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PREFACE

THIS TRAINING PACKAGE SUPPLEMENTS THE ORAL PRESENTATION OF THE
STRUCTURES AND MECHANICAL SYSTEMS BRIEFING CourRse NUMBER A~5125, THE
MATERIAL CONTAINED WiITHEN THIS PACKAGE ;1S UNCLASSIFIED AND CONFORMS TO
THE NASA REQUIREMENT OF DOCUMENTATION OF ALL TRAINING INFORMATION.

IT IS ASSUMED BY THE TRAINENG DEPARTMENT THAT PERSONNEL ATTENDING
THE STRUCTURES AND MECHANICAL SYSTEMS BRIEFING HAVE ATTENMDED THE APOLLO
FAMILIARIZATION BRIEFING AND HAVE SOME EXPERIENCE WITH SIMILAR EQUIPMENT.

THE SYSTEMS AND EQUIPMENT DESCRIPTION, INFORMATION, AND DATA
APPLY TO Buock | SPACECRAFT. BLOCK || CONFIGURATIONS WILL SE EXPLAINED
IN THE COURSE AS THE INFORMATION |5 AVAILABLE.

THIS DOCUMENT REFLECTS THE CURRENT STATUS OF STRUCTURES AND
MECHANICAL SYSTEMS., |T 1S A TRAINING DOCUMENT AND THE ATTENDEES COPY WilL
NOT BE REV|SED.

QUESTIONS RELATIVE TO THE INFORMATION CONTAINED IN THLS DOCUMENT
SHOULD BE DIRECTED TGQ:

E. D, ScHREIBER,
ApoLLG LoGiSTICs TRAINING, D/671-142

NAA, SkiD DowNEY, CALIFORNIA
ExTENSION 4325, 6, OR 7.
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15 ACCESSIBLE THROUGH MAINTENANCE DOORS LOCATED STRA-

- -~——TEG] CALLY -AROUND - THE -EXTERIOUR -SURFACE. OF - THE MODULE. —— - ----

AN AREA SETWEEN THE SERVICE MODULE AND COMMAND PROVIDES
SPACE FOR RADIAL BEAM EXTENSION, WHICH ARE STRUCTURAL
CONNECTIONS BETWEEN C/M AND S/M. THE ENTIRE STRUCTURAL
CONNECTION |S ENCLOSED BY A FAIRING 26" HIGH.

THE SPACECRAFT LEM ADAPTER {SLA}, WHICH IS
ATTACHED TO THE AFT END OF THE S/M, IS A PRIMARY LOAD
BEARING STRUCTURE BETWEEN THE SIVB BOOSTER AND THE 5/M,
CONSTRUCTED OF ALUMINUM AND WILL MOUSE THE LEM AND
NOZZLE OF THE SERVICE PROPULSION SYSTEM. ONCE THE IN-
JECTION INTO EARTH=MOON TRANSIT (S COMPLETE, THE ADAP-
TER PANELS WILL BE OPENED AND HELD CAPTIVE TO PERMIT
COMMAND SERVICE MODULE {CSM) DOCKING TO THE LEM,

THE MECHAN|CAL SYSTEMS PLAY A VITAL ROLE IN
CONKECTIGN WiTH THE MECHANICS OF SEPARATION AND JETTI~

SONING FROM LIFT=-0FF TO THE COMPLETION OF THE SPACECRAFT

MISSION. THE MECHANJCAL SYSTEMS ARE ACTUATED WITH THE
USE OF PYROTECHNIC DEVICES. THE MECHANLCAL 3YSTEMS ARE
DEVISED TO GIVE MAXIMUM PERFORMANCE AND RELIABILITY.

A DETAILED EXPLANATION AND DISCUSSION OF EACH
MAJOR OR SUBSYSTEM, ITS FUNCTION AND PURPOSE, Will BE
FOUND IN ITS RESPECTLVE SECTION. ALSO, THE VARIOUS
SECT|ONS SHALL iNCORPORATE ILLUSTRATIONS TC FURTHER
UNCERSTAND AND HELP EXPLAIN THE CPERATION OF EACH
SYSTEM.

SPACE VEHICLES

APOLLO
/ SPACECRAFT

1.2 BGOSTER NOMENCLATURE AND BLOCK DEFINITION

— - R - =i

FIGURE 12 ILLUSTRATES THE LAUNCH VEHICLES
USED IN THE APOLLO PROGRAM., THE EARLIER TEST EVALUA-
TION AND QUALSFLICATION FLIGHT VEHICLES ARE POWERED BY
LITTLE JoE ], SATURN 1, AND SATURN |B LAUNGCH VEHICLES.
THE SATURN V LAUNCH VEHICLE WILL POWER THE APOLLO
LUNAR MISSIONS. [T ALSC 5HOWS THE COMPARATIVE SIZES
OF THE BOOST VEHICLES AS WELL AS THE RELATIVE SIZES OF
THE MODULES AND SECTIONS. AS THE APOLLO PROGRAM PRO-
GRESSES, THE PAYLOADS AND DURATION OF THE FLJGHTS
NECESSITATES THE ‘USE OF THE SATURN V. THE GENERAL
CONFIGURATION OF THE LAUNCH VEHICLE BODSTERS IS SWM-
MARIZED IN THE FOLLOWING PARAGRAPHS.

1.2.1 LI Jog |1

LITTLE JoE {1, OR THE SMALLEST VEHICLE, IS
USED FOR ALL TRANSONIC ABORT TESTING ACCOMPLISHED AT
WHITE SANDS, NEw MEXICG, THE LAUNGH VEHICLE 15 APPROX=-
IMATELY 13 FEET IN DIAMETER AND 29 FEET iN LENGTH.
STABILIZATIOR |S PROVIDED BY FOUR FINS THAT ARE SWEPT
BACK FROM THE AFT BCDY. LITTLE JOE {l, MANUFACTURED
BY GENERAL DynaMmics, CONVAIR USES SOLID FUEL ROCKET
MOTORS AS ITS SDURCE_OF PROPULSION POWER., THE PRO-
PULSION SYSTEM CONSESTS OF TH!oxoL RECRUIT (BOOSTER)
AND AEROJET ALGOL {SUSTAINING) MOTORS, THE EXACT
NUMBER AND COMBLNATION OF MOTORS DEPENDS ON POWER
REQUIREMENTS FOR A PART{CULAR FLIGHT.

APCLLD
SPACEZRAFT

LEM
ADAPTER

INSTRUMENT
UMET

S=1VE
LOOSTER

APLILLG
SPACECRAFT

s-11
LEm ey /_ BOOSTER
ADAPTER

APQLLD
SPACECRAFT

LITTLE
JOE I
BOOITER

LITTLE JOE 11

| INSTRUMENT
/_UNIT

v
L7 woosTER

/“ 5+ BOOSTER

-

IS

B ] H o

SATURN |
FIGURE 1-2

INSTRUMENT
/_ UNIT
S-1ve
,/_ BOQSTER

518
//— BOOSTER

SATURN 1B

.

S

SATURN ¥

s=1C
BOOSTER

Eala

T-2A0 +
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LR E T SATURNC

SATURN |, A TWO STAGE VERICLE, HAS DEMONSTRA-
TED THE FEASIBILITY OF CLUSTERED ROCKET BOOSTERS AND
HAS QUALIFIED VEHICLE GULDANCE AND FLIGHT CONTROL 5Y5-
TEMS., |T HMAS TESTED THE APOLLO SPACEGRAFT'S STRUCTURE
AND CDESIGN, PHYSICAL COMPATIBILITY OF VEHICLE AND
SPACECRAFT, AND JETTISONENG OF THE ApOLLO LAUNCH ESCAPE
SYSTEM.

THE SATURN | VEHICLE CAN SEND AN |1-TON PAY-
LOAD, THE EGUIVALENT WEIGHT OF SIX AUTOMOBILES, INTO
LOW EARTH ORBIT. THE FIRST STAGE, OR BODSTER, HAS A
TOTAL THRUST OF 1,500,000 POUNDS, THE SECOND STAGE
DEVELOPS G0,000 POUNDS GOF THRUST. AN INSTRUMENT UNIT,
LOCATED BETWEEN THE SECOND STAGE AND PAYLODAD, HOUSES
THE GUIDANCE AND CONTROL SYSTEMS AND FLIGHT iNSTRUMEN-
_ TATION (TELEMETRY) EQUIPMENT.
1.2.2.1 FIRST STAGE
THE FIRST STAGE |5 MANUFACTURED BY CHRYSLER
CORPORATION. EIGHT ROCKETDYNE H-| ENGINES ARE USED,
EACH, PRODUCING 1BB,000 POUNDS OF THRUST. THEY BURN
KEROSENE FutL {RP-t} WiTH LIQUID OXYGEN., THE ENGINES,
ADVANCED AND COMPACT OFFSPRING OF EARLIER MILITARY AND
SPACE PROGRAMS, WERE SELECTED BECAUSE OF THEIR EARLY,
AVAILABILITY AND PROVEN RELIABILITY.

THE FOUR INBOARD ENGINES ARE RIGIDLY ATTACHED
WHILE THE FOUR QUTBOARD ENGINES MAY GIMBAL FOR CONTROL

COMPARED TO THE |I-TON CAPABILITY OF SATURN . IT$
IMPROVED BOOSTER WILL DEVELOP 1,H000,000 POUNDS OF
THRUST - 100,000 POUNDS MORE THAN SATURN f. THE SECOND
STAGE WILL DEVELOP 200,000 POUNDS OF THRUST, OR OVER
TWi{CE THAT OF THE SECOND STAGE OF SATURN 1. THE INSTRU-
MENT UNIT WILL BE LOCATED SETWEEN THE SECOND STAGE AND
PAYLOAD. SATURN |B AND SATURN V WILL HAVE |DENTICAL
{NSTRUMENT UNITS.

.2.3.1 F{RST STAGE

THE SATURN {B BOOSTER WILL BE ESSENTIALLY THE
SAME AS SATURN |, DESIGN IMPROVEMENTS OF THE SATURN

I8 WILL REDUCE 1TS WEIGHT BY MORE THAW 16,000 POUNDS
OVER THAT OF THE SATURN |, EJGHT H-| ROCKETDYNE ENGINES
ARE ALSO USED ON SATURN 1B, BUT AN INCREASE IN THRUST

IS REALIZED FOR EACH ENGINE FROM 188,000 To 200,000

PLUS POUNDS.

1.2.3.2  SECOND STAGE

THE 3~1VB SECOND STAGE, MANUFASTURED BY
DouglLAS AIRCRAFT COMPANY, IS OF AN ENTIRELY DIFFERENT
CONFIGURATION THAN THE 5-iV; IT IS LONGER, HEAVIER, AND
OF A LARGER DIAMETER. 35~IVB EMPLOYS A SINGLE ROCKET-
DYNE J-2 ENGINE, BURNING LIQUID HYDROGEN AND LIQUID OXY-
GEN TO PRODUCE 200,000 POUNDS OF THRUST,

SATURN ¥

THE SATURN V, THE LARGEST OF THE FOUR VEHICLES,
15 FROGRAMMED FOR MANNED EARTH ORBITAL MISSIONS AND/OR

1.2,4

v .- OF THE" VEHICLE-DURING THE-BOOSTER PHASE:-- TAIL FINS ARE ~~-- —

FOR AERCDYNAMIC STABILITY OMLY.

1.2.2.2 SECOND STAGE

THE S~1V SECOND STAGE 15 MANUFACTURED BY
DOUGLAS AIRCRAFT COMPANY. S1X PRATT AND WHITNEY Ri-10-
A3 ENGINES ARE USED, EACH PRODUCING 15,000 POUNDS OF
THRUST. THE ENGINES BURN LIQUID HYDROGEN AND LIQUID
OXYGEN., ALL 51X ENGINES MAY GIMBAL TO CONTROL THE
SECOND S$TAGE.

1.2.3 TURN B

EARTH ORBITAL MISS10ONS NECESSARY FOR FURTHER
APQLLO SPACECRAFT DEVELOPMENT AND FOR ASTRONAUT TRAIN=
§NG REQUIRE PAYLOADS BEYOND SATURN 1 CAPABILITY. SATURN
IB WillL BE USED FOR THESE MISSIONS. |T WILL EMPLDY AN
{MPROVED VERSION OF THE RELIABLE SATURN | BOOSTER, BUT
WILL HAVE A MORE POWERFUL SECOND 5TAGE. THE SECOND
STAGE OF SATURN |B wiLL ALSO BE THE THIRD STAGE OF
SATURN V.

THE SATURN |B MESSION IN THE APDLLG PROGRAM (S
DIVIDED INTC TWO PHASES - UNMANNED ORBITAL FLIGHTS AND
MANNED ORBITAL FLIGHTS. UNMANNED FLIGHTS WILL QUALIFY
THE SATURN |8 AND APOLLO SPACECRAFT FOR OREITAL MISSIQONS
AND RECOVERY.

SATURN |B, THE SECOND OF THE CLASS GF VEHICLES,
witl PLACE 17 TONS OF PAYLOAD INTO LOW EARTH ORBIT,

LUNAR MiSSIONS. SATURN ¥ iS A THREE STAGE VEHICLE
CONSISTING OF A 5~IC FIRST STAGE, 3~I1 SECOND STAGE,
AND A S-IVO THIRD STAGE.

THE HUGE SATURN V wiLL BE CAPABLE OF INJECT-
ING A 120~TON PAYLOAD INTO LOW EARTH ORBIT AND BOOSTING
45 TONS BEYOND TME GRAVITATIONAL FORCE OF THE EARTM,
WITH THE APQLLD SPACECRAFT ON TGP, THE THREE=-STAGE
VEHICLE WILL TOWER OVER 360 FEET, NEARLY TWO~THIRDS
THE HEIGHT OF THE WASHINGTON MONUMENT. LOADED wWiTH
FUEL IT WILL WEIGH 3,000 TONS, ABOUT THE WE|GHT OF THE
NUCLEAR SUBMARINE NAUTILUS.
1.2.4.% FIRST STAGE
THE S5~1C 15 MANUFACTURED BY THE BOEING
COMPANY, AND USES FIVE ROCKETDYNE F-1 ENGINES, EAcCH
F-1 ENGINE, BURNING RP-1 AND LIQUID OXYGEN, PRODUCES
1,500,000 POUNDS QF THRUST FOR AN OVERALL FIRST STAGE
BOOST OF 7,500,000 POUNDS OF THRUST. ONE ENGINE WILL
BE RIGIDLY ATTACHED AT THE STAGE CENTERLINE, WHILE THE
OTHERS WILL GIMBAL FOR YEMICLE CONTROL.
1.2.4.2  SECOND STAGE
THE S~11, OR SECOND STAGE, |S MANUFACTURED
BY SPACE AND INFORMATION SYSTEMS DivisioN oF NORTH
BMERICAN AVIATION INC, THE SECOND STAGE EMPLOYS FLVE
ROCKETDYNE J-2 ENGINES. EACH J~2 ENGINE, BURNING
L1QUID HYDROGEN AND LIQUID OXYSEN, PRODUCES 200,000
POUNDS OF THRUST FOR AN OVERALL SECOND STAGE BCOST OF
1,000,000 POUNDS, THE GIMBALLED ENGINES WiLL BE
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MOUNTED IN A SQUARE PATTERN, WITH THE FIFTH ENGINE

RIGIDLY HOUNTED IN THE CENTER.

“l 2 4 3

TH[RD STAGE

THE THIRD STAGE OF SATURN V WILL BE JDENTICAL
IN ALMOST ALL RESPECTS TQ THE SECOND STAGE OF SATURN
1B, INCLUDING THE INSTRUMEMT UNIT.

1.2.5 BLock BzgINITiON

THE BLOCK CHANGE CONCEPT. CONS{STING OF A
THREE-PHASE PROGRAM, |5 USED WHEN DESCRIBING THE
DEVELOPMENT AND OBJECTIVES OF THE APOLLO PROGRAM.

1.2.5.1 BLock O

BLock 0, OR THE FIRST PHASE, CONS{STS OF THE
BOILERPLATE PROGRAM WHICH 1S FOR EARLY SUPPORT OF SYS-
TEM DEVELOPMENT, BOILERPLATES ARE PREPRODUCTITH
SPACECRAFT SIMILAR TO THEIR PRODUCTION COUNTERPARTS N
SHAPE, SIZE, MASS STRUCTURAL SOUNDNESS, AND CENTER OF
GRAVITY. ALSO INCLUDED IN THIS PHASE ARE THE LAND AND
WATER JMPACT TESTS, PARACHUTE RECOVERY, AND RPEQUALI-
FICATION TESTS., [T ALSO SERVES IN SYSTEM DEMONSTRATION
TO SUPPORT THE SPACECRAFT PROGRAM, PAD AND HiGH ALTI-
TUDE ABORT TESTS, BOOSTER DEVELOPMENT, AND HELPS IN
DEVELOPING APOLLD CAPABILITIES.

1.2,5.2  Brock !

Buock |, OR PHASE TWG, |S THE BEGINNING QF

THE SPACECRAFT COMMAND SERVICE MODULE [CSM) SPACECRAFT

LEM aDAFTER {SLA), AND LUNAR EXCURSION MODULE {LEM),
DEVELOPMENT PROGRAM FOR MANNED EARTH ona:r@g_y:sq:qng, )
“TIT WILU DEMONSTRATE EARLY SYSTEM OPERATIONAL [NCLUDING ™Y
ALL ABCATS, LAND AND WATER RECOVERY, AND BOOSTES
COMPATIBILITY OF THE SATURN {B. [T WILL ALSG HELP IN
DEVELCPING APOLLO OPERATIONAL TEAMS DURING CHECKOUT,
LAUNCH, MANNED SPACE FLIGHT NETWORK (MSFN]} FUNCTIONS,
RECOVERY, AND FLIGHMT ANALYSIS.

t.2.5.3 Brock I

BLock 11, OR THE THIRD PAHSE, |5 THE CONTIN~
VATION ©F THE SPACECRAFT PROGRAM, |NCORPORATING THE
COMPLETE QUALIFIZD LUNAR EXCURSION MODULE WETH COMMAND
AND SERVICE MODULE. BLOCK 1| wliLL ALSO REDUCE SPACE-
CRAFT WEIGHT WHERE PQSSIBLE, |IMPROVE COMMAND MODULE
CENTER OF GRAVITY, AND JMPROVE ON SYSTEM RELIABILITY,
THESE DBJECTIVES WILL GLIMAX A SERIES OF EARTH ORBITAL,
CLRCUMLUNAR, AND LUNAR ORBITAL MISSiONS. ALTHOUGH
EACH OF THESE MiSSIONS WILL HAVE SPECIFIED OBJECTIVES,
THEY WILL BE FLOWN PRIMARILY FOR ADVANCEMENT AND QUALI-
FICATIGN OF SYSTEMS FOR THE ULTIMATE LUNAR LANDING
M]SSION.

1.3 MIS5!0N DYNAMIC LOADS AND DESIGN

THE APOLLO SPACECRAFT STRUCTURE IS DESIGNED
AND BUILT TO |.5 TIMES THE DESIGN LIMIT LOAD, WHICH I5
THE DESIGN ULTIMATE LOAD, AN EXCEZPTION IS THE CREW
COUCHES, WHICH HAS AN ULTIMATE OF .35 X LIMIT LOAG,
THE REASON BEING THE CREWMAN COULD NOT SURVIVE ANY
GREATER LOAD.

[.3.1 MIsstoN Dynamjc LOADS

THERE ARE NUMERDUS LOADS TO wHICH THE APOLLO
SPACECRAFT WILL BE SUBMITTED. SOME ARE CRITICAL AND
WiLL DETERMINE THE ULTIMATE DESIGN LOADS WHILE SOME
ARE OF INTEREST ONLY. THE MOST CRITJCAL LCGAD IS AN
EARTH IMPACT, ALTHOUSGH SIDE LOADS WILL ALSCO DETERMINE
DESiGN.

LoADS DISCUSSED WILL BE IN TERMS OF G's,
WHERE OME G WILL BE THE FORCE EXERTED BY GRAVITY AT
SEA LEVEL.

I.3.2 LAUNCH

THE LIMIT LOAD DURENG LAUNCH IS [.25 G'S AND
OCCURS AXIALLY ALONG THE LINES OF THRUST.

1.3.3 BoosT

AT THE END OF FIRST STAGE 80GST SATURN V,
WHEN THE T/W RATIO IS THE HIGHEST, THE ACCELERATION
CREATES A LIMLT LOAD OF 5.0 6's, THIS 1S DUE 70
DIMINISHING WEIGHT OF THE 5/C PROPELLANTS.

THE SECOND AND THIRD STAGE BOOSTERS' ACCELER-
ATIONS wlLL BE LESS THAN THE FIRST STAGE. ’

[.3.4  ABORT L0ADS

AN ABORT MAY IMPOSE HIGH LDADS TO THE C/M
AND LAUNCH ESCAPE SYSTEM, WHEN THE LES MOTOR IGNITES

AND BURNS APPROXIMATELY 10 6'S WILL BE FELT AXIALLY
ALONG THE LINES OF THRUST OR DURING THE TURN AROUND
MANEUVERS [NDUCED BY THE DEPLOYABLE CANARDS.

1.3.5  MIDMJSSION LOADS

TRANSLUNAR INJECTION, MIDCOURSE CORRECTIONS,
RENDEZYOUS, AND DOCKING LCADS ARE MINOR, NORMALLY BEING
LESS THAN ONE G.

l.3.6 ENIRY

A NORMAL 6° ENTRY ANGLE SUBJECTS THE C/M Ta
A DECELLERATION LDAD OF 10 G'S, A STEEPER ENTRY CAN
IMPOSE UP TO 20 G6's.

1.3.7  EaRTH lMpacT

A GROUND IMPACT SHALL NOT BE CONSIDERED IN
THE DESIGN FOR BLock | S/C. UNMANNED BLOCK | VEHICLES
MAY IMPACT THE GROUND DURING A LOwW ALTITUDE ABORT.
HOWEVER A GROUND IMPACT )5 NOT A DESIGN CONDITLON SINCE
MANNED, BLOCK | S/C wiLL ALWAYS IMPACT ON WATER.

1.3.8  WATER |MpacT

IN ORDER TO ASSURE CREW SURVIVAL, A WATER
LANDING SMALL BE THE PRIMARY MODE. A THREE CHUTE OR
NOMINAL 27 FT/SEC VERTICAL VELOCITY AND ABOUT 18 KNOT
SURFACE WiNDS COULD IMPOSE A LDAD OF [2-40 G'S ON THE
STRUCTURE. THE VARIABLE [2-40 G'S IS DEPENDENT UPON
OCEAN SURFACE, WAVE CONFIGURATION AND CHUTE HANG ANGLE.
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STRUCTURAL CAPABILITY ENVELOPES, BASED ON CALCULATIONS

' EMPLOYING"?U%'HINIMUH MATERIAL PROPERTIES,; ARE SHOWN —--.

IN TABLE §~l AND [=-2. [MPACT CONDITICNS WITHIN THESE
BOUNDARIES WILL ASSURE C/H AND CREW SURVIVAL. WHEN
DESIGNING THE SPACECRAFT A TWO CHUTE DESCENT 15 ALSO
CONSIDERED, UNDER THIS CONDITION THE [MPACT LOADS WiLL
NOT EXCEED THE ULTIMATE DESIGN LOAD OF 78 &'s.

A FORCE IN EXCESS OF 40 G'S WOULD SERIQUSLY
INJURE OR KILL A CREWMAN AND MUST BE ATTENUATED DOWN
TO 20 G'S OR LESS. THE JMPACT ATTENUATION SYSTEM WILL
BE DESCRIBED IN SECTION i1, AND IN THE CREW SYSTEMS
STupY GUIDE.

1.3.9 ADD{T]ONAL LOADS
LoaDS, OTHER THAN DYNAMIC, ARE FELT BY THE
STRUCTURE. THESE LOADS, MAINLY DUE TO HEAT AND

PRESSURE, WILL BE DISCUSSED AS SPECIAL LOADS ASSDCATED
WITH THE LES, C/M, OR S/M.

.4 SPACECRAFT REFERENCE AND COORDINATE SYSTEM
IN ORDER TO DESGRIBE THE SPACECRAFT MOTEON,
ATTITUDES, AND COMPONENT LGCATIONS, REFERENCE COORDIN-
ATES ARE ASSIGNED TO THE THREE SPACECRAFT AXES USING
THE CREW POSITIONED N THE COUCHES AS THE FRAME OF
REFERENCE. THE THREE AXES ARE THE LONGITUDINAL AX1S
REFERRED TO AS THE X OR ROLL AX1$, THE LATERAL AXIS
REFERRED 70 AS THE Y OR PLTCH AXIS, AND THE VERTICAL
AXiS REFERRED TO AS THE Z OR YAW AXIS.

TABLE

APOLLO CM WATER

THE CREW, IN A SUPINE POSITION APPROXIMATELY
PERPENDI CWLAR TO THE-X AXIS. AND FACING. FORWARD, 1S THE ...
PRIMARY REFERENCE. ALL DIRECTIONS ARE IN REFERENCE TO
THLS CREW PCSITION. THE ORIGIN QF THE X AXIS, OR
LONGITUDINAL AXIS, 1S IN THE LAUNCH VEHICLE THIRD STAGE
{51¥B}. ALL X COORDINATE VALUES ARE POSITIVE =~
INCREASING GOING FORWARD., THE Y AXIS HAS ITS ORIGIN
{0 vALUE)} ON THE X AX1S. TO THE RIGHT OF THE CREW
MAN 1S POSITIVE (*} AND TO THE LEFT 15 NEGATIVE (-},
INCREASING IN NUMERICAL VALUE AS THE DISTANCE FROM
THE X AXIS IS INCREASED. A Yo DEFINITIVE VALUE, SUCH
AS Yo = -42 DEFINES A LOCI OF POINTS 42 INCHES FROM
THE X-Z AXIS TO THE LEFT OF THE CREWMAN AND FORMS A
PLANE. THE Z AXIS HAS ITS ORIGIN (0) ou THE X AXLS
41.80. |N THE DIRECTION OF THE CREWMAN'S FEET 1S POSI=
TIVE, INCREASING N VALUE AS THE DiSTANCE FROM THE X
AXIS §S INCREASED. IN THE DIRECTION OF THE CREWMAN'S
HEAD 15 NEGATIVE {~}, INCREASING IN NUMERICAL VALUE
AS THE DiSTANCES FROM THE X AXIS |5 INGREASED.

THE SPACECRAFT 15 POSITIGNED ON THE LAUNCH
PAD S0 THAT THE ASTROMAUT'S HEAD I$ IN THE DIRECTICN
OF DOWN RANGE. THE =Z AXIS POINTS DOWN RANGE DURING
THE PROGRAMMED PITCH OVER OF THE LAUNCH YEHICLE N
THE ASCENT PHASE, AND THE ASTRORAUT'S FEET WILL ROTATE
OYER M|5 HEAD TOWARD THE EARTH.

FIGuRE 1-3 ILLUSTRATES THE COURDINATES AND
SHOWS THE RELATIVE LOCATIONS OF THE C/M COMPARTMENTS.
THE NOMENCLATURE FOR THE VARIOUS COMPARTMENTS LN THE

C/H CORRESPONDS TO THE FORWARD FACING CREW FRAME OF
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T I ASTRONAUTYS FEET+15-TE RMED-THE- LOWER EQUIPMENT- BAY‘.‘F'-.TT-"‘*XEA"‘MD“I S USED FOR "LOCATING STATIONS ARD MODULES ALONG -7

APOLLO INTEGRATED STATIONS

REFERENCE. FOR EXAMPLE , THE EQUIPMENT BAY AT THE "
THE £QUIPMENT BAY TO THE RIGHT MAND SIDE OF THE CREW
|5 TERMED THE RIGHT HAND EQUIPMENT BAY, AND USING THE
SAME ORIENTATION THE FORWARD COMPARTMENT 1S IN FRONT
OF THE CREW.

