C




PRESSURE SUIT SUBSYSTEM

OXYGEN FROM

:MAIN OXYGEN OXYGEN FROM
REGULATOR [{cycLic Accum
SUIT INLET TEMP
TEMP SENSOR o7 SENSOR
'( ) SUIT HEAT
SUIT INLET WASTE
PRESS. TRANSDUCER 5 GLYCOL H,0 EACHANDER WATER
> FLOW BYPASS = _ ¥ S e ) SEPARATOR
LIMITING CONTROL o
VERTURI T
SUIT CONNECTOR) (TYP 3 = -
VALVE (TYP 3 PLACES) BACK COOLANT COOLANT
PRESSURE |- —~_ SECTION
CONTROL o 4
e BACK
SUIT Y PRESSURE
gR.  BYPASS WETNESS ~ |¢ S\ VALVE
. VALVE CONTROL | _
DEBRIS NORMAL | | STEBMZZ
TRAP\ | | MANAGEMENT cLOSED I EVAPORATOR
CONNECTION TRANS DUCER e T SECTION
€0y SENSOR o
2 COMPRESSOR
SUIT CIRCUIT WATER INFLOW
RETURN CONTROL VALVE
CHECK VALVE
DEMAND PRESS @Em VALVE
REGULATOR & RELIEF €0y & ODOR —
VALVE ABSORBERS—"" '
1
1S=2---4 LEGEND: —— INPUT SIGNAL
" ———2 CONTROL SIGNAL
ECS-20B%



ENVIRONMENTAL CONTROL SYSTEM

WATER SUBSYSTEM

SERVICE | cOMMAND
MODULE

MODULE

WATER
CONTROL
VALVE [

WATER PRESS.
RELIEF VALVE

RELIEF
VALVES

WATER
SHUT OFF

VALVE  pOTABLE

WATER
TANK

|

0,

WATER
CONTROL CLYCOL
VALVE

WAT_

STEAM
: VENT
L |
]
]
]
: SUIT EVAP WATER
SUTT INFLOW CONTROL
fuAe VALVE
CONT STEAM
H20 GLYCOL
EVAP INFLO BACK PRESS
Lo PRESSURE [PRESSURE CONTROL VALVE
SENSOR SUIT VALVE s
= Ll CAER GLYCOL
WATER  [GLYCOL ] |
EVAP  [EXia SUIT WATER GLYCOL
FXCHANGERJ 0, % [evapoRaTor
WATER )
SEPARATOR H,0 ACCUM
)
—
ILTER )
Ha FROM
CCU HIGH
PRESSURE
OXYGEN

FAM-2502 & ¥



WATER GLYCOL SYSTEM

SIM IC:‘M
GLYCOL Temp
TEMP EVAP *
i LOW RESERVOIR STEAM
GSE CONNECTIONS BY PASS
STEAM
GLYCOL GSE 3 0, IN. e
. SHUTOFF RESERVO!
RADIATORS VALVE L oLycoL s BACK PRESS £s
= RESERVOIR e i BACK PRESS

RESERVOIR

EVAP LIQ

b~

SPACE RADIATORS l RELIER OUTLET
4| ISOLATION VALVES I
TYPICAL 4 PLACES
= RADIATOR oLycoL
ey BYPASS
. | VALVES CONTROL
| I i
HEAT oL l
'r__;_ :@‘ ‘CU GLYcoL ¥
1 EVAPORATOR CHILLER
6 1 K
| ! MAIN GLvcoL * GLYCOL J
— - l SHUTOFF TEMP CONT.
= VALVE VALVE
Bl .
» I & *%HZ0 INFLOW
| PRESS | CONTROL
GLYCOL WETNESS VALVE
4 . I GLYcoL DiseH | -==
=3 PUMP ‘ | CONTROL
= | ASSEMBLY
=
| | | GLYCOL WASTE =
ACCUM H20 IN w 8=
y—\zrr—f—’ I | B st CONTROL
|
6 | | I | My
L I | | = | CABIN TEMP
,—‘-w— CONTROL VALVE
L= | NETWORK ONTHOL VL

GLYCOL |
ACCUM

| *

9]

VALVE

BACK VALVE
—- press “““"EZ
1
1
1

— o PRRs el e ) |1 Bt e o
LEGEND S
CABIN HEAT
® INLINE RELIEF o By EXCHANGER J
VALVE FOMF 1 OFF FUMF 2 i T |
wiz VAR @ >
u s
MANUAL SHUTOFF ~ - CABIN
VALVE CABIN OfF T AR =
AIR FANS
: FANS
® MoToRoRIVER COOLANT PUAP on
VALVE J DAMPER
NOTE
@ SOLENOID *MANUAL OVERRIDE

**ELECTRIC OVERRIDE

CONTROL

SUIT HEAT
EXCHANGER

WASTE
Ha0 IN

\/

=
r/

HEAT 1
SUIT GAS
) FLOW
cooL
N
\
\
b CABIN
=i STEND
CONTROL

1 CABIN
2 TEMP
3 SELECTOR




RADIATOR INSTALLATION

RADIATOR-L.H. RADIATOR-R.H.

