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AS-505

TECHNICAL INFORMATION

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-VN. The docu aent presents a brief and
concise description of the AS-5)5 Apollo Saturn Space Vehicle. Where necessary, for
clarification, additional related information has been included.

It is not the intent of this document to completely define the Space Vehicle or its
systems and subsystems in detail. The information presented herein, by text and
sketches, describes launch preparation activities, launch facilities, and the space
vehicle. This information permits the reader to follow the space vehicle sequence of
events beginning a few hours prior to liftoff to its journey into space.

1. Mission Purpose:

AS-505, Apollo 10, Mission F, is described as a Lunar Mission Development
Flight which has been designed to demonstrate crew/space vehicle/mission support
facilities during a manned lunar mission and to evaluate lunar module performance in
lunar environment,

2. Launch Vehicle Mission Objectives

The Principal Detailed Test Objective (DTO)-is to demonstrate the AS-505
Launch Vehicle capability to inject the Apolln Spacecraft onto a free return, translunar
trajectory.

The Secondary Detailed Test Ohject ves are:

® Verify J-2 engine modifications.

® Confirm J-2 engine envircnment in S-1I and S-IVB stages.

® Confirm launci vehicle longitud nal oscillation environmental during
S-IC stage burn.

3 Verify that S-IC modifications will suppress low frequency longitudinal
oscillations.

3. Mission Description

Mission F, AS-505, (Apollo 10), iias a flight duration of approximately
10 days.

The AS-505 mission has been divided into the following phases which are
described below: Launch to parking orbit, coast in parking orbit, injection into trans-
lunar trajectory, lunar orbit insertion, restart and injection into transearth trajectory,
reentry and splash down.



Figures 1 and 2 illustrate the boost to earth parking orbit and the balance of
the mission p—ofile to include lunar orbit and reentry.

Launch to Parking Orbit. AS-505 will be launched from Kennedy Space
Center, complex 39B on a flight aximuth between 72 and 108 degrees. 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 possible engine failure.
Once tower clearance has been accomplished, a pitch and roll maneuver is initiated
to achieve the proper flight attitude and flight azimuth orientation.

A successful boost sequence, as illustrated in Figure 1, will insert the
S-IVB/IU/SC into a 100 NMI circular earth parking orbit.

Coast in Earth Parking Orbit. Coast in earth parking orbit will consist of
approximately two or three revolutions during which time the LV and SC will be
checked out in preparation for translunar injection. Two injection opportunities have
been programmed for AS-505.

Injection into Translunar Trajectory. This phase will begin wi'h the S-IVB
stage restart sequence which will occur midway during the second revolution (1st
opportunity) or during the third revolution (2nd opportunity). This burn will inject
the vehicle into a translunar, free return, trajectory. After injection, the CSM
separates from the S-IVB/IU, turns around, docks with the LM/S-IVB and performs
LM extraction. During translunar coast, spacecraft midcourse corrections are
made as required. Following LM extraction, the S-IVB stage will undergo a residual
propellant, retrograde dump and safeing sequence. Thrust from available propellants
in the launch vehicle auxiliary propulsion system and from: main propulsion system
venting is used to "propel" the expended S-IVB/IU to pass behind the moon and into a
solar orbit. (Figure 2)

Lunar Orbit Insertion. As the SC enters the lunar gravitational field, a
decision will be made as to whether to remain on a "free return trajectory” which
presents a path to transearth trajectory, or to brake into lunar orbit. If conditions
are "go" for lunar orbit, one Astronaut will enter the lunar module and check the
status of the critical systems. He will then return to the CM prior to lunar orbit
insertion.

The SM propulsion system (SPS) is used to deboost the spacecraft into a
circular lunar orbit. During lunar orbit, two crew members enter the LM, CSM/LM
separation occurs and LM checkout proceeds.

During this activity phase, a LM excursion will simulate the descent and
ascent phases of a lunar landing mission. After the simulation phase, CSM/LM final
docking occurs and the astronauts will deactivate the LM and return to the CM. After
the LM crew returns to the CSM, the LM will be jettisoned.
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Restart and Injection to Transearth Trajectory. The SM propulsion system
is used once again, to boost the CSM out of lunar orbit and onto a transearth trajectory.

Reentry and Recovery. The command and service module are separated prior
to atmospheric reentry. The Service Module Reaction Control System is used to assist
in separation.

A range of 2000 nautical miles approximates the distance between the point
of atmospheric reentry and the point at which splash-down occurs. Recovery will take
place in the Pacific Ocean.
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MOBILE LAUNCHER

The Mobile Launcher, figure 5, is a transportable steel structure which provides the
capability of moving th: erectec 3hicle 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 vehicie during assembly, checkout and
servicing prior to launch. The intricate vehicle-to-ground interfaces are established
and checked out within the protected environment of the Vertical Assembly Building
(VAB, and then moved wundisturbed aboard the mobile launcher to the launch pad.

S-1C Vntertank (preflight). Provides
LOX f.l and drain. Arm may be
reconnected to vehicle from LCC.
Retract time 8 secunds.Re-
connect time ~ 5 minutes

S-iC Forward (preflight). Provides
pneumatic, electrical, and air cond-
i'\"ioning interfaces. Retracted at
T162 seconds. Retract +ime 8
seconds.

S5-11 Aft (preflight). Provides ac-
cess to vehicle. Retracted prior to
liftoff as requ'p’ed.

S-1] Intermediate (inflight). Provides
LHz and LOX transfer; vent line, pneu-
matic, instrument cooling, electrical,
and air-conditioming interface. Retvact
time 0.4 seconds.

