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SATURN V FLIGHT MANUAL
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 be 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, Attemtion: Mr. D.K. Warren.

o LA

Arthur Rudolph D.K. Slayton
Manager, Saturn V Program Director of Flight
George C. Marshall Space Crew Operations

Flight Center Manned Spacecraft Center

REVISION NOTE

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 and 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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SATURN V SYSTEM DESCRIPTION

The Saturn V system in its broadest scope includes
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 Apollo Spacecraft, established the basic
concept. This mission includes 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.

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 other proven missiles such as Thor and Titan, and
considered pay loads ranging from earth orbiting satellites to
manned spacecraft such as Dynasoar, Mercury, Gemini, and
eventually Apollo.

The Saturn V launch vehicle evolved from the earlier Saturn
vehicles as a result of the decision in 1961 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 propulsion 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 requirements were identified, system
characteristics emerged: thrust levels, burning times,
propellant types and quantities. 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 principal design ground rules developed during
the conceptual phase, which were applied in the final design,
are discussed in the following paragraphs.

VEHICLE DESIGN GROUND RULES

Safety

Safety criteria are identified by Air Force Eastern Test Range
(AFETR) Safety Manual 127- and AFETR Regulation 1279,

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 either initiate an automatic abort
sequence, or display critical data to the flight crew for their
analysis and reaction.

Each powered stage is designed with dual redundant range
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 linearshaped charges, thereby
longitudinally epening the propellant tanks.

Stage Separation

The separation of the launch vehicle stages in flight required
design studies involving consideration of many parameters,
such as time of separation, vehicle position, vehicle attitude,
single or dual plane separation, and the type, quantity, and
location of ordnance.

The launch vehicle stages separate in flight by explosively
severing a circumferential separation joint and firing
retrorocket motors to decelerate the spent stage. Stage
separation is initiated when stage thrust decays to a value
equzl to or less than 10% of rated thrust. A short coast mode
is used to allow separation of the spent stage, and to effect
ullage settling of the successive stage prior to engine ignition.

A delayed dual plane separation is employed between the
SIC and S-I stages, while a single plane separation is
adequate between the S-II and S-1VB stages.

Umbilicals

In the design and placement of vehicle plates, consideration
was given to such things as size, locations, methods of
atiachment, 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. Umbsilical disconnect
and retraction systems are redundant for reasons of reliability
and safety.

Electrical Systems

An electrical load analysis of the launch vehicie provided the
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basic data (voltage, frequency, and power requirements) for
design of the electrical system.

Such factors as reliability, weight limitations, and weight
distributions dictated requirements to minimize electrical
wiring, vet 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
MSFC.

This design/manufacturing approach required the
development of production plans and controls, and of
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 in a
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 vehicle 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 developed from
the application of these ground rules are:

1. Several days prior to the actual launch time, the
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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 T-50 seconds, power is
transferred to the launch vehicle batteries, and final
vehicle systems monitoring is accomplished. In the
event of a hold, the launch vehicle can operate on
internal power for up to 12 hours before a recycle
for batteries would be required.

2. While in the launch area, environmental control
within the launch 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 Apollo Program Office, MA, has the overall
responsibility for development and implementation of the
Apollo reliability and guality 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
petformance of the hardware for which they are responsible.
The Apollc R & QA program is defined by the Apollo
Program Development Plan, M-D MA 500 and Apollo 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 the
Apollo/Saturn system. Some of these methods are discussed
in subsequent paragraphs.

Analysis of Mission Profiles

The mission profile is analyzed to determine the type and







