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APOLLO SPACECRAFT

LAUNCH ESCAPE SYSTEM

E BOOST PROTECTIVE COVER

LUNAR EXCURSION
MODULE

INSTRUMENT UNIT




APOLLO ASSOCIATE CONTRACTORS

o o MIT GUID & NAV EQUIP,-TECH MGMT
AC ELECTRONICS GUID & NAV EQUIP. -MFG

e CHRYSLER 5-1

o BOEING 5-1C

o NAA S&ID S-11

o DOUGLAS S-1V & S-IVB

o CONVAIR LITILE JOE I

e GENERAL ELECTRIC ACCEPTANCE CHECKOUT EQUIP.
® o GRUMMAN LUNAR EXCURS ION MODULE

o HAMILTON STANDARD SPACESUIT & PORTABLE EQUIP.

FAM-1011 { )]




NAA APOLLO SUBCONTRACTORS

SYSTEM/COMPONENTS CONTRACTOR

‘ STRUCTURES

ABLATIVE MATERIAL FOR HEAT SHIELD:sssssssessccccsssansseesdAVCO CORP-WILMINGTON, MASS.

BOOST COVER, LES TOWER, DOCKING PROBE, CANARDS

RADIAL BEAMS, FWD HEAT SHIELD & CREW COUCHES secesecsses LOS ANGELES DIV OF NAA - INGLEWOOD, CALIF,
STAINLESS STEEL HONEY COMB PANELS ¢eveveeeccecccscassesss AERONCA MFG CO - MIDDLETOWN, OHIO

ELECTRICAL POWER

BATTERIES ("A", "B" & "C")seeescccsscccssssscssssscasscsssssss EAGLE PICHER - JOPLIN, MO.

BATTERY CHARGER vsccvscsosossrncsscssnnssonsessssosomsessssliT = INDUSTRIALPRODUCTSDIV SAN FERNANDO, CALIF,
FUEL CELL MODULES seecateccsccceccccsssscnssascassancsssses PRATT & WHITNEY - EAST HARTFORD, CONN,

STATIC INVERTERS ceeeveecsesascccsnsccsnccccncnccnsccscnnsess WESTINGHOUSE ELECTRIC CORP - LIMA, OHIO
CRYOGENIC GAS STORAGE cesecccecssccssccsssanssssscssessss BEECH AIRCRAFT - BOULDER, COLO,

ENVIRONMENTAL CONTROL «ueeeneereneneeneneenennencnsess AIRESEARCH MFG CO - LOS ANGELES, CALIF.

. SEQUENTIAL EVENTS CONTROL

MASTER EVENT SEQUENCE CONTROLLER+vseassevecass eessseses AUTONETICS DIV OF NAA - ANAHIEM, CALIF,
LAUNCH ESCAPE & PITCH CONTROL MOTORS eeseeesescesssases LOCKHEED PROPULSION CO - REDLANDS CALIF,
TOWER JETTISON MOTOR «ccesessesscssosscccccs cecsccces +«++ THIOKOL CHEMICAL CORP - ELKTON, MD,
EARTH LANDING PARACHUTE SUBSYSTEM evveevesesesssssaseess NORTHROP - VENTURA - NEWBERRY PARK CALIF,

STABILIZATION & CONTROL............... SRS e ++.HONEYWELL CORP - MINNEAPOLIS, MINN,

e
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NAA APOLLO SUBCONTRACTORS (CONT)

SYSTEM/COMPONENTS CONTRACTOR

PROPULSION

CM REACTION CONTROL ENGINES ¢eesssssscscaensssaseccasssssssss ROCKETDYNE DIV OF NAA - CANOGA PARK, CALIF,
SM REACTION CONTROL ENGINES««cceesscssscsssssssscsssscesssss MARQUARDT CORP - VAN NUYS, CALIF,

POSITIVE EXPULSION TANKS (RCS)eeceeseessseccsassssscccscacasssssBELL AEROSYSTEMS - BUFFALO, N.Y,

PROPELLANT GAGING SYSTEM (RCS)eceeesesensecsassccssecscnssesss GIANNINI CONTROL CORP - DUARTE CALIF,
HELIUM TANKS ¢ ceeecsececsscceccccsccscscsscascacsssscssssscsseasss AIRRITEPRODUCTS - LOS ANGELES, CALIF

FUEL & OXIDIZER TANKS (SPS)ecssecccscacsssssccssscsssssccasssesss ALLISON DIV OF GMC - INDIANAPOLIS IND.
PROPELLANT GAGING & MIXTURE RATIO CONTROLsececeesseseeesss SIMMONDS PRECISION PROD - TARRYTOWN N ¥
SERVICE PROPULSION ENGINE ¢vvveevseeeossssscsssscasscsssssssess AEROJET GENERAL - SACRAMENTO, CALIF,

COMMUNICATIONS & DATA.......ccceuuveeeennereennenennnss....COLLINS RADIO CO.-CEDAR RAPIDS, IOWA

BEACON ANTENNA (R8D)estseeeaeesssseccesssssssscssssssssasssassMELPAR - FALLS CHURCH, VA.

C-BAND ANTENNA cceesectcescssscsssssccscscses eseeeeeeosRADCOM - COLLEGE PARK, MD.

CENTRAL TIMING SYSTEMeceessecccscsscsnsescacane eecseseess GENERAL TIME - ROLLINGMEADOWS ILL.

HF ANTENNAS (RECOVERY & ORBITAL)¢eeessesseesesssesensessssssssDEHAVILLAND - ONTARIO, CANADA

DIGITAL UP-DATA LINK:ceeseesaseeseeneassccsssocnssnsascannessss MOTOROLA, INC, - SCOTTSDALE, ARIZ.

VHF ANTENNAcceceoeecssececcssatscsssscancecensecsssssscsnscsss LOS ANGELES DIV OF NAA - INGLEWOOD CALIF,
TV CAMERA (BLOCK I)seessscssssessssssssesensessssccesassssssssss RCA = PRINCETON, N.J,

TV CAMERA(BLOCK )¢ vsessersonssssivonsnnonasiscocsnassssss ...WESTINGHOUSE-BALTIMORE MD.

2 KMC HI GAIN ANTENNA..coceeseesestccscncssscsccsasesssscssssDALMO - VICTOR - BELMONT, CALIF,

MISSION SIMULATOR TRAINER «cececueurucnrneescasacnsasesasass GIP =LINK DIV - BINGHAMTON, N.Y.
SYSTEMS INTEGRATED TEST EQUIPMENT....ccuvuvereeenensnse. AUTONETICS DIV OF NAA - AHAHEIM, CALIF.

DIGITAL TEST COMMAND SYSTEM ....ceuuutuuraurennennnernsesss CONTROL DATA CORP - MINNEAPOLIS, MINN.,
ANTHROPOMORPHIC DUMMIES....c.cetveuuureranneennnnecennsss ALDERSON LABS - LONG ISLAND, N.Y.

FAM-1004D { *\




FACILITIES-NATIONWIDE

PROPULSION TESTS TRANSPORT MOD, GSE CENTRIFUGE TESTS
LAS CRUCES, N.M. S&ID TULSA JOHNSVILLE, PA

CSM-PM, ENGRG
S&ID DOWNEY

PROPULSION TESTING
TULLAHOMA, TENN

DYNAMIC TESTS
HUNTSVILLE, ALA

PARACHUTE TESTS
EL CENTRO, CALIF

ENVIRONMENTAL TESTS SATURN LAUNCH
LITTLE JOE Il LAUNCH HOUSTON, TEX KENNEDY SPACE
WHITE SANDS, N.M. CENTER, FLA

o
7 \%
(L H

\ é
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APOLLO SPACECRAFT SRR l
S&ID RESPONSIBILITIES

ey T8
TEST SITE
TRAINERS ' ACTIVATION

INTERFACE WITH ASSOCIATE CONTRACTORS (GUIDANCE & NAVIGATION,
ACCEPTANCE CHECKOUT EQUIPMENT, LUNAR EXCURSION MODULE, ETC.)




MAN N ED SPACECRAFT 114SD10175

- i
1 MAN 2 MAN

MERCURY GEMINI APOLLO

PAYLOAD, LBS 3,500 7,000 250,000

‘ BOOSTER ATLAS TITAN Il SATURN

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




APOLLO LAUNCH VEHICLES

_|I_ -k
LITTLE JOE 11

APOLLO
SPACECRAFT

LITTLE
JOE I
BOOSTER

APOLLO
/_ SPACECRAFT
|| INSTRUMENT
/— UNIT

S-v
BOOSTER

188"

/— S-1 BOOSTER

|

I

SATURN |

224"

SATURN 1B

APOLLO
SPACECRAFT

LEM
ADAPTER

INSTRUMENT
UNIT

S-1ve
BOOSTER

S=l
BOOSTER

APOLLO
SPACECRAFT

LEM
ADAPTER

INSTRUMENT
UNIT

S-1vB
BOOSTER

s-1l
/_ BOOSTER

s-IC
/_ BOOSTER

SATURN V

22

sT-28 {®)

EY
Y

H
é




SATURN | 114SD10282A
LES

APOLLO cM S&ID_
S&ID

-
AT

S-Iv
DOUGLAS

6 RLI0-A3 ENGINES
PRATT & WHITNEY

TOTAL WT
1,124,000 LB

188 FT

=

S-1
CHRYSLER

8 H-1 ENGINES
ROCKETDYNE I




114SD10280A4 n
LES

S&ID
SATURN 1B APOLLO CM
S&ID
APOLLO SM
® S&ID V
LEM ADAPTER -
S&ID Vs :
S-IVB
DOUGLAS LEM
GRUMMAN
e
S-1 %/ 225
qey FT
CHRYSLER ,@///%// i
o \W ROCKETDYNE
Nl
s 8 H-1 ENGINES
75e ROCKETDYNE TOTAL WT ||
4l 1,288,000 LB |




SAT U R N v APOLLO CM 35801068

S&ID

LEM ADAPTER
S&ID

INSTRUMENT UNIT
MSFC/IBM

S-1VB )
DOUGLAS
LEM
GRUMMAN
BOEING 1J-2 ENGINE FS
| ROCKETDYNE U
360FT
o
L
5J-2 ENGINES Uit
ROCKETDYNE
L
5 F-1 ENGINES TOTAL WT ;J[I'"jﬁﬂ(ff
ROCKETDYNE 6,000,000LBy




SATURN V

SATURN

APOLLO
LUNAR EXCURSION MODULE

P 300

360 FT S-1VB
POLARIS
31 FT LONG —_|
200 [~
S-ll
100 ATLAS

82.5 FT
. <192 IN.

e}
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SPACECRAFT DEVELOPMENT FLIGHT CATEGORIES

MAJOR STEPS TO ULTI

BP 6 - PAD ABORT
BP 12 - TRANSONIC ABORT

MATE MISSION

LUNAR LANDING «— fiNAL

BP 13 - BOOSTER
BP 15 - BOOSTER

BP 22 - HI ALTITUDE ABORT
BP 23 - HI Q ABORT

BP 23A- PAD ABORT (.| sueer
SC 002-TUMBLING ABORT

LUNAR ORBIT «—— COMPLETE
PERFORMANCE W/O
LEM EXCURSION

ELLIPTICAL ORBIT «—— gxTENDED
PERFORMANCE

SC 009-SUB-ORBITAL
=</’ | EARTH ORBITS WITH LEM «—— MULTI-VEHICLE

INTEGRATION

Q}) ‘e' EARTH ORBITS «—— PARAMETER & STATISTICAL

N
(13
% @ SUBORBIT 4¢——15T INTEGRATED SC SYSTEMS EXPOSURE

k \ BOOSTER-SC COMPATIBILITY

\ ABORT & RECOVERY «———CREW SAFETY

FAM-10058 { %)




