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. SATURN V FLIGHT MANUAL
8A507
FOREWORD

This manual was prepared to provide the astronaut with a single source reference as to the
¢ characteristics and functions of the SA-507 launch vehicle and AS-507 flight mission. Data on the
e SA-508 and SA-509 launch vehicles and missions is included, however the 15 August 1969
3‘ manusl serves as the baseline manual for these two vehicles. A change to the 15 August 1969

o manual, incorporating the latest released data, will be reiessed for each vehicle, SA-508 and
SA-509, approximately 30 days prior to their respective launch dates.

£ The manual provides general mission and performance data, emergency detection system
information, a description of each stage and the 1U, and a general discussion of ground support
facilities, equipment, and mission control. A bibliography identifies adaiiswnal references if a
more comprehensive study is desired.

Major hardware. associated differences between the Saturn V launch vehicles SA-506 through
SA-509 are annotated in the manual. They are identified by reference numbers in the margin
adjacent to the new information. These reference numbers refer to footnotes which are Jocated at
the end of each section.

This manuai is for information only and is not a control document. If a conflict should be
discovered between the manual and a control document, the control document wilt rule.

Recommended changes or corrections to this manual should be forwarded, in writing, to the
Saturn V Systems Engineering Management Office (PM-SAT-E) MSFC, Attention: Mr. H. P.
Lloyd; or the Crew Safety and Procedures Branch (CF-24), MSC, Attention: Mr. D. K. Warren.

* REVISION NOTE

Manual MSFC-MAN-507, dated 15§ August 1769, was based on the G mission. The information in
this manual describes the vehicle configuration and mission characteristics as defined for the H-1
mission and was prepared from information available approximately thirty days prior to §
“October 1969,

Each page changed to make this revision is identified by a change note at the botiom of the page.

Changes of technical significance are identified on these pages by a black bar in the margin

opposite the change. Nontechnical changes such as recompusition of pages to accommodate new

: information, minor rewrite to clarify meaning and correction of typographical errors are not
o identified by change bars.

Changed © "_)ctober 1969 1TTAY
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SATURN V SYSTEM DESCRIPTION

The Saturn V gystem in its
conceptual development, design, manufacture,
transportation, assembly, test, and launch. The primary
mission of the Saturn V launch vehicle, three-stage-to-escape
- boost launch of an Apotlo Spacecraft, established the basic
corcept. This mission i icludes a suborbital start of the third
stage (S-IVB) engine for final boost into earth orbit and
subsequent reignition to provide sufficient velocity for escape
missions including the lunar missions,

broadest scope includes

LAUNCH VEHICLE DEVELOPMENT

The Saturn launch vehicles are the product of a long
evolutionary process stemming from initial studies in 1957 of
the Redstone and Jupiter missiles. Early conceptual studies
included ouner proven missiles such as Thor and Titan, and
considered payloads ranging from carth orbiting satellites to
manned spacecraft such as Dynasoar, Mercury, Gemini, and
eventually Apollo.

The Saturn V launch vehicle evolved from the carlier Saturn _

vehicles as a result of the decision in 196] to proceed with the
Apollo manned lunar mission. As the Apollo mission
definition became clear, conceptual design studies were
made, considering such parameters as structural dynamics,
staging dynamics, and propuvision dynamics,

Design trade-offs were made in certain areas to optimize the
launch vehicle design, based on mission requirements. The
best combination of design parameters for liquid propellant
vehicles resulted in low accelerations and low dynamic loads.
Reliability, performance and weight were among primary
factors considered in optimizing the design.

Structural design carefully considered the weight factor.
Structural rigidity requirements were dictated largely by two
general  considerations: flight control dynamics and
propellant slosh problems. Gross dimensions (diameter &
length) were dictated generally by propellant tankage size.

As propulsion fequirements  were identified, system
characteristics emerged: thrust levels, burning times,
propellant types and quantitics. From these data, engine
requirements and characteristics were identified, and the
- design and development of the total launch vehicle
continued, centered around the propulsion systems.

Some of the pﬁnclpal design ground rules developed during
the conceptual phase, which were applied in the final design,
are discussed in the following peragraphs.

"

Sefery

Safety criteria are identified by Air Force Eastern Test Range
(AFETR) Sefety Manual 1274 and AFETR Reguiatior. 127-9,

Crew safety considerations required the development of an
Emergency Detection System (EDS) with equipment located
throughout the launch vehicle to detect emergency
conditions as they develop. If an emergency condition is
detected, this system will cither initiate an automatic abort
sequeiice, or display critical data to the flight crew for théir
analysis and reaction. :

Each powered stage is designed with dual redundant rangc
safety equipment which will effect engine cutoff and
propellant dispersion in the event of a launch abort after
liftoff. Engine cutoff results from closing valves and
terminating the flow of fuel and oxidizer. Propellant is
dispersed by detonating finearshaped charges, . thereby
longitudinally opening the propellant tanks.

Stage Seperation

The separation of the launch vehicle stages in (light required
desisn studies involving consideration of many parameters,
such as time of separation, vehicle position, vehicle attitude,

- single or dual plane scparation, and the type, quantity, and

location of ordnance.

VThe launch vehicle Stages separate in flight by explosively

severing a  circumferentias separation joint and firing
retrorocket motors to decelerate the spent stage. Stage
sepanation is initiated when stage thrust decays to a value
equal to or Jess than 10% of rated thrust. A short coast mode
is used to allow separ._ion of the spent stage, and to effect
ullage settling of the successive stage prior to engine ignitior,.

A delayed dual plane sepamation is employed between the
SIC and S-Il stages, while a single plane separation is
adequate between the S-1l and S-IVB stages.

Umbilicals

In the design and placement of vehicie plates, consideration
was given to such things as size, locations, methods of
attachment, release, and retraction.

The number of umbilicals is minimized by the combining of
electrical connectors and pneumatic and propellant couplings
into common umbilical carriers. Location of the umbilicals
depended upon the location of the vehicle plates, which were
limited somewhat by the propellant tanking, plumbing. and
wiring runs inside the vehicle structure. Umbilical disconnect
and retraction systems are redundant for reasons of reliability
and safety.