1N ORDER TO DESCRIBE THE STATION NUMBERS
(X COORDINATES) ASSIGNED TO THE APOLLO SPACECRAFT, WE
LOOK AT FIGURE 1-4, THE LES I's DESCRIBED AS X, (/M
AS Xg, S/M AS X4 AND THE ADAPTER USING THE APOLLO IN-
TEGRATED SYSTEM WILL BE DESCRIBED AS Xa. STARTING OFF
WITH THE LAUNCH ESCAPE TOWER, X{ = 0 DENOTES THE BASE
OF THE TOWER LEGS AND THE ATTACHING POINT T0 THE C/M.
THE MOST FORWARD PORTION OR NOSE CONE OF THE LES 1S
DESIGNATED AS Xy = 398.5. THE C/M OUTER FACE SHEET OF
THE HEAT SHIELD, EXCLUDING THE ABLATIVE MATERIAL, 1§
DESIGNATED AS X; = 0 AND THE FORWARD APEX OF THE SPACE~
CRAFT BEING Xc = 133.5. THE SERVICE MODULE QUTER FACE-
SHEET OF THE AFT BULKHEAD |S DESIGNATED X5 = 200. THis
NUMBER WAS ARBITRARILY PICKED TO PREVENT NEGATIVE
STATION NUMBERS, SO, |F THERE |5 ANY LENGTHENING OF THE
ApOLLO SPACECRAFT THE STATIOM NUMBERS WILL REMAIN POS)-
Tive. THE QUTER FACESHEET OF THE FORWARD BULKHEAD WILL
BE DESIGNATED AS X3 = 355. THIS FIGURE DOES NOT INCLUDE
THE 26" LENGTH OF FAIRING, TRE SLA IS ATTACHED TO
THE AFT BULKHMEAD OF THE SERVICE MODULE, AND USING THE
INTEGRATED SYSTEM, THE DESIGNATIONS WILL 8E Xa. THE
ATTACHING POINT TO THE S5-1VB INSTRUMENT UNIT BEING Xp =
502 AND FORWARD ATTACH POINT To S/M BEING X, = 838.

X4 = 1084, 6
Xg = 355
Xp » 993

X -0
CiM SM FAIRING

XL - 3985
)(A « 1483, 1
LAUNCH ESCAPE SYSTEM

X

& AXIS

M
8
et dE
o " om
< 0 <t
> >
o
=
=
=3
=
=
=
=z
=
=
b
[ 3
FIGURE 1-4

AN INTEGRATED STATION SYSTEM DESIGNATOR 15

THE APOLLO LONGITUDIMAL (X} Ax1s. ITs oriGiN (0} Is
iN THE S-1VB, S0 LOCATED, TO MAKE ALL X4 STATIONS
POSITIVE. THE PERMANENT REFERENCE POINT 1S AT X4 =
1,000, WHICH COINCIDES WITH X¢ = 0.

FIGURE 1-5 SHOWS A COMPAR)SON BETWEEN

APOLLO INTEGRATED STATIONS {Xa)] AND THE LAUNCH VEHICLE
STATIONS.
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SECTION !

LAUNCH ESCAPE SYSTEM STRUCTURES

2.1 GENERAL

THE LAUNCH Escape SysTeM (LES) ts ProviDED
FOR THE SOLE PURPOSE OF POSITIONING THE COMMAND MODULE
A SAFE DISTANCE FROM THE LAUNCH PAD, OR AWAY FROM THE
PATH OF THE LAUNCH VEHICLE M THE EVENT OF A PAD ABORT
OR AN ABORT $SHORTLY AFTER LAUNCH. (FIGURE 2-1). Uron
THE COMPLETION OF AN ABORT, OR A SUCCESSFUL LAUNCH, THE
LAUNCH ESCAPE ASSEMBLY IS JETTISONED FROM THE C/M ay
THE JETTISON MOTOR. THE COMPONENTS OF THE LAUNCH ESCAPE
SYSTEM CAN BE DIVIDED INTO THE FOLLOWING CATEGORIES;
Nose CONE aND "Q™ BaLl, CANARD SUB-ASSEMBLY, ROCKET
MOTORS, STRUCTURAL SKIRT, AND ToweER STRUCTURE. THE
LAUNCH EsCAPE SYSTEM FUNCTIONS ADDITIONALLY IN HELPING
TO ORIENT THE S$/C DURING THE ABORT BY ITS AERODYNAMIC
CANARD SYSTEM,

2.2 STRUCTURE AND CONFIGURATION {FiguURE 2-2)
2.2.1 o L AND H |

DURING A NORMAL LAUNCH OR WHEN AN ABQRT IS
(NITIATED, THE NOSE CONE MAY BE SUBJECTED TO TEMPER-
ATURES UP TO 1000°F. THIS MAXIMWM TEMPERATURE IS
APPLIED DURING THE ASCENT PHASE BETWEEN 30,000 AND
40,000 FEET. HOWEVER, THE TEMPERATURE OF THE "G" BaLL

ONLY REACHES APPROXIMATELY 350*F DUE TO THE HEAT aB-
SORPTION CHARACTERISTICS OF THE ADDED MASS SURROUNDING
THE "% BALL. THE STRUCTURAL SKIRT, WHICH IS AN
AERODYNAMIC SHAPED STRUCTURE JOIMING THE TOWER AND THE
LAUNCH ESCAPE MOTOR ASSEMBLY WILL REACH TEMPERATURES
IN EXCESS OF 500°F APPROXIMATELY |50 SECONDS AFTER
LAUNCH. THIS SURFACE wWILL BE PROTECTED AGAINST AERO-
DYNAMIC HEATING BY COVERING THE EXPOSED SURFACES WITH
AN ABLATIVE MATERIAL.

OME OF THZ FACTORS CONSIDERED IN THE LES
DESIGN REQUIREMENTS 1S THE EXTENT OF PHYSICAL STRESSES
PERMITTED TC BE IMPOSED UPON THE CREW. BECAUSE OF THE
MONITORING AND BACKUP FUNCTICNS THE CREW PERFORMS, THE
FORCES CANNOT BE IN EXCESS OF THE AMOUNT THAT WOULD
DEGRADE CREW PERFORMANCE,

WHEN AN ABORT |5 INITIATED UP THROUGH BURNOUT
AND DURING A NORMAL FLIGHT, THE MAXIMUM G FORCES EX-
ERTED ON THE LES STRUCTURE 15 310 G6's. THE 6 FORCES
EXERTED ARE ALONG THE X AX1S CR LONGITUDINAL AxIS. THE
PREVIOUSLY MENTIONED FIGURE iS5 THE MAXIMUM EXPECTED
LIKITS, NOT THE MAXIMUM DESIGN. STRUCTURALLY, THE
LauncH ESCAPE SYSTEM IS DESIGNED T¢ 1.5 TIMES THAT OF
THE EXPECTED G LOADS.,
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2.3 NOSE CONE AND ®Q™ BALL AND NECESSARY STOPS, LOCKING DEVICES, THE BALLAST
COMPARTMENT, AND PITCH CONTROL MOTOR ASSEMBLY (FIGURE
THE AERODYNAMIC SHAPED FAIRING AT THE EXTREME 2-4}.

FORWARD END OF THE LES 1S THME NOSE CONE. THE WOSE CONE

3.3 INCHES IN LENGTH WITH A FOUR INCH RADIUS NOSE (S THE CANARD TOWER STRUCTURE }$ A SEMIMONO-

MANUFACTURED BY {MSFC} MARSHALL SPace FL1GHT CENTER, COQUE CONSTRUCTION FABRICATED OF INCONEL-X AND
HURTSVILLE, ALABAMA. THE NOSE CONE, FABRICATED OF CORROSION RESISTANT STEEL {CRES) (Ficure 2-5), THe
ALUMINUM 15 13,30 INCHES IN DIAMETER AT THE AFT RING, TOWER STRUCTURE IS 55 iNCHES AT THE FORWARD RING TO
S1X BOLTS AND TWO GUIDE PINS ON THE -Z AND +7 AXES WiLL 26 INCHES AT THE AFT RINS. A FAIRING SURFACE SHALL BE
HOLD T FIRMLY IN PLACE TO THE CAMNARD SUB-ASSEMBLY. IN ATTACHED TO THE SUPPORT STRUCTURE WHICH IS NOT oCCu~-
ADDITION TO CONTRIBUTING TO THE AERODYMAMIC STABILITY FIED BY THE CANARD SURFACES OR HINGES. THE FAIRING
OF THE LAUNCH VEMICLE. THE NOSE CONE WILL House a QY SURFACE MAY BE REMOVED FOR MALNTENANCE AND ADJUSTMENT
BALL. THE "U™ BALL WILL MEASURE DYNAMIC RAM PRESSURE CF THE CANARD SYSTEM HARDWARE, PITCH CONTROL MOTOR,

INSTRUMENTATION AND WIRING, AND ALLOWING ACCESS TO

AND DIFFERENTIAL PRESSURE ABCUT THE PITCH AND YAW AXIS
THE BALLAST COMPARTMENT.

AND PROVIDE THE CREW WiTH A VECTORIAL DISPLAY OF ANGLE
CF ATTACK INFORMATION. ODURING LAUNCH, THE NOSE CONE
SURFACE WiLL BE SUBJECTED TO THE GREATEST PRESSURE AND
HEAT, AND WILL CAUSE THE FORWARD PORTION OF THE NOSE

X{=386.5 DOWN TG STATION X_=339.6 AND WHEN NOT DE~-

CONE TO ABLATE.
PLOYED WILL FORM PART OF THE TOWER STRUCTURE. THE

CANARD SUB-ASSEMBLY {Ficure 2-3) CANARDS ARE A SEMIMONOCOQUE CONSTRUCTION APPROXIMATELY

FOUR FEET LONG AND SIX S$Q. FEET EACH. THE INNER
LATERAL SUPPORT RIBS AND LONGITUDINAL SUPPDRT STRING-
ERS WiLL BE FABRICATED OF INCONEL-X AND WHEN ASSEMBLED
WILL BE ONE INCH IN THICKNESS. THE CAMARDS ARE
CONNECTED BY TWO HINGE MEMBERS, ONE FORWARD AND ONE
AFT. THE FORWARD HINGE 3€ (NG THE LARGER AND S0
ATTACHED THAT WHEN THE CANARDS ARE DEPLOYED, THE
CENTERLINE OF THE CYLINDRIGAL PORTION OF THE CANARD
SURFACE SHALL BE ORIENTED WITH A 30% ANGLE OF ATTACK
AND SWEEP BACK ANGLE OF 150 DEGREZES {FIGURE 2-5).

THE CANARDS, OR DEPLOYABLE SURFACES, ARE
TwO (00 DEGREE ARC SEGMENTS £XTENDING FROM STATION

2.4

THE CANARD SYSTEM CONSISTS PRIMARILY OF TWG
DEPLOYABLE SURFACES. THESE CONTROL SURFACES, WHEN DE-
PLOYED, WILL ORIENT THE LAUNCH ESCAPE VEHICLE IN A AFT
HEATSHIELD ATTITUDE PRIOR TO PARACHUTE (ELS) DEPLOYMENT.
THe CAMARDS WILL BE LOCATED AS A PACKAGE BETWEEN THE
NOSE CONE AND "Q¥ BALL AND THE TOWER JETTISON MOTGR.
THE CANARD SUB-ASSEMBLY CONS{3TS GF CAMARD TOWER
STRUCTURE, TWO DEPLOYABLE SURFACES, AN ACTUATING SYSTEM
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TECHNIC ACTUATED THRUSTER ASSEMBLY (FIGURE 2-7). THIS
ASSEMBLY |S MOUNTED TO THE INTERNAL STRUCTURE OF THE
TOWER AND CONNECTED TO THE ACTUATING MECHAMISM OF THE
CANARD PANELS. THE THRUSTER ASSEMELY 1S ACTUATED B8Y
TWO ELECTRICALLY !NITIATED PRESSURE CARTRIDGES LOCATED
IN THE PLENUM CHAMBER, AND WILL DEPLOY THE CANARDS IN
0.14 TO 0.60 OF A SECOND. THE TWO PRESSURE CARTRIDGES
LOCATED IN THE PLENUM CHAMBER, AND WILL DEPLOY THE
CANARDS IN 0,34 TO 0.50 OF A SECOND. THE TWO PRESSURE
CARTRIDGES WILL GENERATE A PRESSURE FORCING THE MAIN
PISTON ASSEMBLY TO RETRACT AND AT THE SAME TIME PRES-
SURIZES TWO SMALLER PISTONS IN THE PLENUM CHAMBER,
ACTUATING THE UNLOCKING LINKAGE. THIS LINKAGE RELEASES
THE PANELS FROM THE CLOSED POSITION (Figure 2-8). To
PROVIDE REDUNDANCY, E|THER PRESSURE CARTRIDGE HAS
SUFFICIENT POWER OUTPUT TG DEPLOY BOTH CANARD PANELS. |
TO PREVENT THE POSSIBILITY OF THE AIRLOADS OPENING THE
PANELS TOO RAPIDLY, A SNUBBING SYSTEM IS BUILT INTO
THE THRUSTER ASSEMBLY, TH:S SNUBBING ACTION 15 ACCOM-
PLISHED BY FILLING THE YOLUME ON THE UNPRESSURIZED SIDE
OF THE MAIN PLSTON ASSEMBLY WITH HYDRAULIC FLUID. UPON
ACTIVATION OF THE MAIN PISTON, THE OIL §S FORCED
THROUGH AN ORIFICE THUS REGULATING THE VELOCITY OF THE
MAIN PISTON INDEPENDENT OFf THE REACTING LOADS. AFTER
THE PANELS ARE FULLY EXTENDED, THEY ARE LOCKED IN THE
OPEN POS{TION BY A LOGKING DEVICE BUILT INTO THE
THRUSTER ASSEMBLY.

THE CANARD PANELS WILL BE DEPLOYED BY A PYRD-

2.4.2

.., ~DALLAST COMPARTMENT (FIGURE 2-5] = _

THE BALLAST COMPARTMENT 1S LDCATED WITHIN

THE CONICAL SHAPED PORTION OF THE TOWER STRUCTURE

ABOVE STATION X{=363. THE BALLAST ASSISTS IN MAIN-
TAINING AERODYNAMIC STABILITY OF THE LES AND C/M BURING
AN ABORT. THE BALLAST COMPARTMENT HAS FROVISIONS FOR
APPROXIMATELY 950 LBS. OF BALLAST. THE BALLAST MAY
VARY IN WEIGHT FROM O TO 960 L8S. DEPENDING UPON
VARIATIONS IN THE CENTER OF GRAVITY AND WEIGHT OF THE
SPACECRAFT. THE DISCS OR WAFERS, FABRICATED OF LEAD,
COME IN FOUR SIZES AND WEIGHTS. THESE LEAD WE|GHTS

ARE THEN MOUNTED WITH THREE LARGE BOLTS ATTACHED TO

THE BALLAST WEB LOCATED AT STATION X;=363. THE CONICAL
SHAPED PORTION OF FAIRING, COVERING THE TOWER STRUCTURE,
HAS TO BE REMOVED TO ADD QR REMOVE ANY LEAD WE|GHTS.

LR

PiTcH CONTROL MOTOR STRUCTURE ASSEMBLY
HET )

2.4.3

THE PITCH CONTROL MOTOR STRUCTURE ASSEMBLY
AND THE PITCH CONTROL MOTOR IS LOCATED IN THE AFT
COMPARTMENT OF THE CANARD SUB-ASSEMBLY. THE P1TCH
CONTROL MOTOR STRUCTURE ASSEMBLY CONSISTS OF TWO WES
PLATES AND ANGLES WHICH ARE RIVETED TQ THE LONGERONS
OF THE CANARD SUB-ASSEMBLY. THE PITCH COMTAOL MOTOR
ASSEMBLY |5 MOUNTED PERPENDICULAR TO THE LONGITUDINAL
AXlS BY BOLTING TO THE WEB PLATES. TO ASSURE ALJGN~
MENT OF THE PITCH CONTROL MOTCOR, AND THAT THE NOZZLE
IS5 FLUSH WITH THE OUTER SKIN LINE, SHIMS ARE PROVIDED

2-3

CANARD SURFACES FULLY DEPLOYED

SIDE VIEW

FIGURE 2-4

TOP VIEW

ST-176 L 4}
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WHICH MAY BE ADDED OR REMOVED ON THE -Z AX1S PLATE. NECESSARY, TC CARRY THE ENTIRE LES TOWER ASSEMBLY HITH

_.__..T._T_._Au. THE_MATERIAL USED IN ATTACHING THE PITCH CONTROL - --- -~ THE. 30051' COVER UP AND AWAY FROM C/M. - -- - — -t
e MOTOR WILL BE FABRICATED OF INCONEL AMD STAINLESS STEEL.
THE TOWER JETTISON MOTOR ASSEMBLY §s A 26
2.5 ROCKET MOTORS INCH DIAMETER CYLINDRJCAL STRUCTURE. THE TOWER JETT(=-
. SON MOTOR 15 AN INTEGRAL PART OF THE CYLINDRICAL
; 2.5.1 P1TcH ConTroL MoToRr STRUCTURE, MAVING A STRUCTURE PORTION OR SKIRT EXTEND-
ING AFT BEYOND THE MOZZLES. THIS EXTENDED PORTION WILL
THE PITCH CONTROL (P/C) MOTOR is LOCATED IN ATTACH TO THE FORWARD END OF THE LAUNCH ESCAPE MOTOR
THE CAMARD SU3-ASSEMBLY. UPON INITIATION OF A FAD CASE BY 49 BOLTS AND 1S CONSIDERED THE TOWER JETTISON
ABORT, THE PITCH CONTROL MOTOR 15 IGNITED SIMULTANEQUSLY MOTOR MOUNT. EXTENDING BEYOND THE FORWARD END OF THE
WITH THE LAUNCH ESCAPE MOTOR., TS PURPOSE IS TO ES— TOWER JETTiSON MOTOR IS A FAJRING THAT 1S ATTACHED
TABLISH A (5% TO 20" DOWN RANGE PITCH OVER FROM A PAD WITH 32 BOLTS TO THE CANARD SUB-ASSEMBLY. THE TOWER
ABORT. THIS MANEUVER WILL CHANGE THE TRAJECTORY GF THE JETTISCN MOTOR STRUCTURAL ASSEMBLY IS A SEMIMONDCOQUE
ESCAPING C/M FRQM THAT OF THE LAUNGH YEHICLE. CONSTRUCTIQN FABRICATED OF .080 INCH THICK INCONEL,
THE PITCH CONTROL MOTOR S MANUFACTURED BY THE TOWER JETTISON MOTOR |5 MANUFACTURED BY
THE LOCKREED PROPULSION COMPANY. |TS OVERALL LENGTH IS THIOKOL CHEMICAL CORPORATION. TS QVERALL LENGTH,
22 JNCHES, ITS DIAMETER IS NINZ INCHES, WITH AN OVERALL INCLUDING NOZZLES AND ADAPTER, IS 50 INCHES. 1T is 26
wE|GHT OF 50 POUNDS. THE SOL:D PROPELLANT HAS n |4 INCHES lN DlA‘"ETER AND HEIGHS APPROXI.MATELY 500 PQUNDS-
POINT STAR CONFIGURATION WITH A BURNING TIME OF 0.5 THE SOLID PROPELLANT HAS A TEM STAR GRAIN CONFIGURATION
SECOND, WITH A BURNING TIME OF ONE SECOND. THE TWO NOZZLES ARE
CANTED 30" FROM THE CENTER LINE, WITH ONE NOZZLE THROAT
2.5.2 TowgR JETTISON MoToR {FIGURE 2-3) AREA LARGER THAN THE OTHER TO ESTABLISH AN OFFSET
THRUST VECTOR OF APPROXIMATELY 4° TO THE POSITIVE Z
OF THE THREE MOTORS USED IN THE LES sysTem, SIDE.
ONLY THE TOWER JETTISOM MOTOR 1S USED IN A SUCCESSFUL
MISSION. T PROVIDES THE THRUST TO CARRY THE TOWER 2.5.3 LAUNCH Escape MoTor (FIGurRe 2-2)
ARD MOTH MBLY AWAY FROM s/C
ASCENT O?HTES§O$ER |:AALsoous::£ :ﬁ AEUELKETTTE NommAL THE PRIMARY FUNCTION OF THE LAUNCH ESCAPE
. ' MOTOR |5 TO CARRY THE C/M AWAY FROM THE LAUNCH VEHICLE.
2~12
IT IS USED IN THIS CAPACITY ONLY iF iT IS NECESSARY TO THE X axls., THE *+Y AND -Y NDZILES ARE IDEXTICAL, EACH
ABORT THE MISSION ON THE PAD OR DURING ASCENT. ITS HAVING A THROAT AREA OF 21.1 SQUARE INCHES AND A DI
SECONDARY FUNCTION 15 A SACKUP FOR THE TOWER JETTISON AMETER OF 5.2 INCHES. THE *Z NOZZLE HAS A THROAT AREA
MOTOR. 1F THE TOWER JETT|SOM MOTOR SHOULD FAIL TO OF 24,4 SQUARE INCHES AND A DIAMETER OF 5.50 INCHES AS
{GNITE AT THE PROPER TIME, THE LAUNCH ESCAPE MOTOR CAN COMPARED TO THE =Z NOZZLE THROAT AREA OF 18.1 SQUARE
BE FIRED TO JETTISON THE TOWER ASSEMELY WITH THE BOOST INCHES AND DIAMETER OF 4.8 INCHES. THIS THROAT SI1ZE ;2
COVER UP AND AWAY FROM THE C/M. VARIANCE PRODUCES AN QFFSET IN THRUST OUTPUT, CAUSING
A 2.75% OFFSET I THRUST VECTOR FROM THE NOMJNAL
THE LAUNCH £SCAPE MOTOR ASSEMBLY S A 25 INCH THRUST CENTERLINE.
DIAMETER CYLJNDRICAL STRUCTURE. [T IS CONSTRUCTED THE
SAME AS THE TOWER JETTISON MOTOR WHERE THE OUTTER SKIR 2.6 STRUCTURAL SKIRT {FiGure 2-2}
IS THE MDTGR CASE. EXTENDING BEYOND THE FORWARD AND
AFT CONTOUR OF THE MOTCR ASSEMBLY ARE RING FRAMES FOR THE SXIRT 1S AN AERODYNAMIC SHAPED STRUCTURE
MATING. THE FORWARD RING FRAME 1S ATTACHED TG THE AFT WHICH DISTRIBUTES THE LOADS FROM THE FOUR TOWER ATTACH-
SKIRT OF THE TOWER JETTISON MOTOR WITH A SERIES OF 49 MENT POINTS TO THE LAUNCH ESCAPE MOTOR. THE FORWARD
BOLTS. THE FIRST BOLT COW FROM *I AXIS AND AN INDEX RING FRAME OF THE STRUCTURAL SKIRT WiLL MATE WiTH A
MARK ON THE ~Z AXiS INSURE PROPER MATING AND ALIGNMENT. FLANGE ON THE MOTOR AFT CLOSURE. HGIST FITTINGS WILL
THE AFT MOTOR RING FRAME |S THEN ATTACHED TO THE FORWARD BE PROVIDED ON THE SKiRT WITH SUFFICLENT CAPACITY FOR
RING ASSEMBLY OF THE TOWER SKIRT WITH 48 BOLTS. No LIFTING THE ENT{RE APOLLO VEHICLE.

MATING OR ALJGNMENT |5 NECESSARY AT THIS PQINT.
THE SKIRT ASSEMBLY STRUCTURE CONSiSTS OF

THE LAUNGH ESCAPE MOTOR |5 MANUFACTURED Y TWO RING FRAMES, 4 LONGERONS, AND FOUR SKIN ASSEMBLIES
LockHEED PROPULSION COMPANY. [T HAS AN OVERALL LENGTH, QR PANELS. THE AFT RING ASSEMBLY S FABRICATED OF

INCLUDING NOZZILES AND JGNITER, OF 16 FEET, IT Is5 26 TITANIUM, VANADIUM, AND ALUMINUM (PAL-4V}, [T IS cuT
INCHES IN DIAMETER AND WEIGHS APPROXIMATELY 4,750 LBS. INTO FOUR 90° SECTIONS AND BUTT WELDED TO FOUR LONGE-
THE SOLID PROPELLANT HAS AN ELGHT POINT STAR GRAIN RONS FABRICATED OF THE SAME MATERIAL {6AL-4V), RIVETED

. CONFIGURATION WiTH A TOTAL BURN TIME OF APPROXIMATELY TOG THE AFT RING AND LOMGERONS ARE FOUR PANELS FABRI-
EJGHT SECONDS. CATED OF (BAL-4V} .140 INCH SHEETS. THE PANEL LOCATED

ON THE Y AXIS5 HAS TWO SIX INCH CUTOUTS TO LOCATE THE

THE LAUNCH ESCAPE MOTOR HAS FOUR NOZZLES POWER SYSTEMS AND INSTRUMENTATION WIRE MARNESS. THE

. POSITIONED 90* APART. EACH NOZZLE IS CANTED 35° FROM FORWARD RING FRAME {GAL-4V) AND FOUR STEEL HOISTING



LES STRUCTURE AND INSULATION
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FIGLURE 2-9

FITTINGS ARE BOLTED AND RIVETED TO THE LONGERONS AND
SKIiN ASSEMBLIES.

AFTER THE TOWER SKIRT 15 COMPLETE AND BEFORE
ATTACHING TO THE LAUNCH ESCAPE MOTOR, THE SKIRT 15
PROTECTED WITH AN ABLATIVE MATERIAL. THE ABLATIVE
COATING USED 1S THERMOLAG T-500 EX-167 AND RESEMBLES A
BLACK TAR AFTER DRYING. AFTER CAREFUL SURFACE PREPARA~
TION THE INSULATION OR ABLATIVE MATERIAL IS APPLIED IN
THIN LAYERS BY ALTERNATELY SPRAYING AND AIR DRYING
BETWEEN LAYERS UNTIL THE PROPER THICKNESS 15 OBTAINED.
THE ABLATIVE AND INSULATING MATERIAL SHALL COVER THE
INNER AND OUTER SURFACES OF THE TOWER SKIRT, EXCEPT THE
OPENINGS AND SURFACES FOR THE INSTRUMENTATION WIRE
HARNESS AND THE FORWARD RING FRAME USED TO ATTACH THE
SKIRT TG THE LAUNGH ESCAPE MOTOR. THE COMPLETED MULTI-
PLE COATING SHALL BE .050 INCH THICK, ALLOWED TO DRY
THOROUGHLY, THEN HEAT CURED AT A CONTROLLED TEMPERATURE.

THE FOUR TOWER AL|GNMENT/ADJUST BOLTS LOCATED
AT STATION X[ =120 ATTACH THE AFT RING OF THE STRUCTURAL
SKIRT FIRMLY TO THE LAUNCH ESCAPE TOWER. THESE ATTACH-
MENTS PROVIDE A CAPABILITY FOR ADJUSTING THE ANGULAR
ALIGNMERT OF THE TOWER AND LAUNCH ESCAPE MOTOR., THESE
FOUR LARGE BOLTS, HAVING AN ADJUSTMENT OF 1,88 [NGHES,
PROVIDE A RANGE OF PLUS OR MJNUS | DEGREE PERMITTING
ALIGNMENT OF THE THRUST VECTCR RELATIVE TO THE ABORT
CONFIBURATION CENTER OF GRAVITY. AFTER THE TOWER AND
LES CENTERLINES HAVE BEEN ALIGNED, THE ATTACHMENT BOLT
AND LOCK NUT WiLL BE TORQUED AND SAFETY WIRED.

2.7 LAUNCH ESCAPE TOWER (F)GURE 2-9}

THE PURPOSE OF THE TOWER i$ TO SUPPORT THE
LAUNCH e5eape MoTORS. CONSEQUENTLY, ITS DESIGN RE-
QUIREMENTS ARE GOVERNED CONSIDERABLY BY THE MOTORS.
FOR EXAMPLE, THE STRUCTURE MUST BE DESIGNED TO SUPPORT
THE WEIGHT AND THRUST OF THE MOTORS, THE LOADS, STRES-
SES, AND STRAINS THAT WILL BE PRESENT DURING ASCENT.
THE STRUCTURE MUST BE OF A GERTAIN LENGTH TO PREVENT
FLAME |MPINGEMENT OF THE C/M AND CONSTRUCTED OF
MATERIAL THAT CAN WITHSTAND THE HEAT CREATED BY THE
MOTORS. THE OVERALL LENGTH OF THE TOWER STRUCTURE IS
i0 FEET AND WEIGHS APPROXIMATELY 300 POUNDS. THE
STRUCTURE TAPERS FROM APPROXIMATELY 4 FEET SQUARE AT
THE C/M ATTACH POINTS TO THREE FEET SQUARE WHERE !T
JOINS TO THE MOTOR ASSEMBLY.

