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PREFACE

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

IT 1S ASSUMED BY THE TRAINING DEPARTMENT THAT PERSONNEL ATTENDING
THE STRUCTURES AND MECHANICAL SYSTEMS BRIEFING HAVE ATTENDED THE APOLLO
FAMILIARIZATION BRIEFING AND HAVE SOME EXPERIENCE WITH SIMILAR EQUIPMENT.

THE SYSTEMS AND EQUIPMENT DESCRIPTION, INFORMATION, AND DATA
APPLY TO BLOCK | SPACECRAFT. BLOCK |l CONFIGURATIONS WILL BE EXPLAINED
IN THE COURSE AS THE INFORMATION IS AVAILABLE.

THIS DOCUMENT REFLECTS THE CURRENT STATUS OF STRUCTURES AND
MECHANICAL SYSTEMS. IT IS A TRAINING DOCUMENT AND THE ATTENDEES COPY WILL
NOT BE REVISED.

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

E. D. SCHREIBER,

ApoLLo LogisTics TRAINING, D/671-142
NAA, S&ID DowNeY, CALIFORNIA
EXTENSION 4325, 6, OR 7.
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SECTION |

INTRODUCT!I ON

el SYSTEM DESCRIPTION

THE APOLLO SPACECRAFT STRUCTURE SUPPORTS ALL
SYSTEMS AND GIVES AN AERODYNAMIC SHAPE TO THE SPACE-
CRAFT. THE SPACECRAFT CONSISTS OF A LAUNCH ESCAPE
Tower, CoMmMAND MopuLe (C/M), SERVICE MoDULE (S/M),
SPACECRAFT LEM ADAPTER (SLA) AND LUNAR EXCURSION MODULE
(LEM). (FIGURE I=1).

THE STRUCTURES AND MECHANICAL SYSTEM INCLUDES
A DESCRIPTION OF THE CONFIGURATION, MATERIAL, REFERENCE
SYSTEMS, AND STRUCTURAL DETAILS OF THE LAUNCH ESCAPE
SYSTEM, COMMAND MODULE, SERVICE MODULE, AND LEM ADAPTER.
INCLUDED 1S THE DESCRIPTION AND OPERATION OF THE
MECHANICAL SYSTEMS.

THE LAUNCH ESCAPE SYSTEM IS CAPABLE OF PRO-
VIDING AN IMMEDIATE ABORT AT A PREDETERMINED TIME
DURING THE COUNTDOWN WHILE ON THE LAUNCH PAD AND UP TO
THE TIME OF TOWER JETTISON. THE ASSEMBLY CONSISTS OF
THREE ROCKET MOTORS (LAUNCH ESCAPE, PITCH CONTROL, AND
TOWER JETTISON), STRUCTURAL SKIRT, AND A WELDED TUBE
LAUNCH ESCAPE TOWER. THE LAUNCH ESCAPE TOWER IS
ATTACHED TO THE FORWARD LONGERONS OF THE C/M BY FRANGI=
BLE NUTS AND STUD ASSEMBLIES. AFTER A SUCCESSFUL
LAUNCH OR ABORT MODE INITIATION, EXPLOSIVES FRACTURE

THE NUTS, FREE THE TOWER, AND PERMIT A CLEAR FLIGHT
PATH FOR THE C/M.

THE C/M FORMS THE SPACECRAFT CONTROL CENTER,
HOUSING THE FLIGHT CREW, EQUIPMENT TO CONTROL (AuTO-
MATIC AND MANUAL) AND MONITOR THE SPACECRAFT SYSTEMS,
AND EQUIPMENT REQUIRED FOR THE COMFORT AND SAFETY OF
THE CREW. THE C/M 1S CONSTRUCTED OF TWO STRUCTURES,
AN INNER STRUCTURE FABRICATED OF ALUMINUM, AND AN
OUTER STRUCTURE FABRICATED OF STAINLESS STEEL COATED
WITH ABLATIVE MATERIAL. THE INNER STRUCTURE HAS
PRESSURE HOLDING CAPABILITIES AND HOUSES THE CREW,
WHILE THE OUTER STRUCTURE FORMS A HEAT SHIELD TO
PROVIDE MAXIMUM PROTECTION AGAINST HEAT UPON RE-ENTRY.
THE C/M IS DIVIDED INTO VARIOUS SECTIONS AND COMPART=-
MENTS WITH REFERENCE TO THE CREW POSITIONED IN THE
COUCHES. WINDOWS ARE PROVIDED WHICH PENETRATE THE
INNER AND OUTER STRUCTURE TO PROVIDE VISION FOR DOCK=-
ING WITH THE LEM, AND FOR VISUAL OBSERVATION.

THE S/M IS A LARGE ALUMINUM FORMED CYLINDER,
WHICH CONTAINS THE SYSTEMS AND EQUIPMENT TO SUPPORT
THE C/M AND THE SERVICE PROPULSION SYSTEM (SPS).. IT
HAS SiX RADIAL BEAMS WITH A FORWARD AND AFT BULKHEAD
ENCASED BY ALUMINUM HONEYCOMB SANDWICH PANELS ONE
INCH THICK. THE EQUIPMENT CONTAINED WITHIN THE S/M
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IS ACCESSIBLE THROUGH MAINTENANCE DOORS LOCATED STRA-
TEGICALLY AROUND THE EXTERIOR SURFACE OF THE MODULE.

AN AREA BETWEEN 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 IS 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 S/M,
CONSTRUCTED OF ALUMINUM AND WILL HOUSE THE LEM AND
NOZZLE OF THE SERVICE PROPULSION SYSTEM. ONCE THE IN-
JECTION INTO EARTH-MOON TRANSIT 1S COMPLETE, THE ADAP-
TER PANELS WILL BE OPENED AND HELD CAPTIVE TO PERMIT
COMMAND SERVICE MODULE (CSM) DOCKING TO THE LEM,

THE MECHANICAL SYSTEMS PLAY A VITAL ROLE IN
CONNECTION WITH THE MECHANICS OF SEPARATION AND JETTI=-
SONING FROM LIFT=OFF TO THE COMPLETION OF THE SPACECRAFT
MISSION. THE MECHANICAL SYSTEMS ARE ACTUATED WITH THE
USE OF PYROTECHNIC DEVICES. THE MECHANICAL SYSTEMS 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 RESPECTIVE SECTION. ALSO, THE VARIOUS
SECTIONS SHALL INCORPORATE ILLUSTRATIONS TO FURTHER
UNDERSTAND AND HELP EXPLAIN THE OPERATION OF EACH
SYSTEM.

1.2 BOOSTER NOMENCLATURE AND BLOCK DEFINITION

FIGURE 1-2 ILLUSTRATES THE LAUNCH VEHICLES
USED IN THE APOLLO PROGRAM. THE EARLIER TEST EVALUA-
TION AND QUALIFICATION FLIGHT VEHICLES ARE POWERED BY
LITTLE JoE |1, SATURN |, AND SATURN |B LAUNCH VEHICLES.
THE SATURN V LAUNCH VEHICLE WILL POWER THE APOLLO
LUNAR MISSIONS. |T ALSO SHOWS 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 FLIGHTS
NECESSITATES THE ‘USE OF THE SATURN V. THE GENERAL
CONFIGURATION OF THE LAUNCH VEHICLE BOOSTERS IS SUM-
MARIZED IN THE FOLLOWING PARAGRAPHS.

l.2.1 L Jog 11

LITTLE JoE |l, OR THE SMALLEST VEHICLE, IS
USED FOR ALL TRANSONIC ABORT TESTING ACCOMPLISHED AT
WHITE SANDS, NEw MEXICO. THE LAUNCH VEHICLE IS APPROX~-
IMATELY |3 FEET IN DIAMETER AND 29 FEET IN LENGTH.
STABILIZATION IS PROVIDED BY FOUR FINS THAT ARE SWEPT
BACK FROM THE AFT BODY. LITTLE JOE ||, MANUFACTURED
BY GENERAL DYNAMICS, CONVAIR USES SOLID FUEL ROCKET
MOTORS AS ITS SOURCE OF PROPULSION POWER. THE PRO-
PULSION SYSTEM CONSISTS OF THIOKOL RECRUIT (BOOSTER)
AND AEROJET ALGOL (SUSTAINING) MOTORS. THE EXACT

NUMBER AND COMBINATION OF MOTORS DEPENDS ON POWER
REQUIREMENTS FOR A PARTICULAR FLIGHT.
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1.2.2 SATURN |

SATURN |, A TWO STAGE VEHICLE, HAS DEMONSTRA-
TED THE FEASIBILITY OF CLUSTERED ROCKET BOOSTERS AND
HAS QUALIFIED VEHICLE GUIDANCE AND FLIGHT CONTROL SYS=
TEMS. |T HAS TESTED THE APOLLO SPACECRAFT'S STRUCTURE
AND DESIGN, PHYSICAL COMPATIBILITY OF VEHICLE AND
SPACECRAFT, AND JETTISONING OF THE APOLLO LAUNCH ESCAPE
SYSTEM.

THE SATURN | VEHICLE CAN SEND AN |I-TON PAY=-
LOAD, THE EQUIVALENT WEIGHT OF SIX AUTOMOBILES, INTO
LOW EARTH ORBIT. THE FIRST STAGE, OR BOOSTER, HAS A
TOTAL THRUST OF 1,500,000 POUNDS. THE SECOND STAGE
DEVELOPS 90,000 POUNDS GF THRUST. AN INSTRUMENT UNIT,
LOCATED BETWEEN THE SECOND STAGE AND PAYLOAD, HOUSES
THE GUIDANCE AND CONTROL SYSTEMS AND FLIGHT INSTRUMEN-
TATION (TELEMETRY) EQUIPMENT.
1.2.2.1 FIRST STAGE
THE FIRST STAGE IS MANUFACTURED BY CHRYSLER
CORPORATION. EIGHT ROCKETDYNE H-| ENGINES ARE USED,
EACH PRODUCING 188,000 POUNDS OF THRUST. THEY BURN
KEROSENE FUEL (RP-1) 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 OUTBOARD ENGINES MAY GIMBAL FOR CONTROL

OF THE VEHICLE DURING THE BOOSTER PHASE. TAIL FINS ARE

FOR AERODYNAMIC STABILITY ONLY.
1.2.2.2 SECOND STAGE
THE S~V SECOND STAGE |S MANUFACTURED BY

DouGLAS AIRCRAFT COMPANY. SIX PRATT AND WHITNEY RL-10-
A3 ENGINES ARE USED, EACH PRODUCING 15,000 POUNDS OF

THRUST. THE ENGINES BURN LIQUID HYDROGEN AND LIQUID
OXYGEN. ALL SIX ENGINES MAY GIMBAL TO CONTROL THE
SECOND STAGE.

1.2.3  SATURN 1B

EARTH ORBITAL MiSSIONS NECESSARY FOR FURTHER
APOLLDO SPACECRAFT DEVELOPMENT AND FOR ASTRONAUT TRAIN=
ING REQUIRE PAYLOADS BEYOND SATURN | CAPABILITY. SATURN
IB WiLL BE USED FOR THESE MISSIONS. IT WILL EMPLOY AN
IMPROVED VERSION OF THE RELIABLE SATURN | BOOSTER, BUT
WILL HAVE A MORE POWERFUL SECOND STAGE. THE SECOND
STAGE OF SATURN |B wiLL ALSO BE THE THIRD STAGE OF
SATURN V.

THE SATURN [B MISSION IN THE APOLLO PROGRAM IS
DIVIDED INTO TWO PHASES - UNMANNED ORBITAL FLIGHTS AND
MANNED ORBITAL FLIGHTS. UNMANNED FLIGHTS WILL QUALIFY
THE SATURN |B AND APOLLO SPACECRAFT FOR ORBITAL MISSIONS
AND RECOVERY.

SATURN [B, THE SECOND OF THE CLASS OF VEHICLES,
WILL PLACE |7 TONS OF PAYLOAD INTO LOW EARTH ORBIT,




COMPARED TO THE |1-TON CAPABILITY OF SATURN I|. ITs
IMPROVED BOOSTER WILL DEVELOP 1,6000,000 POUNDS OF
THRUST - 100,000 POUNDS MORE THAN SATURN |. THE SECOND
STAGE WILL DEVELOP 200,000 POUNDS OF THRUST, OR OVER
TWICE THAT OF THE SECOND STAGE OF SATURN |. THE INSTRU~
MENT UNIT WILL BE LOCATED BETWEEN THE SECOND STAGE AND
PAYLOAD. SATURN [B AND SATURN V WiLL HAVE IDENTICAL
INSTRUMENT UNITS.

1.2.3.1 FIRST STAGE

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

IB WILL REDUCE ITS WEIGHT BY MORE THAN 16,000 POUNDS
OVER THAT OF THE SATURN |. EIGHT H-1'ROCKETDYNE ENGINES
ARE ALSO USED ON SATURN |B, 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 S-IVB SECOND STAGE, MANUFACTURED BY
DouGLAS AIRCRAFT COMPANY, IS OF AN ENTIRELY DIFFERENT
CONFIGURATION THAN THE S-IV; IT IS LONGER, HEAVIER, AND
OF A LARGER DIAMETER. S-|VB EMPLOYS A SINGLE ROCKET=-
DYNE J=2 ENGINE, BURNING LIQUID HYDROGEN AND LIQUID OXY~
GEN TO PRODUCE 200,000 POUNDS OF THRUST.

SATURN V

THE SATURN V, THE LARGEST OF THE FOUR VEHICLES,
IS PROGRAMMED FOR MANNED EARTH ORBITAL M|SSIONS AND/OR

1.2.4

LUNAR MISSIONS. SATURN V IS A THREE STAGE VEHICLE
CONSISTING OF A S-IC FIRST STAGE, S-Il SECOND STAGE,
AND A S-1VB 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 THE GRAVITATIONAL FORCE OF THE EARTH.
WITH THE APOLLO SPACECRAFT ON TOP, THE THREE=-STAGE
VEHICLE WILL TOWER OVER 360 FEET, NEARLY TWO-THIRDS
THE HEIGHT OF THE WASHINGTON MONUMENT. LOADED W!TH
FUEL IT WILL WEIGH 3,000 TONS, ABOUT THE WEIGHT OF THE
NUCLEAR SUBMARINE NAUTILUS.
1.2.4.1 FIRST STAGE
THE S-IC 1S MANUFACTURED BY THE BOEING
COMPANY, AND USES FIVE ROCKETDYNE F-1 ENGINES. EACH
F=1 ENGINE, BURNING RP-1 AND LIQUID OXYGEN, PRODUCES
1,500,000 POUNDS OF 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 VEHICLE CONTROL.
1.2.4.2 SECOND STAGE
THE S-11, OR SECOND STAGE, |S MANUFACTURED
BY SPACE AND INFORMATION SYSTEMS DiviSION OF NORTH
AMERICAN AVIATION INC. THE SECOND STAGE EMPLOYS FIVE
ROCKETDYNE J-2 ENGINES. EACH J-2 ENGINE, BURNING
LIQUID HYDROGEN AND LIQUID OXYGEN, PRODUCES 200,000
POUNDS OF THRUST FOR AN OVERALL SECOND STAGE BOOST OF
1,000,000 POUNDS. THE GIMBALLED ENGINES WILL BE
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MOUNTED IN A SQUARE PATTERN, WITH THE FIFTH ENGINE
RIGIDLY MOUNTED IN THE CENTER.

1.2.4.3 THIRD STAGE

THE THIRD STAGE OF SATURN V wiLL BE IDENTICAL

IN ALMOST ALL RESPECTS TO THE SECOND STAGE OF SATURN
IB, INCLUDING THE INSTRUMENT UNIT.

b,2.5 Dgs

THE BLOCK CHANGE CONCEPT. CONSISTING OF A
THREE-PHASE PROGRAM, |S USED WHEN DESCRIBING THE
DEVELOPMENT AND OBJECTIVES OF THE APOLLO PROGRAM.
b<ga bl BLOCK 0
BLock 0, OR THE FIRST PHASE, CONSISTS OF THE
BOILERPLATE PROGRAM WHICH IS FOR EARLY SUPPORT OF SYS=
TEM DEVELOPMENT. BOILERPLATES ARE PREPRODUCT |ON
SPACECRAFT SIMILAR TO THEIR PRODUCTION COUNTERPARTS IN
SHAPE, SIZE, MASS STRUCTURAL SOUNDNESS, AND CENTER OF
GRAVITY. ALSO INCLUDED IN THIS PHASE ARE THE LAND AND
WATER IMPACT 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 APOLLO CAPABILITIES.

1.2.5.2 Brock |

BLOCK |, OR PHASE TWO, IS THE BEGINNING OF
THE SPACECRAFT COMMAND SERVICE MODULE (CSM) SPACECRAFT

LEM ADAPTER (SLA), AND LUNAR EXCURSION MODULE (LEM),
DEVELOPMENT PROGRAM FOR MANNED EARTH ORBITAL MISSIONS.
IT WILL DEMONSTRATE EARLY SYSTEM OPERATIONAL INCLUDING
ALL ABORTS, LAND AND WATER RECOVERY, AND BOOSTER
COMPATIBILITY OF THE SATURN IB. IT WILL ALSO HELP IN
DEVELOPING APOLLO OPERATIONAL TEAMS DURING CHECKOUT,
LAUNCH, MANNED SPACE FLIGHT NETWORK (MSFN) FUNCTIONS,
RECOVERY, AND FLIGHT ANALYSIS.

1.2.5.3 BLock II

BLock |l, OR THE THIRD PAHSE, IS THE CONTIN-
UATION OF THE SPACECRAFT PROGRAM, INCORPORATING THE
COMPLETE QUALIFIED LUNAR EXCURSION MODULE WITH COMMAND
AND SERVICE MODULE. BLOCK || wiLL ALSO REDUCE SPACE=-
CRAFT WE|GHT WHERE POSSIBLE, IMPROVE COMMAND MODULE
CENTER OF GRAVITY, AND IMPROVE ON SYSTEM RELIABILITY.
THESE OBJUECTIVES WILL CLIMAX A SERIES OF EARTH ORBITAL,
CIRCUMLUNAR, AND LUNAR ORBITAL MISSIONS. ALTHOUGH
EACH OF THESE MISSIONS WILL HAVE SPECIFIED OBJECTIVES,
THEY WILL BE FLOWN PRIMARILY FOR ADVANCEMENT AND QUALI-
FICATION OF SYSTEMS FOR THE ULTIMATE LUNAR LANDING
MISSION.

1.3 MISSION DYNAMIC LOADS AND DESIGN

THE APOLLO SPACECRAFT STRUCTURE 1S DESIGNED
AND BUILT TO 1.5 TIMES THE DESIGN LIMIT LOAD, WHICH IS
THE DESIGN ULTIMATE LOAD. AN EXCEPTION 1S THE CREW
COUCHES, WHICH HAS AN ULTIMATE OF 1.35 X LIMIT LOAD,
THE REASON BE INs THE CREWMAN COULD NOT SURVIVE ANY
GREATER LOAD.




1.3.1  MISSION Dynauic LoADs

THERE ARE NUMEROUS 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 CRITICAL LOAD IS AN
EARTH IMPACT, ALTHOUGH SIDE LOADS WILL ALSO DETERMINE
DESIGN.

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

§:3.2 LAUNCH

THE LIMIT LOAD DURING LAUNCH IS 1.25 G's AND
OCCURS AXIALLY ALONG THE LINES OF THRUST.

BoosT

AT THE END OF FIRST STAGE BOOST SATURN V,
WHEN THE T/W RATIO IS THE HIGHEST, THE ACCELERATION
CREATES A LIMIT LOAD OF 5.0 G'S. THIS IS DUE TO
DIMINISHING WEIGHT OF THE S/C PROPELLANTS.

1.3.3

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

ABORT LoADS

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

1.3.4

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

MIDMISSION LOADS

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

1.3.5

1.3.6  ENIRY

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

k37 EARTH IMPACT

A GROUND IMPACT SHALL NOT BE CONSIDERED IN
THE DESIGN FOR BLOCK | S/C. UNMANNED BLOCK | VEHICLES
MAY |MPACT THE GROUND DURING A LOW ALTITUDE ABORT.
HOWEVER A GROUND IMPACT )S NOT A DESIGN CONDITION SINCE
MANNED, BLOCK | S/C WiLL ALWAYS IMPACT ON WATER.
1.3.8 WATER_IMPACT
IN ORDER TO ASSURE CREW SURVIVAL, A WATER
LANDING SHALL BE THE PRIMARY MODE. A THREE CHUTE OR
NOMINAL 27 FT/SEC VERTICAL VELOCITY AND ABOUT [8 KNOT
SURFACE WINDS COULD IMPOSE A LOAD 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.




STRUCTURAL CAPABILITY ENVELOPES, BASED ON CALCULATIONS
EMPLOYING 90% MINEMUM MATERIAL PROPERTIES, ARE SHOWN

IN TABLE I-1 AND I=2. IMPACT CONDITIONS WITHIN THESE
BOUNDARIES WILL ASSURE C/M AND CREW SURVIVAL. WHEN
DESIGNING THE SPACECRAFT A TWO CHUTE DESCENT IS ALSO
CONSIDERED. UNDER THIS CONDITION THE IMPACT LOADS WILL
NOT EXCEED THE ULTIMATE DESIGN LOAD OF 78 G's.