$-11 Forward Cinflight). Provides GHjz
vent, electrical, and pneumatic inter-
faces. Retract time 7.4 seconds.

S~IVB Forward (inflight). Provides LH,
and LOX transfer, electrical, pnevmatic,
and gir-conditioning interfaces. Retract

time 17seconds.

@

5-1VB Forward (infight). Provides fuel
tank vent, electrical, pneumatic, air-
conditioning, and preflight conditioning
interfaces. Retract time 8.4 sec-

onds.

Service Module (nflight). Provides au--
conditioning, vent line, coolant, electrical,
and pneumatic interfaces. Retract
time 9.0 seconds.

Command Module Access Arm (preflight).
Provide Access to spacecraft through
environmental chamber. Arm cont-
roiled from LCC. Retracted 12° park
position unhil T-4 minutes.

Note:

Prefiight arms are vetracted and locked
against umbilical tower prior to
faunch.

Inflight arms retract at vehicle liftoff
on command from Sservice arm
control switches (located in hold-
down arms).



Mobile Launcher:

Umbilical Tower ~ 380 f+ high

Launcher Base ~ 220 f;t high
ot | +. lon
~135 £ wide "0Bal

~ 495 ft square opening In Cos

base for 35-IC exhaust

Tower serviced by 2 hi-speed

elevators (10 levels) 9

Vehicle holddown arms (4) ZXJ
located 90° apart around

vehicle base. e

Three Tail_Service Mast (T5M)

Assemblies support service 8
lines to S-IC stage and
provide 3 means for rapid
retraction at \iftoff

P OM==TC
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GROUND SUPPCRT INTERFACE

Test System

A computer controlled automatic checkout system is used to accomplish
the Vertical Assembly Building (VAB) high bay and pad testing. Aa RCA 110A
Computer and the other equipment necessary for service and check out are in-
stalled with the vehicle on the mobile launcher. Similar equipment, joined by
an integration system (relay network), a facilities cabling tunnel and video
cahles for visual display is 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 trans-
mission ‘o the LCC or ML.

Digital Events Evalualors (DEE) monitor the status of input lines and
generate a time labeled printout for each change detected.

Final Countdown begins at T-102 hours. A countdown clock, located in
the LCC, officially records this countdown.
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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
(trajectory deviations) by initiating the emergency engine cutoff command and,
if necessary, the propellant dispersion command.

The command destruct system in each stage is compleiely separate and
independent of those in the other stages.

The system in each powered stage consists of a range safety antenna
subsystem, 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 connectis
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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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 sensers and majority voting logic are used in
the automatic abort system. Dual redundancy is used for most of the manual
abort sensors. 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
responds to failure modes that lead to rapid vehicle breakup. The
parameters and the associated limits monitored for an automatic abort
are:

1. Loss of thrust on two or more 8-IC engines
2. Vehicle rates in excess of +4°/sec in pitch or yaw; or £20%/sec in roll
3. Command Module 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 combination
of EDS sensor displays, physiological indications, and ground information to the
astronauts. EDS displays for the crew consist of lights 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/O to S-IC/S-II Staging - £4°/sec
- S-IC/S-II Staging to S-IV C/O ~ +9°/sec

2. Roll - L/O to S-IVB C/0O - £20° /sec

Aborts performed 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. The automatic abort sequence of events is dependent
on the time (altitude) the abort is initiated. Aborts prior to 30 seconds 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, maneuver to a planned landing area or boost into a contingency orbit.
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injection apportunity ~2hr. 30min.
this an: major | [\ OH, Burner OFf
subsequent-events | ~ Zhr. 30min.
will occur approxim- |
ately |5 hours later | FAN LOX+LHz Chilldown
than shown. ! Pomp OFF
' I ~Zhr. 30min.
34 > 5 i 6 —
s.ort of Start of Start of
Time Base 4  Time Base 5 Time Base 6
Figure 1! 5-11/5-1VB Stage
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A s-vB APS Ullage OFf = Zhr3lmin. |
A 5'1VB:Rtsi'ar#“‘2hr.3lmin. :

A 3-lVB LOX & LHz Point Level Sensor Enable » 2 s 36 min.

5-\WB Second Engine CLutoff Zh;r. 37 rman.

|A 5-IvB LOKt LH, Point Level Smsqr Disarm «~ 2hv. 37 min.

|
| A L, Vent Valve Open = 2hr. Tmin.

|A 5/C Control Enable » 2hr 27 min.

l
I
I
|
|
|
I
I
l
|
I
I

NOTE: |
Approximate times
shown are medsured
from 1ifToff

:
|
I
I
t
i
l
|

A UHe Vent Vaive Close = 2he 52 min.

I
A 11U Command 595'\'er7x Enable ~ Z hr. 57 min.
A 5-1YB/CSM  Sessra¥ion ~ 3hr. O2min.

A\ LHz Tank Latching Relief Velve Open On
“3hr |3'7 min.

A LHg Tahl Latching Relief Vahe Open OFF

-~ 3r. 49 min,
A 5-|VB Propellant Duymp + Safeing

s vn— — —  — — — —— ——

w Ahr 3] sec
5-VB Endaire. ENS Cutoff No.2
~ % 3T sec.

A 5B lassiyation Enabie

«4inr. 48 min,

A LOX Tank NPV Valve Open On

- Ahr. Sdin,

D LO® Tank NPV Valve Open
Of¢ « 4hr 54 min.

A 5-IVD Passivation
Disable ~ 5hrlomin.