THE TOWER !5 CONSTRUCTED OF WELDED TUBULAR
PURE TITANIUM AND [BAL-4Y} TITANiUM ALLOY. THE TUBES
ARE OF THE FOLLOWING THICKNESS AND DIAMETER:

. Tuse J-2.5" 0.D., 0.15" waLt-
COMMERCIALLY PURE TiTANIUM

2. Tuses I, L, M, 0, Q - 2.5%0.D.,
0.05" wALL~6AL-4YV T|TANIUM ALLOY

3. Tuees F, P-3.5" 0.D., 0,125" waLL-
BAL-4V TITANIWM ALLOY




CANARD OPERATION

ABORT
= A TITUDE T T s W/“uu"rrm__:___._: U e emm s
ABORTS g
ABOVE DL, \ MANUAL ORIENTATION
120,000 2O s N I
CM DAMPED
BY RCS

CANARD DAMPS.

OUT TURN AROUND

MANEUVER B ——ENTRY "G's"
50 %\

D L \%’ 24,000 FT
EPLOY TOWER
CANARD \/JETFISON
30 o .
el ?@h - -
@ 24,000 FT
+.4 SEC
PAD ABORTS COVER
JETTISON

0
1
PAD DEPLOY
CANARD TOWER
JETTISON
+.4 SEC
FIGURE 2-

THE ABOVE DIMENSIONS AND THICKNESSES ARE
SHOWN IN FIGURE 2= {FIGURE A}.

MOUNTED TO EACH TOWER LEG AT STATION X(=12.85
ARE FOUR FITTINGS WHICH PROVIDE AN ATTACH POINT FOR THE
BOOST PROTECTIVE COVER. TwO BRACKETS ARE ATTACHED TG
THE = TOWER LEGS AT STATION X|-35.87 PROVIDING A
STRUCTURAL S5TOP FOR THE LAUNCH COMPLEX ARM. THIS sTop
WILL TREP A SENSING MECHANISM ALLOWING THE MECHAN{CAL
LiNKAGE LOCATED ON THE COMPLEX ARM TO POSITION THE
CREW HATCH COVER OVER THE C/H HATCH FOR EMERGENCY EXIT
WHILE ON TRE PAD,

THE ENTIRE TOWER STRUCTURE |5 INSULATED WITH
BunA-N-RUBBER TO PROTECT THE STRUCTURE FRCM THE FLAME
IMPINGEMENT OF THE MOTORS AND AERODYNAMIGC FRICTION
HEATING, THE MOST SEVER THERMAL ENVIRONMENT CURRENTLY
EXPECTED FOR THE S/C LES TOWER IS DURING A S-V BOOST,
120,000 FT ABORT OR C/M ENTRY TO 24,000 FT. THE
INSULATION ON THE TOWER STRUCTURE WILL BEGIN ABLATING
AT 550 DEGREES FAHRENHEIT. THE INSULATION ON THE
LAUNCH ESCAPE TOWER WILL BE APPLIED UNIFORMLY AROUND
THE CIRCUMFERENCE OF ALL TUBES FOR STRUCTURAL DESIGN
TEMPERATURES OF 500 DEGREES TO 800 DEGREES FAHRENHEIT,
THE VARYING THICKNESSES ARE SHOWN iN (FIGURE 2-9
(Freure B}).

THE TWO TOWER LEGS ON THE Y AXIS ALSD CARRY
INTERNAL POWER SYSTEMS AND INSTRUMENTATION HARNESS, To
"PROTECT AGAINST ANTI-VIBRATION MEASURES WHICH COULD
CAUSE CHAFFING QF THE HARNESS, A FOAM IS INJECTED

ST-1708 /75
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THROUGH A SERIES OF HOLES PREDR{LLED IN THE TOWER LEGS.
AFTER THE INJECTING OF FOAM |S COMPLETE THE ROLES ARE
PLUGGED AND FILLED WiTH Buna-N-RUBSER.

2.8 LAUNCH ESCAPE SYSTEM MODES OF OPERATION

THE LAUNCH ESCAPE SYSTEM wWiLl CONTAIN A
DEPLOYABLE CANARD SYSTEM. THE CANARDS MAVE THE EFFECT
GF ORIENTING THE ESCAPE VEH)CLE BLUNT AND FORWARD BY

THE JNDUCED AERODYRAM|C FORCES ON THE CANARD SURFACES
FROM THE PAD TO 120,000 FEET. FOR ABORTS AT ALTITUDES
ABQVE 120,000 FEET, THE ENTIRE LES AND BOOST COVER IS
JETTISONED AND THE ASTRONAUTS WILL PARTICIPATE IN PRE-
CISELY ORIENTING THE COMMAND MODULE IN AN ENTRY ATTITUDE.

THERE ARE THREE MODES OF OPERATION, LOW
ALTITUDE ABORT, MEDIUM ALTITUDE ABORT, AND HIGH ALTI-
TUDE ABORT. TO BRIEFLY EXPLAIN THE MODES OF OFERATICN,
THEY WILL BE EXPLAINED INDIVIDUALLY. (FIGURE 2-10)

Low ALTITUDE ABORT Mope

FOR THE LOW ALTITUDE ABQRT MODE {FROH PAD TO
30,000 FEET}, THE CANARD DEPLOYMENT AND SUBSEQUENT LES
JETTISON 1S BASED ENTIRELY ON TIMED FUNCTIONS WITHIN
THE SEQUENCE CONTROLLERS. AN ABORT SIGNAL INITIATES
C/M-S/M SEPARATION AND THE FIRING OF THE LES anp P/C
MOTOR. ELEVEN SECONDS» AFTER AN ABORT INITIATION, THE
CANARD SURFACES ARE DEPLOYED, LOCKED [N THE OPEN POSi-
TION, AND A 3 SECOND TIMER STARTED. AFTER THE 3 SECUKD
TIMER HAS TIMED QUT, THE TOWER JETTJSON MOTOR AND TOWER

2.8.1

2=18




_,__','_;Nurs__nna_mReu.___..Tms_occURs_m_TH.,THE LEV_AT APOGEE_.______THE DROGUE CHUTES WILL ALLOW THE COMMAND MODULE Yo _

-

OR CLIMBING, AND AS.IT 1S TURNING FROM APEX FORWARD TO
BLUNT END FORWARD ATTITUDE, THERE I5 A .4 SECOND TIME
DELAY BETWEEN TOWER JETTISON AND REMOVAL OF THE FORWARD
HEAT SHIELD. THIS DELAY WILL PREVENT DAMAGE TO THE
FORWARD COMPARTMENT WiTH THE REMOVAL OF THE BOOST COVER.
AS THE TOWER IS JETTISONED, A TWO SECOND AND A FOURTEEN
SECOND TIMER ARE SIMULTANEOUSLY ENERGIZED. AS THE TWO
SECOND TIMER IS TIMED OUT THE DROGUE CHUTES ARE DE-
PLOYED. TWELVE SECONDS LATER (NDRMAL SEQUENCE) THE
DROGUE CHUTES ARE RELEASED AND THE MAIN CHUTES ARE
DEPLOYED UTILIZING PILOT CHUTES.

MEDIuM ALTITUDE ABORT

THE MEDIUM ALTITUDE ABRRT 1S BETWEEN 30,000
AND 120,000 FEET, AN ABORT SIGNAL INITIATES C/M-S/M
SEPARATION AND THE FIRING OF THE LES AnD P/C MOTOR,
ELEVEN SECONDS AFTER AN ABORT HAS BEEN {NITIATED THE
CANARD SURFACES ARE DEPLOYED AND LOCKED IN THE OPEN
POSITION. THE CANARDS WILL EFFECT AND DAMPEN THE TURN
AROUND MANEUVER, AND ORIENT THE COMMAND MODULE iIN THE

BLUNT END FORWARD ATTITUDE. AS THE LAUNCH ESCAPE
VEHICLE DESCENDS, AND UPON REACHING AN ALTITUDE GF
APPROXIMATELY 24,000 FEET, A BAROSWITCH WiLlL CLOSE,
INITIATING A SIGNAL TO FIRE THE TOWER JETTISON MOTOR,
REMOVING THE TOWER AND BOOST COVER. AS THIS FUNCTION
DCCURS, A .4 SECOND TIMER |5 ENERGIZED, AND WHEN TIMED
OUT WiLL JETTESON THE FORWARD HEAT SHIELD. ASs THE
TOWER 15 JETTESONED, A TWO SECOND TIMER |5 EMERGIZED,
AND WriEN TIMED OUT WILL RELEASE THE DROGUE CHUTES.

2.8.2

2.9 TOWER SEPARATION MECHANISM (FIcuRe 2-11}

THE TOWER STRUCTURE )S ATTACHED TO THE C/M
AT THE BASE OF EACH TOWER LEG. THE MEANS OF ATTACHMENT
AT THESE FOUR POINTS 1S A FRANGIBLE NUT AND STUD
ASSEMBLY (FIGURE 2-12). EACH NUT SHALL ACCEPT TWO
DETONATING ASSEMBLIES, THAT WHEN FIRED WILL FRACTURE
THE NUT AT THE DEFINED SEPARATION PLANE. THE DETONATOR
CAUSES THE NUT TO SEPARATE DUE TO PRESSURE AND SHOCK
WAVE GENERATED FIGURE 2-13. THE FRANGIBLE NUT SHALL BE
SEVERED INTO A MINIMUM OF TWO SECTIONS. BOTH DETONATORS
ARE WIRED [NTO TWC ELECTRICAL CIRCUITS A & B [F{GURE
2~12). IF ONE CIRCUIT FAILS OR FAILURE OF EITHER
CARTRIDGE THE NUT WILL STILL SEPARATE FROM THE STUD.
THE NUT SHALL BE COMPLETELY FREE FROM THE STUD UPON
DETONATION OF ONE OR BOTH CARTRIDGES. A PROTECTIVE
SLEEVE |S PROVIDED FIGURE 2-12 TO PROTECT THE CHUTE
RISERS. THE SLEEVE SHALL POP UP AFTER TOWER JETTISON
PROTECTING THE CHUTE RISERS FROM THE SHARP THREADS AND
PREVENT ENTANGLEMENT DURING CHUTE DEPLOYMENT. IN A
NORMAL ASCENT, THE TOWER |5 SEPARATED FROM THE C/M BY
DETONATION OF THE FQUR NUTS AT THE BASE OF THE TOWER
AND THE FIRING OF THE TOWER JETT|SON MOTOR.

THE BOLT BODY IS MADE FROM 4340 STEEL AND
WILL WITHSTAND A TENSILE LOAD OF APPROXIMATELY 100,000
POUNDS.  INSTALLATION OF THE FRANGIBLE NUT AND STUE
ASSEMBLY 5 MADE DURING THE TOWER 70 C/M STACKING

OPERATION, AND EXPLOSIVES ARE INSTALLED JUST PRIOR TQ
LAUNCH.

DECELERATE. UPON REACHING APPROXIMATELY 10,000 FEET
A BAROSWITCH WILL CLOSE, RELEASING THE DROGUE CHUTES
AND DEPLOY THE MAIN CHUTES.
2.8.3 High ALTI ABOR

THE HIGH ALT!TUDE ABQRT MODE 1S ABOVE
120,000 FEET AND THE SEQUENCING IS5 ALTERED BY AUTO-
MATIC AND MANUAL FUNCTIONS. AN ABORT SIGNAL WILL
INITIATE C/M-5/M SEPARATION AND THE FIRING OF THE LES
AND P/C MOTOR. As THZ G FORCES DECREASE AND LIMITED
MOTiON IS POSSIBLE, THE COMMANDERS STATION WILL
MANUALLY ENERGIZE A CIRCUIT, FIRING THE TOWER JETTISON
MOTOR, REMOVING THE TOWER AND BOUST COVER. THE
STABILIZATION AND CONTROL SYSTEM THEN PROVIDES RATE
DAMPENING WiTH THE USE OF THE C/M REACTION CONTROL
SYsTeM. AFTER THE RATES HAVE BEEN DAMPENED TO ZERG,
THE COMMANDER ORIENTS THE C/M INTQ AN ENTRY ATTITUDE
USING ONBOARD DISPLAYS AND/OR VISUAL CUES THROUGH THE
WEINDOWS. WHEN THE COMMAND MODULE REACHES AN ALTITUDE
OF APPROXIMATELY 24,000 FEET PLUS .4 SECOND THE FOR-
WARD HEAT SHIELD THRUSTERS ARE FIRED. THIS FUNCTION
S FOLLOWED BY DROSUE DEPLOYMENT 1.6 SECONDS LATER,
ALLOWING THE COMMAND MODULE TO DECELERATE. UPON
REACHING APPROXIMATELY {0,000 FEET, A BARGSWITCH WILL
CLOSE, RELEASING THE DROGUE CHUTES AND DEPLOY THE
MAIN CHUTES.
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SECTION 1H

THE COMMAND MODULE

3.1 GENERAL DESCRIPTION {FiGURE 3-1)

THE COMMAND MODULE S A CAPSWLE HOUSING THE
CREW, WEIGHING APPROXIMATELY 11,000 POUNDS. T {5 THE
ONLY PORTION OF THE APOLLO SPACECRAFT THAT WILL RETURN
TO EARTH AFTER THE LUMAR MIssioN. THE COMMAND MODULE
IS5 MADE UP OF TWO STRUCTURES, AN INNER STRUCTURE, THE
PRIMARY STRUCTURE OF THE CRAFT, WHICH 1S A PRESSURE
VESSEL HOUSING THE CREW: AND THE OUTER STRUCTURE, WHICH
IS A THREE PIECE HEAT SHIELD CONSISTING OF A FORWARD
HEAT SHIELD WHICH LS THE FORWARD APEX OF THE CRAFT, A
CREW COMPARTMENT HEAT SHIELD WHIGCH FORMS THE REMA|NDER
OF THE CONICAL PORTION OF THE CRAFT, AND AN AFT HEAT
SHIELD WHECH COVERS THE AFT PORTION OF THE CRAFT. THE
TWO STRUCTURES, HEAT SHIELD AND INNER STRUCTURE, DIVIDE
THE YOLUME WITHIN THE COMMAND MODULE INTO THREE DIS-
TINCT COMPARTMENTS. FIRST, WITHIN THE PRESSURE VESSEL,
IS THE VOLUME WHICH IS THE ACTUAL LIVING SPACE OF THE
ASTRONAUTS AND IS KNOWN AS THE CREW COMPARTMENT. IN
THE FORWARD PORTION OF THE CRAFT, A VOLUME BETWEEN THE
FORWARD HEAT SHIELD AND THE INMER STRUCTURE, WHICH IS
NOT PRESSURIZED, 1S THE FORWARD COMPARTMENT AND HOUSES
THE EARTH LANDING EQUIPMENT. BETWEEN THE AFT PORTION
OF THE HEAT SHIELD AND THE INNER STRUCTURE |5 A CIRCULAR
COMPARTMENT SURROUNDING THE INMER STRUCTURE WHICH |5
KNOWN AS THE AFT COMPARTMENT AND HOUSES MGST OF THE
CoMMAND MODULE REACTION CONTROL SYSTEM, THE TwO

STRUCTURES, INNER AND OUTER, ARE SEPARATED BY A LAYER
OF INSUWLATION. THIS INSULATION COVERS THE INNER SUR=
FACE OF THE MEAT SHIELDS. THERE ARE TWO HATCHES IN
THE COMMAND MODULE, A SIDE HATCH AND A FORWARD HATCH,
THE SIDE KATCH IS USED FOR EARTH [NGRESS AND EGRESS
AND THE FORWARD HATCH |5 DESIGNED FOR EMERGENCY POST
LANDING EX1T. THE B8LOCK | COMMAND MODULE HAS FIVE
WINDOWS, ALL OF WHICH ARE ON THE UPPER QR HEADWARD
PORTION OF THE VEHICLE, THEY CONSIST OF TWO SIDE
WINDOWS, TWO RENDEZVOUS WINDOWS AND ONE HATCH WiNDOW.

3.2 INNER STRUCTURE {FIGuRE 3-2)

THE INNER STRMCTURE 15 AN ALUMINUM, SEM{-
MONOCOQUE STRUCTURE. 17 IS DESIGNED TO HOLD A PRES~
SURE OF 5 PS| OF PURE OXYGEN WITH A LEAK RATE OF LESS
THAN .2 POUNDS PER HOUR AND HAS A LIMIT PRESSURE OF
8 PSl AND AN ULTIMATE PRESSURE OF i2 PSt. THE INNER
STRUCTURE CONSISTS OF TwO MAJOR ASSEMBLIES, AN AFT
ASSEMBLY AND A FORWARD ASSEMBLY, BEING A SEM[~
MONOCOQUE STRUCTURE, IT INCORPORATES 3O0LID STRUCTURAL
MEMBERS WHOSE FUNCTION S TO DiSTRIBUTE POINT LOADS
TO THE SIDE WALL OF THE STRUCTURE, WHICH 1S THE
ULTIMATE LOAD-BEARING PORTION OF THE STRUCTURE, THE
SOLID STRUCTURAL MEMBERS ARE OF MACHINED ALUMINUM,
WHEREAS THE SIDE WALL |5 BONDED ALUM{NUM HONEYCOMS
SANDWICH MATERIAL, THE INNER FACE SHEETS OF THE
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INNER STRUCTURE
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GENERAL ARRANGEMENT COMMAND MODULE

{BLOCK I}

FWD ACCESS HATCH FWD ACCESS TUNNEL
FWD COMPT HEAT SHIELD

SR DROGUE CHUTE RISER ATTACH STRUCTURE
FWD COMPT BULKHEAD 3 :Mﬂ COMPT MAINT PANEL
. v -

LES TOWER ATTACH BOLT RCS PITCH ENGINES

STRINGER CREW ACCESS HATCH

INSULATION

MAIN DISPLAY CONSOLE

ABLATION MATERIAL RENDEZVOUS WINDOW

SS HONEYCOMB ' ol g L L -
AL HONEYCOMB R W) Pl AT 71 A 7 MAINTENANCE PANELS
AFT COMPT EQUIP. AREA /. e SNeE 7 R )y AP\ A RCS ROLL ENGINES

RCS PITCH ENGINES

RCS ROLL ENGINES ]
AFT HEAT SHIELD
_RCS FUEL TANK RCS ROLL ENGINE SEPARATION LINE ST.250

FIGURE 3-1 3-2



INNER

STRUCTURE SUPPORT LONGERON?’S

HONEYCOMB SANDWICH ARE WELDED IN ALL CASES TO THE SOLID
ALUMINUM MEMBERS. THUS, THE ENTIRE INNER MOLD LINE OF
THE INNER STRUCTURE IS A WELDED INNER FACE MOLD LINE,
KEEPING CONSTANT WIiTH THE PRESSURE HOLDING SPECIFICA~
TIONS OF THE CRAFT. ALUMINUM HONEYCOMB CORE IS THEN
BONDED 70 THE OUTER SURFACE OF THE INNER FACE SHEETS.
[N ALL CASES, THE OUTER FACE SHEETS ARE BONDED TO THE
OUTER SURFACE OF THE HONEYCOME CORE,

AFT ASSEMBLY {SEE FIGURE 3-3)

THE AFT ASSEMBLY CONSISTS OF THE AFT BULKHEAD
AND THE AFT SIDEWALL. THE SOLID STRUCTURAL MEMRERS IN
THE AFT ASSEMBLY ARE:

3.2,

(1) A SOLID MACHINED ALUMINUM RING, WHICH
FORMS THE AFT EDGE OF THE INNER STRUC-
TURE.

{2) NINE LONGERONS LOCATED ON THE AFT SiDE~
WALL OF THE AFT ASSEMBLY.

SEVEN LONGERONS ARE WELDED TO THE INNER FACE
SHEETS AND TWO ARE BONDED BETWEEN THE INNER FACE SHEETS
AND THE OUTER FACE SHEETS. THE LONGERONS ARE LOCATED
IN POSITIONS TO DESTRIBUTE STRESS CONCENTRATIONS EVENLY
TO THE SKIN OF THE AFT ASSEMBLY. SIX OF THE NINE
LONGERONS COINCIDE IN LOCATION TO THE SIX HARD PGINTS
ON THE CoMMAND MopuLe. THESE ARE LOCATED 50%, 60°,
AND 70® APART, DIAMETRICALLY OPPOSED. THEY WILL INDI~
CATE THE POSITION OF THE SiX COMPRESSION PADS

T T AFTLONGN1 €
¢ - 102
LONGN 2
= 137 — LONGN 1
¢ BN - 42
C
"AFT LONGN 2
¢ " 152 -
" \ | y
— j c
|
102.0 -
AFT LONGN 5
. c " 332
LONGN 3 AFT LONGN 4
c = 22%¢ c° 317
AFT LONGN 3 AFT LONGN 4
c* 257 c® 282
VIEW LOOKING AFT
ST-320 i+ }
FIGURE 3-3 3-5

INTERFACING THE COMMAND MODULE TO THE SERVICE MODULE,
THREE OF THE SIX COMPRESSION PAD LOCATIONS ARE ALSO
DESIGNED AS TENSION TIES BETWEEN THE COMMAND MODULE
AND THE SERVICE MODULE, THE TENSION TIE LOCATIONS ARE
SHOWN IN FIGURE 4-4. THE TENSION TIES HOLDING THE
CoMMAND MODULE TO THE SERVICE MODULE ARE OF STAINLESS
STEEL, A DI{RECT STRUCTURAL TIE BETWEEM THESE THREE
LONGERONS AND THE STRUCTURE OF THE SERVICE MODULE,

ForwARD ASSEMBLY

THE FORWARD ASSEMBLY CONSISTS OF A FORWARD
SIDE WALL, A FORWARD BULKHEAD, A FORWARD ACCESS CYL|N-
DER, AND THE FORWARD HATCH, THE FORWARD ASSEMBLY
INCLUDES THE FOLLOWING SOLID STRUCTURAL MEMBERS:

3.2.2 FIGURE 3-~4)

(1) FouR TOWER SUPPORT LONGERONS. THESE
TOWER SUPPORT LONGERONS ARE HOCKEY
STECK .IN SHAPE, WITH A PGRTION COIN=
CIDING IN MOLD LINE TO THE FORWARD
SIDE WALL. THEY ARE LOCATED APPROX|=
MATELY 90 DEGREES APART, STRADDLING
THE Y AND Z AXES.

{2) THE MID RING. THE MiD RING IS LOCATED
AT THE AFT PORTION OF THE FORWARD SIDE
WALL. 1T 1S A TWO-PIECE RING CONS!ST-
ING OF A 90 DEGREE SECT/ON BETWEEN THE
TWO UPPER SUPPORT LONGERONS AND A 270
DEGREE SECTION COMPLETING THE RING.



THESE LUONSERGNS COINCIBE IN LOCATION TO
THE TOWER SUPPORT LONGERONS.

(4) A SOLID RING AT THE FORWARD PORTION OF
THE FORWARD ACCESS CYLINDER. THIS RING
FORMS THE FRAME FOR THE FORWARD HATCH.

THE FORWARD AND AFT ASSEMBLIES, CONSISTING OF
THE SOLID STRUCTURAL MEMBERS AND THE ENNER FACE SHEETS,
ARE WELDED TOGETHER. THE INTERFACE OF THIS WELD IS AT
THE FORWARD PORTION OF THE AFT SIDE WALL AND AT THE AFT
PORTION OF THE FORWARD SIDE walL. THIS IS A CONTINUOUS
CIRCULAR WELD COINCIDING WITH THE INNER MOLD LINE. AFTER
THIS WELD IS COMPLETE, A STRIP OF HONEYCOMS CORE IS
BONDED OVER i7, AND FINALLY, AN OUTER FACE SHEET STRIP
IS BONDED INTG PLACE. THUS, A CONTINUOUS STRUCTURE NOW
EXISTS MADE OF ALUMINUM HONEYCOMB SANDWICH MATERIAL,
CONTAINING SOLID, ALL WELDED, INMER FACES WITH CONTINU=~
OUS STRUCTURE MEMBERS AND HAVING ALL WELDED INTERFACES
ON THE INNER MOLD LINE. THE THICKNESSES OF THE VARIOUS
PORTIONS OF THE INNER STRUCTURE OVERALL WALL ARE AS
FOLLOWS: (FIGURE 3-5) :

THE AFT BULKHEAD |5 1.5 ENCHES THICK

THE AFT SIDE WALL 1S ,75 INCHES THICK

THE FORWARD SIDE WALL 15 ,9 INCHES THICK

THE FORWARD BULKHEAD iS5 .75 INCHES THICK

THE FORWARD ACCESS CYLINDER |5 .25 INCHES
THICK

~—{3)._FOUR. FORWARD ACCESS_CYL, INDER  LONGERONS:—,

3.2.3.1 AFT SIDE WALL PENETRATIONS

IN THE AFT SIDE WALL OF THE {NNER STRUCTURE
THERE ARE SEVEN PEMETRATION FITTINGS. THE PHYSICAL
LOCATION FOR THESE PENETRATIONS WILL BE SHOWN (N
FIGURE 3-2. THESE-«ARE ALL ONE PIECE ALUMINUM FRAMES
WELDED TO THE SURROUNDWNS INTERFACE SHEETS,

TWO ELECTRICAL PEMETRATION FITTINGS ARE
LOCATED ON THE AFT SIDE WALL, TO THE RIGHT AND AFT OF
THE SIPE HATCH {FIGURE 3=2), THESE PENETRATIONS
ARE ALSC SHOWN IN FIGURE 3-6 AS PGINTS "D" anp "“J¥,
THROUGH THESE PENETRATIONS, APPROXIMATELY 1200 WIRES
WILL PENETRATE. OF THESE 1200 WIRES, APPROXIMATELY
1000 WILL BE ROUTED THROUGH THE UMBILICAL TO THE S/M,
WHILE THE REMAINING 200 WIRES WILL BE ROUTED TO THE
EQUIPMENT (N THE AFT COMPARTMENT.

THREE HARD LINE PENETRATION FITTINGS ARE
LOCATED ON THE AFT SIDE WALL TO THE LEFT OF THE CREW
HATCH AS SHOWN IN FIGURE 3-2. THE LARGE PENETRATION
FITTING  SHOWN IN FIGURE 3~6 AT POINT "C” CONSISTS
OF EIGHT LINES.

STEAM VENT

OXYGEN SUPPLY

COOLANT SYSTEM {WATER GLYCOL)
WATER SUPPLY

PRESSURE REGULATOR SENSOR PARTS

P2 == PR =

INNER STRUCTURE - INNER SHELL

(FORWARD ASSEMBLY)

ACCESS CYLINDER

LONGERON

==

OPTICS PENETRATION

FIGURE 3-4

ASTRO-SEXTANT DOOR
DRIVE PENETRATION

ST

ST-276 { %)

3-6




INNER STRUCTURE PENETRATION DIAGRAM 8 COORDINATES
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COMMAND MODULE INNER STRUCTURE

(BLOCK 1)
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STET T e ——FORWARD HATCH
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C-CHANNELS

T-STREINGERS

FIGIIRE 3.5

CREW ACCESS
HATCH ASSY
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C/M CREW HATCH

FIGURE 3-7

AT POINT "BM THERE 1S A SMALL PENETRATION
CONSISTING OF THREE LINES.