A FORCE IN EXCESS OF 40 G'S WOULD SERIOUSLY
INJURE OR KILL A CREWMAN AND MUST BE ATTENUATED DOWN
TO 20 G'S OR LESS. THE IMPACT ATTENUATION SYSTEM WILL
BE DESCRIBED IN SECTION |11, AND IN THE CREW SYSTEMS
STuDY GUIDE.

1.3.9 ADD|T]ONAL_LOADS
LoOADS, OTHER THAN DYNAMIC, ARE FELT BY THE
STRUCTURE. THESE LOADS, MAINLY DUE TO HEAT AND

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

1.4 SPACECRAFT REFERENCE AND COORDINATE SYSTEM

IN ORDER TO DESCRIBE THE SPACECRAFT MOTION,
ATTITUDES, AND COMPONENT LOCATIONS, REFERENCE COORDIN=-
ATES ARE ASSIGNED TO THE THREE SPACECRAFT AXES USING
THE CREW POSITIONED IN THE COUCHES AS THE FRAME OF
REFERENCE. THE THREE AXES ARE THE LONGITUDINAL AXIS
REFERRED TO AS THE X OR ROLL AXIS, THE LATERAL AXIS

REFERRED TO AS THE Y OR PITCH AXIS, AND THE VERTICAL
AX|S REFERRED TO AS THE Z OR YAW AXIS.

THE CREW, IN A SUPINE POSITION APPROXIMATELY
PERPENDICULAR TO THE X AXIS AND FACING FORWARD, |S THE
PRIMARY REFERENCE. ALL DIRECTIONS ARE IN REFERENCE TO
THIS CREW POSITION. THE ORIGIN OF THE X AXIS, OR
LONGITUDINAL AXIS, 1S IN THE LAUNCH VEHICLE THIRD STAGE
(SIVB). ALL X COORDINATE VALUES ARE POSITIVE -
INCREASING GOING FORWARD. THE Y AXIS HAS ITS ORIGIN
(0O VALUE) ON THE X AXIS. TO THE RIGHT OF THE CREW
MAN IS POSITIVE (*) AND TO THE LEFT IS NEGATIVE (-),
INCREASING IN NUMERICAL VALUE AS THE DISTANCE FROM
THE X AXIS 1S INCREASED. A Yc 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) ON THE X AXIS
ALSO. IN THE DIRECTION OF THE CREWMAN'S FEET IS POSI=
TIVE, INCREASING IN VALUE AS THE DISTANCE FROM THE X
AX1S IS INCREASED. IN THE DIRECTION OF THE CREWMAN'S
HEAD IS NEGATIVE (=), INCREASING IN NUMERICAL VALUE
AS THE DISTANCES FROM THE X AXIS IS INCREASED.

THE SPACECRAFT 1S POSITIONED ON THE LAUNCH
PAD SO THAT THE ASTRONAUT'S HEAD IS IN THE DIRECTION
OF DOWN RANGE. THE -Z AXIS POINTS DOWN RANGE DURING
THE PROGRAMMED PITCH OVER OF THE LAUNCH VEHICLE IN
THE ASCENT PHASE, AND THE ASTRONAUT'S FEET WILL ROTATE
OVER HIS HEAD TOWARD THE EARTH.

FIGURE 1~3 ILLUSTRATES THE COORDINATES AND
SHOWS THE RELATIVE LOCATIONS OF THE C/M COMPARTMENTS.
THE NOMENCLATURE FOR THE VARIOUS COMPARTMENTS IN THE

C/M CORRESPONDS TO THE FORWARD FACING CREW FRAME OF
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REFERENCE. FOR EXAMPLE, THE EQUIPMENT BAY AT THE
ASTRONAUT'S FEET IS TERMED THE LOWER EQUIPMENT BAY.
THE EQUIPMENT BAY TO THE RIGHT HAND SIDE OF THE CREW
IS TERMED THE RIGHT HAND EQUIPMENT BAY, AND USING THE
SAME ORIENTATION THE FORWARD COMPARTMENT IS IN FRONT
OF THE CREW.

IN ORDER TO DESCRIBE THE STATION NUMBERS
(X COORDINATES) ASSIGNED TO THE APOLLO SPACECRAFT, WE
LOOK AT FIGURE I-4. THE LES IS DESCRIBED AS X, C/M
As Xc, S/M As Xg AND THE ADAPTER USING THE APOLLO IN-
TEGRATED SYSTEM WILL BE DESCRIBED AS Xa. STARTING OFF
WITH THE LAUNCH ESCAPE TOWER, X, = O DENOTES THE BASE
OF THE TOWER LEGS AND THE ATTACHING POINT To THE C/M.
THE MOST FORWARD PORTION OR NOSE CONE OF THE LES IS
DESIGNATED AS X = 398.5. THE C/M OUTER FACE SHEET OF
THE HEAT SHIELD, EXCLUDING THE ABLATIVE MATERIAL, IS
DESIGNATED AS Xc = 0O AND THE FORWARD APEX OF THE SPACE-
CRAFT BEING Xc = 133.5. THE SERVICE MODULE OUTER FACE-
SHEET OF THE AFT BULKHEAD |S DESIGNATED Xs = 200. THIS
NUMBER WAS ARBITRARILY PICKED TO PREVENT NEGATIVE
STATION NUMBERS, SO, IF THERE IS ANY LENGTHENING OF THE
APOLLO SPACECRAFT THE STATION NUMBERS WILL REMAIN POSI-
TIVE. THE OUTER FACESHEET OF THE FORWARD BULKHEAD WILL

BE DESIGNATED AS Xs = 355. THIS FIGURE DOES NOT INCLUDE

THE 26" LENGTH OF FAIRING. THE SLA IS ATTACHED TO

THE AFT BULKHEAD OF THE SERVICE MODULE, AND USING THE
INTEGRATED SYSTEM, THE DESIGNATIONS WILL BE Xa. THE
ATTACHING POINT TO THE S-1VB INSTRUMENT UNIT BEING XA =
502 AND FORWARD ATTACH POINT TO S/M BEING Xa = 838.

AN INTEGRATED STATION SYSTEM DESIGNATOR IS
Xa AND IS USED FOR LOCATING STATIONS AND MODULES ALONG
THE APOLLO LONGITUDINAL (X) Axis. ITs orIGIN (0) Is
IN THE S-IVB, SO LOCATED, TO MAKE ALL X5 STATIONS
POSITIVE. THE PERMANENT REFERENCE POINT IS AT Xp =
1,000, WHICH COINCIDES WITH X¢ = 0.

FIGURE 1-5 SHOWS A COMPARISON BETWEEN
APOLLO INTEGRATED STATIONS (Xa) AND THE LAUNCH VEHICLE
STATIONS.
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SECTION 1|1

LAUNCH ESCAPE SYSTEM STRUCTURES

2.1 GENERAL

THE LAUNCH EscaPe SysTem (LES) Is 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 IN THE EVENT OF A PAD ABORT
OR AN ABORT SHORTLY AFTER LAUNCH. (FIGURE 2-1). UPON
THE COMPLETION OF AN ABORT, OR A SUCCESSFUL LAUNCH, THE
LAUNCH ESCAPE ASSEMBLY IS JETTISONED FROM THE C/M BY
THE JETTISON MOTOR. THE COMPONENTS OF THE LAUNCH ESCAPE
SYSTEM CAN BE DIVIDED INTO THE FOLLOWING CATEGORIES;
Noseé CONE AND "Q" BALL, CANARD SUB-ASSEMBLY, ROCKET
MOTORS, STRUCTURAL SKIRT, AND TOWER 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 (FiGURE 2-2)
SPECIAL LOADS AND HEATING
DURING A NORMAL LAUNCH OR WHEN AN ABORT IS

INITIATED, THE NOSE CONE MAY BE SUBJECTED TO TEMPER-
ATURES UP TO 1000°F. THIS MAXIMUM TEMPERATURE IS

2.2.1

APPLIED DURING THE ASCENT PHASE BETWEEN 30,000 AND
40,000 FEET.

HOWEVER, THE TEMPERATURE OF THE “Q" BALL

ONLY REACHES APPROXIMATELY 350°F DUE TO THE HEAT AB-
SORPTION CHARACTERISTICS OF THE ADDED MASS SURROUNDING
THE "Q" BALL. THE STRUCTURAL SKIRT, WHICH IS AN
AERODYNAMIC SHAPED STRUCTURE JOINING THE TOWER AND THE
LAUNCH ESCAPE MOTOR ASSEMBLY WILL REACH TEMPERATURES
IN EXCESS OF 500°F APPROXIMATELY 150 SECONDS AFTER
LAUNCH. THIS SURFACE WILL BE PROTECTED AGAINST AERO~
DYNAMIC HEATING BY COVERING THE EXPOSED SURFACES WITH
AN ABLATIVE MATERIAL.

ONE OF THE FACTORS CONSIDERED IN THE LES
DESIGN REQUIREMENTS IS THE EXTENT OF PHYSICAL STRESSES
PERMITTED TO BE IMPOSED UPON THE CREW. BECAUSE OF THE
MONITORING AND BACKUP FUNCTIONS THE CREW PERFORMS, THE
FORCES CANNOT BE IN EXCESS OF THE AMOUNT THAT WOULD
DEGRADE CREW PERFORMANCE.

WHEN AN ABORT IS INITIATED UP THROUGH BURNOUT
AND DURING A NORMAL FLIGHT, THE MAXIMUM G FORCES EX-
ERTED ON THE LES STRUCTURE 1S 10 G'S. THE G FORCES
EXERTED ARE ALONG THE X AXIS OR LONGITUDINAL AXIS. THE
PREVIOUSLY MENTIONED FIGURE IS THE MAXIMUM EXPECTED
LIMITS, NOT THE MAXIMUM DESIGN. STRUCTURALLY, THE
LAUNCH ESCAPE SYSTEM 1S DESIGNED TO 1.5 TIMES THAT OF
THE EXPECTED G LOADS.
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2.3 NOSE CONE AND "Q" BALL

THE AERODYNAMIC SHAPED FAIRING AT THE EXTREME
FORWARD END OF THE LES 1S THE NOSE CONE. THE NOSE CONE
13.3 INCHES IN LENGTH WITH A FOUR INCH RADIUS NOSE IS
MANUFACTURED BY (MSFC) MARSHALL SPACE FLIGHT CENTER,
HUNTSVILLE, ALABAMA. THE NOSE CONE, FABRICATED OF
ALUMINUM 1S 13.30 INCHES IN DIAMETER AT THE AFT RING.
SIX BOLTS AND TWO GUIDE PINS ON THE =Z AND +Z AXES WILL
HOLD IT FIRMLY IN PLACE TO THE CANARD SUB-ASSEMBLY. IN
ADDITION TO CONTRIBUTING TO THE AERODYNAMIC STABILITY
OF THE LAUNCH VEHICLE. THE NOSE CONE wWiLL HOuse A “Q“
BALL. THE “Q" BALL WILL MEASURE DYNAMIC RAM PRESSURE
AND DIFFERENTIAL PRESSURE ABOUT THE PITCH AND YAW AXIS
AND PROVIDE THE CREW WITH A VECTORIAL DISPLAY OF ANGLE
OF ATTACK INFORMATION. DURING LAUNCH, THE NOSE CONE
SURFACE WILL BE SUBJECTED TO THE GREATEST PRESSURE AND
HEAT, AND WILL CAUSE THE FORWARD PORTION OF THE NOSE
CONE TO ABLATE.

2.4 CANARD SUB-ASSEMBLY (FiGURE 2-3)

THE CANARD SYSTEM CONSISTS PRIMARILY OF TWO
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 CANARDS WILL BE LOCATED AS A PACKAGE BETWEEN THE
NOSE CONE AND "Q" BALL AND THE TOWER JETTISON MOTOR.
THE CANARD SUB-ASSEMBLY CONSISTS OF CANARD TOWER
STRUCTURE, TWO DEPLOYABLE SURFACES, AN ACTUATING SYSTEM

AND NECESSARY STOPS, LOCKING DEVICES, THE BALLAST
COMPARTMENT, AND PITCH CONTROL MOTOR ASSEMBLY (FIGURE
2-4).

THE CANARD TOWER STRUCTURE 1S A SEMIMONO=-
COQUE CONSTRUCTION FABRICATED OF INCONEL-X AND
CORROSION RESISTANT STEEL (CRES) (FIGURE 2-5). THE
TOWER STRUCTURE IS 55 INCHES AT THE FORWARD RING TO
26 INCHES AT THE AFT RING. A FAIRING SURFACE SHALL BE
ATTACHED TO THE SUPPORT STRUCTURE WHICH IS NOT OCCU-
PIED BY THE CANARD SURFACES OR HINGES. THE FAIRING
SURFACE MAY BE REMOVED FOR MAINTENANCE AND ADJUSTMENT
OF THE CANARD SYSTEM HARDWARE, PITCH CONTROL MOTOR,
INSTRUMENTATION AND WIRING, AND ALLOWING ACCESS TO
THE BALLAST COMPARTMENT.

THE CANARDS, OR DEPLOYABLE SURFACES, ARE
TWO 100 DEGREE ARC SEGMENTS EXTENDING FROM STATION
X =386.5 DOWN TO STATION X{=339.6 AND WHEN NOT DE-
PLOYED WILL FORM PART OF THE TOWER STRUCTURE. THE
CANARDS ARE A SEMIMONOCOQUE CONSTRUCTION APPROXIMATELY
FOUR FEET LONG AND SIX SQ. FEET EACH. THE INNER
LATERAL SUPPORT RIBS AND LONGITUDINAL SUPPORT STRING=
ERS WILL BE FABRICATED OF INCONEL-X AND WHEN ASSEMBLED
WILL BE ONE INCH IN THICKNESS. THE CANARDS ARE
CONNECTED BY TWO HINGE MEMBERS, ONE FORWARD AND ONE
AFT. THE FORWARD HINGE BEING THE LARGER AND SO
ATTACHED THAT WHEN THE CANARDS ARE DEPLOYED, THE
CENTERLINE OF THE CYLINDRICAL PORTION OF THE CANARD
SURFACE SHALL BE ORIENTED WITH A 30° ANGLE OF ATTACK
AND SWEEP BACK ANGLE OF 160 DEGREES (FIGURE 2-6).

2-4




/CONFIGU RATION

/

XL=387

HINGE ATTACH
POINT

XL=363

MAIN SUPPORT
RINGS

| _HINGE ATTACH
POINT

ACTUATING ARM
ATTACH POINT

X, <382

ST-161A { %))
FIGURE 2-3 2-5

L




CANARD THRUST & LINKAGE
wowo - ASSEMBLIES

CANARD HINGE

CANARD THRUSTER
IN RETRACTED POSITION

ST-162B j@
FIGURE 2-4 2-6




CANARD

"Q-BALL" INTERFACE

BALLAST WTS LEAD\/

LINK

17-4 CRES - gt

ACTUATOR\(?
TOWER ~—
SKINS- INCONEL-X \=E

STRUCTURE INCONEL-X

& 15-7 CRES

TOWER JETTISON
MOTOR INTERFACE

FIGURE 2-5

STRUCTURE

UPPER HINGE

CANARD

SKINS, INCONEL-X
STRUCT-15-7 &
INCONEL-X

ACTUATING ARM

17-4 CRES

IDLER LINK-17-4 CRES

BELL CRANK
17-4 CRES

LOWER HINGE
17-4 CRES

F
ST-160A (@)}

2-7




CANARD SURFACES FULLY DEPLOYED

SIDE VIEW

T T T T e N ___t_
30°

TOP VIEW

ST-176 { #+ ]
FIGURE 2-6 2-8




2.4.1 CANARD PANELS

THE CANARD PANELS WILL BE DEPLOYED BY A PYRO-
TECHNIC ACTUATED THRUSTER ASSEMBLY (FIGURE 2-7). THIS
ASSEMBLY 1S MOUNTED TO THE INTERNAL STRUCTURE OF THE
TOWER AND CONNECTED TO THE ACTUATING MECHANISM OF THE
CANARD PANELS. THE THRUSTER ASSEMBLY 1S ACTUATED BY
TWO ELECTRICALLY INITIATED 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 0.14 TO 0.60 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, EITHER PRESSURE CARTRIDGE HAS
SUFFICIENT POWER OUTPUT TO 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. THIS SNUBBING ACTION 1S ACCOM-
PLISHED BY FILLING THE VOLUME ON THE UNPRESSURIZED SIDE
OF THE MAIN PLSTON ASSEMBLY WITH HYDRAULIC FLUID. UPON
ACTIVATION OF THE MAIN PISTON, THE OIL IS FORCED
THROUGH AN ORIFICE THUS REGULATING THE VELOCITY OF THE
MAIN PISTON INDEPENDENT OF THE REACTING LOADS. AFTER
THE PANELS ARE FULLY EXTENDED, THEY ARE LOCKED IN THE
OPEN POSITION BY A LOCKING DEVICE BUILT INTO THE
THRUSTER ASSEMBLY.

2.4.2  BALLAST COMPARTMENT (FIGURE 2-5)

THE BALLAST COMPARTMENT IS LOCATED 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 DURING
AN ABORT. THE BALLAST COMPARTMENT HAS PROVISIONS FOR
APPROXIMATELY 960 LBS. OF BALLAST. THE BALLAST MAY
VARY IN WEIGHT FROM O TO 960 LBS. 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 WEI|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 OR REMOVE ANY LEAD WE|GHTS.

2.4.3 PiTcH CoNTROL M STRUCTURE ASSEMB
(FIGURE 2-2)

THE PITCH CONTROL MOTOR STRUCTURE ASSEMBLY

AND THE PITCH CONTROL MOTOR IS LOCATED IN THE AFT
COMPARTMENT OF THE CANARD SUB-ASSEMBLY. THE PITCH
CONTROL MOTOR STRUCTURE ASSEMBLY CONSISTS OF TWO WEB
PLATES AND ANGLES WHICH ARE RIVETED TO THE LONGERONS
OF THE CANARD SUB-ASSEMBLY. THE PITCH CONTROL MOTOR
ASSEMBLY |S MOUNTED PERPENDICULAR TO THE LONGITUDINAL
AXIS BY BOLTING TO THE WEB PLATES. TO ASSURE ALIGN=
MENT OF THE PITCH CONTROL MOTOR, AND THAT THE NOZZLE
IS FLUSH WITH THE OUTER SKIN LINE, SHIMS ARE PROVIDED
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WHICH MAY BE ADDED OR REMOVED ON THE =Z AXIS PLATE.
ALL THE MATERIAL USED IN ATTACHING THE PITCH CONTROL
MOTOR WILL BE FABRICATED OF INCONEL AND STAINLESS STEEL.

2.5 ROCKET MOTORS

2l P CONT! R

THE PITCH CONTROL (P/C) MOTOR IS LOCATED IN
THE CANARD SuUB-ASSEMBLY. UPON INITIATION OF A PAD
ABORT, THE PITCH CONTROL MOTOR IS IGNITED SIMULTANEOUSLY
WITH THE LAUNCH ESCAPE MOTOR. TS PURPOSE IS TO ES-
TABLISH A 15° TO 20° DOWN RANGE PITCH OVER FROM A PAD
ABORT. THIS MANEUVER WILL CHANGE THE TRAJECTORY OF THE
ESCAPING C/M FROM THAT OF THE LAUNCH VEHICLE.

THE PITCH CONTROL MOTOR |S MANUFACTURED BY
THE LOCKHEED PROPULSION COMPANY. |TS OVERALL LENGTH IS
22 INCHES, ITS DIAMETER 1S NINE INCHES, WITH AN OVERALL
WEIGHT OF 50 POUNDS. THE SOLID PROPELLANT HAS A 14
POINT STAR CONFIGURATION WITH A BURNING TIME OF 0.5
SECOND.

TOWER JETTISON MoTOR (FIGURE 2-3)

OF THE THREE MOTORS USED IN THE LES SYSTEM,
ONLY THE TOWER JETTISOM MOTOR IS USED IN A SUCCESSFUL
MISSION. |T PROVIDES THE THRUST TO CARRY THE TOWER
AND MOTOR ASSEMBLY AWAY FROM THE S/C DURING THE NORMAL
ASCENT. THIS MOTOR IS ALSO USED, IF AN ABORT IS

2.5.2

NECESSARY, TC CARRY THE ENTIRE LES TOWER ASSEMBLY WITH
THE BOOST COVER UP AND AWAY FROM C/M.

THE TOWER JETTISON MOTOR ASSEMBLY IS A 26
INCH DIAMETER CYLINDRICAL STRUCTURE. THE TOWER JETTI-
SON MOTOR IS AN INTEGRAL PART OF THE CYLINDRICAL
STRUCTURE, HAVING A STRUCTURE PORTION OR SKIRT EXTEND-
ING AFT BEYOND THE NOZZLES. THIS EXTENDED PORTION WILL
ATTACH TO THE FORWARD END OF THE LAUNCH ESCAPE MOTOR
CASE BY 49 BOLTS AND IS CONSIDERED THE TOWER JETTISON
MOTOR MOUNT. EXTENDING BEYOND THE FORWARD END OF THE
TOWER JETTISON MOTOR IS A FAIRING THAT |S ATTACHED
WITH 32 BOLTS TO THE CANARD SUB-ASSEMBLY. THE TOWER
JETTISON MOTOR STRUCTURAL ASSEMBLY IS A SEMIMONOCOQUE
CONSTRUCTION FABRICATED OF .0B0 INCH THICK INCONEL.