Figure 12

——6 -t 7 - 8
Start of Btart of
Tirne Base 7 Time Based
5-IVB Stage

Flight Sequencing

2}




Reference Event
Guidance Reference Relesse

Liftoff (IU. Umbilical Relesse

S-1C Center Engine Cutoff
5-1C Outboard Engine Cutoff
51 Engints Cutoff

First 5-IVB Enqune Cutoff

Restart Sequence

Second S-INB Engine Cutoff

S-VB Propellant Dumping and
Sofeing Sequence

5-IVB Burnev Malfunction

S IVB Buvner Malfunction

Tvansiunar Injection Inhibit

Time Base References

Time Base GET Hr/MinfSec
To - o: 00: \ 7
T, 0:00:00
T 2 0:02:\8
Ts. 0:02:4)
Te 0:0%:14
Ts 0:11:40
Te 2:21:00
T-' 2:37:00
Te 4:37:60
Tea Voviable

Teb Variable
Tec Varable

Comments
Initiated by terminal
count sequencer
Initiated by deactustion
of TVU. lLiftoff rec'sy at
umbilical disconnect or
vertical acceleration
Iniha¥ed by 5-1C Inboard
engine cutoff command
from LVDC
Initiated by the pro-
pellant depletion sensors
or the thrust-OK sunvches
Inihated by the pro-
pellant depletion sensors
or the thrust-OK switches
Initiated by any two of
four functions; 5-IVD ve-
{acity cutoff issved by the
WDCL thrust-OK switches (2)
or accelerometer veading
Initiated when LVDC solves
the vestart equation

Initiated by any two of ¢
functions.5-1V B cutoff is-
sued by the LVDC, thrust-0K
switches(2), or acceleromefer
reading

Initiated by ground command
after T +Chvs

Initiated by burner malfmction
signal from 5-IVB stuge--To+48
seconds to To ¥341.3 seconds.

Initiated burner malfunction
signal, 5-IVB stage--Te+341.3
seconds lo T6+496.7 seconde

Initinted by trznslunar injection
Sswitch in the spacecvalt

Te+ 0 seconds to To + 560
Seconds




-»E0OM
£nd of Nission

EOM
EOM
P EOM
T +EOM
Translunar Injection Inhibit (5/C switch)
Prior to Time Base®
Translunar Injiction Inhibitx (5/C switch)
During Time Base ©
Inhibit Removed by Ground Command
After Time Base ( + 2 Hours
. B Nominal Mission
NOTE:
During Time. Base 5 the TOYE Ground Command will inhibit the
initiation of Time Base © and Time Base 5 will econtinue
to the EOM.
Fi .
:?Ef_‘—% Time Base Sequencing
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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 trajectory
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
waiting 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 integrating 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 per-
forms the following functions: (1) processes the inputs from the ST-124M, (2) per-
forms 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 to 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-II, and S-IVB engine actuators and to the
Auxiliary Propulsion System (APS) Control Relay Packages. The Control Relay Pack-
ages accept FCC commands and relay these rommands to operate propellant valves in
the APS. During spacecraft confrol of the launch vehicle, the FCC receives attitude
error signals from the Command Module Computer or the Astronaut hand controller.

The Switch Selectors in each stage are used to control the inflight sequencing as
commanded from the LVDA/LVDC.
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DIGITAL COMMAND SYSTEM CAPABILITY:

The following summary describes the Digital Command Systems' capability:

Function

Maneuver inhibit

Maneuver update

Execute Maneuver

A

Time base update

Navigation update

Target update

TD & E enable

Time Base 8
enable

Sector dump

Single memory

Generalized
swifch selector

Inhibit water
control valve
logic

Swiich antenna

to omni, low
or high gain

Terminate

Description

Inhibits Spacecraft separation
maneuver.

Changes the time to start the
separation maneuver

Initiates maneuver to local
horizontal in 2 retrograde
position

Changes the time base time

Replaces onboard navigation
state vector

Replaces targeting quantities
for second S-IVB burn

Inhibits T6 so that TD & E
can be accomplished in earth
orbit.

Initiates propellant dump and
safeing sequence

Initiates telemetry of
specified memory sector

Initiates telemetry of spec-
ified memory location

Executes specified switch
selector function

Inhibit logic which changes
the position of the water
control valve

Initiates switching of both
PCM and CCS antemnas.

Stops DCS processing and
resets system for a new
command

EOM---End of Mission

Periods of Acceptance

From T5 + 0 seconds to T6 - 9 seconds
and from T7 + 0 seconds to EOM

From T5 + 0 seconds to T6 - 9 seconds
and from T7 + 0 seconds to EOM

From T7 + 0 seconds to EOM

From T5 + 0 seconds to T8 - 9 seconds
and from T7 + 0 seconds to EOM

From T5 + 100 seconds to T6 - 9 seconds
and from T7 + 20 seconds to EOM

From T5 + 0 seconds to T6 ~ 9 seconds

From T5 + 0 seconds to T6 - 9

From T7 + 2 hrs, to EOM

From T5 + 100 seconds to T6 -~ 9 seconds
and from T7 + 20 seconds to EOM

From T5 + 100 seconds to T6 - 9 seconds
and from T7 + 20 seconds to EOM

From T5 + 0 seconds to T6 + 560 sec-
onds and from T7 + 0 seconds to EOM

From T5 + 0 seconds to T6 - 9 seconds
from T7 + 0 seconds to EOM

From T5 + 100 seconds to T6 - 9 seconds _

and from T7 + 0 seconds to EOM

From T5 + 0 seconds to T6 + 560 sec-
onds and from T7 + 0 seconds fo EOM



Spacecraft (command module)