1 OXYGEN SUPPLY
I POTABLE WATER
| WASTE WATER

AT POLNT “H" THERE IS A SINGLE PENETRATIGN.
IT S A STEEL LINED FITTING THROUGH WHICH THE URINE
OVERBOARD LINE 15 ROUTED. THIS LINE WILL PERMIT URINE
FROM THE WASTE MANAGEMENT SYSTEM TO BE DUMPED OVERBOARD.
THI1S PENETRATION FORMS THE CENTER OF THE STEAM VENT
WHEN PENETRATING THE HEAT SHIELD AS SHOWN IN FIGURE 314,

TwO COAXIAL CABLE PENETRATION FiTTINGS ARE
LOCATED BETWEEN THE +Z AND +Y AXES. THESE PENETRATIONS
ARE SHOWN IN FIGURE 3=8 AS POINTS “AM anD "G, THROUGH
THESE PENETRATIONS ARE THE CABLES REQUIRED FOR THE C-
BAND AMD SCINITAR ANTENNAS.
3.2.3.2 FORWARD SIDE WALL PENETRATIONS
FOUR OF THE FIVE WINDOWS ARE PENETRATIONS iN
THE SKIN [N THE FORWARD SIDE WALL. THE FIFTH WINDOW 1S
A PENETRATION FITTING IN THE HATCH, WHICH 15 A MAJOR
PENETRATION OF THE FORWARD SIDE WALL (FIGURE 3-5). THE
WINDOW PENETRATIONS ARE SOLID ALUMINUM FRAMES THAT ARE
* WELDEP TO THE SURROUNDING INTERFACE SHEETS., THE
RENDEZVOUS WINDOWS PROVIDE A FORWARD VIEW FROM EITHER
SIDE OF THE C/M WHILE THE SIDE WINDONS PROVIDE AN OPEN-
ING FOR SIDE OBSERVATIONS, THE WINDOWS THEMSELVES ARE

wap e lNNER-STRUCTUR Bssrr o g e mrvpme e ——

ot
]

ST-605{ 4
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DOUBLE=-PANED, EACH PANE BEING .25 OF AN INCH THICK.
THE PANES ARE SEPARATED BY A .| OF AN INCH OF SPAGE.
THESE PANES ARE CORNING GLASS wWoRKS No, 1723 TEMPERED
SILICA GLASS, THE SOFTENING POINT OF THE GLASS IS
2000 DEGREES F. THE TEMPERATURE DESIGN LIMJTS SUR-
ROUNDING THE GLASS PANES IS 200 DEGREES F, THE PANES
OF GLASS ARE POTTED INTO THE FRAMES WITH POTTING
MATERIAL RTV560 SILICONE RUBBER, AN ALUMINUM RETAINER
AND FASTENERS WILL HOLD THE GLASS PANE [N PLACE,

THE OPTICS PENETRATION FITTING IS A SOLID
ALUMINLM FRAME WELDED TO THE SURROUNDING INTERFACE
SHEETS AND STRADDLES THE +Z AXIS ON THE LOWER SIDE OF
THE VEHICLE, THE OPTICAL DEVICES ARE BOLTED TO
FLEXIBLE, PRESSURE HOLDING, BELLOWS WHICH ARE BOLTED
DLRECTLY TO THE INNER SURFACE OF THIS PENETRATION FIT=
TING, THEREFORE KEEPING THE CONTINUITY OF THE PRESSURE
SEAL. JUST BELOW THE OPTICS PEMETRATION AT POINT *WM¥
AS SHOWN [N FIGURE 3-8 IS THE PENETRATEION FOR THE
SEALED DRIVE MECHANISM FOR THE ASTRO SEXTANT DOGRS
{FIGURE 3~4).

THE SIDE HATCH (FIGURE 3-7) IS FABRICATED OF
THE SAME MATERIAL AS THE INNER STRUCTURE AND INTER~
FACES THE INNER STRUCTURE BY A SOLID ALUMINUM FRAME
THAT IS WELDED TO THE INNER FACE SHEETS. HANDLES ARE
PROVIDED ON THE INSIDE AND OUTSIDE FOR EASE OF INSTAL-
LATION AND REMOVAL. THE OUTER SET OF HANDLES ARE
HINGED, AMD MAY BE FUOLDED AFTER INSTALLATION. THE SIDE
HATCH MAY BE OPENED OR CLOSED FROM EITHER THE QUTSIDE
OR THE INSIDE OF THE SPACECRAFT. ALSD, A WINDOW IS

Dl
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FIGURE 3-8

PROVIDED IN THE HAI1Lm, FABRICATED CF THE SAME MATERIAL
A5 THE INNER STRUCTURE SI1DE AND RENDEZVOUS WI1NDOWS.

THE CREW HATCH LATCHING MECHANISM PROVIDES
THE MECHANICAL SYSTEM NECESSARY TO POSITION AND SECURE
THE HATCH DOOR TGO THE CfM, THE MECHANISM ALSO ACTS AS
A LOAD CARRYING MEMBER FOR STRAUCTURAL CONTINUITY wHILE
THE C/M IS PRESSURIZED. THE MECHANISM |S MOUNTED ON
THE CUTER SURFACE OF THE CREW HATCH DOOR, WITH MATCHING

LATCH ASSEMBLIES MOUNTED ON THE SOLID ALUMINUM STRUCTURE,

THE MECHANEISM |S MANUALLY OPERATED USING THE TOOL SET
TORQUE WRENCH. THIS TORQUE WRENCH WiLL NORMALLY BE
STORED [KR A DRAWER, AND JUST PRIOR TG ENTRY INSERTED
AND LOCKED [N THE INMER HATCH OPEMING MECHANISM. THE
INNER HATCH MAY BE LOCKED FROM THE INSIDE BY ROTATING
THE TORQUE WRENCH 360® CLOCKWISE AND UNLOCKED BY
ROTATING 366 COUNTERCLOGKNWISE,

3.2.3.3 FORWARD BULKHEAD PENETRATIONS

THROUGH THE ELECTRISAL PENETRATION FITTING
WILL BE ROUTED THE CABLES TO THE £ARTH LANDING SYSTEM
AND THE LAUNCH ESCAPE SYSTEM. THIS |S SHOWN AT PGINT
MM IN FlouRe 3-8,

THROUGH THE COAXIAL CABLE PENETRATION FITTING
WiLL BE ROUTEDR THE CQAXIAL CABLES TO THE RECOVERY
ANTENNAS., THUS PENETRATION 15 SHOWN AT POINT "KY |y
FEGURE 3-B.

e L SN WL

WALVE OFEN
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3.2.4 FORWARD COMPARTMENT

THE FORWARD COMPARTMENT !S5 DIVIDED INTQ
QUADRANTS BY FOUR GUSSETS (FIGURE 3+5). THESE GUSSETS
ARE FASTENED TO THE HORIZONTAL PORTIONS OF EACH TOWER
SUPPORT LONGERON, THE FOUR LONGERONS I|N THE FORWARD
ACCESS CYLINDER, AND STRADDLE THE AXES. THE QUADRANT
ON THE NEGATIVE Z PORTION OF THE VEHICLE {5 EQUIPPED
WITH FITTINGS FOR ATTACHMENT OF TWO DROGUE MORTARS AND
A FRAME FOR ATTACHMENT OF TWO PITCH REACTION CONTROL
ENGINES. THE REMAINLNG THREE QUADRANTS WILL HOUSE THE
THREE MAIN PARACHUTES, THREE PILOT CHUTE MORTARS, AND
THE CANNISTERS STORING THE BAGS FOR THE UPR|GHTING
SYSTEM,

3.2.5 fos DING VENTILATIO

LOCATED IN THE TUNNEL ASSEMBLY |S A FORWARD
HATCH., THIS HATCH MAY BE USED FDR EMERGENCY EXIT AFTER
POST LANDING FIGURE 3-8 ., THE HATCH |S FABRICATED OF
ALUMINUM HONEYCOMB SANDWICH MATERIAL APPROXIMATELY 1"
THICK. THE HATCH WILL INTERFACE THE TUNNEL BY A SOLID
ALUMINUM FRAME WELDED TO THE TUNNEL SIDEWALL. A SET
OF HANDLES ON THE INSIDE AND OUTSIDE IS PROVIDED FOR
EASE OF [NSTALLATICN AND REMOVAL. ALSG ON THE MANNED
FLIGHTS A POST LANDING VENTILATION SYSTEM 15 LOCATED
ON THE FORWARD HATCM. THE VENTILATION SYSTEM CONSISTS
OF TWO MOTOR DRIVEN GATE VALVES, POST LANDING VENT
CONTROLLER {PLVC), MOTOR DRIVEN FAN AND A EXTENDABLE

19
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A THREE POSITION
SWITCH 15 PROVIDED ON PANEL 25 OFF, LOW AND HIGH, WHEN
THE SWITCH 15 PLACED IN THE HIGH POSITION, THE FAN WiILL
PROVIDE 150 CFM oF AIR To THE C/M INTERIOR, WHIL? THE

DUCT FOR BETTER AIR CIRCULATION.

LOW POSITION WILL PROVIDE 100 CFM OF AIR. A ATTITUGE
SENSQR LOCATED IN THE LEFT HAND EQUIPMENT BAY WiLL
CLOSE THE VENT VALVES AUTOMATICALLY BEFQRE THE C/M HAS
TIPPED TO STABLE |! POSITION FIGURE 3=9 ,

INTERIOR AND EXTERIOR STRUCTURES (FIGURE 3-5)

TO THE EXTERIGR OF THE FORWARD SIDEWALL |5
BONDED 2] C-CHANNEL STRINGERS, THESE C=GHMANNEL STRING-
ERS ARE PART OF THE PHYSICAL TIE-IN OF THE CREW COMPART-
MENT HEAT SHIELD. TO THE AFT SIDEWALL ARE BONDED 26
T-STRINGERS, THESE T~-STRINGERS PROVIDE ATTACH POINTS
FOR TRUSSES THAT SUPPORT THE AFT PART GF THE CREW
COMPARTMENT HEAT SHIELD, A BULKHEAD IS BOLTED TO THE
MID RING INSIDE THE INNER STRUCTURE. THIS 1S A BONDED
ALUMINUM HONEYCOMB SANDWICH MEMBER DESIGNATED THE GIRTH
SHELF ASseMBLY. THE PURPOSE OF THE GIRTH SHELF ASSEMBLY
IS TO PROVIDE LATERAL STRENGTH TG THE SIDEWALL OF THE
COMMAND MODULE, PROVIDE STRUCTURAL SUPPORT FOR THE
SIDEWALLS, AND THE EQUIPMENT BAYS.

3.2.6

Crew CoucH ATTacH PoiNTs (6) {FiGURe 3=10Q)

BONDED TO THE INMER SURFACE TO THE LEFT AND
RIGHT HAND SIDE OF THE MATGCH ARE HATCH SUPPORT BEAMS,
THESE STRENGTHEN THE AREA IN THE VITINITY OF THE HATCH
AND ALSD SUPPLY TWC CLEVISES TO WHICH ARE BOLTED Two

T
e3mat ¥ 7

315

(X-X HEAD STRUTS) OF THE SIX SHOCK ATTENUATION CYLIN-
DERS SUPPORTING THE CREW COUCH TO THE COMMAND MODULE
INNER STRUCTURE. THE REMAINING FOUR SHOCK ATTENUATION
CYLINDERS ARE MOUNTED, TWO {X-X FEET $TRUTS) TO
CLEVISES WHICH ARE MACHINED ON THE INNER SURFACE OF

THE LOWER TOWER SUPPORT LONGERONS, AND Two (Z~Z STRUTS)
TO CLEVISES WHICH ARE MACHIMED ON THE INNER SURFACZ OF
TWO AFT SIDEWALL LONGERONS, AFT OF AND STRADDLING THE
SIDE HATCH. :

3.3 sscor}mw STRUCTURE [Figure's 3=11, 3~12,
3-13

THE REMAINDER OF THE |NTERNAL STRUCTURAL
MEMBERS [N THE CRAFT IS KNOWN AS THE SECONDARY
STRUCTURE. THIS FORMS ALL THE EQUIPMENT BAYS INSIDE
THE PRESSURE YESSEL. THESE EQUIPMENT BAYS ARE HADE
OF SOLID ALUMINUM MEMBERS AND BONDED ALLMINUM HONEY~
COMB PANELS, THESE ASSEMBLIES ARE MECHANICALLY
FASTENED TO BRACKETS THAT ARE BONDED AND SGLTED ToO THE
INNER SURFACE OF THE PRESSURE VESSEL.

3.4 COMMAND MODULE OUTER STRUCTURE (Ficure 3-14)
»

THE QUTER STRUCTURE CONSTITUTES APPROX |-
MATELY 30 PERCENT OF THE OVERALL WEIGHT OF THE Commanm
MopuLE, IT CONSISTS OF THREE HEAT SKIELDS: THE AFT,
THE CREW COMPARTMENT, AND THE FORWARD HEAT SHIELDS,

- )
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o= 3edu o/ -AFT HEAT SHIELD (FIGURE 3-15) . .

THE AFT HEAT SHIELD IS MADE OF BRAZED STEEL
HONEYCOMS SANDWICH MATERIAL AND SURFAGED WITH ABLATIVE
MATERIAL, THE TYPES OF STEEL INCORPORATED ARE |7-4
CRES, BAL-4V TITANIWM, AND PHI4~8 MOLYBDENUM CORROSION
RESISTANT STEEL. THE AFT HEAT SHIELD I35 MADE OF FOUR
90 DEGREE PIE~SHAPED PANELS OF THIS MATERIAL, TWO
INCHES THICK, THESE PANELS ARE BUTT~WELDED TOGETHER,
FORMING THE CONVEX PORTION OF THE HEAT SHIELD. THE
TLSHT RADIUS EDGE OF THE HEAT SHIELD §S MADE OF A
LAYER OF CORRUGATED STEEL, SURFACED ON THE OUTSIDE WiTH
A LAYER OF SMOOTH STEEL. THE CORARUGATED SHEETS ARE
RES|STANCE WELDED TQ THE SMOOTH SHEETS, THE EDGE i$
RIVETED TO THE HONEYCOMB CONVEX PORTION OF THE HEAT
SHIELD, ON THE FORWARD PORTION OF THE AFT HEAT SHIELD,
INTERFACING WITH THE CORRUGATED EDGE, IS A SOLID STEEL
MACHINED RING. THIS RING IS RIVETED TO THE CORRUGATED
R EDGE. THIS RING INTERFAGES A RING ON THE CREW COMPART-
MENT HEAT SHIELD. THE INTERFACE |5 TONGUE AND GROOVE,

FROM THE S1X HARD POINTS OF THE COMMAND

MODULE, THROUGH THE AFT HEAT SHIELD, IS TRANSMITTED THE
COMPRESSION LOADS DIRECTLY TO THE COMPRESSION PADS ON
THE SERVICE MODULE. THE AFT HEAT SHIZLD iS5 DESIGNED TO
WITHSTAND THESE LOCALIZED COMPRESSION FORCES IN THE
AREAS OF THE COMPRESSION PADS. THE THREE TENSIGN TIES
ARE STEEL BOLTS PENETRATING THE AFT HEAT SHIELD AND ARE
BIRECTLY LINKED TO THE INNER STRUCTURE. SURROUNDING
THE PENETRATION |IN THE AFT MEAT SHIELD THROUGH wHICH
THESE BOLTS ARE ROUTED IS A SOLID PLUS OF AN ASBESTOS

- _._._..____TYPE INSULATING MATERIAL.

_THE_AFT HEAT SHIELD |S BOLTED _
TO THE INMER STRUCTURE BY 59-3/8 INCH STAINLESS STEEL
BOLTS., THESE ARE EQUALLY SPACED AND DIRECTLY INTERFACE
THE AFT RING OF THE [NNER STRUCTURE, THE INNER STRUC-
TURE AND THE AFT HEAT SHIELD ARE SEPARATED BY A .75
INCH SPACE. THIS [S ACCOMPLISHED BY USE OF FIBERGLASS
ALUMINUM SPACERS AROUND THE PERIPHERY IN WHICH THE
59-3/8 INCH BOLTS ARE PLACED., THE SPACE BETWEER THE
AFT BULKHEAD OF THE INNER STRUCTURE AND THE AFT HEAT-
SHIELD IS FILLED B8Y A TYPE 1] INSULATION BLANKET
PARAGRAPH 3,4.3 HAVING A TOTAL THICKNESS OF APPROX|=
MATELY .80 OF AN iNCH. A TYPE | BLANKET 1.5 INCHES
THICK |5 FABRICATED FCR THE TORDIDAL SECTION. BoTH
TYPES SMALYL BE BONDED DIRECTLY TG THE AFT HEAT SHIELD.
{r1cure 3~16].

CREW COMPARTMENT HEAT SHIELD (FIGURE 3~12)

THE CREW COMPARTMENT HEAT SHIELD |5 MADE OF
PANELS OF BRAZED STEEL HOMEYCOMB SANDWICH MATERIAL.
THE OVERALL THICKNESS OF THESE PANELS I5 .50 INCH,
E16HT ACCESS PANELS ARE LOCATED [N THE AFT PORTION OF
THE CREW COMPARTMENT HEAT SHIELD, THESE ACCESS PANELS
ARE LOCATED IN SUCH A FASHION AS TO PERMIT ACCESS TO
THE REACTION CONTROL SYSTEM LOCATED IN THE AFT COMPART~
MENT, AND ALS0 TO THE HARD LINES AND ELECTRICAL
INSTALLATIONS !N THE COMMAND MODULE, THEY ARE PAMELS
OF THE SAME MATERIAL AS THE CREW COMPARTMENT HEAT
SHIELD AND ARE MELD IN PLACE 8Y CAPTIVE 80LTS. TEN
REACTION CONTROL ENGINES ARE LOCATED IN THE AFT
COMPARTMENT. THESE INTERFACE WITH PANELS THAT ARE PART

3.4.2
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C/M HEAT SHIELD COMPONENTS (BLOCK I)

FWD COMPT HEAT SHIELD

LES TOWER LEG WELL

BRAZED STAINLESS
STEEL HONEYCOMB

INSULATION

PITCH ENGINE ACCESS DOOR

XC = 112.25

PITCH ENGINE COVER

HEAT SHIELD
CREW HATCH

= 8113

-
- XC

CREW
COMPARTMENT
HEATSHIELD

INNER ‘ 43.42
STRUCTURE (REF) -7
YAW ENGINE /‘\' X, =23.23
COVER 2/ .
ROLL ENGINE : “ UMBILICAL
ACCESS DOOR / : HOUS ING
AFT COMPARTMENT — 4 PITCH ENGINE
ROLL / SCIMITAR COVER
HEAT SHIELD ENGINE COVER AR VENT ANTENNA
STEAMVENT e
HOUS ING ST-a25¢ {4
FIGURE 3-14
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GENERAL CONFIGURATION
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AFT COMPARTMENT HEAT SHIELD (BLOCK I)

HEAT SHIELD TO INNER

CORRUGATED STRUCTURE ATTACH BOLTS
PANELS Ry

SEPARATION RING
+7 —

/= e

WCOMPRESSION PAD i

#5
#4 “H\"'“-_Z

HONEYCOMB PANEL (2°)

COMPRESSION PAD/CSM
TENSION TIE FITTING

FIGURE 3-15



- RIOITKU-0E

LH DOGR

FLEXiBLE
SHAFTS
SEALED
DRIVE
FIGURE 3-17

OF THE HEAT SHIELD, THESE PANELS ARE BOLTED INTO PLACE
IN THE SAME MANNER AS THE ACCESS MATCHES. THE RCS
PANELS ARE SQLID MACHINED STEEL (PAL-4V TITANIWM). THE
CREW COMPARTMENT HEAT SHIELD IS EQUIPPED WITH A 3 INCH
DIAMETER VENT., THIS VENTS THE SPACE BETWEEN THE |NNER
STRUCTURE AND THE HEAT SHIELD STRUCTURE ALLOWING NO
GREATER THAN A | PS| DIFFERENTIAL IN PRESSURE TO EXIST
BETWEEN THIS AND THE AMBIENT PRESSURE. THE AIR VENT
ALS0 PROVIDES A MEANS OF VENTING FUEL OR OTHER EXPLOS|VE
TYPE VAPGRS THAT MIGHT ESCAPE FROM A POSS|BLE MALFUNG-
TIONING SYSTEM.

LOCATED WITHIN THE VENT TUBE WILL BE ELEVEN
COPPER GRID PLATES THAT ACT AS A HEAT SINK. THESE COPPER
GRID PLATES WILL HELP IN ABSORBING THE HOT GAS TEMPER-
ATURES WHICH MAY ENTER THE AIR VENT DURING RE~ENTRY,
THE VENT 1S LOCATED TGWARD THE AFT PORTION OF THE CREW
COMPARTMENT, DIRECTLY AFT AND TO THE LEFT OF THE SiDE
HATCH (FIGURE 3-12),

NEXT TO THE AIR VENT LINE {3 THE STEAM VENT
PENETRATION (FIGURE 3-12), THIS IS A 2~INCH DIAMETER
LINE THAT INTERFACES WITH THE INNER STRUCTURE. THROUGH
THIS PENETRATION, THE WATER USED IN THE EVAPORATIVE
PROCESS FROM THE SUIT HEAT EXCHANGER AND THE GLYCOL
EVAPORATOR 1S VENTED OVERBOARD,

AFT AND TO THE RIGHT OF THE SIDE HATCH 15
LOCATED THE CSM UMBILICAL PENETRATICN. THROUGH THIS
PENETRATION 1S ROUTED ALL THE ELECTRICAL AND MARD LINES
THAT INTERFACE WITH THE SM syYsTEMs,

LATCH
MECHANISM

ATANI DOOR
LATCH MECHANISM |

ASD DRIVER

PARALLEL TO THE FIVE WINDOWS IN THE INNER
STRUCTURE ARE THE CREW COMPARTMENT HEAT SHIELD WiNDOWS
{FIGURE 3-12). THESE ARE A SINGLE PANE OF GLASS .1
OF AN INCH TrlICK, THE GLASS §s Dow CoRnING 7950
AMORPHOUS FUSED SILICON, VACUUM DEPOSITLED ON THE
EXTERNAL SURFACE OF THE GLASS IS A SINGLE LAYER OF
MAGNESIUM FLORIDE THAT [S AN ANT| REFLECTIVE COATING.
THE INTERNAL SURFACE OF THE GLASS RAS 42 VACUUM DE-
POSLTED LAYERS OF BLUE-RED REFLECTIVE COATINGS THAT
FILTER OUT MOST OF THE INFRA-RED RAYS AND ALL OF THE
ULTRA YIOLET RAYS. THESE PANES HAVE A SOFTENING PO[NT
OF 2800 DEGREES F AND A MELTING POINT OF 3i{0 DEGREES
F. THEY ARE SURROUNDED BY A STEEL FRAME INTERFACING
THE HEAT SHIELD, WHOSE MIGH TEMPERATURE SPEZCIFICATIONS
WILL BE A MAXIMUM CF 600 DEGREES F. BETWEEN THE STEEL
FRAME AND THE GLASS [$ AN INSULATING GASKET, THE STEEL
FRAME [5 BOLTED TO THE ADJACENT MATERIAL IN THE CREW
COMPARTMENT HEAT SHIELD AND THE ENTIRE FRAME COVERED
WITH ABLATIVE MATERIAL.

THE CREW COMPARTMENT HEAT SHMIELD 5 EQUIPPED

WITH A PAIR OF DCORS WHICH PROVIDE PROTECTION FOR THE
ASTRO-SEXTANT AND TELESCOPE LENS FROM ENVIRONMENTAL
CONDITLONS EXPIERENCED DURING THE MISSION (Fleure 3=17}.
THE TWO DOORS ARE LOCATED ON THE +Z AXIS OF THE s/C

AND ARE FABRICATED OF SRAZED STEEL HONEYCOMB, WHEN

THE DOORS ARE INSTALLED AND CLOSED THEY BECOME A PART
GF THE CREW COMPARTMENT HEAT SHIELD SUBSTRUCTURE. THE
DOORS ALSO PROYEIDE A BONDING SURFACE FOR THE ABLATIVE

MATERIAL. THE DCOR [S MECHANICALLY OPERATED FROM
INSIDE THE CREW COMPARTMENT WITH THE CRANK HANDLE

324



FIGURE 3-18

ASD DRIVER., THERE ARE THREE FLEXIBLE SHAFTS THAT
GONNECT THE SEALED DRIVE TO THE LATCH AND HINGE MECH-
AN}SMS, THE CENTER FLEXIBLE SHAFT SHALL SERVE TO
UNLOCK AND LGCK THE DOGRS AFTER THE FINAL CLOSING. THE
OUTER FLEXIBLE SHAFTS ATTACH T@ THE HINGE DRIVE MECH-
ANISM AND EFFECT THE OPENING AND CLOSING OF THE DCORS
IN A PARALLELOGRAM FASHION. THE CRANK HANDLE AND DRIVER
ARE INSERTED INTO A HEX DRIVE ON THE INSTHRUMENT PANEL,
AND SHALL REGUIRE APPROXIMATELY NIME TURNS TO UNLOCK

OR LOCK THE ASTRO-SEXTANT DOOR, WHILE THREE TURNS WILL
OPEN AND EXTEND OR RETRACT AND CLOSE THE DOORS. A
INDICATING DEVICE SURROUNDING THE HEX DRIVE PENETRATION,
wWiLlL INDICATE DOOR POSITION DURING OPENING AND CLOSING
FiGURe 3~17 . THE DOORS WHEN OPEN WILL CLEAR AN ANGLE
OF VIEW OF AT LEAST 100 DEGREES. WHEN NOT IN USE THE
HANDLE AND DRIVER wWILL 8E REMOVED AND STOWED,

THE COMMAND MODULE HEAT SHIELD SIDE HATCH
PROVIDES ACCESS TO THE INNER HATCH AND INTOQ THE CREW
COMPARTMENT (FIGURE 3-18). THE HATCH IS A TRAPEZOID
CONF]GURED DOOR CONSTRUCTED OF BRAZED STEEL HONEYCOMS,
THE SAME THICKNESS AND TYPE OF MATERIAL USED IN FABRI-
CATING THE CREW COMPARTMENT HEAT SHIELD. THE HATCH
INTERFAGCES THE CREW COMPARTMENT MEAT SHIELD BY A SOLID
STEEL FRAME THAT IS WELDED TO THE SURROUMDING STEEL
HONEYCOMB MATERIAL. A LAYER OF ABLATIVE MATERIAL WILL
BE BONDED TO THE EXTERIOR SURFACE.

THE OUTER CREW HATCH MECHANISM PROVIDES A
POSITIVE METHOD OF SECURING THE CREW HATCH DOGR TO THE
C/H STRUCTURE AND RETAINING IT IN POSITION THROUGHOUT
THE MISSION., THE LATCHING MECHANISM |5 MOUNTED ON THE

H

INNER SURFACE OF THE HATCH, AND THE MATCHING LATCH
ASSEMBLIES ARE MOUNTED TO THE STEEL FRAME SURROUNDING
THE HATCM. THE HATCH MECHANISM MAYBE MANUALLY OPERATED
FROM EITHER THE INSIDE OR QUTSIDE. TO UNLRCK THE HATCH
FROM THE IMSIDE, A $INGLE HANDLE AND LANYARD 1S ATTACHED
YO THE LATCHING MECHANISM (FiGURE 3= 19).T0 Lack THE
HATCH FROM THE INSIDE, THE IN FL1GHT EMERGENCY

HANDLE WiLl BE INSERTED IN THE HEX DRIVE AND ROTATED
APPROX IMATELY §0® COUNTERCLOCKWISE, THE Aild-i32 C/M
HANOLE 1S USED TO LOCK OR UNLOCK THE HATCH FROM THE
OUTSIDE. THE HANDLE |$ INSERTED THROUGH A PENETRATION
PROVIDED IN THE ABLATOR, AND WILL INTERFACE WLTH THE
HEX DRIVE ON THE LATCHING MECHAKISHM, THE HANDLE IS5
ROTATED O TO LOCK THE HATCH AND CCW TO UNLOCK THE
HATCH. THES PENETRATION WILL BE CLOSED WiTH AN ABLATOR
PLUG AFTER THE FINAL INSTALLATION. TO OPEN THE HATCH
AFTER POST LANDING, A ROD ASSEMBLY IS LOCATED BETWEEN
THE INNER AND GUTER STRUCTURE {FIGURE 348 }. ONE END

OF THE ROD WILL INTERFACE THE SHOE ON THE LATCHING
MECHANI SM WHILE THE OTHER END IS FLUSH WITH THE FOR-
WARD BULKHEAD., TO OPEN THE HATCH BY THIS MEANS, THE
FORWARD HEAT SHIELD WILL HAVE Tg BE REMOVED,

3.4.3 [N 0 KeTS (FIGURE 3-16)

THE INSULATION BLANKETS USED IN THE C/M wiLL
CONSIST OF THREE TYPES., TYPE | wilL HAVE FiBROUS
INSULATION SANDWICHED BETWEEN TWO RADIATION SHIELDS.
TYPe il WILL HAVE FIBRGUS INSULATION AND THREE LAYERS
OF NYLON SANDWICHED BETWEEN TWG RADIATION SHIELDS.
THE TYPE ||l ASSEMBLY SHALL BE THE SAME AS THE TYPE
| EXCEPT THAT FIVE LAYERS OF NYLON SHALL BE USED.