Electrical Systems

An electrical load analysis of the lsunch vehicle provited the
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incorporation of design features which will enable the flight
crew to detect and react effectively to abnormal
circumstances. This permits the flight crew to abort safely if
the condition is dangerous or to continue the normal mission
in an alternate mode if crew safety is not involved but
equipment is not operating properly.

Failure Effects and Criticality Analyses

The modes of failure for every critical component of each
system are identified. The effect of each failure mode on the
operation of the system is analyzed, and those parts
contributing most to unreliability are identified. These
analyses have resulied in the identification of mission
compromising, single-point failures, and have aided in the
determination of redundancy requirements and/or design
changes.

Design Reviews

A systematic design review of every part, component,
subsystem, and system has been performed using
comprehensive check lists, failure effects analysis, criticality
ratings, and reliability predictions. These techniques have
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
review (CDR) required by the Apollo Program Directive No.
6 represents specialized application of this discipline.

VEHICLE DEVELOPMENT FLOW

Principal milestones in the hardware and mission phases of
the Apollo program are shown in figure I-l.

Certification and Review Schedules

Certificates of Flight Worthiness (COFW) function as a
certification and review instrument. A COFW is generated for
each major piece of flight hardware. The certificate originates
at the manufacturing facility, and is shipped with the
hardware wherever it goes to provide a time phased historical
record of the item’s test results, modifications, failures, and
repairs.

The MSFC flight readiness review (MSFC-FRR), the
countdown demonstration test (CDDT) and the manned
spaceflight-flight readiness review (MSE-FRR) provide
assessments of launch vehicle, spacecraft and launch facility
readiness. During the final reviews, the decision is made as to
when deployment of the world wide mission support forces
should begin.

TRANSPORTATION

The Saturn stage transportation system provides reliable and
economical transportation for stages and special payloads
between manufacturing areas, test areas and KSC. The
various modes of transportation encompass land, water, and
air routes.

Bach stage in the Saturn V system requires a specially
designed transporter for accomplishing short distance land
moves at manufacturing, test, and launch facilities. These
transporters have been designed to be compatible with
manufacturing areas, dock facility roll-on/roll-off
requirements, and to satisfy stage protection requirements.

Long distance water transportation for the Saturn V stages is
by converted Navy barges and landing ship dock type ocean
vessels. Tie-down systems provide restraint during transit.
Ocean vessels are capable of ballasting to mate with barges
and dock facilities for roll-onfroll-off loading. Docks are
located at MSFC, KSC, Michoud, MTF, and Seal Beach,
California (near Los Angeles).

Air transportation is effected by use of a modified Boeing
B-377 (Super Guppy) aircraft. This system provides quick
reaction time for suitable cargo requiring transcontinental
shipments. For ease in loading and unloading the aircraft,
compatible ground support lift trailers are utilized.

A Saturn transportation summary is presented in figure 1-2.
LAUNCH VEHICLE DESCRIPTION
GENERAL ARRANGEMENT

The Saturn V/Apollo general configuration is illustrated in
figure 1-3. Also included are tables of engine data, gross
vehicle,dimensions and weights, ullage and retrorocket data,
and stage contractors.

INTERSTAGE DATA FLOW

In order for the Saturn V launch vehicle and Apollo
spacecraft to accomplish their objectives, a continuous flow
of data is necessary throughout the vehicle. Data flow is in
both directions: from spacecraft to stages, and from stages to
the spacecraft. The IU serves as a central data processor, and
nearly all data flows through the IU.

Specific data has been categorized and tabulated to reflect, in
figure 14, the type of data generated, its source and its flow.
Each stage interface also includes a confidence loop, wired in
series through interstage electrical connectors, which assures
the Launch Vehicle Digital Computer (LVDC) in the 1U that
these connectors are mated satisfactorily.

RANGE SAFETY AND INSTRUMENTATION
GENERAL

In view of the hazards inherent in missile/space vehicle
programs, certain stringent safety requirements have been
established for the Air Force Eastern Test Range (AFETR).
Figure 1-5 illustrates the launch azimuth limits and destruct
azimuth limits for the Atlantic Missile Range (AMR).

Prime responsibility and authority for overall range safety is
vested in the Commander, AFETR, Patrick AFB, Florida.
However, under a joint agreement between DOD and NASA,
ground safety within the confines of the Kennedy Space
Center will be managed by NASA.

To minimize the inherent hazards of the Saturn/Apollo
program, a number of safety plans have been developed and
implemented in accordance with AFETR regulations.

These plans cover all phases of the Saturn/Apollo program
from design, through launch of the vehicle, into orbit.

To enhance the development and implementation of the
range safety program, two general safety categories have been
established : ground safety and flight safety.



GENERAL DESCRIPTION

basic data (voltage, frequency, and power requirements) for
design of the electrical system.

Such factors as reliability, weight limitations, and weight
distributions dictated the requirements to minimize electrical
wiring, yet distribute the electrical loads and power sources
throughout the launch vehicle. Each stage of the vehicle has
its own independent electrical system. No electrical power is
transferred between stages; only control signals are routed
between stages.

Primary flight power is supplied by wet cell batteries in each
stage. The sizes, types, and characteristics are discussed in
subsequent sections of this manual. Where alternating
current, or direct current with a higher voltage than the
batteries is required, inverters and/or converters convert the
battery power to the voltages and frequencies needed.

All stages of the launch vehicle are electrically bonded
together to provide a unipotential structure, and to minimize
current transfer problems in the common side of the power
systems.

MANUFACTURE AND LAUNCH CONCEPTS

The development of the vehicle concept required concurrent
efforts in the areas of design, manufacture, transportation,
assembly, checkout, and launch.

The size and complexity of the vehicle resulted in the
decision to have detail design and manufacture of each of the
three stages, the Instrument Unit (IU), and the engines

accomplished by separate contractors under the direction of
MSEFC.

This design/manufacturing approach required the
development of production plans and controls, and

transportation and handling systems capable of handling the
massive sections.

The assembly, checkout, and launch of the vehicle required
the development of an extensive industrial complex at KSC.
Some of the basic ground rules which resulted in the KSC
complex described in Section VIII are:

1. The vehicle will be assembled and checked out dna
protected environment before being moved to the
launch site.

2. A final checkout will be performed at the launch site
prior to launch.

3. Once the assembly is complete, the vehicie will be
transported in the erect position without
disconnecting the umbilicals.

