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AS-506

MISSION SUMMARY

This document is prepared jointly by the Marshall Space Flight Center
Laboratories S&E-ASTR-S, S&E-AERO-P, and S&E-ASTN-ESD The document presents a
brief and concise description of the AS-506 Apollo Saturn Space Vehicle and the
AS-506 mission. Where necessary, for clarification, additional related infor-
mation has been included.

It is not intended that this document completely define the Space Vehicle,
its systems or subsystems in detail. The information presented herein by text
and sketches, describe launch preparation, ground support activities, and the
space vehicle. This information permits the reader to follow the sequence of
events beginning a few hours before liftoff to mission completion.

1. Mission Purpose:

AS-506, Apollo 11, Mission G-1, is the first manned Lunar Landing
Mission. It uses Launch Vehicle SA-506; Command/Service Module 107, Lunar
Module 5; Launch Complex 39A; Mobile Launcher #1 and LCC Firing Room #1.
purpose is (1) to perform a successful lunar landing (2) assess the capabilities
and limitations of the astronauts and their equipment in a lunar surface environ-
ment, (3) perform inspection of the lunar surface and obtain soil samples, and
(4) to safely return the crew to earth. The crew consists of Neil A. Armstrong,
Spacecraft Commander, Edwin E. Aldrin, Lunnar Module Pilot, and Michael Collins,
Command Module Pilot.

2. Launch Vehicle Objectives:

Demonstrate launch vehicle capability to inject the spacecraft
onto a free-return, translunar trajectory.

3. Mission Description:

AS-506, (Apollo 11), has a flight duration of approximately 8 days.

The AS-506 mission profile, illustrated in Figures 2 through 5, consists
of the following phases: Launch and boost to earth parking orbit, coast in earth
parking orbit, translunar injection, tramslumar coast, S-IVB "slingshot", lunar
orbit insertion, lunar module descent, lunar surface activities, lunar module
ascent, transearth injection, transearth coast, reentry, splashdown and recovery.

Launch and Boost to Earth Parking Orbit (EPO). AS-506 will be launched
from Kennedy Space Center, Complex 39A on a launch azimuth of 90° East of North.
The launch days and the earliest liftoff time, for each day, for the month of
July are:

Day Earliest Liftoff Time Flight Azimuth
July 16. 8:32 a.m. CDT 72° - 108°
July 18 10:30 a.m. CDT 89° - 108°
July 21 11:09 a.m. CDT 94° - 108°



As the vehicle rises from the launch pad, a yaw maneuver is executed to insure
that the vehicle does not collide with the tower in the event of high winds or a
single engine failure. Once tower clearance has been accomplished, a pitch and
roll maneuver is initiated to achieve proper flight attitude and a flight azimuth
orientation of between 72 and 108 degrees.

A successful boost sequence, as illustrated in Figure 3, will insert the
S-IVB/IU/SC into a 100 NMI circular earth parking orbit.

Coast in Earth Parking Orbit (EPO). The vehicle will coast in earth park-
ing orbit while space vehicle subsystems checkout is performed. Preparation for
translunar injection takes place during this period. The reignition time and
orbital position of the S-IVB injection burn will depend on lunar declination and
upon the injection window opportunity to be selected. The first injection opportunity
occurs midway through the second parking orbit revolution while the second opportunity
occurs midway through the third revolution.

Translunar injection. Following the selection of one of the two injection
opportunities described above, the S~IVB stage reignites to provide tramnslunar
injection. The nominal injection provides a free return trajectory to earth if the
deboost to the lunar parking orbit is not initiated.

Translunar Coast. Shortly after translunar injection, the Transposition,
Docking, and Extraction (TD&E) of the Command and Service Module (CSM) and the
Lunar Module (LM) will take place. To initiate this maneuver, the CSM, assisted
by the service module's reaction control system, will separate from the S-IVB.
Spacecraft Lunar-Module Adapter (SLA) panels are then jettisoned to expose the
docking mechanism of the lunar module. Following separation, the CSM will trans-
late approximately 50 feet, pitch 180 degrees, roll 60 degrees and move to docking
interface with the lunar module. As soon as the crew has completed verification
that docking latches are engaged, and that CSM/LM tunnel pressure has been equalized,
the LM/SLA attach points are severed and the LM is extracted and moved approximately
100 ft. from the S-IVB. During translunar coast ( approximately 75 hours), mid-
course corrections are made if required.

S-IVB "Slingshot'. 1In order to minimize the probability of spacecraft
and launch vehicle collision, and to avert S-IVB earth or lunar impact, a S-IVB
"slingshot" procedure is executed. To initiate this maneuver, the launch vehicle
(S~-1IVB/IU/SLA) will move to a predetermined attitude and execute a retrograde
dump of residual propellants. This will reduce vehicle velocity by approximately
115 feet per second. Following retrograde propellant dumping, the S-IVB is
"safed" by dumping the remaining propellants and gas from gas bottles through
the latch-open, nonpropulsive vents. This velocity change in the S5-IVB w2ll per-
turb the S-IVB trajectory so that the vehicle will be influenced by the moon's
gravitational field. This influence will increase velocity sufficiently so as
to place the S-IVB/IU/SLA in solar orbit.

Lunar Orbit Insertion. Prior to lunar orbit insertion, the crew will
check the LM for operational readiness and return to the CSM. If all conditions
are "go'", the Service Module (SM) propulsion system will be used to deboost the
CSM/LM into a moon orbit ranging from 60 to 170 NMI above the moon's surface.
Two orbits later, approximately four hours, the astronauts will circularize the
orbit at 60 NMI.




Lunar Module Descent. Approximately fourteen hours later, two members
of the three man crew, (Armstrong and Aldrin), will enter the IM through the
connecting tunnel. Upon completion of a LM checkout, they will undock the LM
and begin maneuvers which will take .them to the moon's surface. Landing, via
the lunar module descent propulsion system, will occur approximately 2-1/2
hours later. (The LM can hover like a helicopter for approximately 60 seconds
to select the smoothest landing spot.) While separated, the astronauts will use
the radio for communication using Code names "Snowcone' for the Command Module
and "Haystack" for the Lunar Module. Present planning calls for lunar touchdown to
occur at 3:21 p.m. CDT on July 20, 1969, The third crewman (Collins) will continue
to orbit the moon in the CM.

