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SATURNV FLIGHTMANUAL
SA-503

FOREWORD

This manual was prepared to provide the astronaut with a single source ref-
erence as to the characteristics and functions of the SA-503 launch vehicle

and the AS-503 manned flight mission. A revision to the manual, incorporating

the latest released data on the vehicle and mission, will he released approx-

imately 30 days prior to the scheduled launch date.

The manual provides general mission and performance data, emergency detection

system information, a description of each stage and the IU, and a general

discussion of ground support facilities, equipment, and mission control. A
bibliography identifies additional references if a more comprehensive study
is desired.

This manual is for information only and is not a control document. If a con-
flict should be discovered between the manual and a control document the con-

trol document will rule.

Recommended changes or corrections to this manual should be forwarded, in
writing, to the Saturn V Systems Engineering Management Office (I-V-E), MSFC,

Attention: Mr. H.P. Lloyd; or to the Crew Safety and Procedures Branch (CF-

24), MSC, Attention: Mr. D.K. Warren.

J

Arthur Rudolph D.K. Slayton _

Manager, Saturn V Program Director of Plight

George C. Marshall Space Crew Operations

Flight Center Manned Spacecraft Center

REVISIONNOTE

The manual has been completely revised to incorporate vehicle and mission

changes and to take advantage of improvements in presentation which have been

developed since the original release. The information in the manual de-
cribes the vehicle configuration 8nd mission characteristics as defined for

the C Prime mission and was prepared from information available approximately

thirty days prior to Oct. 25, 1968,
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GNERALDESCRIPTION

TABLE OF CONTENTS VEHICLE DESIGN GROUND RULES

SA TURN V SYSTEM DESCRIPTION .............. 1-1 Safety
LAUNCH VEHICLE DESCRIPTION ............... 1-3
RANGE SAFETY AND INSTRUMENTATION ....... 1-3 Safety criteria are identified by Air Force Eastern Test Range
LV MONITORING AND CONTROL ............... 1-9 (AFETR) Safety Manual 127q and AFETR Regulation 127-9.
PERCEPTIBLE PRELAUNCH EVENTS ............ 1-12
POGO ....................................... 1-13 Crew safety considerations required the development of an

Emergency Detection System (EDS) with equipment located

SATURN V SYSTEM DESCRIPTION throughout the launch vehicle to detect emergency
conditions as they develop. If an emergency condition is

The Saturn V system in its broadest scope includes detected, this system will either initiate an automatic abort
conceptual development, design, manufacture, sequence, or display critical data to the flight crew for their
transportation, assembly, test, and launch. The primary analysis and reaction.
mission of the Saturn V launch vehicle, three-stage-to-escape
boost launch of an Apollo Spacecraft, established the basic Each powered stage is designed with du.,d redundant range
concept. This mission includes a suborbital start of the third safety equipment which will effect engine cutoff and
stage (S-IVB) engine for final boost into earth orbit, and propellant dispersion in the event of a launch abort after
subsequent reignition to provide sufficient velocity for escape liftoff. Engine cutoff results from closing valves and
missions including the lunar missions, terminating the flow of fuel and oxidizer. Propellant is

dispersed by detonating linear-shaped charges, thereby
LAUNCH VEHICLE DEVELOPMENT longitudinally opening the propellant tanks.

The Saturn launch vehicles are the product of a long Stage Separation
evolutionary process stemming from initial studies in 1957 of
the Redstone and Jupiter missiles. Early conceptual studies The separation of the launch vehicle stages in flight required
included other proven missiles such as Thor and Titan, and design studies involving consideration of many parameters,
considered pay loads ranging from earth orbiting satellites to such as time of separation, vehicle position, vehicle attitude,

f_ manned spacecraft such as Dynasoar, Mercury, Gemini, and single or dual plane separation, and the type, quantity, and
eventually Apollo. location of ordnance.

The Saturn V launch vehicle evolved from the earlier Saturn The launch vehicle stages separate in flight by explosively
vehicles as a result of the decision in 1961 to proceed with the severing a circumferential separation joint and firing
Apollo manned lunar mission. As the Apollo mission retrorocket motors to decelerate the spent stage. Stage
definition became clear, conceptual design studies were separation is initiated when stage thrust decays to a value
made, considering such parameters as structural dynamics, equal to or less than 10% of rated thrust. A short coast mode
staging dynamics, and propulsion dynamics, is used to allow separation of the spent stage, and to effect

ullage settling of the successive stage prior to engine ignition.

Design trade-offs were made in certain areas to optimize the
launch vehicle design, based on mission requirements. The A delayed dual plane separation is employed between the
best combination of design parameters for liquid propellant S-IC and S-II stages, while a single plane separation is
vehicles resulted in low accelerations and low dynamic loads, adequate between the S-II and S-IVB stages.
Reliability, performance and weight were among primary
factors considered in optimizing the design. Umbilicals

Structural design carefully considered the weight factor. In the design and placement of vehicle plates, consideration
Structural rigidity requirements were dictated largely by two was given to such things as size, locations, methods of
general considerations: flight control dynamics and attachment, release, and retraction.
propellant slosh problems. Gross dimensions (diameter &
length) were dictated generally by propellant tankage size. The number of umbilicals is minimized by thecombining of

electrical connectors and pneumatic and propellant couplings
As propulsion requirements were identified, system into common umbilical carriers. Location of the umbilicals
characteristics emerged: thrust levels, burning times, depended upon the location of the vehicle plates, which were
propellant types and quantities. From these data, engine limited somewhat by the propellant tanking, plumbing, and
requirements and characteristics were identified, and the wiring runs inside the vehicle structure. Umbilical disconnect
design and development of the total launch vehicle and retraction systems are redundant for reasons of reliability
continued, centered around the propulsion systems, and safety.

Some of the principal design ground rules developed during Electrical Systems

/----- the conceptual phase, which were applied in the f'mal design,
are discussed in the following paragraphs. An electrical load analysis of the launch vehicle provided the

1-1
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basic data (voltage, frequency, and power requirements) for vehicle is moved to the launch area for prelaunch
design of the electrical system, servicing and checkout. During most of this time, the

vehicle systems are sustained by ground support
Such factors as reliability, weight limitations, and weight equipment. However, at T-50 seconds, power is
distributions dictated requirements to minimize electrical transferred to the launch vehicle batteries, and final
wiring, yet distribute the electrical loads and power sources vehicle systems monitoring is accomplished. In the
throughout the launch vehicle. Each stage of the vehicle has event of a hold, the launch vehicle can operate on
its own independent electrical system. No electrical power is internal power for up to 12 hours before a recycle
transferred between stages; only control signals are routed tbr batteries would be required.
between stages.

2. While in the launch area, environmental control
Primary flight power is supplied by wet cell batteries in each within the launch vehicle is provided by
stage. The sizes, types, and characteristics are discussed in environmental control systems in the mobile
subsequent sections of this manual. Where alternating launcher (ML) and on the pad. The IU also utilizes
current, or direct current with a higher voltage than the an equipment cooling system, in which heat is
batteries is required, inverters and/or converters convert the removed by circulation of a methanol-water coolant.
battery power to the voltages and frequencies needed. During preflight, heat is removed from the coolant

by a Ground Support Equipment (GSE) cooling
All stages of the launch vehicle are electrically bonded system located on the ML. During flight, heat is
together to provide a unipotential structure, and to minimize removed from the coolant by a water sublimator
current transfer problems in the common side of the power system.
systems.

3. While in transit between assembly area and launch
MANUFACTURE AND LAUNCH CONCEPTS area, or while in the launch area for launch

preparations, the assembled launch vehicle must
The development of the vehicle concept required concurrent withstand the natural environment. The launch
efforts in the areas of design, manufacture, transportation, vehicle is designed to withstand 99.9% winds during
assembly, checkout, and latmch, the strongest wind month, while either free standing

or under transport, with the damper system
The size and complexity of the vehicle resulted in the attached. In the event of a nearby explosion of a
decision to have detail design and manufacture of each of the facility or launch vehicle, the Saturn V will also
three stages, the Instrument Unit (IU), and the engines withstand a peak overpressure of 0.4 psi.
accomplished by separate contractors under the direction of
MSFC. 4. To more smoothly control engine ignition, thrust

buildup and liftoff of the vehicle, restraining arms
This design/manufacturing approach required the provide support and holddown at four points around s-_
development of production plans and controls, and of the base of the S-IC stage. A gradual controlled
transportation and handling systems capable of handling the release is accomplished during the first six inches of
massive sections, vertical motion.