4. Automatic checkout equipment will be required.

5. The control center and checkout equipment will be
located away from the launch area.

LAUNCH REQUIREMENTS

Some of the launch requirements which have de‘veloped from
the application of these ground rules are:

1. Several days prior to the actual launch time, the

vehicle is moved to the launch area for prelaunch
servicing and checkout. During most of this time, the
vehicle systems are sustained by ground support
equipment. However, at approximately T-350
seconds, power is transferred to the launch vehicle
batteries, and final vehicle systems monitoring is
accomplished.

2. While in the launch area, environmental control
within the Jaunch vehicle is provided by
environmental control systems in the mobile
launcher (ML) and on the pad. The IU also utilizes
an equipment cooling system, in which heat is
removed by circulation of a methanol-water coolant.
During preflight, heat is removed from the coolant
by a Ground Support Equipment (GSE) cooling
system located on the ML. During flight, heat is
removed from the coolant by a water sublimator
system.

3. While in transit between assembly area and launch
area, or while in the launch area for launch
preparations, the assembled launch vehicle must
withstand the natural environment. The launch
vehicle is designed to withstand 99.9% winds during
the strongest wind month, while either free standing
or under transport, with the damper system
attached. In the event of a nearby explosion of a
facility or launch vehicle, the Saturn V will also
withstand a peak overpressure of 0.4 psi.

4. To more smoothly control engine ignition, thrust
buildup and liftoff of the vehicle, restraining arms
provide support and holddown at four points around
the base of the S-IC stage. A gradual controlled
release is accomplished during the first six inches of
vertical motion.

RELIABILITY AND QUALITY ASSURANCE

The Apolio Program Office, MA, has the overall
responsibility for development and implementation of the
Apolio reliability and quality assurance (R & QA) program.
NASA Centers are responsible for identifying and establishing
R & QA requirements and for implementing an R & QA
program to the extent necessary to assure the satisfactory
performance of the hardware for which they are responsible.
The Apollo R & QA program is defined by the Apolio
Program Development Plan, M-D MA 500 and Apolio R &
QA Program Plan, NHB 5300-1A.

Crew safety and mission success are the main elements
around which the R & QA program is built. The primary
criterion governing the design of the Apollo system is that of
achieving mission success without unacceptable risk of life or
permanent physical disablement of the crew.

It is Apollo program policy to use all currently applicable
methods to ensure the reliability and quality of
Apollo/Saturn systems. Some of these methods are discussed
in subsequent paragraphs.

Analysis of Mission Profiles
The mission profile is analyzed to determine the type and

scope of demands made on equipment and flight crew during
each phase of the mission. This has resulted in the
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Figure 1-2

GROUND SAFETY

The ground safety program includes a ground safety plan
which calls for the development of safety packages. The
major categories covered by these packages are:

1. Vehicle Destruct System. This package includes a
system description, circuit descriptions, schematics,
ordnance system description, specifications, RF
system description, installation, and checkout
procedures,.

2. Ordnance Devices. This package includes descriptive
information on chemical composition and
characteristics, mechanical  and  electrical
specifications and drawings, and electrical bridgewire
data.

3. Propellants. This package includes descriptive data
on chemical composition, quantities of each type,
locations in the vehicle, handling procedures, and
hazards.

4. High Pressure Systems. This package includes. types
of gases, vehicle storage locations, pressures, and
hazards.

!

S. Special Precautionary Procedures. This package
covers possible unsafe conditions and includes
lightning safeguards, use of complex test equipment,
and radiological testing.

Also included under ground safety arc provisions for iaunch
area surveillance during launc: activities. Surveillance
methods include helicopters, search radars, and range security
personnel. Automatic plotting boards keep the range safety
officer (RSO) informea of any intrusion into the launch
danger zones by boats or aircraft.

To further assist the RSO in monitoring iaunch safety,
considerable amount of ground instrunientation is used. A
vertical-wire sky screen provides a visual reference used
during the initial phase of the launch to menitor vehicle
attitude ard position. Television systems photographing the
launch vehicle from different angles also provade visua!
reference. Pulsed and (W tracking radars and read time
telemetry  data provide an clectronic sky screen, winch
displays on automatic Plotting boards, and chasts the critseal
ignt trajectory parameters,

In the event that the Baunch vetuche deviates, trom s phemed
trajectory | to the Jdegree that 1t wal enmdaneer e o propern
the RSO must commund destruct by riweans ot e g
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SOLID ULLAGE ROCKET AND RETROROCKET SUPPMRY
STAGE TYPE QUANTITY | NOMINAL THRUST | PROPELLANT GRAIN!
AND OURATION WEIGHT
S-1C | RETROROCKET 8 75,800 POUNDS - | 278.0 POUNDS
0.541 SECONDS
ULLAGE 4 23,000 POUNDS ! | 336.0 POUNDS
$-11 3.75  SECONDS '
RETROROCKET 4 34,810 POUNDS ¢ | 258.2 POUNDS
1.52  SECCHOS
S-Iv8 | mLAGE 2 3,390 POUNDS ** | 58,8 POUNCS
3.87 SECONDS :
ENGINE DATA
ENGINE] 11
STAGE | QTv | MoDEL I EAcH OTAC | (wimutES)
s-1¢C 5 F-1 1,530,000 ; 7,650,000n] 2.8
S-11 5 J-2 230,000 | 1,150,000 6.1
s-tv8 | 1 J-2 207,000 207,600 | IST 2.4
20 5.6
STAGE DiMENSIONS STAGE WEIGHTS
i DIAMETER |LENGTH DRY | AT LANOH
S-1C Base 63.0 FEET {138 FEET | 288,650 | 5,022,262
{including fins) POUNDS | POUNDS
S-1C Mid-stage 32.0 FEET
S-11 Stage 33.0 FEET |81.5 FeF] 80,220 | 1,060,415
9 POUNDS | pONDS |
S-1VB Stage 21,7 FEET |59.3 FEET] 25,050 261,578
Instrument Unit 21.7 FEET | 3.0 FEET| 4,306 | 4,306
PouNDs | poumps |
_ ore.
SATURN V STAGE MANUFACTURERS ‘ Ggsé‘f,??&,';"é”&xg?és%f
STAGE MANUFACTURER POUNDS
s-I¢ THE BOEING COMPANY .
S-11 NORTH AFERICAN-ROCKHELL » MINIMUM VACUMM THRUST AT 120°F .
t AT 170,300 FT. AKD 70°F
S-1v8 McDONNELL - DOUGLAS CORP. + NOMINAL VACUUM THRUST AT 60°F
S-1u INTERNATIONAL BUSINESS MACHINE CORP. ** AT 175,000 FT AND 70°F
AT SCA LEVEL
NOTE: THRUST VALUES, WEIGKTS, AND BURN TIMES

ARE ALL APPROXIMATIONS .