Accept
C UP TLM-1\U
. Switeh

Block

2777777777777 777777 77777777777
Insiroment Unit

T OTTITVITITIITEITIOIIIOTITININ

DCS
L Enable ) Disable

ces U Control -
5-Band Command 1, Dstributor LVDA
Transponder Deccier

? Sequentia) Cmds ]
for the IV ¢ 5-NB

DES Thage—a
Enable/Disable
A

Guidance Data*

Switch
Selectors LvDC
Tu ¢5-1vR)

The Digital Command System (DC%) is not used during powered
flight phases. During the orbifal phases of the mission, Yhe
crew untl place the UP-TLM-IU switeh in the “Accept” pomtion to
enable the DCS hardware for the acceptance of ground com-
mands. After 9C separstion, the 1U switch selector enables
the DCS5 hardware for ground commands. However, commands
will only be accepted by the flight program within the period
of time programmed in the LVDC @3 destnibed on page 2% .

Figure 15 Digital Command
E——— System Das
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INSTRUMENTATION SYSTEMS

The Saturn V Instrumentation Systems are functionally divided into three parts on
each stage, These separate divisions or subsystems are:

¢ Measuring Systems
® Telemetry Systems

¢ RF and Tracking Systems

Measuring

The purpose of the measuring systems is to detect the phenomena to be measured
and to process and distribute this data to the input of each stage telemetry system,
All measurements, regardless of their original characteristics, must be processed
into electrical signals within a 0 to 5-volt range prior to delivery to the stage telemetry
system. The telemetry system accepts these input signals for transmission to the
ground receiving stations,

The following table contains a measurement breakdown for the launch vehicle and
the spacecraft.

Telemetry

The Telemetry System for each stage of the vehicle must accept signals produced
by the measuring portion of the instrumentation system, and accurately reproduce
and transmit them to the ground stations. Measurement signals are accepted at a
fixed input level, processed, and fed to the proper airborne antennas. In the case
of checkout measurements, the signals are transmitted via breakaway cable arrange-
ment to the ground checkout station prior to liftoff.

RF and Tracking

The Vehicle RF and Tracking Systems are described and illustrated on pages 30
and 31.
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Measurement
Devignation

Accelevation

Acoustic

Temperature
Presqure
Vibvation

Flow Rate

Posifion

Signals

Lit{uid Level

VoH'zujz , Cuovvent,
FvutuencY
Miscellaneous
Angulav Velocity
Stvain

RPM

Quidance and
(ontrol

RF ond Telemelvy

Totaly

E9E Display
Auxiliavy Display
Flight Control

Pressure
Temperature
Discrete Event
Voltage, Current,
Frequency
Miscellaneous

Measurement Summary -L/V

$~1C 4-1) 9-1vB Inst. L/v
tage $tage Stage Unit Total
3 1y - 4 18

4 5 - - q
166 308 7 14 569
177 182 70 ) 439
o7 60 - - 127
35 10 4 4 53

! 30 8 21 00
142 225 11 63 501
18 6 7 - 3

il 65 38 17 ito
(A 4 8 - 4

3 3 - 724 30

- 27 - - 16

5 {0 2 - {7

- - - 45 45

- - - le 16
aQn 82 {00 177 456
64 8! 63 18 226
28 80 86 104 298

Measuremeny Summary-3/C
CM SM LM S/C Total

18 a7 103 1 58

{9 43 153 215

84 5 303 392

44 3 2006 253

30 55 I15 200
Tokals 73

Figure 14 AS-505

Measurement Summary
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VEHICLE TRACKING SYSTEMS

In the Saturn V Space Vehicle there is a continuous requirement f{o transmit
information 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 performance.

The principal tracking systems used are:

¢ C-band radar - Used in the IU and spacecraft

o Unified S-band system - Used in the IU and spacecraft.

ODOP System

Note: The Offset Doppler System, previously used in the S-IC Stage, has been
discontinued.

C-Band (IU and SC)

C-Band is a pulse radar system which is used for precise tracking during launch
and orbit phases. Two C-Band radar transponders are carried in the IU to provide radar
tracking capabilities independent of vehicle attitude.

Unified S-Band System (IU and SC)

The Unified Side Band (USB) System provides tracking capability to the USB
ground stations.
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SPACE VEHICLE WEIGHT VS FLIGHT TIME

Mainstage propellant consumption during S-1C Stage powered flight (approximately
158 seconds) is approximately 4,609,300 pounds. Propellant consumption during S~II
Stage powered flight (approximately 390 s2conds) is approximately 974,900 pounds and
during S-IVB Stage powered flight including first ignition, restart and burn (approxi-
mately 525 seconds) is approximately 229,500 pounds.

Vehicle Weight Data (Approximate) Pounds

Total at S-IC Stage ignifion 6,492,800
Total at holddown arm release 6,407,000
Total at S-1C Stage O.E. C.O. 1,839,700
Total at S-II Stage ignition 1,459,300
Total at S~IT Stage Q. E. C.O. 471,500
Total at S-IVB Stage ignition 364,300
Total at S-IVB Stage E. C.O. 191,350
Total at S-IVB Stage engine restart 291,000
Total at S-IVB Stage 2nd E. C.O. 131,800
Total at S-IVB Stage/CSM separation 131,600