A=

Xg = 355

Xs = 200

THERMAL COATING

AFT
BULKHEAD

£
%
RADIATORS 60 SQ FT LUNAR MISSION ECS_88 E + &

RADIATOR - SECTION 2



COLDPLATE

NETWORK

—

-

=pr caw FDAI DATA
|— STORAGE
ORIFICE A SEQ g
—1 SIG COND
L | PREMOD
—{  PROC =
—1 PCM NO. 1
I | [ Aubio cent.
= CENT. S-BAND
TIMING —  XPNDR
PSA L] sar L1 | ] uPDATA
— CHRGR |— —
Zo5 | | PCMNO.2
—1 VHF MULT &S] ROLL
AGC INV B ECA
VHF/AM
— XCVR | | AUX ECA
= I |  VHFIEM — PITCH ECA
I | [ | XMTR
cou RGP AGAP -
= L} DISP/AGAP
[L i /| SBAND YAW ECA
= PA
J_J C-BAND
=1 IMU [—] OBA XPNDR




COMMAND MODULE COLDPLATE PROVISIONS

MAIN DISPLAY PANEL

) _ CAUTION &
ARNING

<
RATE GYRO'&
3/\ ACCELEROMETER

\233\

AGAP
% e : o /L L Ganpsa units
~\ MESE PCM UNIT #1 &

OPTICS BASE
ASSEMBLY

COUPLING DISPLAY UNIT

VHF-FM XMTR
ECA (2)

'; PREMOD PROCESSOR
: PCM UNIT #2 & I G&N COMPUTER
MULTIPLEXER — DSIF PA ECA (2)
VHF-AM XCVR ‘ g INVERTER
RIGHT-HAND< ‘éﬂgﬁ&ggﬁ&'ﬁ‘ - = > LOWER EQUIPMENT BAY
EQUIPMENT BAY\ ) \— |ECA & SCIENTIFIC EQPT
. ? DSIF XPONDER
AUDIO CENTER & CENTRAL TIMING X { SCIENTIFIC EQPT

BATTERY CHARGER A
J\ INVERTERS ,@
ECS-87A “=¢



WASTE MANAGEMENT SYSTEM

BATTERY WATER
RELIEF D ) o OVERFLOW DUMP LINE

e YN ANY
RECEPTACLE URINE FLEX HOSE

Coe—
FECAL
CANISTER
ASSY ur I
FLEX HOSE
VACUUM CLEANER
ASSY |
— Eooen®  SeEcToR
sower || =8 K] VALV
o CHECK VALVE 1 T SYSTEM OPERATION
i | | U POSITION PORTS OPEN BLOWER
1. OFF OFF
(\:/‘-Ali:_(\:/‘é | 2. URINE-FECES 25678  ON
LA 3 VACUUM CLEANER 1,8 ON
WASTE STORAGE 53[5\ 4 URINE DUMP 3,4,9,10 OFF
ﬁVENT L|NE — qf‘;e% oaada
URINE DISPOSAL\Y s N i
' A CS-5001B i+

LOCK



GUIDANCE
& CONTROL
SYSTEM

F-49A 1 ®)}



R e
239,000 MI /

/ 93 MILLION Ml

Mew LoD SYSTEAM  MnasT
é}c. Rona pu ted EVEEY 2 WKS

-~ 6 18 STALCsoD STEED
- .Y M&mb‘v\) 0?‘ Cmf‘-’"‘er.
DIA'—- 7927 MI
NORTH AMERICAN AVIATION, INC. 3-63 AP 31651




VELOCITY REQUIREMENTS

ESCAPE VELOCITY

40

36,700 FT/SEC .

b

8,400 FT/SEC

25,000 FT/SEC = ORBIT=5280 FT/SEC
| 6 = RELATIVE GRAVITY = 1

" NORTH AMERICAN AVIATION, INC. | 3-63 AP 31653

SPACE AND INFORMATION SYSTEMS DIVISION



GUIDANCE & NAVIGATION
REFERENCE TRAJECTORIES

e
o~ "
{ H
);

FAM-3501{ @



EARTH ORBIT POSITION &
TRAJECTORY DETERMINATION

-REF
TRAJECTORY

GN-180% ]



MIDCOURSE POSITION &
TRAJECTORY DETERMINATION

REFERENCE U
TRAJECTORY ity ,M”J

NEW COMPUTED
TRAJECTORY

. & COMPUTED
L TRAJECTORY
\ /?\(b k‘( "/_/



GUIDANCE & CONTROL FUNCTIONS

G&N SCS SPS RCS
e POSITION ® STABILIZATION °* MAJOR AV'S * ROTATION
e TRAJECTORY ® ROTATION ® TRANSLATION
e VELOCITY e TRANSLATION
e ATTITUDE e THRUST VECTOR

2

FAM-3500 1 @)}



SCS HARDWARE

SENSORS HAND CONTROLLERS TRANSLATIONAL
\ 3 AXIS TROL
ATTITUDE o U
ey CONTROL

ACCELEROMETER

- PACKAGE

RATE GYRO
PACKAGE

CONTROLS & DIS PLAYS

SCS CONTROL PANEL
ATTITUDE SET

FLIGHT

; GIMBAL POSITION
DIRECTOR DELTA V INDICATOR
ATTITUDE INDICATOR INDICATOR

ELECTRONIC CONTROL ASSEMBLIES

AUXILIARY
ECA

DISPLAY/ 8
ATTITUDE GYRO
ACCELEROMETER
PACKAGE ECA

ROLL
ECA

SCS-019B

PITCH
ECA




STABILIZATI

FLIGHT
DIRECTOR
ATTITUDE

s "INDICATOR !

ATTITUDE GYRO
COUPLING UNIT

(AGCU)

SPS GIMBAL DRIVE

ON & CONTROL SYSTEM

O
TRANSLATI ONAL

ROTATIONAL
COMMANDS

COMMANDS
y b THRUST ON-OFF
ATTITUDE THRUST VECTOR CONTROL )
BODY MOUNTED |  ERRORS scs >
ATTITUDE GYROS
UST ON-OFF
e ELECTRONICS | THR
A 3
RATE GYRO
e BODY RATES s
(RGP) THRUST
ON-OFF 5=
X-AXIS il
ACCELLEROMETER

RD-1015A %\



RATE STABILIZATION

ROTATIONAL
CONTROLLER _
TRANSLATIONAL
CONTROLLER
ROTATE &
TRANSLATE
COMMANDS
THRUST
GYRO | RATES SCS COMMANDS | ‘conTroL | & FORCES
PACKAGE ELECTRONICS SYSTEM [ "] < DAL
(RGP) (RCS)
& I
P il SN ]

oooooo

SCS-4128 | + )