-6
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STAGE ELECTRICAL INTERFACE FLOW

IU TO SPACECRAFT

EDS LIFTOFF

EDS AUTO ABORT

+28 VDC FOR EDS

+28 VDC FOR Q BALL

S-1VB ULLAGE THRUST OK

GUIDANCE REFERENCE RELEASE

AGC LIFTOFF

Q BALL TEMPERATURE SENSING

S-11 AND S-IVB FUEL TANK
PRESSURE

LV ATTITUDE REFERENCE
FAILURE

LV RATE EXCESSIVE

EDS ABORT REQUEST

S-1I START/SEPARATION

STAGE ENGINES OUT

QRERERRY ©

() = VISUALLY DISPLAYED

S-I1 7O s-ivB

+28 VDC FOR RETRO-ROCKET
PRESSURE TRANSDUCER
S-1VB ENGINE START ENABLE

1U TO STAGES

STAGE ENGINE ACTUATOR COMMANDS

STAGE ENGINE ACTUATOR MEASURING
VOLTAGES

+28 VDC FOR SWITCHING AND
TIMING

STAGE SWITCH SELECTOR SIGNALS

(VERIFY, COMMAND, ADORESS,
READ, RESET, ENABLE)

STAGE EDS COMMAND ENGINES OFF

S-1VB ATTITUDE CONTROL SYSTEM
COMMANDS -

TELEMETRY CLOCK AND SYNC.

GENERAL DESCRIPTION

SPACECRAFT TO IU

+28 VYDC TO EDS

LV ENGINES CUTOFF TO EDS

ATTITUDE ERROR SIGNAL

Q-BALL PITCH AND YAW

S-1vB ENGINE CUTQFF

AGC COMMAND POWER

S-IVB IGNITION SEQUENCE
START

AUTO ABORT DEACTIVATE

INITIATE S-I1/S-1VB
SEPARATION

SPACECRAFT CONTROL
DISCRETE

TRANSLUNAR THJIECTION
INHIBIT

@ @ ®
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M = MANUALLY INITIATED

s-1¥B TO U

+28 VDC FOR TIMING

SWITCH SELECTOR ADDRESS
VERTFICATION

ENGINE ACTUATOR POSITIONS

ATTITUDE CONTROL RATE GYROS
SIGNALS

ATTITUDE CONTROL ACCELEROMETER
SIGNALS

LOX TAHK PRESSURE

FUEL TANK PRESSURE

RSCR & PD EBW FIRING UNIT

ARM AND ENGINE CUTOFF ON

ENGINE THRUST OK

TELEMETRY SIGNALS

S-H YO IU

ENGINE ACTUATOR POSITIONS
+28VDC FOR TIMING

S-1C STAGE SEPARATED

AFT INTERSTAGE SEPARATED
S-11 STAGE SEPARATED

S-TI ENGINE OUT

S-11 PROPELLANT DEPLETION
SWITCH SELECTOR VERIFY
FUEL TANK PRESSURE

ENGINE THRUST OK

LOX TANK PRESSURE

S-iIC TO U

ATTITUDE CONTROL ACCELEROMETER
SIGNALS

ATTITUDE CONTROL RATE GYRO
SIGNALS

+28 VDC FOR TIMING

ENGINES OUT

QUTBOARD ENGINE CUTOFF

S-11 ENGINES START ENABLE

SWITCH SELECTOR ADDRESS
VERIFY

S-1C THRUST OK

Figure 1-4
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safety command system. The range safety system is active
until the vehicle has achieved earth orbit, after which the
” destruct system is deactivated (safed) by command from the
? ground.

+

{

1

) GENERAL DESCRIPTION
]

|

i

’ FLIGHT SAFETY

Flight safety planning began during the conceptual phases of
the program. One of the requirements of the range safety
program is that, during these early phases, basic flight. plans
‘ be outlined and discussed and, prior to launch, a final flight
N plan be submitted and approved. As the program develops,
the flight planning is modified to meet mission requirements.
The flight plan is finalized as soon as mission requirements
become firm.

e o

In addition to the normal trajectory data given in the flight
plan, other trajectory data is required by the AFETR. This
data defines the limits of normality, maximum turning
capability of the vehicle velocity vector, instant impact point
data, drag data for expended stages and for pieces resulting
! from destruct action, and location and dispersion
characteristics of impacting stages.

In the event the RSO is required to command destruct the
launch vehicle, he will do so by manually initiating two
separate command messages. These messages are transmitted
to the launch vehicle over a UHF radio link. The first message
i shuts off propellant flow and results in a}l engines off. As the
loss of thrust is monitored by the EDS, the ABORT light is

TYPICAL PERCEPTIBLE PRELAUNCH EVENTS

turned on in the Command Module (CM). Upon monitoring a
second abort cue, the flight crew will initiate the abort
sequence. The second command from the RSO is for
propellant dispersion, and explosively opens all propellant
tanks.

Each powered stage of the launch vehicle is equipped with
dual redundant command destruct antennae, receivers,
decoders, and ordnance to ensure positive reaction to the
destruct commands. To augment flight crew safety, the EDS
monitors critical flight parameters. Section III provides a
more detailed discussion of the EDS.

PERCEPTIBLE PRELAUNCH EVENTS

Prelaunch events which occur subsequent to astronaut
loading (approximately T-3 hours), and which may be felt or
heard by the flight crew inside the spacrcraft, are identified
in figure 1-6. Other events, not shown, combine to create a
relatively low and constant background. This background
noise includes the sounds of environmental control,
propellant replenishment, control pressure gas supplies,
prapellant boiloff and low pressure, low volume purges.