THE TOWER JETTISON MOTOR 1S MANUFACTURED BY
THIOoKOL CHEMICAL CORPORATION. ITS OVERALL LENGTH,
INCLUDING NOZZLES AND ADAPTER, IS 50 INCHES. IT Is 26
INCHES IN DIAMETER AND WEIGHS APPROXIMATELY 500 POUNDS.
THE SOLID PROPELLANT HAS A TEN STAR GRAIN CONFIGURATION
WITH A BURNING TIME OF ONE SECOND. THE TWO NOZZLES ARE

CANTED 30 FROM THE CENTER LINE, WITH ONE NOZZLE THROAT
AREA LARGER THAN THE OTHER TO ESTABLISH AN OFFSET
THRUST VECTOR OF APPROXIMATELY 4° TO THE POSITIVE Z
SIDE.

2.5.3 LAUNCH ESCAPE MOTOR (FIGURE 2-2)

THE PRIMARY FUNCTION OF THE LAUNCH ESCAPE
MOTOR IS TO CARRY THE C/N AWAY FROM THE LAUNCH VEHICLE.
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IT IS USED IN THIS CAPACITY ONLY IF IT IS NECESSARY TO
ABORT THE MISSION ON THE PAD OR DURING ASCENT. ITS
SECONDARY FUNCTION 1S A BACKUP FOR THE TOWER JETTISON
MOTOR. |F THE TOWER JETTISON MOTOR SHOULD FAIL TO
IGNITE AT THE PROPER TIME, THE LAUNCH ESCAPE MOTOR CAN
BE FIRED TO JETTISON THE TOWER ASSEMBLY WITH THE BOOST
COVER UP AND AWAY FROM THE C/M.

THE LAUNCH ESCAPE MOTOR ASSEMBLY IS A 26 INCH
DIAMETER CYLINDRICAL STRUCTURE. IT IS CONSTRUCTED THE
SAME AS THE TOWER JETTISON MOTOR WHERE THE OUTTER SKIN
IS THE MOTOR CASE. EXTENDING BEYOND THE FORWARD AND
AFT CONTOUR OF THE MOTOR ASSEMBLY ARE RING FRAMES FOR
MATING. THE FORWARD RING FRAME |S ATTACHED TO THE AFT
SKIRT OF THE TOWER JETTISON MOTOR WITH A SERIES OF 49
BOLTS. THE FIRST BOLT CCW FROM *+Z AXIS AND AN INDEX
MARK ON THE ~Z AXIS INSURE PROPER MATING AND ALIGNMENT.
THE AFT MOTOR RING FRAME |S THEN ATTACHED TO THE FORWARD
RING ASSEMBLY OF THE TOWER SKIRT WITH 48 BOLTS. No
MATING OR ALIGNMENT 1S NECESSARY AT THIS POINT.

THE LAUNCH ESCAPE MOTOR |S MANUFACTURED BY
LockHEED PROPULSION COMPANY. IT HAS AN OVERALL LENGTH,
INCLUDING NOZZLES AND IGNITER, OF 16 FEET. IT Is 26
INCHES IN DIAMETER AND WEIGHS APPROXIMATELY 4,750 LBS.
THE SOLID PROPELLANT HAS AN EIGHT POINT STAR GRAIN
CONF I GURATION WITH A TOTAL BURN TIME OF APPROXIMATELY
EIGHT SECONDS.

THE LAUNCH ESCAPE MOTOR HAS FOUR NOZZLES
POSITIONED 90° APART.

EACH NOZZLE IS CANTED 35° FROM

THE X AXIS. THE *Y AND -Y NOZZLES ARE IDENTICAL, EACH
HAVING A THROAT AREA OF 21.1 SQUARE INCHES AND A DI

AMETER OF 5.2 INCHES. THE +Z NOZZLE HAS A THROAT AREA

OF 24.4 SQUARE INCHES AND A DIAMETER OF 5.56 INCHES AS
COMPARED TO THE ~Z NOZZLE THROAT AREA OF 18.1 SQUARE

INCHES AND DIAMETER OF 4.8 INCHES. THIS THROAT SIZE 22
VARIANCE PRODUCES AN OFFSET IN THRUST OUTPUT, CAUSING

A 2.75% OFFSET IN THRUST VECTOR FROM THE NOMJINAL

THRUST CENTERLINE.

2.6 STRUCTURAL SKIRT (FIGURE 2-2)

THE SKIRT IS AN AERODYNAMIC SHAPED STRUCTURE
WHICH DISTRIBUTES THE LOADS FROM THE FOUR TOWER ATTACH-
MENT POINTS TO THE LAUNCH ESCAPE MOTOR. THE FORWARD
RING FRAME OF THE STRUCTURAL SKIRT WILL MATE WITH A
FLANGE ON THE MOTOR AFT CLOSURE. HOIST FITTINGS WILL
BE PROVIDED ON THE SKIRT WITH SUFFICIENT CAPACITY FOR
LIFTING THE ENTIRE APOLLO VEHICLE.

THE SKIRT ASSEMBLY STRUCTURE CONSISTS OF
TWO RING FRAMES, 4 LONGERONS, AND FOUR SKIN ASSEMBLIES
OR PANELS. THE AFT RING ASSEMBLY IS FABRICATED OF
TITANIUM, VANADIUM, AND ALUMINUM (6AL-4V). IT IS cuT
INTO FOUR 90° SECTIONS AND BUTT WELDED TO FOUR LONGE~
RONS FABRICATED OF THE SAME MATERIAL (6AL-4V). RIVETED
TO THE AFT RING AND LONGERONS ARE FOUR PANELS FABRI-
CATED OF (6AL-4V) .140 INCH SHEETS. THE PANEL LOCATED
ON THE Y AXIS HAS TWO SIX INCH CUTOUTS TO LOCATE THE
POWER SYSTEMS AND INSTRUMENTATION WIRE HARNESS. THE
FORWARD RING FRAME (6AL-4V) AND FOUR STEEL HOISTING




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

AFTER THE TOWER SKIRT IS COMPLETE AND BEFORE
ATTACHING TO THE LAUNCH ESCAPE MOTOR, THE SKIRT IS
PROTECTED WITH AN ABLATIVE MATERIAL. THE ABLATIVE
COATING USED IS 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 IS 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 TO THE LAUNCH 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 ALIGNMENT/ADJUST BOLTS LOCATED
AT STATION XL =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
ALIGNMENT OF THE TOWER AND LAUNCH ESCAPE MOTOR. THESE
FOUR LARGE BOLTS, HAVING AN ADJUSTMENT OF |.88 INCHES,
PROVIDE A RANGE OF PLUS OR MINUS | DEGREE PERMITTING
AL IGNMENT OF THE THRUST VECTOR RELATIVE TO THE ABORT
CONF 1 GURATION CENTER OF GRAVITY. AFTER THE TOWER AND
LES CENTERLINES HAVE BEEN ALIGNED, THE ATTACHMENT BOLT
AND LOCK NUT WILL BE TORQUED AND SAFETY WIRED.

25 LAUNCH ESCAPE TOWER (FIGURE 2-9)

THE PURPOSE OF THE TOWER IS TO SUPPORT THE
LAUNCH gscAPE 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 CERTAIN LENGTH TO PREVENT
FLAME IMPINGEMENT 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
10 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 IT
JOINS TO THE MOTOR ASSEMBLY.

THE TOWER 1S CONSTRUCTED OF WELDED TUBULAR
PURE TITANIUM AND (6AL-4V) TITANIUM ALLOY. THE TUBES
ARE OF THE FOLLOWING THICKNESS AND DIAMETER:

1. Tuse J-2.5" 0.D., 0.15" wALL-
COMMERCIALLY PURE TITANIUM

2. “Tusesil, L, M0, Q <'2.5" 0D
0.05" WALL=-6AL-4V TITANIUM ALLOY

3. Tuses F, P-3.5" 0.D., 0.125" wALL-
6AL-4V TITANIUM ALLOY
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THE ABOVE DIMENSIONS AND THICKNESSES ARE
SHOWN IN FIGURE 2-9 (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 TO
THE -Z TOWER LEGS AT STATION X|~-35.87 PROVIDING A
STRUCTURAL STOP FOR THE LAUNCH COMPLEX ARM. THIS STOP
WILL TRIP A SENSING MECHANISM ALLOWING THE MECHANICAL
LINKAGE LOCATED ON THE COMPLEX ARM TO POSITION THE
CREW HATCH COVER OVER THE C/M HATCH FOR EMERGENCY EXIT
WHILE ON THE PAD.

THE ENTIRE TOWER STRUCTURE IS INSULATED WITH
BUNA-N-RUBBER TO PROTECT THE STRUCTURE FROM THE FLAME
IMPINGEMENT OF THE MOTORS AND AERODYNAMIC 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 600 DEGREES TO 800 DEGREES FAHRENHEIT.
THE VARYING THICKNESSES ARE SHOWN IN (FIGURE 2-9
(FiGure B)).

THE TWO TOWER LEGS ON THE Y AXIS ALSO CARRY
INTERNAL POWER SYSTEMS AND INSTRUMENTATION HARNESS. TO
PROTECT AGAINST ANTI-VIBRATION MEASURES WHICH COULD
CAUSE CHAFFING OF THE HARNESS, A FOAM IS INJECTED

THROUGH A SERIES OF HOLES RREDRILLED IN THE TOWER LEGS.
AFTER THE INJECTING OF FOAM IS COMPLETE THE HOLES ARE
PLUGGED AND FILLED WITH BUNA-N-RUBBER.

2.8 LAUNCH ESCAPE SYSTEM MODES OF OPERATION

THE LAUNCH ESCAPE SYSTEM WILL CONTAIN A 22

DEPLOYABLE CANARD SYSTEM. THE CANARDS HAVE THE EFFECT

OF ORIENTING THE ESCAPE VEHICLE BLUNT AND FORWARD BY

THE INDUCED AERODYNAMIC FORCES ON THE CANARD SURFACES

FROM THE PAD TO 120,000 FEET. FOR ABORTS AT ALTITUDES

ABOVE 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 OPERATION,
THEY WILL BE EXPLAINED INDIVIDUALLY. (FIGURE 2-10)

Low ALT)TUDE ABORT MODE

FOR THE LOW ALTITUDE ABORT MODE (FROM PAD TO

30,000 FEET), THE CANARD DEPLOYMENT AND SUBSEQUENT LES
JETTISON IS 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 IN THE OPEN POSI=
TION, AND A 3 SECOND TIMER STARTED. AFTER THE 3 SECOND
TIMER HAS TIMED OUT, THE TOWER JETTISON MOTOR AND TOWER

2.8.1
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NUTS ARE FIRED. THIS OCCURS WITH THE LEV AT APOGEE

OR CLIMBING, AND AS IT IS TURNING FROM APEX FORWARD TO
BLUNT END FORWARD ATTITUDE. THERE IS 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 (NORMAL SEQUENCE) THE
DROGUE CHUTES ARE RELEASED AND THE MAIN CHUTES ARE
DEPLOYED UTILIZING PILOT CHUTES.

MepiuM ALTITUDE ABORT

THE MEDIUM ALTITUDE ABORT 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 INITIATED 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 IN THE

BLUNT END FORWARD ATTITUDE. AS THE LAUNCH ESCAPE
VEHICLE DESCENDS, AND UPON REACHING AN ALTITUDE OF
APPROX IMATELY 24,000 FEET, A BAROSWITCH WILL CLOSE,
INITIATING A SIGNAL TO FIRE THE TOWER JETTISON MOTOR,
REMOVING THE TOWER AND BOOST COVER. AS THIS FUNCTION
OCCURS, A .4 SECOND TIMER IS ENERGIZED, AND WHEN TIMED
OUT WILL JETTISON THE FORWARD HEAT SHIELD. AS THE
TOWER |S JETTISONED, A TWO SECOND TIMER IS ENERGIZED,
AND WHEN TIMED OUT WILL RELEASE THE DROGUE CHUTES.

2.8.2

THE DRGGUE CHUTES WILL ALLOW THE COMMAND MODULE TO
DECELERATE. UPON REACHING APPROXIMATELY 10,000 FEET
A BAROSWITCH WILL CLOSE, RELEASING THE DROGUE CHUTES
AND DEPLOY THE MAIN CHUTES.

HicH ALTITUDE ABORT

THE HIGH ALTITUDE ABORT MODE IS ABOVE
120,000 FEET AND THE SEQUENCING IS ALTERED BY AUTO-
MATIC AND MANUAL FUNCTIONS. AN ABORT SIGNAL WILL
INITIATE C/M-S/M SEPARATION AND THE FIRING OF THE LES
AND P/C MOTOR. AS THE G FORCES DECREASE AND LIMITED
MOTION 1S POSSIBLE, THE COMMANDERS STATION WILL
MANUALLY ENERGIZE A CIRCUIT, FIRING THE TOWER JETTISON
MOTOR, REMOVING THE TOWER AND BOOST 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 ZERO,
THE COMMANDER ORIENTS THE C/M INTO AN ENTRY ATTITUDE
USING ONBOARD DISPLAYS AND/OR VISUAL CUES THROUGH THE
WINDOWS. 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
IS FOLLOWED BY DROGUE DEPLOYMENT I.6 SECONDS LATER,
ALLOWING THE COMMAND MODULE TO DECELERATE. UPON
REACHING APPROXIMATELY 10,000 FEET, A BAROSWITCH WILL
CLOSE, RELEASING THE DROGUE CHUTES AND DEPLOY THE
MAIN CHUTES.

2.8.3
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2.9 TOWER SEPARATION MECHANISM (FiIGURE 2-11)

THE TOWER STRUCTURE IS ATTACHED TO THE C/M
AT THE BASE OF EACH TOWER LEG. THE MEANS OF ATTACHMENT
AT THESE FOUR POINTS IS 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 INTO TWO ELECTRICAL CIRCUITS A & B (FIGURE
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 1S 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 IS SEPARATED FROM THE C/M BY
DETONATION OF THE FOUR NUTS AT THE BASE OF THE TOWER
AND THE FIRING OF THE TOWER JETTISON 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 STUD
ASSEMBLY IS MADE DURING THE TOWER TO C/M STACKING
OPERATION, AND EXPLOSIVES ARE INSTALLED JUST PRIOR TO
LAUNCH.
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SECTION 111

THE COMMAND MODULE

3.1 GENERAL DESCRIPTION (FIGURE 3-1)

THE COMMAND MODULE IS A CAPSULE HOUSING THE
CREW, WEIGHING APPROXIMATELY 11,000 POUNDS. IT IS THE
ONLY PORTION OF THE APOLLO SPACECRAFT THAT WILL RETURN
TO EARTH AFTER THE LUNAR MISSiON. THE COMMAND MODULE
IS MADE UP OF TWO STRUCTURES, AN INNER STRUCTURE, THE
PRIMARY STRUCTURE OF THE CRAFT, WHICH IS A PRESSURE
VESSEL HOUSING THE CREW: AND THE OUTER STRUCTURE, WHICH
IS A THREE PIECE HEAT SHIELD CONSISTING OF A FORWARD
HEAT SHIELD WHICH IS THE FORWARD APEX OF THE CRAFT, A
CREW COMPARTMENT HEAT SHIELD WHICH FORMS THE REMAINDER
OF THE CONICAL PORTION OF THE CRAFT, AND AN AFT HEAT
SHIELD WHICH COVERS THE AFT PORTION OF THE CRAFT. THE
TWO STRUCTURES, HEAT SHIELD AND INNER STRUCTURE, DIVIDE
THE VOLUME 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. [N
THE FORWARD PORTION OF THE CRAFT, A VOLUME BETWEEN THE
FORWARD HEAT SHIELD AND THE INNER 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 1S A CIRCULAR
COMPARTMENT SURROUNDING THE INNER STRUCTURE WHICH IS
KNOWN AS THE AFT COMPARTMENT AND HOUSES MOST OF THE
COMMAND MODULE REACTION CONTROL SYSTEM. THE TWO

STRUCTURES, INNER AND OUTER, ARE SEPARATED BY A LAYER
OF INSULATION., THIS INSULATION COVERS THE INNER SUR-
FACE OF THE HEAT SHIELDS. THERE ARE TWO HATCHES IN
THE COMMAND MODULE, A SIDE HATCH AND A FORWARD HATCH.
THE SIDE HATCH IS USED FOR EARTH INGRESS AND EGRESS
AND THE FORWARD HATCH |S DESIGNED FOR EMERGENCY POST
LANDING EXIT. THE BLock | COMMAND MODULE HAS FIVE
WINDOWS, ALL OF WHICH ARE ON THE UPPER OR HEADWARD
PORTION OF THE VEHICLE. THEY CONSIST OF TWO SIDE
WINDOWS, TWO RENDEZVOUS WINDOWS AND ONE HATCH WINDOW.

3.2 INNER STRUCTURE (F1GURE 3-2)

THE INNER STRUCTURE IS AN ALUMINUM, SEMI-
MONOCOQUE STRUCTURE. [T 1S DESIGNED TO HOLD A PRES=
SURE OF 5 PSI OF PURE OXYGEN WITH A LEAK RATE OF LESS
THAN .2 POUNDS PER HOUR AND HAS A LIMIT PRESSURE OF
8 PSI AND AN ULTIMATE PRESSURE OF i2 PSI. THE INNER
STRUCTURE CONSISTS OF TWO MAJOR ASSEMBLIES, AN AFT
ASSEMBLY AND A FORWARD ASSEMBLY. BEING A SEMI-
MONOCOQUE STRUCTURE, IT INCORPORATES SOLID STRUCTURAL
MEMBERS WHOSE FUNCTION IS TO DISTRIBUTE POINT LOADS
TO THE SIDE WALL OF THE STRUCTURE, WHICH IS THE
ULTIMATE LOAD-BEARING PORTION OF THE STRUCTURE. THE
SOLID STRUCTURAL MEMBERS ARE OF MACHINED ALUMINUM,
WHEREAS THE SIDE WALL |S BONDED ALUMINUM HONEYCOMB
SANDWICH MATERIAL., THE INNER FACE SHEETS OF THE
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HONEYCOMB SANDWICH ARE WELDED IN ALL CASES TO THE SOLID
ALUMINUM MEMBERS. THUS, THE ENTIRE INNER MOLD LINE OF
THE INNER STRUCTURE 1S A WELDED INNER FACE MOLD LINE,
KEEPING CONSTANT WITH THE PRESSURE HOLDING SPECIFICA~
TIONS OF THE CRAFT. ALUMINUM HONEYCOMB CORE IS THEN
BONDED TO THE OUTER SURFACE OF THE INNER FACE SHEETS.
IN ALL CASES, THE OUTER FACE SHEETS ARE BONDED TO THE
OUTER SURFACE OF THE HONEYCOMB CORE.

3.2.1 AFT AssemBLY (SEE FIGURE 3-3)

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

(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 DISTRIBUTE STRESS CONCENTRATIONS EVENLY
TO THE SKIN OF THE AFT ASSEMBLY. SIX OF THE NINE
LONGERONS COINCIDE IN LOCATION TO THE SIX HARD POINTS
ON THE COMMAND MODULE. THESE ARE LOCATED 50%, 60°,

AND 70° APART, DIAMETRICALLY OPPOSED. THEY WILL INDI=

CATE THE POSITION OF THE SIX COMPRESSION PADS

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 DIRECT STRUCTURAL TIE BETWEEN 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 CYLIN-
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
STICK IN SHAPE, WITH A PORTION COIN-
CIDING IN MOLD LINE TO THE FORWARD
SIDE WALL. THEY ARE LOCATED APPROXI=
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. IT IS A TWO-PIECE RING CONS!ST=-
ING OF A 90 DEGREE SECTION BETWEEN THE
TWO UPPER SUPPORT LONGERONS AND A 270
DEGREE SECTION COMPLETING THE RING.