APOLLO SATURN FLIGHT TEST PROGRAM

LITTLE JOE 1l

BP-6 BP-12
I ‘
PN ‘
ALY
PAD  TRANSONIC

BOILERPLATES
8P-23 BP-22

A A

el

BP-23A SC-002
| A
N

BLOCK |

BLOCK II

MAX Q" HIGH PAD TUMBLING
ABORT-1  ABORT ABORT ALTITUDE ~ ABORT-2  ABORT
ui-2 ui-3 ABORT Ui-5
L1i-4 WHITE SANDS MISSILE RANGE
SATURN | SATURN IB
SC-009  SC-011 8P-30 Sc-101
Jupmg ap;u BP-15 BP-16 BP-2 8P-9 [}
NOSE CONE |
A A A ( ol
| A A A A A - i
= H = A F j
a / A A / ]
- L - = £ H a -
| | | | |
1 i A ‘ : + 4y ithis Iﬁs
14 D 43 LA L=
!;'? s S i w:P £ CI!'W
FIRSTS-IV APOLLO  APOLLO  MICRO- MICRO-  MICRO- LV-CSM  LV-CSM  LH2 MANNED
STAGE DEVELOP ~ DEVELOP METEOROID ~METEOROID METEOROID | DEVELOP  DEVELOP  EXPER CSM MANNED CSM-LEM OPER
POWERED AS-6 AS-7 EXPER EXPER EXPER AS-201 AS-202  AS-23 LDOLINRG AS-207
FLIGHT AS-9 AS-8 AS-1
AS-5 oY AS-204 KENNEDY SPACE CENTER
=
SATURN V SC-017 SC-104 SC-105

LV-CSM
DEVELOPMENT
AS-501

LV-CSM
DEVELOPMENT
AS-502




®
COMMAND SERVICE MODULE

SUB-SYSTEMS




APOLLO INTEGRATED STATIONS
& AXIS

X XL = 398.5
X, - 148.1

£

LAUNCH ESCAPE SYSTEM

COMMAND MODULE

Xg = 35
XA = 993

XA = 58.3

XA = 502

oS T,

o

s
3

o7 y
ST-106D i@é




LAUNCH ESCAPE SYSTEM

NOSE CONE

& Q BALL CANARD

PITCH 4 A
CONTROL NN
MOTOR  Tower NN
JETTISON  LAUNCH N LAUNCH ESCAPE
MOTOR  ESCAPE ‘ TOWER
MOTOR = = N
)\
Q& \ ~
- y
STRUCTURAL @}' . .
SKIRT TS \\ =
BUNA N \ 4
RUBBER Q
INSULATION ‘
BOOST M\‘%{‘
‘ PROTECTIVE :
COVER
(APEX SECTION)

EXPLOSIVE BOLTS

FAM-3008A %




BOOST PROTECTIVE COVER

FIBERGLASS HONEYCOMB
APEX SANDWICH (5/8")
SECTION
(RIGID) GAP

(SINGLE PIECE) CORK ABLATOR 0,3"

COVER ATTACHED

FORWARD/AFT
AFT TO LES TOWER INTERFACE
SECTION
(FLEX1BLE) _
S IMPREGNATED
GLASS CLOTH

.008"

DETAIL A

~
S
~ —
= T ———— s i s s S =

FAM-3010A ()]




COMMAND MODULE EXTERIOR

(BLOCK Il)

LES TOWER RENDEZVOUS
LEG WELLS WINDOWS

(TYP 2 PLACES)

DOCKING
[ MECHANI SM
FWD HEAT

SHIELD

CREW COMPT
HEAT SHIELD

AFT
HEAT
SHIELD
L CREW ACCESS
ASTRO-SEXTANT DOORS CM/SM HATCH
UMBILICAL SIDE WINDOW
(TYP 2 PLACES)

sT-260 L+ J




COMMAND MODULE COMPARTMENT

CONFIGURATION
RIGHT HAND LEFT HAND HEAT SHIELD
EQUIPMENT BAY EQUIPMENT BAY

INNER STRUCTURE

+Y

)
)

l—/ FORWARD \
COMPARTMENT

y

Z

\

) CREW COMPARTMENT

LOWER
EQUIPMENT BAY AFT COMPARTMENT

’/ri'*.
(

i

4

H
é

FAM-1001B &




COMMAND MODULE AERODYNAMICS

e LIFT

T
J S LOCATION OF
s @/HEAVY EQUIPMENT
/

% DIRECTION OF FLIGHT
; 2N
X

18T
p%'®Tice

FAM-1511 { ®)}




15SD10448A

COMMAND MODULE n
STRUCTURE

ALUMINUM
......................... HONEYCOMB
INNER STRUCTURE

ABLATIVE
MATERIAL

HEATSHIELD
STAINLESS STEEL
HONEYCOMB

e
|““‘ 3
TR iy
||

T AT

INSULATING
MATERIAL




SERVICE MODULE

BLOCK Il

ECS RADIATOR
® EPS RADIATORS / Z

® DOCKING
LIGHTS

CM/SM HIGH-GAIN
FAIRING ANTENNA




SERVICE MODULE

BLOCK |

........

RD-10058 & ¥




CSM & LEM COMPARISON




SPACECRAFT/LEM ADAPTER

PANEL SEPARATION
BY LINEAR

i

FAM-1503¢ {#))
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SEQUENTIAL EVENTS CONTROL SYSTEM

MAJOR FUNCTIONS COMPOSED OF:
. e LAUNCH ESCAPE e SEQUENCE CONTROLLERS
MASTER EVENT SEQUENCE
e VOTES EDS AUTO ABORT CONTROLLER
EARTH LANDING SEQUENCE
e L.E. TOWER JETTISON CONTROLLER

SM JETTISON CONTROLLER

ADAPTER SEPARATION CM - RCS CONTROLLER

CM - SM SEPARATION e INTERFACING HARDWARE

e SM JETTISON LAUNCH ESCAPE SYSTEM
EARTH LANDING SYSTEM
e EARTH LANDING EMERGENCY DETECTION SYSTEM

MECHANICAL SEPARATION DEVICES

T
FAM-3006 *®)




LAUNCH ESCAPE SYSTEM &
BOOST PROTECTIVE COVER

PITCH CONTROL MOTOR
BOOST PROTECTIVE

e

JETTISON
MOTOR

LAUNCH ESCAPE
MOTOR

FAM-3017 { )}




ELS EQUIPMENT

BLOCK |

CONFLUENCE
FITTING

SEA RECOVERY
FLASHING BEACON

DROGUE CHUTE MAIN LANDING
ATTACHMENT PARACHUTE
FITTING & DEPLOYMENT BAG
DISCONNECT UNDER RETENTION

FLAP

PILCT
CHUTE
MORTAR

DROGUE CHUTE MORTAR \

SEA RECOVERY SLING

' >MAIN CHUTE
DYE MARKER— ATTACHMENT
& SWIMMER FmNe

UMBILICAL j,f 5
SEQ-186G ( i




— 200 K

NORMAL MODES OF OPERATION

300 K
~ 260 K' TOWER JETTISON
NORMAL MANUAL®
~ 20 SEC - 173 BLK |

2ND STAGE IGNITION
T = 153 BLK |

*LES MOTOR BACKUP

SATURN 1 B TRAJECTORY

ALTITUDE

—24K'

— 10K

ELS
F. 1S, JEIT

1.6 SEC \DROGUE DEPLOY
8 SEC DISREEF

DROGUE JETT
&
MAIN DEPLOY
8 SEC

DISREEF

ORBITAL OR LUNAR ENTRY




ABORT DESIGNATIONS

SPS OR S/M
ABORT AREA
(AFTER TWR. JETT. TO
NORMAL ADPT. SEP.)

=265 K' ——r TOWER JETTISON

HIGH ALT.

120 K" g
ABORT

MED ALT AREA

30 K' —
LOW ALT.




GUIDANCE AND NAVIGATION SYSTEM

OPTICAL
ASSEMBLY

L7,

\\\\\\\\\\\\\\\\\\\\\

N\
b\

77/

SCANNING

TELESCOPE\

COUPLING
DISPLAY
UNIT

:'. N o

IIIIIIIIIIIIIIY. LD /IIII."I[/IIII_II.'\’I/I/I/IIIII

INERTIAL
MEASUREMENT

UNIT

\

SERVO
ASSEMBLY

NAVIGATION
BASE
™ aroLLO
GUIDANCE SIDE VIEW

COMPUTER




GUIDANCE & NAVIGATION SYSTEM

INERTIAL
MEASUREMENT
UNIT i
(IMU)

vvvvv STABILIZATION
t AND CONTROL

cccccccccc d SYSTEM FDAI

+EELIEE [—]U[—][—J INERTIAL ~N

COUPLING

DDBB DISPLAY UNIT )

(CDU)

U] \

STABILIZATION

[ AND CONTROL
[ SYSTEM
APOLLO < ELECTRONICS
‘ GUIDANCE
COMPUTER R
(AGC) >
OPTICS
SXT-SCT MINIMUM
IMPULSE |
CONTROL

FAM-3507 L %]




STABILIZATION AND CONTROL SYSTEM

RATE GYRO
ASSEMBLY

ATTITUDE GYRO
ACCELEROMETER
ASSEMBLY

ROTATIONAL

ELECTRONIC
CONTROL ...



STABILIZATION & CONTROL SYSTEM '

ST

Ej

SPS GIMBAL DRIVE

ROTATIONAL
COMMANDS
. TOTAL
ATTITUDE
ATTITUDE GYRO
FLIGHT COUP(k'GNCGU)UN'T TRANSLATIONAL =
DIRECTOR COMMANDS
ATTITUDE 3
INDICATOR| AT
Y X
' I THRUST ON-OFF
ATTITUDE THRUST VECTOR CONTROL i
BODY MOUNTED ERRORS sCS
ATTITUDE GYROS > THRUST ON-OFF
e ELECTRONICS
A A
RATE
GYRO BODY RATES SPs
ASSEMBLY
. e THRUST
cs
X-AXIS "
ACCELLEROMETER




ENGINE LOCATION

+ P IT%;OLL

aaaaaaaa



REACTION CONTROL SUBSYSTEM

‘ S/M REACTION CONTROL
e 4 INDEPENDENT SUBSYSTEMS (A,B,C & D)
® 16 ENGINES TOTAL
® ENGINE THRUST: 100 LB
@ PROPELLANT: HYPERGOLIC
FUEL:  50/50 UDMH/HYDRAZINE
OXIDIZER: NITROGEN TETROXIDE (N20g)

C/M REACTION CONTROL
® 2 |[NDEPENDENT SUBSYSTEMS (A & B)
® 12 ENGINES TOTAL
® ENGINE THRUST: 93 LB
® PROPELLANT: HYPERGOLIC
FUEL: MONOMETHYL-HYDRAZINE (MMH)
‘ OXIDIZER: NITROGEN TETROXIDE (N2Og)

FAM-4003 { 4 }




S/M REACTION CONTROL SYSTEM QUADS

QUAD B

QUAD A

.
P-2003B (@)}




SM RCS PANEL ASSEMBLY

OXIDIZER
TANK

QUANTITY T

SENS ING

HELIM

TANK

N

T
0]

L]

.

[ HeLium 150LATION

VALVES

\msr PORTS
ik

REGULATORS

- TEST PORT PANEL

OXIDIZER SERVICE
CONNECTION

\

> CHECK VALVES
RELIEF VALVES
ENGINE HOUSING

OXIDIZER SHUTOFF
\ VALVE

FUEL SHUTOFF
VALVE

TEMPERATURE
TRANSDUCER

\

FUEL

SERVICE
CONNECTION




C/M REACTION CONTROL COMPONENT
LOCATION

& VIEW A

-P ENGINES
LOCATED

SIDE BY SIDEJJ
ON BLOCK I1

FUEL
HELIUM
‘ TANK
OXIDIZER
OXIDIZER
OXIDIZER v s

o
e il PANEL 3

\d
One®

P-3001A




C/M REACTION CONTROL COMPONENT
LOCATION

VIEW B

-P ENGINES
LOCATED
SIDE BY SIDE
ON BLOCK 1

OXIDIZER

HELIUM
PANEL
SYS I|BI|

- AONW/A
o)y
4\'., \\ 2/ STEAM VENT

CCW D
_ D)
o

HELIUM
TANK
SYS IIB|I




SERVICE PROPULSION SYSTEM

OXIDIZER
TANKS 7

+X

HELIUM
TANKS

PURPOSE:  PROVIDE POWER FOR MAJOR
VELOCITY CHANGES AFTER

TYPE OF SYSTEM:  NON-THROTTLEABLE, PRESSURE FEED SYSTEM, HYPERGOLIC BOOSTER SEPARATION UNTIL
PROPELLANTS AND ABLATIVE CHAMBER WITH RADIANT C/IM SIM SEPARATION. IN
COOLED NOZZLE EXTENS ION. ADDITION SUPPORTS S/M ABORT
. CRITERIA AFTER THE LAUNCH
SYSTEM DESCRIPTION:  ONE SYSTEM CONSISTING OF A PROPELLANT FEED ESCAPE TOWER HAS BEEN
SYSTEM AND ONE ENGINE JETTISONED

