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SATURN V FLIGHT MANUAL
SA-510
FOREWORD

This manual was prepared to provide the astronaut with a single source reference as to the
characteristics and functions of the SA-510 launch vehicle and AS-510 flight mission.

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.

Major hardware associated differences between the Saturn V launch vehicles SA-509 and SA-510are
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 located at the end of each
section.

This manual 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 will 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. R. O. Barnes, or the
Launch and Procedures Section (CF-43), MSC, Attention: Mr. D. K. Warren.

REVISION NOTE

This revision to the baseline manual MSFC-MAN-507, dated 15 August 1969, describes the SA-510
launch vehicle configuration and AS-510 flight mission characteristics as defined for the Apollo 15
mission. The revision was prepared from information available prior to 25 May 1971.

Each page changed to make this revision is identified by a change note at the bottom 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 recomposition of pages to accommodate new
information, minor rewrite to clarify meaning and correction of typographical errors are not
identified by change bars.

Changed 25 June 1971
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GENERAL DESCRIPTION
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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
hoost 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 payloads ranging tfrom 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 madc 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
tactors 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 127-1 and AFETR Regulation 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 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 linear-shaped charges, thereby
longitudinally opening 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
equal to or less than 107 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
S-IC and S-II 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
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 clectrical load analysis of the launch vehicle 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 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 in a
protected environment before being moved to the
launch site.

(]

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. Approximately ten weeks before the launch date, the

1-2 Changed | March 1970

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-50
seconds, power is transferred to the launch vehicle
batteries, and final vehicle systems monitoring is
accomplished.

[SS]

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 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 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
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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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 resulted 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-1.

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 (MSF-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.

Each 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-on/roll-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 1U.

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 IU 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.
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SATURN 'TRANSPORTATION

SACTO-LA 2 HRS. 182 MILES
SACTO-KSC 18 HRS. 2,654 MILES
MSFC-KSC I HRS. 31 MILES
LA-MICHOUD 1IHRS. 1,900 MILES
WERE RiVER BARGE
MSFC-MICHOUD 4' 2DAYS 333 MILES
MIOHOUD-MSFC 61 2DAYS 334 wILES
MTF.MICHOUD DAYS 40 MILES
MICHOUD-KSC 31 2DAYS 904 MILES
LASACTD 4 DAYS % MILEZ
] SEA GOING BARGE SHIP
LA-MICHOUD 15 DAYS 4,346 MILES
MICHOUD KS T 3 DAYS G084 MILED

Figure 1-2

GROUND SAFETY

The eround 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. cireuit descriptions, schematics,
ordnance system description. specifications, RF
svstem  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 clectrical bridgewire
data.

3. Propeliants. This package includes descriptive data
on chemical composition, quantities of cach 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.

5. 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 are provisions for launch
area surveillance during launch activitics.  Surveillance
methods include helicopters, search radars, and range security
personnel. Automatic plotting boards kecp the range safety
officer (RSO) informed of any intrusion into the launch
danger zones by boats or aircraft.

To further assist the RSO in monitoring launch safety. a
considerable amount of ground instrumentation is used. A
vertical-wire sky screen provides a visual reference used
during the initial phase of the launch to monitor vehicle
attitude and position. Television syvstems photographing the
launch vehicle from different angles also provide visual
reference. Pulsed and CW tracking radars and real time
telemetry data provide an electronic sky  screen, which
displays on automatic plotting boards, and charts the critical
flight trajectory parameters.

In the event that the launch vehicle deviates from its planned
trajectory, to the degree that it will endanger life or property,
the RSO must command destruct by means of the range




SATURN V LAUNCH VEHICLE

SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY

GENERAL DESCRIPTION

STAGE TYPE QUANTITY | NOMINAL THRUST | PROPELLANT GRAIN
AND DURATION WEIGHT
S-IC | RETROROCKET 4 75,800 POUNDS* | 278.0 POUNDS
0.541 SECONDS
S<11
RETROROCKET 4 34,810 POUNDS# | 268.2 POUNDS
1.52  SECONDS
S-IVB | ULLAGE 2 3,390 POUNDS ** | 58,8 POUNDS
3.87 SECONDS
ENGINE DATA
BUR
ENGINE NOMINAL THRUST T¥ME
STAGE | QTY | MODEL EACH TOTAL (MIN;SEC)
S-1C 5 F-1 1,552,000 | 7,760,000tt| 2:38.8
Se11 5 J=2 230,000 | 1,150,000 6:31.6
S-1VB 1 J-2 200,000 200,000 |1ST 2:26.4
2ND 5:55.0
STAGE DIMENSIONS STAGE WEIGHTS
DIAMETER |LENGTH DRY | AT LAUNCH
S-1C Base

(including fins)
S-1C Mid-stage

33.0 FEET

63.0 FEET |138 FEET | 286,600 | 4,872,102
i POUNDS | POUNDS

S-1I Stage 33.0 FEET |81.5 FEET| 78,750 |1,071,453
POUNDS | POUNDS
S-IVB Stage 21.7 FEET |59.3 FEET| 24,914 | 263,078

POUNDS | POUNDS

Instrument Unit

21.7 FEET | 3.0 FEET| 4,492 4,492
POUNDS POUNDS

PRE-LAUNCH LAUNCH VEHICLE
GROSS WEIGHT =~ 6,494,993

POUNDS

*+ MINIMUM VACUUM THRUST AT 120°F

+ NOMINAL VACUUM THRUST AT 60°F

** AT 175,000 FT AND 70°F

t+ AT SEA LEVEL

SATURN V STAGE MANUFACTURERS
STAGE MANUFACTURER
S-IC THE BOEING COMPANY
S-11 NORTH AMERICAN-ROCKWELL
S-1VB McDONNELL - DOUGLAS CORP.
S-TU INTERNATIONAL BUSINESS MACHINE CORP.
NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE APPROXIMATE.

1-6
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GENERAL DESCRIPTION
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S-11 ENGINE OuT
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SWITCH SELECTOR VERIFY
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LOX TANK PRESSURE

S-IC TO IU

ATTITUDE CONTROL ACCELEROMETER
SIGNALS

ATTITUDE CONTROL RATE GYRO
SIGNALS

+28 VDC FOR TIMING

ENGINES OUT

OUTBOARD ENGINE CUTOFF

S-11 ENGINES START ENABLE

SWITCH SELECTOR ADDRESS
VERIFY

S-1C THRUST 0K
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GENERAL DESCRIPTION

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.

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 thesc carly phases, basic flight plans
be outlined and discussed and, prior to launch, a final flight
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.

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 picces 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
shuts off propellant flow and results in all engines off. As the
loss of thrust is monitored by the EDS, the ABORT light is

turned on in the Command Module (CM). Upon monitoring u
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 ensurce positive rcaction to the
destruct commands. To augment flight crew safety, the EDS
monitors critical flight parameters. Section I 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, arc identified
in figure 1-6. Other events. not shown, combine to create a
relatively low and constant background. This background
noise inciudes the sounds of environmental control,
propellant replenishment, control pressurc gas supplics,
propeliant boiloff and lTow 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 gascs or liquids. Figure 1-6 illustrates those
cvents most likely to be heard or felt above the background
noise or vibration. At approximately T-8.9 seconds all sounds
arc hidden by the ignition of the S-1C stage engines.

TYPICAL PERCEPTIBLE PRELAUNCH EVENTS

f&——H0URS ot MINUTES — >l SECONLS ———————————]
— T T T T T T T T T T T T T T T T T T T T
T-4 T1-3 T-2 T-1 T-50 7-40 7-30 T-20 7-10 T-9 T-8 T-7 7T-6 7T-5 T-4 7-3 T-2 T-1 7T-50 T7-40 T-30 T-20 T-10 T-5 T-4 7-3 7-2 7T-1 7T-
START POWER
RONAUT AND SPACECRAFT CLOSEQUT AUTOMATIC

TRANSFER
1

L CHECKS SEJU[INC’L
11 N °C0UNDANT ECS COOLANT PUMP CHECK | |
1 '

VY S, E TRACT AND LOCK COMMAND MODULE ACCESS ARM
1 |

AUXILIARY HYDRAULIC MOTOR RUN

S-1v8 M LOX/LHp CHILLDOWN PUMP RUN I |

LH2 RECIRC PUMP RUN

LOX CHILLDOWN PUMP RUN

VEH SN S-1C INTK SERVICE ARM R

VEHEERS-IC FWD SERVICE ARM RETRACT AND LOCK

S-IC N ENGINE | 10N COMMAND

HOLDDUWN REL

Figure 1-6
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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-510 flight
simulations.

FLIGHT SEQUENCE

The space vehicle will be launched from Pad A, 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 80 and 100 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-II 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 64
seconds after first motion. Maximum dynamic pressure is
encountered at approximately 80 seconds after first motion.
S-IC center engine cutoff (CECO) is commanded at 135.4
seconds after first motion, to limit the vehicle acceleration to
a nominal 3.98 g. S-IC CECO command time is optimized to
provide maximum burn times and thus increase payload
capability. The S-IC outboard engines are cut off by
lox-depletion sensors (fuel-depletion sensors back up lox
sensors). For SA-510 and subsequent, the lox sensor time
delay has been increased from 1.2 to 1.6 seconds to increase
payload capability.

A time interval of 5.4 seconds elapses between S-IC cutoff
and the time the J-2 engines of the S-II stage reach mainstage
(approximately 90% of operating thrust level). This interval
was 4.4 seconds on vehicles prior to SA-510. The one second
delay in S-II engine start was required by the deletion of four
of the eight S-IC retrorockets and all of the S-II ullage
rockets. During this period, the S-IC/S-II first plane
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
(second plane separation) 31.7 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 38.2 seconds
after S-II ignition. The two-position S-II stage propellant
utilization (PU) system operates in open-loop configuration.
The mixture ratio shift (MRS) is commanded by the launch
vehicle digital computer (LVDC) at the end of the first stage
of iterative guidance. The approximate lox/LH2 MR is 5.5
before MRS and 4.8 after the shift.

An early S-II center engine cutoff is programmed for time
base 3 + 300 seconds. This early cutoff is designed to
preclude the vehicle longitudinal oscillations (Pogo effect)
which have occurred late in the S-II burn in early missions of
the Saturn V Program. The outboard engines are cut off
simultaneously when any two of five cutoff sensors in either
tank are activated.

An interval of 6.6 seconds elapses between S-II cutoff and
the time the S-IVB J-2 engine attains mainstage. During the
coast period, the S-IVB ullage rockets are fired to seat the
stage propellant, the S-II/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 90-nautical mile
(NMI) altitude circular parking orbit. The 90-NMI orbit will
be standard for all J-missions.

CIRCULAR EARTH PARKING ORBIT

At first S-IVB engine cutoff, the two 70-pound thrust
auxiliary propulsion system (APS) engines are started and
operated for approximately 87 seconds. The LH) 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

Changed 25 June 1971 2-1



PERFORMANCE

TYPICAL CRITICAL EVENT SEQUENCE, FIRST OPPORTUNITY TLI

(EVENT TIMES ARE BASED ON AS-510 LAUNCH VEHICLE OPERATIONAL TRAJECTORY
FOR JULY 26, 1971 WINDOW 80.0880 FLIGHT AZIMUTH)

TIME FROM TIME FROM TIME FROM TIME FROM

FIRST MOTION| REFERENCE EVENT FIRST MOTION| REFERENCE EVENT

(HR:MIN:SEC) | (HR:MIN:SEC) (HR:MIN:SEC) | (HR:MIN:SEC)

—0:00:17.250 |T1-0:00:17.650 | Guidance Reference Release 0:13:11.479 | T5+0:01:27.000 | S-IVB APS Ullage Cutoff
0:00:00.000 |T1-0:00:00.400 | First Motion 0:13:24.850 | T5+0:01:40.471 | Begin Orbital Navigation
0:00:00.400 |T1+0:00:00.000 | Liftoff
0:00:01.400 |T1+0:00:01.000 | Begin Tower Clearance Yaw 2:40:19.950 | Tg+0:00:00.000 | Begin S-1VB Restart Preparations

Maneuver 2:41:01.950 | Tp+0:00:42.000 | O2H2 Burner (Helium
0:00:09.400 |T1+0:00:09.000 | End Yaw Maneuver Heater) On
0:00:11.375 |T1+0:00:10.975 | Pitch and Roll Initiation 2:41:02.150 | Tg+0:00:42.200 | LH2Continuous Vent Closed
0:01:04.125 [T1+0:01:03.725 | Mach 1 2:48:36.250 | Tg+0:08:16.300 | S-1VB APS Ullage Ignition
0:01:20.000 [T9+0:01:19.600 | Maximum Dynamic Pressure 2:48:36.750 | Tg+0:08:16.800 | Helium Heater Off
0:02:15.800 |T1+0:02:15.400 | S-IC Center Engine Cutoff 2:49:49.950 | Tg+0:09:30.000 | Initiate J-2 Fuel Lead
2:49:52.950 | Tg+0:09:33.000 | S-1VB APS Ullage Cutoff
0:02:15.900 |T2+0:00:00.000 | Set Time Base 2 2:49:57.950 | Tg+0:09:38.000 | S-1VB Reignition (Start Tank
0:02:35.625 |T2+0:02:19.725 | Begin Tilt Arrest Discharge Valve Opens)
0:02:38.7565 |T3-0:00:00.010 | S-IC Outhoard Engine Cutoff 2:50:00.450 | Tg+0:09:40.500 | S-1VB Engine at Mainstage
2:50:53.950 | Tg+0:10:34.000 | MR Shift (First Opportunity Only)
0:02:38.765 |T3+0:00:00.000 | Set Time Base 3 2:55:53.911 | T7-0:00:00.210 | S-1VB Engine Cutoff, Second Burn
0:02:40.465 |T3+0:00:01.700 | Signal to Separation Devices
and S-1C Retrorockets
0:02:40.535 |T3+0:00:01.770 | S-IC/S-Il First Plane 2:55:54.121 | T7+0:00:00.000 | Set Time Base 7
Separation Complete 2:55:54.621 | T7+0:00:00.500 | LH2 Continuous Vent Open
0:02:41.165 |T3+0:00:02.400 | S-1I Engine Start Sequence 2:55:54.821 | T7+0:00:00.700 | Lox Nonpropulsive Vent Open
Initiated 2:55:54.921 | T7+0:00:00.800 | LH2Nonpropulsive Vent Open
0:02:42.165 |T3+0:00:03.400 | S-lI Ignition (Start Tank 2:55:57.721 | T7+0:00:03.600 | Flight Control Coast Mode On
Discharge Valve Opens) 2:55:59.121 | T7+0:00:05.000 | Enable SC Control of LV
0:02:44.165 |T3+0:00:05.400 | S-1I Engines at Mainstage 2:56:03.911 | T7+0:00:09.790 | Translunar Injection
0:03:10.465 |T3+0:00:31.700 | S-I1 Aft Interstage Drop 2:56:14.121 | T7+0:00:20.000 | initiate Maneuver to and Maintain
(Second Plane Separation) Local Horizontal Alignment
0:03:16.165 |T3+0:00:37.400 | LET Jettison (Crew Action) (CSM Forward, Heads Down)
0:03:20.375 |T3+0:00:41.610 | Initiate IGM 2:58:24.821 | T7+0:02:30.700 | Lox Nonpropulsive Vent Closed
0:07:38.765 |T3+0:05:00.000 | S-II Center Engine Cutoff 2:58:25.021 | T7+0:02:30.900 | LH2 Continuous Vent Closed
0:07:41.165 |T3+0:05:02.400 | MR Shift 3:10:54.121 | T7+0:15:00.000 | LH2 Nonpropulsive Vent Closed
0:09:13.745 |T4-0:00:00.010 | S-Il Qutboard Engine Cutoff 3:10:54.121 | T7+0:15:00.000 | Initiate Maneuver to and Maintain
TD&E Attitude
0:09:13.755 |T4+0:00:00.000 | Set Time Base 4 3:20:54.121 | T7+0:25:00.000 | CSM Separation (Variable)
0:09:14.655 |T4+0:00:00.900 | S-IVB Ullage Ignition 3:36:54.121 | T7+0:41:00.000 | CSM/LM Docking (Variable)
0:09:14.755 |T4+0:00:01.000 | Signal to Separation Devices 3:55:54.521 | T7+1:00:00.400 | LH2 Nonpropulsive Vent Open
and S-1| Retrorockets 4:10:54.121 | T7+1:15:00.000 | LH2 Nonpropulsive Vent Closed
0:09:14.830 |T4+0:00:01.075 | S-11/S-1VB Separation Complete 4:15:54.121 | T7+1:20:00.000 | SC/LV Final Separation (Variable)
0:09:14.855 |T4+0:00:01.100 | S-IVB Engine Start Sequence, 4:30:54.121 | T7+1:35:00.000 | Initiate Manuever to and Maintain
First Burn (Tg-0:08:00.000) | S-1VB Evasive Attitude (Variable)
0:09:17.855 |T4+0:00:04.100 | S-1VB Ignition (Start Tank
Discharge Valve Opens) 4:38:54.121 | Tg+0:00:00.000 | Set Time Base 8
0:09:20.355 |T4+0:00:06.600 | S-1VB Engine at Mainstage 4:38:55.321 | Tg+0:00:01.200 | S-1VB APS Ullage Ignition
0:09:22.455 |T4+0:00:08.700 | S-1VB Ullage Thrust End 4:40:15.321 | Tg+0:01:21.200 | S-1VB APS Ullage Cutoff
0:09:26.555 |T4+0:00:12.800 | S-1VB Ullage Case Jettison 4:48:34.321 | Tg+0:09:40.200 | Initiate Maneuver to and Maintain
0:11:44.269 |T5-0:00:00.210 | S-IVB Cutoff, First Burn Lox Dump Attitude
4:55:34.121 | Tg+0:16:40.000 | LH7 Continuous Vent Open
0:11.44.479 |T5+0:00:00.000 | Set Time Base 5 5:00:14.121 | Tg+0:21:20.000 | Start Lox Dump
0:11:44.779 |T5+0:00:00.300 | S-IVB APS Ullage Ignition 5:00:34.121 | Tg+0:21:40.000 | LH2 Continuous Vent Closed
0:11:54.269 |T5+0:00:09.790 | Parking Orbit Insertion 5:01:02.121 | Tg+0:22:08.000 | End Lox Dump
0:12:04.479 |T5+0:00:20.000 | Initiate Maneuver to and Maintain 5:02:14.321 | Tg+0:23:20.200 | Lox Nonpropulsive Vent Open
Local Horizontal Alignment 5:02:19.121 | Tg+0:23:25.000 | LH2 Nonpropulsive Vent Open
(CSM Forward, Heads Down) 5:29:54.121 | Tg+0:51:00.000%| Initiate Maneuver to and Maintain
0:12:04.950 |T5+0:00:20.471 | Begin Orbital Guidance S-1VB APS Impact Burn Attitude
0:12:43.479 |T5+0:00:59.000 | LH2 Continuous Vent Open 5:44:54.121 | Tg+1:06:00.000%| S-1VB APS Ullage Ignition
5:48:48.121 | Tg+1:09:54.000*| S-1VB APS Ullage Cutoff
*Subject to update by DCS guidance commands to the LVDC after
real-time assessment.
Figure 2-1
2-2




PERFORMANCE

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-IVB
~—reignition. These signals include start helium heater (OoH>

arner), 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
LHy vent keeps the propellants seated until OoH> burner
ignition. The vent is then closed to enable the burner to
pressurize both the lox and LH» propellant tanks.

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.

~SOAST IN TRANSLUNAR ORBIT

Following the S-IVB cutoff, the propellant tanks are vented.
The LH» tank is vented by a 150.4 second propulsive venting
and by a 15 minute nonpropulsive venting. The lox tank is
vented by a 150.0 second nonpropulsive venting. 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. Prior to the LM extraction maneuver, the LH>
tank nonpropulsive vents are again kept open for
approximately 15 minutes. For additional data on the S-IVB
stage venting schedule and vehicle attitude for TD&E
operations, see figure 10-5, Section X.

—
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. 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
“™ initiated by ground command. An 80-second burn of the
o~ IVB APS ullage engines provides a required velocity
increment to propel the S-IVB/IU a safe distance from the
spacecraft. For additional details on this maneuver, refer to
Section X of this manual.

S-IVB IMPACT MANEUVER

Upon completion of the S-IVB evasive maneuver, the
S-IVB/IU is maneuvered to impact the lunar surface. The
required LV velocity change is provided by LHy propulsive
venting, a lox dump, and an S-IVB APS burn. For additional
details on this maneuver, refer to Section X of this manual.

FLIGHT PERFORMANCE

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

FLIGHT PERFORMANCE PARAMETERS

light 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,
vehicle  weight, axial force, aerodynamic pressure,
longitudinal acceleration, inertial velocity, altitude, range.
angle of attack, inertial path angle and inertial azimuth.

FLIGHT PERFORMANCE RESERVES

Flight Performance Reserves (FPR) compensate for launch
vehicle and environmental perturbations. For J-missions,
2-sigma FPR is used as a means of increasing launch vehicle
capability to carry the heavier J-mission spacecraft. FPR is
calculated as the root-sum-square (RSS) of negative launch
vehicle mass dispersions at S-IVB second burn cutoff. These
mass dispersions are determined by simulating vehicle flight
with specified 2-sigma perturbations of launch vehicle
subsystems or environmental parameters. Assuming normal
distribution, availability of the required reserves provides
97.725% assurance that the launch vehicle has the
performance capability to complete the targeted mission. A
2-sigma FPR requirement of 2247 pounds of propellant
(1578 pounds of lox and 669 pounds of LH») is specified for
the AS-510/Apollo 15 mission.

For launch vehicles prior to SA-510, 3-sigma deviations were
used as a basis for calculation of the FPR. This change
increased payload capability by approximately 600 pounds
while reducing confidence level from 99.865% to 97.725%.

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. Propellant loading for the
AS-510/Apollo 15 mission has been optimized to give
maximum payload capability for accomplishing the first
opportunity TLI. Previous missions provided for equal
payload capability for either of the two injection
opportunities. This change increases first opportunity TLI
capability by approximately 250 pounds while maintaining a
high probability of providing the payload capability for a
second opportunity TLI.

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 7,847,750
pounds at one second after first motion to approximately
9,155,000 pounds at center engine cutoff, where the vehicle
has attained an altitude of approximately 155,000 feet. At
center engine cutoff vehicle thrust drops to approximately
7,220,000 pounds.

For the SA-510 vehicle, the S-IC F-1 engines reorificed to

increase thrust and increase payload capability by
approximately 650 pounds.
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PERFORMANCE

TYPICAL PITCH ANGLE DURING BOOST  T0 EPO
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PERFORMANCE

TYPICAL AXIAL FORCE DURING S-1C AND EARLY S-1I FLIGHT
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PERFORMANCE

TYPICAL VEHICLE LONGITUDINAL ACCELERATION DURING BOOST T0 EPO
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TYPICAL ALTITUDE DURING BOOST TO EPO
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TYPICAL SURFACE RANGE DURING BOOST TO EPO
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PERFORMANCE

TYPICAl INERTIAL PATH ANGLE DURING BOOST T0 EPO
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TYPICAL ANGLE OF ATTACK DURING BOOST TO EPO
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PERIFORMANCE

TYPICAL INERTIAL AZIMUTH DURING BOOST TO EPO
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PERFORMANCE

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 1,165,000 pounds is
attained with a 5.5 oxidizer-to-fuel mixture ratio (MR). At
the MR shift to 4.8, which occurs after center engine cutoff,
the thrust level drops to approximately 800,000 pounds and
decreases to 783,000 pounds just prior to outboard engines
cutoff.

The S-IVB stage predicted thrust profiles for first and second
bumns are shown in figure 2-27. The thrust level for first burn
is approximately 200,000 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 53.5 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
200,000 and 180,000 pounds.

Thrust level during earth parking orbit is shown in figure
2-28.

FLIGHT LOADS

Flight loads are dependent on the flight trajectory, associated
flight parameters, and wind conditions. These factors are
discussed in the following paragraphs.

HIGH DYNAMIC PRESSURE/WIND LOADS

The launch vehicle bending moments through the high g

CENTER ENGINE CUTOFF LOADS

S-IC center engine cutoff (CECO) is programmed for 135.8
seconds after first motion. Figure 2-30 shows the axial load
at CECO. The nominal longitudinal load factor at CECO is

3.83 g’s.