ATTITUDE HOLD (SCS)

BODY
MOUNTED
ATTITUDE

GYRO

(BMAG)

RATE
GYRO
PACKAGE
(RGP)

ROTATIONAL
CONTROLLER
TRANSLATIONAL
CONTROLLER
ROTATE &
TRANSLATE
COMMANDS
THRUST
ATTITUDE ON-OFF REACTION FORCES &
ERRORS scs |CoMmMANDS | “conTRoL | TORQUES e
™! ELECTRONICS ™ system g b
(RCS)
]
SPACECRAFT '
} SRrh ) B P e e N L
DEAD BAND SELECT
BODY & CHANNEL ENABLE
RATES

SCS-4118 { %]



ATTITUDE REFERENCE (SCS)

MANEUVER FUNCTION (AGCU)

ATTITUDE REFERENCE

GYRO CAGING
T ATTITUDE |
l : SET 1
BODY ATTITUDE{ ATTITUDE | FLIGHT
MOUNTED ERROR | ERROR L DIRECTOR
ATTITUDE : e e R —={ ATTITUDE
GYROS | _ INDI CATOR
(BMAG) | o o (FDAI)
| FDAI
4 | ALIGN
: : REACTION
SCS CONTROL
'| Lo pirctroNICS =" SystEm [=—=—=—-> SPACECRAFT
THRUST es) | FORCE &
| ON-OFF TORQUES :
| | ROTATIONAL j COMMANDS |
| CONTROLLER | ATTITUDE |
Eemmn ONRRNRE LR RN IONSE ]

SCS-4108 { %))



ATTITUDE REFERENCE (SCS)

ATTITUDE
GYRO
COUPLER
UNIT
(AGCU)

T

ATTITUDE
REFERENCE
ATTITUDE
ERROR
4
ot ATTITUDE
DIRECTOR ERRORS
ATTITUDE  |[¢—F—o—
INDICATOR
(FDAI)
[
BODY
RATES

BODY
MOUNTED
ATTITUDE

GYROS
(BMAG)

ATTITUDE
< SET
CONTROLS
GYRO
CAGING ROTATE &
TRANSLATE
COMMANDS
Y
ATTITUDE
ERRORS SCS
L T

THRUST
ON-OFF
COMMANDS

ROTATIONAL
CONTROLLER

TRANSLATIONAL
CONTROLLER

REACTION
CONTROL

ELECTRONICS

7y
e
A 4

RATE
GYRO
PACKAGE
(RGP)

BODY
RATES

SYSTEM
(RCS)

FORCES
| S TORQUES _f cpacecrar

[

SPACECRAFT |
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ATTITUDE CONTROL (SCS)

ATTITUDE GYRO ROTATI ONAL
COUPLER UNIT CONTROLLER _
(AGCU) TRANSLATIONAL
CONTROLLER
ROTATE &
GYRO TRANSLATE
T CAGING COMMANDS
. THRUST
ooD¥ | AmmiTuoe ON-OFF REACTION| FORCES &

ERRORS SCS COMMANDS | CONTROL | TORQUES
ATGTYILUODE“'—°'—°——> ELECTRONICS —_——— SYSTEM SPACECRAFT
(BMAG) (RCS)

t
AL s DR SPACECRAFT MOTIONS |
\4
RATE
GYRO BODY RATES
PACKAGE
(RGP)

Figure 4-2
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THRUST VECTOR CONTROL (SCS)

ATTITUDE ATTITUDE
RECERENGE GYRO ATTITUDE
ATTITUDE COUPLER |« SET
ERROR UNIT CONTROLS
(AGCU)
ROTATIONAL
CONTROLLER
TRANSLATIONAL
GYRO CONTROLLER
CAGING ROTATE &
TRANSLATE
. COMMANDS
ELIEH ATTITUDE o ATTITUD THRUST
DIRECTOR ERRORS MOUNTED ERR'ORS E . ON-OFF REACTION FORCES
ATTITUDE Il e e lipE e ] ELECTSR OSNICS COMMANDS CS?(NSTTRE(:: | & TORQUES
INDICATOR GYROS <
(RCS)
(FDAI) (BMAG)
A SPACECRAFT
[____+_____+_________a e S MOTIONS S S e
v
BODY | RATE BODY e
RATES ! GYRO RATES e
[ PACKAGE ERRORS
B P — i GIMBAL
2 i POSITIONING
THRUST
ON-OFF SERVICE GIMBAL
X-AXIS AV AV COMMANDS PROPULSION POSITION
ACCELEROMETER DISPLAY SYSTEM INDICATOR
(SPS) & CONTROL

SPACECRAFT

SCS-404C

)
1
?'A.

£0\8Ticg

S

>
Onpe®
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ENTRY (SCS)

ATTITUDE £l ROTATIONAL
Al COUPLER UNIT
e CONTROL
ATTITUDE
ERROR
GYRO ROTATE SPACECRAFT [
CAGING COMMANDS
FORCES 4 |
y & TORQUES!
Elipir | A | gopy | ATTATUDE I |
DIRECTOR | ERRORS [ yoynTep| ERRORS y | |
ATTITUDE |€—"o——] ATTITUDE |—"— REpCHION
scs | commans | Rt | |
INDICATOR GYROS e
(FDAI) (BMAG) | etecTRoniCS SYSTEM | |
(RCS)
4 |
S ey, <P cHShe A
v S PACECRAFT
BODY RATE ] BODY MIOTIONS
RATES GYRO RATES . 059
PACKAGE SWITCH
(RGP)

SCS-406C L )