PROPELLANTS - NITROGEN TETROXIDE AND BLENDED HYDRAZINE (50% UDMH & 50% HYDRAZINE )

i
K iy 8

SYSTEM CONTROLLED BY G&N AND/OR SCS WITH A MANUAL OVERRIDE CAPABILITY P-1078‘J’:o *v}




COMMUNICATIONS SYSTEM

MISSION REQUIREMENTS

DATA COLLECTION

CREW STATUS
SYSTEM STATUS

VOICE

v

TRACKING
RECOVERY BEACON

UP DATA

TAPE RECORDER




LOWER EQUIPMENT BAY

COMMUNICATIONS

DATA STORAGE EQUIP,

SIGNAL CONDITIONING
& DATA DISTRIBUTION

PCM UNIT 1 & 2

VHF MULTIPLEXER

I PMP

| VHF-AM XMTR-RCVR
U\VHF BEACON
H I AUDIO CENTER

CTE

VHF-FM XMTR




COMMUNICATIONS MODES

DOWN DATA, VOICE & KEY
—_—

UP-DATA & VOICE

TM, VOICE

VOICE
RECOVERY
BEACON

VOICE &
\BIOMED

TV, VOICE &
BIOMED
DATA



ELECTRICAL POWER SYSTEM

RD-1006 (@)




ELECTRICAL POWER SYSTEM

FUNCTIONAL DIVISION

POWER SOURCES

e D.C. SYSTEM

FUEL CELL MODULES (3)
BATTERIES ()

e A.C. SYSTEM
INVERTERS (3)
POWER DISTRIBUTION

e D.C. BUSSES
e A.C. BUSSES

SPECIAL CIRCUITS

e BATTERY CHARGER
® PYROTECHNIC BATTERIES (2)

e S/M JETTISON CONTROL BATTERIES (2)




EPS COMPONENTS

LOWER EQUIPMENT BAY

INVERTER 18&2 PYRO
INVERTER 3 BATTERY CHARGER p ¢. INPUT BATTERIES
?Ngb : AC POWER MOTOR SWITCHES L
CONTROL UNIT
MOTOR e

SWITCHES

BREAKER
ASSEMBLY,
! ' INVERTER ~ BATTERY
~——INVERTER ~ NO. 1

NO. 2
BATTERY A
BATTERY B

INVERTER BATIERY C
NO. 3 BATTERY VENT LINE

BATTERY
VENT LINE

.......

EP-020C (@)}




ENVIRONMENTAL CONTROL SYSTEM

RD-1009 { 4}
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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

e
ECS-300 ¢ 4}




ENVIRONMENTAL CONTROL

FUNCTIONAL BLOCK DIAGRAM

HEAT
EXCHANGER

k-—.ll__l

[a]

service | COMMAND MODULE
I
MODULE | N \ [ (¢
| OXYGEN CABIN CABIN EMERGENCY suit
| SUPPLY RELIEF PRESSURE INFLOW DEMAND
1 OXYGEN VALVE REGULATOR REGULATOR REGULATOR
1 PRESSURE |
| | REGULATOR J1 !
OXYGEN : TANK —-II | l
SUPPLY : PRESSURE STEAM VENT
(2 TANKS) ) REGULATOR WATER r
1 EXTRACTOR
; — [
! L
| WATER RELIEF
: VALVE €| SUIT HEAT EXCHANGER € w
FUEL : 4
CELLS h >
3) |
- POTABLE
! WATER WATER
: CHILLER
1
: | | HEATER
—
GLYCOL EVAP
] COOLING
MU =
| RES | " THERMAL
SPACE 1 TANK =] LOAD
RADIATORS | | )
@ 1
]
|
[ CABIN

DEBRIS
TRAP

),

il

sf""'-
FAM-25078-1 & ¥}




CREW COUCHES

CREW EQUIPMENT

MISSION EXPERIMENTS MEDICAL WASTE CONTROL WATER AND FOOD

oo,
R FAM-5402 A{ )




APOLLO CREW EQUIPMENT INSTL, BLOCK |

LWR & LEFT EQUIP BAYS

WATER
DELIVERY
4;\2’,{—_—_\»:_‘ 'FOOD COMPARTMENT
= ] >t -— < (CONTAINERS A,B,C,D,E)

AN

J < \
FOOD COMPARTMENT /\ MEBICAL
CWG & SANDAL T Eaal ey L COMPARTMENT
STOWAGE [T

. B0
LEFT HAND
FOOD STOWAGE —~

WORK/FOOD
SHELF

WASTE
) BASKET
DATA
FILE BAG
WASTE
BASKET
DRAWER
PERSONAL = :
COMM HELMET N == VELCRO

=56 A HELMET BAGS

.
MAR 66 Cs-0003B {(®)




APOLLO CREW EQUIPMENT INSTL.

RT EQUIP BAY
(BLOCK I) SURVIVAL KIT
CONTAINERS (2)

ELECTRICAL——=
UMBILICAL |
STOWAGE ‘

\

RIGHT HAND
FOOD STOWAGE

e SANITATION
\\\ SUPPLY
\STOWAGE

4
BIO INSTR ACCESS/]7/
KIT STORAGE

WASTE STOWAGE COMPARTMENT

COMMUNICATION

a//
il
T MANAGEMENT Lil

. 9 ;—;% J

' PGA BAG (1)

e FECAL
— 'CANISTER

aaaaaaa

MAR 66 CS-0004C ”@
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LUNAR MISSION

PARKING ORBIT

' TRANSEARTH
COAST

REENTRY

LUNAR APPROACH TRAJECTORY
o £ % TRANSLUNAR !
T 8N COAST 2
w2

\ LUNAR
LUNAR \ ORBITAL

INJECTION

ORBIT
LEM ASCENT

LUNAR LANDING

TRANSLUNAR LEM __\/r
] INJECTION DESCENT

/ TRANSEARTH

o7 INJECTION




555D10885

APOLLO MISSION PLAN

MOON AT
W EARTH LANDING

ENTRY & LANDING
TRANSEARTH

B INJECTION

CM/SM
SEPARATION

LUNAR ORBITAL
EARTH RENDEZVOUS

ORBIT
INSERTION

TRANSLUNAR

TRANSPOSITION
& DOCKING

TRANSLUNAR MOON AT
INJECTION / EARTH LAUNCH




ASCENT TRAJECTORY ™™

ALT (FT)

.
600,000
‘ o T 1
L 500,000} ORBIT ACQUISITION
// \ 400,000}
S-IVB IGNITION
300,000
% 200,000}
$-1C
. M 100,000
0 |
0 500 1000 1500

RANGE (N MI)




APOLLO SPACECRAFT/S-IVB AT
EARTH ORBITAL CONFIGURATION




124SD10447

TRANSLUNAR INJECTION & COAST

12,800 N MI RADIUS
THR AFTER TRANSLUNAR
INJECTION

TRANSPOSITION
& DOCKING




TRANSPOSITION & DOCKING_T7 "

i
i

.

T

o
o
2 /

~,

I

ADAPTER FREE
SEPARATION FLY-AROUND DOCKING




APOLLO SPACECRAFT TRANSLUNAR
CONFIGURATION

FAM-1010¢ #




65ASD11088A

PROPOSED
LUNAR
LANDING

ﬁ RANGER
IMPACTS




LUNAR ORBIT & LEM DESCENT s'zares

LUNAR ORBIT
INSERTION

INITIATION OF
RETROTHRUST

LEM SEPARATION
& DESCENT




84AP 77521

LEM DESCENT AND LANDING

LUNAR PARKING
ORBIT (80 NMI)

-
so ooo FT ,%300 N M

LANDING CONFIGURATION
;3"'- }—A.SCENT STAGE
/-DESCENT STAGE
W &‘\““ Bss \1*\ 3 mww "’f
;ff’,—%’




LEM ASCENT & LUNAR
ORBITAL RENDEZVOUS

&
ASCENT TRANSFER
ORBIT
o
° FE

RENDEZVOUS

7~
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LEM ASCENT '

o NSy 'W
k! “\ DESCENT STAGE AS&,
\LAUNCH PLATFORA{\ S -

\\

—
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LUNAR ORBITAL RENDEZVOUS & DOCKING

CSM & LEM
DOCKING

LEM TAKEOFF &
LUNAR ORBITAL
RENDEZVOUS
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APOLLO SPACECRAFT LOR CONFIGURATION




APOLLO TRANSEARTH CONFIGURATION




. ENTRY CORRIDOR
TRANSEARTH
INJECTION
§ \{
MID COURSE
‘ CORRECTIONS

CM / SM SEPARATION

...... .
5
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ENTRY CORRIDOR




TYPICAL RE-ENTRY RANGES 65ASD10884A

® “Gorr R ANGE ( THOUSAND N MI )

\\/ RANANYY .

AV
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JETTISONED
BY 24,000 FEET

e W@%&?
‘ AFTER 1. 6-SEC @/y

TIME DELAY
DROGUE CHUTES
DEPLOYED- REEFED FOR 8 SEC

HEAT SHIELD RECOVERY MODES

Y  MAIN CHUTES FULLY
OPENED AFTER BEING
DROGUE CHUTES RELEASED REEFED FOR 8 SEC
AND MAIN CHUTES DEPLOYED

REEFED BY 10,000 FT



“G” FORCES, LUNAR MISSION, BLOCK II

ASTRONAUT SENSED

20 6's
4
ENTRY DESCENT
| | | DensE | _l
8 . ATMOS PHERE .
- : BUILD UP |
6 |—putL up— J,/;\\ —
L5 fV GLIDE l i
A TPILOT ]
1 N YDEP“ZJWIDEPLOY AN
l v
0 .
10 20 300 400 500 600 700 800 900 1000 1100

TIME IN SECONDS

a a a a a a a a a a a a a a a a a a
1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 1l 17 18
MINUTES

REF DESIGN REFERENCE MISSION, LED-540-12 dtd OCT 64
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STRUCTURES

Yy
FAM-1515 ¢ ®);




INNER STRUCTURE

INNER SHELL (BLOCKI)

— _

AFT SIDEWALL
INNERFACE
SHEET ASY

FACE SHEET ASSY




COMMAND MODULE INNER STRUCTURE

(BLOCK I)

CREW ACCESS
HATCH ASSY

T-STRINGERS




o
ST-208B-1 i@

\ _R.H. EQUIP. BAY

R.H. FWD
EQUIP. BAY

(INNER STRUCTURE)
C

AFT BULKHEAD

BLOCK |

ARY STRUCTURE

C/M SECOND




C/M SECONDARY STRUCTURE

L.H. FWD
EQUIP. BAY

LWR EQUIP. BAY
(FWD SECTION)

LWR EQUIP. BAY
(AFT SECTION)

SHELF

Yo = 42
COLD PLATES )

L. H. EQUIP. BAY

AFT BULKHEAD
(INNER STRUCTURE)




COMMAND MODULE HEAT SHIELDS

BLOCK Il

CREW COMPARTMENT
HEAT SHIELD

,,,,,,,,




ABLATOR THICKNESS
BLOCK |

WINDWARD SIDE

AVCO 5026-39  HC
=

30 LB/FT3
EPOXY PHENOLIC MATERIAL

RELATIVE
WIND—™

GLASS FIBERS

SIE SILICA FIBERS

* PHENOLIC
AFT LEEWARD SIDE MICROBALLOON
COMPARTMENT

HEAT SHIELD

FAM-1506B & ¢ J




COMMAND MODULE
ABLATIVE MATERIAL THICKNESS

BLOCK II

2.25 IN.

RELATIVE
WIND

\%
\

ST-530 { 4 J




APOLLO SKIN CONFIGURATION

MAX AT MAIN CHUTE DEPLOYMENT

BONDED ALUMINUM HONEYCOMB

| 2. . —— INSULATION
! 7 __—BRAZED STEEL HONEYCOMB SUBSTRUCTURE

(L] |} 2 /—ABLATIVE MATERIAL

‘r‘ i

vvvvvvvvv

ST-206F { +




ASTRO-SEXTANT DOOR
LATCH MECHANISM

LATCH
MECHANISM

ASD DRIVER

4 7 o A 2 o
= >
/ o o [IE
SHAFTS (\Q
SEALED

DRIVE

ST-c08D & ®)




CM FORWARD SECTION

DOCKING MECH

LEM LATCH (12)
PYRO SEP SYS

K FORWARD
o ; _\——/_ D HEAT
, SHIELD

” FORWARD
COMPARTMENT

AT O LT T T

\ INNER

STRUCTURE

LoTIcy
72N

FAM-2050 L)}




LEM DOCKING MECHANISM

LUNAR EXCURSION
MODULE

DROGUE

PROBE

COMMAND MODULE

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




FORWARD BULKHEAD INSULATION

INSULATION ON
INSIDE OF FAIRING +Z TENSION TIE

COMPRESSION PAD

-+Y

S FLYAWAY GSE

\TOWER UMBILICAL

S/M UMBILICAL
FAIRING
SERVICE MODULE T,

£y
5

(&)
sT-1600% ) ]