3-26



ey T e [ . — oo ——————

AL TYPES OF INSULATION BLANKETS ARE ACCEPTABLE FOR USE  CMANNEL STRINGERS. THESE STRINGERS CORRESPOND IN

FROM ~300 To +700°F, SIZE AND LOQCATION 7O THE STRINGERS THAT ARE LOCATED
ON THE OUTER SURFACE OF THE FORWARD SIDf WALL OF THE
THE FIBERGLASS INSULATION MATERIAL SHALL CON- THMER STRUCTURE. THE CREW COMPARTMENT HEAT SHIELD (S
SIST OF GLASS FIBERS CONTAINING A THERMOSETTING SILICONE ~ FASTENED TO THE INNER STRUCTURE BY MEANS OF I=RA|LS
RESIN BINDER, THE MATEREAL MAY BE PURCHASED IN EJTHER THAT INTERFACE WiTH THE C-CHANNEL STRINGERS ON THE
A TYPE | 3 PQUND DENSITY OR TYPE !{ 6 POUND DENSITY. INNER STRUCTURE AND THE CREW COMPARTMENT HEAT SHIELDS.
THE MATERIAL COMES IN LARGE SLABS 3/16 AND .5 THICK THESE 2-PIECE |-RAILS PERMIT JELATIVE MOTION BETWEEN
AND |S PRECUT FROM TEMPLATES PRIQR TO INSTALLING ON THE CREW COMPARTMENT HEAT SHIELD AND THE INNER STRUC-
SPACE CRAFT. TURE, THIS COMPENSATES FOR THERMAL EXPANS|ON AND
CONTRACTION, AND KEEPS THERMALLY INDUCED LOADS FROM
THE INSULATING MATERIAL §5 ENCASED BY A ACTING UPCN THE INNER STRUCTURE., THE AFT PORTION OF
ALUMINUM BARRIER OR RADIATION SHIELD. THE BARRIER OR THE CREW COMPARTMENT HEAT SHIELD IS BOLTED TO THE
RADIATION SHIELD CONSISTS OF AN ALUMINUM FOIL GLASS TRUSSES THAT FORM THE AFT COMPARTMENT. THE INTERFACE
FABRIC COMPOSITE BONDED TOGETHER WITH A PRESSURE~ BETWEEN THE TRUSSES AMD THE CREW COMPARTMENT HEAT
SENSITIVE SiLICONE ADHESIVE. SHIELD 1S BY BOLTING THROUGH OVER-SIZED HOLES, THUS
PERMITTING RELATIVE MOTION BETWEEN THE TRUSSES AND
THE LAYERS OF NYLON CLOTH SHALL BE CUT FOR THE CREW COMPARTMENT HEAT SHIELD.
INSTALLATION BETWEEN THE FIBERGLASS AND ALUMINUM )
RADIATION SHIELD. WHEN INSTALLING THE TYPE [l or (! THE TYPE 1] ENSULATION BLANKETS (PARAGRAPH
BLANKETS THE NYLON LAYERS SMALL FACE THE {NNER 3.4.3) ARE UTILIZED BETWEEN THE CREW COMPARTMENT
STRUCTURE. HEATSHIELD AND INNER STRUCTURE FROM STATION 23.20 TO
81.00. THE INSULATION IN THE FORWARD AREA 1S |.ID
3.4.4 HEAT SHIELD ATTACHMENT INCHES THICK, WHILE THE AFT PORTION IS 1,50 INCHES
THICK FIGURE 3~16. THE INSULATION LN THE FORWARD AREA
THE FORWARD AND AFT PORTIONS OF THE CREW SHALL BE BOMDED DIRECTLY TO THE INMER STRUCTURE. CARE
COMPARTMENT HEAT SHIELD ARE TERMINATED BY A PAIR GF SHOULD BE TAKEN TO INSURE THAT NO MECHANISMS, HARDWARE,
RINGS. THESE ARE SINGLE PIECE FORGED MACHINE RINGS OR LINES ARE FOULED, WHEREVER POSSIBLE, ALL LINES
AND INTERFACE WITH THE RINGS OF THE FORWARD AND AFT SHALL BE UNDER THE BLANKETS. THE INSULATION IN THE
HEAT SHIELDS RESPECTIVELY, THE INNER SURFACE OF THE AFT AREA CAN BE BONDED DIRECTLY TO THE RING SECTION

OF THE INNER STRUGCTURE STATION 23%.20 AND TG THE

COM) EAT SHI [H] C-
CREW PARTMENT HEAT SHIELD |5 EQUIPPED WiTH 24 BLANKETS AT THE TOP OF THE AFT HEAT SHIELD.
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FoRWARD HEat SHLELD (FlGume 3-14)

THE FORWARD HEAT SHIELD 15 COMICAL IN SHAPE
AND WILL INTERFACE WITH THE CREW COMPARTMENT HEAT
SHIELD AT STATION X = 61.13. THE FORWARD HEAT SHIELD
(5 .50 INCH THICK BRAZED STEEL HONEYCOMB AND FABRICATED
OF THE SAME MATERIAL AS {N THE 8THER TWO HEAT 5MIELDS.
IN THE AFT PORTION OF THE FORWARD HEAT SHIELD WILL BE
A SLOT THROUGH WHICH THE TWO NEVATIVE PITCH CONTROL
ENGINES WILL PROTRUDE, THESE TWO ENGINES WiLL BE
MOUNTED TO THE INNER STRUCTURE OF THE COMMAND MODULE.
FOUR SOLID STEEL FORGED MACHINED TOWER WELLS WILL BE
WELDED 90" APART INTO THE AFT PORTION OF THE FORWARD
HEAT SHIELD. THE HEAT SHIELD PENETRATIONS FOR THE LES
TOWER LEGS ARE N THESE WELLS, THE TWO TOWER WELLS
TOWARD THE ~Z AX!S WILL BE EQUIPPED WITH ELECTRICAL
UMBILICAL PENETRATIONS THROUGH WHICH ALL THE CABLING
WILL BE ROUTED BETWEEN THE C/M AND THE LES. THesE
TOWER WELL PENETRATIONS AND THE ELECTRICAL UMBILICAL
PENETRATIONS WILL BE FLOATING FITTINGS. THUS, THE
FORWARD HEAT SHIELD WiLL NOT FEEL LDADS INDUCED BY
EITHER THE TOWER GR THE ELECTRICAL UMBILICALS., THE
FORWARD HEAT SHIELD WILL BE ATTACHED TO THE C/M AT
FOUR POINTS. THIS WILL BE A COMBINATION STRUCTURAL TIE
OF THE FORWARD HEAT SHIELD To THE C/H, AND ALSD A
THRUSTER SYSTEM FOR JETTISONING THE FORWARD HEAT SHIELD.
THESE THRUSTERS ARE LOCATED WITHIN THE FOUR GUSSETS IN
THE FORWARD COMPARTMENT. THE THRUSTERS ARE EXPLAINED
IN DETAIL IN SECTION [V. |INSULATION IN THIS AREA SHALL
BE BONDED DIRECTLY TO THE QUTER SHELL IN SUZH A MANNER
THAT WHEN THE FORWARD HEAT SHIELD IS JETTISONED FOR
PARACHUTE CEPLOYMENT, THE INSULATION 1S ALSO REMOVED.

FIGURE 3-20

3.4.5

STAGNATION

~& CONFIGURATION(BLOCK 1}~ —— —

7

WINDWARD

LEEWARD

\ \—BONDED ALUM IMUM HONEYCOMB
PMSULATION

BRAZED STEEL HONEYCOMB HEAT SHIELD o

THIS BEING THE TYPE 11 BLANKET .80 OF AN iNCH TOTAL
THICKNESS FIGURE 3-16. A .50 INCH THICK INSULATION
IS USED IN THE FOUR TOWER LEG WELLS,

3.5 ABLATIVE MATERIAL (FIGURE 3-20)

THE THREE HEAT SHIELDS ARE SURFACED WITH
ABLATIVE MATERIAL, WHEN THE HEAT SHIELDS ARE N~
STALLED ON THE C/M, THE C/M IS COMPLETELY ENCLOSED IN
A SHELL OF ABLATIVE MATERIAL, THE THICKNESS OF THIS
ABLATIVE MATERIAL VARIES, THE THICKEST PORTION BE[NG
THE LOWER AFT EDGE OF THE C/M. THIS THICKNESS {5
2.5 INCHES, THIS CORRESPONDS TO THE STAGNATION ZONE
DURING ENTRY OR THE HIGHEST TEMPERATURE PORTION OF
THE HEAT SHIELD. THE ABLATIVE MATERIAL TAPERS, BOTH
LONGI TUDINALLY AND LATERALLY, ARGUND The C/M. A
THREE DIMENSIONAL TAPERING, DOWN TO A MINIMUM THIGCK-
NESS OF APPRUXIMATELY .75 AN INCH, THIS THICKNESS
OCCURS TOWARD THE SIDE HATCH AREA OR THE NEGATIVE 2
PORTION OF THE C/M. THE ABLATIVE MATERIAL APPLIED
IS AVCO 5026-39HC, THIS IS AN EPOXY PHENOLIC MATERIAL
CONTAINING SILICA FIBERS, GLASS FIBERS, AND PHENOLIC
MICRC-BALLOONS AND HAS A DENSITY OF 30 POUNDS PER
CuBIC FOOT, |IT BEGINS TO ABLATE AT 500 DEGREES F,
AND BEGINS TQ SURFACE RECEDE AT 2000 DEGREES F. IT
IS INSTALLED ON THE OUTER SURFACE OF THE STEEL HEAT
SHIELDS BY BEING PLACED IN A MATRIX OF FiBER GLASS
HONEYCOMB CORE, WHICH 1S BONDED TQ THE OUTER SURFACE
OF THE HEAT SHiELD. THE CORE |S BONDED TO THE HEAT
SHIELD QUTER SURFACE BY USE OF HT 424, AN EPOXY
PHEMOLIC BINDING MATERIAL. AFTER THIS |S COMPLETE,
EACH OF THE CELLS {THE CELL $iZE BEING APPROXIMATELY
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FIGURE 3-21

3/8 OF AN INCH) IS FILLED WITH THE ABLATIVE MATERIAL.
Q&FTER THE ENTIRE INSTALLATION IS CURED, THE SURFACE IS
MACHINED DOWN TO GIVE THE 3 DIMENSIONAL TAPERING OF THE
ABLATIVE MATER!AL. THE C/M REACTION CONTROL ENGINES
INTERFACE THE HEAT SHIELD WITH A STEEL FRAME AND AN
ABLATOR. THE C/M AND S/M UMBILICAL IS ALSO COVERED
¥iTH THE AVCO ABLATIVE MATERIAL,  _.

3.6 BOOST PROTECTIVE COVER (FisuRe 3=21)
3.6.1 GENERAL DESCRIPTION

THE Boost ProTECTIVE CoveR (BPC) coNsisTS oF
A CONE SHAPED HARD COVER FABRICATED OF HONEYCOMEB MA-
TERIAL, PLUS NINE CURVED PANELS OF TEFLON COATED GLASS
CLOTH, THE ENTIRE BOOST PROTECTIVE COVER |S COVERED
ON THE QUTER SURFACE WITH AN ABLATIVE PROTECTION MA~
TERIAL. THE PURPCSE oF THE BPC 1S TO REDUCE THE AMOUNT
OF THERMO COATING AND ABLATIYE MATERIAL REQUIRED ON THE
C/M, TO PREVENT THERMO BUILD UP ON C/M SURFACES, AND
PREVENT RESIDUE FROM COVERING THE C/M WINDOWS DURING
THE OPERATIONAL PHASE OF THE LES, THE BPC SEPARATES
FROM THE S/C WHEN THE LAUNCH ESCAPE TOWER IS JETT|SONED.

STRYCTURAL DESCR|PTION

THE BOOST PROTECTIVE COVER WILL BE OF HARD
CONSTRUCTION FROM THE APEX, AFT TO STATION X = 8l. THe
HARD PORTION WILL BE FABRICATED OF FIBERGLASS HONEY-
COMB SANDWICH MATERIAL .685 OF AN INCH THICK. COVERING
THE QUTER FACE SHEET OF THE HONEYCOMB MATRIX WILL BE A
CORK ABLATOR ,30 OF AN INCH THICK. THIS HARD PORTION

3.6.2

Blockics

RCS ROLL MOTOR PORTS

\ARCS PITCH MOTOR PORTS

I

T e — - -

HONEYCOMB CORED-LAMINATED
FIBERGLASS PANEL

0.3" THICK CORK ABLATOR

TRANSITION RING

= 81

C/M HEAT SHIELD ABLATOR
TEFLON IMPREGNATED
GLASSCLOTH

LAMINATED
FIBERGLASS

SIM FAIRING

-— Xcld

DETAIL )

ST-565C & ¢
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WILL BE ATTACHED TO, AND INSTALLED WITH, THE LAUNGH
ESCAPE TOWER. DELOW STATION X, = 81, THE COVER wILL BE
A PLIABLE {SDFT) COMSTRUCTION. THE [NNER LAYER (S
FABRICATED OF .008 OF AN INCH THICK GLASS CLOTH, TEFLON
IMPREGNATED ON THE INNER SURFACE. FOR RE!INFORGCEMENT,
THE INNER LAYER WiLi BE COVERED WITH A THIN LAYER OF
HT1-41 "NoMex" FABRIC .0095 OF AN INCH THICK. COVERING
THE OUTER SURFACE, OR 'NOMEX™ FABRIC, WILL BE A CORK
ABLATOR .30 OF AN INCH THICK. THE SOET PORTION OF THE
BODST PROTECTIVE COVER WilL CONSIST OF 8 CURVED PANELS,
ALL REINFORCED AT THE SPLIT LINES AND TRAILING EDGES FOR
ADDED STREMGTH. SEVEN (7) OF THE 8 PANELS wILL BE
ATTACHED WITH SCREWS AND NUT PLATES TO THE TRAILING EDGE
OF THE HARD COVER. AFTER ATTACHMENT TC THE HARD COVER
IS COMPLETE, THE INDIVIDUAL PANEL SPLIT LINES wiLL BE
FASTENED WITH THREADED FASTENERS. THE REMAINING, OR
EIGHTH, PANEL LOCATED BELOW THE HATCH WILL BE ATTACHED
TO THE TWO PANELS STRADDLING THE HATCH OPENING, COM~
PLETING THE FOURTH SIDE OF THE HATCH FRAME. THE FOUR
PANELS SURROUNDING THE HATCH COVER WILL CONTAIN THE
PLATES TO ACCOMODATE THE HATCH LOCKING LEVERS {FIGURE

A BOOST COVER HATCH ASSEMBLY 1S LOCATED IN THE
PANEL ON THE -Z AX{S, ALLOWING ACCESS TO THE CREW OUTER
HATCH AFTER THE COVER 1S INSTALLED. THE MATCH ASSEMBLY
CONSISTS OF A FIBERGLASS PANEL AND SHROYD, LATCRING
MECHAN)SM, AND A SILICA SLASS WINDOW {SPh 012), The
OUTER PANEL AND SHRCUD |S COVERED WITH AN ABLATIVE MA-
TERIAL. THE LATCHING MECHANISM IS SPRING LOADED TO THE
LOCKED POSITION AND INCORPORATES TWO QUICK RELEASE
FEATURES. FROM THE INTERIOR, A “PRESS TO RELEASE"

>N
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ASSEMBLY TooL (Gi5-B241C5) 1S UTILIZED, WHICK IS A PART
OF THE AI@"[BB CANARD ACTUATOR TOLL SET.

3.7 IMPACT ATTENUATION SYSTEM
3.7 GENERAL DESCRIPTION

THE COMMAND MDDULE IMPACT SUBSYSTEM WILL PRO-
VIDE THE CREW WITH SAFE COMMAND MODULE LANDING CAPABILI-
TIES FOR WATER LANDINGS AT PLANNED SITES, CONTINGENT
WATER LANDINGS IN WORLDWIDE AREAS, AND LAUNCH ABORT
LANDINGS IN WATER AROUND CAPE KEKNNEDY.

SUCCESSFUL COMMAND MODULE {MPACT AND FLOTATION
IS DEFINED AS ONE IN WHICH THE CREW JS NOT SUBJECTED TO
ACCELERATIONS EXCEEDING THEIR EMERGENCY LIMITS UPON
IMPACT, AND IN WHICH THE COMMAND MODULE 5 HABITABLE
FOR 48 HOURS AND RETRIEVABLE FOR 7 DAYS AFTER IMPACT.

THE {MPACT SUBSYSTEM ATTENUATES THE COMMAND
MODULE FINAL DESCENT VELOCITY AT iMPACT AND THERE BY
DECREASES CREW DECELERATION TO A LEVEL AT OR BELOW
ACCEPTABLE HUMAN TOLERANCE. THE STRUCTURE MUST BE
DESIGNED TO MAINTAIN STRUCTURAL INTEGRITY DURING THIS
IMPACT SEQUENCE AND PREVENT WATER LEAKAGE INTO THE
CREW COMPARTMENT WHICH COULD IMPAIR POST LANDING
FUNCTICNS (UPRIGHTING, RECOVERY COMMUNICATIONS, POST
LANDING VENTILATION ETC. ).

THE THREE MAJOR METHODS IMN WHITH THIS ENERGY
WILL BE ABSORBED ARE DI SPLACEMENT OF A VOLUME OF WATER

BOOST COVER CREW HATCH

FIGURE 3-22

"PLUNGER TAN BE ACTUATED.™ FROM THE EXTERICR,” A'LATCH "™ " DURING ¥MPACT, DEFORMATION OF THE CRAFT AND’CRUSHABLE

ALUMINUM RIBS IX THE AFT COMPARTMENT, AND BY ENERGY
ABSORBING 3SHOCK STRUTS THAT ARE THE STRUCTURAL INTER~
FACE BETWEEN THE CREW COUCHES AND THE COMMAND MODULE.

THE COMMAND MODULE [MPACT SYSTEM IS DIVIDED
INTO TWO SUBSYSTEMS: AN EXTERNAL ATTENUVATIGN SYSTEM
AND AN INTERNAL ATTENUATION SYSTEM. THE COMMAND
MODULE EXTERNAL ATTENUATION SYSTEM CONSISTS OF
CRUSHABLE RIBS AND A 27.5 DEGREE NEGATIVE PITCH ANGLE,
THE EXTERMAL ATTENUATION SYSTEM 15 STRUCTURALLY DE~
SIGNED TO ABSORB, WITH ALLOWABLE DEFLECTICNS, THE
VEHICLE 1MPACT ENERGY. WITHIN THE COMMAND MODULE I3
AN INTZRNAL SYSTEM CONSISTING OF EIGHT ATTENUATOR
STRUTS SUPPORT!NG THE CREW COUCH SYSTEM DURING FLIGHT
AND ATTENUATING, |F MECESSARY, DURING [MPACT, (SEE
FIGURE 3-23)

3.7.2 ExTeRNAL ATTENUATION (SEE FiGURE 3-24)

DURING DESCENT, THE COMMAND MODULE WILL BE
INCLINED AT A NEGATIVE PITCH ATTIiTUDE AS A RESULT GF
THE POSITIiONING OF PARACHUTE RiSER FITTINGS IN RE=-
LATION TO THE CENTER OF GRAVITY OF THE COMMAND MODULE,
AT THIS ATTITUDE, THE IMPACT WILL BE MEAR OPTIMUM WHEN
THE COMMAND MODULE IMPACTS OMTO THE +I AREA AND PIERCES
THE WATER. VEHICLE PENETRATION INTO THE WATER WILL BE
HIGH, LEADING TO A TOTAL EMERGY LDISSIPATION OVER A
LONGER PERIOD OF THME. THE COMMAND MODULE SiDE WALL
AND AFT HEAT SHIELD ARE SUBJECTED TO HIGH PRESSURES,
HOWEVER, WHEN PARACHUTE OSCILLATION, WAVE CONDITIONS,
AND VEHICLE (MPACT CONDITIONS ARE OTHER THAN OPTIMUM,

3-24
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INTERNAL ATTENUATION SYSTEM
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FOR IMPACT, THE FOUR RIBS INSTALLED IN THE
AFT COMPARTMENT AT THE NOMINAL IMPACT AREA PROVIDE
ATTENUATION AT KNOWN RATES. CONSTRUCTION 1S OF BONDED
LAMINATIONS OF CORRUGATED ALUMINUM WH{CH PROVIDES ATTEN-
UATION WHEN CRUSHED. THESE FOUR RIBS ARE LOCATED IN
THE VICINITY OF THE *Z AX1S5 BETWEEN THE INNER STRUCTURE
AFT SIDE WALL AND THE TORRODIAL SECTION OF THE AFT HEAT
SHIELD. THE FOUR RIBS ARE LOCATED APPROXIMATELY 30
DEGREES APART TO ALLOW FOR PARACHUTE OSCILLATION, ROLL,
AND LOCAL WAVE SLOPE. THESE RIBS REMAIN INERT DURING
THE MISSION.

ALSO TO BE CONSIDERED FOR WATER IMPACT, ARE
THE VEHICLE IMPACT CONDITIONS INCLUDING THE NUMBER OF
PARACHUTES DEPLOYED DURING VEHICLE DESCENY, VEHICLE
WEIGHT, AND WIND VELOCETY. WIND VELOCITY RESULTS IN
C/M HOR1ZONTAL VELOCITY, WHICH CAN EFFECT A MORE QR
LESS SEVERE IMPACT, DEPENDING ON WAVE AND WATER MOTION.

3.7.3 INTER ATTEN ON

EIGHT ATTENUATING STRUTS ARE PROVIDED THAT

CONNECT THE CREW SUPPORT SYSTEM TO THE (/M STRUCTURE
{FIGuRz 3~10), EACH STRUT IS CAPABLE OF ABSORBING ENERGY
AT A PREDETERMINED RATE. THE SYSTEM IS SHOWN IN FiGYRE
J=25. THE STRUTS CONTAIN CRUSHABLE, ENERGY ABSORBING,
ALUMINUM HONEYCOMB CORES WITHIN THE CYLINDERS WHICH ARE

) CRUSHED 8Y PI1STON ACTION. DURING IMPACT, ENERGY |5
PASSZID THROUGH THE STRUCTURE AND, DEPENDENT ON THE
IMPACT CONDITIONS AND RESULTANT EXTERNAL ATTENUATION,

- STROKES VARIOUS STRUTS AT KNOWN RATES. IN EFFECT, THIS

ACTION ABSORBES THAT PART OF THE ENERGY THE CREW IS
NOT CAPABLE OF ABSORBING. REFER TO TABLE 3= FOR
CRITERIA REQUiREMENTS FOR ATTENUATING STRUTS.

THE REQUIREMENT OF THE SUBSYSTEM 1S TO PRO-
VIDE THE GREW MEMBERS WiTH A SAFE IMPACT. THEREFORE,
CORE STRENGTH {MENCE, THE RESISTANT REACTION TO FORCE}
15 SET S0 THAT THE DECELERATION LEVELS AND THE MAXIMuM
DECELERATION ARE AT DR BELOW ACCEPTABLE HUMAN TOLER~
ANCE. EACH SET OF STRUTS IS UNIQUE IN DESIGN AND (S
DESCRIBED IN THE PARAGRAPHS THAT FOLLOW. THE STRUT
NAMES (X-X OR Z~1) REFERS TO THE BASIC DIRECTION OF
MOTION THE STRUT 15 CAPABLE OF ATTENUATING.
3.7.3.1  Y-Y STRUTS
Tw0o Y-Y STRUTS ARE PROVIDED AT THE OUTER
EXTREMITIES OF THE COUCH AT THE HiP BEAM. THE CYLINDER
END IS FIRMLY ATTACHED TQ THE COUCH. THE PISTON END OF
THE STRUT, CONSISTING OF A FLAT CIRCULAR FOOT WITH A
BONDED TEFLON FRICTION SURFACE, IS NOT ATTACHED TO THE
STRUCTURES BUT REACTS AGAINST A FLAT BEARING PLATE

ATTACHED TO THE SYRUCTURE. THE Y-Y STRUT ACTS ONLY IN
COMPRESSICON.

3.7.3.2 2% STRUTS (SEE FIGURE 3=28)

Two Z-Z STRUTS, LOCATED APPROXEMATELY 2 FEET
APART, ARE ATTACHED TO STRUCTURE JUST BELOW THE HATCH
AT THE INTERSECTION OF THE AFT SIDE WALL AND AFT BULK-
HEAD AND ARE ALSO ATTACHED TO THE COUCH ON THE MAIN

a.937




TABLE 3-1

STRUT
Y-Y

X=X HEAD

X-X FeeT

CRITEREA REQUIREMENTS FOR ATTENUATING STRUTS

STRUT LCAD VERSUS STROKE

TENSICN

OTE: NO STROKE IN TENSLON

i

NomiNAL 35249 POUNDS -~ (8.5" STROKE
2500 PounDs FRICTION BRAKING

TOTAL: 18.5" STROKE
NoMINAL 4225 PQUNDS ~ 16.5" STROKE
1470 PoUNDS FRICTION BRAKING

ToTAL: £6.5" STROKE
NoMmINAL 5130 POUNDS - 16" STROKE
1540 POUNDS FRICTION BRAKING

ToTaL: 16" STROKE

COMPRESS{QON
9000 PounDs 4.5 STROKE

ToTaL: 4.5" STrRoKs

NoMINAL 4580 Pounns FRICTION
AND CRuSHABLE CORE - 5" STROKE

1470 POUNDS FRICTION BRAKE
NOMINAL 4225 PounDps = 1" STROKE

1540 PounND FRICTION BRAKE
NomInAL 5i30 Pounps - 1" STRORE

=23
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BEAMS BELOW THE CREW'S BACKS. IN ADDITiON TO A CRUSH=
ABLE CORE, A FRICTION BRAKE SNUBBER IS INSTALLED ONM

THE END OF THE COMPLEX PISTON THAT ACTS IN CONJUNCTION
WITH THE CORE CRUSHING ACTION WHEN IN TENSION OR DURING
THE FIRST REACTION. ON THE COMPRESSiON STROKE, THE
FRICTION BRAKE SNUBBER ACTS IN CONJUNCTION WITH THE
INNER PISTON WHAICH IS SIMULTANEQUSLY CRUSHING THE INNER
CORE, THE SECOND TENSION LOAD 1S A COMBINATION OF THE
QUTER AND [NNER FRICTION BRAKES COMBINED WlITH FURTHER
CORE CRUSHING.

3.7.3.9 XX STRUTS {SEE Ficure 3+27)

FOUR X=X STRUTS ARE ATTACHED TO THE FORWARD
COMMAND MODULE STRUCTURE, AND TO THE BEAM EXTREMITIES
OF THE COUCH. THESE STRUTS ARE BASICALLY THE SAME AS
THE Z-Z AXIS STRUTS EXCEPT THE ADDITION OF A LOCKOUT
MECHANISM. THE LOCKOUT MECHANISM |S PROVIDED ON EACH
STRUT TO LOCK QUT ANY STRUT ATTENUATION PRIGR TO IMPACT
DUE TO NORMAL MISSION FLIGHT LOADS. PRIOR TO {MPACT,
THE MECHANISM |5 RELEASED ELECTRICALLY, MANUALLY, OR

BY A BUILT IN MECKANICAL OVERRIDE. THE MECHANICAL
OVERRIDE |S INSTALLED FOR BACK UP IN THE EVENT THE
MECHANISM 1S NOT RELEASED ELECTRICALLY OR MANUALLY BY
THE CREW.

THE LOCKOUT MECHANISM AND CIRCWITRY CONSISTS
OF A SOLENOID, A TwO POSITION SWITCH MOUNTED ON THE
INSTRUMENT PANEL, RELAYS, WIRING, AND LQCKOUT MECHAN: CAL
COMPONENTS WITH BUILT IN CREW INDICATION AS TO LOCK OR
UNLOCK MCDE. THE MANUAL MODE 15 PERFORMED BY PHYS|CALLY
PULLING A PIN AT EACH STRUT SOLENOID WITH THE SAME

VISIBLE INDICATION TO THE CREW AS THE ELECTOMECHANICAL
MODE OF OPERATION. THE PINS LOCATED ON THE X-X HEAD
STRUTS ARE WITHIN REACH OF A CREW RESTRAINT SYSTEM MUST
BE LOOSENED TO PULL THE PINS OF THE FOOT STRUTS. THE
MECHANICAL OVERRIDE PROVIDES AUTOMATIC BREAKOWT UPQN
IMPACT SHOULD THE CREW BE UNABLE TQ PERFORM THIS
FUNCTION DUE TO (#] MECHANICAL FAILURE OF THE NORMAL
METHOD (2) THE TIME ELEMENT SHOULD THERE BE AN ABORT,
OR (3) THE CREW BELNG I[NCAPACITATED [SEE FIGURE 3-28).