LOWER EQUIPMENT BAY

SCS FUNCTIONS

MIN IMP CONTROLLER
STATION

RATE GYRO /L\'
PACKAGE : [~

AGAP . '-".'L,,i \\ /

DISPLAY e

e
AGAPEGA——=""|| |

YAW ECA

i
iy

AUX ECA

R =

e
PITCH ECA——

+Y

S
a

an
ph—r =
X g o
. ‘/ \ Z i

7
/

ROLL ECA s e S



GUIDANCE & NAVIGATION SYSTEM




GUIDANCE & NAVIGATION SYSTEM

AGC
CONTROLS
&
DISPLAYS

ATTITUDE
cOMMANDS . [COUPLING ATTITUDE
CDU | DISPLAY ERRORS
POSITION | UNIT SPACECRAFT
< —»
(CDU) T ATTITUDE
ngUT TPOLLO INERTIAL
5 GUIDANCE | . 4 vELOCITY MEASUREMENT
™ computer [ UNIT
(AGC) (IMU)
L0S &
optics | OPTICAL | oprics SPACE
DRIVE  |COUPLING} ppyvE SEXTANT
DISPIAY e ——
UNIT | L0S % | SCANNING
(CDU) TELESCOPE
OPTICS MINIMUM
HAND =557 IMPULSE ’%%%\I&IAONNDS
CONTROL CONTROL
DRIVE
SPS THRUST ON-

10

STABIL-

>IZATION
&

CONTROL
SYSTEM

+OFF COMMANDS J
F-134 {4



G&N-SCS INTERFACE

SPS THRUST ON-OFF COMMANDS

ATTITUDE
COMMANDS , [COUPLING | _ATTITUDE ERRORS ROTATE & .
e DISPLAY TRANSLATE CONTROLLER
UNIT COMMANDS
POSITION ~SIC ATTITUDE e b
Cau] * 4 TRANSLATION
CONTROLLER
APOLLO INERTIAL Dﬁlﬁ‘e(z:%re v vV  THRUST
GUIDANCE | . A VELOCITY | MEASURE- T ON-OFF REACTION
COMPUTER MENT e SCS COMMANDS,_ | CONTROL
(AGC) (IMU) ELECTRONICS Pl SYSTEM
(FDAI) i
z
¢ T b ; FORCES
B & TORQUES
Los 3| can bl GYRO .
OPTICS iR BODY | PACKAGE[ BODY
RATES | (RGP) | RATES SPACECRAFT
PITCH & YAW
ERRORS GIMBAL
av POSITIONING
¥ THRUST v
ON-OFF SERVICE GIMBAL
AV COMMANDS | PROPULS ION POSITION
DISPLAY "1 sysTEm ”| CONTROL
(SPS) & INDICATOR

F-1358 { #)




COMPUTER SUBSYSTEM, GENERAL INTERFACE

SPACE—
CRAFT

[~ TowpOiER |

DISPLAY DATA TO TELEMETRY] 22T
| DISPLAY AND | MODE SWITCHING
BLOCK UPLINK KEEEE’Y*-RS?S ] 5
ALARMS 1 DISPLAY | vANUAL  |LALARMS
1 DATA AND INPUTS 1 i
ALARMS
ENGINE CONTROL | ) I CDU DRIVE SIGNALS
INERTIAL
RADAR TIMING, CONTROL, | |
AND STATUS SIGNALS | § TIMING SIGNALS % Ll
(NOT USED) e 1 GYRO TORQUING COMMANDS
DOWNLINK WORD ; APOLLO I ALaRMS
GUIDANCE [*
TIMING SIGNALS i i | MoDE INDICATIONS
DOWNLINK SYNC SIGNALS | VELOCITY INCREMENTS
UPLINK WORD | _ | cou posiTion
B |
ok )
L == anisn _——J
MODE SCANNING TELESCOPE | SCANNING
INDICATIONS AND SEXTANT DRIVE TELESCOPE
SIGNALS AND SEXTANT
SHAFT ANGLES

OPTICAL SUBSYSTEM

GN-215 L @)



PROPULSION SYSTEMS

FAM-4000 { +)}



ENGINE LOCATION

+ PITCH == ROLL
z ‘4/+ ROLL

SM RCS MOTOR (4 SETS)

P-13C{ +



REACTION CONTROL SYSTEM

SIM REACTION CONTROL

e 4 INDEPENDENT SUBSYSTEMS

® 16 ENGINES TOTAL

® ENGINE THRUST: 100 LB

® PROPELLANT: HYPERGOLIC
FUEL:  50/50 UDMH/HYDRAZINE
OXIDIZER: NITROGEN TETROXIDE (N2Og)

C/M REACTION CONTROL

e 2 [INDEPENDENT SUBSYSTEMS § P w;-:i
® 12 ENGINES TOTAL / s 7 2
® ENGINE THRUST: 93 LB ; ) M
\ J‘—"h&‘\P 3
® PROPELLANT: HYPERGOLIC

FUEL: MONOMETHYL-HYDRAZINE (MMH)
OXIDIZER: NITROGEN TETROXIDE (N20g)

F-13B {4}



S/M REACTION CONTROL SYSTEM




S/M REACTION CONTROL SYSTEM

QUANTITY SENSOR
FUEL RADIATION BLANKET

RELIEF
VALVES VENT (2 PLACES)FUEL
Sl FILL & DRAIN
®
HELIUM ISOLATION : _—
VALVES (2 PLACES) ~ e
L=
& ) UANTITY SENSOR
PRESSURE HELIUM AN
TRANSDUCER FILL & DRAIN SCINTILLATORS
(2 PLACES) H% TO COMPUTER
e (2 PLACES)

PROPELLANT

SHUTOFF

VALVES

(2 PLACES)
SoLe M

29 L

SN

TEFLONV
BLADDER
PACKAGE
REGULATORS (2 PLACES)
(2 PLACES) oxX1D

TANK

OXIDIZER OXIDIZER
VENT FILL & DRAIN

AN

zr— OX1DIZER
VALVE

FUEL
VALVE

TEMPERATURE
TRANSDUCER
LOCATIONS

+P ON SYS A
-Y ON SYS B
-P ON SYS C

......
)

p3al *;



MA-109XAA ROCKET ENGINE
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5
3
i3
g
H
)