S-11 STAGE PROPELLANT WEIGHT SUMMARY
LOX LHp
AS-510 NOMINAL FLIGHT (POUNDS) | (POUNDS)
USABLE PROPELLANT 828,689 153,702
(MAINSTAGE
UNUSABLE PROPELLANT 6,811 4,977
J-2 START TRANSIENTS 997 480
J-2 CUTOFF TRANSIENTS 286 115
PRESSURIZATION 4,022 1,677
(INCLUDES BOILOFF)
UNAVAILABLE AT END 1,506 1,649
OF THRUST DECAY
BIAS NONE 1,056
TRAPPED PROPELLANT 1,563 244
TOTAL 837,063 158,923

Figure 2-23

region are dependent on the shape of the wind profile and
the orientation of the wind vector with respect to the SEéXEEngﬁESPS(')EI)EhkAgngEégnTBagw\g?m
trajectory plane. The envelope of inflight bending moments fmal®
resulting from the 95 percentile directional winds for July is LOX LHp
shopmin figure 2-2, AS-510 NOMINAL FLIGHT (POUNDS) | (POUNDS
USABLE PROPELLANT 194,233 39,757
S-1C STAGE PROPELLANT WEIGHT SUMMARY (INCLUDES NOMINAL
PROPELLANT CONSUMPTION,
FLIGHT PERFORMANCE
LOX RP-1 RESERVE, AND FLIGHT
AS-5T10 NOMINAL FLIGHT (POUNDS) (POUNDS) GEOMETRY RESERVE)
CONSUMED PROPELLANT 3,279,706 1,391,271 FUEL BIAS TO MINIMIZE NONE 340
BUILDUP AND HOLDDOWN 68,090 18,863 RANDOM RESIDUALS
MAINSTAGE 3,197,118 | 1,364,813
THRUST DECAY 5,425 3,381 UNUSABLE PROPELLANT 1,424 3,833
TAILOFF 1,635 414 ORBITAL AND FLIGHT 264 2,370
FUEL BIAS NONE 3,800 BOILOFF
PRESSURIZATION 7,438 NONE SUBSYSTEMS 13 433
ENGINE TRAPPED/LINES 475 736
RESIDUAL PROPELLANT 30,784 22,583 AND TANK
TANKS 2,160 9,590 UNAVAILABLE
SUCTION LINES 26,129 6,417 *BUILDUP TRANSIENTS 554 250
INTERCONNECT LINES 330 NONE *DECAY TRANSIENTS 118 44
ENGINES 2,165 6,280
ENGINE CONTROL NONE 296 *FOR FIRST AND SECOND
SYSTEMS BURNS
TOTAL 3,310,490 1,413,854 TOTAL 195,657 43,590
Figure 2-22 Figure 2-24
2-14 Changed 25 June 1971




S-IC STAGE THRUST—MILLION POUNDS

PERFORMANCE

TYPICAL S-IC VEHICLE THRUST VS TIME HISTORY
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PERFORMANCE

TYPICAL S-IVB VEHICLE THRUST VS TIME HISTORY
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PERFORMANCE

OUTBOARD ENGINE CUTOFF LOADS

S-IC  outboard engine cutoff (OBECO) occurs at

approximately 162 seconds after first motion. Axial load at

BECO is shown in figure 2-31. The nominal longitudinal
sad factor at OBECO is 3.86 g’s.

ENGINE OUT CONDITIONS

Enginc-out conditions, if they should occur, will affect the
vehicle loads. The time at which the malfunction occurs,
which engine malfunctions, peak wind speed and azimuth
orientation of the wind, are all independent variables which
combine to produce load conditions. Fach combination of
engine-out time, peak wind velocity, wind azimuth. and
altitude at which the maximum wind shear occurs. produces
4 unique trajectory. Vehicle responses such as dynamic
pressure, altitude, Mach number, angle-of-attack, engine
gimbal angles, yaw and attitude angle time histories vary with
the prime conditions. Structure test programs indicate a
positive structural margin exists for this malfunction flight
~—andition.

Studies indicate that the immediate structural dymamic
transicnts at cnginc-out will not cause structural failure.
However, certain combinations of engine failure, wind
direction and wind magnitude may result in a divergent
control condition which could cause loss of the vehicle.

The *“Chi-Freeze” schedule is incorporated into the vehicle
guidance program as an alternate procedure to reduce the
effect of loss in thrust from an S-1C engine. (Frecze initiation
and freeze duration are dependent upon the time at which
the loss in thrust occurs.) This schedule holds the pitch
attitude command constant, thereby providing a higher

VEHICLE TH

RUST DURING EPO

altitude trajectory. The higher altitude trajectory minimizes
the payload losses into orbit. It also improves the vehicle
engine-out dynamic response by providing u lower-velocity
entry into the maximum aerodynamic region.

For launch vehicle SA-510 and subsequent, the program logic
was revised to discriminate between an outboard and center
engine failure and thus provide the capability to modify the
tilt arrest time accordingly. This increases the probability of
mission success by adding approximately ten seconds of TLI
capability should the failing engine be the center engine
rather than an outboard engine.

A single control engine-out during S-11 powered flight does
not produce load conditions which are critical.

LIFTOFF CLEARANCE

Launch vehicle liftoff interference points and the predicted
minimum  clearances for this mission are shown in figure
2-32. The points listed in the figure are the most restrictive
interference points. Clearance at these points guarantees
clearance at all other potential interference points.

Liftoff clearances are significantly affected by engine
misalignment, stacking errors, actuator valve misalignment,
rate gyro error and wind loading.

The liftoff analysis for this mission uses a 38-knot peak wind
speed referenced at the 161.5 meter (530 foot) level.

A yaw bias at liftoff is included in the flight program to move
the vehicle away from the tower. This yaw bias is ramped to
1.25 degrees at the rate of 1.0 degrees per second starting at
1.4 seconds from first motion and is ramped back to zero
degrees 9.4 seconds after first motion.

.
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PERFORMANCE

TYPICAL ENVELOPE OF INFLIGHT BENDING MOMENT
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PERFORMANCE
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i SUMMARY OF LIFTOFF CLEARANCES
(AS-510 PREDICTION)
POTENTIAL INTERFERENCE POINTS AVAILABLE PREDICTED MINIMUM
CLEARANCE CLEARANCE
VEHICLE GROUND EQUIPMENT (INCHES) (INCHES) (:)
Thrust structure Holddown Post 3.25 1.65
Thrust Structure Liftoff Switch Arm @ @
Insulation
F-1 Engine Holddown Post 44,5 7.4
Fin Tip Swing Arms @ 75.6
@ Combined 38 knot wind and 0.34 degree thrust vector misalignment
Variable
Switch arm roller remains on striker plate

Figure 2-32
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EMERGENCY DETECTION AND PROCEDURES
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LAUNCH VEHICLE MONITORING AND CONTROL

The spacecraft is equipped with a number of displays and
controls which permit monitoring the launch vehicle

_conditions and controlling the launch vehicle under normal
nd emergency conditions. Many of these displays and
controls are related to the Emergency Detection System
(EDS).

The displays implemented for EDS monitoring were selected
to present as near as possible those parameters which
represent the failures leading to vehicle abort. Whenever
possible, the parameter was selected so that it would display
total subsystem operation. Manual abort parameters have
been implemented with redundant sensing and display to
provide highly reliable indications to the crewmen.
Automatic abort parameters have been implemented triple
redundant, voted two-out-of-three, to preclude single point
hardware or sensing failures causing an inadvertent abort.

a——

The types of displays have been designed to provide onboard
detection capability for rapid rate malfunctions which may
require abort. Pilot abort action must, in all cases, be based
on two separate but related abort cues. These cues may be
derived from the EDS displays, ground information,
physiological cues, or any combination of two valid cues. In
the event of a discrepancy between onboard and ground
~based instrumentation, onboard data will be used. The EDS
isplays and controls are shown in figure 3-1. As each is
discussed it is identified by use of the grid designators listed
on the border of the figure.

LAUNCH VEHICLE MONITORING DISPLAYS
FLIGHT DIRECTOR ATTITUDE INDICATOR

I'here are two Flight Dircctor Attitude Indicators (FDAIs),
cach of which provides a display of Euler attitude, attitude
crrors and angular rates. Refer to figure 3-1, Q-45 and J-601,
for locations of the FDAI's on the MDC and to figure 3-2 for
details of the FDAI’s. Thesc displays are active at liftoff and
remain active throughout the mission, except that attitude
errors are not displayed during S-II and S-IVB flight. The
FDAI's are used to monitor normal launch vehicle guidance
and control events. The roll and pitch programs are initiated
simultaneously at+10 seconds. The roll program is terminated
when flight azimuth is reached, and the pitch program
continues to tilt-arrest. IGM initiate will occur approximately
five seconds after LET jettison during the S-I1 stage flight.

“The FDAI ball displays Euler attitude, while needle typc
ointers across the face of the ball indicate attitude errors,

and triangular pointers around the periphery of the ball
display angular rates. Attitude errors and angular rate
displays are, clockwise from the top, roil, pitch and yaw.
respectively.

Signal inputs to the FDAI’s are switch selectable and can
come from a number of different sources in the spacecraft.
This flexibility and redundancy provides the required
attitude and error backup display capability.

Excessive pitch, roll, or yaw indications provide a single cue
that an abort is required. Additional abort cues will be
provided by the FDAI combining rates, error, or total
attitude. Second cues will also be provided by the LV RATE
light (R-50), LV GUID light (R-52), physiological sensations
and MCC ground reports.

LV ENGINES LIGHTS

Each of the five LV ENGINES lights (S-51, figure 3-1)
represents the respective numbered engine on the operating
stage. (e.g., light number one represents engine number one
on the S-IC, S-II, or S-IVB stage: light number two represents
cngine number two on the S-1C, or S-1I stage; etc.).

These lights are controlled by switching logic in the 1U. The
switching logic monitors thrust ok pressure switches on cach
engine of the operating stage and also staging discrctes. A
light ON indicates its corresponding engine is operating below
a nominal thrust level (90% on F-1 engines and 65% on J-2
engines). During staging, all lights are turned OFF
momentarily to indicate that physical separation has occured.

LV RATE LIGHT

The LV RATE light (R-50, figure 3-1) is an abort cue
indicator. During the time that the overrate portion of the
automatic abort system is enabled (liftoff to approximately
T + 2 minutes) the LV RATE light is time shared to indicate
either an LV overrate condition or a LV platform failurc
(second cue). After the automatic abort system is deactivated
the LV RATE light is used only to indicate that preset LV
overrate settings have been exceeded. The light is a single cue
for abort. Secondary cues will be provided by the FDALI,
physiological cues, or ground communications.

The LV preset overrate settings arc:

Pitch 4.0 (£0.5) degrees/sec. Liftoff to T+ 2

and minutes

Yaw 9.2 (£0.8) degrees/sec. T + 2 minutes to
S-1VB cutoff

Roll 20.0 (+ 1.9/-2.0) degrees/sec. Liftoff to S-IVB

cutoff
NOTE

The LV RATE light may blink ON and OFF during
normal LV staging.

See also LAUNCH VEHICLE EDS CONTROLS for a
discussion of EDS switch and LV RATES switch.

Changed 1 March 1970 3-1
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EMS MODE SWITCH 1-44 S-IT SEP LIGHT R-51
ENTRY SWITCHES AE-38 S-11/S-IVB LV STAGE SWITCH AD-58
EDS BATTERY C/B X-5 S-I1VB/LM SEP SWITCH Y-63
EVENT TIMER INDICATOR P-51 THRESHOLD INDICATOR (.05 G LIGHT) K-48
EVENT TIMER SWITCHES AE-50 THRUST ON PUSHBUTTON AA-38
FSCM SWITCHES* AE-47 TRANS CONTR SWITCH T-40
FDAI J-60, Q-45 TVC GIMBAL DRIVE SWITCHES AE-42
FDAT CONTROL SWITCHES R-37 TWR JETT SWITCHES AA-61
FDAI/GPI POWER SWITCH AA-12 UP TLM SWITCHES 0-66
GDC ALIGN PUSHBUTTON AC-36 XLUNAR SWITCH AD-59
GUIDANCE SWITCH AC-56 2 ENG OUT SWITCH AA-58
G-V PLOTTER H-49 AV CG SWITCH AC-46
IMU CAGE SWITCH AE-36 AV THRUST SWITCHES Z-41
LAUNCH VEHICLE SWITCHES AD-58 A V/EMS SET SWITCH K-52
LIFTOFF/NO AUTO ABORT LIGHTS W-50 A V/RANGE COUNTER L-48
NOTE

THE PANEL INDICATORS AND SWITCHES ASSOCIATED WITH THE EDS AND LAUNCH VEHICLE CONTROL ARE LISTED
FOR EASE IN LOCATION. REFER TO THE TEXT FOR DISCUSSION OF SWITCH AND INDICATOR FUNCTIONS.

* THESE SWITCHES ARE INACTIVE AND ARE PERMANENTLY GUARDED IN DOWN POSITION.

Figure 3-1. (Sheet 7 of 7)
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S-1I SEP LIGHT

With S-IC/S-1I staging, the S-II SEP light (R-51, figure 3-1)
will illuminate. The light will go out approximately 30
seconds later when the interstage structure is jettisoned. A
severe overheating problem will occur if the structure is not
jettisoned at the nominal time. Under the worst conditions,
abort limits will be reached within 25 seconds from nominal
jettison time. Confirmation from Mission Control of
interstage failure to jettison serves as the second abort cue.

During the earth orbit phase of the mission the S-1I SEP light
is again used. It is turned ON to indicate the beginning of
restart preparations at Tg + 0.1 seconds. It is turned OFF at
Tg + 41.6 seconds to indicate OpHo burner ignition. It is
turned ON again at Tg + 8 minutes 40 seconds and OFF
again at Tg + 9 minutes 20 seconds to indicate translunar
injection (TLI) commit (engine start-10 seconds).

LV GUID LIGHT

The LV platform (ST-124M-3) is interrogated every 40
milliseconds for the correct attitude. Three or more excessive
attitude discrepancy readings per second, in any one axis, will
cause the system to switch to the coarse resolvers. Fifteen or
more excessive attitude discrepancy readings per second on
the coarse resolvers, in any one axis, will inhibit the LV
attitude change commands being sent to the flight control
system. The flight control system will then hold the last
acceptable command.

A signal is sent from the LVDA to activate the LV GUID
light (R-52, figurc 3-1) at the same time the flight control
commands are inhibited. It is a single cue for abort. Second
cues will be provided by the LV RATE light (only when the
automatic abort system is on) and by the FDAI (Q-45), angle
of attack (Qa) mcter (W-42) and/or ground information.

The LV GUID light ON is a prerequisite to spacecraft
takeover of the Saturn during launch vehicle burn phases. See
subsequent paragraph on GUIDANCE SWITCH for a further
discussion of spacecraft takeover.

LIFTOFF/NO AUTO ABORT LIGHTS

The LIFTOFF and NO AUTO ABORT lights (W-50, figure
3-1) are independent indications contained in one
switch/light assembly.

The LIFTOFF light ON indicates that vehicle release has
been commanded and that the IU umbilical has ejected. The
spacecraft digital event timer is started by the same function.
The LIFTOFF light is turned OFF at S-IC CECO.

The NO AUTO ABORT light ON indicates that one or both
of the spacecraft sequencers did not enable automatic abort
capability at liftoff. Automatic abort capability can be
enabled by pressing the switch/light pushbutton. If the light
remains ON one or both of the automatic abort circuits failed
to energize. The crew must then be prepared to back up the
automatic abort manually. The NO AUTO ABORT light is
also turned OFF at S-IC CECO.

WARNING

If the NO AUTO ABORT pushbutton is depressed at
T-0 and a pad shutdown occurs, a pad abort will
result.

ABORT LIGHT

The ABORT light (N-51, figure 3-1) can be illuminated by
ground command from the Flight Director. the Mission
Control Center (MCC) Booster Systems Engineer, the Flight
Dynamics Officer, the Complex 39 Launch Operations
Manager (until tower clearance at +10 seconds), or in
conjunction with range safety booster engine cutoff. The
ABORT light ON constitutes one abort cue. An RF voice
abort request constitutes one abort cue.

NOTE

Pilot abort action is required prior to receipt of an
ABORT light or a voice command for a large
percentage of the time critical launch vehicle
malfunctions, particularly at liftoff and staging.

ANGLE OF ATTACK METER

The angle of attack (Qa) meter (W-42, figure 3-1) is time
shared with service propulsion system (SPS) chamber
pressure. The Qa display is a pitch and yaw vector summed
angle-of-attack/dynamic  pressure product (Qa). It is
expressed in percentage of total pressure for predicted launch
vehicle breakup (abort limit equals 100%). It is effective as an
abort parameter only during the high Q flight region from
+50 seconds to +2 minutes.

Except as stated above, during ascent, the Qa meter provides
trend information on launch vehicle flight performance and
provides a secondary cue for slow-rate guidance and control
malfunctions. Primary cues for guidance and control
malfunctions will be provided by the FDAI, physiological
cues, and/or MCC callout.

Nominal angle of attack meter indications should not exceed
25% to 50%. Expected values based on actual winds aloft will
be provided by MCC prior to launch.

ACCELEROMETER

The accelerometer (0-40, figure 3-1) indicates longitudinal
acceleration/deceleration. It provides a secondary cue for
certain engine failures and is a gross indication of launch
vehicle performance. The accelerometer also provides a
readout of G-forces during reentry.

ALTIMETER

Due to dynamic pressure, static source location, and
instrument error the altimeter (B-51, figure 3-1) is not
considered to be an accurate instrument during the launch
phase.

The primary function of the altimeter is to provide an
adjustable reference (set for barometric pressure on launch
date) for parachute deployment for pad/near pad LES aborts.
However, the aerodynamic shape of the CM coupled with the
static source location produces errors up to 1800 feet.
Therefore, the main parachutes must be deployed at an
indicated 3800 feet (depends on launch day setting) to
ensure deployment above 2000 feet true altitude.

EVENT TIMER

The event timer (P-51, figure 3-1) is a critical display because
it is the primary cue for the transition of abort modes,

Changed | January 1971 3-9
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FLIGHT DIRECTOR ATTITUDE INDICATOR
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Figure 3-2

manual sequenced events, monitoring roll and pitch program,
staging, and S-IVB insertion cutoff. The event timer is started
by the liftoff command which enables automatic aborts. The
command pilot should be prepared to manually back up its
start to ensure timer operation.

The event timer is reset to zero automatically with abort
initiation.

MASTER ALARM LIGHT

There are three MASTER ALARM lights, one on Main
Display Panel 1 (L-41, figure 3-1), one on Main Display Panel
3 (O-110) and one in the lower equipment bay. The three
MASTER ALARM lights ON alert the flight crew to critical
spacecraft failures or out-of-tolerance conditions identified in
the caution and warning light array. After extinguishing the
alarm lights, action should be initiated to correct the failed or
out-of-tolerance subsystem. If crew remedial action does not
correct the affected subsystem, then an abort decision must
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be made based on other contingencies. Secondary abort cues
will come from subsystem displays, ground verification, and
physiological indications.

NOTE

The Commander’s MASTER ALARM light (L-41)
will not illuminate during the launch phase, but the
other two MASTER ALARM lights can illuminate
and the alarm tone will sound.

LV TANK PRESS GAUGES

The LV TANK PRESS Gauges (X-46, figure 3-1) indicate the
S-IT and S-IVB tank pressures. Prior to S-1I/S-IVB separation
the two left-hand pointers indicate the pressure in the S-II
fuel tank. From S-II/S-IVB separation until LV/spacecraft
separation, these same two pointers indicate S-IVB oxidizer
pressure. The two right-hand pointers indicate S-IVB fuel
tank pressure until LV/spacecraft separation.
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LAUNCH VEHICLE NORMAL CONTROLS
GUIDANCE SWITCH

The GUIDANCE switch is a two position guarded toggle
switch with the two positions being IU and CMC (AD-57,
figure 3-1). The switch controls a relay in the IU which
selects either the IU or the CMC in the spacecraft as the
source of flight control attitude error signals for the LV. The
normal position of the GUIDANCE switch is IU. Placing the
switch in the CMC position permits spacecraft control of the
LV under certain conditions.

Guidance Reference Failure Condition

During the LV burn modes, when the LVDC recognizes a
guidance reference failure and turns on the LV GUID light,
the GUIDANCE switch can be placed in the CMC position.
(The switch function is interlocked in the LVDC such that a
guidance reference failure must be recognized before the
CMC switch position will be honored.) With the switch in the
CMC position and LVDC recognition of a guidance reference
failure, the LV will receive attitude error signals from the
CMC via the LVDC. During the S-IC burn phase the CMC
provides attitude error signals based on preprogrammed
polynomial data. During S-II and S-IVB burn phases the
rotational hand control (RHC) is used to generate the
attitude error signals. The amount of attitude error
transmitted to the LVDC is a function of how long the RHC
is out of detent. The RHC in this mode is not a proportional
control.

Timebase 6 will not initiate automatically if a guidance

. reference failure has occurred. In this circumstance, and only

P

P e

this circumstance, the astronaut can initiate time base 6 by
insertion of a command through the DSKY which will supply
an S-IVB Ignition Sequence Start signal to the IU. Also, this
is the only way in which Tg can be initiated following a
guidance reference failure. Receipt of this S-IVB Ignition
Sequence Start signal in the IU after Tg + 100 seconds will
start Tg immediately. This signal must remain on for at least
S seconds. Since the Translunar Injection Inhibit signal is
disabled by the S-IVB Ignition Sequence Start signal for as
long as the discrete is present in the IU, the discrete should
never remain on past Tg + 41.0 seconds.

E For AS-510/Apollo 15 and subsequent missions, the
technique for S-IVB engine cutoff in the event of an IU
platform failure has been changed to reduce velocity errors to
an acceptable level for J-missions. The prior method required
the crew to execute S-IVB cutoff by manual operation of the
S-IVB cutoff switch, based upon observation of the
computed velocity display. This method resulted in cutoff
velocity errors averaging 100 feet per second. The J-mission

= velocity budget does not permit such errors. The change
¢ provides an LVDC/LVDA interrupt for the Command
5 Module Computer to initiate S-IVB engine cutoff.

No Guidance Reference Failure Condition

During the coast modes, T5 and T+, the guidance reference
failure is not interlocked with the GUIDANCE switch and
the spacecraft can assume control of the LV any time the
switch is placed in the CMC position. With the GUIDANCE
switch in the CMC position and no guidance reference failure,
the LVDC will function in a follow-up mode. When LV
control is returned to the LVDC during Ts attitude

orientation will be maintained with reference to local
horizontal. When LV control is returned to the LVDC in Ty
attitude orientation will be maintained inertially. The LVDC
will maintain the attitude existing at the time control is
returned from the spacecraft until the next programmed
maneuver, at which time the LVDC returns to its
programmed attitude time line.

NOTE

If spacecraft takeover has been effected in T5 1y
control will automatically be returned to the LVYDC
at the start of Tg.

XLUNAR SWITCH

The XLUNAR switch is a two position toggle switch with the
two positions being INJECT and SAFE (AD-59, figure 3-1).
Normal position of the switch is INJECT. In this position the
LVDC will sequence the S-IVB systems through the steps
necessary to accomplish a restart and inject the spacecraft
into the mission trajectory.

During certain periods of time the switch can be placed in the
SAFE position to inhibit restart of the S-IVB. This translunar
injection (TLI) inhibit is a temporary action the first time it
is used but if a second injection opportunity is inhibited it
becomes final and no restart of the S-IVB can be
subsequently accomplished. Timing of thesc options is under
control of the LVDC and is as follows:

1. If the XLUNAR switch is placed in the SAFE
position prior to the start of Tg the LVDC will
accept the signal upon starting Tg and inhibit the
restart sequence.

2. If the XLUNAR switch is placed in the SAFE
position after Tg is started, but prior to Tg + 41.0
seconds, the LVDC will accept the signal at Tg +
41.0 seconds and inhibit O2Hy burner ignition and
the remainder of the restart sequence. Tg. will be
entered followed by a return to Tg for a second
opportunity.

3. If the XLUNAR switch is placed in the SAFE
position after ambient repressurization (Tg + 8
minutes 17.3 seconds), but before TLI commit at Tg
+ 9 minutes 20 seconds, the LVDC will accept the
signal within two seconds and inhibit S-IVB ignition.
Tg will be entered followed by a return to T for a
second opportunity.

4. If the XLUNAR switch is placed in the SAFE
position after TLI commit the LVDC will not accept
the signal and S-IVB restart will occur.

Refer to OPERATION SEQUENCE paragraph of section VII
for definition of time bases.

EDS POWER SWITCH

The EDS POWER switch should be in the EDS power
position during prelaunch and launch operations. The switch,
if placed in the OFF position results in an “EDS Unsafe”
function. This function has the following effect on the
launch countdown.

1. If the switch is turned OFF before automatic
sequence, the automatic sequence will not be
entered.

Changed 25 June 1971 3-11
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2. If the switch is turned OFF during the automatic
sequence (starting at T-187 seconds), but prior to
T-30.0 seconds, the countdown is stopped at T-30.0
seconds and the countdown is recycled to T-24
minutes.

3. If the switch is turned OFF after T-30 seconds, but
prior to T-16.2 seconds. the countdown is stopped at
T-16.2 seconds and the countdown is recycled to
T-24 minutes.

4. If the switch is turned OFF after T-16.2 seconds. but
prior to T-8.9 seconds (ignition command). the
countdown is stopped at T-8.9 seconds and the
launch is recycled to T-24 minutes (or is scrubbed
for that day).

5. If the switch is turned OFF after T-8.9 seconds. but
prior to T-50 ms (launch commit). the countdown is
stopped immediately and the launch is scrubbed for
that day. )

6. After T-50 ms. the switch will not stop launch;
however, the S C EDS power off will have the
following effect on the mission.

a. The EDS displays will not be operative.

b. The Auto-Abort capability will not be enabled;
however, manual abort can be initiated.

WARNING

If the SC EDS POWER switch is returned to the ON
position after liftoff, an immediate abort may result,
depending upon which relays in the EDS circuit
activate first.

UP TLM SWITCHES

The UP TLM switches are a pair of two position toggle
switches, one for the CM and one for the IU, both having
ACCEPT and BLOCK positions (0-66, figure 3-1). Their
function is to control relays in the CM and IU which either
block or pass ground commands from the Command
Communications System (CCS) to the CMC or LVDC.
Further discussion will be limited to the IU switch.
Throughout LV burn phases the IU switch is flight program
inhibited and has no effect if used. The following table shows
the time periods when the 1U switch is effective for various
ground commands if placed in the ACCEPT position.

COMMAND MESSAGE TIME PERIOD

Maneuver Update
Maneuver Inhibit
Time Base Update

from T5 + 0 to Tg-9 seconds
and from T7+0 to end of
S-IVB operations

Navigation Update
Sector Dump and

Single Memory Location
Dump

from Tg + 100 seconds to
T9 seconds and from Ty +
20 seconds to end of S-IVB
operations

Generalized Switch

from T5 + 0 to Tg + 9 minutes
Selector Command

20 seconds and from T7 + 0 to
end of S-IVB operations
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Tg Enable (S-IVB post
separation sequence)

from T7 + 1 hour to end of
S-IVB operations
Target Update from Tg + 0 to Tg -9 seconds

Execute Maneuver A
(Communications Attitude)

from T7 + O to end of S-IVB
operations

TD&E Enable (Alternate
Mission in Earth Orbit)

from T5 + 0 to Tg -9 seconds

In T5 and T7. when the switch is in the IU ACCEPT position
(command window open). a ground command can be sent
which will lock the relay in the IU ACCEPT position. At
approximately T7 + 20 minutes the flight program will issue
a switch selector command which locks the relay in the IU
ACCEPT position.