S/MINSULATION

® ¥ "
INSULATION-
| PILE TAPE
HOOK TAPES
|
INSULATION

T,

.
=%

ST-1601A{(4)}




S/M SPS NOZZLE AND HEAT SHIELD

FUEL FILL POINT BEAM 6

BEAM 1

BEAM 5
\

OXIDIZER FILL POINT

HEAT SHIELD FLEXIBLE BOOT

HIGH GAIN ANTENNA Xs = 180 SPS NOZZLE EXT

ATTACH POINT

SPS ENGINE

ST-304C{ 4]




CM/SM STRUCTURAL INTERFACE

e COMPRESSION PAD

& COMPRESSION PAD/TENSION

*Y  JIE COMBINATION

VIEW
LOOKING FORWARD

08 Ticy

FAM 1501 {9}




C/M -S/M SEPARATION SYSTEM




LAMINATED
FIBERGLASS

s Y “é\ EXPLOS IVE SEPARATION

D
N
T~o
N,
NNt
3
\

AFT TENSION-TIE

o~
ST-eloAi@




C/M-S/M SEPARATION SYSTEM

ORDNANCE INSTALLATION

LINEAR SHAPE

TENSION TIE
STRAP
BRACKET

ST-6028 L ®)]




C/M TO S/M ELECTRICAL
CABLE & HARD LINE ASSY (BLOCK I)

HARDLINES

HARDLINES HARDLINES

APPROX 1000 WIRES

AVCO 5026-22

CM UMBILICAL FAIRING

‘ DETONATORS

GUILLOTINE

ASSEMBLY BOTTOM VIEW

ROTATED 90°

5 i SMICM FAIRING
/SM UMBILICAL FAIRING




LEM DESCENT STAGE

FUEL TANK DESCENT ENG INE

WATER TANK

ADAPTER /
ATTACHMENT POINT——

SCIENTIFIC
EQUIPMENT BAY

PRIMARY STRUT

)
LANDING RADAR ANTENNA )

FAM-1512 { +}



LEM ASCENT STAGE

VIEW A

DOCKING HATCH

T 1
' s | FUEL TANK (RCS)
S E /s‘!

/] HELIUM TANK (RCS)

S OXIDIZER TANK (RCS)

ASCENT ENGINE COVER

i
—~
S\ %
H
H
/¢

FAM-1513 {(4)




LEM ASCENT STAGE

VIEW B

L GASEOUS OXYGEN TANKS

AFT
EQUIPMENT BAY

ELECTRONIC
REPLACEABLE ASSEMBLY

HELIUM TANK

\\\\\
027"




ADAPTER PANEL SEPARATION LINE




SEPARATION LINE

SLA PANEL

SIDE VIEW

— N
sT-380 L.}




SLA PANEL DEPLOYMENT

] “\’\“""”"""
4
1

NEGATOR SPRING REEL

(4 PLACES)

ATTENUATOR
(8 PLACES)

;;;;;;



S105AP83074

APOLLO SPACECRAFT USEABLE VOLUME

C/M 225 CU FT
SLA 5,104 CU FT

S/M 213 CU FT



SEQUENCING

FAM-30058 4 )




LAUNCH ESCAPE SYSTEM

MAJOR COMPONENTS

' e TOWER STRUCTURE

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

o BALLAST

e CANARDS

e TOWER SEPARATION MECHANISM

® BOOST PROTECTIVE COVER

FAM-3007 { @)}




LAUNCH ESCAPE SUBSYSTEM

FRANGIBLE NUT INTALLATION
FRANG IBLE
NUT

‘% WASHER
|

R
sT-175A (@) }




TOWER SEPARATION MECHANISM

ORDNANCE INSTALLATION

| |

|

& =4 H—tla
DETONATOR (&\ . )I ‘/ | J::» J:» B

FRANG IBLE
NUT

BOLT BODY

ASSEMBLY

COVER | ¢
PLATE



EARTH LANDING SUBSYSTEM

MAJOR COMPONENTS

® FWD HEAT SHIELD SEPARATION
MECHANISM

® PARACHUTE SUBSYSTEM
DROGUE PARACHUTES
PILOT PARACHUTES
MAIN LANDING PARACHUTES

® RECOVERY AIDS
POST LANDING VENTILATION
FLOTATION BAGS
SEA PICKUP SLING

E SEA MARKER
SWIMMER UMBILICAL
RECOVERY ANTENNAS (HF & VHF)

FAM-3011A { @)




EARTH LANDING SYSTEM g v

MAIN &
o PARACHUTE (3)

PILOT

PARACHUTES &
MORTARS (3)

DROGUE
PARACHUTES
& MORTARS




ocie s EARTH LANDING SYSTEM
® FIST RIBBON TYPE PARACHUTES

e MORTAR DEPLOYED
(REEFED FOR 8 SEC)

e 13,7 FT DIAMETER

R PILOT CHUTE

PILOT CHUTES (3)
e RING SLOT

e MORTAR DEPLOYED

® 7.2 FT DIAMETER
MAIN CHUTES (3)

® RING SAIL

e DEPLOYED BY PILOT CHUTES
(REEFED FOR 8 SEC)

o
e .5 FT DIAMETER F-214F (®)




ST-575A { +))

TENSION TIE
TUBE END

INNER CYLINDER

CARTRIDGE BODY
ROD ASSY
SEAL

‘ ‘‘‘‘‘‘‘‘‘
{.lllllll v

DD e

%“
NSEAER)

bt
(L
f— \ {_ =
S Hw & / E
= O =
< = <C EE [
— (&)
= 9< d | w
—_— O L | [a'a)
= DI a- o =
= m I~y =
o

FORWARD HEAT SHIELD SEPARATION SYSTEM




ABORT VEHICLE MECHANICS

|

DIRECTION OF - 2L \ez e

ABORT = / ONLY
¢ Q@A

CG OF ABORT VEHICLE AT LAUNCH (MOVEIS oUT ~ 1)
L~

. CG OF ABORT VEHICLE AT BURNOUT

<
2- 750 ........ “‘

o




LOW ALTITUDE LES ABORT

(PAD TO <30,000 FT.)

. ELS ARMED

TOWER AND BOOST

COVER JETTISONED DROGUE CHUTES
(14 SEC) DEPLOYED

CANRE (16 SEC)

DEPLOYED N

(11 SEC)

MOTOR

IGNITED

TO 61 SEC

AFTER MAIN CHUTES
LIFT-OFF DEPLOYED

APEX COVER
JETTISONED
(14.4 SEC)

LE
MOTOR
IGNITED




MEDIUM ALTITUDE LES ABORT

(30,000 TO 120,000 FT.)

CANARDS
DEPLOYED
(11 SEC)

EFFECT & DAMP
TURN-AROUND
MANEUVER

ELS ARMED
(14 SEC)

TOWER AND BOOST
COVER JETTISONED
BY 24,000 FT

+.4 SEC

UE {
MOTOR A
IGNITED AN\
Sk \ APEX COVER
sl )\, JETTISONED BY
(((\ . ; )>) 24,000 FT
e b > J./u Q v
,\ e / [} @

.7
8T,
o .,

7\
seq-aae L @)




HIGH ALTITUDE LES ABORT

(120,000 FT TO TWR JETT)

JETTISON TOWER
AND BOOST COVER
(6-10 SEC MANUAL)

C/M RCS DAMPS
& ORIENTS
C/IM

ELS ARMED
(14 SEC)

APEX COVER
JETTISONED BY
24,000 FT + .4 SEC



EMERGENCY DETECTION SYSTEM
SATURN 1-B

ANGLE OF ATTACK LIV L/v
LET /RATES

GUID
M
my LIV GUIDANCE 1
SLA O
W | OL/V ENGINES®
LIVRATES | 4 [0][6]0)
S-1VB - o® O 24\
B : »BOOI® A /AR
9 & .
LIV RATES | /= AUTO
5-1 EDS ABORTT
- AUTO
MASTER
AUTO EVENT
ENG. THRUST #2 ENG OUT_ (@’ SEQUENCE
S CONTROLLER
OFF

FAM-3015A0 @)




EARTH IMPACT SYSTEM

BLOCK |

PARACHUTE ATTACH
FITTINGS

CRUSHABLE RIBS TYPICAL

SHOCK ATTENUATOR




GUIDANCE & CONTROL

FAM-3505  #










GUIDANCE & NAVIGATION
REFERENCE TRAJECTORIES

#*

........

FAM-350181 %]




........

Orvout

TRAJECTORY

EARTH ORBIT POSITION &
TRAJECTORY DETERMINATION




MIDCOURSE POSITION &

REFERENCE

TRAJECTORY 7 .
. TARGET AREA
g //
§ / ,/
¢ v 4
\NEW COMPUTED
TRAJECTORY
COMPUTED

TRAJECTORY

GN-182 { @)




GUIDANCE & CONTROL FUNCTIONS

. G&N SCS RCS SPS

e POSITION ® STABILIZATION ® ROTATION e MID-COURSE
CORRECTIONS

e TRAJECTORY ¢ ROTATION * TRANSLATION * PLANE
CHANGES

e VELOCITY e TRANSLATION ® LUNAR ORBIT
INSERTION

e ATTITUDE e THRUST VECTOR ® TRANS-EARTH
INJECTION

FAM-3500A (@)}




G&C FUNCTIONAL CONTROL LOOPS

BODY OR NAV AXES ATT ERRORS RCS AUTO ON-OFF
GUIDANCE STABILIZATION
& SPS THRUST ON-OFF AND SPS ON-OFF
NAVIGATION CONTROL PROPULSION
SYSTEM SYSTEM SPS GIMBAL COMMANDS RCS
A A
DISPLAY TRANS- ROTATION SPS
& SWITCH LATION COMMANDS
COMMANDS COMMANDS DIRECT RCS
TOTAL ROTATION COMMANDS
ATTITUDE

/ \

MAIN DISPLAY
CONSOLE

TRANSLATION
CONTROL Ell:l E
ROTATION CONTROL




SEQUENTIAL EVENTS
N CONTROL SUBSYSTEM

SUBSYSTEMS
(RCS & SPS)

==

| eNVIRONMENTAL
CONTROL
SUBSYSTEM

COMMUNICATIONS /-
SUBSYSTEM &

Cl
GUIDANCE AND
=<3 NAVIGATION —1 _MAIN DISPLAY
L] SUBSYSTEM _AND CONTROL PANEL
R | : ELECTRICAL
s> POWER
SUBSYSTEM

CREW .

scs-3ma (@)




SCS HARDWARE

‘ ATHURE TRANSLATION
SENSORS pibieh MANUAL CONTROLS s pinal
ACCELEROMETER 3 AXIS

ASSEMBLY ROTATIONAL
CONTROL

ATTITUDE SET

GIMBAL POSITION
DIRECTOR DELTA V INDICATOR
ATTITUDE INDICATOR INDICATOR

ELECTRONIC CONTROL ASSEMBLIES

AUXILIARY

ECA

DISPLAY/
ATTITUDE GYRO
ACCELEROMETER
ASSEMBLY ECA

PITCH
ECA i
220

5C5-019D (@)}




¥
-~ ROTATION
CONTROL

£]13°

DIRECT
SWITCH 14,5°
FROM STOP

®)
SCS-016B (@)}



TRANSLATION

CONTROL
. UP ?XLSKH STV(\;ITCH

FWD

\o/ RIGHT
/ STICH VS VEHICLE

BACK MOVEMENT

scs-015¢ (@)



GIMBAL DELTA
i) POS ITION v
- INDICATOR DISPLAY ATTITUDE
SET
CONTROLS
11
’ DISPLAY/ \
ATTITUDE L ATTITUDE GYRO AUXILIARY |
GYRO AND ACCELEROMETER ELECTRONIC 1
ACCELEROMETER ASSEMBLY ™ controL SEIOE
ASSEMBLY ™ ELecTRONIC ASSEMBLY i
CONTROL ASSY PROPULSION
SYSTEM
3
YAW
ELECTRONIC
> ConTROL
SCS COMPONENT o
RATE 1
GYRO
FUNCTIONAL GINEAL
ASSEMBLY POSITION
TRIM
l CONTROLS
PITCH
ROTATION | ececTronic [
AND | Sl REACTION
‘ TRANSLATION N tiony CONTROL
CONTROLS SYSTEMS
Lo RoLL
ELECTRONIC
™ controOL
»| ASSEMBLY
SCS-304C (&