Total at SC Translunar injection 94,500



/6492 800 |bs. (Total Vehicle at Ignition)
6000000 —6,407, 000 \bs. (Total Vehicle at Holddown {rm Release)(O sec)
4000000
/S'IC Stage Propellant Consumption 29 170 by [sec (Avevage)
'
2000000 :5 IC Stage Outboard Engine Cutoff (~l6l sec) (1,839,700)
5-1C/5-11 3taqe Ieparation (< 16lsec)
__— 511 5tage agrition(~162 sec) (~1,459,265 Ibs)
5-11 Stage Prope'lant Consumption 2,580 lb«,/sect}\vemgo_)
1,000000 /
8¢0000
5-1l Stage Qutboavd Enaine Gutoff
600000 (~5%.2 Sec ) (~411,500 ‘L
S-il/8-IND Stagr Separation
(~53lsec) (~ 471, %00 ibs)
400,000 5-VB Stage Ignitio
~ o
e 553 5e0) (364.300) ?%3 Stage Engine. Cutors
\;Ie\iche-)- 5-IVB Stage Wopellan+—""‘“ 5ec) (l ® )
9 Consumption sece bs/sec Avuage) =5 §
(Pounds) / 54VB  Stage
5-1VD Stage /C5SM into Earth Propeltant
200000 Parkmc) Orbn'i' (692 sec) Coﬂsum ion
0 465 \bslcec.
Begin 2-IVB Stage Engine Res+ar+ Cvaage)
Prepargtion (~ Z hr. 2imin)
5-IVB Stage Engine Res+u+
(~2hr a\mm)(z 1,000 )
1 00000
5-1VB Stage Engine 5£cond
Cutofe (~329hr 3"(91\'nm)0’.’>l 800) /
70000 /
5-IVB Staqe /CoM Segershon
(3hr.0ZminX~13) ,6001bs
500900
Spacecrsft at Trans-Lonar Injection
(~94,500 1bs)
30000 —~ ¢
Liftof ¢ 200 400 000 sec 2.r : 4
Ose0)
Figure 18 ‘. Soace. vehicle Weight |
—_— [[___v> Flight Time |
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S-IC STAGE STRUCTURE

The S-IC stage is approximacely 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 hi-propeilant syst m of liquid
oxygen (LOXj as the oxidizer and RP-1 as the fuel. The S-IC stage interfaces
structurally and electrically with the S-II stage (forward skirt structue),

9 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
alminum skin panels are stiffened by ring frames and stringers.

® The Oxidizer Tank

The 345,000 gallon Lox tank is the structural link between the forward and inter-
tank sections, Stiffened by machined "T" gstiffeners the tank is internally equipped with
ring baffles for additional stability as well as to reduce Lox sloshing. Ring baffles
also provide support for four helium bottles.

¢  The Intertank Section

The intertank section provides structuraly 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 sectior:,
is a cylindrical aluminum structure with a load capacity of 216,100 gallons. Antislosh
ring baffles are located on the inner walls while cruciform baffles ar« located on the
lower bulkhead. A lightweight foam material, bonded to the lower bulkhead, serves as
an exclusive riser 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 environmental control ducts.
The lower thrust ring also has four hold-down points to restrain the vehicle, as necessary,
from lifting off at full F-1 engine thrust.
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F-1 Engine Operation

The F-1 engine is started by ground support equipment. Ground fluid pressure
opens ports in the main LOX valves. Opening of the main LOX valves admits LOX
under tank pressure fo 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 it is ignited and the hot gasses are
discharged into the thrust chamber where they are ignited by the turbine exhaust
igniters. When 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 transition to mainstage operation is achieved.

The inboard engine is cutoff by a signal from the IU. Outboard engines are
cutoff by optical type LOX depletion sensors with fuel depletion sensors as backup.
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.

Enqine Control Valve “Open® Signal
Oxidizer Nalves Open

Gas Generator Valve Open

Gas Generator Propellant Igrution
Igmiter Fuel Valve Open

Hypergol Cartridge Rupture ]
Thrust Chamber TIgmtion
Fuel Valves Open

Start of Thrust Tncrease
"Thrust OK" Signsl

90 Percent Engine Thrust

Start Sequence Complete v

0 ! (4 3 4 5 G

Enqine Start Sequence in Seconds from Control Valve “Open” Signal
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S-IC STAGE PROPELIANT 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. Loading
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 liftoff the RP-1
tank and the LOX tank is pressurized by helium from a ground 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. TLOX tank pressuri-
zation is maintained by LOX bled from the engine and converted to GOX in the heat
exchanger.

S-IC PROPELLANT LOAD AND OPERATIONAL SEQUENCE

(02 d—— gl = __._.L__ | | | |
([e]e]
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80 — | Rp-i . IA ¢ 1
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, ~ I |
| lgniHon
40 — | 1 | | A
/IS.AOOIbSImif\ | I
| |}
o | ' ||
I Lo : !
J 18200 Ibs/min |
fo) ‘ 1L o L | 1 1
L | T T T T 1T 1
-9da. -58hr -4'.q -0  -.4hr. lemin.. ~181sec. -72 -32-89 -,0 O
L ] .
~ Time Betore Liftofs -8 -Tmia.
1 1 E
Adjyst +0.100% I 7-26
RP-1 H Pressurize Tank
System |
RP-1| Loading 5 -
Cospiatad Pressurize Tank H He Prassorize
Tank »

LoX Replenish

A
L 0')( Start Loading
System LOX
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S-1C Stage Propellant System
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S-IC 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
gimbhal system employs two hydraulic servo actuators., These servo actuators con-
vert electrical command signals (Flight Control Computer) and hydraulic pressure
into mechanical outputs which gimbal the outhboard 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 potoutiometers sense servo actuator positions
for telemetry as v~ll 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 valve actuators. The fuel returns through a check valve to the fuel inlet of the
turbo pump. RP-1, the fuel used by 7t S-IC stage, is used as the hydraulic fluid
during engine operation,
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/Lacafqd i Fwd. wnferstage