S/M RCS ENGINE-MINIMUM TOTAL IMPULSE

(14 MILLISECOND MINIMUM ELECTRICAL ON SIGNAL)
(SCS18 + — 4 MILLISECOND)

THRUST LBS. FUEL
80 VALVE 4
FULLY 1’4 13;’;_*”1‘ ) SQ“
CLOSED f ——
60~
s
40 ‘/-’CJ?
OXIDIZER )
VALVE &
FULL Y
27 opeN I8
?‘c‘
; ' : ! T l —T
o \ 10 w 30 40 50 60 70
ECTRICAL :
o il L ELECTRICAL “SOXIDIZER TIME-MILLISECONDS
TO BOTH VALVE IGNITION "OFF" SIGNAL VALVE
VALVES ol T0 BOTH FULLY

: ‘f“’t"-

OPEN VALVES CLOSED P-2011D{@®)}



35SD10792

C/M REACTION CONTROL SYSTEM
it o 7; ;/‘)

HELIUM TANK YAW ENGINES

PITCH ENGINES

OXIDIZER PANEL
ROLL ENGINES

OXIDIZER
TANKS

PITCH
ENGINES

ROLL ENGINES
FUEL TANKS
FUEL PANEL

HELIUM TANK YAW ENGINES



nnate-
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C/M REACTION CONTROL SYSTEMM

gV -
Brorril e+t i J
sttt 6‘—‘0 .<,,~1~«~—4
VENT VALVE % b
REGULATOR ’ o ;./J,{,@,, S -]
PACKAGE A 4 ) | yE AL
i N\ "
RELIEF VALVE
BYPASS VALVE
£ FILL & DRAIN
VALVE | % FUEL
TANK
BLADDER
.o
LY
~ —OXIDIZER
TANK
o
FILLE UiLL & DRAIN § OVERBOARD :
SRATH : BYPASS VALVE : VA reid
RELIEF VALVE : no e N - Al
PACKAGE B Jo ?@u-éu oY n ‘ ”u 7 f'/f**v‘w;;: v
REGULATOR Ve
VENT VALVE wf ‘
ai (o ﬂ— oty o e
o & }‘, {& r‘“(’, il "12
o B 3P
b 2 A B Al 2 ,\‘,‘ u‘/? )
D2 X "’; AP f
FUEL OXIDIZER or
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TO SYSTEM "B" TO SYSTEM "B"
: ; L /1> Dae
v,f' Z’é k‘.._a. -Mw LA FaslT Y Mo
. ' : Valu_
oo R, B
) P-10C & %
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SERVICE PROPULSION SYSTEM

ENGINE THRUST: 21,900 LB

PROPELLANT FEED
2 FUEL TANKS
2 OXIDIZER TANKS
2 HELIUM STORAGE TANKS

PROPELLANTS: HYPERGOLIC
FUEL: 50/50 UDMH/HYDRAZINE
OXIDIZER: NITROGEN TETROXIDE (N2 04)

ENGINE GIMBALED

PROPELLANT UTILIZATION

F-17B { 4



SERVICE PROPULSION SYSTEM

i

@

RD-1020 {



SPS ROCKET ENGINE

AJ10-137

111 82"

152. 82

98. 48"

P-10008 {



SPS RING, STRUT & ]'HRUST CHAMBER ASSEMBLY
,‘)’\

ACTUATOR BRACKET

GIMBAL RING &
|
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& L S0
g
il 1|
| ~y }

p-1013 (@)




SERVICE PROPULSION SYSTEM

PROPELLANT FEED

3
=
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—
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=
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=
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02000 %

(TYP 4 PLACES)
CAPACITANCE

SENSOR
(TYP 4 PLACES)
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SERVICE MODULE SECTORS
~Z

SECTOR

i

FUEL
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(04
STORAGE
S A

EPS

FUEL
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SECTQR/////

L
+Z
VIEW LOOKING FORWARD
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PROPELLANT FLOW SCHEMATIC

6N 5 FILL

% DRAIN PRIMARY

(TYP 2 PLACES) (BM,
Ul

INJECTOR PRE-ALYE  UXID
(TYP 2 PLACES)

REGULATOR PACKAGE|

(E2RARES] SOLENOID CONTROL VALVE
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TYPICAL VENT || FLOW CONTROL &
(TYP 4 PLACES)|| TRIM ORIFICES

ACTUATOR
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EN
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o
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TELECOMMUNICATIONS
SYSTEM

i
NORTH AMERICAN AVIATION, INC. ’i “l
SPACE AND INFORMATION SYSTEMS DIVIS ON C D = ]-B i.@ é



COMMUNICATIONS SYSTEM

FUNCTIONAL EQUIPMENT GROUPS

RF EQUIPMENT GROUP

ANTENNA EQUIPMENT GROUP
INTERCOMMUNICATIONS EQUIPMENT GROUP
DATA EQUIPMENT GROUP

DATA ACQUISITION EQUIPMENT GROUP
CENTRAL TIMING EQUIPMENT GROUP

DATA DATA RF
] PROCESSING + L o] ANTENNAS
ACQUIS ITION el ELECTRONICS
A
CENTRAL SIC
TIMING > SYSTEMS INTERCOM-
MUNICATIONS
S

CcD-15 (@)