Lunar Surface Activities. Following touchdown, Armstrong and Aldrin
are to rest for approximately eight hours, then don their portable life support
backpacks and make other necessary preparation to walk the moon's surface. At
1:09 a.m. CDT on July 21, 1969, Armstrong is to climb down a nine-step ladder and
become the first man to plant his footsteps on the moon's surface. This activity
is to be relayed live to television viewers on earth with Aldrin handling the TV
camera. Armstrong will stroll alone for about half an hour, gathering a quick
sample of lunar soil so that they won't come home empty-handed if they should have
to make an early takeoff. Then Aldrin is to join Armstrong on the surface for
approximately 2 hours during which they are to gather about 80 pounds of lunar
rocks and soil and to set us a scientific experiments package which will transmit
lunar data after the astronauts leave.

Lunar Module Ascent. After returning to the LM, the astronauts are
to rest for nearly six hours. They will have been on the moon for approximately
21 hours and 30 minutes. The LM ascent stage is used to liftoff from the moon's
surface and to fly a 3-hour and 30 minute rendezvous course to catch-up and link-
up with the CM. Orbital plane changes, trim burns, or maneuvers required to
achieve CSM/LM rendezvous are made with the LM reaction control system. As soon
as CSM/LM docking has been accomplished, the two crew members, the lunar soil
samples and the exposed film are transferred to the CSM and the 1M is secured.
Service module RCS is used to separate the CSM from the LM.

Transearth Injection and Coast. The SM propulsion system is used to
boost the CSM out of lunar orbit. During transearth coast (approximately 64
hours) midcourse corrections are made if required.

Reentry, Splashdown and Recovery. The Command Module is separated from
the Service Module prior to atmospheric reentry. The nominal range from re-
entry (400,000 feet) to splashdown is approximately 2000 miles. Splashdown will
take place in the Pacific Ocean approximately 12:00 p.m. CDT July 24, 1969.
Immediate recovery of the crew after splashdown has been arranged.

Quarantine Period. Upon recovery, the astronauts will be transferred to
a special sealed van on the deck of the carrier for the sea~air-truck trip to the
Manned Spacecraft Center in Houston, Texas. There they are to be quarantined
with the lunar soil samples in a lunar receiving laboratory for 18 days. Doctors
want to be certain they do not bring back any lunar germs.
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LAUNCH COMPLEX 39

Launch Complex 39 (LC-39), Kennedy Space Center, Florida, provides all the
facilities necessary for the assembly, checkout, and launch of the Apollo/Saturn
space vehicle. The vehicle assembly building (VAB) provides a controlled
environment in which the vehicle is assembled and checked out on a mobile launch-
er (ML). The space vehicle and the launch structure are then moved as a unit by
the crawler-transporter (C-T) to the launch site, where vehicle launch is ac-
complished after propellant loading and final checkout. The major elements of
the launch complex shown in Figure 7, are the vehicle assembly building (VAB),
the launch control center (LCC), the mobile launcher (ML), the crawler—trans-—
porter (C-T), the crawlerway, the mobile service structure (MSS), and the launch
pad.
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MOBILE LAUNCHER

The Mobile Launcher, figure 8, is a transportable steel structure which provides
the capability of moving the erected vehicle to the launch pad via the crawler-
transporter. The umbilical tower, permanently erected on the mobile launcher
base, is a means of ready access to all important levels of the vehicle during
assembly, checkout and servicing prior to launch. The intricate vehicle-to-
ground interfaces are established and checked out within the protected environ-
ment of the Vertical Assembly Building (VAB) and then moved undisturbed aboard
the mobile launcher to the launch pad.

(:) §-IC Intertank (preflight). (:) §-1VB Forward (inflight).
Provides LOX fill and drain. Provides LH, and LOX trans-
Arm may be reconnected to fer, electrical, pneumatic,
vehicle from LCC. Retract and air-conditioning inter-
time 8 seconds. Reconnect faces. Retract time 7.7
time 5 minutes. seconds .

<:) S-IC Forward (preflight). (:) S-IVB Forward (inflight).
Provides pneumatic, elec- Provides fuel tank vent,
trical, and air-~condition- electrical, pneumatic, air-
ing interfaces. Retract- conditioning, and preflight
ed at T~16.2 seconds. conditioning interfaces.
Retract time 8 seconds. Retract time 8.4 seconds.

@ S-TI Aft (preflight). Service Module (inflight).
Provides access to Provides air-conditioning,
vehicle. Retracted vent line, coolant, electri-
prior to liftoff as cal, and pneumatic interfaces.
required. Retract time 9.0 seconds.

(:) S-I1I Intermediate (in- (:) Command Module Access Arm
flight). Provides LHp (preflight). Provide access
and LOX transfer, vent to spacecraft through en-
line, pneumatic, instru- vironmental chamber. Arm
ment cooling, electrical, controlled from LCC. Re-
and air-conditioning in- tracted 12° park position
terface. Retract time until T-4 minutes.

6.4 seconds.

@ S-1I Forward (inflight).
Provides GH; vent, elec-
trical, and pneumatic
interfaces. Retract time
7.4 seconds.

Note:

Preflight arms are retracted Inflight arms retract at
and locked against umbilical vehicle liftoff on command
tower prior to launch. from service arm control

switches (located in hold-
down arms).
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GROUND SUPPORT EQUIPMENT

A computer controlled automatic checkout system is used to accomplish
checkout or testins of the launch vehicle when in the Vertical Assembly
Building (VAB) highbay and on the launch pad.

An RCA 110A Computer and other equipment necessary for service and check
out are installed with the vehicle on the mobile launcher. Similar equipment,
joined by an integration system (relay network), a facilities cable tunnel and
video cables for visual display are located in the Launch Control Center (LCC).

A Digital Data Acquisition System (DDAS) collects vehicle and support
equipment responses to test commands and formulates test data for transmission,
decommutation, and display to the LCC or ML.

Digital Events Evaluators (DEE) monitor the status of input lines and
generate a time labeled printout for each detected change in input status.
High speed printers in the LCC are connected to each DEE to provide a means
for real time or post-test evaluation of discrete data.

The propellant tanking computer system (PTCS) determines and controls the
quantities of fuel and oxidizer on board each stage. Optimum propellant levels
are maintained and LOX and LH, are replenished as boiloff occurs during the
countdown. The propellant tafiking operation is monitored on the PTCS control
panel, ‘

Final countdown begins at T-102 hours. A countdown clock, located in the
LCC, officially records this countdown.
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GUIDANCE AND CONTROL SYSTEM (G&C)

Function and Description

The G&C system provides the following basic functions during flight:

1. Stable positioning of the vehicle to the commanded position with a
minimum amount of sloshing and bending.

2. A first stage tilt attitude program which gives a near zero lift tra-
jectory through the atmosphere.

3. Steering commands during S-II and S-IVB burns which guide the vehicle to
a predetermined set of end conditions while maintaining a minimum propellant
trajectory for earth orbit insertion.