IT SHOULD BE NOTED THAT THE LOCKOUT MECHANI|SM
WILL NOT BE INSTALLED ON UNMANNED MISS1ONS SINCE THE
EQUIPMENT MOUNTED ON UNMANNED MESSION LOAD PLATFORMS CAN
WITHSTAND HIGHER DECELERATION LEVELS THAN THE CREWMAN ON
THE COUCHES., THIS ALLOWS HIGHER STRENGTH CORES 70 BE
INSTALLED WITHIN THE STRUTS AND DELETES THE REQUIREMENT
FOR THE LOCKOUT MECHAN)SM wHICH IN THESE UNMANNED
FLIGHTS, WOULD REQUIRE CIRCUITRY FOR ELECTRICALLY SE-
QUENCED OPERATION.

3.8 UPRIGHTING SYSTEM
3.8.1  GENERAL DESCRIPTION

THE PURPOSE OF THE UPRIGHTING SYSTEM IS TO
ACHIEVE AN APEX UP FLOTATION ATTITUDE OF THE C/M AFTER
WATER IMPACT., THE INFLATABLE BAGS WILL BE DEPLOYED
AFTER TOUCHDOWN AT SEA, ONLY IF THE C/M IS IN A STABLE
Il aPex DowN ATTITUDE {FIGURE 3-29). THE INFLATION OF
THE BAGS WILL POSITION THE C/M IN AN UPRIGHT POSITION
{STABLE |} FOR CREW SURVIVAL AND ESCAPE, AND ASSIST IN
RECOVERY BY KEEPING THE HF RECOVERY ANTENNA OUT OF THE

34|
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WATER.
MOTOR DREVER AR PUMPS, SOLENGID VALVES, RELTEF AND 7
CHECK YALVES, TOGGLE SWITCHES, CIRCUIT SREAKERS AND
PERTINENT HARDWARE. [N THE MANNED SPACECRAFT, THE UP-
RIGHTING SYSTEM WILL BE MANUALLY CONTROLLED 8Y SWITCHES
LOCATED ON THE CONTROL AND DISPLAY PANEL. DEVIATIONS
ARE REQUIRED FCR UNMANNED MISSIONS AND will BE DEFINED

FoR S/C OFI FIGURE 3-30.

THE MIssioN CONTRoL PROGRAMMER (MCP) 1S ADDED
To S/C DI} TO PROVIDE FUNCTIONS NORMALLY PERFORMED BY
THE ASTROMAUTS. AFTER WATER [MPACT, THE ATTITUDE
SWITCH LOCATED (N THE MCP WILL SENSE WHETHER THE C/M
IS IN A STABLE | OR STABLE Il ATTITUDE. |IF IN A STABLE
1 POSITION NO FUNCTIONS ARE REQUIRED OF THE UPRIGHTING
SYSTEM. |F IN A STABLE |! ATTITUDE, THE MCP wiLL NI~
TIATE SIGNALS AND CONTROL THE (NFLATION OF THE AIR BAGS
IN THE PROPER SEQUENCE.

For S/C OI1 AND SUBSEQUENT UNMANNED FLIGHTS,
SIMILAR AUTOMATED FUNCTIONS ARE REQUIRED AS THOSE
DESCRIBED ABOVE, THEY witl BE INCORPORATED INTO THE
MissioN CONTROL ProGRaMMer (MCP).

3.8.2 CoMpONENT FUNCTION AND DESCRIPTION

3.8.2.1 CoOMPRESSOR - MOTOR DRIVEN

THE FUNCTION OF THE COMPRESSOR 1S TO PRESSUR-
IZE THE BAGS THROUGH A SERIES OF RELJEF, SOLENOID,

AND CHECK VALVES. TwO COMPRESSDRS WILL BE LQCATED IN
THE AFT COMPARTMENT BETWEEN FRAMES 2 AND 3 AND 10 AND

THE SUBSYSTEM COMSISTS OF THREE INFLATABLE BAGS_ )

11 (Fleure 3=31]. THE AIR LINES CONNECTING THE

~T COMPRESSORS AND BAGS ARE ROUTED BETWEEM THE INNER AND

OUTER STRUCTURE ALONGSIDE THE FUEL AND OX|DIZER LIKES.
THE DUAL PUMP SYSTEM ALSO JNGORPORATES CHECK VALVES,
PREVENTING BACKFLOW SHOULD E[THER PUMP FAIL TO OPER-
ATE. ATTACHED TO THE INTAKE TUBE IS A FILTER
ASSEMBLY TD REDUCE INGESTION OF FOREIGN MATTER. THE
COMPRESSOR 1S COMPRISED OF A 20 AMPERE, 28 VDL MOTOR
AND A POSITLVE DISPLACEMENT SINGLE STAGE PUMP, THE
PUMP |S CAPABLE OF PROVIDING 4 70 5.5 CUBIC FEET PER
MINUTE {CFM) OF AIR AT DISCHARGE PRESSURE OF 18 PSIG
MAXIMUM. THE VARYING OUTPUT 1S DUE TG VOLTAGE DECAY.
3,8.2.2  PRESSURE RELIEF VALVES

THE FUNCTION OF THE FIVE PRESSURE RELIEF
VALVES 1S TO PROTECT THE UPRIGHTING SYSTEM AGAINST
OVER-PRESSURIZATION, THE RELIEF VALVES ARE ACTUATED
WHEN THE INTERNAL AIR PRESSURE IN THE SYSTEM |S ABOVE
THE RELIEF VALVE CRACKING PRESSURE. THREE RELIEF
VALVES [ONE PER BAG) ARE LOCATED IN THE FORWARD
COMPARTMENT, FIGURE 3=30). THEY WILL RELIEVE AT 4.
PSIG MAXIMUM AND RESEAT AT 3.0 PSIG MINIMUM, Tw0
RELSEF VALVES ARE LOCATED IN THE AFT COMPARTMENT,
FIGURE 3=3}, ADJACENT TO THE SYSTEM COMPRESSORS AND
WILL RELIEVE AT 13.0 PSI1G MAXIMUM AND RESEAT AT 1.0
PSiG MINIMUM. THE ASSEMBLY CONSISTS OF A METAL CASE,
SEAL, SPRING, SOFT DiSC TYPE SEAT, AND ADJUSTING, SCREW-
PLUG COMBINATION,
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3.8.2.3 SOLENCID VALVE ~ LATCHING

THE FUNCTION OF THE THREE SOLENOID VALVES IS
TO ALLOW THE AiR PRESSURE TO FLOW FROM THE COMPRESSOR
TO THE THREE UPRIGHTING SYSTEM BAGS, Fleure 3-30, 7w
SOLENOID VALVES ARE ACTUATED 8Y 28 VDL, AUTOMATLICALLY
CONTROLLED ON UNMANNED FLIGHTS AND MANUALLY OPERATED

DN MANNED FLISHTS, THE VALVES ARE NORMALLY CLOSED,
DIRECT ACTING, N WHICH THE OPENING AND CLOSING OF PARTS
ARE CONTROLLED ONLY BY THE SOLENGID ACTION IN THE VALVE.
THE THREE PORTS ON THE VALVE ARE MARKED INLET, OUTLET,
AND VENT. THE THREE MODE POSITIONS ON THE SELECTOR
SWiTCH ARE THE FILL MODE, WHICH FILLS THE BAGS WITH

AIR PRESSURE, THE SEAL MODE OR CENTER POSITION, WHICH
HOLDS THE PRESSURE 1N THE BAGS, AND THE VENT MODE,

WHICH RELEASES THE PRESSURE FROM THE SYSTEM,

3.8.2,4 CANNISTER ASSEMBLIES

THE FUNCTION OF THE CANNISTERS, LOCATEDR IN
THE FORWARD COMPARTMENT, IS TO HOLD AND STORE THE THREE
BAG ASSEMBLIES UNTIL DEPLOYMENT FIGURE 3-32 ). THE
DOUBLE CANNISTER 1S ATTACHED TO GUSSET NO. | AND wiLL
HOLD AND STORE TWO BAG ASSEMBLIES, WHILE THE SINGLE
CANNISTER ATTACHMED TQ GUSSET ND, 2 WILL HOLD AND STORE
A SINGLE BAG ASSEMBLY. THE CANNISTER IS INSTALLED ON
THE STRUCTURAL GUSSET REMOVABLE PANEL PRIOR TO THE MAIN
PARACHUTE INSTALLATION, THREE SIDES OF THE CANNISTER
ACT AS A COVER. THIS COVER WILL INCORPORATE A LATCH
ASSEMBLY THAT 1S AUTOMATICALLY RELEASED BY A{R PRESSURE.
LOCATED ON THE BASE OF THE CANNISTER IS A TEE FITTING

THAT CONNECTS THE BAG PRESSURIZING TUBE AMD THE LATCH
ASSEMBLY BLADDER TO THE PRESSURE SYSTEM'S HARD LINE.
THE CANNESTER ASSEMBLY CONSISTS OF A REINFGRCED
ALUMINUM CASE AND LATCH ASSEMBLY, SUPPORTS, ANDN RELATED
HARDWARE .

3.8.2.5 FLOTATION Bas

THE FUNCTION OF THE THREE UPRIGHTING BAG
ASSEMBLEES IS TO ROTATE THE C/M INTO AN UPRIGHT POSI-
TION {F IT TERMINATES [N A STABEL || ATTITUDE AFTER
WATER IMPACT. THE TIME REQUIRED TO INFLATE EACH BAG
TO A PRESSURE OF 3.5 P5LG |S APPROXIMATELY 4 TO §
MINUTES USING 2 PUMPS AND APPROX IMATELY & TO 7 MINUTES
USING | PUMP. THE BURST PRESSURE OF THE BAGS IS 12
PSIG, THE MAXIMUM LEAKAGE OF EACH BAG AT 3.5 PSIG
MiNIMM (OPERATING PRESSURE) LS 0.10 STANDARD CUBEC
FOOT PER HOUR. THE BAGS ARE FABRICATED OF DACRON,
COATED ON THE INSIDE AND OUTSIDE WITH POLYURETHANE.
EACH BAG ASSEMBLY CONSISTS OF A BAG AND GROMMETS,
CABLES, ATTACH FITTINGS, AND AN INFLATION TUBE
(Fieure 3-33 ).
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SECTION 1V

MECHANICAL SYSTEMS

4.1 FORWARD HEAT SHIELD SEPARATION SYSTEM
3l GENERAYL DESCRIPTION

THE FORWARD COMPARTMENT HEAT SHIELD 15
ATTACHED TO THE CoMmaND MGDULE BY FOUR SPRING-LOADED
TENSION TIES. SEPARATION |5 ACHIEVED BY BREAKING EACH
TENSION TIE WiTH A GAS-QPERATED THRUSTER UNIT, EACH
DIAMETRICALLY OPPOSITE PAIR OF THRUSTERS IS SUPPLIED
WITH GAS FROM A SINGLE PRESSURE CARTRIDGE INSTALLED IN
A GAS GENERATOR UNiT. |IF ONE CARTRIDGE FAILS TO IGNITE,
THE TWO THRUSTERS OPERATED BY THE OTHER CARTRIDGE ARE
CAPABLE OF BREAKING ALL FOUR TENSION TIES.

THE FORWARD HEAT SHIiELD SEPARATICN SYSTEM, AS
SHOWN IN {FIGURE 4-1), INCLUDES FOUR CYLINDER
ASSEMBLIES, AND ASSOCIATED EQUIPMENT LGCATED IN THE
FORWARD COMPARTMENT., THE FORWARD HEAT SHIELD SEFARATION
SYSTEM SHALL HAVE THE CAPASILITY OF JETTISONING THE
APPROX IMATE 300 POUND FORWARD HEAT SHIELD AT A MINIMWM
VELOCITY OF 18 FPS. BY JETTISONING THE FORWARD HEAT
SHIELD IT WILL EXPOSE THE EARTH LanDinG SysTem (ELS).

THE FOUR CYLINDER ASSEMAELIES ARE LOCATED IN
THE FORWARD GUSSETS AND SERVE A DUAL PURPOSE. THE
THRUSTERS PROVIDE A MEANS OF HOLDING THE FORWARD HEAT

SKIELD TIGHTLY TO THE CREW COMPARTMENT WEAT SHIELD,
AND A MEANS OF JETTISONING THE HEAT SHIELD AT A PRE-
DETERMINED TIME.

4.1,2 FUNCT)ON

EACH THRUSTER {SEE FIGURE 4-2} CONTAINS A
DUAL CYLINDER ASSEMBLY, TWO PISTON AND ROD ASSEMBLIES,
AND A SPRING ASSEMBLY. THE DUTER CYLINDER 1S ATTACHED
BY BOLTS TO THE ACCESS CYLINDER LONGERONS AND GUSSETS.
THE INNER CYLINDER {5 A FREE FLOATING CYLINDER WITHIN
THE OUTER CYLINDER. A TENSION OF 500 LBS IS APPLIED

TO THE INNER GYLINDER 8Y A COIL SPRING FORCING AGALNST
A FLANGE OF THE INNER CYLINDER. THIS TENSION WilL
ASSURE A TIGHT SEAL BETWEEN THE FORWARD AND CREW
COMPARTMENT HEAT SHIELDS AT STATION X =81, DUE TO
EXPANS|ON AND CONTRACTION OF THE INNER AND QUTER
STRUCTURE UPON RE~ENTRY. A TIGHT SEAL AT THIS STATION
WiLL PREVENT HEAT PLASMA FROM ENTERING AND DAMAGING THE
PARACHUTES. A CYLINDRICAL BALL AND BOLT ASSEMBLY wHiCH
IS FITTED INTG A BRACKET ON THE FORWARD HEAT SHIELD 1S
THREADED INTO THE INNER CYLINDER PISTON AND ROD
ASSEMBLY. THES BALL AND BOLT ASSEMBLY WHEN FiTTED WiTH
A SPECJAL TOOL AND TURNED WILL APPLY THE TENSION ON

THE SPRING ASSEMBLY., DURING A NORMAL TOWER JETTISON
(APPROXIMATELY 260,000 FEET) OR DURING AN ABORT
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SITUATION THE' TENSION TIES WILL BE BROKEN BYZTHE GAS £%7
PRESSURE ENTERING BETWEEN THE TWO PISTONS. THE TEN-
SION TIE BETWEEN THE INNER PISTON, HAS A SHEAR STRENGTH
OF APPROXIMATELY 3300 POUNDS. AFTER THE TIE 15 BROKEN
THE PRESSURE WILL FORCE THE PISTON AND ROD ASSEMBLY UP
AND AWAY WITH THE FORWARD HEAT SHIELD. THE TWO BREECH
ASSEMBLIES WILL EACH CONTAIN ONE HOTWIRE PRESSURE
CARTRIDGE. A TYPICAL PRESSURE CARTRIDGE IS SHOWN IN
FIGURE 4.3. [EACH CARTRIDGE ASSEMBLY 15 CAPABLE OF
PRODUCING 14,000 ¥ 2000 P51 IN A 21.73 CU [N CHAMBER,

4.2 C/M - S/M SEPARATION SYSTEM

4.2.1 GENERAL DESCRIPTION {SEE FIGURE 4-4)

THE C/M = S/M SEPARATION SYSTEM WILL EN-
CORPORATE ORDINANCE DEVICE'S AT SERVICE MODULE RADIAL
BEAMS 2, 4 AND & AND C/M To S/M UMBILICAL SEPARATLON
SYSTEM. SEPARATION 1S ACCOMPLISHED BY SEVERING THE
TENSION TIE STRAPS WiTH LINEAR SHAPED CHARGES AND
SEPARATION OF THE UMBILICAL BY REDUNDANT ORDIMANCE
GUILLOTINES,

4,2,2 C/M - S/M TENSION T|E ASSEMBLY

THE TENSION TIE ASSEMBLY CONSISTS OF TWe
BOLT ASSEMBLIES, TENSION TIE STRAP, LINEAR SHAPED
CHARGE SUPPORTS, PROTECTIVE SHIELD AND NECESSARY NUTS,
BOLTS, AND WASHERS (FIGURE 4=5 ), THE FORWARD BOLT
ASSEMBLY 1S INSERTED THROUGH A HOLE IN THE ABLATIVE
MATERIAL AKD OUTER HEAT SHIELD AMD ATTACHED TO THE AFT

7 COMPARTMENT "LONGEROK ™ BY “A" BARREL" NUT 5.7 THE AFT-BOLT 5
ASSEMBLY 1S ATTACHED TO THE RADIAL BEAM OF THE S/M.
THE AFT BOLT ASSEMBLIES WILL CONTAIN A STRAIN GAGE 7O
MONITOR THE TORQUE APPLIED DURING STACKING OPERATICNS.
THE TYPE STRAIN GAGE USED (S A CONSTANTINE FOIL, EPOXY
BASE SINGLE ELEMENT, THE INTERFACE BETWEEN THE TWG
BOLT ASSEMBLIES |5 ACCOMPLISHED WITH THE TENSION TIE
STRAP., THE TENSION TIE STRAP 1S 3.4 INCHES WIDE, .13
OF AN INCH THICK, AND 1S FABRICATED OF 4340 CRES, THe
TENSION TIE ASSEMBLY |S PRELQADED TC 10,000 POUNDS ¥
2000, INSTALLING THE LINEAR SHAPED CHARGES )5S AC~
COMPLISHED SY PLACING THE TWO LLNEAR SHAPED CHARGE
SUPPORTS ONE ON EACH SIDE OF THE TENSION TIE STRAPS
(FIgurRe 4= ), THE SHAPED CMARGE SUPPORTS ARE FABRI-
CATED OF FIBERGLASS AND CONTAIN A LEAD AZIGE BOOSTER
AND SINGLE LENGTH OF 100 GR/FT OF FLEXIBLE LINEAR
SHAPED CHARGE {FLSC). BETWEEN THE FLSC AND THE SHAPEL
CHARGE HOLDER IS A SILASTIC PAD TO CONTAIN FLYING
FRAGMENTS, AND HELP ABSORB THE SHOCK. THE SHIELD, ©R
CHARGE SUPPQAT, 1S THEN BOLTED SECURELY WITH A BRACKE1
ASSEMBLY T0 THE TENSION TIE PLATE AND TORQUED. ON
EITHER END OF THE BRACKET ASSEMBELY 15 LOCATED A APOLLC
STANDARD DETONATOR [ASD) Fleure 2-i3).

4,2.3 C/M = 5/M UMBILIC ON_SYSTEM

THE MBI1LICAL SEPARATION SYSTEM |5 ILLUS-
TRATED IN FLGURE 4=7. THE SYSTEM CONSISTS OF TWQ
OPPOSING GUILLOTENE BLADES PER UMBILICAL SECTION. THE
BGENERAL ARRANSEMENT OF THE SEPARATING DEVICES IS (LLW
TRATED |N FIGURE 4~B, THE MECHANICAL CUTTING ACTIiON

4=4
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C/M TO S/M ELECTRICAL

HARPLINES HARDLINES
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APPROX 1000 WIRES
AVCO 5026-22

€M UMBILICAL FAIRING

GUILLOTINE
ASSEMBLY

SMICM FAIRING

M UMBILICAL FAIRING

FIGURE 4-2

OF THE BLADES |5 URDNANCE OPERATED 3Y TwQ APOLLD
STANDARD DETONATORS {ASD) sHOWN IN FIGURE 2-13. EAcH
BLADE |15 POWERED BY AN EXPLOSIVE TRAIN CONTAINING MILD
DETONATING FUSE, WITH A {NTERCONNECTING EXPLOSIVE TRAIN
SETWEEN BLADES FOR DUAL REDUNDANT OPERATION.

THE HOUSING AND BLADES ARE MANUFACTURED FROM
INCONEL. 718. AFTER MACHINING, THE HOUSINGS ARE TO BE
MATCHED DRILLED AND SERIALIZED TO MAKE SURE THAT PROPER
ALIGNMENT |S MAINTAINED BETWEEN THE BLADE GUIDE RAILS
OF OPPOSITE HOUSINGS. TOLERANCES ARE SUCH THAT THIS
REQUIREMENT DCES NOT EXIST FOR THE BLADES. THIS DEVICE
HAS BEEN DESIGNED TO ALLOW MATCHED SET INTERCHANGE-
ABILITY, THEREFORE NO FIT CHECK |S REQUIRED T INDIVI-
DUAL UMBILICALS OR S/C PRIOR TO FiNAL INSTALLATION,
AFTER DRILLING AND SERIALIZING THE INDIVIDUAL FRAMES,
THE GUILLOTINE SUB-ASSEMBLY (SETS OF HOUSINGS AND
BLADES} ARE SENT TO THE ORDNANCE VENDOR. THE VENDOR
WILL LOAD CHARGES INTG THE BLADES AND MANIFOLD, AND
SHIP DIRECTLY TO THME LAUNCH SITE. INSTALLATION ONTQ
THE S/C IS ACCOMPLISHED (BY ATO) AT THE LAUNCH SITE 8Y
SOLTING THE FRAME ASSEMBLY ARGUND THE UMBILICAL AND
ATTACHING TWO SUPPORT SRACKETS TO THE S/M FAIRING WITH
TWELVE SCREWS. THE S/M HONEYCOMB FAIRING WILL HAVE
TWELVE FACTORY INSTALLED HOLES, SPACERS AND NUTPLATES
TO ACCEPT THESE SCREWS. (SEZ FIGURE 4-9)

DETONATORS

BOTTOM VIEW
ROTATED 90°

4,3 CIRCUIT INTERRUPTERS (BLock 1}
4,3.1 GENERAL

IN CUTTING THE UMBILICAL LINES WITH THE
GUILLOTINE SUB-ASSEMBLY, MANY WIRES wWiLL BE SHORTED.
SHORTING WILL RESULT IN ONE OF TWO CONDITIONS; (1)
SHORTED POWER LINES WILL DRAIN BATTERY CURRENT; (2)
SEQUENCER CIRCUITS WHICH SHOULD BE OPEN MAY BE CLOSED,
THUS PREVENTING FURTHER SEQUENCER ACTiON. TO PREVENT
THES, CRITICAL CIRCUITS ARE CONNECTED THROUGH THE
CIRCUIT INTERRUPTERS. {SEE FIGURE 4-10).

FuncTION AND DESCRIBTION

THE FUNCTION OF TH.E CIRCUIT INTERRUPTER IS TO
OPEN CRITICAL CIRCUITS 100 MILLI=~SECONDS PRIGR 7O C/H -
$/M UMBILICAL SEPARATION.

4.3.2

THERE ARE FOUR CIRCUIT ENTERRUPTERS MOUNTED
IN THE RIGHT HAND EQUIPMENT BAY OF THE COMMAND MODULE
AND TWO LOCATED ON THE FORWARD BULKHEAD OF THE SERVICE
MODULE. THE CURCUIT INTERRUPTERS ARE CLASSIFIED AS
TYPE | OR TYPE ||, Two OF THE CLRCUIT INTERRUPTERS
LOCATED IN THE COMMAND MODULE WIiLL 88 A TYPE | AND THE
REMAINING FOUR WILL BE OF THE TYPE |l CONFIGURATION.




A TrPe | CIRCUIT INTERRUPTER CONTAINS i04 PINS, WHILE

’.?ﬁi?ﬂ’PE’-‘f'I U EIRCUITT INTERRUPTER: CONTAINS” | 8- PINS: 3= THE™™
CIRCUIT INTERRUPTERS WILL BE EXPLOSION PRODF AND CAPABLE
OF FIVE ACTUATIONS OR TEST cycLes, CAUTION circulT
INTERRUPTERS ARE TO BE CYCLED ONLY WHEN DIRECTED BY
APPLICABLE SPECIFICATICNS.

THE CIRCUIT INTERRUPTER CASE |5 FABRICATED OF
STAINLESS STEEL. LOCATED WITHIN THE CASE IS A MOVABLE
PLSTON ASSEMBLY WHICH CONTAINS THE VARIOUS NUMBER OF
PIN5, THE PISTON 1S ACTUATED BY AN APOLLO STANDARD GAS
PRESSURE INITiATOR REFERENCED IN FIGURE 2~14 WHICH
DISPLACES THE PISTON TO THE “CiRculT" OPEN POSITION.
BEING EXPLOSION PROOF, THE PRESSURE 1|5 CONTAIMED WITHIN
THE CASE. :

4-14

ELECTRICAL CIRCUIT INTERRUPTERS
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SERVICE MODULE

I CRIENTATION AND GENERAL DESCRIPTICN

THE SERVICE MODULE STRUGTURE IS5 A CYLINDR)CAL
SHAPED STRUCTURE WEIGHING APPROXIMATELY 10,000 POUNDS
WITHOUT THE PROPELLANTS (FIGURE 2=1}. IT (% CONSTRUCTED
PRIMARILY DF ALUMINUM AND CONTAINS THE SYSTEMS, AND
EQUIPMENT TO SUPPORT THE COMMAND MOBDULE AND SPS ENGINE.
THE SYSTEMS AND EQUIPMENT REQUIRE ND CREW MA INTENANCE.

THE MAXIMUM STRUCTURAL LOADS THE 3ERVICE

MODULE WILL WITHSTAND, WILL BE DURING THE BCOST PHASE.
THE MAX(MUM EXPECTED IN THE *X DIRECTION 5 5.7 G'S
TRANSMITTED FROM THE BOOSTERS, UP THROUGH LEM ADAPTER,
To THE AFT BULKHEAD OF THE SERVICE MODULE. THESE LOALS
WILL BE EVENLY DISTRIBUTED TO RADIAL WEB BEAMS, TO THE
C/M. THE SIDE LOADS WHICH MAY BE APPLIED IN A HARD
PITCHOVER CONDITION WiLL BE LESS THAN 1 G.

THE HiGH TEMPERATURES EXPECTED ON THE DUTER
PANELS OF THE SERVICE MODULE OCCUR AT MaX U OR APPROX~
IMATELY 1B0 S$SECONDS AFTER LIFT-0FF. TrIS HIGH TEMPER=
ATURE IS FELT N A BAND, LATERALLY ARUUND THE SERVICE
MODULE IN THE YICINITY OF THE RCS ENGINE HOUSINGS. THIS
HIGH TEMPERATURE ON THE S/M SHELL AND S/M RCS ENGINE
HOUSINGS IS DUE TO AERODYNAMIC HEATING DURING BOOST,
AND TO HEATING FROM RCS ENGINE FIRING IN SPACE. T0

SECTION.

?»;_H.JﬂfT,."u T -

STRUCTURE

PREVENT STRUCTURAL FAILURE DUE TO EXCESSIVE TEMPER-
ATURES, CORK ABLATOR SHIELDS OF SUFFICHINT THICKNESS TO
WITHSTAND A TEMPERATURE RANGE OF APPROXIMATELY 300 TO
1720 F, WILL BE INSTALLED IN THIS HIGH TEMPERATURE AREA.
To HELP IN MAINTAINING INTERNAL TEMPERATURES, THE
INDIvIDUAL SECTORS, OR BAYS, WILL BE COVERED WITH AN
INSULATING MATZRIAL.

THe SeRVICE MODULE STRUCTURE {5 A CYLINDER
FORMED BY SIX PANELS OF ONE«INCH ALUMINUM HOWEYCOMB
NaTERIAL (FIGURE 52 ).