Notes:

Measuring Instvumentation ¢
bistributor Telemetry Systems
Battery Batfery
No. 1 No. <
640 Amp min. 1750 Prmpmin,
1 L
. g Grovnd Power
Main DPower Distvibutor 28 Vdc
1 \
Measwing 5 Voit
Power [ ‘ Voltage
Distnibuter Sopples (1)
.
' (s} Ti Propuision
v »| Timer - Systerq
Measuring Distributor (Prevaives)
Distributors
l Propylsion
Instrumentation Thrust-0K > Propulsion L-»*S M::eh:o;(cal
¢ ;ﬂ;zef“f Distributor | Disthribtor "Eng. Cotef?)
qsrems l DDAS System
‘Engine System ‘
(Thrust) vence
+EDS System ¢ Crntrel
All components shown are Distribuvior
located in the Thrust Frame T
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* Mechanical Systems
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8-IC Battery Characteristics

Type: ® Dry charge
¢ Silver-Zinc Oxide
® FElectrolyte consists of Potassiur- Hydroxide

in Pure Water.

Nominal Voltage: 28 + 2 vde (1.5 vde per cellj

Current Ratings:  Battery No. 1 - 640 amps/mir

Batterv No. 2-1250 aiwips/min

Grosgs Weight: Battery No. 1 —~ 22 1lbs

——— L

Battery No. 2 ~ 55 1lbs
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S-1I STAGE STAGE STRUCTURE

The S-- ge is a large cylindrical hooster approximately 81 feet in length and 33
feet in oi, . Tha stage is powered by five liquid-propelled J-2 rocket engines which
combine to 4z ciop a total thrust of 1,150,000 pounds.

®  Body Shell Structure

The body shell structure consists of the forward skirt, aft skirt and interstage.
Each unit is a cylindrical abuminum alloy shell of semimonocoque construction. The
units are <uffened externally by stringers and are stabilized internally by circum-
ferential yng frames.

%  Thrust Structure

The thrust structure is of semimonocoque construction in the form of a truncated
cone. The structure is stiffened circumferentially by ring frames and stringers. Thrust
longerons and a cruciform assembly for the center engine, support and distribute the
thrust loads of the J-2 engines. A fiberglass honeycomb heat shield protects the stage
base area from excessive temperature during S-II boo-t,

8  Propellant Tank Structure

ThelL:iquid Hydregea(LHz) tank consists of a long cylinder with a forward convex
buikhead and an aft ~~ncave bulkhead. The aft bulkhead is common o the Lox tank,
The LH= tank wall .. _mposed of six cylindrical sections whicl: incorporate longitudinal
and circumferentiai stiffeners. The LOX tank consists of ellipsodial fore and aft halves
with watfle-stiffened gore segments., Slosh baffles are incorporated to coutrol propellant
sloshing and cruciform baffles to prevent vortices at the tank outlet ducts.

®  System Tunnel

The systems tunnel houses electrical cables, pressurization lines and the pro-
pellant dispersion ordance. 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 Engi.e 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 cooldown period, the
start signal is received by the sequence controller which energizes various control
solenoid valves to open the propellant valves in the proper sequence. The sequence
controller also energizes spark plugs in the gas generatc™ and thrust chamber to
ignite the propellant. TIn addition, the sequence controller releases GH, from the
start tank, The GH_. provides the initial drive for the turbopumps that Geliver
propellant to the gas generator and the engine. The propellant ignites, gas generator
output accelerates the turbopumps, and engine thrust increases 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 ‘I

Main Fuel Propellant Flow #
Start Tank Discharge Valve Open ||

Pump Buildup —

Bypass Flow Through Oxidizer
Turbine By-pass Valve

Main Oxadizer Flow —
Gas Generator Propellant Flow

Main Oxidizer Valve Open -
Mainstage OK Signal v
90 Percent Thrust v
o ' ’ S [ 3 ' 4 ' s
IGNITION SEC SEC SEC SEC SeC
COMMAND

I ~ TIME FROM \GNITION



Propellant utilization valve varies

U T

LOX engine mixture ratio by bypassing LH,
LOX from the pump l
AR [}
LOX PL ?‘YQ G::. LH:
Pomp Pump | _ _1
v l
LO)_( Main LOX l [ LH,
Tort'ne Valve l Torbine
| Start
L Tahk |
GH1 'FOI‘ LHZ
tank Pressurl'za‘ﬁon
1
Injector I LOX Turbine
| bypass valve
GOX for LOX tank )
pressvrization Throst l
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5.0:1 | Main _
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L ox ,
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200,000 1bs Thrust LOX:LH, 55-43
Pogrammed by weight.
Figure 277 32 Engine  System

S-l Staqe
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S-II STAGE PROPELLANT SYSTEM

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

S-II PROPELLANT LOAD AND OPERATIONAL SEQUENCE

(| |
100 O 7'<-—+——--——-{-J-Lﬁ++-—
x%w {bs/min I \590 I' bs/min Start
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80— W®% [} 8% Sequence
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% l. A
g O 49320 lbs/min  § | Liftate
|
2 l ! 5900 lbsfemn ) A
D ] / -
40 — ) l
' . |
5% [} 5% I
20— ) I
4730 |bs/) '/ 590 lbs/mi !
o I min ."// . 1 bs/min |
=11 y gy l I
~T10hr -4 -449 -4 -3.5 -8min. _1?1“‘:-_ -120. -8z ' Osec
~Time To Liftofs | | -7 -7
LOX I
5 + LEn)
e, LOY Raplenish |
A o
Stact Repressurization
Load:ng l
LOX
A LH; Replenish
LH, Start l
System Loading Repressurization
LHz Rucirevlation Pumps On




LH, Tank pressure

Res\)‘a')'O\' OPQV\S ~ 299 ~—

seconds after Sl
lgnition and remains
open.