INNER STRUCTURE SUPPORT LONGERON'’S

Z
AFT LONGN 1 C
¢ - 102
LONGN 2
=137 — LONGN 1
C = :
= 42
- C
AFT LONGN 2
N el
259
ii \\ o Y
- 9 C
o | :
77X = 102.0 e
C AFT LONGN 5
3 Pk s
LONGN 3 AFT LONGN 4
% 222 c” 317
AFT LONGN 3 AFT LONGN 4
o Bt o 1B
VIEW LOOKING AFT St
ST-320 ¢ *}
FIGURE 3-3 3-5




INNER STRUCTURE - INNER SHELL

(FORWARD ASSEMBLY)

ACCESS CYLINDER

OPTICS PENETRATION
LONGERON

ASTRO-SEXTANT DOOR
DRIVE PENETRATION

ooooo

FIGURE 3-4 3-6



(3) FOUR FORWARD ACCESS CYLINDER LONGERONS.
THESE LONGERONS COINCIDE 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 INNER 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 HONEYCOMB CORE IS
BONDED OVER IT, AND FINALLY, AN OUTER FACE SHEET STRIP
IS BONDED INTO PLACE. THUS, A CONTINUOUS STRUCTURE NOW
EXISTS MADE OF ALUMINUM HONEYCOMB SANDWICH MATERIAL,
CONTAINING SOLID, ALL WELDED, INNER 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 IS 1.5 INCHES THICK

THE AFT SIDE WALL IS .75 INCHES THICK

THE FORWARD SIDE WALL 1S .9 INCHES THICK

THE FORWARD BULKHEAD IS .75 INCHES THICK

THE FORWARD ACCESS CYLINDER IS .25 INCHES
THICK

3.2.3 PENETRATION FITTINGS (FIGURE 3-6)
3.2.3.1 AFT SIDE WALL PENETRATIONS

IN THE AFT SIDE WALL OF THE INNER STRUCTURE
THERE ARE SEVEN PENETRATION FITTINGS. THE PHYSICAL
LOCATION FOR THESE PENETRATIONS WILL BE SHOWN IN
FIGURE 3-2. THESE-ARE ALL ONE PIECE ALUMINUM FRAMES
WELDED TO THE SURROUNDENG INTERFACE SHEETS.

TWO ELECTRICAL PENETRATION FITTINGS ARE
LOCATED ON THE AFT SIDE WALL, TO THE RIGHT AND AFT OF 33
THE SIDE HATCH (FIGURE 3=2). THESE PENETRATIONS
ARE ALSO SHOWN IN FIGURE 3-6 AS POINTS "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 IN 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 6LYCOL)
WATER SUPPLY

PRESSURE REGULATOR SENSOR PARTS

N=NON =




COMMAND MODULE INNER STRUCTURE
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AT POINT "B™ THERE 1S A SMALL PENETRATION
CONSISTING OF THREE LINES.

I OXYGEN SUPPLY
| POTABLE WATER
| WASTE WATER

AT POINT "H" THERE IS A SINGLE PENETRATION.
IT IS A STEEL LINED FITTING THROUGH WHICH THE URINE
OVERBOARD LINE IS ROUTED. THIS LINE WiLL PERMIT URINE
FROM THE WASTE MANAGEMENT SYSTEM TO BE DUMPED OVERBOARD.
THIS PENETRATION FORMS THE CENTER OF THE STEAM VENT
WHEN PENETRATING THE HEAT SHIELD AS SHOWN IN FIGURE 3~14,

TWO COAXIAL CABLE PENETRATION FITTINGS ARE
LOCATED BETWEEN THE +Z AND +Y AXES. THESE PENETRATIONS
ARE SHOWN IN FIGURE 3=6 AS POINTS "A™ AND "G". THRoOuGH
THESE PENETRATIONS ARE THE CABLES REQUIRED FOR THE C-
BAND AND SCINITAR ANTENNAS.

3.2.3.2 FORWARD SIDE WALL PENETRATIONS

FOUR OF THE FIVE WINDOWS ARE PENETRATIONS IN
THE SKIN IN THE FORWARD SIDE WALL. THE FIFTH WINDOW IS
A PENETRATION FITTING IN THE HATCH, WHICH 1S A MAJOR
PENETRATION OF THE FORWARD SIDE WALL (FIGURE 3-5). THE
WINDOW PENETRATIONS ARE SOLID ALUMINUM FRAMES THAT ARE
WELDED TO THE SURROUNDING INTERFACE SHEETS. THE
RENDEZVOUS WINDOWS PROVIDE A FORWARD VIEW FROM EITHER
SIDE OF THE C/M WHILE THE SIDE WINDOWS PROVIDE AN OPEN-
ING FOR SIDE OBSERVATIONS. THE WINDOWS THEMSELVES ARE

DOUBLE-PANED, EACH PANE BEING .25 OF AN INCH THICK.
THE PANES ARE SEPARATED BY A .l OF AN INCH OF SPACE.
THESE PANES ARE CORNING GLASS WORKS NO. 1723 TEMPERED
SILICA GLASS. THE SOFTENING POINT OF THE GLASS IS
2000 DEGREES F, THE TEMPERATURE DESIGN LIMITS 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 IN PLACE.

THE OPTICS PENETRATION FITTING IS A SOLID
ALUMINUM 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
DIRECTLY TO THE INNER SURFACE OF THIS PENETRATION FIT-
TING, THEREFORE KEEPING THE CONTINUITY OF THE PRESSURE
SEAL. JUST BELOW THE OPTICS PENETRATION AT POINT *M"
AS SHOWN IN FIGURE 3-6 IS THE PENETRATION FOR THE
SEALED DRIVE MECHANISM FOR THE ASTRO SEXTANT DOORS
(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, AND MAY BE FOLDED AFTER INSTALLATION. THE SIDE

HATCH MAY BE OPENED OR CLOSED FROM EITHER THE OUTSIDE
ALso, A WINDOW IS

OR THE INSIDE OF THE SPACECRAFT.
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PROVIDED IN THE HAiun, FABRICATED OF THE SAME MATERIAL
AS THE INNER STRUCTURE SIDE AND RENDEZVOUS WINDOWS.

THE CREW HATCH LATCHING MECHANISM PROVIDES
THE MECHANICAL SYSTEM NECESSARY TO POSITION AND SECURE
THE HATCH DOOR TO THE C/M. THE MECHANISM ALSO ACTS AS
A LOAD CARRYING MEMBER FOR STRUCTURAL CONTINUITY WHILE
THE C/M IS PRESSURIZED. THE MECHANISM IS MOUNTED ON
THE OUTER SURFACE OF THE CREW HATCH DOOR, WITH MATCHING
LATCH ASSEMBLIES MOUNTED ON THE SOLID ALUMINUM STRUCTURE.
THE MECHANISM |S MANUALLY OPERATED USING THE TOOL SET
TORQUE WRENCH. THIS TORQUE WRENCH WILL NORMALLY BE
STORED IN A DRAWER, AND JUST PRIOR TO ENTRY INSERTED
AND LOCKED IN THE INNER HATCH OPENING MECHANISM. THE
INNER HATCH MAY BE LOCKED FROM THE INSIDE BY ROTATING
THE TORQUE WRENCH 360° CLOCKWISE AND UNLOCKED BY
ROTATING 360° COUNTERCLOCKWI SE.

3.2.3.3 FORWARD BULKHEAD PENETRATIONS

THROUGH THE ELECTRICAL PENETRATION FITTING
WILL BE ROUTED THE CABLES TO THE EARTH LANDING SYSTEM
AND THE LAUNCH ESCAPE SYSTEM. THIS IS SHOWN AT POINT
L™ IN FIGURE 3-6.

THROUGH THE COAXIAL CABLE PENETRATION FITTING
WILL BE ROUTED THE CQAXIAL CABLES TO THE RECOVERY
ANTENNAS. THUS PENETRATION 1S SHOWN AT POINT “K* IN
FIGURE 3-b.

3.2.4 FORWARD COMPARTMENT

THE FORWARD COMPARTMENT IS DIVIDED INTO
QUADRANTS BY FOUR GUSSETS (FIGURE 3-5). THESE GUSSETS
ARE FASTENED TO THE HORIZONTAL PORTIONS OF EACH TOWER
SUPPORT LONGERON, THE FOUR LONGERONS IN THE FORWARD
ACCESS CYLINDER, AND STRADDLE THE AXES. THE QUADRANT
ON THE NEGATIVE Z PORTION OF THE VEHICLE 1S EQUIPPED
WITH FITTINGS FOR ATTACHMENT OF TWO DROGUE MORTARS AND
A FRAME FOR ATTACHMENT OF TWO PITCH REACTION CONTROL
ENGINES. THE REMAINING THREE QUADRANTS WILL HOUSE THE
THREE MAIN PARACHUTES, THREE PILOT CHUTE MORTARS, AND
THE CANNISTERS STORING THE BAGS FOR THE UPRIGHTING
SYSTEM.

3.2.5 Po ING VENT!

LOCATED IN THE TUNNEL ASSEMBLY IS A FORWARD
HATCH. THIS HATCH MAY BE USED FOR EMERGENCY EXIT AFTER
POST LANDING FIGURE 3-8 . THE HATCH IS FABRICATED OF
ALUMINUM HONEYCOMB SANDWICH MATERIAL APPROXIMATELY I"
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 INSTALLATION AND REMOVAL. ALSO ON THE MANNED
FLIGHTS A POST LANDING VENTILATION SYSTEM IS LOCATED
ON THE FORWARD HATCH. THE VENTILATION SYSTEM CONSISTS
OF TWO MOTOR DRIVEN GATE VALVES, POST LANDING VENT
CoNTROLLER (PLVC), MOTOR DRIVEN FAN AND A EXTENDABLE
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DUCT FOR BETTER AIR CIRCULATION. A THREE POSITION
SWITCH IS PROVIDED ON PANEL 25 OFF, LOW AND HIGH, WHEN
THE SWITCH IS PLACED IN THE HIGH POSITION, THE FAN WILL
PROVIDE 150 CFM OF AIR TO THE C/M INTERIOR, WHILF THE
LOW POSITION WILL PROVIDE 100 CFM OF AIR. A ATTITUDE
SENSOR LOCATED IN THE LEFT HAND EQUIPMENT BAY WILL
CLOSE THE VENT VALVES AUTOMATICALLY BEFORE THE C/M HAS
TIPPED TO STABLE I! POSITION FIGURE 3=9 .
3.2.6 1 EXTERIOR s (FiGURe 3-5)

TO THE EXTERIOR OF THE FORWARD SIDEWALL IS
BONDED 21 C-CHANNEL STRINGERS. THESE C-CHANNEL 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 OF THE CREW
COMPARTMENT HEAT SHIELD. A BULKHEAD |S BOLTED TO THE
MID RING INSIDE THE INNER STRUCTURE. THIS IS A BONDED
ALUMINUM HONEYCOMB SANDWICH MEMBER DESIGNATED THE GIRTH
SHELF ASSEMBLY. THE PURPOSE OF THE GIRTH SHELF ASSEMBLY
IS TO PROVIDE LATERAL STRENGTH TO THE SIDEWALL OF THE
CoMMAND MODULE, PROVIDE STRUCTURAL SUPPORT FOR THE
SIDEWALLS, AND THE EQUIPMENT BAYS.

CRew CoucH ATTACH PoINTs (6) (FIGURE 3-10)

BONDED TO THE INNER SURFACE TO THE LEFT AND
RIGHT HAND SIDE OF THE HATCH ARE HATCH SUPPORT BEAMS.
THESE STRENGTHEN THE AREA IN THE VICINITY OF THE HATCH
AND ALSO SUPPLY TWO CLEVISES TO WHICH ARE BOLTED TwO

(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 STRUTS) TO
CLEVISES WHICH ARE MACHINED ON THE INNER SURFACE OF
THE LOWER TOWER SUPPORT LONGERONS, AND TwO (Z-Z STRUTS)
TO CLEVISES WHICH ARE MACHINED ON THE INNER SURFACE OF
TWO AFT SIDEWALL LONGERONS, AFT OF AND STRADDLING THE
SIDE HATCH. :

3.3 SECONDARY STRUCTURE (FIGuRe's 3~11, 3-12,
3-13)

THE REMAINDER OF THE INTERNAL STRUCTURAL
MEMBERS IN THE CRAFT IS KNOWN AS THE SECONDARY
STRUCTURE. THIS FORMS ALL THE EQUIPMENT BAYS INSIDE
THE PRESSURE VESSEL. THESE EQUIPMENT BAYS ARE MADE
OF SOLID ALUMINUM MEMBERS AND BONDED ALUMINUM HONEY=-
COMB PANELS., THESE ASSEMBLIES ARE MECHANICALLY
FASTENED TO BRACKETS THAT ARE BONDED AND BGLTED TO THE
INNER SURFACE OF THE PRESSURE VESSEL.

3.4 COMMAND MODULE OUTER STRUCTURE (FIGURE 3-14)
v
THE OUTER STRUCTURE CONSTITUTES APPROXI=

MATELY 30 PERCENT OF THE OVERALL WEIGHT OF THE COMMAND
MODULE. |T CONSISTS OF THREE HEAT SHIELDS: THE AFT,

THE CREW COMPARTMENT, AND THE FORWARD HEAT SHIELDS.
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C/M HEAT SHIELD COMPONENTS (BLOCK 1)
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3.4.1 AFT_HEAT SHIELD (FIGURE 3~15)

THE AFT HEAT SHIELD 1S MADE OF BRAZED STEEL
HONEYCOMB SANDWICH MATERIAL AND SURFACED WITH ABLATIVE
MATERIAL, THE TYPES OF STEEL INCORPORATED ARE 17-4
CRES, 6AL-4V TITANIUM, AND PHI4~8 MOLYBDENUM CORROSION
RESISTANT STEEL. THE AFT HEAT SHIELD IS 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
TIGHT RADIUS EDGE OF THE HEAT SHIELD IS MADE OF A
LAYER OF CORRUGATED STEEL, SURFACED ON THE OUTSIDE WITH
A LAYER OF SMOOTH STEEL. THE CORRUGATED SHEETS ARE
RESISTANCE WELDED TO THE SMOOTH SHEETS. THE EDGE IS
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
EDGE. THIS RING INTERFACES A RING ON THE CREW COMPART=-
MENT HEAT SHIELD. THE INTERFACE 1S TONGUE AND GROOVE.

FROM THE SIX 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 SHIELD IS DESIGNED TO
WITHSTAND THESE LOCALIZED COMPRESSION FORCES IN THE
AREAS OF THE COMPRESSION PADS. THE THREE TENSION TIES
ARE STEEL BOLTS PENETRATING THE AFT HEAT SHIELD AND ARE
DIRECTLY LINKED TO THE INNER STRUCTURE. SURROUNDING
THE PENETRATION IN THE AFT HEAT SHIELD THROUGH WHICH
THESE BOLTS ARE ROUTED IS A SOLID PLUG OF AN ASBESTOS

TYPE INSULATING MATERIAL. THE AFT HEAT SHIELD IS BOLTED
TO THE INNER STRUCTURE BY 59-3/8 INCH STAINLESS STEEL
BOLTS. THESE ARE EQUALLY SPACED AND DIRECTLY INTERFACE
THE AFT RING OF THE INNER STRUCTURE. THE INNER STRUC-
TURE AND THE AFT HEAT SHIELD ARE SEPARATED BY A .75
INCH SPACE. THIS IS ACCOMPLISHED BY USE OF F1BERGLASS
ALUMINUM SPACERS AROUND THE PERIPHERY IN WHICH THE
59-3/8 INCH BOLTS ARE PLACED. THE SPACE BETWEEN THE
AFT BULKHEAD OF THE INNER STRUCTURE AND THE AFT HEAT=-
SHIELD IS FILLED BY A TYPE |! INSULATION BLANKET
PARAGRAPH 3.4.3 HAVING A TOTAL THICKNESS OF APPROXI-
MATELY .80 OF AN INCH. A TYPE | BLANKET 1.5 INCHES
THICK IS FABRICATED FOR THE TOROIDAL SECTION. BOTH
TYPES SHALL BE BONDED DIRECTLY TO THE AFT HEAT SHIELD.
(Ficure 3-16).

CREwW COMPARTMENT HEAT SHIELD (FIGURE 3-12)

THE CREW COMPARTMENT HEAT SHIELD IS MADE OF
PANELS OF BRAZED STEEL HONEYCOMB SANDWICH MATERIAL.
THE OVERALL THICKNESS OF THESE PANELS IS .50 INCH.
EIGHT ACCESS PANELS ARE LOCATED IN 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 ALSO TO THE HARD LINES AND ELECTRICAL
INSTALLATIONS IN THE COMMAND MODULE. THEY ARE PANELS

3.4.2

OF THE SAME MATERIAL AS THE CREW COMPARTMENT HEAT
SHIELD AND ARE HELD IN PLACE BY CAPTIVE BOLTS. TEN
REACTION CONTROL ENGINES ARE LOCATED IN THE AFT
COMPARTMENT .

THESE INTERFACE WITH PANELS THAT ARE PART
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OF THE HEAT SHIELD. THESE PANELS ARE BOLTED INTO PLACE
IN THE SAME MANNER AS THE ACCESS HATCHES. THE RCS
PANELS ARE SOLID MACHINED STEEL (6AL-4V TITANIWM). THE
CREW COMPARTMENT HEAT SHIELD 1S EQUIPPED WITH A 3 INCH
DIAMETER VENT. THIS VENTS THE SPACE BETWEEN THE INNER
STRUCTURE AND THE HEAT SHIELD STRUCTURE ALLOWING NO
GREATER THAN A | PSI DIFFERENTIAL IN PRESSURE TO EXIST
BETWEEN THIS AND THE AMBIENT PRESSURE. THE AIR VENT
ALSO PROVIDES A MEANS OF VENTING FUEL OR OTHER EXPLOSIVE
TYPE VAPORS THAT MIGHT ESCAPE FROM A POSSIBLE MALFUNC-
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 TOWARD 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 IS 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 IS
LOCATED THE CSM uMBILICAL PENETRATION. THROUGH THIS
PENETRATION |S ROUTED ALL THE ELECTRICAL AND HARD LINES
THAT INTERFACE WITH THE SM SYSTEMS.

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 .7
OF AN INCH THICK. THE GLASS Is Dow CORNING 7950
AMORPHOUS FUSED SILICON, VACUUM DEPOSITIED ON THE
EXTERNAL SURFACE OF THE GLASS IS A SINGLE LAYER OF
MAGNESIUM FLORIDE THAT IS AN ANTI REFLECTIVE COATING.
THE INTERNAL SURFACE OF THE GLASS HAS 42 VACUUM DE-
POSITED LAYERS OF BLUE-RED REFLECTIVE COATINGS THAT
FILTER OUT MOST OF THE INFRA-RED RAYS AND ALL OF THE
ULTRA VIOLET RAYS. THESE PANES HAVE A SOFTENING POINT
OF 2800 DEGREES F AND A MELTING POINT OF 3110 DEGREES
F. THEY ARE SURROUNDED BY A STEEL FRAME INTERFACING
THE HEAT ‘SHIELD, WHOSE HIGH TEMPERATURE SPECIFICATIONS
WILL BE A MAXIMUM OF 600 DEGREES F. BETWEEN THE STEEL
FRAME AND THE GLASS IS AN INSULATING GASKET. THE STEEL
FRAME IS BOLTED TO THE ADJACENT MATERIAL IN THE CREW
COMPARTMENT HEAT SHIELD AND THE ENTIRE FRAME COVERED
WITH ABLATIVE MATERIAL.

THE CREW COMPARTMENT HEAT SHIELD |S EQUIPPED
WITH A PAIR OF DOORS WHICH PROVIDE PROTECTION FOR THE
ASTRO=SEXTANT AND TELESCOPE LENS FROM ENVIRONMENTAL
CONDITLONS EXPIERENCED DURING THE MISSION (FIGURE 3=17).
THE TWO DOORS ARE LOCATED ON THE +Z AXIS OF THE S/C
AND ARE FABRICATED OF BRAZED STEEL HONEYCOMB, WHEN
THE DOORS ARE INSTALLED AND CLOSED THEY BECOME A PART
OF THE CREW COMPARTMENT HEAT SHIELD SUBSTRUCTURE. THE
DOORS ALSO PROVIDE A BONDING SURFACE FOR THE ABLATIVE

MATERIAL. THE DOOR IS MECHANICALLY OPERATED FROM
INSIDE THE CREW COMPARTMENT WITH THE CRANK HANDLE
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ASD DRIVER. THERE ARE THREE FLEXIBLE SHAFTS THAT
CONNECT THE SEALED DRIVE TO THE LATCH AND HINGE MECH-
ANISMS.  THE CENTER FLEXIBLE SHAFT SHALL SERVE TO
UNLOCK AND LOCK THE DOORS AFTER THE FINAL CLOSING. THE
OUTER FLEXIBLE SHAFTS ATTACH TO THE HINGE DRIVE MECH-
ANISM AND EFFECT THE OPENING AND CLOSING OF THE DOORS
IN A PARALLELOGRAM FASHION., THE CRANK HANDLE AND DRIVER
ARE INSERTED INTO A HEX DRIVE ON THE INSTRUMENT PANEL,
AND SHALL REQUIRE APPROXIMATELY NINE 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,
WILL 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 WILL BE REMOVED AND STOWED.