Significant noises and vibrations may be caused by the
starting or stopping of an operation or they may result from
turbulent flow of gases or liquids. Figure 1-6 illustrates those
events most likely to be heard or feit above the background
noise or vibration. At approximately T-8.9 seconds all sounds
are hidden by the ignition of the S-IC stage engines.

; ft——HouRS >l MINUTES
T

e SECONDS »
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INTRODUCTION

Saturn V launch vehicle performance characteristics, under
the constraints established by environment and mission
requirements, are described in this section. Mission profile,
variables, requirements and constraints are described in
Section X. The major portion of the performance data
presented herein was derived from the AS-507 flight
simulations. This data is representative of corresponding data
for the AS-508 and AS-509 missions.

FLIGHT SEQUENCE

The space vehicle will be launched from Launch Complex 39
(LC-39) at the Kennedy Space Center. A typical sequence of
critical launch events for a nominal mission is contained in
figure 2-1. Launch vehicle flight sequence phases are
described in the following paragraphs.

LAUNCH AND BOOST TO EARTH PARKING ORBIT

The vehicle rises nearly vertically from the pad. for
approximately 450 feet, to clear the tower. During this
period, a yaw maneuver is executed to provide tower
clearance in the event of adverse wind conditions, deviation
from nominal flight and/or engine failure. (See figure 2-1 for
start and stop times for this and other maneuvers and events).
After clearing the tower, a tilt and roll maneuver is initiated
to achieve the flight attitude and proper orientation for the
selected flight azimuth. Launch azimuth is 90 degrees; flight
azimuth may vary between 72 and 108 degrees. The actual
flight azimuth within this range is computed just prior to
launch from a launch-day-dependent polynomial of launch
azimuth as a function of launch time. From the end of the
tilt maneuver to tilt-arrest, the pitch program provides a
near-zero-lift trajectory that satisfies vehicle performance,
heating and loads requirements. Tilt-arrest freezes the pitch
attitude to dampen out pitch rates prior to S-IC/S-lI
separation. The pitch attitude remains constant until
initiation of the Iterative Guidance Mode (IGM) which occurs
during the S-II stage flight. Figure 2-2 shows the pitch
attitude profile from first motion to earth parking orbit
(EPO). Mach 1 is achieved approximately 1 minute 7 seconds
after first motion. Maximum dynamic pressure is
encountered at approximately 1 minute 24 seconds after first
motion. S-IC center engine cutoff is commanded at 2 minutes
15 seconds after first motion, to limit the yehicle acceleration
to a nominal 3.98 g. The S-IC outboard engines are cut off by
propellant-depletion sensors.

A time interval of 4.4 secohds elapses between S-IC cutoff
and the time the J-2 engines of the S-II stage reach the 90%

operating thrust level. During this period, ullage rockets are
fired to seat the S-1I propellant, the S-IC/S-II separation
occurs and the retrorockets back the S-IC stage away from
the flight vehicle. Threshold for engine status light OFF is
65% thrust. The S-II aft interstage is jettisoned 30.7 seconds
after S-IC cutoff, and the LET is jettisoned by crew action
approximately 6 seconds later, after assurance that S-II
ignition and thrust buildup have occurred. IGM is initiated
about 39 seconds after S-I1 ignition.

An early S-1I center engine cutoff is programmed for Time
Base 3 + 299 seconds . This early cutoff is designed to
preclude the vehicle longitudinal oscillations (Pogo effect)
which have occurred late in the S-II burn in previous
missions. The outboard engines are cut off simultaneously
when any two of five cutoff sensors in either tank are
activated.

An interval of 6.5 seconds elapses between S-II cutoff and
the time the S-IVB J-2 engine attains 90% operating thrust
level (mainstage). During this coast period, the S-1VB ullage
rockets are fired to seat the stage propellant, the S-1I/S-IVB
separation occurs, and retrorockets back the S-II stage away
from the flight vehicle. Threshold for engine status light OFF
is 65% thrust. The S-IVB first burn inserts the vehicle into a
100-nautical mile altitude circular parking orbit.

CIRCULAR EARTH PARKING ORBIT

At first S-IVB engine cutoff, the 70-pound thrust auxiliary
propulsion system {APS) engines are started and operated for
approximately 87 seconds. The LHy propulsive vents open
approximately 49 seconds after insertion and provide a
continuous, low-level thrust to keep the S-IVB propellant
seated against the aft bulkheads.

The vehicle coasts in earth parking orbit for up to three
revolutions while launch vehicle and spacecraft subsystems
checkout is performed. The time to initiate restart
preparations for the S-IVB second burn is established by
restart geometry criteria.

TRANSLUNAR INJECTION BOOST

The translunar injection boost is part of an ordered flight
sequence that begins at initiation of the preignition sequence.
The flight computer signals the beginning of the preignition
sequence when it determines that the vehicle position
satisfies a predesignated geometrical relationship with the
target vector. At this time the computer resets to Time Base
6. If a translunar injection inhibit signal from the CM is not
sensed, the computer issues the signals that lead to S-1VB
reignition. These signals include start helium heater (OpHp
burner), close LHy tank continuous vent valves, ignite APS
ullage engines, restart S-IVB J-2 engine and cutoff ullage
engines.

During the preignition sequence, thrust from the continuous
LH7 vent keeps the propellants seated until OoHy burner
ignition. The vent is then closed to enable the burner to
pressurize both the lox and LHy propellant tanks.