NOTE

If spacccraft scparation from the launch vehicle
occurs during Tg (Alternate Mission in Earth Orbit)
the 1U will automatically lock the switch in the
ACCEPT position. This allows for safing of the S-IVB
stage in earth orbit by ground command.

S-1IVB/LM SWITCH

The S-IVB/LM switch is a two position guarded toggle
switch, the two positions being OFF and SEP (Y-63, figure
3-1). Its purpose is to provide a means of manually initiating
separation of the spacecraft from the S-IVB stage following
CSM separation, transposition and docking.

When the switch is placed in the SEP position. ordnance
charges are fired which separate the tension ties securing the
LM legs to the spacecraft LM adapter (SLA). Two 30
millisecond parallel time delays are also started at the same
time. When either of these time delays expires the LM
tension tie firing circuit is deadfaced and a guillotine is fired
severing the LV/SC umbilical. This leaves the spacecraft
(CSM and LM) ready for extraction from the S-IVB/IU/SLA.

LAUNCH VEHICLE EDS CONTROLS

EDS SWITCH

The EDS switch is a two position toggle switch with the two
positions being AUTO and OFF (Y-58, figure 3-1). Prior to
liftoff the EDS switch is placed in the AUTO position so that
an automatic abort will be initiated if:

1. a LV structural failure occurs between the IU and
the CSM,

S

two or more S-IC engines drop below 90% of rated
thrust.

3. LV rates exceed 4 degrees per second in pitch or yaw
or 20 degrees per second in roll.

The two engine out and LV rate portions of the auto abort
system can be manually disabled, individually, by the crew
(Normally at T + 2 minutes). The LV RATES is
automatically disabled at T + 2 minutes and the 2 ENGINE
OUT just prior to CECO.
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CSM/LM FINAL SEP SWITCHES

The CSM/LM FINAL SEP switches are a pair of two position
guarded toggle switches (Y-60, figure 3-1). Their purpose is
to provide a means of manually initiating final separation of
the LM docking ring. During a normal entry or an SPS abort,
the docking ring must be jettisoned by actuation of the
CSM/LM FINAL SEP switches. Failure to jettison the ring
could possibly hamper normal earth landing system (ELS)
functions.

CM/SM SEP SWITCHES

The two CM/SM SEP switches (Y-62, figure 3-1) are
redundant, momentary ON, guarded switches. spring loaded
to the OFF position. They are normally used by the
Command Pilot to accomplish CM/SM separation prior to the
reentry phase. These switches can also be used to initiate an
LES abort in case of a failure in either the EDS or the
translational controller. All normal post-abort events will
chen proceed automatically. However, the CANARD
DEPLOY pushbutton (Y-50, figure 3-1) should be depressed
11 seconds after abort initiation, because canard deployment
and subsequent events will not occur if the failure was in the
EDS instead of the translational controller. If the CANARD
DEPLOY pushbutton is depressed, all automatic functions
from that point on will proceed normally.

PRPLNT SWITCH

The PRPLNT switch is a two position toggle switch with the
two positions being DUMP AUTO and RCS CMD (AA-57,
figure 3-1). The switch is normally in the DUMP AUTO
position prior to liftoff in order to automatically dump the

~~_ CM reaction control system (RCS) propellants, and fire the

—

pitch control (PC) motor if an abort is initiated during the
first 42 seconds of the mission. The propellant dump and PC
motor are inhibited by the SC sequencer at 42 seconds. The
switch in the RCS CMD position will inhibit propellant dump
and PC motor firing at any time.

ABORT SYSTEM - 2 ENG OUT SWITCH

‘The 2 ENG OUT switch is a two position toggle switch, the

two positions being AUTO and OFF (AA-58, figure 3-1). The
purpose of this switch is to enable or disable EDS automatic
abort capability for a two engine out condition. Normal
position of the switch is AUTO, which enables the EDS
automatic abort capability. With the switch in OFF the EDS
automatic abort capability is disabled.

ABORT SYSTEM - LV RATES SWITCH

The LV RATES switch is a two position toggle switch, the
two positions being AUTO and OFF (AA-59, figure 3-1). The
purpose of this switch is to enable or disable EDS automatic
abort capability for excessive LV rates. Normal position of
the switch is AUTO, which enables the EDS automatic abort
capability for excessive LV rates. Placing the switch in OFF
disables the capability. The capability is disabled
automatically at T+2 minutes.

ABORT SYSTEM - TWR JETT SWITCHES

There are two redundant TWR JETT guarded toggle switches
(AA-62, figure 3-1). When these switches are placed in
AUTO, explosive bolts and the tower jettison motor are fired
to jettison the LET. Appropriate relays are also de-energized

so that if an abort is commanded, the SPS abort sequence
and not the LES sequence will occur.

S-11/S-1IVB SWITCH

The S-I1/S-IVB switch is a two position guarded toggle switch
with positions of LV STAGE and OFF (AD-58. figure 3-1).
This switch performs a dual function. In the LV STAGE
position it is used to manually initiate the staging sequence of
the S-II from the S-IVB and/or manually initiate S-IVB
engine cutoff. The switch controls relays in the IU to
accomplish these functions.

Subsequent to S-II engines start the S-11/S-IVB separation
sequence can be manually initiated by placing the S-11/S-IVB
switch in the LV STAGE position.

WARNING

If the switch is used for this purpose it must be reset
to the OFF position to enable its S-IVB cutoff
function.

Subsequent to S-IVB engine start. in either first burn or
second burn. the S-IVB cutoff sequence can be manually
initiated by placing the S-1I/S-IVB switch in the LV STAGE
position. This signal, from the S-11/S-IVB switch, is examined
by the LVDC on a nominal computer cycle basis and there
may be a delay of up to two seconds between switch
positioning and initiation of the cuitoff sequence.

MAIN RELEASE SWITCH

The MAIN RELEASE switch (AG-57. figurc 3-1) is a toggle
switch guarded to the down position. It is moved to the up
position to manually release the main chutes after the
Command Module has landed. No automatic backup is
provided. This switch is armed by the ELS LOGIC switch ON
and the 10K barometric switches closed (below 10,000 feet
altitude).

NOTE

The ELS AUTO switch must be in the AUTO
position to allow the 14 second timer to expire
before the MAIN CHUTE RELEASE switch will
operate.

ELS SWITCHES

There are two ELS two position toggle switches (AC-48.
figure 3-1). The left hand switch is guarded to the OFF
position and should only be placed in the LOGIC position
during normal reentry or following an SPS abort. and then
only below 45,000 feet altitude. If the switch is activated at
any time below 30,000 feet (pressure altitude). the landing
sequence will commence, i.e., LES and apex cover jettison
and drogue deployment. If activated below 10,000 feet
altitude, the main chutes will also deploy.

ELS LOGIC is automatically enabled following any manual
or auto EDS initiated LES abort. It should be manually
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backed up if time permits.

WARNING

Do not use ELS LOGIC switch during normal launch.
Activation of ELS LOGIC switch below 10,000 feet
altitude will initiate the landing sequence causing LES
and apex cover jettison, and deployment of drogue
and main chutes simultaneously.

The right hand switch is not guarded and has positions of
AUTO and MAN. Its normal position is AUTO to enable the
automatic sequencing of the ELS during a CM descent
period. If the switch is placed in MAN it will inhibit all
automatic sequencing of the ELS.

CM RCS PRESS SWITCH

The CM RCS PRESS switch is a two position guarded toggle
switch (0-68, figure 3-1). Any time the CM is to be separated
from the SM, the CM RCS must be pressurized. The normal
sequence of events for an abort or normal CM/SM SEP is to
automatically deadface the umbilicals, pressurize the CM
RCS, and then separate the CM/SM. However, if the
automatic pressurization fails, the CM RCS can be
pressurized by the use of the CM RCS PRESS switch.

ABORT CONTROLS
TRANSLATIONAL CONTROLLER

The TRANSLATIONAL CONTROLLER, which is mounted
on the left arm of the commanders couch, can be used to
accomplish several functions. A manual LES abort sequence
is initiated by rotating the T-handle fully CCW. This sends
redundant engine cutoff commands to the LV (engine cutoff
from the SC is inhibited during the first 30 seconds of flight),
initiates CM/SM separation, fires the LES motors, resets the
SC sequencer and initiates the post abort sequence. For a
manually initiated SPS abort, the CCW rotation of the
T-handle commands LV engine cutoff, resets the SC
sequencer and initiates the CSM/LV separation sequence.

NOTE

Returning the T-handle to neutral before the 3
seconds expires results only in an engines cutoff signal
rather than a full abort sequence.

CW rotation of the T-handle transfers control of the SC from
the CMC to the SCS.

The T-handle can also provide translation control of the CSM
along one or more axes. The T-handle is mounted
approximately parallel to the SC axis; therefore, T-handle
movement will cause corresponding SC translation.
Translation in the + X axis can also be accomplished by use
of the direct ullage pushbuitoi:; however, rate damping is not
available when using this method.

SEQUENCER EVENTS - MANUAL PUSHBUTTONS

These are a group of covered pushbuttons switches (X-51,
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figure 3-1) which provide a means of manual backup for
abort and normal reentry events which are otherwise
sequenced automatically.

LES MOTOR FIRE Switch

The LES MOTOR FIRE switch is used to fire the launch
escape motor for an LES abort if the motor does not fire
automatically. It is also a backup switch to fire the LET
jettison motor in the event the TWR JETT switches fail to
ignite the motor.

CANARD DEPLOY Switch

The CANARD DEPLOY switch is used to deploy the canard
in the event it does not deploy automatically during an abort.

CSM/LV SEP Switch

The CSM/LV SEP switch is used as the primary means of
initiating CSM/LV separation after the ascent phase of the
mission. When the switch is pressed it initiates ordnance
devices which explosively sever the SLA, circumferentially
around the forward end, and longitudinally, into four panels.
The four panels are then rotated away from the LM by
ordnance thrusters. Upon reaching an angle of 45 degrees
spring thrusters jettison the panels away from the SC. The
same ordnance train separates the CSM/LV umbilical and the
LM/GSE umbilical.

The CSM/LV SEP switch is also used as a backup to initiate
separation of the SLA when an SPS abort cannot be initiated
from the TRANSLATIONAL CONTROLLER. SPS ullage
and firing would have to be manually initiated under these
circumstances.

APEX COVER JETT Switch

The APEX COVER JETT switch is used to jettison the APEX
COVER in the event it fails to jettison automatically during
an abort or a normal reentry.

DROGUE DEPLOY Switch

The DROGUE DEPLOY switch is used to deploy the drogue
parachutes in the event they fail to deploy automatically 2
seconds after the 24,000 foot barometric pressure switches
close.

MAIN DEPLOY Switch

The MAIN DEPLOY switch is used to deploy main
parachutes in the event they fail to deploy automatically
when the 10,000 foot barometric pressure switches close.
This switch can also be used to manually deploy the main
parachutes during mode IA aborts.

CM RCS He DUMP Switch

The CM RCS He DUMP switch is used to initiate depletion of
the CM He supply by purging the CM RCS lines and
manifolds through the RCS engines if depletion does not
occur normally as an automatic function during abort or
reentry.

SERVICE PROPULSION SYSTEM (SPS) CONTROL

The SPS provides primary thrust for maior velocity changes
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subsequent to SC/LV separation and prior to CM/SM
separation. The SPS is also used to accomplish mode II, III
and IV aborts.

PS Engine Start

SPS engine ignition can be commanded under control of the
CMC. the SCS or manually. For all modes of operation. the
AV THRUST switch A (Z-40). or AV THRUST switch B
(Z-42), or both. must be in the NORMAL position. (If
double-bank operation is desired. AV THRUST switch B is
moved to NORMAL 5 seconds or more following SPS
ignition.)

Ullage must be provided prior to any SPS burn. Ullage is

normally provided by the THC (+X translation) and backup

is by DIRECT ULLAGE pushbutton (Z-38, figure 3-1). The

DIRECT ULLAGE pushbutton is a momentary switch and

must be held depressed until the ullage maneuver is complete.
1t does not provide rate damping.

he SPS THRUST light (K-49) will illuminate when the
engine is firing.

In the CMC mode THRUST ON is commanded as a result of
internal computations. Prerequisites are +X translation (from
THC or DIRECT ULLAGE pushbutton), SC CONT switch
(W-38) in CMC position and THC in neutral (except for +X
translation).

In the SCS mode, the SC CONT switch must be in the SCS

position, or the THC rotated CW. SPS ignition is commanded

by pressing the THRUST ON pushbutton (AA-38).

Prerequisites are +X translation (from THC or DIRECT

~~IJLLAGE pushbutton) and EMS/AV counter > 0 (L-48).

mce SPS ignition has occured in this mode, +X translation

and THRUST ON commands can be removed and ignition is
maintained until a THRUST OFF command is generated.

In the manual mode the SPS THRUST switch (Z-36) is
placed in DIRECT ON. Ignition is maintained until a
THRUST OFF command is generated.

—

WARNINGI

The SPS THRUST switch is a single-point failure
when in the DIRECT ON position with the AV
THRUST switches in the NORMAL position.

SPS Engine Shutdown

In the CMC mode, normal engine shutdown is commanded
by the CMC as a result of internal computations.

= In the SPS mode, engine shutdown can be commanded by
= the EMS AV counter running down to 0 or by placing the
AV THRUST switches (both) to OFF.

= In the manual mode, shutdown is commanded by placing the
= SPS THRUST switch in NORMAL, or by placing the AV
= THRUST switches (both) to OFF. Under a certain set of
conditions, the burn will continue with the SPS THRUST
= switch returned to NORMAL. This occurs because the SCS
. mode is inadvertently paralleled with the manual mode. In
= this circumstance, the burn will terminate when the EMS/AV

unter reaches -.1 or when the AV THRUST switches (both)
. .re placed to OFF.

WARNING

Both AV THRUST switches must be placed in the
OFF position if they are used to stop the engine.

Thrust Vector Control

Four gimbal motors control the SPS engine position in the
pitch and yaw planes: two motors for each plane. These
motors are activated by the SPS GIMBAL MOTORS switches
(AC-42, figure 3-1).

NOTE

The motors should be activated one at a time due to
high current drain during the start process.

Control signals to the gimbal motors can come from the
CMC, SCS or the RHC. Gimbal trim thumbwheels (Z-46) can
also be used to position the gimbals in the SCS AV mode.

The TVC GIMBAL DRIVE switches (AE-42) are three
position toggle switches. Their purpose is to select the source
and routing of TVC signals. The switches are normally in the
AUTO position.

STABILITY CONTROL SYSTEM (SCS)

The SCS is a backup system to the primary guidance
navigation and control system (PGNCS). It has the capability
of controlling rotation, translation, SPS thrust vector and
associated displays. Switches which affect the SCS are
discussed in the following paragraphs.

AUTO RCS SELECT Switches

Power to the RCS control box assembly is controlled by 16
switches (0-14, figure 3-1). Individual engines may be enabled
or disabled as required. Power to the attitude control logic is
also controlled in this manner, which thereby controls all
attitude hold and/or maneuvering capability using SCS
electronics (automatic coils). The direct solenoids are not
affected as all SCS electronics are bypassed by activation of
the DIRECT RCS switches.

NOTE

The automatic coils cannot be activated until the
RCS ENABLE is activated either by the MESC or
manually.

DIRECT Switches

Two DIRECT switches (W-35, figure 3-1) provide for manual
control of the SM RCS engines. Switch 1 controls power to
the direct solenoid switches in rotational controller 1 and
switch 2 controls power to the direct solenoid switches in
rotational controller 2. In the down position switch 1
receives power from MNA and switch 2 receives power from
MNB. In the up position both switches receive power from
both  MNA and MNB. Manual control is achieved by
positioning the rotational control hardover to engage the
direct solenoids for the desired axis change.

ATT SET Switch

The ATT SET switch (R-40, figure 3-1) selects the source of
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total attitude for the ATT SET resolvers as outlined below.

Position

uUP

DOWN

Function

IMU Applies inertial measurement

unit  (IMU) gimbal resolver
signal to ATT SET resolvers.
FDAI error needles display
differences. Needles are zeroed
by maneuvering SC or by
moving the ATT SET dials.

GDC Applies GDC resolver signal to

ATT SET resolvers. FDAI error
needles display differences
resolved into body coordinates.
Needles zeroed by moving SC or
ATT SET dials. New attitude
reference is established by
depressing GDC ALIGN button.
This will cause GDC to drive to
null the error: hence, the GDC
and ball go to ATT SET dial
value.

MANUAL ATTITUDE Switches

The three MANUAL ATTITUDE switches (T-34. figure 3-1)
are only operative when the SC is in the SCS mode of

operation.
Position

ACCEL CMD

RATE.CMD

MIN IMP

Description

Provides direct RCS firing as a result of
moving the rotational controller out of
detent (2.5 degrees) to apply direct
inputs to the solenoid driver amplifiers.

Provides proportional rate command
from rotational controller with inputs
from the BMAG’s in a rate
configuration.

Provides minimum impulse capability
through the rotational controller.

LIMIT CYCLE Switch

The LIMIT CYCLE switch (T-37, figure 3-1). when placed in
the LIMIT CYCLE position, inserts a psuedo-rate function
which provides the capability of maintaining low SC rates
while holding the SC attitude within the selected deadband
limits (limit cycling). This is accomplished by pulse-width
modulation of the switching amplifier outputs. Instead of
driving the SC from limit-to-limit with high rates by firing the
RCS engines all the time, the engines are fired in spurts
proportional in length and repetition rate to the switching

amplifier outputs.

Extremely small attitude corrections could be commanded
which would cause the pulse-width of the resulting output
command to be of too short a duration to activate the RCS
solenoids. A one-shot multivibrator is connected in parallel to
ensure a long enough pulse to fire the engines.

RATE and ATT DEADBAND Switch

The switching amplifier deadband can be interpreted as a rate
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or an attitude (minimum) deadband. The deadband limits are
a function of the RATE switch (T-39, figure 3-1). An
additional deadband can be enabled in the attitude control
loop with the ATT DEADBAND switch (T-38. figure 3-1) See
figure 3-3 for relative rates.

The rate commanded by a constant stick deflection
(proportional rate mode only) is a function of the RATE
switch position. The rates commanded at maximum stick
deflection (soft stop) are shown in figure 3-4.

SC CONT Switch

The SC CONT switch (W-38. figure 3-1) selects the spacecraft
control as listed below:

Position Description

CMS Selects the G&N system computer controlled
SC attitude and TVC through the digital
auto-pilot. An auto-pilot control discrete is
also applied to CMC.

SCS The SCS system controls the SC attitude and
TVC.

ATTITUDE DEADBAND SWITCH POSITION
RATE ATT DEADBAND
SITGH PosiTIon| DEADBAND | SWITCH POSTTION
°/SEC MINIMUM | MAXIMUM
LOW +0.2 +0.2° +4.2°
HIGH +2.0 +4.0° +8.0° | i
Figure 3-3

MAXIMUM PROPORTIONAL RATE COMMAND

MAXIMUM PROPORTIONAL
RATE RATE COMMAND
SWITCH POSITION
PITCH AND YAW ROLL
LOW 0.7°/sec 0.7°/sec I
HIGH 7.0 °/sec 20.0 °/sec
Figure 34

BMAG MODE Switches

The BMAG MODE switches (Y-33, figure 3-1) select displays 5
for the FDAI using SCS inputs.
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Position Description

RATE 2 BMAG Set No. 2 provides the rate

A displays on the FDAI. There is no Body
Mounted Attitude Gyro (BMAG)
attitude reference available.

ATTI1 BMAG Set No. 1 provides attitude
reference on the FDAI. while

RATE 2 Set No. 2 provides the rate display.

RATE 1 BMAG Set No. | provides the rate
displays on the FDAI. There is no

BMAG attitude reference available.
ENTRY MONITOR SYSTEM (EMS)

The EMS provides displays and controls to show automatic
primary guidence control system (PGNCS) entries and AV
~maneuvers and to permit manual entries in to event of a
alfunction. There are five displays and/or indicators which
monitor automatic or manual entries and four switches to be
used in conjunction with these displays.

ENTRY EMS ROLL Switch

The ENTRY EMS ROLL switch (AE-37. figure 3-1) enables
the EMS roll display for the earth reentry phase of the flight.

ENTRY, .05 G Switch

[llumination of the .05 G light (K-48, figure 3-1) is the cue
for the crew to actuate the .05 G switch (AE-38). During
atmospheric reentry (after .05 G). the SC is maneuvered
about the stability roll axis rather than the body roll axis.
“onsequently, the yaw rate gyro generates an undesirable
«gnal. By coupling a component of the roll signal into the
vaw channel, the undesirable signal is cancelled. The .05 G
switch performs this coupling function.

EMS FUNCTION Switch

The EMS FUNCTION switch (G-45. figure 3-1) is a 12
“Thsition mode selector switch, used as outlined in figure 3-5.

EMS MODE Switch

The EMS MODE switch (I-44. figure 3-1) performs the
following functions in the positions indicated:

- NORMAL
Normal position for ENTRY, AV, and TEST positions.
¥ STBY

= Inhibits operation in all but AV SET. RNG SET, and Vo SET
£ positions of FUNCTION switch.

BACKUP VHF RNG

1. A manual backup to automatic .05G trigger circuits
that starts scroll drive and RANGE integrator display
drive circuits. Also backup to TVC MODES for
velocity monitoring.

[§S]

Does not permit negative acceleration pulses into
countdown circuits.

3. Enables VHF ranging information to be displayed on
AV/RANGE display.

Threshold Indicator (.05 G Light)

The threshold indicator (.05G light) (K-48, figure 3-1)
provides the first visual indication of total acceleration sensed
at the reentry threshold (approximately 290,000 feet).
Accelerometer output is fed to a comparison network and
will illuminate the .05 G lamp when the acceleration reaches
.05 G. The light will come on not less than 0.5 seconds or
more than 1.5 seconds after the acceleration reaches .05 G
and turns off when it falls below .02G (skipout).

Corridor Indicators

By sensing the total acceleration buildup over a given period
of time, the reentry flight path angle can be evaluated. This
data is essential to determine whether or not the entry angle
is steep enough to prevent superorbital “skipout.”

The two corridor indicator lights (K-45 and M-45, figure 3-1)
are located on the face of the roll stability indicator (L-45).

If the acceleration level is greater than 0.262 G at the end of l

a ten second period after threshold (.05 G light ON), the
upper light will be illuminated. It remains ON until the
G-level reaches 2 G’s and then goes OFF. The lower light
illuminates if the acceleration is equal to or less than 0.262 G
at the end of a ten second period after threshold. This
indicates a shallow entry angle and that the lift vector should
be down for controlled entry, i.c., skipout will occur.

Roll Stability Indicator

The roll stability indicator (L-45, figure 3-1) provides a visual
indication of the roll attitude of the CM about the stability
axis. Each revolution of the indicator represents 360 degrees
of vehicle rotation. The display is capable of continuous
rotation in either direction. The pointer up position (0
degrees) indicates maximum lift-up vector (positive lift) and
pointer down (180 degrees) indicates maximum lift-down
vector (negative lift).

G-V Plotter

The G-V plotter assembly (H-48, figure 3-1) consists of a
scroll of mylar tape and a G-indicating stylus. The tape is
driven from right to left by pulses which are proportional to
the acceleration along the velocity vector. The stylus which
scribes a coating on the back of the mylar scroll, is driven in
the vertical direction in proportion to the total acceleration.

The front surface of the mylar scroll is imprinted with
patterns consisting of “high G-rays” and “‘exit rays.” The
“high-G-rays” must be monitored from initial entry velocity
down to 4000 feet per second. The “exit rays’ are significant
only between the entry velocity and circular orbit velocity
and are, therefore, only displayed on that portion of the
pattern.

The imprinted - “high-G-rays” and ‘“‘exit rays” enable
detection of primary guidance failures of the type that would
result in either atmospheric exits at supercircular speeds or
excessive load factors at any speed. The slope of the G-V
trace is visually compared with these rays. If the trace
becomes tangent to any of these rays, it indicates a guidance
malfunction and the need for manual takeover.
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APOLLO ABORT MODES
PERIOD MODE DESCRIPTION NOTE

Pad to 0:42 Mode IA LET (1)

Tow alt
0:42 to 100,000 feet (1:53) Mode 1B LET (1)

med alt
100,000 feet to LET JETT Mode IC LET (n
(1:53) (3:16) high alt
LET JETT to RFL=3200 AMI Mode II Full-1ift (1) (2)
(3:16) (10:00)
RFL=3200 NMI to RHL=3350 NMI Mode III Half-1ift (1) (3)
(10:00) (10:25) CSM NO GO/SLV Tlofted
RHL=3350 NMI to insertion Mode III SPS retro (1)
(10:25) (11:54) CSM NO GO/SLV Tlofted Half-1ift
COI capability to insertion Mode IV SPS to Orbit (1) (4)
(9:00) (11:54) CSM GO
NOTES
(1) Event times (minutes:seconds) are approximations
(2)  RFL = Full-1ift landing range (DSKY: AR = -400 NMI)
(3) RHL = Half-1ift landing range (DSKY: AR = 0 NMI)
(4) For positive h and S-IVB cutoff beyond the 5 minute to apogee line (crew chart) an

apogee kick maneuver would be recommended for the Mode IV.

Figure 3-5
AV/RANGE Display and a canard subsystem. A complete description on use of
the system can be found in the specific mission Abort

The AV/RANGE display provides a readout of inertial flight Summary Document (ASD). A brief description is as follows:

path distance in nautical miles to predicted splashdown after
.05G. The predicted range will be obtained from the PGNCS
or ground stations and inserted into the range display during
EMS range set prior to entry. The range display will also
indicate AV (ft/sec) during SPS thrusting.