The assembly, checkout, and launch of the vehicle required RELIABILITY AND QUALITY ASSURANCE
the development of an extensive industrial complex at KSC.
Some of the basic ground rules which resulted in the KSC The Apollo Program Office, MA, has the overall
complex described in Section VIII are: responsibility for development and implementation of the

Apollo reliability and quality assurance (R & QA) program.

I. The vehicle will be assembled and checked out in a NASA Centers are responsible for identifying and establishing

protected environment before being moved to the R & QA requirements, and for implementing an R & QA
launch site. program to the extent necessary to assure the satisfactory

performance of the hardware for which they are responsible.

2. A final checkout will be performed at the launch site The Apollo R & QA program is defined by the Apollo
prior to launch. Program Development Plan, M-D MA 500 and Apollo R &

QA Program Plan, NHB 5300-1A.

3. Once the assembly is complete, the vehicle will be
transported in the erect position without Crew safety and mission success are the main elements
disconnecting the umbilicals, around which the R & QA program is built. The primary

criterion governing the design of the Apollo system is that of

4. Automatic checkout equipment will be required, achieving mission success without unacceptable risk of life or
permanent physical disablement of the crew.

5. The control center and checkout equipment will be
located away from the launch area. It is Apollo program policy to use all currently applicable

methods to ensure the reliability and quality of the
LAUNCH REQUIREMENTS Apollo/Saturn system. Some of these methods are discussed

in subsequent paragraphs.

Some of the launch requirements which have developed from
the application of these ground rules are: Analysis of Mission Profiles

I. Several days prior to the actual launch time, the The mission profile is analyzed to determine the type and

1-2
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scope of demands made on equipment and flight crew during requirements, and to satisfy stage protection requirements.
each phase of the mission. This has resulted in the
incorporation of design features which will enable the flight Long distance water transportation for the Saturn V stages is
crew to detect and react effectively to abnormal by converted Navy barges and landing ship dock type ocean

/'-" circumstances. This permits the flight crew to abort safely if vessels. Tie-down systems provide restraint during transit.
the condition is dangerous or to continue the normal mission Ocean vessels are capable of ballasting to mate with barges
in an aRernate mode if crew safety is not involved but and dock facilities for roll-on/roll-off loading. Docks are

equipment is not operating properly, located at MSFC, KSC, Michoud, MTF, and Seal Beach,
California (near Los Angeles).

Failure Effects and Criticality Analyses
Air transportation is effected by use of a modified Boeing

The modes of failure for every critical component of each B-377 (Super Guppy) aircraft. This system provides quick
system are identified. The effect of each failure mode on the reaction time for suitable cargo requiring transcontinental
operation of the system is analyzed, and those parts shipments. For ease in loading and unloading the aircraft,
contributing most to unreliability are identified. These compatible ground support lift trailers are utilized.
analyses have resulted in the identification of mission
compromising, single-point failures, and have aided in the A Saturn transportation summary is presented in figure 1-2.
determination of redundancy requirements and/or design
changes. LAUNCH VEHICLE DESCRIPTION

Design Reviews GENERAL ARRANGEMENT

A systematic design review of every part, component, The Saturn V/Apollo general configuration is illustrated in
subsystem, and system has been performed using figure 1-3. Also included are tables of engine data, gross
comprehensive check lists, failure effects analysis, criticality vehicle dimensions and weights, ullage and retrorocket data,
ratings, and reliability predictions. These techniques have and stage contractors.
enabled the designer to review the design approach for
problems not uncovered in previous analyses. In the R & QA
area, the preliminary design review (PDR) and critical design INTERSTAGE DATA FLOW
review (CDR) required by the Apollo Program Directive No.
6representsspecializedapplieation of thisdiscipline. In order for the Saturn V launch vehicle and Apollo

spacecraft to accomplish their objectives, a continuous flow
VEHICLE DEVELOPMENT FLOW of data is necessary throughout the vehicle. Data flow is in

both directions: from spacecraft to stages,and from stagesto

Principal milestones in the hardware and mission phases of the spacecraft. The IU serves as a central data processor, and
/-" the Apollo program are shown in figure i-1. nearly all data flows through the IU.

Certification and Review Schedules Specific data has been categorized and tabulated to reflect, in
figure 1-4, the type of data generated, its source and its flow.

Certificates of Flight Worthiness (COFW) function as a Each stage interface also includes a confidence loop, wired in
certification and review instrument. A COFW is generated for series through interstage electrical connectors, which assures
each major piece of flight hardware. The certificate originates the Launch Vehicle Digital Computer (LVDC) in the IU that
at the manufacturing facility, and is shipped with the these connectors are mated satisfactorily.
hardware wherever it goes to provide a time phased historical
record of the item's test results, modifications, failures, and RANGE SAFETY AND INSTRUMENTATION
repairs.

The program managers pre-flight review (PMPFR) and the GENERAL
program directors flight readiness review (PDFRR) provide a
final assessment of launch vehicle, spacecraft, and launch In view of the hazards inherent in missile/space vehicle
facility readiness at the launch site. During the f'mal reviews, programs, certain stringent safety requirements have been
the decision is made as to when deployment of the world established for the Air Force Eastern Test Range (AFETR).
wide mission support forces should begin. Figure 1-5 illustrates the launch azimuth limits and destruct

azimuth limits for the Atlantic Missile Range (AMR).

TRANSPORTATION
Prime responsibility and authority for overall range safety is

The Saturn stage transportation system provides reliable and vested in the Commander, AFETR, Patrick AFB, Florida.
economical transportation for stages and special payloads However, under a joint agreement between DOD and NASA,
between manufacturing areas, test areas and KSC. The ground safety within the confines of the Kennedy Space
various modes of transportation encompass land, water, and Center will be managed by NASA.
air routes.

To minimize the inherent hazards of the Saturn/Apollo

Each stage in the Saturn V system requires a specially program, a number of safety plans have been developed and
designed transporter for accomplishing short distance land implemented in accordance with AFETR regulations.
moves at manufacturing, test, and launch facilities. These
transporters have been designed to be compatible with These plans cover all phases of the Saturn/Apollo program
manufacturing areas, dock facility roll-on/roll-off from design, through launch of the vehicle, into orbit.

1-3
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Figure 1-2

To enhance the development and implementation of the 4. High Pressure Systems. This package includes types
range safety program, two general safety categories have been of gases, vehicle storage locations, pressures, and
established: ground safety and flight safety, hazards.

GROUND SAFETY 5. Special Precautionary Procedures. This package
covers possible unsafe conditions, and includes

The ground safety program includes a ground safety plan lightning safeguards, use of complex test equipment,
which calls for the development of safety packages. The and radiological testing.
major categories covered by these packages are:

Also included under ground safety are provisions for launch
1. Vehicle Destruct System. This package includes a area surveillance during launch activities. Surveillance

system description, circuit descriptions, schematics, methods include helicopters, search radars, and range security
ordnance system description, specifications, RF personnel. Automatic plotting boards keep the range safety
system description, installation, and checkout officer (RSO) informed of any intrusion into the launch
procedures, danger zones by boats or aircraft.