THE INTERIOR AREA BETWEEN THE FORWARD AND AFT
BULKHEADS S DIVIDED INTD SECTORS BY 51X RADIAL BEAMS
AMD WEB. THESE SECTORS, OR BAYS, ARE ARRANGED IN THREE
GIAMETRICALLY OPPOSED PAIRS ARQUMD A CINTRAL CYLINDRICAL
SEcTION, EACH BAY OF THE FIRST PAIR (GNE AND FOUR) HAS
50 DEGREES OF ARC AND HOUSES ESSENTIAL AUXILIARY EQUIP-
MENT. EACH SECTOR OF THE SECOND PAIR (Two AND FIVE}
COVERS 70 DEGREES OF ARC AND EACH CONTAINS ONE LARGE
OXIDIZER TANK FOR THE 3PS5 ENGINE. EACH BAY OF THE
THiRD PAIR {THREE AND SIX) QCCUPIES 60 DEGREES OF ARC
AND EACH HOLDS ONE LARGE FUEL TANK FOR THE SPS ENGINE.
THE CENTRAL SECTION HOUSES TWO LARGE HELIWM TAKKS AND
THE SPACECRAFT PROPULSION ENGINE WHICH 1S ATTACHED TO,
AND EXTENDS BELOW, THE AFT BULKHEAD. THE ENGINE IS

SERVICE MODULE
+Z

FLYAWAY GSE

TOWER UMBILICAL

=

CORK ABLATOR SHIELDS

ECS RADIATOR
(SECTOR 5)

| MAINTENANCE
ACCESS (REF}

—— EPS RADIATOR
(SECTOR 1)

BEAM 5

FIGURE 5-]

BEAM 6

=y



APOLLO S/M GENERAL CONFIGURATION

EQUIPMENT

SECTOR 5 (70°)
OXIDIZER
STORAGE—_—f(=—T"

X200~ -Y—

SECTOR 6 (60°)
FUEL STORAGE

FIGURE 5-2

OPERATED BY FUEL AND OXiDIZER UNDER PRESSUR|ZATION.
BETwEEN THE COMMAND MODULE AMD THE SERVICE MODULE IS

A FAIRING APPROXIMATELY 26 INCHES IN HEIGHT, ENCLOSING
THE FORWARD EXTENSIONS, OR TRUSSES, OF THE RADIAL WEB
BEAMS. THREE OF THE TRUSSES (I, 3, 5) HAVE COMPRESSION
PADS, AND THREE (2, 4, O) HAVE SHEAR PADS AND TENSION
TIES. THESE (SIX) PADS SUPPORT THE COMMAND MODULE.

THE QUTER PAMELS OF SECTORS TWO, FIVE, THREE, AND SIX
SUPPORT THE FOUR MODULAR PACKAGES CF THE REACTICH CON~
TROL SYSTEM.

THE MAIN SERVICE PROPULSION ENGINE 15 ATTACHED
TO THE SERVICE MODULE AT THE ART BULKHEAD. {ENTER
LINE PLANE OF THE ENGINE GIMBAL 135 SET AT STATION Ag=
195.20. ABOVE THE ENGINE GIMBAL, THE COMBUSTION
CHAMBER, HARDWARE, AND OTHER EQUiPMENT EXTEND INTC THE
CENTER SECTION. BELOW THE GIMBAL, THE ENGINE MOZZILE
EXTENDS INTC THE ADAPTER AREA.

THE Two BULKHEADS, ONE LOCATED FORWARP AND
ONE AFT, ARE CONSTRUCTED OF ALUMINUM HONEYCOMB, THE
TWO BULKHEADS PROVIDE AN ATTACHMENT FOR THE RADIAL WEB
BEAME AND THE QUTER PAMELS.

THE OUTER PANELS OF THE SERVICE MODULE ARE
CONSTRUCTED OF ALUMINUM HONEYCOMB MATERIAL. I[N FOUR
OF THE SELTORS, THE QUTER SKIN |S PARTIALLY FORMED BY
TWO RADIATOR SYSTEMS. ALL OF THE PANELS ARE BOLTED TO
THE CORE,

“"FORWARD BULKHEAD= SECTOR 4 (50°)/

e e i gl

—S/MTO C/M FAIRING™ 77 ~ i mr e,

SECTOR 3 {60°)
FUEL STORAGE

_—SECTOR 2 (70°
OXIDIZER STORAGE

_—SECTOR 1 (50°)
EQUIPMENT

~l— 5 /M RCS MOTOR

o (4 SETS)
\%LRADIAL

NN WEB BEAM
/}—02 TANKS

L +Y

5-3
5.2 STRUCTURE AND CONFIGURAT!ON
5.2.1 AFT BULKHEAD
2.0, GENERAL

THE AFT BULKHEAD 1S FABRICATED FROM SiX PIE
SHAPED SEGMENTS BONDED TO MAKE ONE LARGE CIRCULAR
BULKHEAD 3" THICK. THE AFT BULKHEAD IS A PRIME LOAD
BEARING STRUCTURE TRANSFERING THE LOADS FROM THE LEM
ADAPTER, UP THROUGHM THE RADIAL WEB BEAMS, TO THE
CoMmans MODULE (FIGURE 5=3 .
5.2.1.2 FABRICATION
THE LARGE CIRCULAR BULKHEAD |5 CONSTRUCTED
OF AN ALUMINUM HONEYCOMS CORE TO WHICH .060 OF AN
INCH ALUMINUM FACESHEETS ARE BONDED Wl TH AN EPOXY
RESIN. THE TYPE OF ALUMINUM USED IN FABRICATING THE
BULKHEAD |S DESIGNATED 7178, THIS TYPE OF ALUMINULM
HAS A VERY HIGH TENS[L STRENGTH. PRIOR TO BONDING THE
FACESHEETS TO THE HONEYCOME CORE, THE FACESHEETS WILL
BE CHEMMILLED TC VARIOUS THICKNESSES OF .06 TO .060
OF AN INCH, WHERE ADDED STRENGTH 15 NEEDED AT BONDED
JOINTS AND ATTACHMENT OF EQUIPMENT, DOUBLERS WILL BE
BONDED. BONDED TO THE OUTER PERIPHERY OF THE BULKHEAD
Wil BE A 125 OF AN INCH ALUMINUM RING, WHICH PRO-
VIDES AN ATTACHMENT FOR THE OUTER PANELS,

5-4
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s i MHEN BONDING. THE, SIX PIE SHAPED SEGMENTS To____5.2,3 . FORWARD BULKHEAD (FIGURE 5-3 )

MAKE THE LARGE CIRCULAR BULKHEAD, “T" FRAMES ARE BONDED

AT THE S0°, 60®, AND 70® OF ARC TG PROVIDE AN ATTACH- 5.2.3.1  GENERAL

MENT FOR THE RADIAL WEB BEAMS. ALSO, FOUR LARGE CIR-

CULAR MOLES ARE PROVIDED IN THE AFT BULKHEAD FOR THE THE FORWARD BULKHEAD |5 CONSTRUCTED INTO SIX
FUEL AND GXIDIZER TANKS. INDIVIDUAL SECTIONS. THESE StX SECTIONS PROVIDE A

! STRUCTURAL TiE SBETWEEN THE SIX RADIAL WEB BEAMS.
5.2.2 Raptay WEB BEAMS {FIGURE 53 ) '

5.2,3,2 FABRICATION

5.2.2.%  GENERAL
THE FORWARD BULKHEAD SECTIONS ARE BONDED

THE RADIAL WEB BEAMS ARE THE PRIMARY LOAD ALUMINUM HONEYCOMS, FABRICATED FROM 7178 ALUMINUM. THE
BEARING STRUCTURE BETWEEN THE AFT BULKHEAD AND THE 'FACESHEETS COVERING THZ HONEYCOMB CORE ARE .06Q oF AN
FORWARD BULKHEAD. ALSO, THE FORWARD END OF THE SIX INCH, CHEMMILLED TO VARIOUS THICKNESSES OF ,016 TO .060
RADIAL WEB BEAMS PROVIDE SUPPORT ATTACHMENT FOR THE OF AN INCH. WHERE ADDED STRENGTH 15 NEEDED, DOUBLERS
CommaND MODULE. _ WiLL BE BONDED TO THE FACESHMEETS. Tw® SECTIONS OF THE
FORWARD BULKHEAD ARE SOLID, WHILE THE REMAINING FOUR
5.2.2,2 FABRICATION HAVE LARGE CIRCULAR GPENINGS., THESE FUUR DPENINGS PRO-
B VIDE A MEANS TO INSTALL OR REMOVE THE FUEL AND OXIDIZER
THE RADIAL WEB BEAMS ARE FABRICATED FROM A TANKS.
2.5% THICK PIECE OF MILLED ALUMINUM ALLOY PLATE {7078).
THE 2.5" THICK ALUMINUM BLOCK iS5 THEN MACHINED DOWN THE FORWARD BULKKEAD SECTIONS ARE BOLTED TO
To 2" AT THE INNER AND OUTER EDGE. THE WEBBING WILL THE RADIAL WEB BEAMS. THE INNER CIRCUMFERENTIAL
BE MAGHMINED AND CHEMMILLED DOWN TQ VARIQUS THICKNESSES STRUCTURE 15 FORMED BY A NUMBER OF ALUMINUM ANGLE SPLICE
OF .0J8 TO .00 OF AN INCH, LEAVING 2" THICK RAILS. PLATES AND CHANNELS, RIVETED IN PLACE, TO FORM THE

MOUNTED TG THESE RAILS WILL BE Y HONEYCOMS SHELVES FOR  INNER RING. {FOR AN OVERALL VIEW, SEE FIGURE =4 ).
MOUNTING TANKS AND SYSTEM EQUIPMENT. THE RADIAL WEB

BEAMS WILL BE PERMANENTLY ATTACHED WITH SHEAR BOLTS TO

THE "T" FRAMES, BONDED TO THE AFT BULKHEAD.
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S.2.4,1 GENERAL
THe S/M TO C/M FAIRING ASSEMBLY CONSISTS OF
$I1X CURVED HONEYCOMB PANEL ASSEMBLIES (FIGURE J=3 )

AND ONE MOLDED PLASTIC LAMINATE FAIRING. THE FAIRING
PROVIDES PROTECTION FGR THOSE COMPONENTS LOCATED
BETWEEN THE S/M AND C/M. THE Six HONEYCOMB PANELS ARE
BOLTED TO EACH OTHER AND THEN TO A FLANGE ON THE FOR-
WARD BULKHEAD AT STATION Xg = 355. ATTACHED TO THE
LEADING EDGE OF THE INDIVIDUAL PAMELS IS A SLOTTED RING
CONTAINING A COMPRESSIBLE SEAL. AFTER THE PANEL
INSTALLATION 1S COMPLETE THE SLOTTED RING WILL BE POSI-
TIONED TO COMPRESS THE SEAL. THIS PROVIDES THE SEAL
BETWEEN THE C/M AND FAIRING. THE MOLDED PLASTIC
LAMINATE FAIRING 1S BOLTED TO THE OUTER SURFACE CF
SECTOR | PANEL. THiS FALRING PROVIDES A SHIELD FOR
ELECTRICAL AND FLUID INTERFACE CONNECTIONS BETWEEN THE
C/M AND S/M. SECTOR  PANEL ALSO CONTAINS THE CARRY-
ON UMBILICAL WITH ACCESS DOOR AND THE GSE FLY-AWAY
WBILICAL [FIGURE S5-I ).

5.2.5 CENTER SECTi10N (FIGURE 5=3 )
5.2.5.1 GENERAL

THE CENTER SECTION OF THE SERYICE MODULE
HOUSES THE MAIN ENGINE OF THE SPACECRAFT'S SERVICE
PROPULSION SYSTEMS, TOGETHER WITH THE TWQ LARGE HELIUM
PRESSURIZATION TANKS.

| 5:2:5:2 FABRICATION

THE CENTER SECTION OPENING 1S 44 INCHES IN
QUTSIDE DIAMETER AND EXTENDS THE ENTIRE LENGTH OF THE
SERVICE MODULE. THE SECTION 15 OPEN THE FULL LENGTH
ALONG SECTORS TWO AND FIVE. 1T I5 ALSO OPEN ALONG
SECTORS THREE AND SIX, BUT ONLY BETWEEN STATIONS X5 =
355 AND Xg = 227. ALONG SECTORS THREE AND SLX, AND ONE
AND FOUR {BETWEEN STATIONS Xg = 227 AND Xg = 200}, THE
CENTER SECTION IS CLUSED BY AN ALUMINUM WED, OR SKIN,
ATTACHED TO BOTH THE AFT BULKHEAD AND RADIAL WEB BEAMS
WHICH BOUND THESE SECTORS. THE FORWARD PORTION OF THE
WEB, WHICH PARTIALLY CLOSES SECTOR ONE AND FOUR, IS
ATTACHED TO THE FORWARD BULKHEAD AND ALSD 70 THE RADIAL
BEAMS WHICH BOUND THESE SECTURS. ALONG SECTOR ONE, AN
OPENING FOR ENGINE ACCESS HAS BEEN LEFT BETWEEN STATHONS
Xg = 225.75 AND Xg = 227,06, ALONG SECTOR FOUR, A
SECOND ENGINE ACCESS EXTENDS BETWEEN STATIONS Xg =
289.04 AND Xg = 227.06. (FIGURE 5~7 )
5.2.6 RCS PANELS AND HEAT SHIELDS (FIGURE 5=5]
The ReacTion CoNTRAL SYSTEM {RCS) Is A
REDUNDANT PROPULSION SYSTEM WHICH PROVIDES THREE-AX1S
CONTROL OF THE SPACECRAFT DURING MiSSION~-FLI1GHT MODES.,

THe RCS CONSISTS OF INTERCHANGEABLE AND RE-
PLACEABLE MCDULAR PACKAGES WHICH ARE INSTALLELD AT FOUR
DIFFERENT PLACES ON THE S/M. LOOKING AFT, THESE
MODULAR PACKAGES ARE LOCATED ON A NORMAL REFERENCE
SYSTEM 7 DEGREES |5 MINUTES CW FRoM THE Z-Z amp Y-Y
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AXES. THE CENTER LINE OF EACH ENGINE CLUSTER IS AT THE PRESSURIZATION SYSTEM COMPONENTS ARE

- STATION-Xg—=- 320,905 -AND-AT-THE-MID~POINT OF “THE MODULE "~ . MOUNTED ON THE PANELTS INNER FACE ADJACENT TO THE TANK ™'
PANEL. ASSEMBLY. PROPELLANT AND SERVICING CONNECTORS ARE
MOUNTED IN RECEPTACLES WHICH ARE ACCESSISBLE FROM THE
STRUCTURALLY, EACH MODULAR PACKAGE COMPR(SES EXTERIOR OF THE RCS paNeLs,
AN EMGINE ASSEMHLY, A TANK ASSEMBLY WITH ASSOCIATED
PLUMBING AND WIRING, AND THE PANEL ON WHICH THE (FiGure 5-6 FOR REACTION CONTROL SYSTEM
ASSEMBLIES ARE MOUNTED. MoDULAR PACKAGE. )
THE PANEL PORTION OF THE PACKAGE HAS 35.5 5.2.6.3 AcCCESS Doors (Figure 5=7 )
INCHES-ARC LENGTH AMD IS 87.7 INCHES IN HEIGHT. IT
FORMS A PART OF THE OUTER SHELL OF TME SERVICE MODULE AN ACCESS DOOR, USED FOR MAINTENANCE PURPOSES
IN SECTORS Two, THREE, FIVE, AND SI1X. THE PANEL 1% ON THE LAUNCH PAD, 1S PLACED IN THE OUTER SHELL OF
FASTENED TG THE OUTER SMELL BOTH BY PERIPHERAL CAPTIVE SECTOR ONE BETWEEN STATIONS Xg - 299 AND Xg - 277.5.
BOLTS AND BY HINGES, THUS PROVIDING MAINTENANCE ACCESS. THE ARC LENGTH QF THE DOOR 1S 21 INCHES. ALUMINUM
SHEETS BUNDED TO THE ALUMINUM HONEYCOME CORE FORM THE
THE FOUR~ENGINE ASSEMBLY OF EACH RCS PACKAGE DOGR WHICH |5 ATTACHED TO A FRAME OF THE SAME MATERIAL
!5 MOUNTED ON THE EXTERIOR SURFACE OF THE PANEL ON A BY SCREWS. THE FRAME |5 SOLTED TO RADIAL BEAM 6 AND
TEN-DEGREE CANT OUTWARD BY MEANS DF A BOX LIKE HOUSING. ALSO TO THE OUTER SHELL OF THE SERVICE MODULE. ._LOOKiNG
THE ENGINE HOUSING, A SINGLE MACHINED FORGING, IS AFT, THE LOCATION OF THE DOoR |5 CCW oF BEAM 6.
FABRICATED OF ALWMINUM, CORK SHEET WILL SE BONDED TO :
THE PANEL AND THE ENGIME HOUSINGS PROTECTING THE SUR~ INBGARD, A 17" DIAMETER C!RCULAR ACCESS HAS
FACE AGAINST AERCDYNAMIC HEATING DURING BOOST, AND RCS BEEN CUT THROUGH THE SHELF AT STATION Xg = 277, ABOUT
ENGINE PLUME-FLAME [MPINGEMENT. DONE [NCH FROM THE |NNER FAGE OF THE OUTER SHELL, Loox-
ING AFT, [TS CENTER {5 ABOUT IB INCHES CW FROM THE .55
THE THREE-TANK ASSEMBLY CONSISTS OF TWO CENTER LINE OF SECTOR OME. |ITS CENTER IS 64 INCHES
POSITIVE EXPULSION TANKS AND ONE HEL|UM PRESSURIZATION FROM THE CENTER LINE CF THE SERVICE MODULE.
TANK, THE THREE TANKS ARE MOUNTED IN A VERT{CAL LIME '
N THE INNER FACE OF THE RCS PANELS. UNE ACCESS OPENING TO THE ENGINE, GIMBAL RING,

HARD LINES, AND VALVING HAS BEEN FLACED IN THE JNNER
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T GTHER DETAILS CONCERNING TH/ FUEL TANKS® ARE'
SIMILAR TO THOSE GIVEN FOR THE OXIDIZER TANKS.

5.3.2 HEL$iM SPHERES

THE TWQ LARGE HEL|LM TANKS, HOUSED ONE ABOVE
THE OTHER IN THE CENTER SECTION, ARE USED TO PRESSURIZE
THE FUEL AND OXIDIZER TANKS OF THE SERYICE PROPULSION
SYSTEM. THEY ARE SPHERICAL |N SHAPE AND ARE FABRICATED
FROM TITANILM ALLOY (BAL-4V).

THE HMEL UM TANKS ARE SUSPENDED BY TwWQ INTE-
GRALLY FABRICATED BOSSES WHICH REST IN HOUSINGS ATTACHED
TO RADIAL BEAMS | AND 4 AT STATIONS Xg = 320.5 AND Xg =
286.5 FOR UPPER AND LOWER TANKS, RESPECTIVELY. EXTEN-
SIONS ANCHORED TO RADIAL BEAMS | T0 6 AND 4 TO 3
STRENGTHEN THE HOUSINGS. THESE TANKS ARE LOWERED INTO
PLACE PRIOR TO ATTACHING THE COMMAND MODULE TO THE
SERVICE MQDULE.

5.3.3 Ky Anp Op TANKS

SECTOR ONE CONTAINS THE TANKS FOR THE CRYQ-
GENIC (SUPERCRITICAL) STORAGE SUBSYSTEM WHICH SUPPLIES
OXYGEMN AND HYDROGEN TO THE ENVIRONMENTAL CONTROL SYSTEM
AND TO THE ELECTRICAL POWER SYSTEM.

FOUR SPRERICAL TANKS COMPRLISE THE CRYQGENIC
STORAGE SUBSYSTEM. THE TWO LARGER TANKS CONTAIN HY-
DROGEN {HZ). THESE ARE PLACED NEAR THE OUTER SHELL:

ONE ACCESS OPENING TO THE ENGINE, GIMBAL RING,
HARD LINES, AND VALVING HAS BEEN PLACED IN THE INNER
WEB OF SECTOR ONE. THE OPENING MAS AN ARC LENGTH OF
ABOUT 19 INCHES. [T IS LOCATED BETWEEN BEAMS | AND &,
AND BETWEEN STATIONS X5 = 2553.50 AND Xg = 227.06. IT
CAN BE REACHED VIA THE PATH IND!CATED BY THE SERIES OF
THREE ARROWS. A SECOND ENGINE ACCESS 1S SET IN THE
INNER WES OF SECTOR FOUR BETWEEN BEAMS 3 AND 4. T
HAS THE SAME ARC LENGTH AS THE FIRST ACCESS, BUT ITS
LOCATION IS BETWEEN STATIONS Xg = 289 AND xs 227.086,
AS SHOWN BY THE LARGE ARROW.

IN SECTOR FOUR, TWO MAINTEMANCE ACCESSES FORM
PART OF THE OUTER SHELL. THE FIRST IS SMALL, ABOUT 12
INCHES IN ARC LENGTH AND 15 LNCHES IN HEIGHT. THE
COVER FABRICATED OF ALUMINUM HONEYCOMB, 1S FASTENED TO
RADIAL BEAM 4 ALONG ONE EDGE AND ATTACHED ON ITS OTHER
EDGES TO THE OUTER SHELL. WHEM THE ACCESS COVER |5
REMOVED ON THE PAD, THE OPENING PERMITS GSE TESTING OF
THE HELIUM PRESSURIZATEON GONTROL MECHANISM.

THE SECOND MAINTENANCE ACCESS IM SECTCR FOUR

EXTENDS ABOUT 67 INCHES, THE ENTIRE ARC LENGTH OF THE
SECTOR, BETWEEN STATIONS Xg = 260,37 AND Xg = 203.16.
THE COVER IS BOLTED TO BOTH RADIAL BEAMS 3 AND 4, TO THE
AFT BULKHEAD, AND TO THE OUTER SHELL AT THE COVER'S
UPPER EDGE. THIS OPENING WILL ALSO PROVIDE ACCESS TO
THE ENGINE, GIMBAL RING, HARD LINES, AND VALVING,

% THE LOWER ONE' RESTS ON-THE?AFT BULKREAD AT’ STATION T
Xs = 200; THE UPPER ONE 1S ON A SHELF ATTACHED TO

RADIAL BEAMS (6, 1) AND TO THE INMER SKIN AT STATION
Xg = 277.5. THE SMALLER TANKS WHICH CONTAIN OXYGEN
[021 ARE CLOSE TO THE CENTER WELL.

EACH OXYGEN TANK |S SUSPENDED WIiTHIN ITS
SHELF BY MEANS OF A CIRCULAR FLANGE WELDED TO THE TANK
BELOW [TS EQUATOR. THE FLANGES ARE BOLTED FROM
BENEATH TCO SHELVES, WHICH ARE ATTACHED TO THE LNNER
SKIN AND RADIAL WEB BEAMS AT STATIONS Xg - 332 AND
Xg - 256.5 FOR UPPER AND LOWER TANKS RESPECTIVELY.
EACH HYDROGEN TANK 1S NESTED IN A CIRCULAR SKIRT
WELDED TO THE TANK AT ITS EQUATOR. THE SKIRT OF ONE
TANK IS BOLTED TO THE AFT BULKHEAD, TME OTHER TANK 15
BOLTED TO A SHELF AT STATION Xg = 277.5.

REPLACEMENT OF TANKS IN SECTOR ONE IS SUCH
THAT ANY TANK MAY BE REMOVED FOR SERVICING Wl THOUT
DISTURBING THE OTHER TANKS.

5.9.4  Fugl CELLS

SECTOR FOUR HOUSES THE FUEL CELL MODULES FOR
THE ELECTRICAL POWER SYSTEM, WHICH GENERATE THE DC POWER
REQUIREP OF THE SPACECRAFT FOR THE MI55I10N MODES.

5

THE FUEL CELL SYSTEM CONSiSTS OF THREE
INDEPENDENT MODULES, £ACH OF WHICH CONTAINS A GROUP OF
NOMREGENERAT IVE HYDROGEN-OXYGEM FUEL CELLS. EaCH

5.3 S/M EQUIPMENT INSTALLATION {Figure 5-5 }
5.3.1 OxiD)ZER AND FUEL TANKS

SECTOR TWQ AND SECTOR FIVE CONTAINS THE
OXIDEZER TANKS WHICH STORE NITRGGEN TETROXIDE FOR THE
SPS MAIN ENGINE. FIGURE 53 EXHIBITS A TYPICAL OX]-
DIZER TANK WITH LTS HEMISPHERICAL END ANG CYLINDRECAL
SHAPE,

BOTH OXIDIZER TANKS ARE FABRiICATED FRDM
TITANIWM ALLOY (6AL-4V), A REMOVABLE DOOR SET IN THE
AFT END OF EACH TANK MAKES PROVISION FOR CLEANING AND
MAINTENANCE PURPOSES.

INSTALLATION OF EACH TANK IN ITS SECTOR IS
ACHIEVED BY THE USE OF ALUMINUM SKIRTS RIVETED TO THE
TANK AND BOLTED TO THE AFT BULKHEAD. THE FORWARD END
IS POSITIONED WITHIN THE BULKHEAD QPENING BY MEANS OF
SLIDING SUPPORTS ATTACHED 7O THE TANK SKIRT. THIS
ARRANGEMENT 15 NECESSARY TO ALLOW FOR TANK EXPANSION
AND CONTRACTION.

SECTOR THREE AND SECTOR S1X HOUSE THE FUEL
TANKS WHICH CONTAIN A HYDRAZINE MIXTURE FOR THE SPS
MAIN ENGINE. BOTH FUEL TANKS ARE FORMED FROM TITAN|UM
ALLDY (fAL-4V}),
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MODULE 1S A LOW PRESSURE, BACON TYPE CELL, HAVING ALSO BETWEEN THE SERVICE MODULE AND THE COMMAND MODULE.
NICKEL ELECTRODES, USING HYDROGEN AND OXYGEN AS REACT- THE INSULATION WILL HELP IN MAINTAINING THE TEMPERATURE
ANTS AND POTASSIUM HYDROXIDE AS ELEGTROLYTE. THE NORMAL OF THE PROPELLANTS OF THE TW( PROPULSION SYSTEMS.
POWER OUTPUT PER CELL IS ABOUT 2§ *+ wDC.
5.4.2 FaBri1C | LLATLO:
EACH CELL IS CYLINDRICAL, ABQUT 44 iNCHES IN
HEIGHT, 20 INCHES IN DIAMETER, AND WEIGHS 250 POUNDS MATERIAL USED FOR {NSULATION 15 ONLY .0005
W) THOUT TS BASE. THE THREE FUEL CELLS ARE MOUNTED OF AN INCH IN THICKNESS PER SHEET. FORTY SHEETS ARE
WITHIN INDIVIDUAL BASES WHICH ARE ABOUT 24 [NCHES IN ESTIMATED AS SUFFICIENT THICKNESS TO PROVIDE FOR A
DIAMETER AND 22 INCHES IN HEIGHT. THE CELLS ARE BOLTED TEMPERATURE RANGE OF -420 TO 200 F. RECTANGULAR
TO SHOCK MOUNTS ATTACHED TO BASES WHICH ARE BOLTED TO BLANKETS OF 50 INCHES OR GREATER IN WiDTH ARE CUT TO
THE AFT BULKHEAD. THE DESIRED LENGTH, SEWN TOGETHER WITH NYLON THREAD,
THEN CUT TO PATTERN SIZES BY MEANS OF TEMPLATES. STAPLES
CELL STABILIZATION 1S OBRTAINED BY A SHMEAR- MAY BE USED TO A!D §N BLANKET ASSEMBLY. INSTALLATION
WEB CONF|GURATION ATTACHED BY TWD ROWS OF BOLTS T EACH IS ACCOMPLISHED BY MEANS OF HOOK AND PILE TAPE, AND
MOUNTING BASE AT THE COMMOMN CENTER OF THREE BASES. THIS REFLECTIVE BACKED TAPE.
METHOD PREVENTS SWAY AND ALLOWS FOR REMOVAL OF INDIVi=
DUAL MODULES FOR MAINTENANCE. A TYPICAL INSTALLATION OF AN INSULATION
BULANKET IS 7O BOND THE HOOK TAPE TQ THE STRUCTURE, SEW
AUXILIARY EQUIPMENT INCLUDES ELECTRICAL OR BOND THE PILE TAPE TO THE BLANKET AND PRESS THE
WIRING, HARD LINES, AND THE CONNECTIONS NECESSARY FOR TAPES TOGETHER. THE ALUMINIZED SIDE OF THE INSULATING
PROPER SYSTEM OPERATICON. THE INNER CAP SIDE OF RADIAL MATERIAL MUST FACE TOWARD THE GENTER OF THE SECTOR OR
BEAM 4 SUPPORTS THE POWER CONTROL PANEL AT STATION ENCLOSED AREA IN WHICH IT 13 INSTALLED.
Xe = 250. BEAM 3 HOLDS THE HELIWM DISTRIBUTION AND
TEST PAMEL. THE INSULATION BLAMKET FOR THE FORWARD BULK-
HEAD |5 MADE IN FOUR SECTIONS. SECTION ONE COVERS
5.4 S/M INTERIOR INSULATION SECTOR DNE, SECTION TWO COVERS SECTORS TWQ AND THREE,
- SECTION THREE COVERS SECTOR FOUR, AND SECTIOM FOUR
5.4 GENE RA| COVERS SECTORS FIVE AND SIX. THE SECTIONS ARE HELD
TOGETHER AND TO THE BULKHEAD BY MEANS OF THE HOOK AND
. INSULATION MATERIAL OF CRINKLED, ALUMINIZED PILE TAPE. (FIGURE 3-8 ).