4. The proper vehicle position during earth orbit.

5. Guidance during the second S-IVB burn, placing the vehicle in the proper
walting orbit.

G&C Hardware

The Stabilized Platform (ST-124M) is a three gimbal configuration with gas
bearing gyros and accelerometers mounted on the stable element. Gimbal angles
are measured by redundant resolvers and inertial velocity is obtained from inte-
grating accelerometers.

The Launch Vehicle Data Adapter (LVDA) is an input-output device for the
Launch Vehicle Digital Computer (LVDC). The LVDA/LVDC components are digital
devices which operate in conjunction to carry out the flight program. The flight
program performs the following functions: (1) processes the inputs from the
StT-124M, (2) performs navigation calculations, (3) provides the first stage tilt
program, (4) calculates IGM steering commands, (5) calculates attitude errors,
(6) issues launch vehicle sequencing signals.

The Control/Eds Rate Gyro Package contains nine rate gyros (triple redundant
in three axes). Their outputs go the Control Signal Processor (CSP) where they
are voted and sent to the Flight Control Computer (FCC) for damping vehicle
angular motion.

The FCC is an analog device which receives attitude error signals from the
LVDA/LVDC and vehicle angular rate signals from the CSP. These signals are
filtered and scaled, then sent as commands to the S-IC, S-I1I, and S-IVB engine
actuators and to the Auxiliary Propulsion System (APS) Control Relay Packages.
The Control Relay Packages accept FCC commands and relay these commands to
operate propellant valves in the APS. During spacecraft control of the launch
vehicle, the FCC receives attitude error signals from the Command Module Compu-
ter or the Astronaut hand controller.

The Switch Selectors in each stage are used to control the inflight se-
quencing as commanded from the LVDA/LVDC.
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SPACECRAFT BACKUP GUIDANCE AND CONTROL/MANUAL ATTITUDE CONTROL CAPABILITY

The Launch Vehicle Flight Control Computer will accept attitude commands
from the spacecraft instead of the LVDC during (1) boost to Earth Parking
Orbit (EPO); (2) orbital coast mode; (3) Translunar Injection (TLI) burn; and
(4) the post TLI coast mode, with the following constraints:

During Burn Modes

The Spacecraft attitude commands will be accepted by the flight
control computer only in the event that the LVDA signals that the LV ST-124M
Platform has failed followed by the Astronaut enabling the LV Guidance Switch.
If the ST-124M Platform should fail before Time Base 6 (TB6) initiation, a
navigation update by ground command will be required to start TB6 (S-IVB preps.
and second burn). There are two modes to the backup system operations and they
are:

(1) Automatic Backup Guidance and Control

In the automatic guidance mode both the control and guidance
functions will be provided by the Spacecraft. This backup mode is used during
S-1C stage flight and S-II flight up to LET jettison. The sequence of events
are as follows:

a. Failure of ST-124M is verified by LVDA.

LVDA illuminates warning light in S/C.

Astronaut enables LV Guidance switch.

d. S/C transmits error signals to LV flight control computer.

(2) Manual Backup Guidance and Control

In the manual guidance mode both guidance and control loops
will be closed through the Astronauts. An Astronaut continuously adjusts
vehicle attitude via the Rotation hand Controller to maintain the desired tra-
jectory. Sequence of events following a Platform failure after LET jettison
are:

a. Failure of ST-124M verified by LVDA.

b. LVDA illuminates warning light in S/C.

c¢. Astronaut enables LV Guidance Switch.

d. Manual guidance and control is initiated by the Astronaut

entering a word into the S/C computer to switch AUTO/
MANUAL switches to MANUAL.

e. If automatic backup guidance is in operation at LET jettison,
switching to manual backup is accomplished by performing step

(d).

During Orbital and Post TLI Coast Modes

In earth orbit and post TLI coast modes the Astronauts have a manual
attitude control capability. The takeover follows somewhat the procedure for
Manual Backup Guidance and Control takeover.
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EMERGENCY DETECTION SYSTEM

The Emergency Detection System (EDS) is designed to sense and react to
emergency situations resulting from launch vehicle malfunctions which may arise
during the mission. Crew safety and protection is the primary function of the
EDS. Triple redundant sensors and majority voting logic are used in the auto-
matic abort system. Dual redundancy is used for most of the manual abort sen-
sors. The redundancy in the sensing systems is designed to protect against
inadvertent aborts.

Automatic Aborts - During most of the S-IC flight, the EDS provides the
capability of automatically aborting the mission. The automatic abort system
is enabled at liftoff and disabled by the crew at approximately 2 minutes or by
the IU switch selector prior to S-IC inboard engine cutoff. The system re-
sponds to failure modes that lead to rapid vehicle breakup. The parameters and
the associated limits monitored for an automatic abort are:

1. Simultaneous loss of thrust on two or more S-IC engines
2. Vehicle rates in excess of *4°/sec in pitch or yaw; or *20°/sec in roll
3. S/C to IU breakup.

Manual Aborts - After the automatic abort mode is disabled, aborts may be
initiated manually by the astronauts. Manual aborts are initiated based on at
least two separate and distinct indications. The indications may be a combina-
tion of EDS sensor displays, physiological indications, and ground information
to the astronauts. EDS displays for the crew consist of light and meters which
indicate loss of thrust of each engine, staging sequences, launch vehicle attitude
reference failure, angle of attack, tank ullage pressures, spacecraft attitude
error and angular rates. The manual abort overrate limits are:

1. Pitch and Yaw - L.0. to S-IC/S-II Staging - * 10°/sec
- 8-IC/S-II Staging to S-IVB C.0. - *9°/sec

2. Roll - L.0. to S-IVB C.0. - t20°/sec

Aborts occurring during the launch phase will be performed by using either
the Launch Escape System (LES) or the Service Propulsion System (SPS). The
LES is used to propel the CM a safe distance from the launch vehicle and to
ensure a water landing. Aborts prior to 30 seconds of flight do not terminate
S-IC thrust in order to protect the launch area. The SPS aborts utilize the
Service Module SPS engine to propel the CSM away from the launch vehicle, and
to maneuver to a planned landing area or boost into a contingency orbit.
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LAUNCH VEHICLE SECURE RANGE SAFETY SYSTEMS

The Secure Range Safety Systems, located on the S-IC, S-II and S-IVB stages,
provide a means to terminate the flight of an erratic vehicle by the transmission
of coded commands from ground stations to the vehicle during boost phase. The
Range Safety Officer (RSO) terminates the flight of an erratic vehicle (tra-
jectory deviations) by initiating the emergency engine cutoff command and, if
necessary, the propellant dispersion command.