2. Ordnance Devices. This package includes descriptive To further assist the RSO in monitoring launch safety, a
information on chemical composition and considerable amount of ground instrumentation is used. A
characteristics, mechanical and electrical vertical-wire sky screen provides a visual reference used
specifications and drawings, and electrical bridgewire during the initial phase of the launch to monitor vehicle
data. attitude and position. Television systems photographing the

launch vehicle from different angles also provide visual

3. Propellants. This package includes descriptive data reference. Pulsed and CW tracking radars and real time
on chemical composition, quantities of each type, telemetry data provide an electronic sky screen, which
locations in the vehicle, handling procedures, and displays on automatic plotting boards, and charts the critical
hazards, flighttrajectoryparameters.
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SATURN LAIJNCHVEHICLE

SOLID ULLAGE ROCKETAND RETROROCKETSUI_ARY

STAGE TYPE QUANTITY NOMINAL THRUST PROPELLANTGRAIN
AND DURATION WEIGHT

S-IC RETROROCKET 8 75,800 POUNDS* 278.0 POUNDS
0.541SECONDS t

ULLAGE 4 23,000 POUNDSt 336.0 POUNDS
S-II 3.75 SECONDS

RETROROCKET 4 34,810 POUNDSt 268.2 POUNDS
1.52 SECONDS IU

S-IVB ULLAGE 2 3,390 POUNDSt 58.8 POUNDS

3.87 SECONDS S-IVB
STAGE

ENGINE DATA

ENGINE NOMINALTHRUST BURN
STAGE QTY MODEL EACH TOTAL TIME

S-IC 5 F-l 1,522,000 7,610,000 150.7SEC 363 FEET

S-If
S-II 5 J-2 228,000 1,140,000 367 SEC STAGE

S-IVB 1 J-2 203,000 203,000 156 & 336
SEC

STAGE DIMENSIONS STAGE WEIGHTS

DIAMETER LENGTH DRY AT LAUNCH

S-IC Base 63.0 FEET 138 FEET 305,100 4,792,200
(includingfins) POUNDS POUNDS S-IC

S-lC Mid-stage 33.0 FEET STAGE

S-II Stage 33.0 FEET 81.5 FEET 88,400 1,034,900
POUNDS POUNDS

S-IVB Stage 21.7 FEET 59.3 FEET 33,142 262,300
POUNDS POUNDS

InstrumentUnit 21.7 FEET 3.0 FEET 4,873 4,873
POUNDS POUNDS

PRE-LAUNCHLAUNCH VEHICLE
SATURN V STAGE MANUFACTURERS GROSS WEIGHT_6,094,0/3

STAGE MANUFACTURER POUNDS

S-IC THE BOEING COMPANY

* MINIMUM VACUUM THRUST AT 12O°F
S-II NORTH AMERICAN-ROCKWELL

t AT 170,000FT. AND 70°F

S-IVB McDONNELL - DOUGLAS CORP. _ NOMINAL VACUUM THRUST AT 60°F

S-IU INTERNATIONAL BUSINESS MACHINE CORP.

NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

Figure 1_
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STAGEELECTRICALINTERFACEFLOW SPACECRAFT TO IU

+28 VDC TO EDS
' LV ENGINES CUTOFF TO EDS

ATTITUDE ERROR SIGNAL
Q-BALL PITCH AND YAW

TO SPACECRAFT S-IVB ENGINE CUTOFF
AGC COI4MAJ_DPOWER

EDS LIFTOFF S-IVB IGNITION SEQUENCE
EDSAUTOABORT START
+28VDCFOREDS AUTOABORTDEACTIVATE
+28 VDC FOR Q BALL INITIATE S-II/S-IVB
S-IVB ULLAGE THRUST OK SEPAI_TION
GUIDANCE REFERENCE RELEASE SPACECRAFT CONTROL
AGCLIFTOFF DISCRETE
Q BALLTEMPERATURESENSING TRANSLUNARINJECTION
S-II AND S-IVB FUEL TANK INHIBIT

PRESSURE _)

LV ATTITUDE REFERENCE _ = MANUALLY INITIATED
FAILURE _)

LV RATEEXCESSIVE
EDSABORTREQUEST (_
S-II START/SEPARATION (_) _tvB TO tU
STAGEENGINESOUT

+28 VDC FOR TIMING
= VISUALLYDISPLAYED SWITCHSELECTORADDRESS

VERIFICATION
ENGINE ACTUATOR POSITIONS
ATTITUDE CONTROL RATE GYROS

SIGNALS
ATTITUDE CONTROL A_CELEROMETER

SIGNALS
LOX TANK PRESSURE

S-IITO_IVB FUEL TANK PRESSURE
RSCR & PD EBW FIRING UNIT

+28VDCFORRETRO-ROCKET AlUMANDENGINECUTOFFON
PRESSURETRANSDUCER ENGINETHRUSTOK

S-IVBENGINESTARTENABLE TELEMETRYSIGNALS
S-If

_11 TO IU

ENGINE ACTUATOR POSITIONS
+28VDC FOR TIMING

IU TO STAGES S-IC STAGESEPARATED
AFT INTERSTAGESEPARATED

STAGEENGINE ACTUATORCOMMANDS S-II STAGESEPARATED
STAGEENGINE ACTUATORMEASURING S-II ENGINE OUT

VOLTAGES S-II PROPELLANTDEPLETION
+28 VDCFORSWITCHINGAND SWITCHSELECTORVERIFYTIMING
STAGESWITCHSELECTORSIGNALS S-IC FUELTANK PRESSURE

ENGINE THRUST OK
(VERIFY, COMMAND, ADDRESS,
READ, RESET, ENABLE) LOX TANK PRESSURE

STAGE EDS COMMAND ENGINES OFF
S-IVB ATTITUDE CONTROL SYSTEM
COMMANDS S.IC TO IU

TELEMETRY CLOCK AND SYNC.

ATTITUDE CONTROL ACCELEROMETER
SIGNALS

ATTITUDE CONTROL RATE GYRO
SIGNALS

+28 VDC FOR TIMING
ENGINES OUT
OUTBOARD ENGINE CUTOFF
S-II ENGINES START ENABLE
SWITCH SELECTOR ADDRESS

VERIFY
S-IC THRUST OK

Figure 1-4
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In the event that the launch vehicle deviates from its planned sequence. The second command from the RSO is for
trajectory, to the degree that it will endanger life or property, propellant dispersion, and explosively opens all propellant
the RSO must command destruct by means of the range tanks.

_- safety command system. The range safety system is active
until the vehicle has achieved earth orbit, after which the Each powered stage of the launch vehicle is equipped with
destruct system is deactivated (safed) by command from the dual redundant command destruct antennae, receivers,
ground, decoders, and ordnance to ensure positive reaction to the

destruct commands. To augment flight crew safety, the EDS
FLIGHT SAFETY monitors critical flight parameters. Section 111 provides a

more detailed discussionof the EDS.
Flight safety planning began during the conceptual phasesof
the program. One of the requirements of the range safety LV MONITORING AND CONTROL
program is that, during these early phases, basic flight plans

be outlined and discussedand, prior to launch, a final flight All major LV sequencesand conditions can be monitored by
plan he submitted and approved. As the program develops, the flight crew in the Command Module (CM). Normally the
the flight planning is modified to meet mission requirements. LV sequencing is accomplished and controlled automatically
The flight plan is f'malized as soon as mission requirements by the LVDC in the IU. There are, however, switches and
become firm. controls in the CM with which the flight crew can assume

partial control of the LV and initiate such sequences as
In addition to the normal trajectory data given in the flight engine cutoff, early staging, LVDC update, and translunar
plan, other trajectory data is required by the AFETR. This injection inhibit. A simplified functional diagram (figure I-6)
data def'mes the limits of normality, maximum turning illustrates the relationships between CM lights and switches
capability of the vehicle velocity vector, instant impact point and the LV systems. Many of the lights and switches
data, drag data for expended stages and for pieces resulting discussed briefly in subsequent paragraphs are related to the
from destruct action, and location and dispersion EDS and are discussed in more detail in Section I11. Refer to
characteristics of impacting stages. Section Ili also for an illustration of the CM Main Display

Console (MDC).
In the event the RSO is required to command destruct the
launch vehicle, he will do so by manually initiating two MONITORING
separate command messages. These messages are transmitted
to the launch vehicle over a UHF radio link. The first message LV Engine Status Display
shuts off propellant flow and results in all engines off. As the
loss of thrust is monitored by the EDS, the ABORT light is The LV engine status display (S-51, figure 3-1) consists of
turned on in the Command Module (CM). Upon monitoring a five numbered lights. Each of these numbered lights
second abort cue, the flight crew will initiate the abort represents the respective numbered engine on the operating

LV MONITORINGANDCONTROL

f-.
Figure I-6
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stage. (e.g., light number one represents engine number one when SolI second plane separation occurs. Its second function
on the S-IC, S-II, or S-IVB stage; light number two represents occurs later in the mission and is to indicate, by cycling the
engine number two on the S-IC, or S-II stage ;etc.), light on and off, the status of the S-IVB restart sequence.