Mode |A Low Altitude Mode

In Mode IA, a pitch control (PC) motor is mounted normal
to the LLE motor to propel the vehicle downrange to ensure
water landing and escape the ““fireball.” The CM RCS
propellants are dumped through the aft heat shield during
this mode to preclude damage to the main parachutes.

ABORT MODES AND LIMITS

The abort modes and limits listed in figures 3-6 and 3-7 are

based on a nominal launch trajectory. The nominal launch
phase callouts are listed in figure 3-8.

NOTE

More specific times can be obtained from current
mission documentation.

EMERGENCY MODES

Aborts performed during the ascent phase of the mission will
be performed by using either the Launch Escape System or
the Service Propulsion System.

LAUNCH ESCAPE SYSTEM
The Launch Escape System (LES) consists of a solid

propellant launch escape (LE) motor used to propel the CM a
safe distance from the launch vehicle. a tower jettison motor,
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The automatic sequence of major events from abort initiation
is as follows:

Time Event
00:00 Abort
Ox rapid dump
LE and PC motor fire
00:05 Fuel rapid dump
00:11 Canards deploy
00:14 ELS arm
00:14.4 Apex cover jett
s 00:16 Drogue deploy
00:18 He purge
00:28 Main deploy

The automatic sequence can be prevented, interrupted, or
replaced by crew action.
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EMS FUNCTION SWITCH OPERATION

OPERATIONAL
MODE

SWITCH
SELECTION

SWITCH
POSITION

DESCRIPTION

AV Mode

Start at AV
and rotate
clockwise.

AV

AV SET
VHF RNG

AV TEST

Correct portion for SPS thrust monitoring
(AV display).

Enables use of EMS/ AV SET switch to slew
AV/RANGE display to initial condition for
AV TEST and SPS thrust monitoring. Provides
VHF ranaing information for AV/RANGE display.

Verifies correct operation of:
1. SPS THRUST lamp

2. AV display (and countdown electronics).
(See AV SET position above.)

3. Thrust-off Command

Self test
and entry
mode

Start at No.
and rotate

1

counterclockwise

- No. 1

No. 2
No. 3

No. 4

No. 5

RNG SET

Vo SET

ENTRY

OFF

Test EMS for deceleration < .05G.
illuminated).

(No Tamps

Deceleration > .05G (.05G lamp should illuminate.)
Deceleration < .262G.
1. .05G lamp illuminates immediately.

2. Ten seconds later bottom lamp on RSI illuminated.

3. Enables slewing of AV/RANGE display.
EMS System Test.

15 AV/RANGE display drives to 0 +0.2 in 10
seconds.

2. VELOCITY scroll drives right to left.

3. G scribe drives down to 9G in 10 seconds.

4. .05G Tlamp on.

Deceleration > .262G.

1. Il1luminates .05G lamp immediately.

2. Ten seconds later top lamp on RSI illuminated.
3. G scribe drives up to 0.28 +0.01G.

4. Enables slewing scroll to 37,000 fps.

Enables slewing AV/RANGE display to initial
condition using EMS/ AV SET switch. G scribes
drives vertically to 0 +0.1G.

Enables slewing VELOCITY scroll to initial
countdown using EMS/ AV SET switch.

Operational position for EMS entry display
functions.

Deactivates EMS except for SPS THRUST ON light and
roll attitude indicator.

Figure 3-6
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ABORT LIMITS

RATES
1. Pitch and yaw
L/0 to T + 2 minutes 4(+0.5)° per second
T + 2 minutes to S-IVB CO 9.2(+0.8)° per second
2. ROLL
L/0 to S-IVB CO 20(+1.9/-2.0)° per second
MAX Q REGION

The following limits represent single cues and are restricted to the time
period of 50 seconds to 2 minutes.

1. Angle of Attack (Q @ ) = 100%
Note: The Qa abort cue is valid only when preceeded by one of the
following cues.

2. Attitude error (roll, pitch, or yaw) = 5°

PLATFORM FAILURE

1. During S-IC powered flight the two cues for platform failure requiring an
immediate switchover are:

a. LV GUID LT - ON
b. LV RATE LT - ON

2. After LV RATE switch deactivation the primary cue is:
LV GUID LT - ON
The secondary cues are:
a. FDAI attitude
b. LV rates

c. Ground confirmation

Figure 3-7 (Sheet 1 of 2)
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ABORT LIMITS

AUTOMATIC ABORT LIMITS (L/0 UNTIL DEACTIVATE AT T+2 MIN)

1. Rate pitch - yaw
roll

2. Any two engines fail
3. CM to IU breakup
S-IC ENGINE FAILURE (SUBSEQUENT TN AUTO ABORT DEACTIVATE AT
1. Single engine failure
2. Simultaneous loss two or more engines
S-IT ENGINE FAILURE
1. Single engine failure
2. Double engine failures

3. Three or more unprogrammend engine
failures

S-IVB ENGINE FAILURE
S-IT SECOND-PLANE SEPARATION FAILURE

S-IVB DIFFERENTIAL TANK PRESSURE LIMITS

AP (ORBITAL COAST) LHp2 > L02 = 26 psid
LO2 > LHp = 36 psid
LO2 > 50 psia

4(+0.5)° per second
20(+1.9/-2.0)° per second

T+2 MIN)
Abort if LV control is lost.

Abort if LV control is lost.

Continue mission
Abort if LV control is lost.
Abort if prior to S-IVB COI

capability. Upstage immediately
if the failures occur after

S-IVB COI capability is achieved.

WARNING

Unless advised by ground, do
not upstage after level sense
arm (approx. 8:39 GET). Inhibit
of S-IVB engine start may occur.

Abort (Mode II, III, or IV)

Immediate abort on around
confirmation.

Figure 3-7 (Sheet 2 of 2)
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NOMINAL-LAUNCH PHASE VOICE CALLOUTS

- BOOST TO ORBIT

(SEE FIGURE 2-1)

PROG TIME 1 STA ACTION/ENTRY *REPORT OPTION/EVENT
-00:09 LcC IGNITION*
+00:01 LCC LIFTOFF* UMBILICAL DISCONNECT
CMC TO P11
DET & MET START
CDR CLOCK START*
00:10 LCC CLEAR TOWER* ABOVE LAUNCH TOWER
00:12 CDR ROLL & PITCH START* ROLL AND PITCH PROGRAM START
00:30 CDR ROLL COMPLETE* ROLL PROGRAM COMPLETE
00:42 mcc MODE 1B*
CMP PRPLNT DUMP-RCS CMD
00:50 CDR MONITORa TO T+2:00
00:55 CmP MONITOR CABIN PRESSURE DECREASING IF NO DECREASE BY 17,000 FEET
DUMP MANUALLY
01:53 MCC MODE 1C* (BASED ON 100,000 FEET)
02:00 CMP EDS AUTO-OFF* NO AUTO ABORT LIGHT-ON
EDS ENG-OFF
EDS RATES-OFF
CMP ‘a/PC-PC
02:10 MCC GO/NO GO FOR STAGING*
CDR GO/NO GO FOR STAGING* SYSTEMS STATUS
02:16 CDR INBOARD OFF* ENGINE LIGHT NO. 5-ON
LIFTOFF LIGHT-OUT
NO AUTO ABORT LIGHT-OUT
02:39 CDR OUTBOARD OFF* ENG LIGHTS 1 THRU 4-ON
02:41 CDR S-IC/S-11 STAGING* ENG LIGHTS-0UT
02:42 S-11 IGNITION COMMAND ENG LIGHTS-ON
S-Il SEP LIGHT-ON
02:44 CDR S-11 65% ENG LIGHTS-0UT
03:11 CDR INTERSTAGE JET* S-1l SEP LIGHT-0UT*
03:17 CMP KEY V82E ;
CMmP TWR JETT (2)-ON* (IF TFF> 1+20) TOWER JETTISON
McC MODE II*
CDR MAN ATT (PITCH)-RATE CMD
CmP KEY PROCEED
03:20 LMP SEC COOL EVAP-OFF
03:21 CDR GUIDANCE INITIATE* IGM START
04:00 CDR REPORT STATUS*
MCC TRAJECTORY STATUS*
05:00 CDR REPORT STATUS*
05:20 mcc UPSTAGE CAPABILITY TO COI*
06:00 CDR REPORT STATUS*
GMBL MOT (4)-START-ON
CHECK GPI (MOMENTARILY) INSURE ANGLES CORRECT
06:15 LMP OMNI ANT-D (AZ << 960)
07:00 CDR REPORT STATUS*
07:39 CDR INBOARD OFF*
08:00 CDR REPORT STATUS*
08:30 MCC GO/NO GO FOR STAGING* SYSTEMS STATUS
CDR GO/NO GO FOR STAGING
09:00 mcc MODE IV (2 BURN)
09:14 CDR S-Il OFF ENG LIGHTS-ON
09:15 CDR S-11/8-IVB STAGING ENG LIGHT NO. 1-OFF
09:18 CDR S-IVB IGNITION ENG LIGHT NO. 1-ON
09:20 CDR S-1VB 65% ENG LIGHT NO. 1-OFF
CDR REPORT STATUS*
10:00 MCC REPORT STATUS*
10:20 mcc MODE IV (1 BURN)
11:45 CDR SECO* ENG LIGHT NO. 1-ON MOMENTARILY
INSURE ORBIT
KEY V82F
11:55 mcce INSERTION™

T EVENT TIMES ARE APPROXIMATIONS BASED ON THE AS-510 LAUNCH VEHICLE TRAJECTORY SIMULATION

Figure 3-8
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Mode IB Medium Altitude

Mode IB is essentially the same as Mode IA with the
exception of deleting the rapid propellant dump and PC
motor features. The canard subsystem was designed
specifically for this altitude region to initiate a tumble in the
pitch plane. The CM/tower combination CG is located such
that the vehicle will stabilize (oscillations of + 30 degrees) in
the blunt-end-forward (BEF) configuration. Upon closure of
barometric switches, the tower would be jettisoned and the
parachutes automatically deployed.

As in Mode IA, crew intervention can alter the sequence of
events if desired.

Mode IC High Altitude

During Mode IC the LV is above the atmosphere. Therefore,
the canard subsystem cannot be used to induce a pitch rate
to the vehicle. If the LV is stable at abort, the LET is
manually jettisoned and the CM oriented to the reentry
attitude. This method provides a stable reentry but requires a
functioning attitude reference.

With a failed platform the alternate method will be to
introduce a five degree per second pitch rate into the system.
The CM/tower combination will then stabilize BEF as in
Mode IB. The LES would likewise deploy the parachutes at
the proper altitudes.

SERVICE PROPULSION SYSTEM

The Service Propulsion System (SPS) aborts utilize the
Service Module SPS engine to propel the CSM combination

away from the LV, maneuver to a planned landing area, or
boost into a contingency orbit. The SPS abort modes are:

Mode 11

The SM RCS engines are used to propel the CSM away from
the LV unless the vehicle is in danger of exploding or
excessive tumble rates are present at LV/CSM separation. In
these two cases the SPS engine would be used due to greater
AV and attitude control authority. When the CSM is a safe
distance and stable, the CM is separated from the SM and
maneuvered to a reentry attitude. A normal entry procedure
is followed from there.

Mode |11

The SPS engine is used to slow the CSM combination
(retrograde maneuver) so as to land at a predetermined point
in the Atlantic Ocean. The length of the SPS burn is
dependent upon the time of abort initiation. Upon
completion of the retro maneuver, the CM will separate from
the SM, assume the reentry attitude, and follow normal entry
procedures.

Mode IV

The SPS engine can be used to make up for a deficiency in
insertion velocity up to approximately 3000 feet per second.
This is accomplished by holding the CSM in an inertial
attitude and applying the needed. AV with the SPS to acquire
the acceptable orbital velocity. If the inertial attitude hold
mode is inoperative, the crew can take over manual control
and maneuver the vehicle using onboard data.
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INTRODUCTION

The S-IC stage (figure 4-1) is a cylindrical booster, 138 feet
long and 33 feet in diameter, powered by five F-1 rocket
engines. The engines use liquid oxygen (lox) as the oxidizer
and RP-1 as the fuel. The center engine is fixed and the four
outboard engines are gimbaled for vehicle attitude control.
Stage and engine characteristics are listed in figure 1-3.

The S-IC stage provides first stage boost of the Saturn V
launch vehicle to an altitude of about 230,000 feet
(approximately 38 nautical miles), and provides acceleration
to increase the vehicle inertial velocity to 9,000 feet per
second. It then separates from the S-1I stage and falls to earth
about 360 nautical miles downrange.

The stage interfaces structurally and electrically with the S-11
stage. During the prelaunch phase, it also interfaces
structurally, electrically, and pneumatically with two
umbilical service arms, three tail service masts, and certain
electronic systems by antennae. The major systems of the
stage are: structures, environmental control, propulsion,
flight control, pneumatic controls, propellants, electrical.
instrumentation, and ordnance.

STRUCTURE

The S-IC structure design reflects the requirements of F-1
engines, propellants, control, instrumentation and interfacing
systems. The structure maintains an ultimate factor of safety
of at least 1.40 applied to limit load and a yield factor of
safety of 1.10 on limit load. Aluminum alloy is the primary
structural material. The major components, shown in figure
4-1, are the forward skirt, oxidizer tank, intertank section,
fuel tank, and thrust structure.

FORWARD SKIRT

The aft end of the forward skirt (figure 4-1) is attached to
the lox tank and the forward end interfaces with the S-II
stage. The forward skirt has accomodations for the forward
umbilical plate, electrical and electronic canisters, and the
venting of the lox tank and interstage cavity. The skin panels,
fabricated from 7075-T6 aluminum, are stiffened and
strengthened by ring frames and stringers.

OXIDIZER TANK

The 354,000 gallon lox tank is the structural link between

the forward skirt and the intertank section. The cylindrical
tank skin is stiffened by “integrally machined” T stiffeners.
Ring baffles (figure 4-1) attached to the skin stiffeners
stabilize the tank wall and serve to reduce lox sloshing. A
cruciform baffle at the base of the tank serves to reduce both
slosh and vortex action. Support for four helium bottles is
provided by the ring baffles. The tank is a 2219-T87
aluminum alloy cylinder with ellipsoidal upper and lo
bulkheads. The skin thickness is decreased in eight steps fr
.254 inches at the aft section to .190 inches at the forw.
section.

INTERTANK SECTION

The intertank structure provides structural continuity
between the lox and fuel tanks. This structure provides a lox
fill and drain interface to the intertank umbilical. One
opening vents the fuel tank. The corrugated skin panels and
circumferential ring frames are fabricated from 7075-T6
aluminum.

FUEL TANK

The 218,775 gallon fuel tank (figure 4-1) provides the load
carrying structural link between the thrust structure and
intertank structure. The tank is cylindrical, with ellipsoidal
upper and lower bulkheads. Antislosh ring baffles are located
on the inside wall of the tank and antivortex cruciform
baffles are located in the lower bulkhead area. Five lox ducts
run from the lox tank, through tunnels in the RP-1 tank. and
terminate at the F-1 engines. A lightweight foam filler, which
is bonded to the bottom of the tank, acts as an exclusion
riser to minimize unusable residual fuel. The 2219-T87
aluminum skin thickness is decreased in four steps from .193
inches at the aft section to .170 inches at the forward
section.

THRUST STRUCTURE

The thrust structure assembly (figure 4-1) redistributes locally
applied loads of the five F-1 engines into uniform loading
about the periphery of the fuel tank. It also provides support
for the five F-1 engines, engine accessories, base heat shield,
engine fairings and fins, propellant lines, retrorockets, and
environmental control ducts. The lower thrust ring has four
holddown points which support the fully loaded
Saturn/Apollo (approximately 6,495,000 pounds) and, at
launch, restrain the vehicle from lifting off at full F-1 engine
thrust by means of controlled release mechanisms (see
Holddown Arms description, Section VIII). The skin
segments are fabricated from 7075-T6 aluminum alloy.

The base heat shield is located at the base of the S-IC stage,
forward of the engine gimbal plane. The heat shield provides
thermal shielding for critical engine components and base
region structural components for the duration of the flight.
The heat shield panels are constructed of 15-7 PH stainless
steel honeycomb, 1.00-inch thick, brazed to .010 inch steel
face sheets.
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S-IC STAGE

Each outboard F-1 engine is protected from aerodynamic
loading by a conically shaped engine fairing (figure 4-1). The
fairings also house the retrorockets and the engine actuator
supports. The fairing components are primarily titanium
alloy below station 115.5 and aluminum alloy above this
station. Four fixed, titanium covered, stabilizing fins
augment the stability of the Saturn V vehicle.

ENVIRONMENTAL CONTROL

During launch preparations the environmental control
systems (ECS) protect the S-IC stage and stage equipment
from temperature extremes, excessive humidity, and
hazardous gases. Conditioned air, from the ground support
equipment environmental control unit (GSE-ECU), is forced
into the forward skirt and thrust structure where it is used as
a temperature and humidity control medium. Approximately
two hours before the two upper stages are loaded with
cryogenic  fluids, gaseous nitrogen (GN?) replaces

_conditioned air and is introduced into the S-IC as the

conditioning medium. The GN?2 flow terminates at umbilical
disconnect since the system is not needed in flight.

FORWARD SKIRT COMPARTMENT - ECS

The environmental control system distributes air or GN2 to
four electrical/electronic equipment module canisters located
in the forward skirt. Onboard probes control the temperature
of the flow medium to maintain canister temperature at 80
+200F. Three phases of the conditioning/purge medium flow
are provided to compensate for the environmental imbalances
generated by ambient air changes, internal heat and lox load
chill effects. The first phase supplies cool, conditioned air (70
+50F) to the canisters when onboard electrical systems are

._energized before cryogenic loading. The second phase occurs

~—

when relatively warm GN?7 (80 +5°F) is substituted for the
cool air to offset temperature differences caused by the
cryogenic loading. The third phase uses a warmer GN?2 (100
+59F) flow to offset temperature decreases caused by second
stage J-2 engine thrust chamber chilldown. The air or GN2 is
vented from the canisters and overboard through vent
openings in the forward skirt of the S-IC stage. A by-product
of the use of the inert GN7 is the reduction of gaseous
hydrogen or oxygen concentrations.

THRUST STRUCTURE COMPARTMENT - ECS

The environmental control system discharges air or GN2
through 22 orificed duct outlets directly into the upper
thrust structure compartment. The GSE-ECU supplies
conditioned air at two umbilical couplings during launch
preparations. At 20 minutes before cryogenic loading
commences, the flow medium is switched to GN2 and the
temperature varied as necessary to maintain the compartment
temperature at 80 +I5OF. The temperature control
compensates for temperature variations caused by ambient
air change, and chill effects from lox in the suction ducts,
prevalves, and inter-connect ducts. The GN2 prevents the
Oxygen concentration in the compartment from exceeding 5
percent.

HAZARDOUS GAS DETECTION

The hazardous gas detection system monitors the atmosphere
in the forward skirt and the thrust structure compartment of
the S-IC (figures 4-2 and 4-3). This system is not redundant;
however, large leaks may be detected by propellant pressure
indications displayed in the Launch Control Center.

PROPULSION

The F-1 engine is a single-start, fixed-thrust, liquid
bipropellant engine, calibrated to develop a sea-level-rated
thrust of 1,522,000 pounds. Engine propellants are liquid
oxygen and RP-I fuel at a mixture ratio of 2.27 to L. Engine
features include a bell-shaped thrust chamber with a 10:1
expansion ratio, and detachable, conical nozzle extension
which increases the thrust chamber expansion ratio to 16:1.
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The thrust chamber is cooled regeneratively by fuel. and the
nozzle extension is cooled by gas generator exhaust gases.
Liquid oxyegen and RP-1 fuel are supplied to the thrust
chamber by a single turbopump powered by a gas generator
which uses the same propellant combination. RP-1 fuel is also
used as the turbopump lubricant and as the working fluid for
the engine fluid power system. The four outboard engines are
capable of gimbaling and have provisions for supply and
return of RP-1 fuel as the working fluid for a thrust vector
control system. The engine contains a heat exchanger system
to condition engine supplied liquid oxygen and externally
supplied helium for stage propellant tank pressurization. An
instrumentation system monitors engine performance and
operation. External thermal insulation provides an allowable
engine environment during flight operation.

ENGINE OPERATING REQUIREMENTS

The engine requires a source of pneumatic pressure. electrical
power. and propellants for sustained operation. A ground
hydraulic pressure source. an inert thrust chamber prefill
solution, gas generator igniters, gas generator exhaust igniters.
and hypergolic fluid are required during the engine start
sequence. The engine is started by ground support equipment
(GSE) and is capable of only one start before reservicing.

PURGE, PREFILL, AND THERMAL CONDITIONING

A gaseous nitrogen purge is applied for thermal conditioning
and elimination of explosive hazard under each engine
cocoon. Because of the possibility of low temperatures
existing in the space between the engine and its cocoon of
thermal insulation, heated nitrogen is applied to this area.
This purge is manually operated. at the discretion of launch
operations. whenever there is a prolonged hold of the
countdown with lox onboard and with an ambient
temperature below approximately 559F. In any case, the
purge will be turned on at T-37 minutes and continue until
umbilical disconnect.

A continuous gaseous nitrogen purge is required to expel
propellant leakage from the turbopump lox seal housing and
the gas generator actuator housing. The purge pressure also
improves the sealing characteristic of the lox seal. The purge
is required from the time propellants are loaded and is
continuous throughout flight.

A gaseous nitrogen purge prevents contaminants from
entering the lox system through the engine lox injector or the
gas generator lox injector. The purge system is activated prior
to engine operation and is continued until umbilical
disconnect.

Prior to cryogenic loading. approximately 550 gallons of
ethylene glycol solution is used to fill the thrust chamber
tubes and manifolds of all five engines. This inert solution
serves to smooth out the combustion sequence at engine
start. Flow is terminated by a signal from an observer at the
engines. At approximately T-11 minutes, 50 gallons are
supplied to top off the system to compensate for liquid loss
that occurred during engine gimbaling.

POGO SUPPRESSION SYSTEM
The POGO suppression system (figure 4-4) utilizes the lox

prevalve cavities of the four outboard engines as surge
chambers to suppress the POGO phenomenon. The lox

4o Changed 25 June 1971

prevalve cavities are pressurized with gaseous helium (GHe) at
T-11 minutes from ground supply by opening the POGO
suppression control valves. During the initial fill period (T-11
to T-9 minutes). the filling of the valves is closely monitored.
utilizing measurements supplied by the liquid level resistance
thermometers R3 (primary) and R2 (backup). The GHe
eround fill continues to maintain the cavity pressure until
umbilical disconnect. Following umbilical disconnect the
cavity pressure is maintained by the cold helium spheres
located in the lox tank.

Status on system operation is monitored through two
pressure  transducers and four liquid level resistance
thermometers. The pressure transducer (0-800 psia) monitors
system input pressure. A second pressure transducer (0-150
psia) monitors the pressure inside the No. 1 engine lox
prevalve cavity. These pressure readings are transmitted via
telemetry to ground monitors. The liquid level within the
prevalves is monitored by four liquid level resistance
thermometers in each prevalve. These thermometers transmit
4 “wet”. colder than -283°9F (-165°C). and a “dry”’. warmer
than -283°F, reading to ground monitors.

ENGINE SUBSYSTEMS

The subsystems of the F-1 engine shown in figure 4-5 are the
turbopump. checkout valve. hypergol manifold, heat
exchanger. main fuel valve and main lox valve. Subsystems
not shown are the gas generator, 4-way control valve, and
pyrotechnic igniters.

Hypergol Manifold

The hypergol manifold consists of a hypergol cartridge
container, an ignition monitor valve (IMV). and an igniter
fuel valve (IFV). The hypergol solution is forced into the
thrust chamber by the fuel where combustion is initiated
upon mixing with the lox. The IFV prevents thrust chamber
ignition until the turbopump pressure has reached 375 psi.
The IMV prevents opening of the main fuel valves prior to
hypergolic ignition. A positive hypergol cartridge installed
indication is provided by sensors and is a prerequisite to the
firing command.

Control Valve - 4-Way

The 4-way control valve directs hydraulic fluid to open and
close the fuel. lox. and gas generator valves. It consists of a
filter manifold, a start and stop solenoid valve, and two check
valves.

Turbopump

The turbopump is a combined lox and fuel pump driven
through a common shaft by a single gas turbine.

Gas Generator

The gas generator (GG) provides the gases for driving the
turbopump. Its power output is controlled by orifices in its
propellant feed lines. The gas generator system consists of a
dual ball valve. an injector. and a combustor. Combustion is
initiated by two pyrotechnic igniters. Total propellant flow
rate is approximately 167 lb/sec at a lox/RP-1 mixture ratio
of 0.42:1. The dual ball valve must be closed prior to fuel
loading and must remain closed to meet an interlock
requirement for engine start.




S-1C STAGE

Heat Exchanger

The heat exchanger expands lox and cold helium for
“mropellant tank pressurization. The cold fluids, flowing
wrough separate heating coils, are heated by the turbopump
exhaust. The warm expanded gases are then routed from the
heating coils to the propellant tanks.

Main Fuel Valve

There are two main fuel valves per engine. They control flow
of fuel to the thrust chamber. The main fuel valve is a fast
acting, pressure balanced, poppet type, hydraulically
operated valve. Movement of the poppet actuates a switch
which furnishes valve position signals to the telemetry
system. This valve is designed to remain open, at rated engine
pressures and flowrates, if the opening control pressure is
lost. Both valves must be in the closed position prior to fuel
loading or engine start.

—

sain Lox Valve

The two main lox valves on each engine control flow to the
thrust chamber. These valves are fast acting, pressure

balanced, poppet type, hydraulically operated valves. A
sequence valve operated by the poppet allows opening
pressure to be applied to the GG valve only after both main
lox valve poppets have moved to a partially open position.
This valve is designed to remain open. at rated engine
pressures and flowrates, if the opening control pressure is
lost. Both main lox valves must be in the closed position
prior to lox loading or engine start.