SCS-304C-1




ATTITUDE CONTROL SUBSYSTEM

DIR ULLAGE

‘ AV INDICATOR
7 DIR ROT.
SWITCHING —<
LOGIC = MANUAL
INPUTS E [ :g?P.
oUgOrm -

SCS CONTROL
PANEL

1
SWITCHING
Logic !
INPUTS

r o
1 1
1
1 i
1
1 1
1 i
] <
RATE GYRO | :
OUTPUT ¢ 3
: T
i 1 TRANS
! 1 COMMANDS (DIR
1 1 COILS)
]
1 1 e i e
1 1 r ':
. ! i i
. ! i 1
A 1 oRor aTRans ) i
TPUT = i i
a . Ilm " =>—] | CoMMANDS ! !
1 < TN~ 1 1
' y.._.l ‘ o[ 1 o cons) !
1 e 1 i 1
1 SN 1 1 ]
1 1 1 RCS 1
I ROLL ECA i H T e J4
1 1
l.--.f ............ f —=]
ATTITUDE ERROR ATTITUDE

IMPULSE

COMMAND RATE
FROM CDU
e

S
scs-214a L ®)}




RATE STABILIZATION

ROTATIONAL
CONTROLLER
TRANSLATIONAL
CONTROLLER
ROTATE &
TRANSLATE
COMMANDS
BO i TORQUES
DY ON-OFF
RATE REACTION
gyro | RATES scs | COMMANDS |- controL | & FORCES| - onrr
ASSY > ELECTRONICS ™ systm [
(RGA) (RCS)
2 I
i _SPACECRAFTNOTIONS J

o0
kY
\ 2
) i
:

/ &
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ATTITUDE HOLD (SCS)

ROTATIONAL
CONTROLLER
& TRANSLATIONAL
CONTROLLER
ROTATE &
TRANSLATE
COMMANDS
THRUST
BODY | ATTITUDE ON-OFF  [RERCTTG—] FORCES &
MOUNTED | ERRORS SCS COMMANDS | ~onTRoL | TORQUES i
AT(T;\'(T#ODE — "|ewectrRonics [ | system [ ] SPACECRAF
(BMAG) z (RCS) :
SPACECRAFT |
} __motioNs | N\ __ .
® oy DEAD BAND SELECT
- BoDY & CHANNEL ENABLE
ASSEMBLY
(RGA)

SCS-411C (@}




AS &
ALIGN
LOGIC

| AUXILIARY

ECA
NAV

TORQUﬂ\IGI _
I_

RATE GYRO ASSEMBLY AXES

_______ _I BODY

AXES |
ANGULAR
| verocimy |

—i—
| |

| L ECA DISPLAY/AGAA

BODY AXES
GYRO TORQUING

BREAKOUT SWITCHES

3 AXIS
ROTATIONAL
CONTROE

CONTROL STICK
STEERING LOGIC

ERROR

BODY AXES
ATTITUDE
ERROR

ATTITUDE SET
NAV AXES

ATTITUDE REFERENCE SUBSYSTEM

IMU

= G&N MODES

—

TOTAL
ATTITUDE

A 4

v

INERTIAL

cou
-
"‘"

-

*w
-
SEW ManuAL

Ccbu

SCS MODES

NAV
AXES
ATT
ERROR

BALL VELOCITY i

BALL DRIVE

"~

— ] ,

) BALL EULER ERROR |

[ sic ancutar veocity (¢

N
CONTROL = - i
MODE (22 LRE
SELECTION : ¢




SPS
GIMBAL
POSITION

_I
|
[
[
[
[
J

ACCEL LOOP

| BMAG LOOP

THRUST VECTOR CONTROL

INPUT

|

ee0 ®e00

0600'® 5lj0 0o o]

SWITCHING

LOGIC SIGNAL

TRANSLATION
COMMANDS

DIRECT ULLAGE

e

BMAG OUTPUTS

SPS GIMBAL

GIMBAL POSITION
DISPLAY

RATE GYRO |
ASSEMBLY

g . o

POSITION TRIM

| gar ovro
oututs |
|

potih

S|

| ROLL ECA

I

| RotaTION
LCoNTROL

jE=monnne

ROTATION CONTROL
TRANSDUCER OUTPUTS

G&N INPUTS

! NI |
SWITCHING LOGIC |

=

SIGNAL TRANSLATION
CONTROL

} TO MAG CLUTCHES

|
|
|
|
|
| 70 MAG CLUTCHES

!

ROLL
RCS

C}:

PROPELLANTS

)
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LOWER EQUIPMENT BAY

SCS FUNCTIONS

MIN IMP CONTROLLER
STATION

RATE GYRO
ASSEMBLY

i

AGAA

DISPLAY
AGAA ECA

YAW ECA

AUX ECA 1
PITCHECA— _ 1 T=%

ROLL ECA S




GUIDANCE & NAVIGATION SYSTEM

ATTITUDE
COMMANDS . [ COUPLING _, ATTITUDE
’ CDU DISPLAY ERRORS
POSITION |  UNIT SPACECRAFT
< -
(CDU) r ATTITUDE
AGC ?QTSUT APOLLO INERTIAL
CONTROLS GUIDANCE |, 4 VELOCITY MEASUREMENT
& % ™ coMPUTER LOS & UNIT TO
DISPLAYS ecr - ] (IMU) STABIL-
{IZATION
OPTICS 3
OPTICS _cou's | CONTROL
DRIVE | space [ [ | scanning s
SEXTANT TELESCOPE
° e n oo
CONTROL ggwés conTroL | COMMANDS
SPS THRUST ON-
—%OFF COMMANDS .

FAM-3503 { 4}




G&N-SCS INTERFACE

SPS THRUST ON-OFF COMMANDS

ATTITUDE
COMMANDS  [COUPLING | _ATTITUDE ERRORS ROTATE & e
cou DISPLAY TRANSLATE CONTROLLER
UNIT COMMANDS
‘ POSITION|  opyy b SIC ATTITUDE kit
14 TRANSLATION
y CONTROLLER
APOLLO INERTIAL DFIE'EGC%R ; iw THRUST
|| GUIDANCE | 4 VELOCITY | MEASURE- o ON-OFF REACTION
COMPUTER MENT et ot SCS COMMANDS, | CONTROL
(AGC) (IMU) ELECTRONICS SYSTEM
(FDAI)
7y (RCS)
“ b T FORCES
_ ~ RATE & TORQUES
os 3| cen A)EZCAE)I(_IEEQ- GYRO y
OPTICS TR BODY |ASSEMBLY| BODY
RATES (RGA) | RATES SPACECRAFT
PITCH & YAW
ERRORS GIMBAL
av POSITIONING
! THRUST v
‘ ON-OFF SERVICE CIMBAL
AV COMMANDS | PROPULS 10N POSITION
DISPLAY 1 SYSTEM ] CONTROL
(SPS) & INDICATOR

FAM-3510A{ ®)]




COMPUTER SUBSYSTEM, GENERAL INTERFACE

= TOMPUTER . —
DISPLAY DATA TO TELEMETRY] e |
. ' DISPLAY AND | MODE SWITCHING
BLOCK UPLINK KE(;E%FSD)S 1
ALARMS | DISPLAY | | ALARMS o
MANUAL >
1 DATA AND )
SPACE- | ALarms iy |
eracr |ENGINE CONTROL ! CDU DRIVE SIGNALS
o | 1 INERTIAL
AQD STAITTJISN(S;]GCN(/)&'\LILROL' | | TIMING SIGNALS e
(NOT USED) . 1 GYRO TORQUING COMMANDS
'DOWNLINK WORD ! APOLLO I ALARMS
GUIDANCE
TIMING SIGNALS ! COMPﬁTER | moDE INDICATIONS
DOWNLINK SYNC SIGNALS | VELOCITY INCREMENTS
UPLINK WORD | CDU POSITION
| |
L )
L I usasm __J
MODE SCANNING TELESCOPE | SCANNING
INDICATIONS AND SEXTANT DRIVE TELESCOPE
SIGNALS AND SEXTANT
SHAFT ANGLES

Py
OPTICAL SUBSYSTEM GN-215 i@)




PROPULSION

\S T,
ooooo

FAM-4000A & #




S/M REACTION CONTROL SYSTEM

QUANTITY SENSOR
RADIATION BLANKET

PROPELLANT

SHUTOFF

7] VALVES
%

FUEL
FUEL VENT
TANK rer

HELIUN

HELIUM ISOLATION

FLL &
DRAIN
QUANTITY SENSOR SCINTILLATOR
RODS TO COMPUTER

PRESSURE
TRANSDUCER

HELIUM TANK

OXIDIZER

BLADDER FLL Illlll

PACKAGE
REGULATORS

*NOTE:
AFRM 014 & SUBS
DESIRED ON AFRM 012

XOUER oy
PRESSUR TARK
mEssin VENT

TEMPERATURE
TRANSDUCER
LOCATIONS

+PONSYS A
-Y ONSYS B
-PONSYSC
+YONSYSD




S/M RCS ENGINE CUTAWAY

FUEL SOLENOID VALVE ASSY
PROPELLANT INLETS

NOZZLE EXTENSION

ENGINE MOUNTING FLANGE NUT

COMBUSTION
CHAMBER

:.u:nml/// WHIHIIIIIT,

SNy \\\\ """l el l”’
A

R

NGI NE ~
ASSEMBLY . .
HARDWARE '

INJECTOR ASSY

O XIDIZER SOLENOID VALVE ASSY




C/M REACTION CONTROL SYSTEM

RELIEF VALVE

REGULATOR
PACKAGE A

=)

BYPASS  FUEL TANK
VE

G LLLLLLLILILLILE II B

OXIDIZER
TANK BLADDER

SANUALANANNARANANNS

OVERBOARD
FUEL

OXIDIZER

AUUALALANLALAR LA L AN

K1

-
)

3
N
NS

INTERCONNECT VALVES
TO SYSTEM "B"

P-10F { +}




C/M RCS ENGINE

SE 8-5

FUEL VALVE CRES STEEL SHELL

JTA REFRACTORY
THROAT INSERT

GLASS WRAP

OXIDIZER VALVE TR69 CUSHION

(ROTATED 90° AND SECTIONED)

ABLATIVE MATERIAL ASBESTOS WRAP

)

s

%
g 5
? 2
b 7




PROPELLANT FEED

SERVICE PROPULSION SYSTEM

e
= =F . 2 8 e = ‘T
= Es S22 == Sl Em S e g
= £E 3RE EBE =f =B =8 S
=10 21 =X ==
L o
osesead . N
= N
N i
" mh
N
\
N
\&
\
N e
N =2
w RO R s~ — — — 38 =
V =&
R | gzl |
=4
g
= o _
_
N
X
_
|
,wwp _ _
=
A\ 52| “
BEy ol
_
|

=

; =
o5 . = =
== - ===
= [ S .
= = = =2
= == = =m==0
— b= =i === 8
e = o oc = =i a= )
b =S== = =~ aS= =
~ ==Ss= 2 ~ D=
N e =9 = = =
I i o= o N = = o B
<5 = = . = S o »
s a = S-S = 2Ll
o= o = S=w =
LS = ==2==




SERVICE MODULE SECTORS

AND CENTER OF MASS SHIFT

-Z
® SECTOR BLOCK |
MODULE A SECTOR
SECTOR
v
/ MODULE B
-y +Y
MopuLE p O
SECTOR
MODULE C /
L
b P-0004C{ #)}

o
VIEW LOOKING FORWARD




PROPELLANT FLOW SCHEMATIC

SERVICE PROPULSION SYSTEM
PRINARY

Ny FiLL SECONDARY
& DRAIN OXID FUEL
(2 puaces) BEE BN,
P
INJECTOR PRE-VALVE BALL VALVE
(2 PLACES) fea] —?] (8 PLACES)
REGULATOR PACKAGE
(2 PLACES) = SOLENOID (7
RELIEF VALVE e
(2 PLAGES) (4 PLACES) ¥
— |[L00P BALANCE omiree [
Gy i
(8 PLACES) Ul - m' g M "
INDICATOR|| (4 PLACES)
! qm:l"‘"‘"'llj y §
ﬁ # il ] ..o i “ § # ;
actuator | | :
TYPICAL VENT (4 PLACES)
(4 PLACES) E
:.an e
E16 03