Refer to S-I1 SEP light paragraph in Section III for further ._
These lights are controlled by switching logic in the IU. The discussion.
switching logic monitors THRUST OK pressure switches on
each engine of the operating stage and also staging and timing LV GUID Light
discretes from the LVDC. Figure 1-7 presents a summary of
engine status display lights operation and timing. The LV GUIDE light (Q-52, figure 3-1) indicates that the IU

navigation system stable platform (ST-124-M3) has failed.
LV RATE Light The light will remain illuminated as long as the failed

condition exists. Refer to LV GUID light paragraph in
The LV RATE light (Q-50, figure 3-1) is illuminated any time Section IIl for further discussion.
the LV experiences an excessive pitch, roll, or yaw rate. The
light remains energized as long as the excessive rate condition ABORT Light
exists. Excessive rates are sensed by the EDS rate gyros in the
IU. Refer to LV RATE light paragraph in Section III, and The ABORT light (N-51, figure 3-1) can be illuminated by
EDS paragraph in Section VII for further discussion, command from the ground or by the EDS circuitry.

However, certain EDS circuits are inhibited during the initial
S-II SEP Light phases of the launch sequence. S-ICmultiple engine cutoff is

inhibited for 14 seconds after liftoff and multiple engine
The S-11SEP light (Q-51, figure 3-1) serves a dual purpose. Its cutoff automatic abort is inhibited for 30 seconds after
first function is to illuminate when the S-II start command is liftoff. Refer to ABORT light paragraph of Section III for
issued and then extinguish approximately 30 seconds later further discussion.

NORMAL LV ENGINE STATUS DISPLAY LIGHTS OPERATION

ENGINESSTART THRUSTOK ENGINESOFF - STAGE
DISPLAY

STAGE COI_MAND LOSSOFTHRUST SEPARATION
LIGHT (LIGHTSON) (LIGHTSOFF) (LIGHTSON) (LIGHTSOFF)

NO.l FIRSTPLANE
S-IC Tl - 08.9 SEC TI - 0].5 SEC START T3 T3 + 00.7 SEC

S-II T3 + 01.4 SEC T3 + 05.9 SEC START T4 T4 + 00.8 SEC

IST COASTMODE

BURN T4+ 01.0SEC T4 + 05.8SEC STARTT5 LIGHTSOFFAT
S-IVB T5+00.7SEC

2ND LAUNCHVEHICLE
BURN T6 + 9 MIN 30 SEC T6 + 9 MIN 40.6SEC STARTT7 FROM SPACECRAFT
S-IVB (I'BD)

NO.2 S-IC * * * *
S-II * * * *

S-IC * * * *

NO.3 S-II * * * *

S-IC * * * *
NO. 4

S-II * * * *

S-IC * * STARTT2 *

NO. 5 S-II * * * *

* SAME AS LIGHT NUMBER l FOR SAME STAGE
(TBD) TO BE DETERMINED
T-TIMES ARE TIME BASE TIMES. REFER TO SECTION VII FOR TIME BASE DEFINITIONS AND TO
SECTION II FOR RELATED FLIGHT TIMES

Figure 1-7
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GENERAL DESCRI]qlON MSFC-MAN-503

LIFTOFF - NO AUTO ABORT Lights effective for this purpose from T 3 + 1.4 seconds up to the
start of T4. This switch is also used to manually initiate

The LIFTOFF - NO AUTO ABORT lights (V-50, figure 3-1) cutoff of the S-IVB by placing the switch in the LV STAGE

f-_ arc two independent lights in an integral light/switch position. It is effective for this purpose from T4 + 1.4
assembly. The LIFTOFF light is illuminated to indicate IU seconds up to the S-1VB final cutoff. If the switch is used to
umbilical disconnect and LV release command. The initiate staging it must be reset to OFF in order that it can be
LIFTOFF light is turned off at S-IC CECO. The NO AUTO used later for S-IVB cutoff.
ABORT light is also turned on at IU umbilical disconnect and
remains on to indicate no auto abort capability during the XLUNAR Switch
early phase of $4C burn. The NO AUTO ABORT light
should go off to indicate the auto abort inhibit timers have Normal position of the XLUNAR switch (X-62, f_gure 3-1) is
run out. Refer to LIFTOFF - NO AUTO ABORT paragraph INJECT. In this position the LVDC will sequence the S-IVB
of Section Ill for additional coverage, systems through the steps necessary to accomplish a restart

and inject the spacecraft into the mission trajectory. The
LV TANK PRESS Gauges XLUNAR switch can be used during certain periods of time

to inhibit restart of the S-IVB. This translunar injection
The LV TANK PRESS Gauges (X-46, figure 3-1) indicate inhibit (TL1) is a temporary action the first time it is used
ullage pressures in the S-I1 and S-IVB oxidizer tank. Prior to but if a second injection opportunity is inhibited it becomes
S-II/S-IVB separation the two left-hand pointers indicate the final and no restart of the S-1VB can be subsequently
pressure in the S-II fuel tank. Subsequent to S-II/S4VB accomplished. Timing of these options is under control of the
separation these same two pointers indicate S-IVB oxidizer LVDC and is as follows:
pressure. The two right-hand pointers indicate S-IVB fuel
tank pressureuntil LV/spacecraftseparation. 1. If the XLUNAR switch is placed in the SAFE

position prior to the start of T6 the LVDC will
CONTROL accept the signal upon starting T6 and inlu"oit the

restart sequence.
Through the use of switches and hand controls the flight
crew can assume partial control of the LV during certain 2. If the XLUNAR switch is placed in the SAFE
periods of flight, position after T6 is started, but prior to T6 + 41.0

seconds, the LVDC will accept the signal at T6 +
TRANSLATIONAL CONTROLLER 41.0 seconds and inhibit O2H2 burner ignition and

the remainder of the restart sequence.
The TRANSLATIONAL CONTROLLER (not shown in
figure 3-1) can be used to accomplish several functions. A 3. If the XLUNAR switch is placed in the SAFE

manual abort sequence is initiated when the T-handle is position after O2H2 burner ignition fr6 + 41.3
rotated counter-clockwise and held in that position for at seconds), but before T6 + 5 minutes 41.3 seconds,
least 3 seconds. Returning the T-handle to neutral before the the LVDC will accept the signal at T6 + 5 minutes
3 seconds expires results only in an engine cutoff signal 41.3 seconds and inhibit ambient repressurization.
rather than a full abort sequence. Clockwise rotation of the

T-handle transfers control of the spacecraft from the CMC to 4. If the XLUNAR switch is placed in the SAFE
the stability control system. The T-handle can also provide position after ambient repressurization ( T6 + 8
translation control of the CSM along one or more axes. Refer minutes 17.3 seconds), but before TLI commit at
to TRANSLATIONAL CONTROLLER paragraph in Section
III for additional discussion. T6 + 9 minutes 20 seconds, the LVDC will accept

the signal within two seconds and inhibit S-IVB

GUI DANCE Switch ignition.