Changed 5 October 1969 2-1
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PERFORMANCE
TYPICAL CRITICAL EVENT SEQUENCE, FIRST OPPORTUNITY TLI

, {EVENT TIMES ARE BASED ON AS-507 SIMULATIONS FOR MISSION H-1

f NOVEMBER 14, 1963 WINDOW, 72.0299 FLIGHT AZIMUTH)

|

TIME FROM TIME FROM TIME FROM TIME FROM
FIRST MOTION  REFERENCE EVENT FIRSTMOTION REFERENCE EVENT
{(HR:MIN:SEC) | (HR:MIN:SEC) {(HR:MIN:SEC) (HR:MIN:SEC)
-0:00:17.3 T4-0:00:17.7 Guidance Reference Release 0:12:28.8 Tg+0:00:59.0 LH9 Continuous Vent Open
0:00:00.0 T4-0:00:00.4 First Motion 0:12:56.9  |Tg+0:01:27.1 S-1VB APS Uliage Cutoff
0:00:00.4 T1+0:00:00.0 Liftoff 0:13:18.3 T5t0:01:48.5 Begin Orbital Navigation
0:00:01.4 T1+0:00:01.0 Begin Tower Clearance Yaw Calculations

Maneuver
0:00:08.4 T4+0:00:09.0 End Yaw Maneuver 2:37:418  |Tg+0:00:00.0 Begin S-1VB Restart Preparations
0:00:12.3 T1+0:00:11.9 Pitch and Roll tnitiation 2:38:238  |Tg+0:00:42.0 02H9 Burner {Helium
0:01:06.8 T1+0:01:06.5 Mach 1 Heater) On
0:01:23.5 T4+0:01:23.1 Maximum Dynamic Pressure 2:38:240  |Tgt0:00:42.2 LH3 Continuous Vent Closed

2:45:58.1 | Tg+0:08:16.3 S-IVB APS Ullage Ignition
0:02:15.0 T+0:00:00.0 S-C Center Engine Cutoff 2:45:58.6 | Tg+0:08:16.8 Helium Heater Off
0:02:38.3 T9+0:00:23.3 Begin Tilt Arrest 2:47:118 | Tg+0:09:30.0 S-IVB Engine Restart Sequence
) 2:47:149 | Tg+0:09:33.1 S-IVB APS Uilage Cutoff
0:02:42.2 T3+0:00:00.0 S-IC Outboard Engine Cutoff 2:47:19.8 Tgt0:08:38.0 S-IVB Reignition (Start Tank
0:02:42.7 T3+0:00:005 S-1 Ulage Rocket Ignition Discharge Valve Opens)
0:02:42.9 T3+0:00:00.7 Signal to Separation Devices 2:47:22.3  |Tg+0:09:405 S-1VB Engine at 90% Thrust

and S-1C Retrorockets 2:49:02.3  |Tg+0:11:205 MR Shift (First Opportunity Only)
0:02:43.0 T3+0:00:00.8 S-C/S-1t First Plane 2:53:04.8  |74-0:00:00.2 S-VB Engine Cutoff, Second Burn

Separation Complete
0:02:43.6 T3+0:00:01.4 S-i Engine Start Sequence 2:53:05.0 |T7+0:00:00.0 Set Time Base 7

Initiated 2:53:055  |T7+0:00:00.5 LHy Continuous Vent Open
0:02:44.6 T3+0:00:02.4 S-1l ignition (Start Tank 2:83:06.7 | T4+0:00:00.7 Lox Nonpropulsive Vent Open

Discharge Valve Opens) 2:53:05.8 T7+0:00:00.8 LH7 Nenpropulsive Vent Qpen
0:02:46.6 T3+0:00:04.4 S-i1 Engines at 90% Thrust 2:63:086 |T7+0:00:0356 Flight Control Coast Mode On
0:02:47.2 T3+0:00:05.0 S-11 Ullage Thrust Cutoff 2:52:10.0 | T7+0:00:05.0 Enabie SC Control of LV
0:03:12.9 T3+0:00:30.7 S-1 Aft Interstage Drop 2:53:148  |T4+0:00:09.8 Transiunar injection

[ {Second Plane Separation) 2:83:26.0 | T7+0:00:20.0 Initiate Maneuver to and
0:03:18.4 T3+0:00:36.2 LET Jettison {Crew Action) Maintain Local Horizental
0:03:23.0 T3+0:00:40.8 Initiate IGM Alignment (CSM Forward,
0:04:22.2 T2+0:01:400 Sl Lox Tank Pressurization Heads Down)

Flowrate Step 2:55:35.7 T7+0:02:30.7 Lox Nonpropulsive Vent Closed
0:07:41.2 T3+0:04:58.0 S-It Center Engine Cutoff 3:08:04.8 | T4+0:14:59.0 LH2 Nonpropulsive Vent Closed
0:07:42.2 T3+0:05:00.0 S Fuel Tank Pressurization 3:08:048 |Ty+0:14:59.8 LH9 Continuous Vent Closed

Flowrate Step 3:08:06.0 | T7+0:15:00.0 Initiate Maneuver to and

Maintain TD&E Attitude
0:09:10.7 T4+0:00:00.0 S-11 Qutboard Engine Cutoff 3:18:05.0 | Ty+0:25:00.0 CSM Separation (Variable)
0:09:11.5 T4+0:00:00.8 S-1VB UHage Ignition 3:28:05.0 | T4+0:35:000 CSM/LM Docking (Variable)
0:08:11.6 T4+0:00:00.9 Signal to Separation Devices 3:563:06.4 T7+1:00:00.4 LH9 Nonpropulsive Vent Open

and 811 Retrorocket{" 4:08:040 |T7+1:14:58.0 | LHy Nonpropulsive Vent Closed
0:00:11.7 T4+0:00:01.0 S-11/S-1VB Separation 4:18:05.0 T7+1:25:00.0 SC/LV Final Separation (Varisble)
0:09:11.7 T4+0:00:01.0 S-1VB Engine Start Sequence, 4:21:06.0 |T7+1:28:00.0 Initiate Maneuver to and

First Burn Maintain S-1VB Evasive
0:09:14.7 T4+0:00:04.0 SHVB Ignition (Start Tank Attitude (Variable)

Discharge Valve Opens) 4:29:05.0 Tg+0:00:00.0 Set Time Base 8
0:09:17.2 T4+0:00:06.5 S-1VB Engine at 90% Thrust 4:28:06.2 | Tg+0:00:01.2 S-1VB APS Ullage ignition
0:09:19.3 T4+0:00:08.6 S-1VB Ullage Thrust End 4:30:26.2 | Tg+0:01:21.2 S-IVB APS Uliage Cutoff
0:09:23.5 T4+0:00:12.8 S-1VB Ullage Case Jettison 4:38:450 |Tgt+0:09:40.0 Initiate Maneuver to and
0:11:23.1 T4+0:02:12.4 Begin Chi Freeze Maintain Slingshot
0:11:29.6 Tg-0:00:00.2 S-VB Cuteff, First Burn Attitude