Heat Exchanger
Convarts LOX +0

GHy from J-2 Engine during S-H
/burn for LH, Tank Pressur.ga-\-ion

———
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— —— —
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l
|
l :—]———LH-L Ml and Dran
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| | |
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L —

=
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Figore 28

S-ll Stage Propellant System
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S-IT STAGE PROPELLANT MANAGEMENT SYSTEM

The propellant management system, in conjunction with the switch selectur,
controls mass propellant loading and engine mixture ratios (LOX to LH») to ensure
balanced consumption of LOX and LH-.

Capacitance probes, mounted in the LOX and LH, containers, monitor the mass
of the propellants during powered flight. At engine start the mixture ratio is set to
5.0:1 and then at approximately 5 seconds after engine start, the PU system is armed
in the open loop mode and the PU valve is commanded to 5.5:1 mixture ratio by the
LVDC/LVDA. When the initial pkase of IGM guidance is completed, (nominally engine
start plus 318 seconds), the LVDC/LVDA through the S-II switch selector will command
the PU valve to a mixture ratio of 4.5:1.

Outboard engine cutoff is initiated when any two of the five caparitance probes, in
either tank, indicate dry. Prior to this cutoff, the LVDC/LVDA through the S-II switch
selector commands S-II center engine cutoff.
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S-11 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 conjunction with electrical control signals from the IU flight
control computer.

The gimballing 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 (see page 35). 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 consist of a high
pressure accumulator which receives high pressure fluid from the pump and a
low pressurc ieservior which receives return fluid from the servo actuators.

The servo 7 ctaator is a power control unit that converts electrical signals and
hydraulic pow.r into mechanical outputs that gimbal the engine.

During tle prelaunch period, the auxiliary hydraulic pump circulates the
hydraulic fluid to preclude fluid freezing during propellant loading. Circulation
is not required during the S-IC burn due to the short duration burn. After
S-IC/S-TI separation, an S-1I 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.
(S-IC/S-II separation transients). During S-II mainstage operation, the main
hrdraulic pump supplies high pressure fluid to the servo actuators. The reiurn
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 Battery Characteristics

Type: ¢ Dry charge
&  Silver Zinc Oxide
® FElectrolyte consists of Potassium Hydroxide

in Pure Water.

Nominal Voltage: 28 £ 2 vde
Current Rating: 35 amp/hours
Gross Weight: 165 1bs each

Note: There are four 28 volt baiteries used in the S-II Stage however since
the recirculation system requires a 56 volt source, two batteries,
(28 volts each) are connected in series.

5¢
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S-IVB STAGE STRUCTURE

The S-IVB, the third booster stage, is approximately 59 feet in length with a stage
weigh. at liftoff of approximately 269,300 pounds. The S-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 LH> tank 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 hemis-
pherical shaped dome at each end. Lox 2nd ¥.H: are separated by a common bulkhead
of sandwich type construction which is bor ¢ ‘> and separted by a fibergiass~phenolic
honeycomb core.

® LH: Tank

The LH= tank is equipped with polyurethane insulation blocks which are covered
with fiberglass and a sealant coating to minimize LH: boiloff. These blocks are bonded
to an intertank waffle-like structure whicn provides structural rigiditity.

¢ Lox Tank
The Lox tank is located in the lower end of the propellant structure and is sur-
rounded 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 ventpipes.

®  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 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 cooldown period,
the start signal is received by the sequence controller which energizes 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 contrcller releases GH, from the
start tank. The GH, provides the initial drive for the turbopumps that deliver
propellant to the gas generator and the engine. The propellant ignites, gas generator
output accelerates the turbopumps, and engine thrust increases 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 maintzined 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 v

Main Fuel Valve Open »

Main Fuel Propellant Flow m

Start Tank Discharge Valve Open [

Pump Buildup —

Bypass Flow Through Oxidizer
Turbine By-pass Valve

Main Oxidizer Flow p——

Gas Generator Propellant Flow

Main Oxidizer Valve Open ]
Mainstage OK Signal v
90 Percent Thrust . ' ' .' .
o] 2 3 4 5
IGNITION  SEC SEC SEC SEC SEC
COMMAND

I ~ TIME FROM IGNITION
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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. LH, tank pressurization during S-IVB stage burn is main-
tained by GH_ from the J-2 engine injector. Pressurization 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 LH, tank, through the O / H,
burner. The heated helium is then routed to the propellant tanks Should the O / H
burner fail, ambient repressurization will ensure propellant tank pressure for engme
restarts.