The normal position of the GUIDANCE switch (X-58, figure 5. If the XLUNAR switch is placed in the SAFE
3-1) is IU. In this position guidance of the LV is controlled position after TLI commit the LVDC will not accept
by the program in the LVDC. Placing the GUIDANCE switch the signal and SqVB restart will occur.
in the CIVIC position is effective only during time base 5
(T 5), the first portion of the coast mode. At all other times Refer to OPERATION SEQUENCE paragraph of section VII
the switch function is blocked by the program in the LVDC. for definition of time bases.
When placed in the CMC position, during T 5 , the CMC will
generate attitude error signals for the launch vehicle flight UP TLM-IU Switch
control computer. Inputs from the hand controller modulate
these attitude error signals. If the switch is in the CMC Normal position of the UP TLM-IU switch (not shown in
position when T 6 begins, control of the launch vehicle is figure 3-1) is BLOCK. The switch will be in BLOCK all
returned to the LVDC automatically. This precludes a restart through boost flight. After injection into waiting orbit the
of the S-IVB with an incorrect launch vehicle attitude, switch may be moved to the ACCEPT position to allow

command data to enter the onboard computers. Command
S-II/S-IVBSwitch up-data from ground control can be for up-dating the

guidance program, commanding a telemetry routine, or for
The S-II/S-IVB switch (X-60, figure 3-1) is a dual function several other purposes. Refer to COMMAND
switch. Its normal position is OFF. It is used to manually COMMUNICATIONS SYSTEMS paragraph in Section VII
initiate the staging sequence of the S-II from the S4VB by and the COMMAND SYSTEM paragraph in Section IX for
placing the switch in the LV STAGE position. The switch is additional discussion.

l-ll



MSFC-MAN-503 GENERAL DESCRIPTION

ABORT SYSTEM - LV RATES Switch and pumps relative to the fluid in the ducts, produced lagging
fluctuations of engine thrust. Space vehicle instability

The normal position of the LV RATES switch (R:63, figure resulted from a tuning of the propulsion and vehicle
3-1) is AUTO. In this position the EDS rate gyros in the IU structural systems. The onset and eventual cessation of the
monitor vehicle rates in all three axes and send rate signals to instability were caused by the change in the propulsive
the EDS and LVDC. The flight crew can inhibit an EDS
automatic abort due to excessive rates by placing the switch system and vehicle resonant frequencies with time.

in the OFF position. The AS-502 space vehicle instability occurred during the
latter part of the S-IC burn period. The buildup of

ABORT SYSTEM - 2 ENG OUT Switch longitudinal amplitudes started at about T + t 10 seconds,
reached a peak at about T + 126 seconds, and decayed to a

The normal position of the 2 ENG OUT switch (R-60, figure negligible level by T + 140 seconds. The buildup was
3-1) is AUTO. In this position the EDS will initiate an determined to be a result of the coalescence of the first
automatic abort when it monitors a two engine out longitudinal frequency of the vehicle with the first lox line
condition. The flight crew can inhibit an automatic abort due frequency (see figure 1-9).
to a two engine out condition by placing the switch in the
OFF position. A stability analysisof the AS-503 S-ICstage flight indicated

that the AS-503 space vehicle (without POGO suppression
modification) would be unstable from approximately T + 90

PERCEPTIBLE PRELAUNCH EVENTS seconds to center engine cutoff.

Prelaunch events which occur subsequent to astronaut ACCEPTABILITY CRITERIA
loading (T-3 hours 40 minutes), and which may be felt or
heard by the flight crew inside the spacecraft, are identified
in figure 1-8. Other events, not shown, combine to create a Criteria were established to evaluate the acceptability of the
relatively low and constant background. This background proposed solutions to the POGO phenomenon. The proposed
noise includes the sounds of environmental control, solutions were required to meet the criteria listed below:
propellant replenishment, control pressure gas supplies,
propellant boiloff and low pressure, low volume purges. 1. Pass a preliminary screening as a technically effective

solution without major modifications or schedule

Significant noises and vibrations may be caused by the impact on AS-503.
starting or stopping of an operation or they may result from
turbulent flow of gases or liquids. Figure 1-8 illustrates those 2. Provide acceptable gain margins and phase margins
events most likely to be heard of or felt above the for allmodes under nominal/tolerance-conditions. -'_
background noise or vibration.

3. Provide system reliability to include system
Nearly all items shown in figure 1-8 are noise producers and
each will have individual characteristics resulting from such criticality, single point failures, and fail safe
things as proximity, volume, and timing. For example, potential.
pressurizing the supply spheres in the IU will be more
noticeable than pressurizing the supply and purge spheres on 4. Have no adverse impact on other space vehicle
the S-IC. Yet with both items starting at the same time, each systems.

sound will add to the other to make the total sound. When 5. Use flight qualified hardware.
pressurization of the IU supply sphere ends at T-31 minutes,

it is likely that the sound of the pressurization of the S-IC 6. Have retrofit capability without schedule slippage.
supply and purge will blend with the cold helium sphere
pressurization sound and be indiscernible as such in the CM. 7. Have no adverse impact on crew safety and
In this manner, the sounds of the remainder of the items operational or program requirements.
illustrated will rise and fall, join and separate, to form the
sound of the Saturn V. At approximately T-6.1 seconds all 8. Increase confidence by tests and analyses.
sounds are hidden by the ignition of the engines on the S-IC.

SOLUTIONS CONSIDERED
POGO

Ten possible solutions were initially identified by the POGO
One of the major anomalies of the AS-502 flight of April 4, working group. For each possible solution (listed in figure
1968, was the POGO phenomenon. This phenomenon 1-10) a preliminary screening was made to determine the
produced an undesirable longitudinal oscillation in the space technical effectiveness, degree of modification required, and
vehicle caused by a regenerative feedback of vehicle motion schedule impact. The screening showed that only two of the
to the propellant feed system. A thrust oscillation buildup, possible solutions were acceptable for detailed testing and/or
along with a structural response buildup, resulted from a analytical treatment. These two solutions were the
closed loop dynamic effect involving the coupling of the helium-charged lox prevalve accumulator and the helium
longitudinal vibration of the vehicle structure, the fluid injection at the top of the lox suction line (solutions 1 and 2
vibration in the propellant ducts, and the hydraulic on figure 1-10). A complete evaluation of each solution was
characteristics of the engine. Pressure fluctuations at the not performed since evaluation of a proposed solution ceased
pump inlets, caused by movement of the propellant ducts whenever a "No" result was obtained for any criterion.
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GENERALDESERIP_ON MSFC-MAN-503

ANALYSIS AND TESTING solutioncandidates.With either of the proposedsolutionsthe
performance loss was negligible, main chamber and gas
generator combusionwas stable,and the thrift decay was

A comprehensivetestingprogramwasconductedto provide not affected.
_" the necessary data to verify the analytical model, to

demonstrate the capability of the proposed solution, and to The use of helium-charged lox prevalves as accumulators
assure solution compatibility with the propulsion system. (surge chambers) in each of the five propellant feed systems
The program included evaluation of propulsion system was selected as the POGO solution. (See section IV under
dynamics, definition of the operating modes, and extensive POGO Suppression for system description.) The selected
static test fuings, solution was considered to be superior to the helium

injection solution in seven of twelve factors considered and
The results of the analytical and experimental programs adequate in all twelve factors. This fix has been further
demonstrated the compatibility of both prime POGO verified by the S-IC-6 static firing test.

EVALUATIONOF SOLUTION VERSUS ACCEPTANCE CRITERIA

/ / e X,9 /2 /

#-/.e':/....