COMMUNICATIONS SYSTEM

RF EQUIPMENT GROUP

C-BAND HF SIM  VHF VHF VHF 2-KMC PORTION
ANTENNAS RECOVERY ORBITAL RECOVERY RECOVERY PORTION OF SCIN HI GAIN ANTENNA OF SCIN ANTENN%
NO. 1 [ NO.2 4z : -z : +z 7
®
) S T
A
[ vHF muLT <& VHF MULT | 3
Yy _v f . g
C-BAND VHF/AM VHF/FM Y
TRANSPONDER TRANSMITTER- TRANSMITTER v
5.69 & 5.765 e 1.8 MC UNIFIED S-BAND S-BAND
Kmc " 0T Mo T TRANSPONDER | |  POWER
PULSE . : t 224 kM | o AMPLIFIER
? : ? TLM PM OR FM 2-2.4 KMC
| L | : & i
VHF
HF UP-DATA |
| | rranscever |VO'CE| G LINK | Voice |
| 10.006 MC l ot | RX: 450 MC LM |
I AM OR SSB oW | FM TR |
L L S ST 4 X *T ! I ]
Bl g e L R Ve e
; NASA SUPPLIED
HARD LINE BACK PACK
NASA SUPPLIED
(COMMUNICATIONS| BIO-MED DATA| ' ponv worN T
bl BIO-MED RX: 259.7 MC
AN EQUIPMENT
X & RX
296.8 MC




COMMUNICATIONS SYSTE

ANTENNA EQUIPMENT GROUP,, 2"

T VHFI2-kMC SCIN ¢\
RECOVERY ANTENNA. ANTENNA & Q2

VHF RECOVERY
ANTENNA ~

NON-SURVIVING

SURVIVING
SCIN ANTENNA
RADA ¥ ‘T,:,)( i
Ypon? &K 22' DEHAVILLAND
STEM ANTENNA

VHF RECOVERY
ANTENNA

FLASHING
LIGHT
SWIMMER
UMBILICAL

HF RECOVERY
ANTENNA

ey

CD-178 {@



COMMUNICATIONS INSTALLATION

BLOCK II
VHF SCIMITAR RECOVERY ANTENNAS—

ANTENNAS - COMMUNICATION
N(GS 4

\\\ S-BAND
\ OMNI
\\ \\‘ <7 ANTENNAS
\é’i
[
%1'
S-BAND HIGH C-BAND
GAIN ANTENNA —/ i) AR

PALILT s AKe INETHPoKpled

FAM-4500 {®)}



COMMUNICATIONS SYSTEM

INTERCOMMUNICATIONS EQUIPMENT GROUP

COMMUNICATIONS

SWITCH chﬁx
[No. 1 o
————— Ll
‘_ e ey
% | S RO
B T TRANSCEIVER
_____ e !
AUDIO e [l ks W o
CONTROL |
PANEL = |
| T
__________ > AR _’l DATA |
< ; o STORAGE
St L]
HEAD o AUDIO |
MICROPHONE g
SET CENTER |
NO.
7 EARPHONE |« (o | ————
. ¢ VHF/AM
PTT ey L | 5] TRANSMITTER- |
SWITCH ®_ __________ il RECEIVER
NO. 3 | Ehomtee Jos
HEAD | MICROPHONE | > L —————— o
e R
’ EARPHONE |« AUDIO UNIFIED
: ol oo Ly
PANEL | | TRANSPONDER
o — —— — — — — — —

PTT SW f
TRANSLATION ®
CONTROLLER




COMMUNICATIONS SYSTEM

DATA EQUIPMENT GROUP

s )
UNCONDITIONED SIGNAL COMMUNICATIONS | VHF/FM |
ANALOG &  @—{ CONDITIONING CONTROL = ->LTRAN5M”TER
DIGITAL INPUTS EQUI PMENT PANEL I e
i |
t i |
v DIGITAL & v ¥ I
NRZ i
CONDITIONED DATA ALIOE > “onie
DATA PCM DATA PREMODULATION
ANALOG &  @—{ DISTRIBUTION =l iy PROCESSOR S-BAND
DIGITAL INPUTS PANEL | | TRANSPONDER |
L 4 2 | STl
T0 DISPLAY |
EQUIPMENT l
LOW LEVEL | =
ANALOG e & At
INEEIS I b srome |
VOICE @
BACKPACK 1 S ey
TELEVISION e—— TELEMETRY |
=i |
VHF/AM |
| TRANSMITTER- f& —
L RECEVER

194 ¥/



COMMUNICATIONS

DATA ACQUISITION & TIMING EQUIPMENT GROUP — — _ _ _
&1 VHF/IFM l
=t ITTER
l DATA | TRANSMITIES
IS St ™ “UNIFiED. 1
TELEVISION | VIDEO la »|  S-BAND
EQUIPMENT —’: i L_TRANSPONDER 4
l PREMODULATIONI
PROCESSOR e Fe
& —Pa/\— = NRZ DATA | IUP DATA P-DATA r GUL?\,ADNCE _:
= UP-DA
SENSORS.®——=,  reieMerny. | =l K NAVIGATION
e e I “system
512KC & ST R
1 CPS TIMING o
l_STABlLlZATION—I
4.0 KC ‘! AND
Y CONTROL
I system |
S |
CanTRAL L PULSEN0 MIN _ TENVTRONMENTAL !
FROM _ 1024 KC n TIMING 5§ 532@%
Ge&N ™ "] EQUIPMENT s G

6.4 KC

26 BITS DIGITAL

PHOTOGRAPHIC

(PARALLEL)

EQUIPMENT

-0 & ¥



TYPES OF MSFN STATIONS

NAME

® MISSION CONTROL
CENTER (MCC)

e LAUNCH CONTROL
CENTER (LCC)

e REMOTE STATION
NETWORK

® DEEP-SPACE
INSTRUMENTATION
FACILITIES (DSIF)

e RECOVERY CENTERS

FUNCTION

NETWORK CONTROL

LAUNCH CHECKOUT & Cepn

CONTROL

NEAR-EARTH
TELECOMMUNICATIONS

DEEP-SPACE
TELECOMMUNICATIONS

CREW RETRIEVAL

11-4 AP 26508A



MSFN STATION LOCATIONS

NO. LOCATION TYPE NO. LOCATION TYPE
1 CAPE CANAVERAL, FLA «of 12 KAUAI, HI ®
2 BERMUDA ® 13 POINT ARGUELLO, CALIF ®
3 ATLANTIC SHIP ® 14 GUAYMAS, MEX ®
4 GRAND CANARY IS. ® 15 WHITE SANDS MISSILE RANGE, NM @
5 KANO, NIGERIA ® 16
6 ZANZIBAR, AFR @ 17 BLGIN-AFB;-FLA ®
v 7 INDIAN O. SHIP NO.1 @ 18 HOUSTON, TEXAS O ¢
CAILNA Zr.?“s MUEHEA, AUSTRALIA 19 NGUMEA, NEW.CALEDONIA ®
cANVBENES 9 WOOMERA, AUSTRALIA «Y® 20 PACIFIC O. SHIP NO. 1
Tv AN — 10=MINDANAORI ® 21 PACIFIC O. SHIP NO. 2 ®
11 CANTON IS. @ 22 PACIFIC-O:-SHIP-NO-3- ®
LLAUNCH CONTROL CENTER @RECOVERY