SPS ROCKET ENGINE

152,

82"

GIMBAL

PLANE—\

111

82"

98. 48"

| o,

P-10008 {




SPS RING, STRUT & THRUST CHAMBER ASSEMBLY

O
O
_\ )
: /THRUST CHAMBER

THRUST MOUNT

. ACTUATOR BRACKET

GIMBAL RING <
g
> SRUITaT
l 7

&
3




TELECOMMUNICATIONS

FAM-4505 {(@)}




COMMUNICATIONS SYSTEM

ANTENNA EQUIPMENT GROUP

C-BAND ANTENNA

o i
. /RECOVERY 3
\ / ANTENNA LL _
\ J

\
f S LINE CUTTERS

T—@&‘@

VHF/2-KMC SCIN
ANTENNA

E
VHF RECOVERY ' NON-SURVIVING
ANENNA-/N//{j ANTENNA

VHF RECOVERY
ANTENNA @)

/ .
FLASHING
LIGHT
SWIMMER
UMBILICAL

HF RECOVERY
ANTENNA

\J

> SURVIVING

SCIN ANTENNA
co-17ct #)




BLOCK Il S-BAND
HI GAIN ANTENNA

SOLAR RIB
REFLECTORS
x31" DIA

FEEDHORNS

10° OFFSET FRONTV IEW

e

,}"




TV CAMERA LOCATIONS

aning
©

W/

O]

CD-72




BLOCK Il TV CAMERA LOCATIONS

TELEVISION CAMERA EXTENSION CALBE

TELEVISION CAMERA & STOWAGE CONTAINER
v« LID PRIMARY OPERATIONAL LOCATION
)

CLAMP STORAGE-_ "

! ’J\/
= / TELEVISION CAMERA STOWAGE

CONTAINER

#oTey
i S
4
H

co-20124




APOLLO TV CAMERA

—

——

| _ |
| 60°(TYP) = N~ ﬂ

|

2.15

8.25

| (TYP)

LENS ASSEMBLY

T

.80
1A

1

o~

WIDE ANGLE LENS

weTic,
S

co-163ct. )}




BLOCK | COMMUNICATIONS RANGES

C BAND TRACKING

o B> (rra-60r TPO-18) ~16,000 NM

VHF OMNI

. UP DATA (UHF) —=— = 8000 NM

VOICE = = 2000 NM

™ F= x 1000 NM

2KMC OMNI
UP-VOICE & UP DATA >.210,000 NM yu

EMERGENCY KEY > 210, 000 NM _

TM (NARROW BAND) PM = 26,000 NM

TM (WIDE BAND) FM ~ 6,000 NM

DOWN VOICE ~ 12,000 NM

0 5 10 15 20 25#‘21'6_

RANGE FROM EARTH'S SURFACE ~1000 NM




CSMBLOCK I COMMUNICATIONS RANGES

~2,000 NM

-» VHF OMNI
VOICE

2KMC OMNI ~3, 800 NM

DOWN VOICE

UP-DATA
BACKUP VOICE & /\,
EMERGENCY KEY

TM (LOW BIT RATE)

<

TM (HIGH BIT RATE) ~ 22,000 NM

2KMC HIGH GAIN
q > UP-DATA, UP-VOICE NIDE RERH MEDIUM BEAM
B

DN VOICE, DN TM PRN ] NARROW BEAM
L 1— |_DEEP SPACE BLIND

AREA FOR 85' ANT. M MOON
TV NEAR
EARTH & 3 =

4 LUNAR OPERATIONS:
DEEP SPACE L VHF:  VOICE, CM-LEM
RENDEZVOUS RADAR /
TRANSPONDER, CM-LEM
>L\HIGH GAIN ANTENNA
OPERATIONAL (2500) ,\, |
1.4 46 80 200 300 4 50 120 210

RANGE FROM EARTH'S SURFACE IN NAUTICAL MILES (THOUSANDS)




NEAR EARTH COMMUNICATION MODES

UHF
UP-DATA

VHF
VOICE (AM)
™M (FM)

RANGING '
TIM

voice [ BV
UP-DATA

TRACKING




S-BAND GROUND STATION GEOMETRY

\\ o //
\\\(30 ///
MADRID ~__~ OVER LAPPING
4000 MI. X7~ COVERAGE
//// \\\

-
-~
o~

7~
OVERLAPPING
COVERAGE f

co-76 L @)}




S-BAND GROUND STATION REQ

‘ 100 MILE

ORBIT

4000
COS 6 = 7700

o=x12°
2 0 2°
360°

=" 15 STATIONS

100 MILES

CD-71 L)




BLOCK | MSFN NEAR EARTH
VHF/UHF/ C-BAND STATION LOCATIONS

140 180 220 240 260 280 300 320 340 0 40 60 80

4%
wmre
DS\
NTRY PT ARGUELLO { SL

s

4w}

2
LS

C KENNEDY
: ABERMUDA
L SHIP
g x HAWAIL GUAYMAS . TE INSERTION SHIP -
2 e ] it Q'Z — ,0
E¥ i % ANTIGUA
g ¢ .
3 ; 1% REENTRY GRAND BAP-
p ) SHIP %
a2 2 = T {NJECTION o
N : SHIPK
U A 8
s;'w r . “ \. ASCENSION *
P i L]
m —_—— e 4 — o m

_...L__" / 7] 0, S () R ) (DR (Eemppew) P oy - B Ry, g y
CARNARVW
40 l g 40

A C-BAND TRACKING, UHF COMMAND VHF VOICE,
AND VHF TELEMETRY

@ UHF COMMAND, VHF TELEMETRY, AND VHF VOICE
B C-BAND TRACKING AND VHF TELEMETRY (RECORD

ONLY)

60 [© C-BAND TRACKING ONLY — U
X VHF VOICE AND VHF TELEMETRY (RECORD ONLY) .
@ VHF VOICE AND VHF TELEMETRY <
% C-BAND TRACKING AND VHF VOICE  -=----rfo-o-eo-- o Gy ) 4 ) i) =eliido St s s g/ s
100 120 140 160 180 200 220 240 260 280 300 320 340 0 20 40 60 80
LONGITUDE poTS




BLOCK | & Il MSFN S-BAND STATION LOCATIONS

100 120 140 160 180 200 220 240 260 280 300 320 340

80P
G MR-
< 5
& iy
o ,\—J
N
. o g
-
D4
o ,/‘
INSERTION |
~—\ ' SHIP
REENTRY GO .DSTONE E:;;EDY
w § sHIPO GUAYMAS
S 4 . ‘2 @ © BERMUDA
= ¥ . ﬁm = GRAND BAHAMA JL_—
s : A Guam ISLAND d ANTIGUA
£ b REENTRY
0 - 4 3 el 3 INJECTION 2
-l N b A SHIPA
INJECTION . . \\- ASCENSION '
20 p-SHIP Py / . o iz 2
CARNARVON
(g 3%, CANBERRA
40 Jv 3 40
-
NOTE: SINGLE CAPABILITY STATIONS CAN SUPPORT ONE SPACE VEHICLE IN
KEY: % - 85 FOOT STATION (DUAL) TRACKING MODE AND RECEIVE AND PROCESS TWO PCM TELEMETRY
60 b— A\ - 30 FOOT STATION (DUAL) BIT STREAMS, DUAL CAPABILITY STATIONS - CAN SUPPORT CONCURRENTLY {60
© - 30 FOOT STATION (SINGLE) TWO SPACE VEHICLES IN TRACKING MODE AND RECEIVE
O - 12 FOOT STATION (SINGLE) THREE PCM TELEMETRY BIT STREAMS (PROCESSING TWO)
poeagf—- oot D ) Sty T Su— il s st Gt & S e e N O sy mm e
100 120 140 160 180 200 220 240 260 280 300 320 340 0 20 40 60 80
LONGITUDE ST

CD-62 L @)}




MSFN S-BAND IMPLEMENTATION SCHEDULE.

El 1966 1967
STATION Sdlelis=
g;gEEJFMAMJJASONDJFMAMJJASOND

CARNARVON b | 3
BERMUDA s 30 A [
HAWAL| D 30 B
KENNEDY D 30 A L]
TEXAS s 30 A H
GUAYMAS s 30 A [ ]
GUAM 0 | 3 A [ |
ASCENSION D 30 A [ |
ANTIGUA S 30 ]
CANARY 3 30 B
GRAND BAHAMA S 30 £ i
GOLDSTONE D % A L |
CANBERRA D % A ]
MADRID D & A
INSERTION SHIP | s 30
INJECTION SHIP | 30
INJECTION SHIP | D | 30 2]
REENTRY SHIP s 12
REENTRY SHIP s 12 [ |
8 INSTRUMENT-
ATION AIRCRAFT

[ k!
(@)
COMPLETE INSTALLATION AND CHECKOUT A COMPLETE SYSTEM SimutATion [l @ax’



COMM EQUIPMENT/MISSION PHASE

LAUNCH LEM TRANS-
EARTH TRANS- DESCENT EARTH
PRE- ORBIT LUNAR LUNAR LUNAR INJECT | DESCENT
LAUNCH | TRANS- | FLIGHT ORBIT EXPLORE | TRANS | LANDING
LUNAR 4000 M1 LEM EARTH RECOVERY
. INJECT. ASCENT FLIGHT
HARDLINE VHF/A -
VOICE e S_MN’[‘)"* S-BAND S-BAND f/HBFA/':hDM S-BAND CEF/AM
v N/A S-BAND S-BAND S-BAND S-BAND S-BAND
HARDLINE = =
BIOMED | Whiomms SRl e [ seanps i eate 5-8AND
UP-DATA: [ LI (- DN S-BAND S-BAND S-BAND S-BAND
DWN- HARDLINE VHF/FM . = o -
DATA VHE/FM* S-BANID* S-BAND S-BAND S-BAND S$-BAND
. RANGING g_';f‘,’;‘g, S-BAND S-BAND S-BAND S-BAND
BEACON . . . \HF-BCN
* BACKUP MODE e
+ LEM-E. V.A. COMMUNICATIONS 7

One®

co-758 L ®




AUDIO EQUIPMENT INTERFACES

. VAE e VHE
RECOVERY RECOVERY oo\
NO. 1 ANTENNAS
Y 2 KMC
R SCIN
i ANTENNAS
PIT ; !
®— ———————————————— > [
|
|
MULTI- !
R \ /
MICROPHONE hepiles i
EARPHONE AUDIO [y :
CONTROL | | i L S T
o |
- RREL 1 HF VHF/AM | y
s P - TRANS- XMTR ! ?
(iE'VEi ECVR‘ COMMUNI- |
3 AUDIO CATIONS Fmmmmm—r=—
B "| nworo fe——— Lo——-|-d-——1 controL
CENTERS |¢—! | .
EARPHONE |e—] AUDIO | i i
CONTROL b il SRS R e s ot -
PANEL — > : y \ A
PTT S-BAND
AUDIO
R > » PP jo———» USBE fe—s] POWER
i AMPLIFIER
MICROPHONE |
|
AUDIO | |
EARPHONE cowteor [+ 010 L
R TRANsLaTioy  LPANEL T

CONTROLLER




PERSONAL COMMUNICATIONS
ASSEMBLY MK II

@ FOAM HELMET

FIBERGLASS

EARPHONE

REF:  V16-601176 @‘21 PRSI e

NOV 65 Cs-1018 { 4]




PERSONAL COMMUNICATIONS
EQUIPMENT CONNECTIONS ,BLK | PGA

CONSTANT WEAR

‘m PERSONAL COMM HELMET H %%Fgww\g)o
NECK DAM ,l..ﬂ Z ! l EQUIPMENT BAY

PGA ELECTRICAL
ADAPTER

BIO MED
PREAMPLIFIERS

ELECTRICAL
UMBILICAL ASSY
(COBRA CABLE)

] pi TN
. , NG
N Ze= N\
Z \

Lrony

NN

MAR 66

CS-1016C (@)}



UP-DATA INTERFACES

VHF PORTION OF 2 KMC PORTION OF
SCIN ANTENNAS SCIN ANTENNAS
A4
AT BT Y
‘ % / COMM
b A CONROL | l PET, S
PANEL
| ACE T [
| G&N MULTI PLEXER é '
| INTERFACE " [ S-BAND
| ) VHFIEM | | POWER AMPL
‘ XMTR | 1
; | A
| UHFIFM } y
‘ RECEIVER |fe— — ——— — — S . N o
450 MC v
| UP-DATA DATA - t
| LN |° LU )
i 4
| REAL
TIME
‘ COMMANDS APOLLO
Mbinare GUIDANCE
»|  COMPUTER
C.T.E
N TIME
‘ ACCUMULATOR
DATA
VALIDATION PCM
DISTRIBUTION ——51eNAL "]  TELEMETRY
PANEL e
CcD-54B% *