The command destruct system in each stage is completely separate and inde-
pendent of those in the other stages with the exception of a 2 for 3 voting
arrangement between the S~IC and S-II Range Safety System Controllers. -This
arrangement eliminates a single point failure in the S-IC range safety system
controller, which, if it failed would cause an unnecessary S-IC engine cutoff.

The system in each powered stage consists of a range safety antenna sub-
system, two secure command receivers, two Range Safety Controllers, two Secure
Range Safety Decoders, two Exploding Bridge Wire (EBW) firing units, two EBW
detonators and a common safe and arm device which connects the subsystem to the
tank cutting charge. Electrical power for all elements appearing in duplicate
is supplied from separate stage batteries.

Prior to launch, the safe and arm device is set to the "ARM" position by
ground support equipment and the system remains active until orbital insertion.
After orbital insertion, the S-IVB stage range safety receiver is deactivated
(Safed) by ground command from the Range Safety Officer.
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MEASUREMENT SYSTEM

The vehicle measurement systems senses performance parameters and feeds
signals to the stage and spacecraft telemetry systems. 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 tele-
metry systems. The vehicle measuring systems performs three main functions:

1. Detection of the physical phenomena to be measured and transformation of
these phenomena into electrical signals.

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

3. Distribution of the data to the proper channel of the vehicle's telemetry
systems.

The table on the opposite page contains a measurement breakdown for the launch
vehicle and spacecraft, and a measurement summary of past Saturn V flights.
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AS-506
Launch Vehicle
Measurement Summary

#% Included in Launch
Vehicle Totals

Measurement L/V
Designation S-IC S-I1 S-IVB TU0 Totals
Accel. Flow Rate,
11 8 48
& Liquid Level 17 12
Temperature 66 87 61 13 227
Pressure 89 105 79 10 283
Voltage, Current, 6 33 38 17 94
& Freguency
Signals 127 221 71 65 484
Position, Angular 2 131
Vel., Strain & RPM 25 >4 10 4
Misc. RF & _ 9 9 46 57
'T'ph:\mpfry
TOTALS 330 514 279 201 1324
ESE Displays 65 185 98 175 523%%
Auxiliary Display 37 57 69 15 178%x*
Flight Control 50 215 64 102 401%%
AS-506
Spacecraft Measurement Summary
Mgea?urem‘?“t M SM LM 15515
Pressure 15 35 98 148 jﬁ
Temperature 18 43 - 160 221
Discrete Event 80 10 320 410
Voltage, Current 45 7 190 242
& Frequency
Miscellaneous 35 50 120 205
TOTALS 193 145 888 1226
Previous Flights-Measurement Summary
Vehicle S-IC S-1I1 S-IVB 10 LV Totals Spacecraft
AS-501 872 976 589 337 2774 -
AS-502 891 960 612 338 2801 -
AS-503 876 992 351 450 2669 338
AS-504 666 989 294 296 2245 1218%*
AS-505 644 936 279 218 2077 1218%*
* LM measurements added to AS-504 & 505 e
Note: All measurement Figure /9 Measurement Summary

numbers approximate
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COMMAND AND COMMUNICATION INTERFACES FOR MISSION CONTROL

Mission Control Center (MCC) Manned Spacecraft Center, Houston, Texas.
Contains communication, computers, display and command systems to monitor and
control the space vehicle.

Kennedy Space Center, Florida (KSC). The space vehicle is assembled,
checked-out, and launched from KSC. Central Instrumentation Facility (CIF)
collects powered flight data and data received from Merritt Island Launch
Area (MILA) and Air Force Eastern Test Range (AFETR).

Goddard Space Flight Center (GSFC). Greenbelt, Maryland operates the
Manned Space Flight Network (MSFC) and NASA communications network. The MSFC
is under control of MCC during flight.

George C. Marshall Space Flight Center (MSFC) Huntsville, alabama. Using
The Huntsville Operations Support Center (HOSC) and the Launch I ¥formation
Exchange Facility (LIEF), real-time support is provided to KSC and MCC for
preflight, launch and flight operations.

The Manned Space Flight Network is a global network of ground stations,
ships, and aircraft designed to support manned and unmanned space flight.

While selected ground stations throughout the world monitors all phases
of flight activity from liftoff to recovery, pre-destined ships and aircraft
are strategically situated to monitor "Insertion to Earth Parking Orbit",
"Translunar Injection", "Reentry and Recovery".
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VEHICLE TRACKING SYSTEMS

In the Saturn V space vehicle there is a continuous requirement to transmit in-
formation to ground stations in order to determine the vehicle's trajectory. This
requirement is satisfied by the RF tracking systems. The tracking data is used by
mission control, range safety, and for post-flight evaluation of the vehicle's per-
formance. The tracking systems used are:

C-Band (IU and S/C)

C-Band is a pulse radar system which is used for precise tracking during power-—
ed flight into earth orbit, orbital flight, injection into trans—lunar trajectory,
and coast flight after injection.

S-Band (IU and S/C)

The Unified Side Band (USB) System provides tracking capability to the USB
ground stations and these stations track the spacecraft to the moon.

Vehicle
Tracking System>

Eigure 20
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SPACE VEHICLE WEIGHT VS FLIGHT TIME

Mainstage propellant consumption during S-IC powered flight (approxi-
mately 161 seconds) is approximately 4,670,300 pounds. Propellant consumption
during S-II powered flight (approximately 389 seconds) is approximately
971,450 pounds. During S-IVB powered flight, including first and second burns,
(approximately 461 seconds) the propellant consumption is approximately 223,900
pounds.,

Vehicle Weight Data (Approximate) Pounds

Total at S-IC ignition 6,484,300
Total at liftoff 6,398,500
Total at S-IC QECO 1,826,900
Total at S-II ignition 1,453,800
Total at S-II QECQ 469,700
Total at S-IVB 1lst ignition 367,000
Total at S-IVB 1lst ECO 297,500
Total at S-IVB engine restart 294,600
Total at S-IVB 2nd ECO 133,600
Total at S-IVB/CSM separation 130,900

Total at SC translunar injection 100,800
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S-1C STAGE STRUCTURE

The S-IC stage is approximately 138 feet long and 33 feet in diameter and
is powered by five liquid-fueled Rocketdyne F-1 engines which generate a nominal
thrust of 7,610,000 pounds. Stage engines are supplied by a bi-propellant system
of liquid oxygen (LOX) as the oxidizer and RP-1 as the fuel.