THE COMMAND MODULE HEAT SHIELD SIDE HATCH
PROVIDES ACCESS TO THE INNER HATCH AND INTO THE CREW
COMPARTMENT (FIGURE 3-18). THE HATCH IS A TRAPEZOID
CONF | GURED DOOR CONSTRUCTED OF BRAZED STEEL HONEYCOMB,
THE SAME THICKNESS AND TYPE OF MATERIAL USED IN FABRI=-
CATING THE CREW COMPARTMENT HEAT SHIELD. THE HATCH
INTERFACES THE CREW COMPARTMENT HEAT SHIELD BY A SOLID
STEEL FRAME THAT IS WELDED TO THE SURROUNDING 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 DOOR TO THE
C/M STRUCTURE AND RETAINING IT IN POSITION THROUGHOUT
THE MISSION, THE LATCHING MECHANISM IS MOUNTED ON THE

INNER SURFACE OF THE HATCH, AND THE MATCHING LATCH
ASSEMBLIES ARE MOUNTED TO THE STEEL FRAME SURROUNDING
THE HATCH. THE HATCH MECHANISM MAYBE MANUALLY OPERATED
FROM EITHER THE INSIDE OR OUTSIDE. TO UNLOCK THE HATCH
FROM THE INSIDE, A SINGLE HANDLE AND LANYARD IS ATTACHED
TO THE LATCHING MECHANISM (FIGURE 3~-19).To LOCK THE
HATCH FROM THE INSIDE, THE IN FLIGHT EMERGENCY

HANDLE WILL BE INSERTED IN THE HEX DRIVE AND ROTATED
APPROX IMATELY 90°® COUNTERCLOCKWISE., THE A14-132 C/M
HANDLE 1S USED TO LOCK OR UNLOCK THE HATCH FROM THE
OUTSIDE. THE HANDLE 1S INSERTED THROUGH A PENETRATION
PROVIDED IN THE ABLATOR, AND WILL INTERFACE WITH THE
HEX DRIVE ON THE LATCHING MECHANISM. THE HANDLE IS
ROTATED CW TO LOCK THE HATCH AND CCW TO UNLOCK THE
HATCH. THIS PENETRATION WILL BE CLOSED WITH AN ABLATOR
PLUG AFTER THE FINAL INSTALLATION. TO OPEN THE HATCH
AFTER POST LANDING, A ROD ASSEMBLY |S LOCATED BETWEEN
THE INNER AND OUTER STRUCTURE (FIGURE 348 ). ONE END

OF THE ROD WILL INTERFACE THE SHOE ON THE LATCHING
MECHANISM WHILE THE OTHER END 1S FLUSH WITH THE FOR-
WARD BULKHEAD. TO OPEN THE HATCH BY THIS MEANS, THE
FORWARD HEAT SHIELD WILL HAVE TO BE REMOVED.

3.4.3  INSULATION BLANKETS (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 || WILL HAVE FIBROUS INSULATION AND THREE LAYERS
OF NYLON SANDWICHED BETWEEN TWO RADIATION SHIELDS.
THE TYPE |1] ASSEMBLY SHALL BE THE SAME AS THE TYPE
|| EXCEPT THAT FIVE LAYERS OF NYLON SHALL BE USED.
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ALL TYPES OF INSULATION BLANKETS ARE ACCEPTABLE FOR USE
FROM =300 TO +700°F.

THE FIBERGLASS INSULATION MATERIAL SHALL CON-
SIST OF GLASS FIBERS CONTAINING A THERMOSETTING SILICONE
RESIN BINDER. THE MATERIAL MAY BE PURCHASED IN EITHER
A TYPE | 3 POUND DENSITY OR TYPE || 6 POUND DENSITY.
THE MATERIAL COMES IN LARGE SLABS 3/16 AND .5 THICK
AND |S PRECUT FROM TEMPLATES PRIOR TO INSTALLING ON
SPACE CRAFT,

THE INSULATING MATERIAL |S ENCASED BY A
ALUMINUM BARRIER OR RADIATION SHIELD. THE BARRIER OR
RADJIATION SHIELD CONSISTS OF AN ALUMINUM FOIL GLASS
FABRIC COMPOSITE BONDED TOGETHER WITH A PRESSURE-
SENSITIVE SILICONE ADHESIVE.

THE LAYERS OF NYLON CLOTH SHALL BE CUT FOR
INSTALLATION BETWEEN THE FI1BERGLASS AND ALUMINUM
RADIATION SHIELD. WHEN INSTALLING THE TYPE Il or Il
BLANKETS THE NYLON LAYERS SHALL FACE THE INNER
STRUCTURE.
3.4.4 HEAT SHIELD ATTACHMENT
THE FORWARD AND AFT PORTIONS OF THE CREW
COMPARTMENT HEAT SHIELD ARE TERMINATED BY A PAIR OF
RINGS. TMESE ARE SINGLE PIECE FORGED MACHINE RINGS
AND INTERFACE WITH THE RINGS OF THE FORWARD AND AFT
HEAT SHIELDS RESPECTIVELY. THE INNER SURFACE OF THE
CREW COMPARTMENT HEAT SHIELD IS EQUIPPED WITH 24 C-

CHANNEL STRINGERS., THESE STRINGERS CORRESPOND IN
SIZE AND LOCATION T® THE STRINGERS THAT ARE LOCATED
ON THE OUTER SURFACE OF THE FORWARD SIDE WALL OF THE
INNER STRUCTURE. THE CREW COMPARTMENT HEAT SHIELD IS
FASTENED TO THE INNER STRUCTURE BY MEANS OF I=-RAILS
THAT INTERFACE WITH THE C-CHANNEL STRINGERS ON THE
INNER STRUCTURE AND THE CREW COMPARTMENT HEAT SHIELDS.
THESE 2-PIECE |~RAILS PERMIT IELATIVE MOTION BETWEEN
THE CREW COMPARTMENT HEAT SHIELD AND THE INNER STRUC~-
TURE. THIS COMPENSATES FOR THERMAL EXPANSION AND
CONTRACTION, AND KEEPS THERMALLY INDUCED LOADS FROM
ACTING UPON THE INNER STRUCTURE. THE AFT PORTION OF
THE CREW COMPARTMENT HEAT SHIELD IS BOLTED TO THE
TRUSSES THAT FORM THE AFT COMPARTMENT. THE INTERFACE
BETWEEN THE TRUSSES AND THE CREW COMPARTMENT HEAT
SHIELD IS BY BOLTING THROUGH OVER-SIZED HOLES, THUS
PERMITTING RELATIVE MOTION BETWEEN THE TRUSSES AND
THE CREW COMPARTMENT HEAT SHIELD.

THE TYPE 111 EINSULATEON BLANKETS (PARAGRAPH
3.4.3) ARE UTILIZED BETWEEN THE CREW COMPARTMENT
HEATSHIELD AND INNER STRUCTURE FROM STATION 23.20 TO
81.00. THE INSULATION IN THE FORWARD AREA IS 1.10
INCHES THICK, WHILE THE AFT PORTION IS 1.50 INCHES
THICK FIGURE 3=16, THE INSULATION IN THE FORWARD AREA
SHALL BE BONDED DIRECTLY TO THE INNER STRUCTURE. CARE
SHOULD BE TAKEN TO INSURE THAT NO MECHANISMS, HARDWARE,
OR LINES ARE FOULED. WHEREVER POSSIBLE, ALL LINES
SHALL BE UNDER THE BLANKETS., THE INSULATION IN THE

AFT AREA CAN BE BONDED DIRECTLY TO THE RING SECTION
OF THE INNER STRUCTURE STATION 23.20 AND TO THE
BLANKETS AT THE TOP OF THE AFT HEAT SHIELD.




FoRWARD HEAT SHIELD (FIGURE 3-14)

THE FORWARD HEAT SHIELD IS CONICAL IN SHAPE
AND WILL INTERFACE WITH THE CREW COMPARTMENT HEAT
SHIELD AT STATION Xc = 81.13. THE FORWARD HEAT SHIELD
IS .50 INCH THICK BRAZED STEEL HONEYCOMB AND FABRICATED
OF THE SAME MATERIAL AS IN THE ®THER TWO HEAT SHIELDS.
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 IN THESE WELLS. THE TWO TOWER WELLS
TOWARD THE -Z AXIS 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 LOADS INDUCED BY
EITHER THE TOWER OR 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/M, AND ALSO 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 IV. [INSULATION IN THIS AREA SHALL

3.4.5

BE BONDED DIRECTLY TO THE OUTER SHELL IN SUCH A MANNER
THAT WHEN THE FORWARD HEAT SHIELD IS JETTISONED FOR
PARACHUTE DEPLOYMENT, THE INSULATION IS ALSO REMOVED.

THIS BEING THE TYPE || BLANKET .80 OF AN INCH TOTAL
THICKNESS FIGURE 3=16. A .50 INCH THICK INSULATION
1S 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 IN~-
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 BEING
THE LOWER AFT EDGE OF THE C/M. THIS THICKNESS 1S
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
LONGITUDINALLY AND LATERALLY, AROUND THE C/M. A
THREE DIMENSIONAL TAPERING, DOWN TO A MINIMUM THiCK-
NESS OF APPROXIMATELY .75 AN INCH. THIS THICKNESS
OCCURS TOWARD THE SIDE HATCH AREA OR THE NEGATIVE Z
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
MICRO-BALLOONS AND HAS A DENSITY OF 30 POUNDS PER
CuBIC FOOT. IT BEGINS TO ABLATE AT 500 DEGREES F,
AND BEGINS TO 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 TO THE OUTER SURFACE
OF THE HEAT SHIELD. THE CORE IS BONDED TO THE HEAT
SHIELD OUTER SURFACE BY USE OF HT 424, AN EPOXY
PHENOLIC BINDING MATERIAL. AFTER THIS IS COMPLETE,
EACH OF THE CELLS (THE CELL SIZE BEING APPROXIMATELY
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3/8 OF AN INCH) IS FILLED WITH THE ABLATIVE MATERIAL.
AFTER THE ENTIRE INSTALLATION 1S CURED, THE SURFACE IS
MACHINED DOWN TO GIVE THE 3 DIMENSIONAL TAPERING OF THE
ABLATIVE MATERIAL. 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
VITH THE AVCO ABLATIVE MATERIAL.

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

THE BoosT PROTECTIVE CoveR (BPC) CONSISTS OF
A CONE SHAPED HARD COVER FABRICATED OF HONEYCOMB MA-
TERIAL, PLUS NINE CURVED PANELS OF TEFLON COATED GLASS
CLOTH. THE ENTIRE BOOST PROTECTIVE COVER |S COVERED
ON THE OUTER SURFACE WITH AN ABLATIVE PROTECTION MA-
TERIAL. THE PURPOSE OF THE BPC 1S TO REDUCE THE AMOUNT
OF THERMO COATING AND ABLATIVE 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 JETTISONED.

STRUCTURAL DESCRIPTION

THE BOOST PROTECTIVE COVER WILL BE OF HARD
CONSTRUCTION FROM THE APEX, AFT TO STATION Xc = 81, THE
HARD PORTION WILL BE FABRICATED OF F|IBERGLASS HONEY-
COMB SANDWICH MATERIAL .655 OF AN INCH THICK. COVERING

3.6.2

THE OUTER FACE SHEET OF THE HONEYCOMB MATRIX WILL BE A
CORK ABLATOR .30 OF AN INCH THICK.

THIS HARD PORTION

WILL BE ATTACHED TO, AND INSTALLED WITH, THE LAUNCH
ESCAPE TOWER. BELOW STATION X = 81, THE COVER WILL BE
A PLIABLE (SOFT) CONSTRUCTION. THE INNER LAYER IS
FABRICATED OF .008 OF AN INCH THICK GLASS CLOTH, TEFLON
IMPREGNATED ON THE INNER SURFACE. FOR REINFORCEMENT,
THE INNER LAYER WILL 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 SOFT PORTION OF THE
BOOST PROTECTIVE COVER WILL CONSIST OF 8 CURVED PANELS,
ALL REINFORCED AT THE SPLIT LINES AND TRAILING EDGES FOR
ADDED STRENGTH. SEVEN (7) OF THE 8 PANELS WILL BE
ATTACHED WITH SCREWS AND NUT PLATES TO THE TRAILING EDGE
OF THE HARD COVER. AFTER ATTACHMENT TO THE HARD COVER
IS COMPLETE, THE INDIVIDUAL PANEL SPLIT LINES wWiLL 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
PLngS TO ACCOMODATE THE HATCH LOCKING LEVERS (FIGURE

A BOOST COVER HATCH ASSEMBLY IS LOCATED IN THE
PANEL ON THE -Z AXIS, ALLOWING ACCESS TO THE CREW OUTER
HATCH AFTER THE COVER IS INSTALLED. THE HATCH ASSEMBLY
CONSISTS OF A FIBERGLASS PANEL AND SHROUD, LATCHING
MECHANISM, AND A SILICA 6LASS WINDOW (S/C 012), The
OUTER PANEL AND SHROUD IS 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"
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PLUNGER CAN BE ACTUATED. FROM THE EXTERIOR, A LATCH
ASSEMBLY ToOL (G15-8241C5) IS UTILIZED, WHICH IS A PART
OF THE Al14-183 CANARD ACTUATOR TOLL SET.

3ol IMPACT ATTENUATION SYSTEM
3ol GENERAL DESCRIPTION

THE COMMAND MODULE 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 KENNEDY.

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

THE IMPACT 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
FUNCTIONS (UPRIGHTING, RECOVERY COMMUNICATIONS, POST
LANDING VENTILATION ETC. ).

THE THREE MAJOR METHODS IN WHICH THIS ENERGY
WILL BE ABSORBED ARE DISPLACEMENT OF A VOLUME OF WATER

DURING IMPACT, DEFORMATION OF THE CRAFT AND CRUSHABLE
ALUMINUM RIBS IN THE AFT COMPARTMENT, AND BY ENERGY

ABSORBING SHOCK STRUTS THAT ARE THE STRUCTURAL INTER~
FACE BETWEEN THE CREW COUCHES AND THE COMMAND MODULE.

THE COMMAND MODULE IMPACT SYSTEM IS DIVIDED
INTO TWO SUBSYSTEMS: AN EXTERNAL ATTENUATION 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 EXTERNAL ATTENUATION SYSTEM |S STRUCTURALLY DE-
SIGNED TO ABSORB, WITH ALLOWABLE DEFLECTIONS, THE
VEHICLE IMPACT ENERGY. WITHIN THE COMMAND MODULE IS
AN INTERNAL SYSTEM CONSISTING OF EIGHT ATTENUATOR
STRUTS SUPPORTING THE CREW COUCH SYSTEM DURING FLIGHT
AND ATTENUATING, IF NECESSARY, DURING IMPACT. (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 ATTITUDE AS A RESULT OF
THE POSITIONING OF PARACHUTE RISER FITTINGS IN RE-
LATION TO THE CENTER OF GRAVITY OF THE COMMAND MODULE.
AT THIS ATTITUDE, THE IMPACT WILL BE NEAR OPTIMUM WHEN
THE COMMAND MODULE IMPACTS ONTO THE +Z AREA AND PIERCES
THE WATER. VEHICLE PENETRATION INTO THE WATER WILL BE
HIGH, LEADING TO A TOTAL ENERGY DISSIPATION OVER A
LONGER PERIOD OF TIME. THE COMMAND MODULE SIDE WALL
AND AFT HEAT SHIELD ARE SUBJECTED TO HIGH PRESSURES,
HOWEVER, WHEN PARACHUTE OSCILLATION, WAVE CONDITIONS,
AND VEHICLE IMPACT CONDITIONS ARE OTHER THAN OPTIMUM.
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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 IS OF BONDED
LAMINATIONS OF CORRUGATED ALUMINUM WHICH PROVIDES ATTEN-
UATION WHEN CRUSHED. THESE FOUR RIBS ARE LOCATED IN
THE VICINITY OF THE +Z AXIS 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 VEH!ICLE DESCENT, VEHICLE
WEIGHT, AND WIND VELOCITY. WIND VELOCITY RESULTS IN
C/M HORIZONTAL VELOCITY, WHICH CAN EFFECT A MORE OR
LESS SEVERE IMPACT, DEPENDING ON WAVE AND WATER MOTION.

3.7.3 ANTERNAL ATTENUATION

EIGHT ATTENUATING STRUTS ARE PROVIDED THAT
CONNECT THE CREW SUPPORT SYSTEM TO THE C/M STRUCTURE
(FIGURE 3=10). EACH STRUT IS CAPABLE OF ABSORBING ENERGY
AT A PREDETERMINED RATE. THE SYSTEM IS SHOWN IN FIGURE
3-25. THE STRUTS CONTAIN CRUSHABLE, ENERGY ABSORBING,
ALUMINUM HONEYCOMB CORES WITHIN THE CYLINDERS WHICH ARE
CRUSHED BY PISTON ACTION. DURING IMPACT, ENERGY IS
PASSED 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 3-1 FOR
CRITERIA REQUIREMENTS FOR ATTENUATING STRUTS.

THE REQUIREMENT OF THE SUBSYSTEM IS TO PRO-
VIDE THE CREW MEMBERS WITH A SAFE IMPACT. THEREFORE,
CORE STRENGTH {HENCE, THE RESISTANT REACTION TO FORCE)
IS SET SO THAT THE DECELERATION LEVELS AND THE MAXIMUM
DECELERATION ARE AT OR BELOW ACCEPTABLE HUMAN TOLER-
ANCE. EACH SET OF STRUTS IS UNIQUE IN DESIGN AND IS
DESCRIBED IN THE PARAGRAPHS THAT FOLLOW. THE STRUT
NAMES (X=X OR Z-Z) REFERS TO THE BASIC DIRECTION OF
MOTION THE STRUT IS CAPABLE OF ATTENUATING.

3.7.3.1 Y=Y STRUTS

Two Y-Y STRUTS ARE PROVIDED AT THE OUTER
EXTREMITIES OF THE COUCH AT THE HIP BEAM. THE CYLINDER
END IS FIRMLY ATTACHED TO THE COUCH. THE PISTON END OF
THE STRUT, CONSISTING OF A FLAT CIRCULAR FOOT WITH A
BONDED TEFLON FRICTION SURFACE, |S NOT ATTACHED TO THE
STRUCTURES BUT REACTS AGAINST A FLAT BEARING PLATE
ATTACHED TO THE STRUCTURE. THE Y-Y STRUT ACTS ONLY IN
COMPRESSION.

3.7.3.2 Z-Z STRUTS (SEE FIGURE 3=26)

Two Z-Z STRUTS, LOCATED APPROXIMATELY 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

b
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TABLE 3=~1

-7

X-X HeAD

X-X FEET

CRITERIA REQUIREMENTS FOR ATTENUATING STRUTS

STRUT LOAD VERSUS STROKE

TENSION

NoTE: NO STROKE IN TENSION

NOMINAL 5249 POUNDS - 18.5" STROKE
2500 PounDps FRICTION BRAKING

TOTAL: 18.5" STROKE
NOMINAL 4225 POUNDS - 16.5" STROKE
1470 PounDs FRICTION BRAKING

TOTAL: 16.5" STROKE
NOMINAL 5130 Pounps - 16" STROKE
1540 PoUNDS FRICTION BRAKING

TOTAL: 16" STROKE

COMPRESS | ON
9000 PounNDs  4.5" STROKE
ToTaL: 4.5" STROKE
NomINAL 4680 Pounps FRICTION

AND CRUSHABLE CORE - 5" STROKE

1470 PounDs FRICTION BRAKE
NOMINAL 4225 POUNDS - I" STROKE

1540 PoUND FRICTION BRAKE
NOMINAL 5130 POUNDS - 1" STROKE

339
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BEAMS BELOW THE CREW'S BACKS. IN ADDITION TO A CRUSH-
ABLE CORE, A FRICTION BRAKE SNUBBER IS INSTALLED ON

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 WHICH IS SIMULTANEOUSLY CRUSHING THE INNER
CORE. THE SECOND TENSION LOAD IS A COMBINATION OF THE
OUTER AND INNER FRICTION BRAKES COMBINED WITH FURTHER
CORE CRUSHING.

3.7.3.3 X=X STRUTS (SEE FIGURE 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 AX|S STRUTS EXCEPT THE ADDITION OF A LOCKOUT
MECHANISM. THE LOCKOUT MECHANISM IS PROVIDED ON EACH
STRUT TO LOCK OUT ANY STRUT ATTENUATION PRIOR TO IMPACT
DUE TO NORMAL MISSION FLIGHT LOADS. PRIOR TO IMPACT,
THE MECHANISM |S RELEASED ELECTRICALLY, MANUALLY, OR
BY A BUILT IN MECHANICAL OVERRIDE. THE MECHANICAL
OVERRIDE 1S INSTALLED FOR BACK UP IN THE EVENT THE
MECHANISM IS NOT RELEASED ELECTRICALLY OR MANUALLY BY
THE CREW.

THE LOCKOUT MECHANISM AND CIRCUITRY CONSISTS
OF A SOLENOID, A TWO POSITION SWITCH MOUNTED ON THE
INSTRUMENT PANEL, RELAYS, WIRING, AND LOCKOUT MECHANICAL
COMPONENTS WITH BUILT IN CREW INDICATION AS TO LOCK OR
UNLOCK MODE. THE MANUAL MODE |S PERFORMED BY PHYSICALLY
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 BREAKOUT UPON
IMPACT SHOULD THE CREW BE UNABLE TO PERFORM THIS
FUNCTION DUE TO (}) MECHANICAL FAILURE OF THE NORMAL
METHOD (2) THE TIME ELEMENT SHOULD THERE BE AN ABORT,
OR (3) THE CREW BEING INCAPACITATED (SEE FIGURE 3-28).