Checkout Valve

The checkout valve directs ground supplied control fluid
from the engine back to ground during engine checkout.
Approximately 21.1 seconds prior to the firing command the
valve is actuated to the engine position. In this position it
directs control fluid to the No. 2 turbopump inlet. An
ENGINE POSITION indication is required from this valve
prior to, and interlocked with, the forward umbilical
disconnect command in order for the terminal countdown to
continue.

High Voltage Igniters

Each F-1 engine has four high voltage igniters. Two igniters in
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the gas generator (GG) body initiate combustion in the GG
and two igniters in the engine thrust chamber nozzle
extension reignite the GG and the fuel rich turbopump
exhaust gases. The igniters are initiated during the F-1 engine
start sequence by application of a nominal 500 volts to the
igniter squibs.

ENGINE OPERATION

Engine operation includes starting. mainstage and cutoff. The
starting and cutoff phases are periods of transition in which a
sequence of activities occurs. These phases are developed in
detail in the following paragraphs.

Engine Start

The engine start and transition to mainstage is illustrated in
figure 4-6 for a typical single engine.

Engine Cutoff

The normal inflight cutoff sequence is center engine first,

followed by the four outboard engines. At approximately 2
minutes, 15 seconds. the center engine is programmed by the
LVDC for cutoff. This command also initiates time base No.
2 (T2 + 0.0). The LVDC provides a backup center engine
shutoff signal. Outboard engine cutoff is enabled by a signal
from the LVDC which permits cutoff to be initiated upon
energization of two out of four optical type depletion sensors
in either the lox or the fuel tank. (Lox depletion is most
probable). The sensors start a timer which, upon expiration,
energizes the 4-way control valve stop solenoid on each
outboard engine. Time base No. 3 (T3 + 0.0) is initiated at
this point. The remaining shutdown sequence of the
outboard engines is the same as for the center engine as
explained in figure 4-7.

For launch vehicles SA-510 and subsequent, two changes in
S-IC engine cutoff procedures were made to increase payload
capability without incurring any additional risk.

The first concerns optimization of S-IC center engine cutoff
(CECO). The CECO time is optimized to provide maximum {[
burn time without exceeding the allowable acceleration limit |
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of 4 g’s. The CECO command time is to be determined by
using specific vehicle data in place of averaging data from
several vehicles. For SA-510, this optimization is expected to
increase payload capability by 100 pounds.

the second change involves increasing the S-IC outboard
engine cutoff (OBECO) lox sensor timer delay from 1.2 to
1.6 seconds. This change reduces the unuseable propellant
residuals in the S-IC stage by approximately 9,000 pounds
and increases payload capability by approximately 500
pounds.

Emergency Engine Cutoff

In an emergency, an engine will be cut off by any of the
following methods: ground support equipment (GSE)
command cutoff, range safety command cutoff, thrust not
OK cutoff, emergency detection system (EDS) and two
_adjacent outboard engine-out automatic cutoff.

GSE has the capability of initiating engine cutoff anytime
until umbilical disconnect. Separate command lines are
supplied through the aft umbilicals to the engine cutoffl
relays and prevalve close relays.

The range safety command cutoff provides the capability of
engine cutoff any time after liftoff. If it is determined during
flight that the vehicle has gone outside the established
corridor, the Range Safety Officer will send commands to
effect engine cutoff and propellant dispersion.

Three thrust OK pressure switches are located on each F-1
_~cngine thrust chamber fuel manifold and sense main fuel

jection pressure. If the pressure level drops below the
weactivation level of two of the three pressure switches, an
engine cutoff signal is initiated. This signal is inhibited until
T1 + 14.0 seconds to take advantage of any thrust a failing
engine might produce until the tower has been cleared.
Subsequent to tower clearance, the thrust not OK signal will
initiate shutdown of thc failing engine. The signal is also
_transmitted to the IU where it is monitored by the EDS to

tect multiple cngine failures. However, a timer in the IU
inhibits EDS multiple engine cutoff commands until T +
30.0 seconds. This allows the launch vehicle time to clear the
launch area and proceed far enough down range to ensure a
water landing of the spacecraft. Subsequent to T1 + 30.0
seconds, the EDS multiple engine cutoff circuitry is enabled
until 0.8 seconds before CECO. While this EDS circuitry is
enabled, a thrust not OK signal from two or more engines
will cause the EDS to initiate an ENGINES OFF command
which will shut down all engines on the stage. EDS multiple
engine cutoff can be manually inhibited by crew action at
any time.

The outboard engine cutoff system is activated 0.2 second
before center engine cutoff, and is similar in function to the
EDS. This system monitors only the outboard engines and
sends cutoff signals to the remaining engines if shutdown of
two adjacent engines is detected. The system precludes a
stage breakup in the event two adjacent outboard engines fail
following CECO.

~~In summary, emergency engine cutoff is possible under the
llowing conditions:

CONDITION COMMAND

Before umbilical disconnect GSE cutoff command
Any time after liftoff Range Safety Officer cutoff command
Liftoff to Tq +14.0 sec. Automatic cutoff inhibited

T1+14.0 sec to normal
engine cutoff

Automatic cutoff command to failing
engine only

T4 +30.0 sec. to 0.8 sec.
before CECO

Automatic cutoff command to all engines
if two or more engines fail

0.2 sec before CECO to OBECO Automatic cutoff command to all engines

if two adjacent outboard engines fail.

FLIGHT CONTROL

The S-IC flight control system gimbals the four outboard
engines to provide attitude control during the S-IC burn
phase. See Section VII for a detailed discussion of the Saturn
V flight control.

FLUID POWER

There are five fluid power systems, one system for each
engine, on the S-IC stage. During test, prelaunch checkout
and engine start. the hydraulic pressure is supplied from a
GSE pressure source. After engine start, the hydraulic
pressure is generated by the engine turbopump. Pressure from
either source is made available to the engine valves, such as
the main fuel and lox valves, and the igniter fuel valve. These
valves are sequenced and controlled by the terminal
countdown sequencer, stage switch selector and by
mechanical or fluid pressure means as described in the
paragraphs on Propulsion and Electrical. The two flight
control servoactuators on each outboard engine are also
powered by this system as shown in figure 4-8.

The fluid power system uses both RJ-1 ramjet fuel and RP-1
rocket propellant as the hydraulic fluid. The RJ-1 is used by
the Hydraulic Supply and Checkout Unit (GSE pressure
source). RP-1 is the fuel used in the S-IC stage and as a
hydraulic fluid, is pressurized by the engine turbopump.
These two hydraulic fluids are separated by check valves and
their return flow is directed to GSE or stage by the ground
checkout valve. Drilled passages in the hydraulic components
(valves and servoactuators) permit a flow of fluid to
thermally condition the units and to bleed gases from the
fluid power system.

HYDRAULIC SERVOACTUATOR

The servoactuator (figure 4-9) is the power control unit for
converting electrical command signals and hydraulic power
into mechanical outputs to gimbal the engines on the S-IC
stage. The flight control computer in the IU receives inputs
from the guidance system in the IU and sends signals to the
servoactuators to gimbal the outboard engines in the
direction and magnitude required. An integral mechanical
feedback varied by piston position modifies the effect of the
IU control signal. A built-in potentiometer senses the
servoactuator position and transmits this information to the
IU for further transmission via telemetry to the ground. On
vehicles SA-508 and on, the actuators are equipped with a +3
degree position indicator to provide actuator position
information to ESE for detection of an actuator hard-over
failure prior to launch commit.
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ENGINE START.

S-IC STAGE

At T-30 seconds, the ground checkout
valve directs the return flow of the
ground support equipment (GSE) hydraulic
fluid supply directly to Fuel Inlet No. 2
to the turbopump.

When engine start sequence is initiated,
electric signals ignite two pyrotechnic
igniters located in the gas generator
(GG) and two in the engine thrust chamber
nozzle extension near the 10:1 expansion
area. The igniters burn for approxi-
mately six seconds.

The start solenoid of the 4-way engine
control valve is energized to direct GSE
high pressure RJ-1 to the opening ports
of the two oxidizer valves and to the
ignition monitor valve (IMV) inlet.

The Tox valves begin to open, allowing
lox under tank pressure to flow into the
lox manifold and discharge into the
thrust chamber.

As the lox valve poppets reach 16.4
percent open, a shaft in each valve
opens a spring-loaded sequence valve
gate. Control fluid flows through the
sequence gate of the No. 2 Tox valve,
through the sequencing valve line,
through the sequence gate of Tox valve
No. 1, and to the opening port of the
gas generator ball valve.

The gas generator ball valve opens
allowing lox and fuel from the No. 2
Tox and fuel turbopump outlets (under
tank pressure at this time) to enter
the gas generator combustion chamber.

As fuel and Tox mix in the combustion
chamber, they are ignited by the
activated pyrotechnic igniters (see 2
above). Combustion produces the hot
gas flow necessary for driving the
turbopump.

The turbopump exhaust gas is ducted out
of the drive turbine section into the
turbopump heat exchanger where it gives
up heat to the propellant tank pressuri-
zation gasses (helium for the fuel tank
and gaseous oxygen for the lox tank).

From the heat exchanger, the turbopump
exhaust gas flows to the turbine exhaust
manifold where the gas is evenly
distributed to the area between the walls
of the thrust chamber nozzle extension.
Film cooling of the inner wall of the
nozzle extension is achieved by injecting

< LT @

&

the exhaust gas supplied to the cavity
between the inner and outer wall, into the
thrust chamber exhaust stream through
injector slots formed by 23 rows of over-
lapping shingles that form the inner wall.
At ignition start, the fuel rich exhaust
gas is reignited on discharge by the pair
of burning turbine exhaust pyrotechnic
igniters ?see 2 above).

As the turbopump accelerates, its discharge
pressure increases producing increased flow
of Tox and fuel to the gas generator and
lox flow to the thrust chamber. The turbo-
pump bearing coolant control valve opens to
supply cooling fuel to the turbopump

shaft bearings.

When the discharge fuel pressure reaches
approximately 375 psig, a valve in the
hypergol manifold opens and allows fuel
pressure, via the igniter fuel valve
(IFV), to build up against the hypergol
burst diaphragm. The hypergol disphragm
bursts at approximately 500 psig allowing
hypergol and fuel to enter the thrust
chamber via the igniter injector feed
line. Spontaneous combustion occurs upon
contact with Tox establishing primary
ignition in the thrust chamber.

Rupture of the hypergol diaphragm releases
a cam-lock which allows the ignition moni-
tor valve (IMV) to be opened by thrust
chamber pressure buildup. This allows
control fluid from the 4-way control valve
to open the main fuel valves.

As the fuel valves open, fuel is admitted

to the thrust chamber forcing out a prefill
of ethylene glycol solution which suppresses
harsh starting combustion. The fuel burns
on entry into the thrust chamber and
transition to full F-1 power output begins.

When engine RP-1 pressure increases above
ground source RJ-1 hydraulic control fluid
pressure, the hydraulic pressure source is
transferred to the engine RP-1 fuel.

The thrust chamber pressure rises rapidly
until the turbopump reaches rated power.
When the three THRUST OK pressure switches,
pick up with the rising fuel injection
pressure at approximately 1,060 psig, a
THRUST OK signal is generated indicating
the F-1 engine power has reached full
output. Receipt of THRUST OK signals

from all five F-1 engines allows flight
launch commit to take place.

S1lightly over five seconds elapse from
the initiation of start sequence to
launch commit.

Figure 4-6 (Sheet 2 of 2)
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[:> Gas Generator Ball Valve closes. [:> The Thrust Chamber pressure decay causes

Figure 4-7
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The servoactuators are mounted 90 degrees apart on each
outboard engine and provide for engine gimbaling at a rate of
S degrees per second and a maximum angle of +5.0 degrees
square pattern.

PNEUMATIC CONTROLS

The pneumatic control system (figure 4-10) provides a
pressurized nitrogen supply for command operation of
various pneumatic valves. Pneumatic control of the fuel and
lox fill and drain valves and the No. 2 lox interconnect valve
is provided directly from GSE. Lox interconnect valves No.
1,3 and 4 are controlled by the onboard pneumatic system.

The pneumatic control system for those valves which must be
controlled during flight (fuel and lox prevalves, lox and fuel

_— vent valves) is charged by a GSE nitrogen source at 3200 psi.

The 2200 cubic inch storage bottle is charged through
onboard control valves and filters. A pressure regulator

reduces the supplied pressure to 750 psi. There are direct
lines from the GSE to the prevalve solenoid valves to provide
pressure for emergency engine shutdown prior to liftoff.
Closing time of the prevalves is controlled by orifices in these
lines.

A separate onboard purge pressure system, with three 2200
cubic inch storage bottles, provides GN72 during flight for the
F-1 engine purge.

PROPELLANTS

Propellants for the S-IC stage are RP-1 (fuel) and liquid
oxygen. The propellant system includes hardware for fill and
drain operations. tank pressurization prior to and during
flight, and delivery of propellants to the engines. The system
is divided into two systems, the fuel system and the lox
system. Figures 4-11 through 4-13 illustrate the system
operation.
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FUEL SYSTEMS

The fuel systems (figure 4-11) consist of a fuel tank, a fuel
fill and drain system, a fuel pressurization system, and a fuel
delivery system.

Fuel Fill and Drain

Fuel loading is accomplished about 25 days before launch
(figure 4-12). In two hours the stage is filled to a total mass
load of 102% of the desired load. At T-60 minutes the
propellant management GSE gives the command to begin fuel
level adjustment to the prescribed flight load level. This
initiates a limited drain. The fuel loading probe (figure 4-11),
senses the mass level. The fuel vent and relief valve is opened
during gravity drain but must be closed for pressurized drain.

RP-1 Pressurization

Fuel tank pressurization (figure 4-11) is required from engine
starting through stage flight to establish and maintain a net
positive suction head at the fuel inlet to the engine
turbopumps. Ground supplied helium for prepressurization is
introduced into the cold helium line downstream from the
flow controller resulting in helium flow through the engine
heat exchanger and the hot helium line to the fuel tank
distributor. During flight, the source of fuel tank
pressurization is helium from storage bottles mounted inside
the lox tank.

Fuel tank pressure is maintained by an over-pressure switch
which controls the fuel vent and relief valve, a
prepressurization switch which controls GSE pressure supply
during filling and prepressurization, and a flight
pressurization switch. During flight the fuel tank ullage
pressure is maintained by five solenoid valves located in the
helium flow controller. Valve No. 1 is opened first before
liftoff. During flight, valve Nos. 2, 3 and 4 arc sequenced
open by the IU to maintain tank pressure as the helium
bottle pressurc decreases. Valve No. 5 is opened by the flight
pressurization switch if the tank pressure falls below 19.5
psia. It closes at 21.5 psia.

The onboard helium storage bottles are filled through a
filtered fill and drain line upstream from the flow controller.
The storage bottles are filled to a pressure of 1400 psi prior
to lox loading. Fill is completed to 3150 psi after lox loading
when the bottles are cold. A high pressure relief valve
provides positive pressure relief. The valve has a cracking
pressure of 3600 to 3800 psig and reseat pressure of 3400
psig minimum. Discharged helium from the relief valve is
exhausted into the fuel tank.

RP-1 Delivery

Fuel is delivered to each F-l engine through two fuel
prevalves, two 12-inch suction ducts and two pressure-volume
compensating (PVC) ducts (figure 4-11). The prevalves isolate
engines from fuel during the long standby period on the
mobile launcher. They also provide backup to the main fuel
valves to shut off the engine during ground operation. The
suction ducts contain gimbals and sliding joints to
compensate for relative motions resulting from static and
dynamic misalignments. The PVC ducts are located
immediately above the fuel entrance to the F-1 engines and
serve as the stage/engine interface in the fuel system. The
PVC ducts maintain constant fuel pressure and flow at the
engine inlets irrespective of engine movement due to
gimbaling or vibration.
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Figure 4-10

A fuel level engine cutoff sensor, in the bottom of the fuel
tank, initiates engine shutdown when fuel is depleted if the
lox sensors have failed to cut off the engines.

LOX SYSTEMS

The lox systems (figure 4-13) consist of a lox tank, lox fill
and drain system, a lox conditioning system, a lox
pressurization system. and a lox delivery system.

Lox Fill and Drain

The lox fill and drain system consists of three fill and drain
valves, associated ducting and fittings, and lox loading and
level probes. The lox level probes provide tank level sensing
information throughout the fill and drain operations.

Shortly after T-7 hours. lox loading begins through the No. 1
fill and drain valve in the intertank section. This valve handles
all of the lox input for the initial precool flowrate of 300
gallons (2835 pounds) per minute (gpm) for a minimum of
20 minutes and a slow fill rate of 1500 gpm until the tank is
6.5 percent full. These two initial fill rates condition the
system to the extreme temperature drop and prevent splash
damage to lox tank components until a stabilizing level is
attained. The fast fill rate of 10,000 gpm is attained by using
both No. 1 and No. 2 fill and drain valves in the intertank

section. At 95 percent full level, the No. 1 valve supplies all
of the topping fill to the 100 percent level at 1500 gpm
flowrate. Lox replenish to replace boiloff is accomplished at
a flowrate up to 500 gpm through No. 1 valve. The No. 3 fill
and drain valve in the thrust structure is used for standby fill
and drain only, principally emergency drain.

When the lox tank is drained a positive pressure is maintained
in the tank by GSE purge gas input to prevent tank collapse.
The fill and drain valves are qualified to drain at a rate of
2500 gpm. The No. 3 valve is the only drain valve capable of
draining both the lox tank and the suction ducts down to the
prevalve level.

Lox Conditioning

Prior to launch. boil-off in the lox tank may be harmlessly
vented overboard. However, excessive geysering from boiling
in the lox suction ducts can cause structural damage, and
high lox temperatures near the engine inlets may prevent
normal engine start. The lox bubbling system (figure 4-13)
eliminates geysering and maintains low pump inlet
temperatures. Helium from a GSE source is injected into lox
suction ducts No.’s 1 and 3 with interconnect valves No.’s .
3, and 4 open to induce a thermal pumping process. Two
basic convective lox flow patterns are produced: (1) Down
suction duct No. 2, through the open interconnect valve No.
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A 1 and up suction duct No. 1; and (2) Down suction ducts
~ No.’s 4 and 5, through interconnect valves No.’s 3 and 4. and
= up suction duct No. 3. Once established, thermal pumping is
& self sustaining and continues until the interconnect valves are
£ closed just prior to launch.

A more critical or emergency use of the bubbling systcm
occurs if the prevalves have to be closed with lox aboard, or
if the lox must be drained, or if temperature and pressure
E monitoring of the suction ducts indicates an incipient severe
£ boiling condition. For any of these three critical conditions,
¢ helium is injected into all five suction ducts simultaneously.

8 Lox Pressurization System

. The lox pressurization system consists of a standby
= pressurization system, a prepressurization systera, a flight
E Dpressurization system, and a pressure vent and relief system.

¢ The standby pressurization system provides a slight positive
B pressure (3 to 5 psig) to protect the structural integrity and
cleanliness of the empty lox tank during storage, transit, and
standby. Pressure is maintained from an external gaseous
_ nitrogen supply.

The lox prepressurization system assures sufficient lox tank
ullage pressure for safe engine start, suppresses lox boiling
just before flight, and pressurizes the lox tank in case lox
drain is necessary. The system (see figure 4-13) consists of a
one-inch diameter pressurization line, an umbilical coupling,
a check valve, and a prepressurization switch. Helium at
ambient temperature is the medium used as it is both inert
and light in weight. The helium is-injected through the
prepressurization line into the gox pressurization duct just
downstream from the gox flow control venturi. The helium
flow is initiated at T-72 seconds (approximately 63 seconds
prior to engine ignition) at a flow rate of 60 pounds per
minute. At T-4.7 seconds (approximately 4 seconds after
engine ignition) the helium flowrate is increased to 120
pounds per minute and continues until liftoff. After liftoff
the check valve prevents gox from the heat exchangers from
dumping overboard through the helium pressurization line. If
lox drain is necessary, gaseous nitrogen is used in place of
helium to pressurize the tank.

The lox prepressurization switch senses the tank ullage
pressure and automatically shuts down the GSE supply of
helium (or gaseous nitrogen during pressure drain) when the
pressure reaches 26.5 psia. When the pressure drops to 24.2
psia, GSE pneumatic input is restarted.
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The lox flight pressurization system (figure 4-13) provides
the ullage pressure needed to meet the engine lox net positive
suction head (NPSH) requirements and to suppress lox
boiling during flight. A portion of the lox supplied to each
F-1 engine is diverted from the lox dome to the heat
exchanger where the hot turbine exhaust gas transforms lox
into gox. The heated gox is delivered through the gox
manifold, the flow control venturi. the pressurization duct.
and the gox distributor in the center of the lox tank upper
bulkhead. The flow control venturi is sized to provide
non-regulated flow which satisfies the pressure requirements.
The gox pressurization duct is 4%-inches in diameter with
three gimbal joints at both the upper and lower portions. The
gox distributor is equipped with a diffuser screen to dampen
the effects of the gox sonic flow at the distributor inlet.

The lox pressure vent and relief system protects the
structural integrity of the lox tank from overpressures and
the lox delivery to the F-1 engines from excessive NPSH. The
system consists of a vent and relief valve. a vent valve, and an
absolute pressure vent and relief switch.

The lox tank vent and relief valve is one of the two valves
provided to relieve lox tank overpressure. It has two separate
actuating systems, (1) the control pressure actuating system
and (2) a self-sensing mechanical pressure relief system. In
the first mode of operation. the vent and relief valve is
actuated by 750 psig gaseous nitrogen provided by the
control pressure system with a solenoid control valve used as
a pneumatic switch. The solenoid valve is electrically
operated by the lox tank absolute pressure vent and relief
switch or by GSE control through umbilical hardwire. GSE
requires control of the vent and relief valve during lox tank
fill operations to permit filling at a lower ullage pressure than
the normal vent and relief opening pressure. In the second
mode, the valve acts as mechanical pressure relief valve,
opening at 25.5 psig and closing at 23.5 psig.

The lox tank vent valve is the second of the two valves
provided for venting lox tank overpressure. It is identical to
the lox tank vent and relief valve except that it does not have
a pressure relief actuating system. The vent valve is GSE
controlled by an umbilical hardwire. After liftoff, this valve is
not operational and reverts to its normally closed position.

Vent ducts from both valves dump the gox overboard to
avoid possible dangerous concentrations of gox in the
forward skirt.

The lox tank absolute pressure vent and relief switch
monitors lox tank ullage pressure and provides electrical
signals to control actuation of the lox tank vent and relief
valve. The switch is an absolute pressure sensing
double-chambered diaphragm type with an integral electrical
switch. One chamber senses the ullage pressure; the second
chamber is used for calibration of the switch. If the ullage
pressure should reach 31.5 psia, the switch will cause the vent
and relief valve to open. Deactuation minimum pressure level
is 29.7 psia. Deactuation shuts off the gaseous nitrogen
control pressure and the vent and relief valve closes by the
solenoid control valve venting the 750 psig control pressure
out of the actuating cylinder of the valve.

The lox pressurization system is designed for maintenance of
design tank ullage pressure on a no-vent basis. The absolute
pressure vent and relief switch setting of 29.7 - 31.5 psia
protects against tank ullage overpressure to approximately 70

seconds after liftoff. At this point, the pressure relief setting
of the vent and relief valve (23.5 - 25.5 psig) overlaps the
setting of the switch and subsequent to T+80 seconds tank
overpressure, if it should occur, is relieved by the pressure
relief system of the vent and relief valve.

Lox Delivery System

The lox delivery system provides the flow lines to transport
the lox from the tank to the five F-l1 engines. The system
includes the lox suction ducts, the lox prevalves, the
pressure-volume compensating (PVC) ducts and the lox level
engine cutoff sensors. ;

Five 20-inch diameter suction ducts (see figure 4-13) provide
flow paths between anti-vortex outlets in the lox tank aft
bulkhead and the lox prevalves. The ducts are straight
throughout their length to reduce pressure losses and are
equipped with gimbals and sliding expansion joints to
compensate for vibration and temperature differentials.
Twenty-five inch diameter lox tunnels in the fuel tank
structure permit passage of the ducts through the fuel tank.
The air space between the duct and tunnel walls prevents
excessive heat transfer from the warm fuel to the cold lox,
reducing lox boiloff.

A lox prevalve in each suction duct serves as a backup to the
main lox shutoff valve within each F-1 engine. The valves are
17-inch diameter. ball segment type. with the rotating
segment spring-loaded to the normally open position. The
valves are closed by a pneumatic cylinder and crank assembly
which is part of the valve.

Pressure-volume compensating (PVC) ducts maintain
constant pressure and flow to the engines irrespective of
engine movement due to gimbaling or vibration. Each PVC
duct contains three flexible bellows sections which, through
controlled volume adjustment, dampen out pressure
fluctuations.

One lox level engine cutoff sensor is located in the upper
portion of each lox suction duct. The function of the sensors
is tc effect safe engine shutdown while leaving a minimum
amount of unused lox. Utilization of all the lox could cause
catastrophic cavitation of the engine turbopumps and
unstable thrust alighment at lox depletion burnout. The
sensors are optical prism and solar cell type which emit 28
volts. dc, when dry and zero volts when wet. When the lox
level passes any two of the four outboard sensors all of the
outboard engines are shut down in pairs by timed sequencing.
The inboard engine is normally shut off by a programmed
signal from the Instrument Unit prior to normal outboard
engines cutoff.

ELECTRICAL

The electrical power system of the S-IC stage is made up of
two basic subsystems: the operational power subsystem and
the measurements power subsystem. Onboard power is
supplied by two 28-volt batterics located as shown in figure
4-14. Battery characteristics are listed in figure 4-15.