The Forward Skirt

The Forward Skirt accommodates the forward umbilical plate, the electrical
and electronic canisters, and the venting of the LOX tank and interstage cavity.
The aluminum skin panels are stiffened by ring frames and stringers.

The Oxidizer Tank

The 343,600 gallon capacity LOX tank is the structural link between the
forward and intertank sections. Stiffened by machined "T" stiffeners the tank
is internally equipped with ring baffles for additional stability as well as to
reduce LOX sloshing and to provide support for four helium bottles.

The Intertank Section

The intertank section provides structural continuity between the LOX and
RP-1 tanks.

The RP-1 (Fuel) Tank

The RP-1 fuel tank, located between the thrust structure and the intertank
section, is a cylindrical aluminum structure with a capacity of 218,900 gallons.
Antislosh ring baffles are located on the inner walls while cruciform baffles
are located on the lower bulkhead. A lightweight foam material, bonded to the
lower bulkhead, serves as an exclusive rise to minimize unusable residual fuel.

The Thrust Structure

The thrust structure provides support for the five engines, the base heat
shield, engine fairings and fins, propellant lines, retro rockets and environ-
mental control ducts. The lower thrust ring also has four-holddown points to
restrain the vehicle, as necessary, from lifting off at full F-1 engine thrust.

Pogo Supression

The longitudinal oscillation in the LV, or "Pogo" effect as it has been
cailed, has been supressed by utilizing the LOX prevalve cavities in the four
outboard engines as surge chambers. Each of the four cavities is pressurized
with gaseous helium (GHe) at T -11 minutes from ground supply. Initial fill is
closely monitored using liquid level resistance thermometers. Ground fill main-
tains cavity pressure until umbilical disconnect after which pressure is main-
tained by the cold helium spheres in the LOX tank. Pressure readings are
transmitted via telemetry to ground monitors during flight.
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F-1 Engine Operation

The F-1 engine is started by ground suppBrt equipment. Ground fluid pres-
sure opens ports in the main LOX valves. Opening of the main LOX valves admits
LOX under tank pressure to the thrust chamber and allows control fluid to enter
the gas generator. Opening of the gas generator valve permits LOX and RP-1 to
enter the gas generator combustion chamber where they are ignited by the turbine
exhaust igniters. While the RP-1 reaches approximately 375 psig a valve in the
hypergol cartridge opens allowing LOX and RP-1 to build up pressure against the
hypergol burst diaphragm. At approximately 500 psig the diaphragm ruptures
allowing hypergol and RP-1 to enter the thrust chamber causing spontaneous
combustion upon contact with the LOX, thereby establishing primary ignition.

As thrust pressure builds up the RP-1 valves open admitting RP-1 to the thrust
chamber and the transistion to mainstage operation is achieved.

The inboard engine engine is cutoff by a signal from the IU. Outboard engines
cutoff by optical type LOX depletion sensors with fuel depletion sensors as back-
up. A command from the IU supplies a command to the switch selector to enable
the outboard engine cutoff circuitry. When two or more of the four LOX level
sensors are energized, a timer is activated. Expiration of the timer energizes
a stop solenoid for each engine which energizes the main LOX and main RP-1 valves.

The sequence closing of the main LOX valve followed by sequence closing of the
main RP-1 valve interrupts propellant flow and terminates engine operation.

Engine Control Valve “Open" Signal
Oxidizer Valves Open

Gas Generator Nalve Open

Gas Generator Propellant Ignition
Igniter Fuel Valve Open

Hypergol (artridge Rupture ]
Thrust Chamber Ignition
Fuel Valves Open

Start of Thrust Increase
"Thrust K" Signsl

90 Fercent Engine Thrust

Start Sequence Complete v

0 | 2 3 4 5 G

Engine Start Sequence in Seconds from Control Valve “Open” 3ignal
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S-1C STAGE PROPELLANT SYSTEM

The S-IC stage propellant system is composed of one LOX tank, one RP-1 tank,
propellant lines, control valves, vents, and pressurization subsystems. Load-
ing of LOX and RP-1 tanks is controlled by ground computers. RP-1 loading is
completed approximately nine days prior to liftoff. LOX bubbling is started
at the beginning of LOX chilldown operation and is continued throughout LOX
loading and again before liftoff to prevent possible geysering. Prior to lift-
off the RP-1 tank and the LOX tank is pressurized by helium from a good source.
At liftoff the RP-1 tank is pressurized with helium stored in bottles located in
the LOX tank and heated by passing the helium through. the heat exchanger. LOX
tank pressurization is maintained by LOX bled from the engine and converted to
GOX in the heat exchanger.

S~IC PROPELLANT LOAD AND OPERATIONAL SEQUENCE
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S-1C STAGE THRUST VECTOR CONTROL SYSTEM

The four outboard F-1 engines are gimbal mounted on the stage thrust
structure to provide attitude control during S-IC stage powered flight. Each
independent gimbal system employs two hydraulic servo actuators. These servo
actuators convert electrical command signals (from IU Flight Control Computer)
and hydraulic pressure into mechanical outputs which gimbal the outboard engines
on the S-IC stage. An integral mechanical feedback, varied by piston position,
modifies the effect of the control signal from the FCC. Built-in servo actuator
potentiometers sense servo actuator positions for telemetry as well as providing
an interlock to preclude liftoff with an engine hardover.

Hydraulic pressure is supplied to the Thrust Vector Control System from a
GSE pressure source during prelaunch checkout and engine start. The GSE pressure
source utilizes RJ-1 ramjet fuel as the hydraulic fluid. During engine operation,
hydraulic pressure is supplied from the fuel discharge of the engine turbo pump
to the servo actuators. The fuel returns through a check valve to the fuel inlet
of the turbo pump. RP-1, the fuel used by the S-IC stage, is used as the hydraulic
fluid during engine operation.
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S-11 STAGE STRUCTURE

The S-II stage is a large cylindrical booster approximately 81 feet in length
and 33 feet in diameter. The stage is powered by five liquid-propelled J-2 rocket
engines which combine to develop a total thrust of 1,150,000 pounds.

Forward Skirt

The forward skirt, a part of the S-II body shell structure, is a cylindrical
aluminum alloy material, strenghened and supported internally and externally by
stringers and circumferential ring frames. The forward skirt also houses the
telemetry and command (range safety) antennae.

The Fuel (LH,) Tank

The LHp tank is a long cylinder with a concave bulkhead forward and a con-
vex bulkhead aft. The tank structure is made up of six cylindrical sections which
incorporate stiffening members in both the longitudinal and circumferential
directions.