©REMOTE STATION

Y’ DEEP SPACE INSTRUMENTATION FACILITY
S )

NO.

St ‘ ]
\%’ { g.'Tu\‘,Tz.,L?\f‘ %’_5
\V '® 15 ;." 1,, ‘*,@ . o)
/';:\ N ‘%‘,ﬂ’//\\\
ST N
2N, |
: {\ |® 4 [ i ]
ARE) TR
— T @—}
= B\ PN/ P
= [y ag it 1 @
;o T w i 5 S
| | 1 | S
\ 2 |
e R T R

LOCATION

SOUTFH-ATLANTIC SHIP
INDIAN OCEAN SHIP NO. 2 @
DURBAN-S=AFR*

SAN ANTONIO, TEXAS

TYPE
¥

-0

PERSIAN GULF SHIP _®
JOHANNESBURG, SO.AFR 7, \¢Y

GOLDSTONE, CALIF

“KERMADECI5>

HAWAIIAN SHIP
 EASTER-I5w

*MISSION CONTROL CENTER
l |~ 4 { I8

DI

114 AP 26509A

/-\

N ORI

N
/')
-



LOWER EQUIPMENT BAY

COMMUNICATIONS

DATA STORAGE EQUIP.

SIGNAL CONDITIONING
& DATA DISTRIBUTION

PCM UNIT 1 & 2

VHF MULTIPLEXER

PMP

VHF-AM XMTR-RCVR
VHF BEACON

AVD) ©

AUTFO CENTER

UP-DATA LINK 7 CTE Lt Tr i

e Ltot {Syne )

FQ TLM VHF-FM XMTR
C-BAND HF XCVR

S-BAND 7
P-A CD-56A i@;



CREW SYSTEMS AND CABIN

ST-700A i ®)}



APOLLO CREW COMPARTMENT, INT VIEW,
FROM-Z AXIS

LEFT HAND FORWARD
EQUIPMENT BAY

+X

1/

=

LEFT HAND

LOWER EQUIPMENT BAY

‘/@TER BULKHEAD
EQUIPMENT BAY i

E=

|

RIGHT HAND FORWARD
EQUIPMENT BAY

RIGHT HAND
EQUIPMENT BAY

e
A
)
N
¥ &

CS-001C (@)}



APOLLO CREW STATIONS

FORWARD ACCESS MAIN
CREW HATCH CONTROL &
DISPLAY

PANEL
GEN
N
STATIO \ i

SLEEP
CENTER COUCH STATION

SEAT FOLDED

FAM-5008 A # }



MAIN PANEL FUNCTIONS

® LV EMERGENCY DETECTION ® PROPELLANT GAGING

® FLIGHT ATTITUDE ® ENVIRONMENT CONTROL

® MISSION SEQUENCE e COMMUNICATIONS CONTROL
® AV MONITOR © POWER DISTRIBUTION

ENTRY MONITOR

MALFUNCTION DETECTION

SPACECRAFT COMMANDER COPILOT SYSTEMS ENGINEER

NORTH AMERICAN AVIATION, INC. 3-64 AP 74315
SPACE AND INFORMATION SYSTEMS DIVISION



MAIN PANEL

MALFUNCTION

= DETEQHQ Ny 0




CREW COUCH

SUPPORT STRUCTURE

® 3 COUCHES LOCKED TOGETHER
® FIXED COUCH BACK ANGLE
® MANUAL ADJUSTMENT

@® SYSTEM SUSPENDED FROM
ATTENUATION STRUTS

@® STATIC ATTENUATION
STRUT SYSTEM
UNTIL IMPACT

VERTICAL
ATTENUATION
STRUT (X-X AXIS,

LONGITUDINAL
ATTENUATION
STRUT (Z-Z AXIS)

LATERAL
ATTENUATION

BEARING
PLATE



L.H. COUCH

FOOTSTRAPS (96 FOSITION]
FOOTREST 4,@‘
AR

\\\‘

FIXED AT 80°

N4 S ROTATIONAL CONTROLLER MOUNT
ﬂﬁ% 2SN
|
LOWER ARM REST

SN0
(ALSO 30° POSITION) )

7

N\

S \\\ L&
LE:lJ\:l?/\SEAT FOLDED (FOLDING TIPS)

2%,

CS-210081{®)}



L.H. COUCH

MECHANICAL ADJUSTMENTS

66° RELEASE BUTTON” \ ||\ \" S
JEN \
96° RELEASE BUTTON < :"
\ 7
58 212 .-
& 20° LEVER i
SIDE SWAY

BRACE
ATTACH POINT

==
270° POSITION k‘\\\

= S
CS-2101A i@ ,

3
H



CREW COUCH POSITIONS

BLOCK | & BLOCK Il

66"

—.