/'-" ]. HELIUM CHARGED PREVAJ_VE
ACCUMULATOR YES YES YES YES YES YES YES YES YES FINAl.SOLUTION

2. HELIUM INJECTIONAT TOP ** UNSTABLE IN
OF LOX SUCTION LINE YES YES NO YES YES YES YES YES YES 2ND NODE

3. LOX PREVALVE ACCUMULATOR

CHARGEDWITH GOX YES YES * * * * * * NO GOX CONDENSES

4. LOSSY LOX SUCTION LINE NO * * * * * * * * NEW DESIGN

5. SUCTION LINE RESTRICTION YES NO * * * * * * . EXTENSIVE NEW
ENGINE TESTING

6.HELIUMINJECTIONAT 90IN. SMALLFREQUENCY
POINT OF LOX SUCTION LINE NO * * * * * * * * CHANGE

7. DISCHARGELINE MAJOR
ACCUMULATORS YES NO * * * * * * * MODIFICATION

8. SUCTION LINE MAJOR
ACCUMULATORS YES NO * * * * * * * MODIFICATION

g. GAS INJECTIONAT LOX SMALL FREQ. CHG./
PUMI) INLET NO * * * * * * * * GOX CONDENSES

IO.REDIJCEDLOX TANK

PRESSURE NO * * * * * * * * INEFFECTIVE

* UNDETERMINED ** SYSTEM DOES NOT FAIL SAFE SINCE
THE LOSS OF HELIUM FLOW IN
ANY LINE WOULD TERMINATE ANY
STABILITYGAIN ASSOCIATEDWITH
THAT LINE

Figure l-lO
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MSFC-MAN-503

SECTIONII
PERFORMANCE

TABLE OF CONTENTS operating thrust level. During this period, ullage rockets are
fired to seat the S-il propellant, the S-IC/S-II separation

INTRODUCTION ............................. 2-1 occurs, and the retrorockets back the S-IC stage away from
FL1GHTSEQUENCE ........................... 2-1 the flight vehicle. Threshold for engine status light OFF is
FLIGHT PERFORMANCE ...................... 2-2 65% thrust. The S-II aft interstage and the LET are jettisoned
PROPULSION PERFORMANCE .................. 2-13 30.5 and 36.2 seconds, respectively, after S-IC cutoff.
FLIGHT L OA DS .............................. 2-16

During the S-II burn, two oxidizer-to-fuel mixture ratio (MR)
INTRODUCTION shifts are programmed by the flight software. The MR, 5.0 at

engine start, is shifted to 5.5 at 2.5 seconds after S-II
Saturn V launch vehicle performance characteristics, under mainstage (90% thrust level) and remains at this value until
the constraints established by environment and mission shifted to 4.5 at 4 minutes 40 seconds after mainstage. The
requirements, are described in this section. Mission profile, 4.5 MR yields a reduced thrust at increased specific impulse.
variables, requirements and constraints are described in The S-If engines are cutoff simultaneously by sensors in
Section X. either the lox or LH2 tanks.

FLIGHT SEQUENCE An interval of 6.5 seconds elapses between S-II cutoff and
the time the S-IVB J-2 engine attains 90% operating thrust

The SA-503 vehicle will be launched from Launch Complex level (mainstage). During this coast period, the S-IVB ullage
39 (LC-39) at the Kennedy Space Center. The flight sequence rockets are fired to seat the stage propellant, the S-II/S-IVB
phases described in the following paragraphs cover the separation occurs, and retrorockets back the S-II stage away
AS-503 C Prime basic mission as well as the Option 1 from the flight vehicle. The threshold for engine status light
mission. In those phases generally applicable to both basic OFF is 65% thrust.
and optional missions, significant differences between
missions are noted. A typical sequence of critical launch An MR of 5.0 is programmed for J-2 engine start and entire
vehicle events is contained in figure 2-1. first burn. The S-IVB first burn inserts the vehicle into a 100

nautical mile (NM1) altitude, nearly circular, EPO.
LAUNCH AND BOOST TO EARTH PARKING ORBIT

" CIRCULAR EARTH PARKING ORBIT (BASIC MISSION)
The vehicle rises nearly vertically from the pad, for
approximately 450 feet, to clear the' tower. During this During the first revolution in EPO, the Command and Service
period, a yaw maneuver is executed to provide tower Module (CSM) is separated from the launch vehicle. In earth
clearance in the event of adverse wind conditions, deviation orbit, spacecraft validation operations specified by the
from nominal flight and/or engine failure. (See figure 2-1 for mission are performed, after which the Command Module
start and stop times for this and other maneuvers and (CM) is separated from the Service Module and returned to
events). After clearing the tower, a tilt and roll maneuver is earth.
initiated to achieve the flight attitude and proper orientation
for the selected flight azimuth. For the AS-503 C Prime basic The S-IVB stage with the Instrument Unit (IU) and Lunar
mission the flight azimuth is 72 degrees. For the Option 1 Test Article-B (LTA-B) is restarted during the second
mission the flight azimuth varies between 72 and 108 revolution in EPO (first injection opportunity)for injection
degrees, depending on time and date of launch. From the end into a typical lunar trajectory.
of the tilt maneuver to tilt-arrest, the vehicle flies a pitch
program (biased for winds of the launch month) to provide a CIRCULAR EARTH PARKING ORBIT (OPTION 1
near zero-lift (gravity-turn) trajectory. Tilt-arrest freezes the MISSION)
pitch attitude to dampen out pitch rates prior to S-IC/S-II
separation. The pitch attitude remains constant until At first S-IVB engine cutoff, the 70-pound thrust auxiliary
initiation of the lterative Guidance Mode (IGM) which occurs propulsion system (APS) engines are started and operated for
about five seconds after launch escape tower (LET) jettison approximately 88 seconds. The LH2 continuous vents open
during the S-II stage flight. Figure 2-2 shows the pitch approximately 49 seconds after insertion. This venting
attitude profile from first motion to earth parking orbit provides a continuous low-level thrust to keep the S-IVB
(EPO). Mach 1 is achieved approximately one minute after propellant seated against the aft bulkheads.
first motion. Maximum dynamic pressure of approximately
740 pounds per sqtmre foot is encountered at 1 minute 16 The normal vehicle attitude in parking orbit has Position I
seconds after first motion. S-IC center engine cutoff occurs at pointed toward the center of the earth (astronauts heads are
2 minutes 5.6 seconds after first motion, to limit the vehicle down), the vehicle longitudinal axis in the inerti',d orbital
acceleration to a nominal 3.98 g. The S-IC outboard engines plane and perpendicular to the radius vector..and the nose
are cutoff at 2 minutes 31 seconds after first motion, ahead. A maneuver to the appropriate attitude for landmark

sighting is performed between 45 minutes and 1.5 hours after
A time interval of 4.4 seconds elapses between S-1C cutoff insertion. The maneuver to the sighting attitude consists of a
and the time the J-2 engines of the S-11 stage reach the 90% 180-degree roll, followed by a pitch maneuver, that places
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the vehicle longitudinal body axis 20 degrees below the local predetermined attitude (see figure 10-3, in Section X) and
horizon. This attitude, referenced to the local horizon, is dumping residual propellant through the J-2 engines, to
maintained until the return maneuver to the normal coast obtain a decrease in velocity of approximately 80 feet per
attitude, second (retrograde dmnp). This AV is designed to perturb the

trajectory so that the influence of the moon's gravitational _'
While in EPO, spacecraft and lannch vehicle systems are field increases the velocity of the S-IVB/IU/LTA-B
checked out and verified for translunar injection, sufficiently to place it in solar orbit (see figure 10-2, Section

X). Following the retrograde dump of propellants, the S-IVB
TRANSLUNAR INJECTION BOOST stage is "safed" by dumping the remaining propellants and

high pressure gas bottles through the nonpropulsive vents
The translunar injection boost is part of an ordered flight which are latched open. The slingshot mode will be simulated
sequence that begins at initiation of the preignition sequence, in the basic mission.
The flight computer signals the beginning of the preignition

sequence when it determines that the vehicle position FLIGHT PERFORMANCE
satisfies a predesignated geometrical relationship with the
target vector. At this time the computer resets to Time Base
6. If a transhmar injection inhibit signal from the CM is not The typical flight performance data presented herein are
sensed (not applicable to unmanned TLI of basic mission) the based on launch vehicle operational trajectory studies. These
computer isstles the signals that lead to S-IVB reignition, studies were based on the requirements and constraints
These signals include start helium heater (O2H2 burner), imposed by the AS-503 C Prime Option 1 mission.
close LH2 tank continuous vent valves, ignite APS ullage

engines, restart S-IVB J-2 engine and cutoff ullage engines. FLIGHT PERFORMANCE PARAMETERS

During the preignition sequence, thrust from the continuous
LH 2 vent keeps the propellants seated until O2H2 burner Flight performance parameters for a lunar orbit mission are
ignition. The vent is then closed to enable the burner to presented graphically in figures 2-2 through 2-20. These
pressurize both the lox and LH2 propellant tanks. The burner parameters are shown for nominal cases for the earth parking
is a pressure-fed system and the nominal burner thrust orbit and transiunar injection boost phases. Parameters
magnitude continues to increase as the pressure in the shown include pitch attitude angle, vehicle weight, axial
propellant tanks increases_ The burner is part of a dual force, aerodynamic pressure, longitudinal acceleration,
repressurization system; if the burner fails to operate inertial velocity, altitude, range, angle of attack, aerodynamic
properly, ambient helium is provided to complete tank heating indicator, inertial path angle and inertial heading
repressurization, angle.