DATA SYSTEM INTERFACES

VHF PORTION VHF 2 KMC PORTION
OF SCIN RECOVERY OF SCIN
ANTENNAS ~ ANTENNA NO.1 ANTENNA
. ) /&
— o
i 7
! [ - |
' VHF S-BAND |
MULTI- POWER |e—- -
COMM !
SGKTROL PLEXER AMPL. |
PANEL
' 1 1 i 512 KC CERTRAL
b it S-BAND ‘__1" l LCFS TIMING
i XMTR XPONDER . HARD-LINE BIO-MED DATA
: . v FROM G&N
| N | i O M »T0 G&N START-STOP
: \RZ 26 PARALLEL BITS ¥ AND SYNC PULSES
o DATA Y Y DIGITAL & ANALOG DATA| . [~~~ * PARALLEL DIGITAL
"~~~ = ~1PRE-MODULATION[* 512 KC DATA b e el
! PCM |DIGITAL SOURCE SIGNALS| DISTRIBUTION [———TO DISPLAY
! | PROCESSOR [ TIMING] TELEMETRY |P1G!TAL SOURCE SIGNAL 3l PANEL [ T0GsE
: - L CONDITIONED
: S| = ry ANALOG & DIGITAL
‘ : | g INPUTS
<
1
! LOW T0 SIGNAL
L-—--|- —p| DATA STORAGE LEVEL UMBILICAL CONDITIONING
EQUIPMENT il 05 cop EQUIPMENT
INPUTS ACE
ANALOG
ALS UNCONDITIONED
BN ANALOG INPUTS c-s08 & ¥




ELECTRICAL POWER

ooooooo

FAM-2008 { 4




ELECTRICAL POWER SYSTEM

BLOCK II

o
FAM-2005A {®)]




Ho & 09 CRYOGENIC STORAGE

e STORAGE VESSELS
® CONTROL VALVES
* PRESSURE

e TEMPERATURE

EP-011B {®)}




CRYOGENIC STORAGE SYSTEM

GAS CONTAINER | CAPACITY | TOTAL CAPACITY
® 0, INCONEL @ | 320 LBS (EA) 640 LBS ]
Hy TITANIUM 2 |  28LBS (EA) 56 LBS
oAs INPUT SETTLED STORED SYSTEM
TEMP. TEMP. PRESSURE ALLOCATION
, s . X<% |__EPS-4i04
2 297" F s PSIA ECS - 230 #
, . 25 + 15
. Ho -493° F -417° F PSIA FUEL CELLS ONLY

£,

FAM-2001 {®)]




CRYOGENIC STORAGE SYSTEM

TANK t T0 FIC — Tquantity ]
# QUANTITY INDICATOR
® FLOW SENSOR SENSOR — | ! Rk
REACTANT
ISOLATION
- VALVE TANK
RELIEF s | T0 FIC HEATER

PRESSURE | PRESS.
SWITCH KLNDICATOR
+ 10 FIC PRESSURE
D] SENSOR
& AN L MANUAL
FAN gt
28 VDC  oe—o—o o+ 115 VAC
S HEATER il

AUTO AUTO




ELECTRICAL POWER SYSTEM

smicm DC DISTRIBUTION
1

SIM JETTISON
CONTROL
"A" BATTERY

. 70 LOAD

T0
OFF L_ > BATTERY A
UNDER _i
10

BATTERY

1
1
1
1
1
VOLTAGE BATTERY "A" o—b
1
1 SENSING CHARGER TBgTTERY B
FUEL |OVERLOAD SENSE| I
CelL | & REVERSE | P BATTERY C
1 | CURRENT RELAY : ERY|BUS A
1 S
SIM 1 d |
A" BUS i
1
- FLIGHT
- POST
FUEL |OVERLOAD SENSE i NON .
2 | CURRENT RELAY : BUS
1
! —
1 al
1 1 Ll |
: BATTERY[BUS B
FUEL JOVERLOAD SENSE -
CELL | & REVERSE H
‘ 3 | CURRENT RELAY ' —
PYROTECHN
i VOLTAGE BATTERY "B" BATTERY fE
S/M JETTISON '
CONTROL
ug" BATTERY : PYEREESYN'C PYROTECHNIC
SIM: C/IM nge BUS "B .

woLig

FAM-2006 *\




ELECTRICAL POWER SYSTEM

AC DISTRIBUTION

VOLTAGE FAIL
. SIM } cm & OVERLOAD
i MAIN SENSING
1 BUS A
! 28 VDC
i INVERTER $A
FROM : ‘ 115/200 VOLT 400 ~ ¢ B
FUEL CELLS % CCPRNCTLTSL ™| 3¢ INVERTER NO. 1 o C
1
i
]
]
1
1 y
i
?A
i INVERTER AC BUS
115/200 VOLT 400~ Y T0 SIC
i —o—»{ CONTROL }—»] »{ CONTROL >
i i 3¢ INVERTER NO. 3 i el LOADS
I
] A 4
]
1
i
1 PA
i INVERTER ”
FROM 5/200 VOLT 400 o8
. FUEL CELIS 2 SR [ 36 INVERTER No. 2 oC
1
i MAIN
1 BUS B
: 2 VdC VOLTAGE FAIL
SIM § CIM
|

& OVERLOAD
SENSING




124SD10324 A

APOLLO FUEL CELL POWERPLANT

HYDROGEN IN = LOAD {:{- OXYGEN IN

;W+
ANODE A CATHODE
REACTION 20 ‘i REACTION
HYDROGEN & x i OXYGEN &
HYDROXYL ION ,/53- ; WATER &
PRODUCES H g%~ o ELECTRONS
WATER & A Ve PRODUCE
ELECTRONS LI | HYDROXYL
Y i e ION

WATER, HEAT & a}| ELECTRO -]
RECIRCULATING | LYTE v
HYDROGEN Hy o,

HEIGHT = 44 IN. ouT <

DIAM =22 IN. \/mcmooss

S
WEIGHT =245 LB EACH RICKEL SINTERS




EPS FUEL CELL DIAGRAM

ELECTRICAL
(m) LoAD
CONDENSER oo g BYPASS o .""l.........
‘ saaaai = Ao .
HYDROGEN f
PUMP : :
WATER | 4
SEPARATOR [\ : PURGE
' H l e vaRet
L o VALVE REGENERATOR o
- . : L HYDROGEN REGULATOR REGULATOR
VENT
= ==
HYDROGEN
PREHEATER
B -
OXYGEN
= - PREHEATER
o NITROGEN
REGULATOR
e — —l ------- H
jl GLYCOL \ d : i)
R T . i p,.
L _ _ H_ _ FCMODUE N  @USHUTOFE  __ _H _ _ _ _
‘ SPACE SIM I VALVE
RADIATOR NITROGEN
FILL

STORAGE STORAGE




1245D10325

@ FUEL CELL REACTION

MAXIMUM REACTANT
CONSUMPTION-
POUNDS PER HOUR

2.5

WATER GENERATION RATE-
POUNDS PER HOUR-
VOLTAGE PURGING NOT INCLUDED

2.5
PURGE REQUIREMENTS
2.0 NOTINCLUDED 20
15} = sk MAXIMUM
OXYGEN 30
10} 291
28| NORMAL L
27 OPERATING
0.5} & MINIMUM
HYDROGEN BAND 0.3
. ol | —-r—'( | I [ J 0 ! ! ! | J
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 25

GROSS POWER PER POWERPLANT - KILOWATTS




ENVIRONMENTAL
CONTROL

FAM-2505A ()] n




ENVIRONMENTAL CONTROL

SUBSYSTEM FUNCTIONS

OXYGEN SUPPLY SUBSYSTEM
e NORMAL OXYGEN SUPPLY
e ENTRY 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
e HEATING OR COOLING FOR CABIN -
® REJECTS EXCESS HEAT TO SPACE




OXYGEN SUBSYSTEM ..,

Ay INFLOW REG

o]

SIT ISOLA- 1
TION VALVE -

e

BACKUP
OXYGEN
SUPPLY

I CYLIC ACCUM
| SELECTOR VALVES
| CABIN PRESS.
| RELIEF VALVE

1
I . ¢

1
I

1
I

' POT
| WATER

SIM | CimM ; TANK
TO STEAM WATER

| pucT TANK

N

£cs-210 £\ @)}




onmn PRESSURE SUIT SUBSYSTEM

_ SIM SUPPLY OXYGEN FROM
REGULATOR [{cycLic Accum
ﬁr TEMP
SENSOR
SUIT HEAT
WASTE
‘ 6LYcoL Hy0 EXCHANGER WATER
FLOW | BYPASS  fF—~o_ T | SEPARATOR
LIMITING CONTROL Tl
7\ VENTURI S
= SUIT CONNECTOR) | (TYP 3 e » ST
VALVE (TYP 3 PLACES)
PLACES) PRESSURE |- —_ COOLANT SECTION
CONTROL TS
Xar BACK
% PRESSURE
< ~
e oz 1S WETNESS ~._ VALVE
) 1 controL | _ N
DEBRIS | | STEAM *—
WASTE | —
TRAP\ | | MaNAGEMENT I g\éé;"ooRNATOR
| [ CONNECTION e
€0y SENSOR |
H20 »
SUIT CIRCUIT IfWATER INFLOW
RETURN CONTROL VALVE
CHECK VALVE
DEMAND PRESS
REGULATOR & RELIEF

COp & ODOR
ABSORBERS -~

VALVE

S,
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ENVIRONMENTAL CONTROL

WATER SUBSYSTEM

SERVICE | command

MODULE | MODULE e e oo STEAM
VENT
WATER PRESS. —
RELIEF VALVE WATER
INFLOW
VALVE
BACK PRESS < -~
VALVE W0 GLYCOL PRESS
EVAP INFLOW VALVE
WATER [ o CONTROL WATER
6LYCOL VALVE eLycoL
- EVAP
COOLANT i
SecTion | SECTION oljp = [WATER cLvcoL
WATER /( g EVAPORATOR
SERARATCR CYCLIC ACCUM (2)
L
=
OXYGEN FROM
WARNING HIGH
SENSOR PRESSURE
OXYGEN
WATER  WATER
DELIVERY GLYCOL
ASSY e

Onipare®
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WATER GLYCOL SUBSYSTEM

Sim IC/M

GSE CONNECTIONS

GLYCOL GSE
SPACE SHUTOFF
RADIATORS VALVE

LA

SPACE RADIATORS
4 ISOLATION VALVES
TYPICAL 4 PLACES

=

|

RESERVOIR
INLET GLYCOL
RESERVIOR

RADIATOR
BYPASS
VALVES

RESERVIOR
BY PASS
( ( STEAM
BACK
CRAS? POCKIPRESS BACK PRESS
CONTROL
BACK | vALVE
—- PRESS pF——--
RESERVIOR | CONTROL
OUTLET )
I
GLYCOL
TEMP SUIT GAS *
CONTROL TEMP
CONTROL

GLYCOL
EVAPORATOR

CHILLER

GLYCOL
TEMP CONT.
VALVE SUIT HEAT
EXCHANGER
H20 INFLOW
CONTROL
WETNESS | VALVE
CONTROL
WASTE IV
H20 IN wemness |_ |
CONTROL —
Ha0
INFLOW  \Q
ﬂﬂl—‘ CONTROL
CABIN TEMP VALVE
COLD PLATE HEAT £
e CONTROL VALVE L SUIT GAS
FLOW
cooL
* i
z
\
e e A e ) SRS e S
(’)?t \\_ CABIN
CABIN HEAT = cmrn:m
EXCHANGER
D! caBIN ¥
) AR =
’ FANS o
ﬁ DAMPER
| gy | J L
» J He
| SRS ¢ )

S
e\




COLDPLATE NETWORK

ORIFICE

C&w

FDAI

PSA

AGC

—

SEQ

DATA

[_F STORAGE

PREMOD
PROC

JL

INV

BATT
CHRGR

INV

I

INV

1

Ccbu

RGP

=

AGAP

1=

J]