The Common Bulkhead

This is an adhesive-bonded assembly of aluminum alloy and fiberglass/phenolic
honeycomb core to prevent heat transfer and retain the cryogenic properties of the
fluids to which it is exposed (LOX and LH;). Fiberglass core material varies in
thickness between .080 inches to 5 inches. No connections or lines pass through
the common bulkhead.

The LOX Tank

The LOX tank consists of ellipsoidal fore and aft halves with reinforced
gore segments. Three ring type slosh baffles control propellant sloshing and
minimize surface disturbances. A six part sump assembly at the lowest point
provides fill and drain openings for the five engine feed lines.

Aft Interstage

The aft interstage, also part of the body shell structure, is made up of
aluminum alloy material and is supported internally by hat stringers and circum-
ferential ring frames. The aft interstage has four ullage rockets mounted in its
outer surface.

System Tunnel

The systems tunnel houses electrical cables, pressurization lines and the
propellant dispersion ordnance. The tunnel is attached externally from the S-II
stage aft skirt to the forward skirt.
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J-2 ENGINE OPERATION S-II STAGE

The operating cycle of the J-2 Engine consists of prestart, start, steady-
state operation and cutoff sequences. During prestart, LOX and LH, flow through
the engine to temperature-condition the engine components, and to assure the
presence of propellant in the turbopumps for starting. Following a timed cool-
down period, the start signal is received by the sequence controller which ener-
gizes various control solenoid valves to open the propellant valves in the proper
sequence. The sequence controller also energizes spark plugs in the gas generator
and thrust chamber to ignite the propellant. In addition, the sequence controller
release GH, from the start tank. The GHp provides the initial drive for the turbo-
pumps that deliver propellant to the gas generator and the engine. The propellant
ignites, gas generator output accelerates the turbopumps, and engine thrust in-
creases to main stage operation. At this time, the spark plugs are de-energized
and the engine is in steady-state operation.

Steady-state operation is maintained until a cutoff signal is received by
the sequence controller. The sequence controller de-energizes the solenoid valves
which in turn close the engine propellant valves in the proper sequence. As a
result, engine thrust decays and the cutoff sequence is complete.

Engine Start \ 4

Main Fuel Valve Open m

Main Fuel Propellant Flow #
Start Tank Discharge Valve Open ]

Pump Buildup e —————————
Bypass Flow Through Oxidizer ?
Turbine By-pass Valve

Main Oxidizer Flow

Gas Generator Propellant Flow

Main Oxidizer Valve Open -
Mainstage OK Signal v
90 Percent Thrust v
Q [} [} 3 ] 3 ] a 1 5
IGNITION SEC SEC SEC SEC SEC
COMMAND

l ~ TIME FROM \GNITION
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S-11 STAGE PROPELLANT SYSTEM

The S-II Stage propellant system is composed of integral LOX/LH, tanks,
propellant lines, control valves, vents, and prepressurization subsystems.
Loading of propellant tanks and flow of propellants is controlled by the pro-
pellant utilization systems. The LOX/LH, tanks are prepressurized by ground
source gaseous helium. During powered flight of S-II Stage, the LOX tank is
pressurized by GOX bled from the LOX heat exchanger. The LH, tank is pres-—
surized by GH, bled from the thrust chamber hydrogen injector manifold:
pressurization is maintained by the LH, Pressure Regulator.

S~-II PROPELLANT LOAD AND OPERATIONAL SEQUENCE

|
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S-I1 STAGE THRUST VECTOR CONTROL SYSTEM

The four outboard J-2 engines are gimbal mounted to provide thrust vector
control during powered flight. Attitude control is maintained by gimballing the
outboard engines in response to electrical control signals from the IU flight
control computer.

The system consists of four independent closed-loop hydraulic control
subsystems which provide power for engine gimballing. The primary components
of the subsystem are an auxiliary pump, a main pump, an accumulator/reservoir
manifold assembly and two servo actuators. The auxiliary pump is electrically
driven from the GSE to provide hydraulic fluid circulation prior to launch. The
main pump is mounted to and driven by the engine LOX turbopump. The accumulator/
reservior manifold assembly consists of a high pressure accumulator which receives
high pressure fluid from the pump and a low pressure reservoir which receives re-
turn fluid from the servo actuators. The servo actuator is a power control unit that
converts electrical signals and hydraulic power into mechanical outputs that gimbal
the engine.

During the prelaunch period, the auxiliary hydraulic pump circulates the
hydraulic fluid to preclude fluid freezing during propellant loading. Circula-
tion is not required during the S-IC burn due to the short duration burn. After
S-1C/S-1I separation, an S-II switch selector command unlocks the accumulator
lock up valves, releasing high pressure fluid to each of the servo actuators.
The accumulators provide gimballing power prior to the main hydraulic pump
operation. During S-II mainstage operation, the main hydraulic pump supplies
high pressure fluid to the servo actuators. The return fluid from the actuators
is routed to the reservoir which stores hydraulic fluid at sufficient pressure
to supply a positive pressure at the main pump inlet.
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S-II STAGE PROPELLANT MANAGEMENT SYSTEM

The propellant management system provides a means for controlling and
monitoring propellants during ground loading, powered flight and engine shut-
down

Continuous capacitance probes and point level sensors in the LHp and LOX
tanks monitor propellant mass. During the propellant loading sequence, a signal
from each capacitance probe is transmitted from the on board propellant elec-
tronics to GSE to indicate the level of propellants in the tanks. Overfill
point level sensors are provided for both the LH, and LOX systems. When the

propellant mass in the tanks reach a predetermined amount, the GSE loading computer

automatically stop the loading sequence.

The propellant utilization (PU) subsystem controls the mixture ration (MR)
of the LOX/LH,. The PU subsystem consists of a rotary valve, to control the
amount of LOX flowing to the engine, and electrical controls for the valve. At
engine start, the PU valve is in a neutral position and supplies a MR of 5.0:1.
Approximately 5 seconds after engine start, electrical signals from the LVDC in
the IU commands the PU valve to supply a nominal MR of 5.5:1. Five minutes and
20 seconds after engine start the LVDC commands the PU valve to a MR of 4,5:1
for the remainder of the S-II Stage burn. Capacitance probes in the propellant
tanks provide telemetered data to ground stations so that propellant consumption
can be monitored.