& 216°
LEB

Al
ACCESS Ej(z

NAVIGATION
e SIGHTING

e

UNCH, MIDCOURSE, ENTRY

LA
==l

FAM-5400A { %)



APOLLO CREWMAN RESTRAINT
HARNESS ASSEMBLY

FAM-5010 {®)}



APOLLO CREW SYSTEMS INSTL

v LWR & RT EQUIP BAYS
: SEAL
WATER
DELIVERY

. |
FOOD COMPARﬂWENT////i;

[~

FOOD

‘f'w"
CS-0003A i)}



APOLLO CREW SYSTEMS INSTL

RT EQUIP BAY |
SURVIVAL KIT

CONTAINERS

AUX FOOD
STORAGE

/’\.[ - e
BIO INSTR ACCESS |I-f._7 -
KIT STORAGE e |1

U

FECAL BAG
STORAGE

STORAGE

N s
] i

et WASTE
S, SO !
- MANA\GEM;Nj
i

Y
e RCA =
—————— GANISTER

i,
CS-0004A {®)]



WORK/FOOD SHELF

(BLOCK I)

\
/10. 63”
4\6, 13"37

24.54"

SUPPORT FRAME
‘ PRONGS
SLIDE LATCH

Cs-3500 (9]



FIELD INSTALLATIONS

CREWMAN INFLIGHT TOOLSET

CREWMAN
INFLIGHT
TOOLSET

V16-601241-11 (REF)
f'&o“
CS-0010-4 {'#)]



CREWMAN CLOTHING

CONSTANT
WEAR APOLLO PRESSURE SUIT & THERMAL
GARMENT PORTABLE LIFE SUPPORT SYSTEM GARMENT

n’/': sl
FAM-5009 {(®) }



PERSONAL COMMUNICATIONS EQUIPMENT
CONNECTIONS (SHIRTSLEEVE ENVIRONMENT)

| LEFT HAND
FORWARD
EQUIPMENT BAY

CONSTANT WEAR
PERSONAL COMM HAT

VOICE TUBE

ELECTRICAL
UMBILICAL ASSY
(COBRA CABLE)

IMPEDANCE
PNEUMOGRAPH

e/

SENSORS

CS-1016 & 4



PERSONAL HYGIENE ITEMS

-“DRY CLEANSING CLOTH

WET CLEANSING CLOTH

TOOTHBRUSH
(1 EACH ASTRONAUT)

INGESTABLE GUM PACK
(2 STICKS PER PACK)

e
C

CS-5501C { @)}



APOLLO SURVIVAL KIT AND COMPONENTS
BLOCK |

SURVIVAL

’/////////// GLASSES
| ASTRONAUT
KNI FE

SURVIVAL LIGHT

BEACON TRANSCE'VER DESALTING KIT nﬁﬁ""*."'

FAM-5401A {®);}



CM FLOODLIGHT SYSTEM CONFIGURATION
(BLOCK 1)

PANEL

———FLOOD LIGHTS~
PRIMARY SECONDARY

LAMP TEST
1

OFF

BRIGHT

COMPONENTS
14 LIGHTS
3 CONTROL PANELS
LH AUDIO & LIGHT CON (23)
RH AUDIO & LIGHT CON (26)
LEB G&N CONSOLE
2 CIRCUIT BREAKERS
LH CIRCUIT BREAKER PAN

JAN 65 Cs-500 (@)



AGAP
AGC
AM
BMAG
Cbu

CO2

APOLLO ABBREVIATIONS

ATTITUDE GYRO ACCELEROMETER PACKAGE
APOLLO GUIDANCE COMPUTER
AMPLITUDE MODULATION

BODY MOUNTED ATTITUDE GYRO
COUPLING DISPLAY UNIT

COMMAND MODULE

CARBON DIOXIDE

COMMUNICATIONS SYSTEM

CENTRAL TIMING EQUIPMENT
CONTINUOUS WAVE

DATA STORAGE EQUIPMENT

DEEP SPACE INSTRUMENTATION FACILITY
ENVIRONMENTAL CONTROL SYSTEM
EMERGENCY DETECTION SYSTEM

EARTH LANDING SYSTEM

ELECTRICAL POWER SYSTEM

FLIGHT DIRECTOR ATTITUDE INDICATOR
FREQUENCY MODULATION

GUIDANCE & CONTROL

GUIDANCE & NAVIGATION SYSTEM
HYDROGEN

HELIUM

HIGH FREQUENCY (3 - 30 MC)

WATER

INERTIAL MEASUREMENT UNIT
INSTANTANEOUS SPECIFIC IMPULSE
INSTRUMENT UNIT

POTASSIUM HYDROXIDE

LUNAR EXCURSION MODULE

LAUNCH ESCAPE SYSTEM

LOR
LOS
Lv
MDV
MESC
MSFN
N2
N204
N2Hg
07
PCM
PM
PMP
PRN
Q
RCS
RGP
SCS
SCT
SECS
M
SPS
SSB
SXT
TCA
T
vC
ubL
UDMH
UHF
USBE
VHF

LUNAR ORBITAL RENDEZVOUS

LINE OF SIGHT

LAUNCH VEHICLE

MAP & DATA VIEWER

MASTER EVENTS SEQUENCE CONTROLLER
MANNED SPACE FLIGHT NETWORK
NITROGEN

NITROGEN TETROXIDE

HYDRAZ INE

OXYGEN

PULSE CODE MODULATION

PHASE MODULATION

PREMODULATION PROCESSOR
PSEUDO-RANDOM NOISE

DYNAMIC PRESSURE

REACTION CONTROL SYSTEM

RATE GYRO PACKAGE

STABILZATION & CONTROL SYSTEM
SCANNING TELESCOPE

SEQUENTIAL EVENTS CONTROL SYSTEM
SERVICE MODULE

SERVICE PROPULSION SYSTEM
SINGLE SIDE-BAND

SPACE SEXTANT

THRUST CHAMBER ASSEMBLY
TELEMETRY

THRUST VECTOR CONTROL

UP DATA LINK

UNSYMMETRICAL DAMETHYL HYDRAZ INE
ULTRA HIGH FREQUENCY (300-3000 MC)
UNIFIED S-BAND EQUIPMENT

VERY HIGH FREQUENCY (30-300 MC)

FAM-1002 &