For the basic mission, the unmanned S-IVB/IU/LTA-B is FLIGHT PERFORMANCE AND FLIGHT GEOMETRY
placed into a typical lunar transfer trajectory during the RESERVES (OPTION 1 MISSION)
second revolution in EPO (first injection opportunity, Pacific
window). Since the flight azimuth for this mission is fixed at
72 degrees, there is little likelihood that a translunar Required propellant reserves for the AS-503 C Prime Option
trajectory will beachieved. 1 mission arc comprised of two components: Flight

Performance Reserves (FPR) and Flight Geometry Reserves
For the Option 1 mission, the space vehicle at translunar (FGR). The FPR is defined as the root-sum-square (RSS)
injection is placed in a free-return lunar trajectory (see figure combination of negative launch vehicle weight dispersions at
10-2, Section X). The CSM, after separation from the TLI due to 3-sigrna launch vehicle subsystems and
S-]VB/IU/LTA-B, coasts in the free-return trajectory, passing environmental perturbations. The FGR is defined as the
retrograde, about the moon on a return path to earth. During reserve propellant required to guarantee the launch vehicle
the pass around the moon, the choice between returning capability to establish a lunar flyby trajectory at any
directly to earth or deboosting into lunar parking orbit and earth-moon geometry. The total reserves required to provide
completing several revolutions about the moon is made. 99.865% assurance that the launch vehicle will complete its
Following lunar orbit, the CSM boosts out of lunar orbit into primary mission objective is the algebraic sum of the FPR
a transearth trajectory. The CM is separated from the Service and the FGR.
Module during the approach to earth and the CM proceeds
to a Pacific Ocean landing. The FPR for the Option 1 mission is estimated to be 2,390

pounds. The FGR varies with date of launch. For the eight
Two opportunities for translunar injection are provided. For December 1968 launch days, the FGR ranges from 201 to
first injection opportunity, S-IVB ignition occurs after 810pounds.
approximately 1.5 revolutions in EPO (Pacific window). The
second opportunity occurs after 2.5 revolutions in EPO. The nominal payload capability is 95,557 pounds and the

required payload is 87,700 pounds. This leaves a nominal
SLINGSHOT MODE propellant reserve of 7,857 pounds. The difference between

the available propellant reserve and the required propellant

Approximately 20 minutes after transhinar injection, the reserve (FGR plus FPR) is the propellant margin. For
CSM is separated from the launch vehicle. To minimize the payload critical lunar missions, the payload could be
probability of contact between the CSM and the increased by an amount equal to the propellant margin. The
S-IVB/IU/LTA-B, the trajectory of S-IVB/IU/LTA-B is propellant margins for the December 1968 launch days vary
altered by initiating the sliligshot mode. The slingshot mode from +4,657 to +5,266 pounds thus assuring launch vehicle
is achieved by maneuvering the S-IVB/IU/LTA-B to a capability forinjectingtherequired payload.
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CRITICAL EVENT SEQUENCE

TIMEFROM TIMEFROM TIMEFROM TIMEFROM
f'_ FIRSTMOTION REFERENCE FIRST MOTIOI_ REFERENCE

(HR:MIN:SEC) (HR:MIN:SEC) EVENT (HR:MIN:SEC) (HR:MIN:SEC) EVENT

-0:00:17.3 T1-0:00:17.6 GuidanceReferenceRelease 0:12:49.8 T5 + 0:01:28.1 S-IVBAPSUllageEngine
(GRR) No.2Cutoff

0:00:0011 T1- 0:00:00.4 FirstMotion 0:13:01.9 T_i+ 0:01:40.2 BeginOrbitalNavigation
0:00:00.4 T1+ 0:05:00.0 Liftoff
0:00:01.4 T1+ 0:00:[11.1] BeginTowerClearanceYaw 2:41:00.6 T6 + 0:00:0011 BeginS-IVB Restart

Maneuver Preparations

0:00:09.4 T1+ 0:00:09.0 EndYaw Maneuver 2:41:41.6 T6 + 0:00:4111 LVDC Checkfor XLUNAR
0:50:10.0 T ! + 0:00:09.6 PitchandRoll Initiation INJECTSignal
0:00:29.0 T! + 0:00:28.6 EndRollManeuver 2:41:41.9 T6 + 0:00:41.3 02H 2 Burner(Helium
0:01:00.3 T1+ 0:00:59.9 MachI Heater)On
0:01:1611 T1 + 0:01:15.6 MaximumDynamicPressure 2:41:42.8 T6 + 0:00:42.2 LH2 ContinuousVentr

0:02:05.6 T2 + 0:00:0011 S-ICCenterEngineCutoff Closed
0:02:27.0 T2 + 0,:00:21.4 BeginTilt Arrest 2:46:41.9 T6 + 0:05:41_ LVOCCheckfor XLUNAR
0:02:31.0 T3 + 0:03:00.0 S-ICOutboardEngineCutoff INJECT Signal
0:02:31.5 T3 + 0:00:00.5 S-II UllageRocketIgnition 2:49:16.9 T6+ 0:08:16.3 S-IVB ADSUllageEngine
0:02:31.7 T3+0:00:00.7 Signalto SeparutionDevices No. 1 Ignition

andS-ICRetrorocketa 2:49:1711 T6 + 0:08:16.4 S-IVB APSUllageEngine
0:02:31.8 T3 + 0:00:00.8 S-IC/S-II FirstPlane No.2 Ignition

SeparationComplete 2:49:17.9 T6 + 0:08:17.3 AmbientRqxmurizotion
0:02:32.4 T3 + 0:00:01.4 $41 EngineStartSequonce 2:40:21_q T6 + 0:08:21.3 HdiumHeaterOff

Initiated 2:50:20.6 T6 + 0:09:20.0 TronslunerInjectionCommit
0:02:33.4 T3 + 0:00:02.4 $41Ignition(StartTank 2:50:30.6 T6 + 0:09:30.0 S-IVB EngineRestartSequence

DischargeValveOpens) 2:50:33.6 T6 + 0:09:33.0 S-IVB APSUllageEngine
0:02:35.4 T3 + 0:00:04.4 S-II Enginusat 90%Thrust No. 1 Cutoff
0:02:3811 T3 + 0:00:05.0 S-II UllageThrustCutoff 2:50:33.7 T6 + 0:09:33.1 S-IVB APSUllageEngine
0:02:37.9 T3 + 0:00:06,9 S-II FirstM R(5.5)Shift No.2 Cutoff
0:03:01.5 T3 + 0:00:30.5 S-II Aft IntorstageDrop 2:50:38.4 T6 + 0:09:37.8 S-IVB Ignition,___o__ndBurn

(SecondPlaneSeparation) (StartTank DizchergnValve
0:03:07.2 T3+0:00:36.2 LETJettison Opens)
0:03:12.0 T3 + 0:00:40.9 InitiateIGM 2:50:40.9 T6 + 0:05:40.3 8-1VBet 90%Thrmt

_ 0:07:15.4 T3 + 0:04:44.4 841SecondMR(4.5) Shift 2:50:43.4 T6 + 0:03:42.8 S-IVBMR(5.O)Shift

0:07:32.4 T3 + 0:05:01.4 S-II FuelTank 2:55:54.9 T7 + 0:00:00]) S-IVB EngineCutoff, Second
PnmurizationFlowrutoStep Bum

0:08:29.0 T_I+ 0:06:58]) BeginChiFreeze 2:55:55.2 T7 + 0:03:00.3 LH2 ContinuousandNon-
'0:08:40.1 T4 + 0:08:00.0 S-II EngineCutoff propulskmVentsOpen
0:08:40.8 T4 + 0:00:00.7 S-IV8 UllegeIgnitinn 2:55:55.5 T7 + 0:00:00]) Lax NonpropulsiveVent Open
0:08:40.9 T4 + 0:00:00.8 Signalto SeparationDevices 2:56:04.7 T7 + 0:00:05]) TruntionerInjection

andS-II Retrorockets 2:56:14_q T7 + 0:00:20.0 BeginOrbitalGuidance
0:08:41.0 T4 + 0:05:00.9 S-II/S-IVBSeparation 2:57:15.5 T7 + 0:01:30]) Lax NonprupulaklVent