Center engine shutdown is initiated by a programmed command (timed) from
the TU through the S-II switch selector. Outboard engine shutdown is initiated
when any two of the five liquid level sensors in either propellant tank indicate
propellant depletion.
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S-1VB STAGE STRUCTURE

The S-IVB, the third booster stage, is approximately 59 feet in length with
a stage weight at ground liftoff of approximately 262,150 pounds. TheS-IVB
stage is powered by a single J-2 engine capable of providing 232,000 pounds of
thrust at first burn and 211,000 pounds during second burn.

The Forward Skirt Assembly

The forward skirt is the load supporting member between the LH, tank and
the Instrument Unit. The forward umbilical plate, antennas, the LHp flight
vents and tunnel fairings are attached externally to this skirt.

Propellant Tank Assembly

The propellant tank assembly is a cylindrical aluminum structure with a
hemispherical shaped dome at each end. LOX and LH, are separated by a common
bulkhead of sandwich type construction which is bonded to and separated by a
fiberglass~phenolic honeycomb core.

LHy Tank

The internal surface of the LH, tank is a machined, waffle~like pattern
to provide structural rigidity. Polyurethane insulation blocks, covered with
fiberglass and a sealant coating, are bonded to the intertank waffle-~like pattern
to minimize LH, boiloff. The LH, tank is equipped internally with a slosh baffle,
propellant utilization probe, temperature and level sensors and fill,pressurization
and vent pipes.

LOX Tank
The LOX tank is located in the aft end of the propellant structure and is
surrounded by the aft skirt assembly. The LOX tank is equipped internally with

a slosh baffle, a chilldown pump, a 13.5 foot propellant utilization probe,
temperature and level sensors, and fill, pressurization and ventipipes.

Aft Skirt Assembly

The aft skirt assembly is the load bearing structure between the LOX tank
and the aft interstage.

Thrust Structure

The thrust structure is an inverted, truncated cone attached at its larger
end to the aft dome of the LOX tank and at the smaller end to the J-2 engine mount.

Aft Interstage

The aft interstage is a truncated cone that provides a load support structure
between the S-II and the S-IVB stages. S-II retro rocket mounts are attached to
this stage. The aft interstage remains with the S-II at interstage separation.
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J-2 ENGINE OPERATION S-IVB STAGE

The operating cycle of the J-2 Engine consists of prestart, start, steady-
state operation and cutoff sequences. 'During prestart, LOX and LH; flow through
the engine to temperature-condition the engine components, and to assure the
presence of propellant in the turbopumps for starting. Following a timed cool-
down period, the start signal is received by the sequence controller which ener-
gizes various control solenoid wvalves to open the propellant valves in the proper
sequence. The sequence controller also energizes spark plugs in the gas generator
and thrust chamber to ignite the propellant. In addition, the sequence controller
releases GHy, from the start tank. The GH, provides the initial drive for the turbo-
pumps that deliver propellant to the gas generator and the engine. The propellant
ignites, gas generator output accelerates the turbopumps, and engine thrust in-
creases to main stage operation. At this time, the spark plugs are de-—energized
and the engine is in steady-state operationmn.

Steady-state operation is maintained until a cutoff signal is received by
the sequence controller. The sequence controller de-energizes the solenoid valves

which in turn close the engine propellant valves in the proper sequence. As a
result, engine thrust decays and the cutoff sequence is complete.

Engine Start ¢

Main Fuel Valve Open -

Main Fuel Propellant Flow #

Start Tank Discharge Valve Open [

Pump Buildup —

Bypass Flow Through Oxidizer
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Gas Generator Propellant Flow

Main Oxidizer Valve Open -
Mainstage OK Signal v
90 Percent Thrust ' ' . " .
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S-IVB STAGE PROPELLANT SYSTEM

The S-IVB stage propellant system is composed of integral LOX/LH, tanks,
propellant lines, control valves, vents and pressurization subsystems. Loading
of the propellant tanks and flow of propellants is controlled by the propellant
utilization system. Both propellant tanks are initially pressurized by ground
source cold helium.

LOX tank pressurization during S-IVB stage burn is maintained by helium
supplied from spheres in the LH; tank, which is expanded by passing through the
heat exchanger, to maintain positive pressure across the common tank bulkhead
and to satisfy engine net positive suction head. LHp tank pressurization during
S-IVB stage burn is maintained by GH, from the J-2 engine injector. Pressuriza-

tion of the LH; tank strengthens the stage in addition to satisfying engine net
positive suction head.

Repressurization of the propellant tanks, prior to J-2 engine restarts, is
attained by passing cold helium, from the helium spheres in the LHp tank,
through the 03/H, burner. The heated helium is then routed to the propellant
tanks. Should the 05/H; burner fail, ambient repressurization will ensure
propellant tank pressure for engine restarts.

S-IVB PROPELLANT LOAD AND OPERATIONAL SEQUENCE
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S-IVB THRUST VECTOR CONTROL SYSTEM

The single J-2 Engine is gimbal mounted on the longitudinal axis of the

S-IVB Stage to provide pitch and yaw control during S-IVB powered flight. Engine
fimballing is accomplished by an independent closed loop hydraulic system which
supplies power to the two servo-actuators. The two servo-actuators may extend or
retract individually or simultaneously. Gimbal position is proportional to the
magnitude of an elec trical input to the electro-hydraulic servo valve located on
each actuator. Mechanical feedback from the actuator to the servo valve completes
the closed engine position loop.

During S-IC and S-I1I stage burns, the actuators hold the engine position to
null. This is accomplished by utilizing the electrically driven auxiliary hydraulic
pump. The auxiliary hydraulic pump is also used during orbit to periodically cir-
culate the hydraulic fluid to prevent freezing. During the S-IVB burn, the main
hydraulic pump, driven by the engine, provides the necessary pressure and circulation
for actuator operation (pitch and yaw control). Roll control is provided by the
Auxiliary Propulsion System (see page 71).
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AUXILIARY PROPULSION SYSTEM

The S-IVB Auxiliary Propulsion System (APS) provides vehicle attitude control
during powered flight in the roll axis only and during S-IVB coast provides
control in the pitch, yaw, and roll axes. Attitude corrections are made by firing
the control engines, individually or in combination, in short bursts of approxi-
mately 65 ms minimum duration. Commands from the Flight Control Computer actuate
fuel and oxidizer solenoid valve clusters that admit hypergolic propellants to
the control engine combustion chambers.

The attitude control engines are located in two aerodynamically shaped
modules, 180 degrees apart, on the aft end of the S-IVB stage (positions I and
III). Each module contains four hypergolic engines, three 150 pound thrust
attitude control engines and one 70 pound thrust ullage engine. The 70 pound
thrust (ullage) engine in each module is used to settle the main stage propel-
lants after S-IVB cutoff and again prior to restart. One control engine of
each module is used to control the vehicles' attitude in pitch, while the other
two are used for yaw and roll control.