——4 MU

I

OBA

=

AUDIO CENT.
CENT.
TIMING

PCM NO. 2
VHF MULT

||

1

VHF/ AM
XCVR
VHF/FM
XMTR

S-BAND
PA
C-BAND
XPNDR

—

SIG COND

PCM NO. 1

S-BAND
XPNDR
UPDATA

ROLL
ECA

-

AUX ECA
PITCH ECA

L]

lL

DISP/AGAP
YAW ECA

—>
out




COMMAND MODULE COLDPLATE PROVISIONS

MAIN DISPLAY PANEL

K g \_ cauTioN &
® /A - - WARNING

OPTICS BASE
ASSEMBLY

COUPLING DISPLAY UNIT

O %
IMU [E \Q\J’\\/\ RATE GYRO &

DATA STORAGE -] J/ ACCELEROMETER
"\v/ H : .
X = 42,665 | N \z=33 AP
e o LT )5@4/7;’
\

T -7 SIGNAL : G&N PSA UNITS
=" CONDITIONER . /

PCM UNIT #1 &
MESC+ VHF-FM XMTR con
PREMOD PROCESSOR )
PCM UNIT #2 & G&N COMPUTER
MULTIPLEXER ECA (2)
VHF-AM XCVR INVERTER
RIGHT-HAND< ‘é*_'g}ﬁ&géﬁ%; > LOWER EQUIPMENT BAY
EQUIPMENT BAY \— ECA & SCIENTIFIC EQPT
. [ DSIF XPONDER
AUDIO CENTER & CENTRAL TIMING” SCIENTIFIC EQPT

BATTERY CHARGER 7oy
FCS-87A {@}



CREW EQUIPMENT

........
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R $.- i e B

APOLLO CREW COMPARTMENT, INT VIEW,
FROM-Z AXIS

(BLOCK 1)

LEFT HAND FORWARD
EQUIPMENT BAY

RIGHT HAND FORWARD
EQUIPMENT BAY

—

RIGHT HAND
EQUIPMENT BAY

. L e )
uﬁ BULKHEAD
LEFT HAND e e

EQUIPMENT BAY 1

aaaaa
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APOLLO CREW STATIONS

FORWARD ACCESS MAIN
CREW HATCH CONTROL &
. DISPLAY

P ANEL
G&N
STATION DUTY
- STATIONS
3)

SLEEP

CENTER COUCH STATION

SEAT FOLDED

........
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MAIN PANEL FUNCTIONS

® LV EMERGENCY DETECTION ® PROPELLANT GAGING
® FLIGHT ATTITUDE ® ENVIRONMENT CONTROL
® MISSION SEQUENCE e COMMUNICATIONS CONTROL
® AV MONITOR e POWER DISTRIBUTION
® ENTRY MONITOR ® MALFUNCTION DETECTION
=l

SPACECRAFT COMMANDER COPILOT SYSTEMS ENGINEER

NORTH AMERICAN AVIATION, INC. 3.64 AP 74315
SPACE AND INFORMATION SYSTEMS DIVISION




MAIN PANEL

(BLOCK 1)

CAUTION AND
=/ & WARNING

]-—izlzl-—"'!!

7]

— @ - . . .
RCS k ...I] ::an &
PROP VT R | (e e
e ENVIR W22 S ecpur A
CONTROL |{z2 rra@ s
oooass o===|:-" 89726
ey rrllerserg o ||EEER O 'ZZBQQ\/
bk o 1} | ——°°°°‘ <
'\*;VW\ SPS PROP |*
(}9__' N MGMT
B B - |
\

FAM-5403 { %))




CREWMAN CLOTHING

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

FAM-5009A { )}




CREW COUCH INSTALLATION

3 COUCHES LOCKED TOGETHER
FIXED COUCH BACK ANGLE (2°)
MANUAL ADJUSTMENT

SYSTEM SUSPENDED FROM
ATTENUATION STRUTS

STATIC ATTENUATION
STRUT SYSTEM
UNTIL LANDING

FOOT ‘
ATTENUATION \\\
. STRUT (X-X AXIS)\~ev

HEAD
N ATTENUATION
STRUT (Z-Z AXIS)

HIP
ATTENUATION
STRUT (Y-Y AXIS)

Z-7 ATTENUATOR
STRUTS

uuuuuu

cs-2008 & * ;
REF: V16-53150) FEB 66 0018




CREW COUCH POSITIONS

BLOCK | & BLOCK Il

K 216° j
ACCESS E(
22 D

= el

NAVIGATION
=T SIGHTING
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APOLLO CREWMAN RESTRAINT
HARNESS ASSEMBLY

FAM-5010 {4 n




SLEEPING POSITION RESTRAINT

CONFIGURATION
. e N

‘ AFT RING TIE

JUN 65
CS-2330 L ¥}




EMERGENCY ENVIRONMENTAL CHAMBER (EEC)

28I 1
\

APPROX VOLUME = 22 CU FT
WEIGHT <12 LBS
OPERATING PRESS. = 3.5-5.0 PSI

7

il |
(B I
I
N\
N

/ /
)Q—POSSIBLE ALT POSITloN)L
=

= e
f-_

e Cs-5475 (@)




FIELD INSTALLATIONS

CREWMAN INFLIGHT TOOLSET

V16-601404 (REF)

CREWMAN
INFLIGHT
TOOLSET

i = V16-601241-Y1 (REF)
7
CS-0010-4 { 4}




WORK/FOOD SHELF

(BLOCK 1)

. SUPPORT FRAME

SLIDE LATCH

.
CS-3500 L)} n




PERSONAL HYGIENE ITEMS

(-]
—
PY -
N\ -/ A
‘ WET CLEANSING CLOTH

TOOTHBRUSH
(1 EACH ASTRONAUT)

BRSECEENEIHG G OT INGESTABLE GUM PACK

(2 STICKS PER PACK)

gggggg

< 5
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WASTE MANAGEMENT SYSTEM ©®
CONFIGURATION

PROVIDES:

T——--__ L VENTILATION FOR WASTE

STORAGE COMPARTMENT

WASTE MANAGEMENT 2. CONTROL FOR GASEOUS, LIQUID,
SYSTEM PANEL AND SOLID WASTE.

—

\
A \ %
ZZ=="""_WASTE STORAGE I

7 _~ COMPARTMENT
=Tl X

T
I
]
: I +Y >1<-Z 7,
I +Z -Y
Y 1 | —_ &
STP =
\ | m =] =
| ,i ! ‘/

FECAL CANISTER

AXSTEAM VENT

ECS SUIT LOOP

ODOR REMOVAL
URINE RECEPTACLE ( e : r'

URINE DUMP

FROM ECS EXCESS WATER ~
cs-so02 { ¥}




WASTE MANAGEMENT SYSTEM FUNCTIONAL FLOW

BLOCKT GATERY  WATER
fEaase OVERFLOW DUMP LINE
: N\ .
' AIR NOZZLE i STEAM
URINE ! B i VENT
o RECEPTICAL FECAL ] HEATER LINE
HBE = 0D gackup
LEX HOSE
ABK Hos | {] VALVE
VACUUM CLEANER ®
ASSY | |
|
— n®  seecToR
BLOWER #1 == VALVE
Jﬂ e SYSTEM OPERATION
| l POSITION  PORTS OPEN EILOWE#F;S
. | Il 1 OFF OFF  OFF
2 URINE-FECES  2,5.6:7.8 ON  ON
e A2 3.VACUUM CLEANER 1,8 ON OFF
s lag
I T STORS 6o\ URINE DUMP 13,4910 OFF  OFF
 URINE DISPOSAL\ViHeAs
K CS-5001D & ¥}

LOCK




APOLLO SURVIVAL KIT AND COMPONENTS
BLOCK |

S >

MARKER' LIFE RAFT \/’ @
SURVIVAL

/ GLASSES
ASTRONAUT
KNIFE
SURVIVAL LIGHT Q:%ﬁ

i

WATER
BEACON TRANSCEIVER DESALTING KIT
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ACE
AGAA
AGC
AGCU
APS
ARS
AM
AMS
BMAG
BPC
BIP
CG
Cim
CoMM
csm
CTE
CWG
DSE
DSIF
av
ECA
ECS
EDS
ELS
EPS
EVA
FC
FDAI
FHS
M
G&C
G&N
GOSS
GSE
HF
IMU
U
KMC
KOH
KSC

APOLLO ABBREVIATIONS

ACCEPTANCE CHECKOUT EQUIP.

ATTITUDE GYRO ACCELEROMETER ASSEMBLY (SCS)
APOLLO GUIDANCE COMPUTER (G&N)

ATTITUDE GYRO COUPLING UNIT (SCS)

APOLLO PRESSURE SUIT

ATTITUDE REFERENCE SUBSYSTEM (SCS)
AMPLITUDE MODULATION (COMM)

APOLLO MISSION SIMULATOR

BODY MOUNTED ATTITUDE GYRO (SCS)

BOOST PROTECTIVE COVER (SECS)
BOILERPLATE

CENTER OF GRAVITY

COMMAND MODULE

COMMUNICATIONS SUBSYSTEM

COMMAND SERVICE MODULE

CENTRAL TIMING EQUIP. (COMM)

CONSTANT WEAR GARMENT (CREW)

DATA STORAGE EQUIP. (COMM)

DEEP SPACE INSTRUMENTATION FACILITY (COMM)
DIFFERENTIAL VELOCITY (G&C)

ELECTRONIC CONTROL ASSEMBLY (SCS)
ENVIRONMENTAL CONTROL SUBSYSTEM
EMERGENCY DETECTION SUBSYSTEM (SECS)
EARTH LANDING SUBSYSTEM (SECS)
ELECTRICAL POWER SUBSYSTEM
EXTRA-VEHICULAR ACTIVITY (CREW)

FUEL CELL (EPS)

FLIGHT DIRECTOR ATTITUDE INDICATOR (SCS)
FORWARD HEAT SHIELD

FREQUENCY MODULATION (COMM)

GUIDANCE & CONTROL

GUIDANCE & NAVIGATION

GROUND OPERATION SUPPORT SYSTEM (COMM)
GROUND SUPPORT EQUIP.

HIGH FREQUENCY (3-30MC)

INERTIAL MEASUREMENT UNIT (G&N)
INSTRUMENT UNIT (LV)

KILOMEGA CYCLES (2 KMC = S BAND)(5KMC = C BAND)
POTASSIUM HYDROXIDE (EPS)

KENNEDY SPACE CENTER (FLORIDA)

LES
LET
Lo
LOR
LOS
LSC
Lv
mc
MESC
msc
MSEN
MTve
PCM
PGA
PLSS
PM
PMP
PRN
PROP
Q
RCS
RGA
sSic
SCS
SCT
SECS
SLA
M
SPS
SSA
SXT
TCA
M
e
ubL
UDMH
UHF
USBE
VHF
WMS

LUNAR EXCURSION MODULE

LAUNCH ESCAPE SUBSYSTEM (SECS)
LAUNCH ESCAPE TOWER (SECS)

LIFT-OFF

LUNAR ORBITAL RENDEZVOUS

LINE OF SIGHT (G&N)

LINEAR SHAPE CHARGE (SECS)

LAUNCH VEHICLE

MEGACYCLES

MASTER EVENTS SEQUENCE CONTROLLER (SECS)
MANNED SPACECRAFT CENTER (HOUSTON)
MANNED SPACE FLIGHT NETWORK (COMM)
MANUAL THRUST VECTOR CONTROL (SCS)
PULSE CODE MODULATION (COMM)
PRESSURE GARMENT ASSEMBLY (CREW)
PORTABLE LIFE SUPPORT SYSTEM (CREW)
PHASE MODULATION (COMM)
PREMODULATION PROCESSOR (COMM)
PSEUDO-RANDOM NOISE (COMM)
PROPULS ION

DYNAMIC PRESSURE

REACTION CONTROL SUBSYSTEM

RATE GYRO ASSEMBLY (SCS)
SPACECRAFT

STABILIZATION & CONTROL SUBSYSTEM
SCANNING TELESCOPE (G&N)

SEQUENTIAL EVENTS CONTROL SUBSYSTEM
SPACECRAFT LEM ADAPTER

SERVICE MODULE

SERVICE PROPULSION SUBSYSTEM
SPACE SUIT ASSEMBLY (CREW)

SEXTANT (G&N)

THRUST CHAMBER ASSEMBLY (PROP)
TELEMETRY (COMM)

THRUST VECTOR CONTROL (SPS)

UP DATA LINK (COMM)

UNSYMMETRICAL DIMETHYL HYDRAZINE (PROP)
ULTRA HIGH FREQUENCY (300-3000 MC)
UNIFIED S-BAND EQUIP. (COMM)

VERY HIGH FREQUENCY (30-300MC)
WASTE MANAGEMENT SUBSYSTEM (CREW)

FaM-10028 & )