MYLAR 15 USED IN ALL SECTORS OF THE SERVICE MODULE AND
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THE FATRING INSULATION [S FABRICATED FROM ELECTRICAL POWER SYSTEM'S RADIATOR PANELS [N SECTORS
SIX INDiVIDUAL BLANKETS, ONE FOR EACH FALRING PANEL., ONE AND FOUR.
EACH BLANKET S INSTALLED TO A FAIRING PANEL BY MEANS
OF HOCK AND PILE TAPE AT THE FORWARD AND AFT EDGES OF INSULATION OF SECTOR FOUR [5 ACCOMPL|SHED
THE FAIRING. {FIGURE 58 ). BY THREE [NDIVIDUAL BLANKETS OF ALUMINIZED MYLAR. ALL
THREE BLANKETS EXTEND FR0M STATION Xg ~ 355 TO STATION
USE OF MULTE-LAYER ALUMINIZED MYLAR AS Xg - 260.37. THE ENTIRE ARC LENGTH OF SEGTOR FOUR

INSULATION MATERIAL FOR THE PROPELLANT TANKS IN SECTORS
Two AND Five {0xIDIZER}, AND THREE AND SIX (FUEL} IS
ESSENTIALLY THE SAME FGR EACH SECTOR,

THE NSULATION SURROUNDING EACH TANK GF THI
SERVICE PROPULSION SYSTEM |S FABRICATED FROM THREE
ENDIVIDUAL BLANKETS. THE BLANKETS FOR THE RADIAL WEB
BEAMS ARE TAPED TG THE BEAM AT THE FORWARD EDGE, AND
AT THE AFT EDGE. THE RECTANGULAR BLANKET FOR THE INNER
SURFACE OF THE OUTER SHELL COVERS THE SURFACE BETWEEN
THE RADIAL WEB BEAMS FROM THE FORWARD BULKHEAD TO THE
AFT BULKHEAD., THE BLANKET |5 FASTENED TO THE IMNNER
SURFACE OF THE QUTER SHELL BY MEANS OF THE HOOK AND
PILE TAPE,

THE TANK ASSEMBLIES OF THE REACTION CONTROL
sYsTEM {RCS}, THE INNER SURFACE OF EACH RCS PANEL,
AND THE INNER SURFACES OF ACCESS DOORS OF THE SERVICE
MODULE ARE ALL, INSTALLED {MDEPENDENTLY.

ALLOWANCE IS MADE ON THE |NNER SURFACE OF
OUTER SHELL FOR THE ENVIRONMENTAL CONTROL SYSTEMTS
RADIATOR PANELS IN SECTORS TWO AND FIVE, AND THE ELEC~
TRICAL

BETWEEN STATIONS Xg - 260,67 AND Xg ~ 203,36 IS A RE-
MOVABLE PANEL AND IS INSUALTED SEPARATELY.{FIGURE 59)

THE INSULAT}ON FOR SECTOR ONE |S FABRICATED
FROM SIX INDIVIDUAL BLANKETS. THIS IS DUE TQ THE
HYDROGEN TANK MOUNTING SHELF. HOOK AND PILE TAPE 15
ALSO USED FOR INSTALLATION OF EACH BLANKET,

THE INSULATION BLANKET FOR THE FORWARD HEL [UM
TANK IN THE CENTER SECTION, IS MADE TO CONFORM W{TH THE
SHAPE CF THE TANK, TO WiTHIN 4.5 INCHES OF- TS EQUATOR.

THE BLANKET !5 HELD IN PLACE BY EQUALLY SPACED
STRIPS OF HOOK AND PILE TAPE.

5.4.3
5.4.3.1

S/M_AFT -BupxH H SHLE

GEMNERAL
THE PURPOSE OF THE HEATSHIELD I$ TO PROVIDE

THERMO PROTECT[ON FioM THE SPS ENGINE N ORDER TO
CONTROL S/M {NTEREOR TEMPERATURE. THE AFT SULKHEAD

Em{ 7
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S/M SPS NOZZLE AND HEAT SHIELD

BEAM 5

HEAT SHIELD/

HIGH GAIN ANTENNA

SPS ENGINE

FIGURE 5-10

HEATSHIELD CONSISTS OF E[GHT MOLDED FIBERGLASS SECTIONS,
TWC RING SECTIONS AND FLEXISLE BOOT, AND A MYLAR INSUL-
ATION BLANKET. (FIGURE 5=10}, THE AFT HEATSHIELD IS
LOCATED BELOW THE AFT BULKHEAD AT STATION Xg = 200.

ITS LOWEST POINT IS APPROXIMATELY AT STATION Xg = I87.

THE HIGH~BAIN ANTENNA, PART OF THE TELECOMMUN~
FCATIONS SYSTEM, 5 STOWED BENEATH SECTOR FOUR AND 1S
DEPLOYED INTQ POSITION ON THE =Y AX[S.

BOTH HEATSHIELD AN STOWED ANTENNA ARE EN-
CLOSED BY THE LEM ADAPTER PRIOR TO LUNAR INJECTION.
5.4.3.2 FABRiICATION
THE SHIELD IS FABRICATED IR E[GHT SECTIONS.
EACH MOLDED SECTION |5 CONSTRUCTED OF AN [NNER LAYER OF
FIBERGLASS, MIDDLE LAYER OF Q-FELT, AND AN OUTER LAYER
OF 5 MIL NICKEL. ATTACHED TO THE INNER F|BERGLASS
LAYER IS A 40 SHEET MYLAR INSULATION SLANKET. THE
PERIMETER OF THE HEATSHMIELDS ARE PROVIDEDR WITH BOLT
ROLES FOR ATTACHMENT TG THE S/M BULKHEAD, ADJACENT
FLEX|BLE B0OT ASSEMBLYS, AND HEATSHIELDS.

FIVE OF THE MOLDED F|BERGLASS SECTIONS CON-
TALN PRESSURE RELIEF VALVES TO PREVENT BUILDUP BETWEEN
THE S/M INTERIOR AND EXTERIOR. THE VALVE 1S A SPRING
RETAINED, NORMALLY <CLOSED, FOUR SECTION FLAPPER,
PRESSURE RELIEF vALVE. T 1S FABRICATED OF ALUMINLM
WITH STAINLESS STEEL SPRINGS, ATTACHING HARDWARE, AND

FUEL FILL POINT- s g oo

BEAM 1

OXIDIZER FILL POINT
FLEXIBLE BOOT

X = 180 SPS NOZZLE EXT
ATTACH POINT

A NON METALIC SEAT. TwQ SERVICE OPENINGS AND PRO-
PELLANT FILL PORTS ARE PROVIDED AND FURNISHED WITH THE
COVERS.
5.4.3.3  S/H FLEXtBLE BooT

THE FLEXIBLE BOOT ASSEMBLY CONSISTS OF Two
SEGMENTS OF HEAT RESISTANT [NSULATION COVERED ON BOTH
SIDES WITH HIGH SELICA IMPREGNATED CLOTH, THE REFRASIL
CLOTH RING SECTIONS ARE BOLTED TO THE ENGINE HOUSING

AT STATION Xg = 190 AND THE INNER PERIMETER OF THE

HEAT SHIELD SECTIONS AT STATION Xg = 200, {FIGure 5=10).
AFTER INSTALLATION |S COMPLETE, THE TwO FLEXIBLE
SECTIONS ARE BUTTONED TOGETHER, THUS FORMING A FLEXABLE
HEAT SHLIELD WHICH WILL ALLOW THE ENGINE TO G[MBAL AND
PREVENT EXCESSIVE HEAT FROM ENTERING THE SERVICE MODULE
INTERECR DURING ENGINE OPERATION.

=13




SECTION VI

ADAPTER STRUCTURE

f.1 GENERAL DESCRIPTION

THE SPACECRAFT LEM ApAPTER (SLA) CONNECTS THE
S/M 70 THE S-1VB INSTRUMENT UNIT. THE SLA |5 LOCATED
BETWEEN STATIONS X = 838 AND XA = 502. IT HOUSES THE
LUNAR EXCURSION MODULE (LEM), THE NOZZLE OF THE SERVICE
PROPULSION SYSTEM, AND THE HIGH GAIN ANTENNA [N THE
STOWED FOSITION OF THE AFT HEAT SHIELD {SEE FIGURE b6-1]).

6.2 STRUCTURE AND CONFIGURATION

B.2.1 GENERAL

THE SLA 1S A TRUNCATED, CONIC STRUCTURE WITH
A LENGTH OF 335 INCHMES ON ITS X AX1S, A CONE-ELEMENT
LENGTH OF ABOUT 345 INCHES, AND A CONIC ANGLE OF
SLIGHTLY MORE THAN NINE DEGREES. THE SLA STRUCTURE
FORMS TWO SETS OF PANELS, FOUR PANELS PER SET. THE
PANEL HEIGHT OF THE FORWARD SET 1S APPROXIMATELY 254
INCHES; QF THE AFT SET 82.7 INCHES. THE SEPARATION
PLANE IS STATION %4 = 583.2. |INTERFACE EDGES OF THE
FORWARD SET OF PANELS HAVE THE FOLLOWING ARC LENGTHS:
AT FORWARD EDGE-121 INCHES, AT AFT EDGE-184 INCHES.
INTERFACE EDGES OF THE AFT SET OF PANELS HAVE THESE ARC
LENGTH: AT THE FORWARD EDGE=-APPROXIMATELY |84 INCHES,
AT AFT EDGE-APPROXIMATELY 204 [NCHES.

.2.2 FABRICATION

THE FORWARD AND AFT PANELS OF THE SLA ARE
FABRICATED OF ALUMINUM=ALLOY (2024T-81) HONEYCOMB
SANDWICH MATERJAL 1.7 INCHES THICK. BONDED TO THE
HONEYCOMB WiLL BE FACE SHEETS OF VARYING THICHNESSES.
THE FORWARD SET OF PANELS, BECAUSE OF THE S1ZE, ARE
FABRICATED INTO SECTIONS AS SHOWN IN FiGURE b-1I.

AFTER FABRICATION, THE VARIOUS SECTIONS ARE HONDED
TOGETHMER. THE SPLIT LINES OF THE INDIVIDUAL SEGMENTS
WILL BE COVERED WITH SPLICE PLATES GONDED TO THE INNER
AND DUTER FACE SHEETS. THE ATTACH POINT TO THE SERVICE
MODULE AND THE SEPARATION PLANE AT STATION Xa = 583.2,
IS ACHIEVED BY CURVED ALUMINUM SPLICE PLATES WHICH

HOLD MDF CMARGES. THE SPLICE PLATES ARE FABRICATED OF
ALUMINUM .0B0™ THICK AND ARE BOLTED AND RIVETED TO THE
INDIVIDUAL PANELS. THE LATERAL UNION OF THE AFT PANELS
TO THE INSTRUMENT UNIT IS BY FLANGES AND BOLTS WITHOUT
THE USE OF CHARGES.

6.2.2.1  MAINTENANGE - ACCESS

TWO MAINTENANCE/ACCESS DOGRS ARE PROVIDED
IN THE FOIWARD PANELS ON THE +I AND - axIS. THE
ACCESS PANEL LOCATED ON THE +Z AX|S ALLOWS FREE ENTRY
INTD THE SLA AND PERMITS REMOVAL OF GRUMMAN'S SUIT




SPACECRAFT LEM ADAPTER
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THE ACCESS PANEL LOCATED
PROVIDES ACCESS

COOLING UNIT FROM THE CABIN.
ON THE = AXIS SHOWN IN FIGURE
T9 THE SLA AND THE LEMS FORWARD HATCH.

TEN VENTS OR SERVICE QPENINGS ARE PROVIDED IN
THE SLA ASSEMBLY. TwO OF THESE VENTS SERVE AS PROPEL-
LANT SERVICING POINTS FOR THE SERVICE MoDULE. ONE
LARGE PENETRATION IS A FLY~AWAY UMBILICAL D1SCONNECT,
AND THE REMAINING SEVEM ARE FOR LEM ACCESS AND SERVICING.

6.3 PANEL SEPARATION

THE SPACECRAFT LEM ADAPTER {SLA) TO SeRvICE
MODULE SEPARATION AND SEPARATION OF SLA INTO FOUR
PANELS |S ACCOMPLISHED BY AN EXPLOSIVE TRAIN. THIS
EXPLOSIVE TRAIN CONSISTS OF 28 CHARGE HOLDERS, TWO
INITIATORS AND SHIELDS, E1GHT PANEL THRUSTERS, AND AN
UMBILICAL SEPARATION S5YSTEM (SEE FIGURE 6~2). EacH
SYSTEM WiLL BE DESCRIBED IN DETAIL,
6.3.1 CHARGE HOLDER
EACH CHARGE HOLDER CONTAINS TwWD STRANDS GF
MiLD DETOMATING Fuse (MDF), {ONE wilL SEVER THE JOINT,
TWO ARE USED FOR REDUNDANCY}, WITH BOOSTERS AT THE ENDS.
CROSSOVER BOOSTERS ARE USED AT THE CHARGE HOLDER JDINTS
TO INSURE DETONATION ACROSS THE JOINTS, THE DETONATING
CORD LOCATED WITHIN THE CHARGE HOLDER, I5 A METAL CLAD
EXPLOS!VE USED FOR BREAKING MATERIALS AND/OR FOR TRANS~
FERRING DETONATION FROM ONE JUNCTION TO ANOTHER. THIS
CORD |5 A SEAMLESS, CONTINUCUS LEAD SHEATH SURROUNDING

"'?*WaéupEviwAi’“?'“‘1"" L

A

Xy * 838

Xg = 200
\ /xA - 583.2
X = 502

] 57-30508 { 4
i 6-2

THE EXPLOSIVE CORE. THE EXPLOSIVE CORE 1S VIRGIN RDX,
CLASS G, AND THE METAL JACKET, OR SHEATH, !S A LEAD-
ANT IMOMY ALLOY. THE SLA SYSTEM UTILIZES CORDS WITH
EXPLOSIVE LOADINGS OF FIVE AND SEVEN GRAINS PER FOOQT
(sEE FIGURE 6=3).

TwWO CHARGES ARE CONFINED BY THE OVERLAPPING
OF THE SPLICE PLATE EXTRUSION AND THE CHARGE HOLDER
(SEE FIGURE B~4). UPON DETONATION OF THE MDF, THE
EXPLOSIVE FORCE 15 CONCENTRATED ALONG A PREDETERMINED
LINE AND THE SPLICE PLATE SEPARATES. THE SEPARATION
OF THE SPLICE PLATE [S CAUSED BY HIGH SHEAR AND TENSION
LOADS. THE DETONATION WILL ALSQ TRANSMIT AN IMPULSE
TG THE PANEL THRUSTER WHICH ASSIST IN OPENING THE
PANELS.
.3.2 INITIATOR AND SHIELD
Two INITIATORS ARE USED TO SEPARATE THE
SERVICE MODULE (S/M) AND SPACECRAFT LEM ApapTeR {SLA)}
PANELS {SEE FIGURE 6-2, 6-5). THE SIGNAL TO START THE
SEPARATION COMES FROM THE COMMAND MGDULE TO THE INiTIA-
TOR. THE INITIATOR SETS OFF THE ATTACHED DETONATOR
WHICH IGNITES THE MDF ASSEMBLY. ALL THE MDF (5 CON-
FINED, CAUSING THE SPLICE PLATES TO FRACTURE.

PANEL THRUSTERS

Tue PaNEL THRUSTERS SYSTEM CONSISTS OF A
PALR OF THRUSTERS AT EACH CORNER OF THE LOWER PANEL
INTERSECTION. EACH THRUSTER CONTAINS A PISTON WHOSE

6.3.3
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SHAPED CHARGES

CONFINED DETONATING FUSE (CDF)
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_ROD_END_IS_CONNECTED TO THE SLA PANEL. THE THRUSTER __ __ FIGURE 6-2 AND 6-8). THE RECEPTACLE PORTION OF EACH

“ ASSEMBLY CONTAINS TWO PRESSURE CARTRIDGES FOR RE- © CONNECTOR |5 MOUNTED TO THE FLANGE OF A CYLINDRICAL
DUNDANCY, (SEE FIGURE b-2 AND 6-6). CHAMBER. THE PLUG PORTION DF EACH CONNECTOR 1S
MOUNTED TG THE FLANGE OF A PISTON SHAPED MEMBER WHICH
- THE PANEL THRUSTERS ARE OPERATED BY A FITS INTO THE CYLINDRICAL CHAMBER. WiTHIN THE CHAMBER
THROUGH=-BULKHEAD, CONFINED DETOMATING Fusg (CDF) iNITI- QF THIS PISTON CYLINDER ASSEMBLY ARE TWO LOOPS OF MDF
ATED PRESSURE CARTRIDGE (FIGURE 6-7) WHICH ILLUSTRATES ATTACHED TO THE PISTON HEAD. THE TWO ASSEMBLIES ARE
A TYPICAL THROUGH THE BULKHEAD PRESSURE CARTRIDGE. THIS HELD TOGETHER W!TH A FRANGIBLE BOLT, TwQ CONFINED
PRESSURE CARTRIDGE DIFFERS FROM THE CONVENTIONAL PRES- DETONAT ING FUSES ARE ROUTED FROM JUNCTIONS OF THE
SURE CARTRIDGE IN THAT A SOLJD BULKHEAD WITHIN THE ADAPTER SPLICE PLATE MDF'S TO THE PISTON END OF THE
CARTRIDGE BODY PREVENTS ANY BACK PRESSURE, THE CON- DISCONNECT, THE BOOSTERS OF THE CDOF'S ARE PROJECTING
FINED DETONATING FUSE, WHICH CONTAINS A CORE OF MLD INTQ THE FIRING CHAMBER AND ARE IN INTIMATE CONTACT
DETONATING FUSE, INITIATES THE "“DONORY CHARGE WHICH WITH THE MDF BOOSTERS.
TRANSMITS THE DETONATION WAVE THROUGH THE SOLID BULK-
HEAD. THIS WAVE 15 OF SUFFICIENT INTENSITY 70 THE ConFINED DETONATING FUSE HAS A CORE OF
DETONATE A PRIMER OR RECEPTOR CHARGE WITHOUT RUPTURING MILD DETONATING FUSE WHICH 15 COVERED WITH SEVERAL
THE BULKHEAD. THE RECEPTOR CHARGE THEN 1GNITES AN LAYERS OF PLASTIC TUBING, FIBERGLASS MATTING, AND
INTERMEDIATE CHARGE WHICH IN TURN IGNITES THE PROPEL- NYLON COVERS {SEE FiGURE 6=-3). IT IS USED TO TRANSFER
LANT OR GAS PRODUCING GRAINS. EACH PRESSURE CARTRIDGE A DETONATION WAVE BETWEEN TWQ OR MORE BOOSTER CHARGES.
IS INITJATED BY TWO STRANDS 0F MDF WHICH ARE DETONATED THE DETOMATION |S COMPLETELY CONTAINED BY THE I(NSULA-
EY THE DETONATION OF THE SLA SEPARAT (DN EXPLOSIVE TION BUILD-UP. BECAUSE THE DETONATION 1S COMPLETELY
TRAIN. CONTAINED, THE CONFINED DETONATION FUSE MAY BE ROUTED
{N CLOSE TO SENSITIVE ELECTRONIC TELEMETERING INSTRU-
THE GAS PRESSURE CARTRIDGE PROVIDES THE NEC- MENTS, STRUCTURAL MEMBERS, OR THROUGH CROWDED AREAS
ESSARY THRUST THROUGH A 1.5 INCH STROKE TO OPEN THE WITHOUT DAMAGE.
PAMELS, THE ROD SEPARATES FROM THE THRUSTER CYLINDER
AND REMAINS WITH THE PANEL. THEN THE ADAPTER PANEL MDF'S ARE DETONATED,
THE CDF'S TRANSFER DETONATION FROM THE ADAPTER PANEL
6.3.4 UmBILICAL SEPARATION [SLA To S/M) MDF's To THE MDF'S IN THE LMBILICAL DISCONNECT.
PRESSURE IN THE FIRING CHAMBER PRODUCES FAILURE OF THE
THE SYSTEM CONSISTS OF THREE SETS OF RECTAN- INTERCONNECT ING FRANGIBLE BOLT ALLOWING THE UMBILICAL
GULAR RACK AND PAMEL TYPE ELECTRICAL CONNECTORS {SEE HALVES TO SEPARATE. ONE HALF REMAINS FiXED ON THE
-8
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SERVICE MODULE AFT BULKMEAD WHILE.THE FREE PISTON

BUNDLE WRICH MAY CONSIST QF 200 TO 300 NUMBER 20 GUAGE
WIRES,

UMBI L ICAL SEPARATION [LEM To SLA)

THE DISCONNECT INTERFACE CONSiSTS OF FQUR
SETS OF RECTANGULAR RACK AND PANEL TYPE ELECTRICAL
CONNECTORS AND THREE HARD LINES WITH RADIAL SQUEEzE "QV
RINGS N A SLIP TYPE JOINT (SEE FIGURE 6~9). THE
RECEPTACLE PORTION OF EACH ELECTRICAL CONNECTGR AND DNE
HALF OF EACH HARD LIME SLIP JOINT ARE MOUNTED TQ THE
FLANGE OF A CYLINDRICAL CHAMBER.

6.3.5

THE PLUG PORTION OF EACH CONNECTOR AND THE
HARD LINE SLiP JOINT ARE MOUNTED TC THE FLANGE OF A
PISTON WHICH FITS SNUGLY INTC THE CYLINDER. WITHIN THE
CHAMBER OF THIS PISTON CHAMBER ASSEMHLY ARE TWQ LOGPS
OF MDF ATTACHED TO THE PISTON HEAD. THE PiSTON PLUG
ASSEMBLY 15 RETAINED TO THE CYLINDER RECEPTACLE ASSEM-
BLY AXIALLY WITH A SINGLE FRANGIBLE BOLT,

Two CDF ASSEMBLIES WILL RUN FROM THE JUNCTION
OF THE ADAPTER SPLiCE PLATE MDF's TO THE PISTON
ASSEMBLY. WHEN THE ADAPTER PANEL MDF'S ARE DETONATED,
THE CDF's wILL TRANSFER THE DETONATION TO THE MDF's
SEPARAT ING THE UMBILICAL HALVES.

5 PoRTtou;1s;DEPtoYEnjwlTHETHEfADARngzPAuEL:ngH:s;enp“pj
IS CAPTURED BY THE ADAPTER PAMEL AND THE ATTACHED WiRE

UnE HALF REMAINS FIXED ON THE LEM, WHILE THE

- FREE-PISTON-PORT{ON§ S-ROTATED: CLEAR OF - THE=LEM- BY=THEwsr =i

ACTION OF THE PANEL OPENING.

6.3.6  PaneL OPERATION

THE FORWARD PANELS ARE INDIVIDUALLY STRAP-
HINGED AT THE MIDPOINTS OF THEIR AFT ARC EDGES LOCATED
AT THE ENDS OF AXES Y, -Z, +Z, -Z [SEE FIGURE B-10}.
THE HINGES ARE BOLTED TO BOTH FORWARD AND AFY PANELS
GF THE SLA, WHEN THE FORWARD PANELS HAVE BEEN OPENED
BEFORE DOCKING, THE HINGES PREVENT PANEL DISCARD. THE
SIGNAL TO START THE SEPARATION COMES FROM THE C/M To
THE SLA INITIATOR. THE INITIATOR/DETONATOR COMBINATION
WiLL IGMNITE THE MDF CAUSING A TRAIN REACTION. THIS
TRAIN REACTION WILL SEVER THE SPLICE PLATES ALLOWING
THE PANELS TO SEPARATE, DETONATING MDF, CAUSING THE
UMBILICAL TO SEPARATE, AND INITIATING THE PRESSURE
CARTRIDGE IN THE THRUSTER ASSEMBLIES. THE THRUSTER
IMPULSE ON THE PANEL IS FOR APPROXIMATELY TWO DEGREES
OF PANEL TRAVEL. THIS MOMENTUM AND A TENSION CABLE
AND PULLEY ARRANGEMENT WILL MOVE THE PANELS THROUGH
THE REMAINING REQUIRED TRAVEL.

PANEL DECELERATION iS ACCOMPLLISHED BY 8
ATTENUATOR STRUTS LOCATED ON THE FIXED LOWER ADAFTER.
THESE STRUTS CONTAIN ALUMINUM HONEYCOMB CORE THAT WiLL
CRUSH AND ABSORB THE EMERGY FROM THE PAMEL (SEE
FIGURE O=11 ],
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AFTER THE PANELS ARE OPEN THEY wilLL BE b.4.2 OPERAT JON

" F T RETAINED Y “A%NO- BACK™: CLUTCH:=5THIS: CLUTCH: §S-LOCATEDy 5w L e R L A PO g i e S
) WITHIN THE SPRING LOADED REEL AND WilL PREVENT THE ' IKITIATION OF THE DETONATORS |s ACCOMPL | SHED
CABLE FROM EXTENDING (SEE FIGURE 6-11). FROM A SIGNAL IN THE COMMAND MODULE. THE FRANGIBLE
. LINK IS5 FRACTURED BY FIRING THE TwO DETONATORS. SHOULD
v 6.4 LEM SEPARATION SYSTEM A DETONATOR OR A OR B CIRCUIT FAIL, EITHER DETONATOR
: . 1S CAPABLE OF CREATING ENOUGH PRESSURE TO FRACTURE THE
B4, GENERAL LINK. A BLAST SHIELD |$ ATTACHED OVER THE
DETONATORS AND FRANGIBLE LINK TO PROTECT THE LEM
THE LUNAR EXCURSION MODULE {LEM) IS ATTACHED SHOULD THERE BE ANY FLYING FRAGMENTS SEE FiGURE G=i2.
WITHIN THE AFT ADAPTER AT FOUR POINTS WHICH COINCIDE
WITH PANEL HINGE PLACEMENT, AFTER THE FORWARD ADAPTER AFTER THE STRAP |5 SEVERED, TWC SPRINGS
PANELS ARE SEPARATED AND DEPLOYED, THE COMMAND MODULE HOLD THE TENSION STRAP IN AN OPEN POSITION TO PROVIDE
AKD SERVICE MODULE MANEUVER AROUND AND DOCK WiTH THE CLEARANCE FOR THE LEM TO LIFT OFF THE FIXED ADAPTER.
LEM. A CONNECTOR FOR LEM SEPARATION [S MANUALLY MATED
IN YHE DOCKING TUNNEL TO COMPLETE THE CIRCUIT BETWEEN
THE COMMAND MODULE AND THE LEM, TwO DETONATORS AND A
FRANGIBLE LINK |S USED TO SEPARATE THE LEM FROM THE
SLA ATTACH POINTS SEE FIGURE £-12,
A STANDARD DETONATUR, WHERE APPLICABLE, |S
USED THROUGHOUT THE APOLLO ORSNANCE SYSTEMS FGURE
2-13. THE STANDARD INITYATOR IS USED AS THE IGNITOR
FOR THE DETONATOR. THE INITIATOR |5 WELDED TG THE
DETUNATOR AND WHEN ELECTRICAL POTENTIAL 1S APPLIED
TO THE BRIDGEWIRE THE PRIMARY AND SECONDARY CHARGES
ARE IGNITED. THI3 THEN 1GNITES THE EXPLDSIVE TRAIN
WITHIN THE DETONATOR. THE DETONATOR EXPLOSIVE TRAIN
CONSISTS OF A PRIMARY CHARGE OF LEAD DZIDE AND SECONDARY
CHARGE OF RDX,
o
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