Complete Closed
0:08:41.1 T4+ 0:00:01.0 S-IVB EngineStart Sequence, 2:57:34.9 T7 + 0:01:4011 BeginOrbitalNarration

FirstBurn 3:10:54.9 T7 + 0:15:00.0 LH2 Continuousa_l
0:08:44.1 T4 + 0:03:0411 S-IVB Ignition(StartTank NonpropuhdwVentsClosed

DischargeValveOpens) ManeuverSpaceVehicleto
0:08:46.6 T4 + 0:08:08.5 S-IVBEngineat90%Thrust CSMSeparationAttitude
0:08:47.6 T4 + 0:05:07.5 EndChiFmeze 3:15:54.9 T7 + 0:20:00.0 CSMSepmltion
0:08:48.7 T4 + 0:00:08.6 S-IVBUllageThrust 3:55:54.9 T7 + 1:00:0011 LH2 NonpropulelveVent

Termination Open
0:08:5311 T4+ 0:00:12.9 S-IVRUllageCaseJettison 4:10:54,q T7+ 1:15:08J) LH2 NonpropulsiveVent
0:11:13_0 T_,+ 0:02:32.0 BeginChiFreeze Closed
0:11:21.7 T5 + 0:05:00]) S-IVBVelocity Cutoff, First 4:44:54.9 T7+ 1:49:00.0 ManeuverS-IVB/IUILTA-B to

Burn SlingshotAttitude

0:11:22.0 T5 + 0:50:50.3 S-IVB APSUllageEngine 4:55:54.9 T7 + 2:00:00.0 LH2 ContinuousVent
No.1 Ignition Open

0:! 1:22.1 T5 + 0:00:00.4 S-IVB APSUllageEngineNo. 5:07:54.9 T7 + 2:12:00.0 Start Lax Dumpfor
2 Ignition Slingshot_V

0:11:31.5 T5 + 0:00:09]) Parking0 rbit Insertinn 5:12:54.9 T7 + 2:17:00.0 CompleteLax DumpSequonne
0:11:41.9 T5 + 0:00:20.2 BeginOrbitalGuidance 5:12:58.1 T7 + 2:17:03_ Lax NonprupulsiveVent
0:12:20.7 T5+ 0:03:59.0 LH2 ContinunusVent Open

Open 5:12:58.3 T7 + 2:17._3.4 LH2 NonprupulsiveVont
Open

0:12:49.7 T 5 + 0:01:28.0 S-IVB APS Ullage Engine
No. 1 Cutoff

Figure 2-1
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Figure 2-3
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Figure 2-5
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TYPICALLONG!TUDINALACCELERATIONDURINGBOOST
TO PARKihG
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Figure 2-6
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Figure 2-7
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]6 n I

REPRESENTATIVEOF' I i I

72° FLIGHT AZIMUTH S-II CUTOFF--_ S-IVB CUTOFF _'_
14 I

m ]2 4- V

V_:]0 NG

' STARTIGM_

-_ S-IC CUTOFF7
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Figure 2-10

I I l I
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_o S-ICCENTER---
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_ DYNAMIC /

_" PRESSURE / AHI = AERODYNAMICHEATINGINDICATORq - DYNAMICPRESSURE
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i I I I 1
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l 2 3
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Figure 2-11
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Figure 2-12
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Figure 2-13
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TYPICAL INERTIALPATH ANGLE DURING TLI BOOST
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Figure 2-18
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Figure2-20

f'_ PROPULSIONPERFORMANCE The S-IVB stagethrust profilesfor f'wstandsecondburnsare
shown in figure 2-26. The thrust level for Vast burn is

The typical propulsion performance data presented herein are approximately 203,000 pounds attained with a 5.0 MR. (A
based on flight simulations, stage and engine configuration, predicted thrust level of 230,000 pounds is attainable with a
and static test f'tringdata. 5.5 MR). The S-IVB second burr is started at a 4.5 MR and is

shifted to 5.0 MR 2.5 seconds after 90% thrust is reached.
PROPELLANT LOADING The thrust level for the second burr is approximately

203,000 pounds.
A propellant weight summaryfor eachstageis tabulated in

figures 2-21 through 2-23. The tables break down propellant S-IC STAGEPROPELLANTWEIGHTSUMMARY
use into such categories as usable, unusable, trapped, buildup

and holddown, mainstage, thrust decay, and fuel bias. LOX RP-I

ENGtNE PERFORMANCE (POUNDS) (POUNDS)

Stage thrust versus time history for the three stages are CONSUMEDPROPELLANT 3,099,262 1,328,084
graphically presented in figures 2-24 through 2-26. BUILDUPANDHOLDDOWN 67,011 18,472

MAINSTAGE 3,017,773 l,300,430

The thrust profile for the S-IC stage (figure 2-24) shows the THRUSTDECAY 5,468 3,434
thrust increase from the sea level value of approximately TAILOFF 1,635 415
7,648,000 pounds to approximately 9,160,000 pounds at FUEL BIAS ......... 5,333
center engine cutoff, where the vehicle has attained an PRESSURIZATION 7,375 .........
altitude of approximately 142,500 feet. At center engine
cutoff, vehicle thrust drops to approximately 7,240,000 RESIDUALPROPELLANT 33,499 23,282
pounds. TANKS 2,160 .9,950

SUCTION LINES 28,849 6,449

The S-II stage thrust profile (figure 2-25) is slightly perturbed INTERCONNECTLINES 330 .........
by the aft interstage drop and launch escape tower jettison. A ENGINES 2,160 6,585
significant drop in thrust level is noted at the MR shift from ENGINE CONTROLSYSTEMS ......... 298
5.5 to 4.5, where the thrust drops from 1,140,000 pounds to
900,000 pounds. Thrust is slightly affected subsequent to the TOTAL 3 ,132,761 1,351,366
MR shift by the fuel tank pressurization flowrate step which
increases tank pressurization to maximum. Figure 2-21
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S=II STAGE PROPELLANTWEIGHT SUI_IARY S-IVB STAGE PROPELLANTWEIGHT SUYPIARY

LOX LH2 LOX LH2
(POUNDS)(POUNDS) (POUNDS)(POUNDS)

USABLE PROPELLANT 785,247 150,487 USABLE PROPELLANT ]90,103 38,531
MAINSTAGE 783,487 148,032 USABLE 190,]03 38,I10
BiAS ....... 1,714 (INCLUDESMAINSTAGE
THRUSTBUILDUP 1,573 626 FLIGHTPERFORMANCE
THRUSTDECAY 187 If5 ANDFLIGHTGEOMETRY

RESERVES )

RESIDUALFUEL BIAS ...... 421

UNUSABLE PROPELLANT 8,868 4,174 UNUSABLE PROPELLANT l,057 4,819
TRAPPED: 5,991 2,849 ORBITAL I12 3,467
ENGINE 490 48 *FUEL LEAD ....... 55
LINE 843 186 SUBSYSTEMS l0 302
REClRCULATION 230 IO ENGINETRAPPED I08 IO
INITIALULLAGEMASS 421 ll6 LINES TRAPPED 259 38
TANKANDSUMP 4,007 2,489 TANKUNAVAILABLE 40 685

PRESSURIZATIONGAS 2,877 1,209 *BUILDUPTRANSIENTS 438 212
VENTED ....... ll6 *DECAYTRANSIENTS 90 50

*FOR FIRST AND SECOND BURNS

TOTAL 794,115 154,661 TOTAL 191,160 43,350

Figure2-22 Figure2-23

TYPICALS-IC VEHI,LETHRUSTVS TIMEHISTI,RY

__ CENTERENGINECUTOFF3
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- CUTOFF
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] 2
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F_ure 2-24
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