In figure 4-16. battery number 1 is identified as the
operational power system battery. It supplies power to
operational loads such as valve controls, purge and venting
systems. pressurization systems, and sequencing and flight
control. Battery number 2 is identified as the measurement
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S-IC BATTERY CHARACTERISTICS

TYRE DRY CHARGE

MATERIAL ZINC-SILVER OXIDE

ELECTROLYTE POTASSIUM HYDROXIDE (KOH) IN
PURE WATER
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NOMINAL VOLTAGE|1%.5 VDC PER CELL: 28 + 2 VDC
PER 18 TO 20 CELL GROUP

CURRENT RATINGS| 640 AMPERE/MINUTE

GROSS WEIGHT 22 LBS.

Figure 4-15

power system battery. It supplies power to measurements
loads such as telemetry systems, transducers, multiplexers,
and transmitters. Both batteries supply power to their loads
through a common main power distributor but each system is
completely isolated from the other.

During the prelaunch checkout period power for all electrical
loads, except range safety receivers. is supplied from GSE.
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The range safety receivers are hardwired to batteries 1 and 2
in order to enhance the safety and reliability of the range
safety system. At T-50 seconds a ground command causes the
power transfer switch to transfer the S-IC electrical loads to
onboard battery power. However, power for engine ignition
and for equipment heaters (turbopump and lox valves)
continues to come from the GSE until terminated at
umbilical disconnect.

DISTRIBUTORS

There are six power distributors on the S-IC stage. They
facilitate the routing and distribution of power and also serve
as junction boxes and housing for relays, diodes, switches and
other electrical equipment.

There are no provisions for switching or transferring power
between the operational power distribution system and the
measurement power system. Because of this isolation, no
failure of any kind in one system can cause equipment failure
in the other system.

Main Power Distributor

The main power distributor contains a 26-pole power transfer
switch, relays, and the electrical distribution busses. It serves
as a common distributor for both operational and
measurement power subsystems. However, each of these
systems is completely independent of the other. The power
load is transferred from the ground source to the flight
batteries at T-50 seconds. Inflight operation of the
multicontact, make-before-break, power transfer switch is
prevented by a brake, by mechanical construction, and by
electrical circuitry. Operation of the switch several times
during countdown verifies performance of the brake, motor,
contacts, and mechanical components.
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Sequence and Control Distributor

“™ The sequence and control distributor accepts command

signals from the switch selector and, through a series of
magnetically latching relays, provides a 28-volt dc command
to initiate or terminate the appropriate stage function. The
input from the switch selector latches a relay corresponding
to the particular command. A 28-volt dc signal is routed
through the closed contacts of the relay to the stage
components being commanded. The relays, one for each
command function, may be unlatched by a signal from GSE.
The normally closed contucts of the relays are connected in
series. A 28-volt dc signal is routed through the series
connected relay contacts to indicate to GSE when all
sequence and control relays are in the reset state.

Propulsion Distributor

The propulsion distributor contains relays, diodes, and
printed circuit boards for switching and distributing
propulsion signals during launch preparation and flight.

Thrust OK Distributor

The thrust OK distributor contains relays and printed circuit
assemblies which make up the thrust OK logic networks and
timers required to monitor engine thrust OK pressure

switches and initiate engine shutdown. Signals from two of
the three thrust OK pressure switches on a particular engine
will result in an output from a two-out-of-three voting
network. This output activates a 0.044 second timer. If the
thrust OK condition is missing longer than 0.044 seconds the
timer output sends a signal to initiate engine shutdown.

Timer Distributor

Circuits to time the operation of relays, valves, and other
electromechanical devices are mounted in the timer
distributor.

Measuring Power Distributors

Each regulated 5-volt dc output from the seven measuring
power supplies is brought to an individual bus in the
measuring power distributor and then routed to the
measuring and telemetry systems.

SWITCH SELECTOR

The S-IC stage switch selector is the interface between the
LVDC in the IU and the S-IC stage electrical circuits. Its
function is to sequence and control various flight activities

such as TM calibration, retrorocket initiation, and
pressurization as shown in figure 4-17.
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A switch selector is basically a series of low power transistor
switches individually selected and controlled by an eight-bit
binary coded signal from the LVDC in the IU. A coded word,
when addressed to the S-IC switch selector, is accepted and
stored in a register by means of magnetically latching relays.
The coded transmission is verified by sending the
complement of the stored word back to the LVDC in the IU.
At the proper time an output signal is initiated via the
selected switch selector channel to the appropriate stage
operational circuit. The switch selector can control 112
circuits.

LVDC commands activate. enable, or switch stage electrical
circuits as a function of elapsed flight time.

Computer commands include:
1. Telemetry calibration.
2. Remove telemetry calibration.
3. Open helium flow control valve No. 2.
4. Open helium flow control valve No. 3.
5. Open helium flow control valve No. 4.
6. Enable center engine cutoff.
7. Enable outboard engine cutoff.

8. Arm EBW firing unit, retrorockets, and separation
system.
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9. Fire EBW firing unit, retrorockets, and separation
system.

10. Measurement switchover.

In addition, a command from the emergency detection
system in the IU can shut down all S-IC stage engines.

INSTRUMENTATION

The S-IC stage instrumentation system monitors functional
operations of stage systems and provides signals for vehicle
tracking during the S-IC burn. Prior to liftoff, measurements
are telemetered by coaxial cable to ground support
equipment. During flight, data is transmitted to ground
stations over RF links.

TELEMETRY SYSTEM

The telemetry system accepts the signals produced by the
measuring portion of the instrumentation system and
transmits them to ground stations. The telemetry equipment
includes multiplexers, subcarrier oscillators, amplifiers,
modulators, transmitters, and a two-element antenna system.
The telemetry system uses multiplex techniques (time
sharing) to transmit large quantities of measurement data
over a relatively small number of basic RF links.

There are two basic types of telemetry systems in the S-IC
stage (figure 4-18). One pulse amplitude
modulated/frequency modulated (PAM/FM/FM) link is used
for telemetering low-to-medium frequency data such as
pressure or temperature. Time multiplexed data from the
PAM links are also routed through the PCM links at one third



S-IC STAGE

:7 ANTENNAE V

RF POWER DIVIDER

F1 TRANSMITTER
256.2 MHz

COAXIAL SWITCH TO GSE
RF MULTICOUPLER
POWER —— 5443 Mz

POWER —}

P71 TRANSMITTER

DIGITAL DATA TO «—

GROUND FACILITY VIA POWER %E\%IJAL
COAXIAL CABLE (DDAS) ¢
POWER—p»| PAM/FM ASSEMBLY —-3 PCM/DDAS
(TELEMETRY OSCILLATOR ASSEMBLY
~SYNC ASSY & 270 MUX) PREFLIGHT/INFLIGHT o MODEL 301
i CONTROL
i DATA POWER
i
MUX 270 €—+ SYNC
_ CALIBRATION TELEMETRY [ TO PAM
COMMAND ———— CALIBRATOR, MULTIPLEXER
n MODEL I1I
REMOTE DIGITAL
SUBMULTIPLEXER
CALIBRATION
CONTROL <«———f  DC POWER f
RELAYS ISOLATOR
DATA  POWER—3 DIGITAL DATA
A POWER
DISCONNECT MEASURING
PANEL < DISTRIBUTORS <— DATA SYNC SIGNALS TO
TRANSPOSER LIQUID LEVEL
MEASURING SYSTEM
POWER »| SYNC BUFFER
R UNIT
Figure 4-18

Changed 25 June 1971

4-21



S-IC STAGE

sampling rate for DDAS transmission during preflight testing
and for redundant RF transmission during flight. A pulse
code modulated/digital data acquisition system (PCM/DDAS)
link provides for acquisition of analog and digital flight data.
provides a hardwire link for obtaining PCM data and PAM
time multiplexed data during test and checkout and permits
the redundant monitoring of PAM data during flight. The
PCM/DDAS system assembles and formats PCM/FM time
shared data so it can be sent over coaxial cables for automatic
eround checkout or over an RF link during flight.

The Remote Digital Submultiplexer (RDSM) provides
additional data-handling capability to the PCM telemetry
system. It can accept a maximum of 100 inputs which are
sampled sequentially in groups of ten. The assembly handles
only digital information. The inputs and outputs are set
voltage levels that represent liquid level measurements and
discrete data from other sources.

MEASUREMENT SYSTEM

The measurement system senses performance parameters and
feeds signals to the telemetry system. It includes transducers,
signal conditioning, and distribution equipment necessary to
provide the required measurement ranges and suitably scaled
voltage signals to the inputs of the telemetry system.

The S-IC measuring system performs three main functions:
1. Detection of the physical phenomena to be

measured and transformation of these phenomena
into electrical signals.

(3]

Process and condition ‘the measured signals into the
proper form for telemetering.

3. Distribution of the data to the proper channel of the
telemetry system.

Remote Automatic Calibration System (RACS)

The RACS is used to verify measurement circuit operation
and continuity by stimulating the transducer directly, or by
inserting a simulated transducer signal in the signal
conditioner circuit. Measurement operation is verified at 80
percent of the maximum transducer range (high level), at 20
percent of the maximum range (low level), and at the normal
run level.

ORDNANCE

The S-IC ordnance systems include the propellant dispersion
(flight termination) system (figure 4-19) and the retrorocket
system (figure 4-20).

PROPELLANT DISPERSION SYSTEM

The S-IC propellant dispersion system (PDS) provides the
means of terminating the flight of the Saturn V if it varies
beyond the prescribed limits of its flight path or if it becomes
a safety hazard during the S-IC boost phase. The system is
installed on the stage in compliance with Air Force Eastern
Test Range (AFETR) Regulation 127-9 and AFETR Safety
Manual 127-1.

The PDS is a dual channel, parallel redundant system
composed of two segments. The radio frequency segment
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receives. decodes, and controls the propellant dispersion
commands. The ordnance train segment consists of two
exploding bridgewire (EBW) firing units, two EBW
detonators, one safety and arming (S&A) device (shared by
both channels), six confined detonating fuse (CDF)
assemblies, two CDF tees. two CDF/flexible linear shaped
charge (FLSC) connectors. and nine FLSC assemblies.

The S&A device (figure 4-21) is a remotely controlled
electro-mechanical ordnance device that is used to make safe
and to arm the S-IC. S-1I. and S-1VB stage PDS’s. The device
can complete and interrupt the explosive train by remote
control. provide position indications to remote monitoring
equipment, and provide a visual position indication. It also
has a manual operation capability. The S&A device consists
of a rotary solenoid assembly. a metal rotor shaft with two
explosive inserts. and position sensing and command switches
that operate from a rotor shaft cam. In the safe mode. the
longitudinal axis of the explosive inserts are perpendicular to
the detonating wave path, thus forming a barrier to the
explosive train. To arm the device, the shaft is rotated 90
degrees to align the inserts between the EBW detonators and
the CDF adapters to form the initial part of the explosive
train.

Should emergency flight termination become necessary, two
coded radio frequency commands are transmitted to the
launch vehicle by the range safety officer. The first command
arms the EBW firing units and initiates S-IC engine cutoff.
(See figure 4-19 for block diagram of the PDS and location of
PDS components.) The second command. which is delayed to
permit charging of the EBW firing units, discharges the EBW
firing units across the exploding bridgewire in the EBW
detonators mounted on the S&A device (see figure 4-21). The
resulting explosive wave propagates through the S&A device
inserts to the CDF assemblies and to the CDF tees. The CDF
tees propagate the wave through insulated CDF assemblies to
the FLSC assemblies mounted on the lox and RP-1 tanks.
The FLSC’s provide the explosive force to longitudinally
sever the propellant tanks and disperse the propellants. There
are six 88-inch FLSC sections mounted on the lox tank and
three 88-inch sections on the fuel tank. These sections are
positioned on the propellant tanks to minimize mixing of the
propellants after the tanks are severed.

RETROROCKETS

The S-IC retrorockets are mounted, in pairs. (figure 4-20) in
the fairings of the F-1 engine at Fins A and C. At retrorocket
ignition the forward end of the fairing is burned and blown
through by the exhausting gases. Each retrorocket is pinned
securely to the vehicle support and pivot support fittings at
an angle of 7.5 degrees from center line.

The four retrorockets (figure 4-20), provide separation thrust
after S-IC burnout. The firing command originates in the
Instrument Unit (IU) and activates redundant firing systems.
Additional redundancy is provided by interconnection of the
two confined detonating fuse (CDF) manifolds with CDF
assemblies. The exploding bridgewire (EBW) firing unit
circuits are grounded by a normally closed relay until the
firing command is initiated by the IU. High voltage electrical
signals are released from the two EBW firing units to the
EBW detonators upon vehicle deceleration to 0.5g. The
signals cause the detonator bridgewires to explode. thereby
detonating the surrounding explosives. The explosion then
propagates through the CDF manifold explosive and CDF
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assemblies into the igniter assembly. The igniter assembly
located within the base of each retrorocket is then ignited,
causing a buildup and release of the gases into the main grain
of the retrorocket. Each retrorocket is ignited by either of
two CDF pyrogen initiators mounted on its aft structure.

Operational ground check of the system through the firing
unit is accomplished through use of pulse sensors which
abgorb the high voltage impulse from the firing unit and
transmit a signal through the telemetry system. The pulse
sensors are removed prior to launch. i

Each retrorocket is a solid propellant rocket with a case
bonded, twelve-point star, internal burning, composite
propellant cast directly into the case and cured. The
propellant is basically ammonium perchlorate oxidizer in a
polysulfide fuel binder. The motor is 86 inches long by
15-1/4 inches diameter and weighs 504 pounds, nominal, of
which 278 pounds is propellant. The rocket burns for 0.541

seconds and develops a minimum thrust of 75,800 pounds at
1200F;

MAJOR DIFFERENCES

n) Time for S-IC center engine cutoff was optimized to
increase payload capability by approximately 100
pounds.

’ S-IC outboard engines lox sensor timer delay was
increased from [.2 to 1.6 seconds to reduce unuseable
propellant residuals by approximately 9,000 pounds
and increase payload capability by approximately
500 pounds.

} Two pairs of retrorockets at Fins B and D were
removed to decrease stage weight by 1950 pounds
and increase pavload capability by 120 pounds.
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INTRODUCTION

_—

—

The S-II stage provides second stage boost for the Saturn V
launch vehicle. The stage (figure 5-1) is 81.5 feet long, 33
feet in diameter, and is powered by five liquid propellant J-2
rocket engines which develop a nominal vacuum thrust of
230,000 pounds each for a total of 1,150,000 pounds. The
four outer J-2 engines are equally spaced on a 17.5 foot
diameter circle and are capable of being gimbaled through a
plus or minus 7.0 degree pattern for thrust vector control.
The fifth engine is mounted on the stage centerline and is
fixed. Stage and engine characteristics are listed in figure 1-3.

" At engine cutoff the S-II stage separates from the S-IVB and.
following a suborbital path, reenters the atmosphere where it
disintegrates due to reentry loads.

The stage consists of the structural airframe, the J-2 engines,
piping, valves, wiring, instrumentation, electrical and
electronic  equipment, and ordnance devices. These are
collected into the following muajor systems: structural,
snvironmental control, propulsion, flight control, pneumatic
control,  propellant, electrical, instrumentation, and
ordnance. The stage has structural and electrical interfaces
with the S-1C and S-IVB stages: and electrical, pneumatic,
and fluid interfaces with ground support equipment through
its umbilicals and antennue.

STRUCTURE

The S-II airframe (figure 5-1) consists of a body shell
structure (forward and aft skirts and interstage), a propellant
tank structure (liquid hydrogen and liquid oxygen tanks),
and a thrust structure. The body shell structure transmits
first and second stage boost loads (axial, shear, and bending
moment) and stage body bending and longitudinal forces
between the adjacent stages, the propellant tank structure,
and the thrust structure. The propellant tank structure holds
the propellants, liquid hydrogen (LH») and liquid oxygen
(lox), and provides structural support between the aft and
forward skirts. The thrust structure transmits the thrust of
the five J-2 engines to the body shell structurc: compression
loads from engine thrust: tension loads from idle engine
weight: and cantilever loads from engine weight during S-11
boost.

BODY SHELL STRUCTURE

The body shell structure units, the forward skirt, aft skirt.
and interstage. are of the same basic design except that the
aft skirt and interstage are of generally heavier construction
because of higher structural loads.
Each unit is a cylindrical shell of
construction, built of 7075 aluminum alloy material,
stiffened by external hat-section stringers and stabilized
internally by circumferential ring frames. The forward skirt
has a basic skin thickness of 0.040 inch and the aft skirt and
interstage both have basic skin thicknesses of 0.071 inch.

semimonocoque

THRUST STRUCTURE

The thrust structure, like the body shell structure, is of
semimonocoque construction but in the form of a truncated
cone increasing in size from approximately 18 feet in
diameter to the 33 foot outside diameter of the airframe. It is
stiffened by circumferential ring frames and hat-section
stringers. Four pairs of thrust longerons (two at each
outboard engine location) and a center engine support beam
cruciform assembly accept and distribute the thrust loads of
the J-2 engines. The shell structure is of 7075 aluminum
alloy. A fiberglass honeycomb heat shield, supported from
the lower portion of the thrust structure, protects the stage
base area from excessive temperatures during S-11 boost.

The conical shell also serves to support the major portion of
systems components carried on the S-II, either mounted in
environmentally controlled equipment containers or directly
to the airframe structure (see figure 5-2).

PROPELLANT TANK STRUCTURE

The LH» tank consists of a long cylinder with a concave
modified ellipsoidal bulkhead forward and a convex modified
ellipsoidal bulkhead aft. The aft bulkhead is common to the
lox tank. The LH» tank wall is composed of six cylindrical
sections which incorporate stiffening members in both the
longitudinal and circumferential directions. Wall sections and
bulkheads are all fabricated from 2014 aluminum alloy and
are joined together by fusion welding. The forward bulkhead
has a 36 inch diameter access manhole built into its center.

The common bulkhead is an adhesive-bonded sandwich
assembly employing facing sheets of 2014 aluminum alloy
and a fiberglass/phenoclic honeycomb core to prevent heat
transfer and retain the crvogenic properties of the two fluids
to which it is exposed. Fiberglass core insulation thickness
varies from approximately 5 inches at the apex to 0.080 inch
at the outer extremity. No connections or lines pass through
the common bulkhead. The forward skin has a **J” section
return at the outer edge to permit peripheral attachment to
the LH2 tank while the lower facing is carried through to
provide structural continuity with the lox tank aft bulkhead.

The liquid oxygen tank (figure 5-3) consists of cllipsoidal

fore and aft halves with waffle-stiffened gore segments. The
tank is fitted with three ring-type slosh baftles to control
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propellant sloshing and minimize surface disturbances and
cruciform baffles to prevent the generation of vortices at the
tank outlet ducts and to minimize residuals. A six-port sump
assembly located at the lowest point of the lox tank provides
a fill and drain opening and openings for five engine feed
lines.

SYSTEMS TUNNEL

A systems tunnel, housing electrical cables, pressurization
lines, and the tank propellant dispersion ordnance, is
attached externally from the S-II stage aft skirt area to the
forward skirt. It has a semicircular shape 22 inches wide and
about 60 feet long. Cabling which connects the S-IC stage to
the instrument unit also runs through this tunnel (see figures
5-1 and 5-2).

ENVIRONMENTAL CONTROL

The environmental control system is supplied dehumidified,
thermally-conditioned air and nitrogen from a ground source
for temperature control and purging of the compartments
during prelaunch operations only.

THERMAL CONTROL

The thermal control system (figure 5-2) provides temperature
control to forward and aft skirt mounted equipment
containers. The system is put into operation shortly after the

vehicle is mated to pad facilities. Air is used as the
conditioning medium until approximately two hours prior to
cryogenic loading. At this time gaseous nitrogen (GNp) is
used until umbilical disconnect to preclude the possibility of
an explosion in the event of LH leakage. The change to GN7
is made before propellant loading to ensure that all oxygen is
expelled and dissipated before a hazard can arise. The
nitrogen flow is terminated at liftoff, and no flow is provided
during boost, since the equipment container insulation is
capable of maintaining equipment temperatures throughout
the S-II flight trajectory.

ENGINE COMPARTMENT CONDITIONING

The engine compartment conditioning system purges the
engine and interstage areas of explosive mixtures and
maintains a proper temperature. Purging the compartment is
accomplished prior to propellant tanking and whenever
propellants are on board. A 98% GN atmosphere circulating
through the compartment maintains desired temperature
while the danger of fire or explosion resulting from
propellant leakage is minimized.

TANK INSULATION

All external surfaces of the LHy tank are insulated with a
polyurethane spray-on foam to prevent condensation and
reduce temperature rise during cryogenic operations. An
exterior protective coating provides mechanical and moisture
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protection. In addition, quarter-inch thick cork sheet is
bonded over the polyurethane foam in the multiple
protuberance, wake effect, areas around the LH, feedline
fairings, recirculation return line fairings, LH» fill and drain
fairings, and system tunnel. Also a protective cork strip is
installed onthe ramp of the forward skirt foam insulation.

BULKHEAD PURGE AND EVACUATION

The LH2/Lox tank common bulkhead honeycomb core
(figure 5-4) has a network of passages which permits purging
and evacuation of the core area. The common bulkhead and
the adjacent J-ring area (a small, annular, uninsulated area of
the forward LH7 tank bulkhead), are purged with helium, as
shown in figure 5-5, to exclude hazardous gases. Shortly
before launch the common bulkhead and J-ring area are
evacuated to a pressure of 3 psia or less. This partial vacuum
is provided to reduce the heat transfer across the common
bulkhead and thereby minimize the LOX tank ullage pressure
decay.

HAZARDOUS GAS DETECTION

A 1/4 inch manifold is mounted to the bottom of the thrust
cone in the engine compartment and a similar 1/4 inch
manifold is mounted in the forward skirt. The manifold in
the forward skirt is connected with a similar manifold in the
S-IVB aft interstage. The aft manifold connects with the
hazardous gas detection system through the aft umbilical
carrier plate assembly, located on swing arm No. 2. The
forward manifold connects with the hazardous gas detection
system through the forward umbilical carrier plate assembly
located on swing arm No. 4. Through this system, the
forward and aft interstage areas are monitored for hazardous
gases by GSE, until launch.

PROPULSION

The S-II stage engine system consists of five single-start J-2

GSE
PURGE
CONTROL
CONSOLE

rocket engines utilizing liquid oxygen and liquid hydrogen
for propellants. The four outer J-2 engines are mounted
parallel to the stage centerline. These engines are suspended
by gimbal bearings to allow thrust vector control. The fifth
engine is fixed and is mounted on the centerline of the stage.
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S-I1 STAGE

J-2 ROCKET ENGINE

The J-2 rocket engine (figure 5-6) is a high performance, high
altitude, engine utilizing liquid oxygen and liquid hydrogen
as propellants. The only substances used in the engine are the
propellants and helium gas. The extremely low operating
temperature of the engine prohibits the use of lubricants or
other fluids. The engine features a single tubular-walled,
bell-shaped thrust chamber and two independently driven,
direct drive, turbopumps for liquid oxygen and liquid
hydrogen. Both turbopumps are powered in series by a single
gas generator, which utilizes the same propellants as the
thrust chamber. The main hydraulic pump is driven by the
oxidizer turbopump turbine. The ratio of fuel to oxidizer is
controlled by bypassing liquid oxygen from the discharge
side of the oxidizer turbopump to the inlet side through a
servovalve.

The engine valves are controlled by a pneumatic system
powered by gaseous helium which is stored in a sphere inside
the start tank. An electrical control system, which uses solid
state logic elements, is used to sequence the start and
shutdown operations of the engine. Electrical power is stage
supplied.

During the burn period the lox tank is pressurized by flowing
lox through the heat exchanger in the oxidizer turbine
exhaust duct. The heat exchanger heats the lox causing it to
expand. The LH7 tank is pressurized during the burn period
by GH» from the thrust chamber fuel manifold.

Thrust vector control is achieved by gimbaling each of the
outboard engines with hydraulic actuators powered by engine
mounted hydraulic pumps.

ENGINE OPERATION

Engine operation includes starting, mainstage and cutoff. The
starting and cutoff phases are periods of transition in which a
sequence of activities occurs. These phases are developed in
detail in the following paragraphs.

Start Preparations

Preparations for an engine start include ascertaining the
positions and status of various engine and stage systems and
components. The J-2 engine electrical control system
controls engine operation by means of electrical signals. The
heart of the engine electrical control system is the electrical
control package (17, figure 5-6) which sequences and times
the engine start or cutoff functions.

Engine cutoff automatically causes the electrical control
package circuitry to reset itself, ready for start, providing all
reset conditions are met. The LVDC issues an engine ready
bypass signal just prior to an engine start attempt. This
bypass signal acts in the same manner as a cutoff would act.
The reset signals engine ready and this allows the LVDC to
send its start command. Receipt of the start command
initiates the engine start sequence.