Each APS module contains its own propellant supply and pressurization system.
The hypergolic propellants used by the engines are monomethyl hydrazine (MMH)
for the fuel and nitrogen tetroxide (N,04) for the oxidizer. Helium is the
pressurant used in the system.
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S—-IVB STAGE PROPELLANT MANAGEMENT SYSTEM

The propellant management system provides a means for controlling and
monitoring propellants during ground loading, powered flight and engine shut-
down.

Continuous capacitance probes and point level sensors in the LOX and LH;
tanks monitor propellant mass. During the propellant loading sequence, a signal
from each capacitance probe is transmitted from the on board propellant elec-
tronics to GSE to indicate the level of propellants in the tanks. Overfill point
level sensors are provided for LOX and LH, systems. When the propellant mass in the
tanks reach a predetermined amount, the GSE loading computer automatically stops
the loading sequence.

The propellant utilization (PU) subsystem controls the mixture ratio (MR)
of the LOX/LH,. The PU subsystem consists of a rotary valve, to control the
amount of LOX flowing to the engine, and electrical controls for the valve.

The MR is controlled by the switch selector outputs which are used to operate
the PU valve.

Prior to engine start the PU valve is commanded to the neutral position to
obtain a MR of 5.0:1. The PU valve remains at the 5.0:1 position during the
first burn. Prior to engine restart (first opportunity) the PU valve is com-
manded by the switch selector to a MR of 4.5:1 and remains at this position for
approximately one minute and 55 seconds of the S-IVB burn. ‘The PU valve is then
commanded to the neutral position (5.0:1). If the S-IVB restart is delayed to
the second opportunity, the MR is shifted from 4.5:1 to 5.0:1 when the engine
reaches 90 percent thrust.

Engine shutdown, during first burn, is initiated by a programmed command
(velocity) from the IU through the switch selector. Engine shutdown after
second burn is initiated by a programmed command (velocity) from the IU through
the S-IVB switch selector. Backup shutdown is provided by any two of the five
liquid level sensors in either propellant tank indicating propellant depletion.
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INSTRUMENT UNIT

The Instrument Unit is a cylindrical structure approximately 260 inches in
diameter and 36 inches high which is attached to the forward end of the S-IVB
stage. IU structure is composed of an aluminum alloy honeycomb sandwich material
which was selected for its high strength-to-weight ratio, acoustical insulation,
and thermal conductivity properties.

The cylinder is composed of three 120 degree segments--the access door
segment, the flight control computer segment, and the ST-124-M segment.

The IU Stage contains:
Guidance, Navigation and Control Equipment
Telemetry Systems
Tracking Systems
Crew Safety Systems
Environmental Control System
The guidance, navigation and control equipment contained in the IU includes

that which is necessary for vehicle guidance and control during boost through
orbital coast and subsequently for translunar injection.

Telemetry along with measuring systems is used to monitor certain conditions
and events which take place in the IU and to transmit these monitored signals to
ground receiving stations.

Tracking systems assist in the determination of the vehicle's trajectory.
Tracking data is used for mission control, range safety and post flight evalua-
tion of vehicle performance.

Crew Safety is provided by the Emergency Detection System, a portion of which
is located in the IU stage. EDS senses conditions in the vehicle during boost
phase which could cause vehicle failure.

Environmental Control maintains an acceptable operating environment during
preflight and flight operationms.
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ENVIRONMENTAL CONTROL SYSTEM (ECS)

The Environmental Control System (ECS) has been developed to maintain an

acceptable operating environment for the IU/S-IVB equipment during preflight
and inflight operations.

80

The ECS is made up of the following:

Thermal Conditioning System - maintains a circulating Methanol Water
coolant temperature of approximately 59° * 1°F.

Preflight Purging System - maintains a supply of temperature and
pressure regulated air/GN, in the IU/S-IVB equipment.

Gas Bearing Supply System - furnishes GN; to the ST-124-M3 inertial
platform gas bearings.

Hazardous Gas Detection System - monitors the IU/S-IVB forward inter-
stage area for the presence of hazardous vapors.
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SPACECRAFT DESCRIPTION

The Spacecraft for the AS-506 mission is composed of:

Launch Escape System (LES)

Command Module (CM)

Service Module (SM)

Lunar Module (LM)

Spacecraft Lunar Module Adapter (SLA)

Launch Escape System

The Launch Escape System, which is jettisoned approximately 35 seconds after
S-II Ignition, is made up of a Launch Escape Tower (LET), and a three-motor pro-
pulsion system (Tower Jettison, Launch Escape and Pitch Control Motors).

Command Module

The Command Module is a Block II Configuration. The module's inner struc-
ture, or pressure vessel, is separated from the outer structure by a layer of
insulation. A heat shield structure is made up in three segments consisting of
a forward heat shield, a crew compartment heat shield, and an aft shield. The
CM is slightly over 11 feet in length and is about 12 feet in diameter. A
propulsion system consists of Reaction Control Engines which may operate pulsed
or continuous.

Service Module

The Service Module may be described as a cylindrical, aluminum shell which
is madée up of honeycomb-sandwich panels and a forward and aft bulkhead. Oke
gimballed propulsion engine (capable of up to 30 restarts) and a reaction control
system (4 clusters, 4 chambers each) make up the SM Propulsion System. The Com-
mand and Service Module are joined by three tension ties each of which is
equipped with explosive charges for SM/CM separation.

Lunar Module

The Lunar Module consists primarily of an Ascent and Descent Stage. The
Ascent Stage, which contains the crew compartment, is equipped with a Reaction
Control System which provides thrust capability, an ingress and egress hatch to
the crew's instrumentation and controls. The Descent Stage, consists primarily
of a descent engine and four retractable landing gear assemblies. Over all
weight of the Lunar Module is approximately 30,000 pounds.

Spacecraft Lunar Module Adapter

The Spacecraft Lunar Module Adapter (SLA) joins the Service Module (SM) to
the S-IVB/IU. The SLA encloses the Lunar Module. Adapter panels which enclose
the Lunar Module are jettisoned prior to docking and Lunar Module extraction.
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Command Module

S5 Band
Antenna

MOON SURFACE

EVA (Extra Vehicular Activity) will consistof:

* Lunar Walk

(First one then both crew members)
s Collect soil and rock samples
» Set up experiments Rr use

after departure

LUNAR SURFACE
COMMUNICATI ONS
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