IT SHOULD BE NOTED THAT THE LOCKOUT MECHANISM
WILL NOT BE INSTALLED ON UNMANNED MISSIONS SINCE THE
EQUIPMENT MOUNTED ON UNMANNED MISSION LOAD PLATFORMS CAN
WITHSTAND HIGHER DECELERATION LEVELS THAN THE CREWMAN ON
THE COUCHES. THIS ALLOWS HIGHER STRENGTH CORES TO BE
INSTALLED WITHIN THE STRUTS AND DELETES THE REQUIREMENT
FOR THE LOCKOUT MECHANISM 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 zsleuas 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
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WATER. THE SUBSYSTEM CONSISTS OF THREE INFLATABLE BAGS,
MOTOR DRIVEN AIR PUMPS, SOLENOID VALVES, RELIEF AND
CHECK VALVES, TOGGLE SWITCHES, CIRCUIT BREAKERS AND
PERTINENT HARDWARE. IN THE MANNED SPACECRAFT, THE UP-
RIGHTING SYSTEM WILL BE MANUALLY CONTROLLED BY SWITCHES
LOCATED ON THE CONTROL AND DISPLAY PANEL. DEVIATIONS
ARE REQUIRED FOR UNMANNED MISSIONS AND WILL BE DEFINED
FOR S/C OIl FIGURE 3=30.

THE MIssioN CoNTROL PROGRAMMER (MCP) 1S ADDED
To S/C 011 TO PROVIDE FUNCTIONS NORMALLY PERFORMED BY
THE ASTRONAUTS. AFTER WATER IMPACT, THE ATTITUDE
SWITCH LOCATED IN THE MCP wiLL SENSE WHETHER THE C/M
IS IN A STABLE | OR STABLE || ATTITUDE. |F IN A STABLE
| POSITION NO FUNCTIONS ARE REQUIRED OF THE UPRIGHTING
SYSTEM. IF IN A STABLE || ATTITUDE, THE MCP wiLL INI-
TIATE SIGNALS AND CONTROL THE INFLATION OF THE AIR BAGS
IN THE PROPER SEQUENCE.

FOR S/C Ol AND SUBSEQUENT UNMANNED FLIGHTS,
SIMILAR AUTOMATED FUNCTIONS ARE REQUIRED AS THOSE
DESCRIBED ABOVE. THEY WILL BE INCORPORATED INTO THE
MissioN COoNTROL PROGRAMMER (MCP).

3.8.2 CoMPONENT FUNCTION AND DESCRIPTION
3.8.2.1 COMPRESSOR - MOTOR DRIVEN

THE FUNCTION OF THE COMPRESSOR |S TO PRESSUR-
IZE THE BAGS THROUGH A SERIES OF RELIEF, SOLENOID,
AND CHECK VALVES. TWO COMPRESSORS WILL BE LOCATED IN
THE AFT COMPARTMENT BETWEEN FRAMES 2 AND 3 AND 10 AND

11 (FIGURE 3=31). THE AIR LINES CONNECTING THE
COMPRESSORS AND BAGS ARE ROUTED BETWEEN THE INNER AND
OUTER STRUCTURE ALONGSIDE THE FUEL AND OXIDIZER LINES.
THE DUAL PUMP SYSTEM ALSO INCORPORATES CHECK VALVES,
PREVENTING BACKFLOW SHOULD EITHER PUMP FAIL TO OPER-
ATE. ATTACHED TO THE INTAKE TUBE IS A FILTER
ASSEMBLY TO REDUCE INGESTION OF FOREIGN MATTER. THE
COMPRESSOR IS COMPRISED OF A 20 AMPERE, 28 VDC MOTOR
AND A POSITIVE DISPLACEMENT SINGLE STAGE PUMP. THE
PUMP |S CAPABLE OF PROVIDING 4 TO 5.5 CUBIC FEET PER
MINUTE (CFM) OF AIR AT DISCHARGE PRESSURE OF 18 PSIG
MAXIMUM. THE VARYING OUTPUT IS DUE TO VOLTAGE DECAY.
3.8.2.2 PRESSURE RELIEF VALVES

THE FUNCTION OF THE FIVE PRESSURE RELIEF
VALVES IS 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 4.5
PSIG MAXIMUM AND RESEAT AT 3.0 PSIG MINIMUM. Two
RELIEF VALVES ARE LOCATED IN THE AFT COMPARTMENT,
FIGURE 3=31, ADJACENT TO THE SYSTEM COMPRESSORS AND
WILL RELIEVE AT 13.0 PSIG MAXIMUM AND RESEAT AT 11.0
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 SOLENOID 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, FIGURE 3=30, THe
SOLENOID VALVES ARE ACTUATED BY 28 VDC, AUTOMATICALLY
CONTROLLED ON UNMANNED FLIGHTS AND MANUALLY OPERATED

ON MANNED FLIGHTS. THE VALVES ARE NORMALLY CLOSED,
DIRECT ACTING, IN WHICH THE OPENING AND CLOSING OF P@RTS
ARE CONTROLLED ONLY’ BY THE SOLENOID 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 IN THE BAGS, AND THE VENT MODE,
WHICH RELEASES THE PRESSURE FROM THE SYSTEM.

3.8.2.4 CANNISTER ASSEMBLIES

THE FUNCTION OF THE CANNISTERS, LOCATED IN
THE FORWARD COMPARTMENT, IS TO HOLD AND STORE THE THREE
BAG ASSEMBLIES UNTIL DEPLOYMENT FIGURE 3-32 ). THE
DOUBLE CANNISTER IS ATTACHED TO GUSSET NO. | AND WILL
HOLD AND STORE TWO BAG ASSEMBLIES, WHILE THE SINGLE
CANNISTER ATTACHED TO GUSSET NO. 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 IS AUTOMATICALLY RELEASED BY AIR PRESSURE.
LOCATED ON THE BASE OF THE CANNISTER IS A TEE FITTING

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

3.8.2.5 FLOTATION Bac

THE FUNCTION OF THE THREE UPRIGHTING BAG
ASSEMBLIES 1S TO ROTATE THE C/M INTO AN UPRIGHT POSI~-
TION IF IT TERMINATES IN A STABEL || ATTITUDE AFTER
WATER IMPACT. THE TIME REQUIRED TO INFLATE EACH BAG
TO A PRESSURE OF 3.5 PSIG IS APPROXIMATELY 4 TO §
MINUTES USING 2 PUMPS AND APPROX IMATELY 6 TO 7 MINUTES
USING | PUMP. THE BURST PRESSURE OF THE BAGS IS 12
PS1G. THE MAXIMUM LEAKAGE OF EACH BAG AT 3.5 PSIG
MINIMUM (OPERATING PRESSURE) IS 0.10 STANDARD CUBIC
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
(FIGuRre 3=33 ).




UPRIGHTING SUBSYSTEM

CANISTER & BLADDER ASSY

SECTION A-A

PRESSURE

SUPPORT /PLATE BLADDE R\
] 100 I

DETAIL B

.44 STROKE

FIGURE 3-32 ST-655 ( +
3-49



UPRIGHTING SUBSYSTEM

BAG ASSEMBLY

ATTACH FITTING

BAG

INFLATION
FITT
IN6—___

TYPICAL "Y" BAG

TYPICAL "Z" BAG
INFLATION TUBE
UNPRESSURIZED UNPRESSURIZED
BELLOWS
\] | 1 PRESSURIZED BELLOWS M}\ PRESSURIZED
AREA /AREA
CABLE (LOW ’
CABLE (LOW FRICTION aAG FRICTION BAG
COAT'NG’\‘“ COATING)\__]]“]
GROMMET GROMMET
DETAIL A a0 T B i

sT-656% ¥}
FIGURE 3-33 i




4.1 FORWARD HEAT SHIELD SEPARATION SYSTEM
3.1l GENERAL _DESCRIPTION

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

THE FORWARD HEAT SHIELD SEPARATICN SYSTEM, AS
SHOWN IN (FIGURE 4-1), INCLUDES FOUR CYLINDER
ASSEMBLIES, AND ASSOCIATED EQUIPMENT LOCATED IN THE
FORWARD COMPARTMENT. THE FORWARD HEAT SHIELD SEPARATION
SYSTEM SHALL HAVE THE CAPABILITY OF JETTISONING THE
APPROX IMATE 300 POUND FORWARD HEAT SHIELD AT A MINIMUM
VELOCITY OF 18 FPS. BY JETTISONING THE FORWARD HEAT
SHIELD IT WILL EXPOSE THE EARTH LANDING SysTeM (ELS).

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

SECTION IV

MECHANICAL SYSTEMS

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

4,152 FUNCTION

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

TO THE INNER CYLINDER BY A COIL SPRING FORCING AGAINST
A FLANGE OF THE INNER CYLINDER. THIS TENSION WILL
ASSURE A TIGHT SEAL BETWEEN THE FORWARD AND CREW
COMPARTMENT HEAT SHIELDS AT STATION Xc =8f, DUE TO
EXPANSION AND CONTRACTION OF THE INNER AND OUTER
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 INTO A BRACKET ON THE FORWARD HEAT SHIELD IS
THREADED INTO THE INNER CYLINDER PISTON AND ROD
ASSEMBLY. THIS BALL AND BOLT ASSEMBLY WHEN FITTED WITH
A SPECIAL TOOL AND TURNED WILL APPLY THE TENSION ON

THE SPRING ASSEMBLY. DURING A NORMAL TOWER JETTISON

(APPROX IMATELY 260,000 FEET) OR DURING AN ABORT
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SITUATION THE TENSION TIES WILL BE BROKEN BY THE GAS
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 |S 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 IS CAPABLE OF
PRODUCING 14,000 * 2000 PSI IN A 21.73 CU IN 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 IN-
CORPORATE ORDINANCE DEVICE'S AT SERVICE MODULE RADIAL
BEAMS 2, 4 AND 6 AND C/M TO S/M UMBILICAL SEPARATION
SYSTEM. SEPARATION 1S ACCOMPLISHED BY SEVERING THE
TENSION TIE STRAPS WITH LINEAR SHAPED CHARGES AND
SEPARATION OF THE UMBILICAL BY REDUNDANT ORDINANCE
GUILLOTINES.
4.2.2 C/M - _S/M Tenslon TJE A BLY
THE TENSION TIE ASSEMBLY CONSISTS OF TWO
BOLT ASSEMBLIES, TENSION TIE STRAP, LINEAR SHAPED
CHARGE SUPPORTS, PROTECTIVE SHIELD AND NECESSARY NUTS,
BOLTS, AND WASHERS (FIGURE 4=5 ). THE FORWARD BOLT
ASSEMBLY IS INSERTED THROUGH A HOLE IN THE ABLATIVE
MATERIAL AND OUTER HEAT SHIELD AND ATTACHED TO THE AFT

COMPARTMENT LONGERON BY A BARREL NUT. THE AFT BOLT
ASSEMBLY IS ATTACHED TO THE RADIAL BEAM OF THE S/M.
THE AFT BOLT ASSEMBLIES WILL CONTAIN A STRAIN GAGE TO
MONITOR THE TORQUE APPLIED DURING STACKING OPERATIONS.
THE TYPE STRAIN GAGE USED IS A CONSTANTINE FOIL, EPOX)
BASE SINGLE ELEMENT. THE INTERFACE BETWEEN THE TWO
BOLT ASSEMBLIES |S ACCOMPLISHED WITH THE TENSION TIE
STRAP. THE TENSION TIE STRAP IS 3.4 INCHES WIDE, .13¢
OF AN INCH THICK, AND |S FABRICATED OF 4340 CRES. The
TENSION TIE ASSEMBLY |S PRELOADED TO 10,000 POUNDS *
2000. [INSTALLING THE LINEAR SHAPED CHARGES IS AC-
COMPL | SHED BY PLACING THE TWO LINEAR SHAPED CHARGE
SUPPORTS ONE ON EACH SIDE OF THE TENSION TIE STRAPS
(FIGURE 4=6 ). THE SHAPED CHARGE SUPPORTS ARE FABRI-
CATED OF FIBERGLASS AND CONTAIN A LEAD AZIDE 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, OR
CHARGE SUPPORT, 1S THEN BOLTED SECURELY WITH A BRACKE1
ASSEMBLY TO THE TENSION TIE PLATE AND TORQUED. ON
EITHER END OF THE BRACKET ASSEMBLY 1S LOCATED A APOLLC
STANDARD DETONATOR {ASD) FIGURE 2=13).
4.2.3 C/M_~ S/M tms 0
THE UMBILICAL SEPARATION SYSTEM 1S ILLUS-
TRATED IN FIGURE 4-7. THE SYSTEM CONSISTS OF TWO
OPPOSING GUILLOTINE BLADES PER UMBILICAL SECTION. THE
GENERAL ARRANGEMENT OF THE SEPARATING DEVICES IS ILLUS
TRATED IN FIGURE 4-8. THE MECHANICAL CUTTING ACTION

4-4




HOTWIRE PRESSURE CARTRIDGE ASSEMBLY
ELECTRICALLY INITIATED " -7
e

@y

-

PISTOL POWDER
(BOOSTER CHARGE)—|

~

/- S
===1—0

ELECTRICALLY INITIATED
HOTWIRE CARTRIDGE (GAS)
ASSEMBLY ME453-0005

28 PELLETS
(HERCULES)
(MAIN CHARGE)—/LK

L= 1.12-1.95"

PELLET

f"‘x_'
$T-9075(®)

FIGURE 4-3 4-5




C/M -S/M SEPARATION SYSTEM

FIGURE 4-4




AFT TENSION-TIE

LAMINATED
FIBERGLASS

f""-.‘
ST-616A {@ i

FIGURE 4-5 47




C/M-S/M SEPARATION SYSTEM

ORDNANCE INSTALLATION

LINEAR SHAPE
DETONATOR

TENSION TIE
STRAP

VAR
ST-602B (@)}
FIGURE 4-6 4-8




UMBILICAL SEPARATION SYSTEM

CM-SM UMBILICAL
| it

ok

UMBILICAL GUILLOTINE

/CM UMBILICAL FAIRING

/SM UMBILICAL FAIRING
|

-

e S

‘ — e "‘:‘N\ ¥ /\. |
M ADAPTER/\\\ ' 5 | w

ST-603A ¢ ®) }

FIGURE 4-7 Py




GUILLOTINE SUB-ASSEMBLY
T

oD

EXPLOSIVE TRAIN MANIFOLD

SUPPORT BRACKET

........ ¢
Y

$T-1000 L #)]

FIGURE 4-8 4-10




OF THE BLADES IS ORDNANCE OPERATED BY TWO APOLLO
STANDARD DETONATORS (ASD) SHOWN IN FIGURE 2-13. EACH
BLADE |S POWERED BY AN EXPLOSIVE TRAIN CONTAINING MILD
DETONATING FUSE, WITH A INTERCONNECTING EXPLOSIVE TRAIN
BETWEEN 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
AL|GNMENT IS MAINTAINED BETWEEN THE BLADE GUIDE RAILS
OF OPPOSITE HOUSINGS. TOLERANCES ARE SUCH THAT THIS
REQUIREMENT DOES NOT EXIST FOR THE BLADES. THIS DEVICE
HAS BEEN DESIGNED TO ALLOW MATCHED SET INTERCHANGE=-
ABILITY, THEREFORE NO FIT CHECK IS REQUIRED TO 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 INTO THE BLADES AND MANIFOLD, AND
SHIP DIRECTLY TO THE LAUNCH SITE. INSTALLATION ONTO
THE S/C IS ACCOMPLISHED (BY ATO) AT THE LAUNCH SITE BY
BOLTING THE FRAME ASSEMBLY AROUND THE UMBILICAL AND
ATTACHING TWO SUPPORT BRACKETS 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. (SEE FIGURE 4-9)

4.3 CIRCUIT INTERRUPTERS (BLock |)

4.3.1 GENERAL

IN CUTTING THE UMBILICAL LINES WITH THE
GUILLOTINE SUB~ASSEMBLY, MANY WIRES WILL 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
THIS, CRITICAL CIRCUITS ARE CONNECTED THROUGH THE
CIRCUIT INTERRUPTERS. (SEE FIGURE 4-10).

EUNCT1ON AND DESCRIPTION

THE FUNCTION OF THE CIRCUIT INTERRUPTER IS TO
OPEN CRITICAL CIRCUITS 100 MILLI-SECONDS PRIOR TO C/M =
S/M UMBILICAL SEPARATION.

4.3.2

THERE ARE FOUR CIRCUIT INTERRUPTERS 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 |l. TwO OF THE CIRCUIT INTERRUPTERS
LOCATED IN THE COMMAND MODULE WILL BE A TYPE | AND THE
REMAINING FOUR WILL BE OF THE TYPE |l CONFIGURATION.
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A TYPE | CIRCUIT INTERRUPTER CONTAINS 104 PINS, WHILE
THE TYPE Il CIRCUIT INTERRUPTER CONTAINS I8 PINS. THE
CIRCUIT INTERRUPTERS WILL BE EXPLOSION PROOF AND CAPABLE
OF FIVE ACTUATIONS OR TEST CYCLES. CAUTION circuIT
INTERRUPTERS ARE TO BE CYCLED ONLY WHEN DIRECTED BY
APPL ICABLE SPECIFICATIONS.

THE CIRCUIT INTERRUPTER CASE IS FABRICATED OF
STAINLESS STEEL. LOCATED WITHIN THE CASE IS A MOVABLE
PISTON ASSEMBLY WHICH CONTAINS THE VARIOUS NUMBER OF
PINS. THE PISTON IS ACTUATED BY AN APOLLO STANDARD GAS
PRESSURE INITIATOR REFERENCED IN FIGURE 2-14 WHICH
DISPLACES THE PISTON TO THE *CIRCUIT"™ OPEN POSITION.
BEING EXPLOSION PROOF, THE PRESSURE IS CONTAINED WITHIN
THE CASE.
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SECTION V

SERVICE MODULE STRUCTURE

5.1 ORIENTATION AND GENERAL DESCRIPTION

THE SERVICE MODULE STRUCTURE |S A CYLINDRICAL
SHAPED STRUCTURE WE |IGHING APPROXIMATELY 10,000 POUNDS
WITHOUT THE PROPELLANTS (FIGURE 5=1). IT IS CONSTRUCTED
PRIMARILY OF ALUMINUM AND CONTAINS THE SYSTEMS, AND
EQUIPMENT TO SUPPORT THE COMMAND MODULE AND SPS ENGINE.
THE SYSTEMS AND EQUIPMENT REQUIRE NO CREW MAINTENANCE.

THE MAXIMUM STRUCTURAL LOADS THE SERVICE

MODULE WILL WITHSTAND, WILL BE DURING THE BOOST PHASE.
THE MAXIMUM EXPECTED IN THE *X DIRECTION IS 5.7 G'S
TRANSMITTED FROM THE BOOSTERS, UP THROUGH LEM ADAPTER,
To THE AFT BULKHEAD OF THE SERVICE MODULE. THESE LOADS
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 OUTER
PANELS OF THE SERVICE MODULE OCCUR AT MAX Q OR APPROX-
IMATELY 160 SECONDS AFTER LIFT=-OFF. THIS HIGH TEMPER-
ATURE IS FELT IN A BAND, LATERALLY AROUND THE SERVICE
MODULE IN THE VICINITY 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. To

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

THE SERVICE MODULE STRUCTURE IS A CYLINDER
FORMED BY SIX PANELS OF ONE=INCH ALUMINUM HONEYCOMB
MATERIAL (FIGURE 52 ).

THE INTERIOR AREA BETWEEN THE FORWARD AND AFT
BULKHEADS IS DIVIDED INTO SECTORS BY SIX RADIAL BEAMS
AND WEB. THESE SECTORS, OR BAYS, ARE ARRANGED IN THREE
DIAMETRICALLY OPPOSED PAIRS AROUND A CENTRAL CYLINDRICAL
SECTION. EACH BAY OF THE FIRST PAIR (ONE 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 SPS ENGINE. EACH BAY OF THE
THIRD PAIR (THREE AND SIX) OCCUPIES 60 DEGREES OF ARC
AND EACH HOLDS ONE LARGE FUEL TANK FOR THE SPS ENGINE.
THE CENTRAL SECTION HOUSES TwO LARGE HELIUM TANKS AND
THE SPACECRAFT PROPULSION ENGINE WHICH IS ATTACHED TO,
AND EXTENDS BELOW, THE AFT BULKHEAD. THE ENGINE IS
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OPERATED BY FUEL AND OXIDIZER UNDER PRESSURIZATION.
BETWEEN THE COMMAND MODULE AND 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, 6) HAVE SHEAR PADS AND TENSION
TIES. THESE (SIX) PADS SUPPORT THE COMMAND MODULE.

THE OUTER PANELS OF SECTORS TWO, FIVE, THREE, AND SIX
SUPPORT THE FOUR MODULAR PACKAGES OF THE REACTICM CON-
TROL SYSTEM.

THE MAIN SERVICE PROPULSION ENGINE IS ATTACHED
TO THE SERVICE MODULE AT THE ART BULKHEAD. CENTER
LINE PLANE OF THE ENGINE GIMBAL IS SET AT STATION Xs=
195.20. ABOVE THE ENGINE GIMBAL, THE COMBUSTION
CHAMBER, HARDWARE, AND OTHER EQUIPMENT EXTEND INTO THE
CENTER SECTION. BELOW THE GIMBAL, THE ENGINE NOZZLE
EXTENDS INTO THE ADAPTER AREA.