J-1 ROCKET ENGINE

LEGEND

1. GIMBAL 7 EXHAUST MANIFOLD

2. FUEL INLET DUCT 8. THRUST CHAMBER

3. OXIDIZER INLET 9. OXIDIZER TURBINE
DUCT BYPASS VALVE

4. OXIDIZER TURBOPUMP 10. TURBINE BYPASS

5. START TANK DUCT

6. AUXILIARY FLIGHT 11. MAIN FUEL VALVE
INSTRUMENTATION 12.  HIGH PRESSURE

PACKAGE FUEL DUCT

VIEW ROTATED 180°

13. START TANK 19. ANTI-FLOOD CHECK
DISCHARGE VALVE VALVE

14. FUEL TURBOPUMP 20. HEAT EXCHANGER

15. FUEL BLEED VALVE 21.  MIXTURE RATIO

16. GAS GENERATOR CONTROL VALVE

17. ELECTRICAL CONTROL 22. PNEUMATIC CONTROL
PACKAGE PACKAGE

18. PRIMARY FLIGHT
INSTR. PACKAGE

Figure 5-6
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S-I1 STAGE

Engine Start Sequence

When engine start is initiated (3, figure 5-7) the spark exciters
in the electrical control package provide energy for the gas
generator (GG) and augmented spark igniter (ASI) spark
plugs (4). The helium control and ignition phase control
valves, in the pneumatic control package (1), are
simultaneously energized allowing helium from the helium
tank (2) to flow through the pneumatic regulator to the
pneumatic control system. The helium is routed through the
internal check valve in the pneumatic control package (1) to
ensure continued pressure to the engine valves in the event of
helium supply failure. The regulated helium fills a pneumatic
accumulator, closes the propellant bleed valves, (5) and
purges (6) the oxidizer dome and gas generator oxidizer
injector manifold. The oxidizer turbopump (12) intermediate
seal cavity is continuously purged. The mainstage control
valve holds the main oxidizer valve closed and opens the
purge control valve which allows the oxidizer dome and gas
generator oxidizer injector to be purged (6). The mainstage
control valve also supplies opening control pressure to the
oxidizer turbine bypass valve (13). An ignition phase control
valve, when actuated, opens the main fuel valve (7) and the
ASI oxidizer valve (8) and supplies pressure to the sequence
valve located within the main oxidizer valve (14). Fuel is
tapped from downstream of the main fuel valve for use in the
ASI (4). Both propellants, under tank pressure, flow through
the stationary turbopumps (12).

The sequence valve, in the main fuel valve (7), opens when
the fuel valve reaches approximately 90% open and routes
helium to the start tank discharge valve (STDV) (11) control
valve. Simultaneously with engine start, the STDV delay
timer is energized. Upon expiration of the STDV timer, and
the receipt of a stage supplied mainstage enable signal, the
STDV control valve and ignition phase timer are energized.
As the STDV control valve energizes, the discharge valve
opens, allowing pressurized GHy to flow through the series
turbine drive system. This accelerates both turbopumps (12)
to the proper operating levels to allow subsequent ignition
and power build up of the gas generator (16). The
relationship of fuel to lox turbopump speed buildup is
controlled by an orificc in the oxidizer turbine bypass valve
(13). During the start sequence the normally open oxidizer
bypass valve (13) permits a percentage of the gas to bypass
the oxidizer turbine.

During this period, ASI combustion occurs. Absence of a
start tank depressurized signal will cause cutoff at the
expiration of the ignition phase timer. Presence of the start
tank depressurized signal allows the mainstage control valve
to energize. Simultaneously, the sparks deenergize timer is
energized and the STDV control valve is deenergized, causing
the STDV to close. Helium pressure is vented from the main
oxidizer valve (14) and from the purge control valve through
the mainstage control valve. The purge control valve closes,
terminating the oxidizer injector manifold purges (6).
Pressure from the mainstage control valve is routed to open
the main oxidizer valve (14).

A sequence valve operated by the main oxidizer valve (14)
permits GHe to open the gas generator control valve (4) and
to close the oxidizer turbine bypass valve (13). Flow to close
the oxidizer turbine bypass valve (13) is restricted as it passes
through an orifice. The orifice controls the closing speed of
this valve.

Propellants flowing into the gas generator, (16) are ignited by
the sparkplugs (4). Combustion of the propellants cause the
hot gases to drive the turbopumps (12). The turbopumps
rotation causes propellant pressure to build up. The
propellant flow increases and is ignited in the thrust chamber
by the torch from the ASI.

Transition into mainstage occurs as the turbopumps (12)
accelerate to steadystate speeds. As oxidizer pump output
pressure increases a thrust OK signal is generated by either of
the two thrust OK pressure switches (17). (Cutoff occurs if
no signal is received before expiration of the sparks
deenergized timer.) The ASI and GG sparks exciters are
deenergized at expiration of the sparks deenergized timer.
Cutoff occurs if both pressure switch actuated signals (thrust
OK) are lost during mainstage operation.

Steadystate operation is maintained until a cutoff signal is
initiated. During this period, GH> is tapped from the fuel
injection manifold to pressurize the LH> tank. The lox tank
is pressurized by lox heated by the heat exchanger in the
turbine exhaust duct.

Propellant utilization is discussed under a subsequent
paragraph heading of PROPELLANTS. Nominal engine
thrust and specific impulse as a function of mixture ratio for
the engines are shown in figure 5-8.

Engine Cutoff

The S-IT J-2 engine may receive cutoff signals from several
different sources. These sources include engine interlock
deviations, EDS automatic and manual abort cutoffs and
propellant depletion cutoff. Each of these sources signal the
LVDC in the IU. The LVDC sends the engine cutoff signal to
the S-II switch selector. The switch selector, in turn, signals
the electrical control package. The electrical control package
controls all the local signals for the cutoff sequence.

To preclude the development of excessive low frequency
oscillations (POGO), the center engine cutoff is programmed
to occur 95 seconds ahead of outboard engine cutoff. Also a
force balance accelerometer (g-switch) is installed on the
center engine beam which will cut off the center engine if
excessive oscillations develop. An automatic disable circuit
prevents a malfunctioning g-switch from cutting off the
center engine if the g-switch should provide an output signal
prior to backup cutoff system arm at T3 + 5.3 seconds.

Cutoff Sequence

The engine cutoff sequence is shown graphically in figure 5-9.
The electrical control package receives the cutoff signal (1),
and deenergizes the mainstage and ignition phase control
valves in the pneumatic control package (2), while energizing
the helium control deenergize timer. The mainstage control
valve closes the main oxidizer valve (3) and opens the purge
control valve and the oxidizer turbine bypass valve (5). The
purge control valve directs a helium purge (11) to the
oxidizer dome and GG oxidizer injector. The ignition phase
control valve closes the ASI oxidizer valve (4) and the main
fuel valve (5) while opening the fast shutdown valve. The fast
shutdown valve now rapidly vents the return flow from the
GG control valve. All valves except the ASI oxidizer valve (4)
and oxidizer turbine bypass valve (8), are spring loaded
closed. This causes the valves to start moving closed as soon
as the pressure to open them is released. GG combustion aids
closing of the GG control valve.

Expiration of the helium control deenergize timer causes the
helium control valve to close. When the helium control valve
closes, it causes the oxidizer dome and GG oxidizer injector
purges (11) to stop. An orifice in the locked up lines bleeds
off pressure from the propellant bleed valves (13). This loss
of pressure allows springs to open the propellant bleed valves,
allowing propellants to flow back to the propellant tanks.

MALFUNCTION DETECTION

Each engine is provided with a system to detect malfunctions
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and to effect a safe shutdown. If neither mainstage OK
pressure switch has indicated sufficient thrust for mainstage
operation of the ignition phase timer. a shutdown of the
particular engine is initiated. Once an engine attains
mainstage operation, it is shut down if both mainstage OK
pressure switches deactuate due to low level thrust.

FLIGHT CONTROL

The center engine is fixed in place while the four outer
engines are gimbaled in accordance with electrical signals
from the flight control computer in the 1U for thrust vector
control. Each outboard engine is equipped with a separate,
independent, closed-loop, hydraulic control system (figure
5-10). The system includes two servoactuators mounted
perpendicular to each other that provide control over the
vehicle pitch, roll and yaw axes. The servoactuators are
“ oable of deflecting the engine at a rate of 8 degrees per

ond. The stroke of each servoactuator is limited such that,
measuring from the nominal midstroke position, the gimbal

angle in the pitch and yaw planes is restricted to at least 5.20
degrees, but not more than 5.45 degrees. The respective
inboard gimbal angle limits are at least 7.0 degrees, but not
more than 7.5 degrees.

The gimbaled engines are precanted outboard to compensate
for thrust structure deflection during engine firing. The
precant is incorporated by adjusting the pin-to-pin length of
the servoactuator rod. For launch vehicle SA-510 and
subsequent. the precant angle was changed from 1.8° to 0.6°
to minimize the effect on base heating and probability of
engine/interstage collison in the event of one control
engine-out prior to second plane separation.

The primary components of the hydraulic control system are
an auxiliary pump, a main pump, an accumulator/reservoir
manifold assembly, and two servoactuators (figures 5-10 and
5-11). The auxiliary pump is used prior to launch to maintain
the hydraulic fluid temperature between 65 and 105 degrees
F. The pump delivers two gallons per minute at 3650 psig.
and is driven by a 400-cycle motor on GSE power.

The main pump is mounted to, and driven by, the engine lox
turbopump. It is used during stage powered flight and
delivers hydraulic fluid at 8 gallons per minute at 3500 psig.
Prior to launch, the accumulator is pressurized with GN»j and
filled with hydraulic fluid from the pressurized auxiliary
pump flow. The reservoir is, in turn, pressurized by the
accumulator  through a  piston-type linkage. The
accumulator/reservoir manifold assembly consists of a high
pressure (3500 psig) accumulator which receives high
pressure fluid from the pumps and a low pressure (88 psig)
reservoir which receives return fluid from the servoactuators.
During engine firing, hydraulic fluid is routed under pressure
from the main pump to the pressure manifold of the
accumulator/reservoir.

Hydraulic fluid, under pressure in the accumulator, furnishes
high pressure fluid for sudden demands and smooths out
pump pulsations. This pressurized hydraulic fluid is directed
to the two identical, electrically controlled, hydraulically
powered, servoactuators. The servoactuators have a nominal
operating pressure of 3500 psig and provide the necessary
forces and support to accurately position the engine in
response to flight control system signals. The servoactuator is
a power control unit that converts electrical command signals
and hydraulic power into mechanical outputs that gimbal the
engine. The developed force, direction, and velocity are
determined by an electro-hydraulic servovalve.

Command signals received from the guidance system are
interpreted as linear variations from a known piston position.
Hydraulic fluid is then directed to either side of the actuator
piston as required to satisfy the guidance command.

Actuator return fluid is routed to the reservoir which stores
hydraulic fluid at sufficient pressure to supply a positive
pressure at the main pump inlet.

PREFLIGHT OPERATION

During and following propellant loading, the hydraulic
system fluid is intermittently recirculated by the electrically
driven auxiliary pump in order to prevent the fluid from
freezing. Recirculation is terminated just prior to S-IC
ignition command. Recirculation is not necessary during S-1C
burn, due to the short duration of the burn.
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FLIGHT CONTROL SYSTEM

S-1 STAGE

l________—_—_—___——_—-__—"___—_____— _______ 1
‘ LAUNCH VEHICLE W<———;__;,, LAUNCH VEHICLE doY STABILIZED :
| DIGITAL COMPUTER 60y | DATA ADAPTER - PLATFORM |
| (LvbC) (LVDA) ST-124-M |
| EREngnonu00s % |
| ¢ ¥ '
| £ i
| lIJ{l:Jl%RUMENT r FLIGHT CONTROL COMPUTER GUIDANCE|
LNT e — L SHSTEM
S-11 STA
RAaE COMMANDS TO ENGINE ACTUATOR UNITS SERVOVALVES
r— SERVOACTUATORS ———1
, TSRS | o e e e R S B S o
TO THRUST ——— =T " .Zemali
[ EEEEREE llllll-“---m |
STRUCTURE
e— = |
EEEEREER [ ] ]
A L' L ___(_E battalalel CLL !
ATTACHES L | l
TO ENGINE o | e | |
(7 |
SERVOVALVEY | SIGENDER |
_____________ |
T DRTVEN FROM ENGINE |ASSEMBLY [ l Bk 1 | |
| ? ! ' |
7 l |
| 4 | |
, atl | :
% | [
I E33T 17 H' K r————=—-— |
o= T é ] | HYDRAULIC = : |
| |7 LOCK VALVE L
| I % [ s | |
| B 7 E E : I
I - ? | R m |
MAIN PUMP | 4 %
L e i ] 1R 7 I SERVOVALVE : l
[ = LAy Fu) B R il .
! 1 H % % .
[ ll S g R XAIIIITIR {/ 9%
‘ e OHMMMMMWV /LM%WWWMMMM;
|
| il R ER =
! LAY GSE | —~ !
i POWERED | o GNo> B :
_____________ M- - %
FILL
LEGEND | “ o o :;\ II
|
SUERTRICHL STGNALS | RESERVOIR 2L ACCUMULATOR :
¢ ROLL ERROR I ACCUMULATOR |
@ PITCH ERROR | LOCKUP VALVES |
¥ YAW ERROR I |
PRESSURE | :
RETURN I |
Erre]  SUPPLY | ACCUMULATOR-RESERVOIR |
GASEOQUS NITROGEN I MANIFOLD ASSEMBLY |
HYD ALTERNATING PRESSURE AND RETURN L — —— — -« - ——— — — — — — —— — — — J

Figure 5-10




S-II STAGE
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INFLIGHT OPERATION

After S-IC/S-11 stage separation, an S-I1 switch selector
command unlocks the accumulator lockup valves, releasing
high pressure fluid to each of the two servoactuators. The
age=mulator stored fluid provides gimbaling power prior to
n. hydraulic pump operation. During S-II mainstage
operation the main hydraulic pump supplies high pressure
fluid to the servoactuators for gimbaling.

PNEUMATIC CONTROLS

The pneumatic control system (figure 5-12) consists of the
ground pneumatic control system and the onboard
pneumatic control system. The ground system utilizes helium
supplied directly from a ground source, and the onboard
system utilizes helium from onboard storage spheres.

GROUND PNEUMATICS

Ground supplied helium controls and actuates various valves
during preflight operations. These include the vent valves, fill
and drain valves, recirculation return line valves, and main
propellant line prevalves.

ONBOARD PNEUMATICS
+#= onboard pneumatic control systems consist of a stage

:llant valve control system and an engine pneumatic
¢...urol system. The stage onboard pneumatic control system

is supplied from the helium receiver which is charged to a
pressure of 3000 to 3250 psig. Pneumatic pressure from the
helium receiver is regulated to 750 psig by the control
regulator and is used during flight to actuate the prevalves
and recirculation valves. The engine pneumatic control
system is discussed in the paragraph on J-2 ROCKET
ENGINE.

PROPELLANTS

The propellant systems supply fuel and oxidizer to the five
J-2 rocket engines. This is accomplished by the propellant
management components and the servicing, conditioning, and
delivery subsystems.

PROPELLANT SERVICING SYSTEM

Pad servicing operations include the filling, draining, and
purging of propellant tanks and lines as required during
launch preparations.

Ground interface is through the umbilicals, to the fill and
drain valves, and into the propellant tanks. Propellants then
enter the engine feed lines, stopping at the closed main
valves. Refer to figure 5-13 for propellant loading data. The
tanks are vented by opening the tank vent valves, two per
propellant tank, to allow ullage gas to escape from the tanks.
Actuation pressure for the propellant tanks vent valves is
provided by two separate 750-psig ground-supplied helium
systems. One system actuates the lox tank vent valves, and
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PNEUMATIC CONTROL SYSTEM
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Figure 5-13
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SI STAGE

the other system actuates the LH? tank vent valves. The vent
valves are open during propellant loading operations and
closed for tank pressurization.
" the launch is aborted, draining of the propellant tanks can
> accomplished by pressurizing the tanks, opening the fill
valives, and reversing the fill operation.

LH2 Tank Preconditioning

Prior to initiation of LH2 loading, the LH> tank is
temperature preconditioned to -160°F or lower; however,
before the tank wall temperature is allowed to go below
-160°F, the LOX tank is filled to at least 40% capacity.
Preconditioning cooling is accomplished with GH? supplied
by the gaseous hydrogen facility. LH? tank wall temperatures
are monitored by signals from sensors installed on the outer
side of the tank wall, under the insulation, in the J-ring area.

I

ZCIRCULATION SYSTEM

Propellant recirculation is accomplished in order to maintain
uniform cryogenic density and temperature and to preclude
the formation of gas in propellant plumbing. This gas could
cause cavitation in the turbopumps during J-2 engine start, or
result in a slow engine start, slow thrust buildup or power
surges.

Lox Recirculation

Lox conditioning by natural convection (figure 5-14) is
_initiated shortly after start of lox fill and continues until
proximately T-33 minutes. At that time, helium is injected
.to the lox recirculation return line to boost recirculation.
Helium boost is continuous until just prior to S-II ignition.
After launch helium is supplied from a pressurized sphere.
During recirculation, lox prevalves and recirculation return
valves remain open. Return line valves are closed at
termination of recirculation.

P

Lox conditioning is accomplished by recirculating the lox
down the engine feed ducts through the prevalves, the lox
turbopump, into the return lines, through the engine bleed
valves, and back into the lox tank.

LH2 Recirculation

LH? recirculation (figure 5-15) is initiated at approximately
T-30 minutes and is terminated just prior to S-II ignition.
Forced recirculation during launch and S-IC boost consists of
closing the LH) feed line prevalves and starting the LH?
recirculation  pumps. A separate recirculation pump is
provided for each of the five feed ducts.

LH?2 conditioning is accomplished by pumping the fuel
through the recirculation bypass valve, into the LH? feed
ducts downstream of the prevalves, through the LH?
turbopump, through the LH? bleed valve, the recirculation
return valve, and back into the fuel tank.

_Recirculation is terminated by opening the prevalves,
opping the pumips, and closing the recirculation return
dves.

PREPRESSURIZATION

After loading has been completed, and shortly before liftoff,
the vent valves are closed and the propellant tanks are
pressurized to their required levels by helium from ground
supplies. Pressurization of the propellant tanks is required
prior to liftoff to provide the required net positive suction
head (NPSH) at the turbopump inlets for engine start. It is
accomplished from a ground regulated helium source.
Pressurization is initiated by the terminal countdown
sequencer at approximately T-3 minutes and 7 seconds for
the lox tank and T-1 minute and 37 seconds for the LH?
tank. Pressurization is terminated at T-30 seconds for the lox
tank and the LH? tank.

Both propellant tanks are pressurized in the same manner by
separate systems (figures 5-14 and 5-15). At initiation of
prepressurization, the tank vent valves are closed and the
disconnect valve and ground prepressurization valves are
opened to allow GHe at cryogenic temperatures to flow from
the ground source through the prepressurization solenoid
valve into the tank pressurization line. This line carries
helium into the propellant tank through the tank gas
distributor.

The vent valves act as relief valves allowing ullage gas to be
vented directly overboard during flight. The lox tank vent
valves limit ullage pressure to 42 psia in the lox tank. The
LH? tank has dual setting vent valves. During the S-IC burn,
LH7 tank ullage pressure is limited to 29.5 psig and during
the S-II burn to 33.0 psig.

Each propellant tank has a fill overpressure switch for
personnel safety. The switch sends a signal to the GSE and is
used only during loading.

PROPELLANT DELIVERY SUBSYSTEMS

The function of the engine feed systems is to transfer the
liquid propellants from their tanks to the J-2 rocket engines.
Each propellant tank is provided with five prevalves which
provide open/close control of the flow of propellants through
separate feedlines to each engine.

The prevalves are normally open. pneumatically actuated,
electrically controlled, butterfly-gate type valves. Built-in
four-way pneumatic control solenoids permit 750 +50 psig
helium pressure to actuate the prevalves. Should a loss of
pneumatic or electrical power occur, the prevalves are spring
actuated to the open position. The prevalves remain open
during S-II powered flight unless a signal is received from the
engine shutdown system.

LOX FEED SYSTEM

The lox feed system furnishes lox to the five engines. This
system includes four 8-inch, vacuum-jacketed feed ducts, one
uninsulated feed duct. and five normally open prevalves. At
engine start, lox flows from the tank, through the prevalves
and feed lines, to each engine. Approximately 300
milliseconds after main valve closure, the lox prevalves are

closed, providing a redundant shutoff for the lox feed
system.
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Center Engine Feedline Accumulator

The center engine feedline accumulator, figure S5-14, is
installed to aid in preventing the development of a low
frequency oscillation (POGO) prior to center engine cutoff.
The accumulator is a ring-shaped tank instalied around the
lox feedline. The tank is connected to the feedline by a series
of orifices which allow it to fill with lox from the feedline.
Helium from the helium injection supply system is bled into
the accumulator tank to provide a gas cushion to damp
pulsating pressure changes in the feedline.

During S-IC boost, lox flows through the accumulator from
the feedline through the bleed valve to the lox recirculation
return line. After S-IC cut-off, the bleed valve closes, on
command at T3 + 5.5 seconds, and helium fill is initiated by
opening the accumulator fill solenoid valve. Helium flows to
the accumulator throughout center engine operation. CECO
cuts off the helium fill activity.

LHo FEED SYSTEM

The LHy feed system furnishes LH» to the five engines. This
system includes five 8-inch vacuum-jacketed feed ducts and
five normally open prevalves. The prevalves are closed
following tank loading and remain closed until just prior to
S-II ignition command. At engine start, LHy flows from the
tank, through the prevalves and feed lines, to each engine.
Approximately 425 milliseconds after main valve closure, the
prevalves are closed, providing a redundant shutoff for the
LH> feed system.

LOX TANK PRESSURIZATION

Lox tank pressurization (figure 5-14) is initiated at S-II
ignition and continues until engine cutoff. Pressurization is
accomplished with gaseous oxygen obtained by heating lox
bled from the lox turbopump outlet.

When the turbine discharge pressure reaches a pressure
differential of 100 psi, a portion of the lox supplied to the
engine is diverted into the heat exchanger where it is turned
into gox. The gox flows from each heat exchanger into a
common pressurization duct through a calibrated orifice, and
into the tank through the gas distributor. The use of an
orifice in place of the pressure regulator used on launch
vehicles prior to SA-510, increases reliability and payload
capability. Ullage pressure is allowed to rise to a maximum of
approximately 42 psia where the tank relief valves open to
prevent overpressure.

LHo> TANK PRESSURIZATION

During S-I1 powered flight gaseous hydrogen (GHy) for LHy
tank pressurization (figure 5-15) is bled from the thrust
chamber hydrogen injector manifold of each of the four
outboard engines. After S-II engine ignition, liquid hydrogen
is preheated in the regenerative cooling tubes of the engine
and tapped off from the thrust chamber injector manifold in
the form of GH» to serve as a pressurizing medium.

The GH7 passes from each injector manifold into a stage
manifold, through the pressurization line and calibrated
orifice and into the tank through the LH» tank gas
distributor. The flow is non-regulated and ullage pressure is
permitted to rise to the relief valve setting of 33 psia. As in
the case of the lox tank, the calibrated orifice replaced the
pressure regulator used on SA-509 and prior.

5-20 Changed 25 June 1971

PROPELLANT MANAGEMENT

The propellant management systems provide a means of
monitoring and controlling propellants during all phases of
stage operation. Continuous capacitance probes and point
level sensors in the LH» and lox tanks monitor propellant
mass. During the propellant loading sequence, the point level
sensors are used to indicate to GSE the level of propellants in
the tanks. In flight, the level sensors provide signals to the
LVDC in order to accomplish a smooth engine cutoff at
propellant depletion. The capacitance probes provide outputs
which are telemetered to ground stations so that propellant
consumption can be monitored and recorded. Propellant
utilization by mixture ratio control during flight is
accomplished by program commands to a two-position
mixture ratio control valve. Figures 5-14 and 5-15 illustrate
the components of the systems.

Propellant Utilization

The two-position mixture ratio (MR) control valve is a rotary
valve installed in a return bypass line around the lox pump as
shown in figure 6-21. Positioning the valve controls the
amount of lox flowing to the engine by control of the flow in
the return line. The rotary valve is actuated by a pneumatic
actuator which receives pressure from the engine pneumatic
system. An electrically actuated pneumatic valve controls the
pressurization of the actuator under command of the IU.

The MR control valve moves to the open (low) position (MR
= 4.8:1) upon application of pneumatic pressure to the
pneumatic actuator. Loss of pneumatic and/or electrical
command will cause the valve to move the closed (high)
position (MR = 5.5:1).

At the time of J-2 engine start signal the PU valve is in the
open position to provide a MR of 4.8:1. Approximately 5.5
seconds after J-2 engine start the LVDC in the IU commands
the PU valve to the closed position to provide a MR of 5.5:1.
The LVDC will again command the PU valve open when the
LV has attained a preprogrammed velocity increase
(approximately 5 minutes after J-2 engine start) to provide a
MR of approximately 4.8:1 for the remainder of the burn.
The excursion effect caused by varying the MR is illustrated
in figure 5-8.

Propellant Depletion

Five discrete liquid level sensors in each propellant tank
provide initiation of engine cutoff upon detection of
propellant depletion. The LH» tank sensors are located above
each feedline outlet while the lox tank sensors are located
directly above the sump. The cutoff sensors will initiate a
signal to shutdown the engines when two out of five engine
cutoff signals from the same tank are received.

ELECTRICAL

The electrical system is comprised of the electrical power and
electrical control subsystems. The electrical power system
provides the S-II stage with the electrical power source and
distribution. The electrical control system interfaces with the
IU to accomplish the mission requirements of the stage. The
LVDC in the IU controls inflight sequencing of stage
functions through the stage switch selector. The stage switch
selector can provide up to 112 individual outputs in response
to the appropriate commands. These outputs are routed
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through the stage electrical sequence controller or the
separation controller to accomplish the directed operation.
These wunits are basically a network of low power
transistorized switches that can be controlled individually
and, upon command from the switch selector. provide
properly sequenced electrical signals to control the stage
functions.

ELECTRICAL POWER SYSTEM

The electrical power system consists of six dc bus svstems
and a ground supplied ac bus system. In flight the clectrical
power system busses are energized by four zinc-silver oxide
batteries. See figure 5-16 for battery characteristics. An
integral heater and temverature probe are included in each
battery. Power for battery heaters and for auxiliary hydraulic
pump motors is supplied by GSE and is available only during
prelaunch operations. Stage-mounted motor driven power
transfer switches are employed to remotely disconnect all
batteries from busses until just before launch. Approximately
50 seconds prior to liftoff. a power transfer sequence is
initiated which changes the source power over to the stage
mounted batteries. During the prelaunch checkout period all
electrical power is supplied from GSE.