4:38:45.2  |Tg+0:09:40.2 LH3 Continuous Vent Open
0:11:29.8 T5+0:00:00.0 Set Time Base 5 4:50:250  |Tg+0:21:20.0 Start Lox Dump
0:11:30.1 T5+0:00:00.3 S1VB APS Ullage ignition 4:51:230 |Tg+0:22:180 End Lox Dump
0:11:39.6 Tg5+0:00:09.8 Parking Orbit insertion 4:52:262  |Tg+0:23:20.2 Lox Nonpropuisive Vent Open
0:11:49.8 T5+0:00:20.0 Initiate Maneuver to and 4:52:30.0 Tg+0:23:25.0 LHy Nonpropulsive Vent Open

Maintain Local Horizontal 5:25:450  |Tg+0:56:40.0 S-1VB APS Ultage ignition

Alignment (CSM Forward, 5:30:450 |Tg+1:01:400 S-IVB APS Ullage Cutoff

L \ Heads Down) 5:39:06.0 |Tg+1:10:00.0 Initiate Maneuver to and
Y ‘ 0:11:50.3 T5+0:00:20.5 Begin Orbital Guidance Maintain Communications Attitude
Figure 2-1
2-2 Changed 5 October 1969
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PERFORMANCE

Two opportunities for translunar injection are provided. For
first injection opportunity, S-IVB reignition occurs after
approximately 1.5 revolutions in parking orbit (Pacific
window). The second opportunity occurs after 2.5
revolutions in parking orbit.

COAST IN TRANSLUNAR ORBIT

Foilowing the S-IVB cutoff, the transiunar orbit is perturbed
by a propulsive hydrogen vent that lasts for 15 minutes.
During this period, lox and LH» nonpropuisive vents are also
operative. After the vents are closed, the vehicle maneuvers
to the commanded transposition, docking, and extraction
(TD&E) attitude and this attitude is maintained inertially
throughout TD&E operations. (See figure 10-3, Section X).

S-1VB EVASIVE MANEUVER

Following the separation of the spacecraft (combined
CSM/LM) from the launch vehicle (S-IVB/IU), a maneuver
inhibit is released by ground command and the S-IVB/IU
maneuvers to the evasive maneuver attitude. The evasive
maneuver attitude is the same as the TD&E inertial attitude
except that the yaw attitude angle changes in sign but not in
magnitude, for example, the yaw angle changes from 40 to
+40 degrees; pitch and roll angles remain the same. (See
figure 10-3, Section X). After the S-IVB/IU has achieved and
is holding the evasive maneuver attitude, and this fact is
confirmed by the crew, Time Base 8 is initiated by ground
command. An 80-second burn of the S-IVB APS ullage
engines provides a velocity increment of 10 feet per second
and propels the S-IVB/IU away from the spacecraft.

SLINGSHOT MODE

After spacecraft ejection from the launch vehicle and the
S-IVB evasive maneuver are completed, the slingshot mode is
injtiated (Tg +580 seconds). The slingshot procedure is
designed to minimize the probability of spacecraft recontact
with the launch vehicle, S-IVB earth impact, and S-IVB lunar
impact, in that order of priority. The slingshot mode is
achicved by maneuvering the S-IVB stage to the slingshot
attitude and performing a retrograde dump of the residual
lox to decrease the velocity of the stage. Propulsive hydrogen
venting and an APS burn also contribute to the retrograde
velocity increment. The decrease in velocity perturbs the
trajectory so that the vchicle coasts past the trailing side of
the moon and thus, is co-rotational with the moon. The
moon’s gravitational ficld increases the launch vehicle’s
velocity sufficiently to place it into solar orbit (see figure
10-1, Section X). :

The S-IVB mass during the slingshot propuisive operations
varies from launch day to launch day and across each launch
window. This variation in mass causes the slingshot velocity
differential to be variable. The slingshot attitude, which is
maintained relative to the local horizontal coordinate system
throughout slingshot operations, also varies with the launch
date. For the November 14, 1969 launch day simulations, the
slingshot velocity increment is approximately 102 feet per
second and the slingshot attitude angles in pitch, yaw and roll
are 191, 0, and 180 degrees, respectively.

Following the propellant dump, the S-IVB Stage is “safed”
by venting the remaining propellant and high pressure gas
bottles.

Upon completion of slingshot operations, the S-IVB/IU
maneuvers to and maintains an attitude suitable for
communication with ground stations.

FLIGHT PERFORMANCE

The typical flight performance data presentcd herein arc
based on launch vehicle operational trajectory studies. These
studies were based on the requirements and constraints
imposed by the mission.

FLIGHT PERFORMANCE PARAMETERS

Flight performance parameters for the mission are presented
graphically in figures 2-2 through 2-21. These parameters are
shown for nominal cases for the earth parking orbit insertion
and TLI phases. Parameters shown include pitch angle,
vchicle  weight, axial force, aerodynamic pressure,
longitudinal acceleration, inertial velocity, altitude, range,
angle of attack, inertial path angle and inertial azimuth.

FLIGHT PERFORMANCE AND FLIGHT GEOMETRY
PROPELLANT RESERVES

Required propellant reserves are comprised of two
components: Flight Performance Reserves (FPR) and Flight
Geometry Reserves (FGR). The FPR is defined as the
root-sum-square (RSS) combination of negative launch
vehicle weight . dispersions at TLI due to 3-sigma launch
vehicle subsystems and environmental perturbations. The
FGR is defined as the reserve propellant required to
guarantee the launch vehicle capability to establish a lunar
flyby trajectory at any earth-moon geometry. The total
reserves required to provide 99.865% assurance that the
launch vehicle will complete its primary mission objective is
the algebraic sum of the FPR and the FGR.

Predicted propellant reserves are determined from flight
simulations and operational trajectory data. These predicted
reserves must equal or exceed the required reserves
established for a mission.

PROPULSION PERFORMANCE

The typical propulsion performance data presented herein are
based on flight simulations, stage and engine configuration,
and static test firing data.