THE TWO BULKHEADS, ONE LOCATED FORWARD AND
ONE AFT, ARE CONSTRUCTED OF ALUMINUM HONEYCOMB. THE
TWO BULKHEADS PROVIDE AN ATTACHMENT FOR THE RADIAL WEB
BEAMS AND THE OUTER PANELS.

THE OUTER PANELS OF THE SERVICE MODULE ARE
CONSTRUCTED OF ALUMINUM HONEYCOMB MATERIAL. IN FOUR
OF THE SECTORS, THE OUTER SKIN IS PARTIALLY FORMED BY
TWO RADIATOR SYSTEMS. ALL OF THE PANELS ARE BOLTED TO
THE CORE.

5.2 STRUCTURE AND CONF | GURATI ON
AFT_BULKHEAD

GENERAL

5.9
5.2.1.1

THE AFT BULKHEAD IS 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 THROUGH THE RADIAL WEB BEAMS, TO THE
CoMMAND MODULE (FIGURE 53 ).
5.2.1.2  FABRICATION
THE LARGE CIRCULAR BULKHEAD 1S CONSTRUCTED
OF AN ALUMINUM HONEYCOMB CORE TO WHICH .060 OF AN
INCH ALUMINUM FACESHEETS ARE BONDED WITH AN EPOXY
RESIN. THE TYPE OF ALUMINUM USED IN FABRICATING THE
BULKHEAD IS DESIGNATED 7178. THIS TYPE OF ALUMINUM
HAS A VERY HIGH TENSIL STRENGTH. PRIOR TO BONDING THE
FACESHEETS TO THE HONEYCOMB CORE, THE FACESHEETS WILL
BE CHEMMILLED TO VARIOUS THICKNESSES OF .016 TO .060
OF AN INCH. WHERE ADDED STRENGTH IS NEEDED AT BONDED
JOINTS AND ATTACHMENT OF EQUIPMENT, DOUBLERS WILL BE
BONDED. BONDED TO THE OUTER PERIPHERY OF THE BULKHEAD
WILL BE A .125 OF AN INCH ALUMINUM RING, WHICH PRO-
VIDES AN ATTACHMENT FOR THE OUTER PANELS.
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WHEN BONDING THE SIX PIE SHAPED SEGMENTS TO
MAKE THE LARGE CIRCULAR BULKHEAD, 'T" FRAMES ARE BONDED
AT THE 50°, 60%, AND 70° OF ARC TO PROVIDE AN ATTACH-
MENT FOR THE RADIAL WEB BEAMS. ALSO, FOUR LARGE CIR-
CULAR HOLES ARE PROVIDED IN THE AFT BULKHEAD FOR THE
FUEL AND OXIDIZER TANKS.

Rap1AL WEB BEAMS (FIGURE 53 )

GENERAL

5.2.2
5.2.2.1

THE RADIAL WEB BEAMS ARE THE PRIMARY LOAD
BEARING STRUCTURE BETWEEN THE AFT BULKHEAD AND THE
FORWARD BULKHEAD. ALSO, THE FORWARD END OF THE SIX
RADIAL WEB BEAMS PROVIDE SUPPORT ATTACHMENT FOR THE
CoMMAND MODULE.
5.2.2.2 FABRICATION
THE RADIAL WEB BEAMS ARE FABRICATED FROM A
2.5" THICK PIECE OF MILLED ALUMINUM ALLOY PLATE (7078).
THE 2.5" THICK ALUMINUM BLOCK IS THEN MACHINED DOWN
TO 2" AT THE INNER AND OUTER EDGE. THE WEBBING WILL
BE MACHINED AND CHEMMILLED DOWN TO VARIQUS THICKNESSES
OF .0I18 TO .090 OF AN INCH, LEAVING 2" THICK RAILS.
MOUNTED TO THESE RAILS WILL BE I HONEYCOMB SHELVES FOR
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.

FORWARD BULKHEAD (FIGURE 5-3 )
GENERAL

5.2.3
5.2.3.1

THE FORWARD BULKHEAD 1S CONSTRUCTED INTO SIX
INDIVIDUAL SECTIONS. THESE SIX SECTIONS PROVIDE A
STRUCTURAL TIE BETWEEN THE SIX RADIAL WEB BEAMS,
5.2.3.2 FABRICATION
THE FORWARD BULKHEAD SECTIONS ARE BONDED
ALUMINUM HONEYCOMB, FABRICATED FROM 7178 ALUMINUM. THE
FACESHEETS COVERING THE HONEYCOMB CORE ARE .060 OF AN
INCH, CHEMMILLED TO VARIOUS THICKNESSES OF .016 To .060
OF AN INCH. WHERE ADDED STRENGTH |S NEEDED, DOUBLERS
WILL BE BONDED TO THE FACESHEETS. TWO SECTIONS OF THE
FORWARD BULKHEAD ARE SOLID, WHILE THE REMAINING FOUR
HAVE LARGE CIRCULAR OPENINGS. THESE FOUR OPENINGS PRO=-
VIDE A MEANS TO INSTALL OR REMOVE THE FUEL AND OXIDIZER
TANKS.

THE FORWARD BULKHEAD SECTIONS ARE BOLTED TO
THE RADIAL WEB BEAMS. THE INNER CIRCUMFERENTIAL
STRUCTURE IS FORMED BY A NUMBER OF ALUMINUM ANGLE SPLICE
PLATES AND CHANNELS, RIVETED IN PLACE, TO FORM THE
INNER RING. (FOR AN OVERALL VIEW, SEE FIGURE 5~4 ).
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5.2.4  S/M To C/M FAIR

5.2.4.1 GENERAL

THE S/M To C/M FAIRING ASSEMBLY CONSISTS OF
SIX CURVED HONEYCOMB PANEL ASSEMBLIES (FIGURE 5=3 )

AND ONE MOLDED PLASTIC LAMINATE FAIRING. THE FAIRING
PROVIDES PROTECTION FOR 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 Xs = 355. ATTACHED TO THE
LEADING EDGE OF THE INDIVIDUAL PANELS IS A SLOTTED RING
CONTAINING A COMPRESSIBLE SEAL. AFTER THE PANEL
INSTALLATION IS 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 OF
SECTOR | PANEL. THIS FAIRING 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
UMBILICAL (FIGURE 5=1 ).

5.2.5 CENTER SECTION (FIGURE 5-3 )
5.2.5.1  GENERAL

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

5.2.5.2 FABRICATION

THE CENTER SECTION OPENING IS 44 INCHES IN
OUTSIDE DIAMETER AND EXTENDS THE ENTIRE LENGTH OF THE
SERVICE MODULE. THE SECTION IS OPEN THE FULL LENGTH
ALONG SECTORS TWO AND FIVE. IT IS ALSO OPEN ALONG
SECTORS THREE AND SIX, BUT ONLY BETWEEN STATIONS Xg =
355 AND Xg = 227. ALONG SECTORS THREE AND SIX, AND ONE
AND FOUR (BETWEEN STATIONS Xg = 227 AND Xg = 200), THE
CENTER SECTION IS CLOSED BY AN ALUMINUM WEB, 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 ALSO TO THE RADIAL
BEAMS WHICH BOUND THESE SECTORS. ALONG SECTOR ONE, AN
OPENING FOR ENGINE ACCESS HAS BEEN LEFT BETWEEN STATIONS
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 CONTROL SYSTEM (RCS) IS A
REDUNDANT PROPULSION SYSTEM WHICH PROVIDES THREE=-AXIS
CONTROL OF THE SPACECRAFT DURING MISSION-FLIGHT MODES.

THE RCS CONSISTS OF INTERCHANGEABLE AND RE=-
PLACEABLE MODULAR PACKAGES WHICH ARE INSTALLED 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 AND Y-Y
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AXES. THE CENTER LINE OF EACH ENGINE CLUSTER IS AT
STATION Xg = 320.905 AND AT THE MID POINT OF THE MODULE
PANEL.

STRUCTURALLY, EACH MODULAR PACKAGE COMPRISES
AN ENGINE ASSEMBLY, A TANK ASSEMBLY WITH ASSOCIATED
PLUMBING AND WIRING, AND THE PANEL ON WHICH THE
ASSEMBLIES ARE MOUNTED.

THE PANEL PORTION OF THE PACKAGE HAS 35.5
INCHES-ARC LENGTH AND IS 67.7 INCHES IN HEIGHT. IT
FORMS A PART OF THE OUTER SHELL OF THE SERVICE MODULE
IN SECTORS Two, THREE, FIVE, AND SiX. THE PANEL IS
FASTENED TO THE OUTER SHELL BOTH BY PERIPHERAL CAPTIVE
BOLTS AND BY HINGES, THUS PROVIDING MAINTENANCE ACCESS.

THE FOUR-ENGINE ASSEMBLY OF EACH RCS PACKAGE
IS MOUNTED ON THE EXTERIOR SURFACE OF THE PANEL ON A
TEN-DEGREE CANT OUTWARD BY MEANS OF A BOX LIKE HOUSING.
THE ENGINE HOUSING, A SINGLE MACHINED FORGING, IS
FABRICATED OF ALUMINUM. CORK SHEET WILL BE BONDED TO
THE PANEL AND THE ENGINE HOUSINGS PROTECTING THE SUR-
FACE AGAINST AERODYNAMIC HEATING DURING BOOST, AND RCS
ENGINE PLUME~FLAME IMPINGEMENT.

THE THREE-TANK ASSEMBLY CONSISTS OF TWO
POSITIVE EXPULSION TANKS AND ONE HELIUM PRESSURIZATION
TANK. THE THREE TANKS ARE MOUNTED IN A VERTICAL LINE
ON THE INNER FACE OF THE RCS PANELS.

THE PRESSURIZATION SYSTEM COMPONENTS ARE
MOUNTED ON THE PANEL'S INNER FACE ADJACENT TO THE TANK
ASSEMBLY. PROPELLANT AND SERVICING CONNECTORS ARE
MOUNTED IN RECEPTACLES WHICH ARE ACCESSIBLE FROM THE
EXTERIOR OF THE RCS PANELS.

(FiGURe 56 FOR REACTION CONTROL SYSTEM
MODULAR PACKAGE. )

5.2.6.3 Access Doors (FIGURE 57 )

AN ACCESS DOOR, USED FOR MAINTENANCE PURPOSES
ON THE LAUNCH PAD, IS PLACED IN THE OUTER SHELL OF
SECTOR ONE BETWEEN STATIONS Xg = 299 AND Xg - 277.5.
THE ARC LENGTH OF THE DOOR IS 21 INCHES. ALUMINUM
SHEETS BONDED TO THE ALUMINUM HONEYCOMB CORE FORM THE
DOOR WHICH IS ATTACHED TO A FRAME OF THE SAME MATERIAL
BY SCREWS. THE FRAME 1S BOLTED TO RADIAL BEAM 6 AND
ALSO TO THE OUTER SHELL OF THE SERVICE MODULE. LOOKING
AFT, THE LOCATION OF THE DOOR IS CCW OF BEAM 6.

INBOARD, A 17" DIAMETER CIRCULAR ACCESS HAS
BEEN CUT THROUGH THE SHELF AT STATION Xg = 277, ABOUT
ONE INCH FROM THE INNER FACE OF THE OUTER SHELL. LOOK=-
ING AFT, ITS CENTER IS ABOUT I8 INCHES CW FROM THE
CENTER LINE OF SECTOR ONE. ITS CENTER IS 64 INCHES
FROM THE CENTER LINE CF THE SERVICE MODULE.

ONE ACCESS OPENING TO THE ENGINE, GIMBAL RING,
HARD LINES, AND VALVING HAS BEEN PLACED IN THE INNER

5=10
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ONE ACCESS OPENING TO THE ENGINE, GIMBAL RING,
HARD LINES, AND VALVING HAS BEEN PLACED IN THE INNER
WEB OF SECTOR ONE. THE OPENING HAS AN ARC LENGTH OF
ABOUT 19 INCHES. |IT IS LOCATED BETWEEN BEAMS | AND 6,
AND BETWEEN STATIONS Xg = 255.50 AND Xg = 227.06. IT
CAN BE REACHED VIA THE PATH INDICATED BY THE SERIES OF
THREE ARROWS. A SECOND ENGINE ACCESS IS SET IN THE
INNER WEB OF SECTOR FOUR BETWEEN BEAMS 3 AND 4. IT
HAS THE SAME ARC LENGTH AS THE FIRST ACCESS, BUT ITS
LOCATION IS BETWEEN STATIONS Xg = 289 AND Xg = 227.06,
AS SHOWN BY THE LARGE ARROW.

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

THE SECOND MAINTENANCE ACCESS IN SECTOR FOUR
EXTENDS ABOUT 67 INCHES, THE ENTIRE ARC LENGTH OF THE
SECTOR, BETWEEN STATIONS Xs = 260.37 AND Xs = 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.

55, S/M EQUIPMENT INSTALLATION (FiGURE 5=5 )
5.3.1  OXIDIZER AND FUEL TANKs

SECTOR TwO AND SECTOR FIVE CONTAINS THE
OXIDIZER TANKS WHICH STORE NITROGEN TETROXIDE FOR THE
SPS MAIN ENGINE. FIGURE 5=5 EXHIBITS A TYPICAL OX|-
DIZER TANK WITH ITS HEMISPHERICAL END AND CYLINDRICAL
SHAPE.

BOTH OXIDIZER TANKS ARE FABRICATED FROM
TITANIUM 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 OPENING BY MEANS OF
SLIDING SUPPORTS ATTACHED TO THE TANK SKIRT. THIS
ARRANGEMENT |S NECESSARY TO ALLOW FOR TANK EXPANSION
AND CONTRACTION.

SECTOR THREE AND SECTOR SIX HOUSE THE FUEL
TANKS WHICH CONTAIN A HYDRAZINE MIXTURE FOR THE SPS
MAIN ENGINE. BOTH FUEL TANKS ARE FORMED FROM TITANIUM
ALLOY (6AL-4V).
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OTHER DETAILS CONCERNING THE FUEL TANKS ARE
SIMILAR TO THOSE GIVEN FOR THE OXIDIZER TANKS.
5.3.2 HELIUM SPHERES
THE TWO LARGE HELIUM TANKS, HOUSED ONE ABOVE
THE OTHER IN THE CENTER SECTION, ARE USED TO PRESSURIZE
THE FUEL AND OXIDIZER TANKS OF THE SERVICE PROPULSION
SYSTEM. THEY ARE SPHERICAL IN SHAPE AND ARE FABRICATED
FROM TITANIUM ALLOY (GAL-4V).

THE HELIUM TANKS ARE SUSPENDED BY TWO INTE-
GRALLY FABRICATED BOSSES WHICH REST IN HOUSINGS ATTACHED
TO RADIAL BEAMS | AND 4 AT STATIONS Xg = 329.5 AND Xg =
286.5 FOR UPPER AND LOWER TANKS, RESPECTIVELY. EXTEN-
SIONS ANCHORED TO RADIAL BEAMS | TO 6 AND 4 TO 3
STRENGTHEN THE HOUSINGS. THESE TANKS ARE LOWERED INTO
PLACE PRIOR TO ATTACHING THE COMMAND MODULE TO THE
SERVICE MODULE.

533 H2 AND 02 TANKS

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

FOUR SPHERICAL TANKS COMPRISE THE CRYOGENIC
STORAGE SUBSYSTEM. THE TWO LARGER TANKS CONTAIN HY-
DROGEN (H). THESE ARE PLACED NEAR THE OUTER SHELL:

THE LOWER ONE RESTS ON THE AFT BULKHEAD AT STATION
Xg = 200; THE UPPER ONE 1S ON A SHELF ATTACHED TO
RADIAL BEAMS (6, 1) AND TO THE INNER SKIN AT STATION
Xg = 277.5. THE SMALLER TANKS WHICH CONTAIN OXYGEN
(82) ARE CLOSE TO THE CENTER WELL.

EACH OXYGEN TANK [S SUSPENDED WITHIN ITS
SHELF BY MEANS OF A CIRCULAR FLANGE WELDED TO THE TANK
BELOW ITS EQUATOR. THE FLANGES ARE BOLTED FROM
BENEATH TO SHELVES, WHICH ARE ATTACHED TO THE INNER
SKIN AND RADIAL WEB BEAMS AT STATIONS Xg = 332 AND
Xg - 256.5 FOR UPPER AND LOWER TANKS RESPECTIVELY.
EACH HYDROGEN TANK IS NESTED IN A CIRCULAR SKIRT
WELDED TO THE TANK AT ITS EQUATOR. THE SKIRT OF ONE
TANK IS BOLTED TO THE AFT BULKHEAD, THE OTHER TANK IS
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 WITHOUT
DISTURBING THE OTHER TANKS.
5.3.4  FueL Ceus
SECTOR FOUR HOUSES THE FUEL CELL MODULES FOR

THE ELECTRICAL POWER SYSTEM, WHICH GENERATE THE DC POWER
REQUIRED OF THE SPACECRAFT FOR THE M|SSION MODES.

THE FUEL CELL SYSTEM CONSISTS OF THREE
INDEPENDENT MODULES, EACH OF WHICH CONTAINS A GROUP OF
NONREGENERATIVE HYDROGEN-OXYGEN FUEL CELLS. EACH




MODULE IS A LOW PRESSURE, BACON TYPE CELL, HAVING
NICKEL ELECTRODES, USING HYDROGEN AND OXYGEN AS REACT-
ANTS AND POTASSIUM HYDROXIDE AS ELECTROLYTE. THE NORMAL
POWER OUTPUT PER CELL IS ABOUT 29 *+ vDC.

EACH CELL IS CYLINDRICAL, ABOUT 44 INCHES IN
HEIGHT, 20 INCHES IN DIAMETER, AND WEIGHS 250 POUNDS
WITHOUT ITS BASE. THE THREE FUEL CELLS ARE MOUNTED
WITHIN INDIVIDUAL BASES WHICH ARE ABOUT 24 INCHES IN
DIAMETER AND 22 INCHES IN HEIGHT. THE CELLS ARE BOLTED
TO SHOCK MOUNTS ATTACHED TO BASES WHICH ARE BOLTED TO
THE AFT BULKHEAD.

CELL STABILIZATION IS OBTAINED BY A SHEAR-
WEB CONFIGURATION ATTACHED BY TWO ROWS OF BOLTS TO EACH
MOUNTING BASE AT THE COMMON CENTER OF THREE BASES. THIS
METHOD PREVENTS SWAY AND ALLOWS FOR REMOVAL OF INDIVIi=
DUAL MODULES FOR MAINTENANCE.

AUXILIARY EQUIPMENT INCLUDES ELECTRICAL
WIRING, HARD LINES, AND THE CONNECTIONS NECESSARY FOR
PROPER SYSTEM OPERATION. THE INNER CAP SIDE OF RADIAL
BEAM 4 SUPPORTS THE POWER CONTROL PANEL AT STATION
Xs = 259. BEAM 3 HOLDS THE HELIUM DISTRIBUTION AND
TEST PANEL.

5.4 S/M INTERIOR INSULATION

GENERAL

INSULATION MATERIAL OF CRINKLED, ALUMINIZED
MYLAR 1S USED IN ALL SECTORS OF THE SERVICE MODULE AND

5.4.1

ALSO BETWEEN THE SERVICE MODULE AND THE COMMAND MODULE.
THE INSULATION WILL HELP IN MAINTAINING THE TEMPERATURE
OF THE PROPELLANTS OF THE TWO PROPULSION SYSTEMS.

EABRICATION AND INSTALLATION

MATERIAL USED FOR INSULATION IS ONLY .0005
OF AN INCH IN THICKNESS PER SHEET. FORTY SHEETS ARE
ESTIMATED AS SUFFICIENT THICKNESS TO PROVIDE FOR A
TEMPERATURE RANGE OF =420 TO 200 F. RECTANGULAR
BLANKETS OF 50 INCHES OR GREATER IN WIDTH ARE CUT TO
THE DESIRED LENGTH, SEWN TOGETHER WITH NYLON THREAD,
THEN CUT TO PATTERN SIZES BY MEANS OF TEMPLATES. STAPLES
MAY BE USED TO AID IN BLANKET ASSEMBLY. INSTALLATION
IS ACCOMPLISHED BY MEANS OF HOOK AND PILE TAPE, AND
REFLECTIVE BACKED TAPE.

5.4.2

A TYPICAL INSTALLATION OF AN INSULATION
BLANKET IS TO BOND THE HOOK TAPE TO THE STRUCTURE, SEW
OR BOND THE PILE TAPE TO THE BLANKET AND PRESS THE
TAPES TOGETHER. THE ALUMINIZED SIDE OF THE INSULATING
MATERIAL MUST FACE TOWARD THE CENTER OF THE SECTOR OR
ENCLOSED AREA IN WHICH IT IS INSTALLED.

THE INSULATION BLANKET FOR THE FORWARD BULK=-
HEAD IS MADE IN FOUR SECTIONS. SECTION ONE COVERS
SECTOR ONE, SECTION TWO COVERS SECTORS TWO AND THREE,
SECTION THREE COVERS SECTOR FOUR, AND SECTION FOUR
COVERS SECTORS FIVE AND SIX. THE SECTIONS ARE HELD
TOGETHER AND TO THE BULKHEAD BY MEANS OF THE HOOK AND
PILE TAPE. (FIGURE 5-8 ).
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THE FAIRING INSULATION [S FABRICATED FROM
SIX INDIVIDUAL BLANKETS, ONE FOR EACH FAIRING PANEL.
EACH BLANKET IS INSTALLED TO A FAIRING PANEL BY MEANS
OF HOOK AND PILE TAPE AT THE FORWARD AND AFT EDGES OF
THE FAIRING. (FIGURE 5-8 ).