The motorized power transfer switches have a
make-before-break  (MBB) action to prevent power
interruption during transfer from ground power to onboard
battery power.

Each power source has an independent distribution system.
There are no provisions for switching between the primary
power sources or their associated distribution systems. No
electrical failure of any type in one system can cause a failure
in the other systems.

Distribution

Figure 5-17 illustrates the electrical system distribution. The
loads have been distributed between the various busses in
accordance with the following criteria:

1. Inflight loads, critical to mission continuance
without performance degradation, are supplied by
the main dc bus.

o

All instrumentation loads arc supplied by the
instrumentation dc bus.

3. All loads operational only on the ground are isolated
from flight loads and supplied from ground power.

4. Two independent power sources supply the
propellant dispersion, emergency detection systems
and separation systems.

5. The recirculation pump motor system is supplied
from a 56 volt dc¢ system (two 28 volt batteries in
series).

The division of loads between the main dc bus and the
instrumentation dc bus leads to several advantages: closer
voltage regulation and freedom from voltage variations is
obtained: the number of loads on the main dc bus may be
minimized and thus potential failure modes for the bus
system minimized: instrumentation of most stage systems is
still maintained after partial or total failure of the main dc
bus system so that failure analysis capability is maintained.

S-I11 BATTERY CHARACTERISTICS

Type Dry charge

Material Alkaline silver-zinc

Electrolyte Potassium hydroxide (KOH)
in demineralized water

Cells 20 with taps to reduce
voltage as required

Nominal voltage 28 + 2 vdc

Current rating 35 amp hours

Gross weight 165 pounds

Figure 5-16

Primary power is fed to high current capacity busses in the
power distributor. Power is, then routed to auxiliary and
control distributors, or to measuring distributors for
instrumentation power. Components which require high
current levels are supplied directly from the main power
distributor busses.

ELECTRICAL CONTROL SYSTEM

The electrical control system provides electrical control for
the various stage-mounted systems to implement normal
flight operations, or prelaunch operations and checkout
functions. The electrical control system contains most of the
electrical and electronic components that are installed on the
stage and required by the various mechanical systems for
normal stage operation.

The primary stimuli for the electrical control system are
provided by the IU and/or the GSE. Through the switch
selector and sequence controller, various subsystems and
functions are controlled. They include:

1. The propellant feed system which controls the fill
and drain valves and the recirculation and
conditioning valves.

e8]

The propellant management system which helps
control the fill operation and the propellant
utilization system during flight.

3. The pressurization system which controls the tank
prepressurization  valves, inflight pressurization
valves, and the vent/relief valves.

4. The separation system which provides for S-IC/S-I1
separation, S-1I aft interstage separation, S-1I/S-IVB
separation, and S-1I retrorocket ignition.
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5. The propellant dispersion system which provides for
thrust termination through engine cutoff and for
explosively rupturing the propellant tanks.

6. The Emergency Detection System.

7. The starting and cutoff of the J-2 engine and the
monitoring of certain engine system conditions.

8. The operation of the propellant prevalves.

INSTRUMENTATION

The S-1I instrumentation system consists of an operational
measurements and telemetry system. The measurement
system monitors and measures conditions on the S-II stage
while the telemetry system transmits this information to
ground stations.

MEASUREMENT SYSTEM

The measurement system consists of transducers, signal
conditioners, and distribution equipment necessary to
provide the required measurement ranges and to present
suitably scaled signals to the telemetry system.

The measurement system monitors numerous stage
conditions and characteristics. This data is processed and
conditioned into a form acceptable to the telemetry systems.

Measurements fall into a number of basic categories
depending upon the type of measured variable, the variable
rate of change with time, and other considerations. Because
the stage engines are ignited in flight, a large number of
engine and environmental control measurements are required.
Measurement parameters monitored include acceleration,
acoustics, discretes, flowrates, liquid levels, positions,
pressures, RPM, strain, temperature, vibration, voltage,
current, frequency, etc.

TELEMETRY SYSTEM

The telemetry system accepts the signals produced by the
measuring portion of the instrumentation system and
transmits them to the ground stations. Telemetry equipment
includes signal multiplexers, subcarrier oscillators, amplifiers,
modulators, transmitters, RF power amplifiers, RF
multiplexers and an omnidirectional system of four antennae.
The telemetry subsystem uses multiplex techniques (signal
mixing and time sharing) to transmit large quantities of
measurement data over a relatively small number of basic RF
links (figure 5-18).

Inflight data is  transmitted in the form  of
frequency-modulated RF carriers in the 230 to 250-MHz
band, through the common omnidirectional antenna system.

ANTENNAE

Four antennae, installed at 90 degree intervals (see figure
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5-2), are employed to provide omnidirectional coverage. The
antennae are linear, cavity-backed, slot antennae which are
fed from a hybrid junction ring and power dividers.

ORDNANCE

The S-II  ordnance systems include the separation,
retrorocket, and propellant dispersion (flight termination)
systems.

SEPARATION SYSTEM

The Saturn V launch vehicle system provides for separation
of an expended stage from the remainder of the vehicle. For
S-IC/S-11 separation, a dual plane separation technique is used
wherein the structure between the two stages is severed at
two different planes (figure 5-19). The S-11/S-1VB separation
occurs at a single plane (figure 5-19). All separations are
controlled by the launch vehicle digital computer (LVDC)
located in the IU.

INSTRUMENTATION AND TELEMETRY

A sequence of events for S-IC/S-11/S-IVB separations and a
block diagram of the separation systems is shown in figure
5-20.

Ordnance for first plane separation consists of two exploding
bridgewire (EBW) firing units, two EBW detonators, and one
linear shaped charge (LSC) assembly, which includes the LSC
(containing 25 grains per foot of RDX) with a detonator
block on cach end (figures 5-19 and 5-20). The EBW firing
units are installed on the S-IC/S-II interstage slightly below
the S-IT first separation plane. The leads of the EBW firing
units are attached to the EBW detonators which are installed
in the detonator blocks of the LSC assembly. The LSC
detonator blocks are installed on adjustable mounts to
provide for length variations of the LSC assembly and the
circumference tolerances of the interstage. The LSC is routed
from the detonator blocks around the periphery of the
interstage.

The LSC is held in place by retaining clips and encased by
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covers which are secured by clips and scaled to
environmentally protect the LSC. The two EBW firing units
provide redundant signal paths for initiation of the LSC
assembly. The storage capacitor in each of the EBW firing
units is charged by 28 vdc power during the latter part of
S-1C boost. The trigger signal causes the storage capacitor to
discharge into an EBW detonator which explodes the
bridgewire to release energy to detonate the explosive charge
in the detonator. The output of the detonators initiates each
end of the LSC assembly.

Detonation of the LSC assembly severs the tension members
attaching the S-IC to the S-11 aft interstage at station 1564.

The second plane separation ordnance is similar in
composition and function to that of the first plane
separation. The EBW firing units arc installed on the S-II aft
interstage slightly below the separation plane. Detonation of
the LSC assembly severs the tension members attaching the

— S-II aft interstage to the S-II stage at station 1760.

At 1iftoff, the separation system is
activated by a liftoff relay, and the
separation power bus is energized. This
enables the system to respond to the
sequenced stimuli of the Instrument
Unit's (IU) Launch Vehicle Digital
Computer (LVDC) through the switch
selectors.

At To + 14.7) seconds (Tp starts
0.7 second after S-IC center engine
cutoff) a signal from the LVDC arms
the EBW firing units of the first
piane separation system (S-IC/S-II
aft interstage) and the S-IC retro-
rocket system. This applies 28 vdc
power to each firing unit and
charges its storage capacitor to
2300 vdc.

At T3 + 1.7 seconds (T3 starts at
S-IC outboard engines cutoff) a
signal from the LVDC triggers the
EBW firing units and discharges the
2300 vdc in the storage capacitors
across the exploding bridgewire
(EBW) in each EBW unit. This
initiates the explosive trains to
fire the separation charge and to
ignite the S-IC retrorockets.
Separation is completed in approxi-
mately 0.07 second. Circuit

deTays of 10 to 15 milliseconds
prevents the ignition of the
retrorockets until after the firing
of the separation devices to eli-
minate the possibility of unseating
the S-II propellants.

S.IC/S-“A“D S"II/S"VBSEPARAIION Signals from the LVDC enable and

No heat-sensitive primary explosives are used and the
detonators ar¢ not sensitive to accidental application of
vehicle or gound power, static discharge, or RF energy. A
spark gap in one pin of the firing circuitry prevents burnout
of the bridgewire if power is uccidentally applied.

S-11/S-1VB third plane separation is discussed in Section VI.
ULLAGE ROCKET SYSTEM

The S-II ullage rocket system which included four ullage
rocket motors was deleted from launch vehicle SA-510 and
subsequent.

RETROROCKET SYSTEM

To separate and retard the S-11 stage, a deceleration is
provided by the retrorocket system.

The system consists of two EBW firing units, two EBW

arm the second plane separation
system at T3 + 2.7 seconds and

T3 + 25.0 seconds, respectively. A
trigger signal from the LVDC at T3
+ 31.0 seconds fires the second
plane separation system to separate
the S-IT aft interstage from the
S-IT stages.

At T3 + 350.0 seconds, S-I1I/S-IVB
ordnance systems are armed by a
signal from the LVDC. This charges
[:> the EBW firing units of the S-IVB
ullage rocket system, the third plane

(S-11/S-1VB) separation system, and
the S-IT retrorocket system.

At Tg + 0.9 seconds (T starts at S-II
outboard engines cutof?) the S-IVB
ullage rockets are ignited. This
imparts a forward acceleration to
maintain S-IVB propellant positioning

@ and to minimize S-IVB engine exhaust
effects on the S-II stage. The ullage
rocket motors are required to be at rated
thrust when the separation command is given
and continue to burn until the S-IVB
J-2 engine thrust equals that of the
ullage rocket motors (approximately
3.6 seconds after separation).

At Tq4 + 1.0 second, the LVDC sends a

trigger signal to fire the S-II retro-
rockets and the third plane separation
detonating fuse assembly. Circuit delays

of approximately 10 to 15 milliseconds are
built into S-II retrorocket circuitry so
that rocket ignition occurs after detonating
fuse initiation to prevent unseating S-IVB

propellants.

Figure 5-20 (Sheet | of 2)
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S-IC/S-11 AND S-11/S-IVB SEPARATION
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detonators, two CDF manifoids, nine CDF assemblies. cight
pyrogen initiators, and four retrorockets (figure 5-21). The
retrorockets are mounted 90 degrees apart in the aft end of
~.S-11/S-IVB interstage between stations 2519 and 2633 (figure
-21). The retrorockets are canted out from the vehicle
centerline approximately three degrces with the nozzles
canted out nine and one-half degrees from the centerline.

Each retrorocket contains approximately 268.2 pounds of
case-bonded, single-grain, solid propellant with a tapered.
five-point star configuration. The 4130 steel case is 9 inches
in diameter and 90.68 inches long. The approximate length
and weight of the rocket are 104.68 inches and 377.5
pounds, respectively. Each produces a thrust of 34.810
pounds in 1.52 seconds of burning time.

PROPELLANT DISPERSION SYSTEM

The S-1I' propellant dispersion system (PDS) provides for
~lermination of vehicle flight during the S-1I boost phase if the
:hicle flight path varies beyond its prescribed limits or if
continuation of vehicle flight creates a safety hazard. The S-II
PDS may be safed after the launch escape tower is jettisoned.
The system is installed in compliance with Air Force Eastern
Test Range (AFETR) Regulation 127-9 and AFETR Safety
Manual 127-1.

The S-11 PDS is a dual channel, redundant system composed
of two segments (figure 5-22). The radio frequency segment
receives, decodes, and controls the propellant dispersion
commands. The ordnance train segment consists of two EBW
firing units, two EBW detonators, one safety and arming
(S&A) device (shared by both channels), six CDF assemblies.
two CDF tees, one LH» tank LSC assembly. two lox tank
“estruct charge adapters and one lox tank destruct charge
ssembly.

Should emergency flight termination become necessary. two
coded radio frequency commands are transmitted to the
launch vehicle by the range safety officer. The first command
arms the EBW firing units (figure 5-22) and initiates S-II stage
engine cutoff. The second command, which is delayed to
~~ermit charging of the EBW firing units, discharges the
.orage capacitors in the EBW firing units across the
exploding bridgewire in the EBW detonators mounted on the
S&A device. The resulting explosive wave propagates through
the S&A device inserts to the CDF assemblies and to the CDF

tees. The CDF tees, installed on the S-11 forward skirt.
propagate the wave to two CDF assemblies which detonate to
their respective destruct assemblies. The destruct assemblies
are connected by a CDF assembly to provide redundancy to
the system.

A description of the S&A device is included in the PDS
discussion in Section IV,

The LH7 tank linear shaped charee. when detonated. cuts a
30-foot vertical opening in the tunk. The LSC assembly
consists of two 15-foot sections of RDX loaded at 606 eruins
per foot.

The lox tank destruct charges cut 13-foot lateral openings in
the lox tank and the S-1I aft skirt simultancously. The
destruct assembly consists of two linear explosive charges of
RDX loaded at 1000 grains per foot. The destruct charges are
installed in a figure-eight tube mounted on the inside of the
aft skirt structure near station number 1831.0.

MAJOR DIFFERENCES
On vyehicles SA-510 and subscquent -

n’ An automatic disable circuit is provided to prevent a
malfunctioning g-switch from voting. This circuit
consists of latching devices which will automarically
disable any g-switch vwhich provides an output prior
to backup cutoff svstem arm at T3+ 5.5 seconds.

} The outboard engines precant is changed from .80
to 0.69. Existing stroke limiters are retained. The
change is  based on  bascheating effect  and
engine/interstage collision probability in the event of
one control-engine-out  prior to  second  plane
separation.

’ Pressure regulators for the lox tank and LH> tank
pressurization  systems  have  been  replaced by
calibrated orifices. This change increases reliability
of the pressurization systems, increases pavioad
capability, and eliminates step pressurization of both
tanks.

n} The S-11 ullage rocket system is deleted from the
stage.
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JTRODUCTION

The Saturn S-IVB (figure 6-1) is the third booster stage. Its
single J-2 engine is designed to boost the payload into a
circular orbit on the first burn, then boost the payload to a
proper position and velocity for lunar intercept with a second
burii. The stage and engine characteristics are listed in figure
I-3. The major systems of the stage are: structures,
environmental control, propulsion, propellants, pneumatic
control, flight control, auxiliary propulsion system, electrical.
instrumentation and ordnance.

STRUCTURE

—

"he basic S-IVB stage airframe, illustrated in figure 6-1,
_onsists of the following structural assemblies: the forward
skirt, propellant tanks, aft skirt, thrust structure, and aft
interstage. These assemblies, with the exception of the
propellant tanks, are all of a skin/stringer type aluminum
alloy airframe construction. In addition, there are two
longitudinal tunnels which house wiring, pressurization lines,
and propellant dispersion systems. The tunnel covers are
~ade of aluminum stiffened by internal ribs. These structures
40 not transmit primary snell loads but act only as fairings.

FORWARD SKIRT ASSEMBLY

Cylindrical in shape. the forward skirt (figure 6-1) extends
forward from the intersection of the liquid hydrogen (LH>)
tank sidewall and the forward dome, providing a hard uttach
point for the Instrument Unit (IU). It is the load supporting
member between the LH> tank and the 1U. An access door in
the U allows servicing of the equipment in the forward skirt.
The five environmental plates which support and thermally
condition various electronic components, such as the
transmitters and signal conditioning modules, are attached to
the inside of this skirt. The forward umbilical plate,
antennae, LH> tank flight vents and the tunnel fairings are
attached externally to this skirt.

PROPELLANT TANK ASSEMBLY

The propellant tank assembly (figure 6-1) consists of a
cvlindrical tank with a hemispherical shaped dome at each
end, and a common bulkhead to separate the lox from the
H». This bulkhead is of sandwich type construction
consisting of two parallel, hemispherical shaped, aluminum

alloy (2014-T6) domes bonded to a fiberglass-phenolic
honeycomb core. The internal surface of the LH> tank is
machine milled in a waffle pattern to obtain required tank
stiffness with minimum structural weight. To minimize LH>
boil off, polyurethane insulation blocks, covered with a
fiberglass sheet and coated with a sealant, are bonded into
the milled areas of the waffle patterns.

The walls of the tank support all loads forward of the
forward skirt attach point and transmit the thrust to the
payload. Attached to the inside of the LH» tank are;a 34
foot continuous capacitance probe, nine cold helium spheres,
brackets with temperature and level sensors, a chilldown
pump. u slosh baffle, a slosh deflector, and fill, pressurization
and vent pipes. Attached to the inside of the lox tank are;
slosh baffles, a chilldown pump, a 13.5 foot continuous
capacitance probe, temperature and level sensors, and fill.
pressurization and vent pipes. Attached externally to the
propellant tank are helium pipes, propellant dispersion
components, and wiring which passes through two tunnel
fairings. The forward edge of the thrust structure is attached
to the lox tank portion of the propellant tank.

THRUST STRUCTURE

The thrust structure assembly (figure 6-1) is an inverted.
truncated cone attached at its large end to the aft dome of
the lox tank and attached at its small end to the engine
mount. It provides the attach point for the J-2 engine and
distributes the engine thrust over the entire tank
circumference. Attached external to the thrust structure are
the engine piping, wiring and interface panels, eight ambient
helium spheres, hydraulic system, oxygen/hydrogen burner.
and some of the engine and lox tank instrumentation.

AFT SKIRT ASSEMBLY

The cylindrical shaped aft skirt assembly is the load bearing
structure between the LH» tank and aft interstage. The aft
skirt assembly is bolted to the tank assembly at its forward
edge and connected to the aft interstage. A frangible tension
tie separates it from the aft interstage at S-1I separation.

AFT INTERSTAGE ASSEMBLY

The aft interstage is a truncated cone that provides the load
supporting structure between the S-IVB stage and the S-11
stage (figure 6-1). The interstage also provides the focal point
for the required electrical and mechanical interface between
the S-II and S-IVB stages. The S-II retrorocket motors are
attached to this interstage and at separation the interstage
remains attached to the S-1I stage.

ENVIRONMENTAL CONTROL

There are three general requirements for environmental
control during checkout and flight operations of the S-1VB
stage. The first is associated with ground checkout and
prelaunch operations and involves thermal conditioning of
the environment around the electrical equipment, auxiliary
propulsion system (APS), and hydraulic accumulator
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reservoir. In addition, there is a requirement for aft skirt and

interstage purging. The second involves forward skirt area

purging, while the third concerns inflight heat dissipation for
—the electrical/electronic equipment.

AFT SKIRT AND INTERSTAGE
THERMOCONDITIONING

During countdown, air/GN» is supplied by the environmental
control system, which is capable of switching from air to
GNy purge. Air or GNj is supplied at the rate of
approximately 3600 scfm. The air purge is initiated when
electrical power is applied to the vehicle. GN» flow is
initiated approximately two hours prior to cryogenic loading
and continued until liftoff. During periods of hold, GN»
purge is continued. The aft skirt and interstage
thermoconditioning and purge subsystem provides the
tollowing:

l. Thermal conditioning of the atmosphere around
electrical equipment in the aft skirt during ground
operations.

—

2. Thermal conditioning of the APS, hydraulic
accumulator reservoir, and control system helium
sphere.

3. Purging of the aft skirt, aft interstage and thrust
structure, and the forward skirt of the S-II stage of
oxygen, moisture and combustible gases.

ELECTRICAL
EQUIPHMENT
LEGEND SKIRT MANIFOLD
— (TYPICAL)
AIR OR
GN2 FLOW ==|=
= &
3 = |
0
Ea%ﬂ]4 g
B>

APS
MODULE

The subsystem consists of a temperature-controlled air or
GNj distribution system (figure 6-2). The purging gas passes
over electrical equipment below the ring frame and flows into
the interstage. A duct from the skirt manifold directs air or
GNj to a thrust structure manifold. Another duct directs the
gas to a shroud covering the control system helium sphere
which is used to purge the lox and LHy pump shaft seal
cavities. From the thrust structure manifold supply duct, a
portion of air or GNj is directed to a shroud covering the
hydraulic accumulator reservoir.

Temperature control is accomplished by two dual element
thermistor assemblies located in the gaseous exhaust stream
of each of the APS modules. The elements are wired such
that each single element in one thermistor assembly is wired
in series with a single element in the other thermistor
assembly in order to provide two sets of average temperature
indications. One set is used for temperature control, the
other for temperature recording.

FORWARD SKIRT THERMOCONDITIONING

The electrical/electronic equipment in the S-IVB forward
skirt area is thermally conditioned by a heat transfer
subsystem using a circulating coolant for the medium.
Principal components of the system, located in the S-IVB
stage forward skirt area, are a fluid distribution subsystem
and cold plates. The coolant is supplied to the S-IVB by the

IU thermoconditioning system starting when electrical power

~

T

Y &

Wi

HELIUM BOTTLE

L——  THRUST STRUCTURE
MANIFOLD

Figure 6-2
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S-IVB STAGE

is applied to the vehicle and continuing throughout the
mission. For a description of this system refer to Section VII.

FORWARD SKIRT AREA PURGE

The forward skirt area is purged with GNy to minimize the
danger of fire and explosion while propellants are being
loaded or stored in the stage, or during other hazardous
conditions. The purge is supplied by the IU purge system
which purges the entire forward skirt/IU/adapter area. The
total flow rate into this area is approximately 3500 scfm.

HAZARDOUS GAS DETECTION

A 1/4-inch aluminum leak detection manifold is mounted in
the forward skirt, where it runs from the forward skirt vents
to the umbilical which is located on Swing Arm No. 7. A
1/4-inch aluminum leak detection manifold is also mounted
in the aft interstage, where it runs from the interstage vents
to a connection with the S-II leak detection manifold.

PROPULSION

This stage provides vehicle propulsion twice during the
mission. The first burn occurs immediately after S-11/S-IVB
separation and lasts long enough to insert the vehicle into
earth orbit. The second burn injects the S-IVB/IU/spacecraft
into a translunar trajectory.

At J-2 engine first burn cutoff, the auxiliary propulsion
system (APS) ullage engines are ignited and burn about one
and one half minutes, providing stabilization and settling of
the propellants. At APS engine ignition, the APS yaw and
pitch control modes are enabled (roll already active) for the
required attitude control of the stage during coast. LHy
continuous venting is activated about one minute after first
burn cutoff and continues until oxygen/hydrogen (Oo/H7)
burner start for second burn.

Prior to second burn, the systems are again readied for an
engine start. Approximately five minutes before restart, the
chilldown systems are reactivated to condition the lines by
removing gases collected in the propellant supply system. The
O7/H burner is started approximately nine minutes prior to
second burn and operates to settle the propellants and
pressurize the propellant tanks until approximately one
minute before engine start, when the APS ullage engines are
fired, the Op/H7 burner is shut down, and ambient
repressurization is started. Then the chilldown systems are
deactivated, and engine restart is initiated. The APS ullage
engines are shut off and ambient repressurization is stopped
as the engine reaches full thrust. The APS yaw and pitch
control modes are deenergized (roll control mode remains
active) during the second burn. Following the second burn,
spacecraft  separation from the launch vehicle is
accomplished, and the S-IVB/IU maneuvered into a lunar
impact trajectory as described in Section X.

J-2 ROCKET ENGINE

The J-2 rocket engine (figure 5-6) is a high performance,
multiple restart engine utilizing liquid oxygen and liquid
hydrogen as propellants. The engine attains a thrust of
approximately 200,000 pounds during both burns. The only
substances used in the engine are the propellants and helium
gas. The extremely low operating temperature of the engine
prohibits the use of lubricants or other fluids. The engine
features a single, tubular-walled, bell-shaped thrust chamber
and two independently driven, direct drive, turbopumps for
liquid oxygen and liquid hydrogen. Both turbopumps are
powered in series by a single gas generator, which utilizes the
same propellants as the thrust chamber. The main hydraulic
pump is driven by the oxidizer turbopump turbine. The ratio
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of fuel to oxidizer is controlled by bypassing liquid oxygen
from the discharge side of the oxidizer turbopump to the
inlet side through a servovalve.

The engine valves are controlled by a pneumatic system
powered by gaseous helium which is stored in a sphere inside
the start bottle. An electrical control system, which uses solid
state logic elements, is used to sequence the start and
shutdown operations of the engine. Electrical power is
supplied from aft battery No. 1.

During the burn periods, the lox tank is pressurized by
flowing cold helium through the heat exchanger in the
oxidizer turbine exhaust duct. The heat exchanger heats the
cold helium, causing it to expand. The LH, tank is
pressurized during burn periods by GH, from the thrust
chamber fuel manifold.

During burn periods, control in the pitch and yaw planes, is
achieved by gimbaling the main engine. Hydraulic pressurc
for gimbal actuation is provided by the main hydraulic pump.
During coast mode, the APS engines give the pitch and yaw
thrust vector control. Roll control during both the burn
periods and the coast modes is achieved by firing the APS
engines.

ENGINE OPERATION

Engine operation includes starting, mainstage and cutoff. The
starting and cutoff phases are periods of transition in which a
sequence of activities occur. These phases are developed in
detail in the following paragraphs.

Start Preparations

Preparations for an engine start include ascertaining the
positions and status of various engine and stage systems and
components. The J-2 engine electrical control system
controls engine operation by means of electrical signals. The
heart of the engine electrical control system is the electrical
control package (17, figure 5-6). It sequences and times the
functions required during engine start or cutoff.

Each cutoff automatically causes the electrical control
package circuitry to reset itself, ready for restart, providing
that all reset conditions are met. The LVDC issues an engine
ready bypass signal just prior to each engine start attempt.
This bypass signal acts in the same manner as a cutoff would
act. The reset signals engine ready and this allows the LVDC
to send its start command. Receipt of the start command
initiates the engine start sequence.

Engine Start Sequence

When engine start is initiated (3, figure 6-3), the spark
exciters in the electrical control package provide energy fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>