PROPELLANT LOADING

A propellant weight summary for each stage is tabulated in
figures 2-22 through 2-24. The tables break down propellant
use into such categories as usable, unusable, trapped,
buildup and holddown, mainstage, thrust decay, and fuel
bias.

ENGINE PERFORMANCE

Stage thrust versus time history for the three launch vehicle
propulsive stages are graphically presented in figures 2-25
through 2-27.

The predicted thrust profile for the S-IC stage (figure 2-25)
shows the thrust increase from approximately 7,693,000
pounds at one second after first motion to approximately
9,042,000 pounds at center engine cutoff, where the vehicle
has attained an altitude of approximately 144.000 feet. At
center engine cutoff vehicle thrust drops to approximately
7,120,000 pounds.

The S-11 stage predicted thrust profile (figure 2-26) is slightly
perturbed by the aft interstage drop and launch escape tower
jettison. A thrust level of approximately 1,163,000 pounds is

Changed 5 October 1969
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PERFORMANCE

attained with a 5.5 mixture ratio (MR). At center engine
cutoff the thrust level drops to 925,000 pounds. At the MR
shift to 4.3, which occurs after center engine cutoff, the
thrust level drops to 690,000 pounds.

The S-IVB stage predicted thrust profiles for first and second
burns are shown in figure 2-27. The thrust level for first burn
is approximately 207,000 pounds attained with a 5.0 MR.
For the first opportunity TLI, the S-IVB burn is started at a
4.5 MR and shifted to 5.0 approximately 100 seconds after

mainstage. For second opportunity TLI, the MR shift from
4.5 to 5.0 occurs 2.5 seconds after mainstage. The longer
delay in MR shift for the first opportunity mission is
designed to consume the fuel that would have boiled off
during a third revolution in earth orbit. The thrust levels for

the 5.0 and 4.5 mixture ratio are, respectively, approximately
207,000 and 178,000 pounds.

T}12rust level during earth parking orbit is shown in figure
2-28.

S-I1C STAGE PROPELLANT WEIGHT SUMMARY S-11 STAGE PROPELLANT WEIGHT SUMMARY
BASED ON AS-507 PREDICTED LOX R'P_-l BASED ON AS-507 PREDICTED LOX LH2
CONSUMED PROPELLANT 3,275,945 | 1,396,158 USABLE PROPELLANT = 813,605 155,440
BUILDUP AND HOLDDOWN 67,111 18,339 g?;gSTAGE 807&8&@ ‘5}’2;2
MAINSTAGE 3,195,006 | 1,368,311 ]
THRUST DECAY 5,441 3,393 THRUST BUILDUP 1,002 523
TAILOFF 1635 35 THRUST DECAY 225 12
FUEL BIAS NONE 5.700 PRESSURIZATION GAS 4,458 1,161
RESS ION ,
PRESSURIZATIO 6,752 NONE UNUSABLE PROPELLANT 3,533 2,868
TABE@ PROP T 33‘?é8 23’39? ENGINE AND LINES 1,625 231
SUCTION LINES 28.265 6449 INITIAL ULLAGE MASS 338 75
INTERCONNECT LINES 330 NONE TANK AND SUMP 1,222 2,355
ENGINES 2,160 6585 VENTED GAS 348 207
ENGINE CONTROL NONE 298
SYSTEMS
TOTAL 3,308,860 | 1,419,461 TOTAL 817,138 158,308
Figure 2-22 Figure 2-23
S-1VB STAGE PROPELLANT WEIGHT SUMMARY
BASED ON AS507 PREDICTED DATA FIRST OPPORTUNITY TLI SECOND OPPORTUNITY TLI
LOX LHo LOX LH2
(POUNDS) (POUNDS) (POUNDS) (POUNDS)
TOTAL USABLE PROPELLANT 188,754 39,618 188,752 38,766
USABLE 188,754 39,202 188,752 38,350
(INCLUDES MAINSTAGE FLIGHT .
PERFORMANCE AND FLIGHT
GEOMETRY RESERVES)
RESIDUAL FUEL BIAS NONE 416 NONE 416
UNUSABLE PROPELLANT 1,420 3,882 1,422 4,734
ORBITAL BOILOFF 142 2,709 151 3,563
*FUEL LEAD NONE 37 NONE 37
MAINSTAGE BOILOFF 18 50 12 48
ENGINE TRAPPED 108 10 108 10
LINES TRAPPED 259 38 259 38
TANK UNAVAILABLE 40 685 40 685
*BUILDUP TRANSIENTS 702 264 701 264
*DECAY TRANSIENTS 139 61 139 61
REPRE SSURI ZATION 12 28 12 28
(02H2 BURNER)
* FOR FIRST AND SECOND BURNS )
TOTAL 190,174 43,500 190,174 43,500
Figure 2-24
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PERFORMANCE

FLIGHT LOADS

Flight loads are dependent on the flight trajectory, associated
flight parameters, and wind conditions. These factors are
discussed in the following paragraphs. These loads based on
AS-507 predictions, are representative of corresponding loads
for the AS-508 and AS-509 missions.

HIGH DYNAMIC PRESSURE/WIND LOADS

The launch vehicle bending moments through the high q
region are dependent on the shape of the wind profile and
the orientation of the wind vector with respect to the
trajectory plane. The variations of maximum launch vehicle
bending moment with altitude of peak wind speed and wind
azimuth have been evaluated based on the September
through December 95 percentile directional winds. These
variations are shown in figures 2-29 and 2-30. The critical
wind azimuth for the directional synthetic profile was 300
degrees measured clockwise from true North. A  gust
thickness of 640 feet was superimposed on the synthetic
wind profile that peaked at an altitude of 32,800 feet w1th a
wind velocity of 174 feet per second.

The maximum bending moment diagram due to flight
through the above winds is shown in figure 2-31. A maximum
bending moment of 149 million inch-pounds occurs at about
station 1100 at 72.4 seconds after first motion.

CENTER ENGINE CUTOFF LLOADS

S-IC center engine cutoff (CECO) is programmed for 135
seconds after first motion. Figure 2-32 shows the axial load

o TYPICAL ENVELOPE OF MAXIMUM BENDING MOMENT-WIND ALTITUDE

at CECO. The nominal longitudinal load factor at CECO is
3.75 g’s.

OUTBOARD EN