USE OF MULTI-LAYER ALUMINIZED MYLAR AS
INSULATION MATERIAL FOR THE PROPELLANT TANKS IN SECTORS
TWO AND FIVE (OXIDIZER), AND THREE AND SiX (FUEL) IS
ESSENTIALLY THE SAME FOR EACH SECTOR.

THE INSULATION SURROUNDING EACH TANK OF THZ
SERVICE PROPULSION SYSTEM IS FABRICATED FROM THREE
INDIVIDUAL BLANKETS. THE BLANKETS FOR THE RADIAL WEB
BEAMS ARE TAPED TO 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 IS FASTENED TO THE INNER
SURFACE OF THE OUTER 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 INDEPENDENTLY.

ALLOWANCE IS MADE ON THE INNER SURFACE OF
OUTER SHELL FOR THE ENVIRONMENTAL CONTROL SYSTEM'S
RADIATOR PANELS IN SECTORS TWO AND FIVE, AND THE ELEC-
TRICAL

ELECTRICAL POWER SYSTEM'S RADIATOR PANELS IN SECTORS
ONE AND FOUR.

INSULATION OF SECTOR FOUR [S ACCOMPLISHED
BY THREE INDIVIDUAL BLANKETS OF ALUMINIZED MYLAR. ALL
THREE BLANKETS EXTEND FR0M STATION Xs - 355 TO STATION
Xg - 260.37. THE ENTIRE ARC LENGTH OF SECTOR FOUR
BETWEEN STATIONS Xg = 260.67 AND Xg = 203.16 IS A RE-
MOVABLE PANEL AND IS INSUALTED SEPARATELY.(FIGURE 5-9 )

THE INSULATION FOR SECTOR ONE IS FABRICATED
FROM SIX INDIVIDUAL BLANKETS. THIS IS DUE TO THE
HYDROGEN TANK MOUNTING SHELF. HOOK AND PILE TAPE IS
ALSO USED FOR INSTALLATION OF EACH BLANKET.

THE INSULATION BLANKET FOR THE FORWARD HELIUM
TANK IN THE CENTER SECTION, IS MADE TO CONFORM WITH THE
SHAPE OF THE TANK, TO WITHIN 4.5 INCHES OF-ITS EQUATOR.

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

5.4.3 S/M AFT -BULKHEAD HEAT SHIELD
5.4.3.1  GENERAL

THE PURPOSE OF THE HEATSHIELD IS TO PROVIDE
THERMO PROTECTION FROM THE SPS ENGINE [N ORDER TO
CONTROL S/M INTERIOR TEMPERATURE. THE AFT BULKHEAD
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HEATSHIELD CONSISTS OF EIGHT MOLDED FIBERGLASS SECTIONS,
TWO RING SECTIONS AND FLEXIBLE BOOT, AND A MYLAR INSUL=
ATION BLANKET. (FIGURE 5=10). THE AFT HEATSHIELD IS
LOCATED BELOW THE AFT BULKHEAD AT STATION Xs = 200.

ITS LOWEST POINT IS APPROXIMATELY AT STATION Xg = 187.

THE HIGH-GAIN ANTENNA, PART OF THE TELECOMMUN-
ICATIONS SYSTEM, IS STOWED BENEATH SECTOR FOUR AND IS
DEPLOYED INTO POSITION ON THE -Y AXIS.

BOTH HEATSHIELD AND STOWED ANTENNA ARE EN-
CLOSED BY THE LEM ADAPTER PRIOR TO LUNAR INJECTION.
5.4.3.2 FABRICATION
THE SHIELD 1S FABRICATED IN EIGHT SECTIONS.
EACH MOLDED SECTION [S CONSTRUCTED OF AN INNER LAYER OF
FIBERGLASS, MIDDLE LAYER OF Q-FELT, AND AN OUTER LAYER
OF 5 MIL NICKEL. ATTACHED TO THE INNER FIBERGLASS
LAYER IS A 40 SHEET MYLAR INSULATION BLANKET. THE
PERIMETER OF THE HEATSHIELDS ARE PROVIDED WITH BOLT
HOLES FOR ATTACHMENT TO THE S/M BULKHEAD, ADJACENT
FLEXIBLE BOOT ASSEMBLYS, AND HEATSHIELDS.

FIVE OF THE MOLDED FIBERGLASS SECTIONS CON-
TAIN PRESSURE RELIEF VALVES TO PREVENT BUILDUP BETWEEN
THE S/M INTERIOR AND EXTERIOR. THE VALVE IS A SPRING
RETAINED, NORMALLY CLOSED, FOUR SECTION FLAPPER,
PRESSURE RELIEF VALVE. |T IS FABRICATED OF ALUMINUM
WITH STAINLESS STEEL SPRINGS, ATTACHING HARDWARE, AND

A NON METALIC SEAT. TwO SERVICE OPENINGS AND PRO-
PELLANT FILL PORTS ARE PROVIDED AND FURNISHED WITH THE
COVERS.
5.4.3.3 S/M FLEXIBLE BooT

THE FLEXIBLE BOOT ASSEMBLY CONSISTS OF Two
SEGMENTS OF HEAT RESISTANT INSULATION 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 IS COMPLETE, THE TWO FLEXIBLE
SECTIONS ARE BUTTONED TOGETHER, THUS FORMING A FLEXABLE
HEAT SHIELD WHICH WILL ALLOW THE ENGINE TO GIMBAL AND
PREVENT EXCESSIVE HEAT FROM ENTERING THE SERVICE MODULE
INTERIOR DURING ENGINE OPERATION.
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SECTION VI

ADAPTER STRUCTURE

6.1 GENERAL DESCRIPTION

THE SPACECRAFT LEM ADAPTER (SLA) CONNECTS THE
S/M TO THE S-1VB INSTRUMENT UNIT. THE SLA IS LOCATED
BETWEEN STATIONS XA = 838 AND XA = 502. T HOUSES THE
LUNAR EXCURSION MopULE (LEM), THE NOZZLE OF THE SERVICE
PROPULSION SYSTEM, AND THE HIGH GAIN ANTENNA IN THE
STOWED POSITION OF THE AFT HEAT SHIELD (SEE FIGURE 6-1).

6.2 STRUCTURE AND CONF IGURATION

6.2.1 GENERAL _

THE SLA 1S A TRUNCATED, CONIC STRUCTURE WITH
A LENGTH OF 336 INCHES ON ITS X AX1S, A CONE-ELEMENT
LENGTH OF ABOUT 349 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 |S APPROXIMATELY 254
INCHES; OF THE AFT SET 82.7 INCHES. THE SEPARATION
PLANE IS STATION XA = 583.2. |INTERFACE EDGES OF THE
FORWARD SET OF PANELS HAVE THE FOLLOWING ARC LENGTHS:
AT FORWARD EDGE=12| INCHES, AT AFT EDGE-184 |NCHES.
INTERFACE EDGES OF THE AFT SET OF PANELS HAVE THESE ARC
LENGTH: AT THE FORWARD EDGE-APPROXIMATELY 184 INCHES,
AT AFT EDGE~-APPROXIMATELY 204 INCHES.

6.2.2 FABRICATION

THE FORWARD AND AFT PANELS OF THE SLA ARE
FABRICATED OF ALUMINUM-ALLOY (2024T-81) HONEYCOMB
SANDWICH MATERIAL |.7 INCHES THICK. BONDED TO THE
HONEYCOMB WILL BE FACE SHEETS OF VARYING THICKNESSES.
THE FORWARD SET OF PANELS, BECAUSE OF THE SIZE, ARE
FABRICATED INTO SECTIONS AS SHOWN IN FIGURE 6-1.

AFTER FABRICATION, THE VARIOUS SECTIONS ARE BONDED
TOGETHER. THE SPLIT LINES OF THE INDIVIDUAL SEGMENTS
WILL BE COVERED WITH SPLICE PLATES BONDED TO THE INNER
AND OUTER 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 CHARGES. THE SPLICE PLATES ARE FABRICATED OF
ALUMINUM .060" 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 MAINTENANCE - ACCESS

TWO MAINTENANCE/ACCESS DOORS ARE PROVIDED
IN THE FORWARD PANELS ON THE +Z AND -Z AXIS. THE
ACCESS PANEL LOCATED ON THE *+Z AXIS ALLOWS FREE ENTRY
INTO THE SLA AND PERMITS REMOVAL OF GRUMMAN'S SUIT
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THE ACCESS PANEL LOCATED
PROVIDES ACCESS

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

TEN VENTS OR SERVICE OPENINGS 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 DISCONNECT,

AND THE REMAINING SEVEN 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, EIGHT PANEL THRUSTERS, AND AN
UMBILICAL SEPARATION SYSTEM (SEE FIGURE 6-2). EACH
SYSTEM WILL BE DESCRIBED IN DETAIL.

CHARGE HOLDER

EACH CHARGE HOLDER CONTAINS TWO STRANDS OF
MILD DETONATING 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 JOINTS
TO INSURE DETONATION ACROSS THE JOINTS. THE DETONATING
CORD LOCATED WITHIN THE CHARGE HOLDER, IS A METAL CLAD
EXPLOSIVE USED FOR BREAKING MATERIALS AND/OR FOR TRANS-
FERRING DETONATION FROM ONE JUNCTION TO ANOTHER. THIS
CORD IS A SEAMLESS, CONTINUOUS LEAD SHEATH SURROUNDING

6.3.1

THE EXPLOSIVE CORE. THE EXPLOSIVE CORE IS VIRGIN RDX,
CLASS G, AND THE METAL JACKET, OR SHEATH, IS A LEAD-
ANTIMONY ALLOY. THE SLA SYSTEM UTILIZES CORDS WITH
EXPLOSIVE LOADINGS OF FIVE AND SEVEN GRAINS PER FOOT
(SEE FIGURE 6-3).

TWO CHARGES ARE CONFINED BY THE OVERLAPPING
OF THE SPLICE PLATE EXTRUSION AND THE CHARGE HOLDER
(SEE FIGURE 6-4). UPON DETONATION OF THE MDF, THE
EXPLOSIVE FORCE IS CONCENTRATED ALONG A PREDETERMINED
LINE AND THE SPLICE PLATE SEPARATES. THE SEPARATION
OF THE SPLICE PLATE IS CAUSED BY HIGH SHEAR AND TENSION
LOADS. THE DETONATION WILL ALSO TRANSMIT AN IMPULSE
TO THE PANEL THRUSTER WHICH ASSIST IN OPENING THE
PANELS.
6.3.2 INITIATOR EL)

TWO INITIATORS ARE USED TO SEPARATE THE
SERVICE MODULE (S/M) AND SPACECRAFT LEM ADAPTER (SLA)
PANELS (SEE FIGURE 6-2, 6-5). THE SIGNAL TO START THE
SEPARATION COMES FROM THE COMMAND MODULE TO THE INITIA-
TOR. THE INITIATOR SETS OFF THE ATTACHED DETONATOR
WHICH IGNITES THE MDF ASSEMBLY. ALL THE MDF 1S CON-
FINED, CAUSING THE SPLICE PLATES TO FRACTURE.

6.3.3 PANEL THRUSTERS

THE PANEL THRUSTERS SYSTEM CONSISTS OF A
PAIR OF THRUSTERS AT EACH CORNER OF THE LOWER PANEL
INTERSECTION. EACH THRUSTER CONTAINS A PISTON WHOSE
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ROD END |S CONNECTED TO THE SLA PANEL. THE THRUSTER
ASSEMBLY CONTAINS TWO PRESSURE CARTRIDGES FOR RE-
DUNDANCY. (SEE FIGURE 6-2 AND 6-6).

THE PANEL THRUSTERS ARE OPERATED BY A
THROUGH~BULKHEAD, CONFINED DETONATING FUSE (CDF) INITI-
ATED PRESSURE CARTRIDGE (FIGURE 6-7) WHICH ILLUSTRATES
A TYPICAL THROUGH THE BULKHEAD PRESSURE CARTRIDGE. THIS
PRESSURE CARTRIDGE DIFFERS FROM THE CONVENTIONAL PRES-
SURE CARTRIDGE IN THAT A SOLID BULKHEAD WITHIN THE
CARTRIDGE BODY PREVENTS ANY BACK PRESSURE. THE CON-
FINED DETONATING FUSE, WHICH CONTAINS A CORE OF MILD
DETONATING FUSE, INITIATES THE '""DONOR"™ CHARGE WHICH
TRANSMITS THE DETONATION WAVE THROUGH THE SOLID BULK=
HEAD. THIS WAVE IS OF SUFFICIENT INTENSITY TO
DETONATE A PRIMER OR RECEPTOR CHARGE WITHOUT RUPTURING
THE BULKHEAD. THE RECEPTOR CHARGE THEN IGNITES AN
INTERMEDIATE CHARGE WHICH IN TURN IGNITES THE PROPEL-
LANT OR GAS PRODUCING GRAINS. EACH PRESSURE CARTRIDGE
IS INITIATED BY TWO STRANDS OF MDF wHICH ARE DETONATED
BY THE DETONATION OF THE SLA SEPARATION EXPLOSIVE
TRAIN.

THE GAS PRESSURE CARTRIDGE PROVIDES THE NEC-
ESSARY THRUST THROUGH A |.5 INCH STROKE TO OPEN THE
PANELS. THE ROD SEPARATES FROM THE THRUSTER CYLINDER
AND REMAINS WITH THE PANEL.

6.3.4 UMBILICAL SEPARATION (SLA TO S/M)

THE SYSTEM CONSISTS OF THREE SETS OF RECTAN-
GULAR RACK AND PANEL TYPE ELECTRICAL CONNECTORS (SEE

FIGURE 6-2 AND 6-8). THE RECEPTACLE PORTION OF EACH
CONNECTOR |S MOUNTED TO THE FLANGE OF A CYLINDRICAL
CHAMBER. THE PLUG PORTION OF EACH CONNECTOR IS
MOUNTED TO THE FLANGE OF A PISTON SHAPED MEMBER WHICH
FITS INTO THE CYLINDRICAL CHAMBER. WITHIN THE CHAMBER
OF THIS PISTON CYLINDER ASSEMBLY ARE TWO LOOPS OF MDF
ATTACHED TO THE PISTON HEAD. THE TWO ASSEMBLIES ARE
HELD TOGETHER WITH A FRANGIBLE BOLT. TwoO CONFINED
DETONAT ING FUSES ARE ROUTED FROM JUNCTIONS OF THE
ADAPTER SPLICE PLATE MDF'S TO THE PISTON END OF THE
DISCONNECT. THE BOOSTERS OF THE CDF's ARE PROJECTING
INTO THE FIRING CHAMBER AND ARE IN INTIMATE CONTACT
WITH THE MDF BOOSTERS.

THE CONFINED DETONATING FUSE HAS A CORE OF
MiLD DETONATING FUSE WHICH IS COVERED WITH SEVERAL
LAYERS OF PLASTIC TUBING, FIBERGLASS MATTING, AND
NYLON COVERS (SEE FIGURE 6-3). |IT IS USED TO TRANSFER
A DETONATION WAVE BETWEEN TWO OR MORE BOOSTER CHARGES.
THE DETONATION |S COMPLETELY CONTAINED BY THE INSULA-
TION BUILD-UP. BECAUSE THE DETONATION |S COMPLETELY
CONTAINED, THE CONFINED DETONATION FUSE MAY BE ROUTED
IN CLOSE TO SENSITIVE ELECTRONIC TELEMETERING INSTRU-
MENTS, STRUCTURAL MEMBERS, OR THROUGH CROWDED AREAS
WITHOUT DAMAGE.

THEN THE ADAPTER PANEL MDF'S ARE DETONATED,
THE CDF's TRANSFER DETONATION FROM THE ADAPTER PANEL
MDF's To THE MDF'sS IN THE UMBILICAL DISCONNECT.
PRESSURE IN THE FIRING CHAMBER PRODUCES FAILURE OF THE
INTERCONNECT ING FRANGIBLE BOLT ALLOWING THE UMBILICAL
HALVES TO SEPARATE. ONE HALF REMAINS FIXED ON THE
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SERVICE MODULE AFT BULKHEAD WHILE THE FREE PISTON
PORTION |S DEPLOYED WITH THE ADAPTER PANEL. THIS END
IS CAPTURED BY THE ADAPTER PANEL AND THE ATTACHED WIRE
BUNDLE WHICH MAY CONSIST OF 200 TO 300 NUMBER 20 GUAGE
WIRES.

UMBIL ICAL SEPARATION (LEM TO SLA)

THE DISCONNECT INTERFACE CONSISTS OF FOUR
SETS OF RECTANGULAR RACK AND PANEL TYPE ELECTRICAL
CONNECTORS AND THREE HARD LINES WITH RADIAL SQUEEZE "O"
RINGS IN A SLIP TYPE JOINT (SEE FIGURE 6-9). THE
RECEPTACLE PORTION OF EACH ELECTRICAL CONNECTOR AND ONE
HALF OF EACH HARD LINE SLIP JOINT ARE MOUNTED TO THE
FLANGE OF A CYLINDRICAL CHAMBER.

6.3.5

THE PLUG PORTION OF EACH CONNECTOR AND THE
HARD LINE SLIP JOINT ARE MOUNTED TO THE FLANGE OF A
PISTON WHICH FITS SNUGLY INTO THE CYLINDER. WITHIN THE
CHAMBER OF THIS PISTON CHAMBER ASSEMBLY ARE TWO LOOPS
OF MDF ATTACHED TO THE PISTON HEAD. THE PISTON PLUG
ASSEMBLY 1S 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.

ONE HALF REMAINS FIXED ON THE LEM, WHILE THE
FREE PISTON PORTICN IS ROTATED CLEAR OF THE LEM BY THE
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 6-10).
THE HINGES ARE BOLTED TO BOTH FORWARD AND AFT PANELS
OF 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 IGNITE 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 ACCOMPLISHED BY 8
ATTENUATOR STRUTS LOCATED ON THE FIXED LOWER ADAPTER.
THESE STRUTS CONTAIN ALUMINUM HONEYCOMB CORE THAT WILL
CRUSH AND ABSORB THE ENERGY FROM THE PANEL (SEE
FIGURE b=11 ),
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AFTER THE PANELS ARE OPEN THEY WILL BE
RETAINED BY A "NO BACK" CLUTCH. THIS CLUTCH IS LOCATED
WITHIN THE SPRING LOADED REEL AND WILL PREVENT THE
CABLE FROM EXTENDING (SEE FIGURE b-11).

6.4 LEM SEPARATION SYSTEM

6.4.1 GENERAL

THE LUNAR EXCURSION MopuLe (LEM) IS ATTACHED
WITHIN THE AFT ADAPTER AT FOUR POINTS WHICH COINCIDE
WITH PANEL HINGE PLACEMENT. AFTER THE FORWARD ADAPTER
PANELS ARE SEPARATED AND DEPLOYED, THE COMMAND MODULE
AND SERVICE MODULE MANEUVER AROUND AND DOCK WITH THE
LEM. A CONNECTOR FOR LEM SEPARATION IS MANUALLY MATED
IN THE 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 6=12,

A STANDARD DETONATOR, WHERE APPLICABLE, IS
USED THROUGHOUT THE APOLLO ORDNANCE SYSTEMS FIGURE
2-13. THE STANDARD INITIATOR IS USED AS THE IGNITOR
FOR THE DETONATOR. THE INITIATOR |S WELDED TO THE
DETONATOR AND WHEN ELECTRICAL POTENTIAL IS APPLIED
TO THE BRIDGEWIRE THE PRIMARY AND SECONDARY CHARGES
ARE IGNITED. THIS THEN IGNITES THE EXPLOSIVE TRAIN
WITHIN THE DETONATOR. THE DETONATOR EXPLOSIVE TRAIN

CONSISTS OF A PRIMARY CHARGE OF LEAD 0ZIDE AND SECONDARY

CHARGE OF RDX.

6.4.2  OPERATION

INITIATION OF THE DETONATORS IS ACCOMPL | SHED
FROM A SIGNAL IN THE COMMAND MODULE. THE FRANGIBLE
LINK IS FRACTURED BY FIRING THE TWO DETONATORS. SHOULD
A DETONATOR OR A OR B CIRCUIT FAIL, EITHER DETONATOR
IS CAPABLE OF CREATING ENOUGH PRESSURE TO FRACTURE THE
LINK. A BLAST SHIELD IS ATTACHED OVER THE

DETONATORS AND FRANGIBLE LINK TO PROTECT THE LEM
SHOULD THERE BE ANY FLYING FRAGMENTS SEE FIGURE 6=12 .

AFTER THE STRAP IS SEVERED, TWO SPRINGS
HOLD THE TENSION STRAP IN AN OPEN POSITION TO PROVIDE
CLEARANCE FOR THE LEM TO LIFT OFF THE FIXED ADAPTER.
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