S-IVB PROPELLANT L.OAD AND OPERATIONAL SEQUENCE

[[eTe] 2
\ 150 Ibs/mm :§ 325 ibs/min
’ | 1
80 ol 9B % l [] 98 % Start
LOX LH; ] A\H-omt\"\c.
' Sequence
! A
0 — 10500 Ibs/min 1950 Yos/min | Lftrots
% / - |\ A5 | 1
A
L ]
P [}
]
A 40— 1
0 [] \
(]
4 5'/0 ' /5% ]
20t i
! '
o —— 5200 lbs/min | 4 325 los/min |
I I T )
-7.4hr -7.0 -£|s5 “4ihr.  ~S4min. -le'lscc‘ -152 -q7 | -43
|
~ Time To Liftafs -1e7 -125 | -82 | Osec
LOX
te
System LOX Replenish
A Pressurize Tank
Start Loading
LOX
| LH, Replenish
LH 1 Stard
System Loading Pressurize Tank



GHz from J-2 Engine injector for

LH2 tank pressurization during

—— first and second S-IVB Stage
burn

=7
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[ Inflightt LOX Tank pressurization.

| 1 H-z Tank
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l
|
|
|
|
|

|
l LH,
l LH, Fill and Drain
T | / LOX Vert Valve
‘ | LOX Tank l | I |
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S~-IVB STAGE PROPELLANT MANAGEMENT SYSTEM

The propellant management system, in conjunction with the switch salector,
controls mass propellant loading and engine mixture ratios (LOX to LH,) to ensure
balanced consumption of LOX and LH.

The capacitance probes, located in the LLOX and LH, tanks, monitor the mass of the
propellants. During flight, the LOX and LH, capacitance probes are not utilized to
control .ne propellant mixture ratio. The mixture ratio is controlled by switch selector
outputs which are used to operate the propellant utilization (PU) valve. The PU valve
is a rotary valve which controls the quantity of LOX flowing to the engine.

The PU valve is commanded to its null position to obtain an engine mixture ratio
(EMR) of 5:1 (LOX/LH;) prior to engine start, The PU valve remains at the 5:1
position during the first burn. Prior to engine restart (first opportunity) the PU valve
is command by the switch selector to an EMR of 4.5:1 and remains at this position
until approximately 2 minutes of S-IVB burn. Then the PU valve is commanded fo its
null position (5:1) by the switch selector. However, if the S-IVB restart is delayed
to the second opportunity, the EMR is shifted from 4.5:1 to 5:1 by the switch selector
at about the time the engine reaches 90 percent thrust.
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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 gimballing is accomplished by an independent closed loop hydraulic
system which supplies power to the two servo-actuators. The two servo-
accuators may extend or retract individually or simvltaneously. Gimbal
position is proportional to the magnitude of an electrical 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-1I stage burns, the actuators hc'd the engin= 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 circulate the hydraulic fluid to prevent freezing. During the
S-IVB burn, the main hydraulic pump, driven by the engine, provides the
necersary pressure and circulation for actuator operation (pitch and yaw
control). Roll control is provided by the Auxiliary Propulsion System

{see page T1).
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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 approximately 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 aercdynamically shaped
modules, 180 degrees apart, on the aft end of the S-IVB stage (positions I
and I1T). Each module contains four hypergolic engines, three 150 pound thrust
attitude contro! engines and one 70 pound thrust ullage engine. The 70 pound
thrust (ullage) ergine in each module is used to settle the main stage
propellants 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
cther two are used for yaw and roll control.

Each APS module confains its own propellant supply and pressurization
system. The hypergolic propellants used by the engines are monomethyl
hydrazine (MMH) for the fuel and nitrogen tetroxide (N20,) for the oxidizer.
Helium is the pressurant used in the system.
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Note: Most forward Irterstage Components
Are Mounted On Coldplates
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S-IVB Battery Characteristics

Type: ¢ Dry Charge
® Silver-Zinc Oxide

®  Electrolyte - Potassium Hydroxide in Pure Water

Nominal Voltage: 28 (+2) vde (1.5 vde per cell)

Note: Aft Battery No. 2 uses two 28 volt batteries, series connected
to provide a 56 volt output.

Batteries

Fwd. #1 Fwd. #2 Aft #1 Aft #2

Current Rating: 300 Ampere o5 Ampere gggAmpere ggAmpere
Hours Hours Hours Hours

Gross Weight: 83 lbs 20 lbs 83 1bs 150 lbs

15
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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 strergth-to-weight ratio, acoustical insulation, and thermal
conductivity properties.

The cylinder is composed of three 120 degree segments--the access door segement,
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 assi ... the determination of the vehicle's trajectory. Tracking
data is used for mission control, range safety and post flight evaluation of vehicle per-
formance.

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 carse vehicle failure,

Environmental Control maintains an acceptable operating environment during pre-
flight and flight operations,
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Nominal Voltage:

Current Rating:

Gross Weight:

IU Stage Battery Characteristics

% Dry charge
8  Silver-Zinc Oxide

» Electrolyte - Potassium Hydroxide in Pure Water.

28 + 2 vde (1.5 vdc per cell)

350 amp/hours

165 1bs per battery (3 batteries are used in the IU Stage)

8l

VTP
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ENVIRONMENTAIL 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.

The ECS is made up of the following:

9

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/GNz in the IU/S-IVB equipment,

Gas PRearing Supply System - furnishes GNz to the ST-124-MS3 inertial

platform gas bearings.

Hazardous Gas Detection System - monitors the TU/S-IVB forward interstage

area for the presence of hazardous vapors.
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SPACECRAFT DESCRIPTION

The Spacecraft for the AS-505 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-
f lision system (Tower Jettison, Launch Escape and Pitch Control Motors).

Command Module

The Command Module is a Block II Configuration. The module's inner structure,
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
1i 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, aluminumre shell which
is made up of honeycomb-sandwich panels and a forward and aft bulkhead. One
gimballed propulsion engine (capable of up to 30 restarts) and a reaction control
system (4 clusters, 4 chambers each) make up the SM Propuision System. The Com-
mand and Service Module are joined by 3 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 Cortrol System
which provides thrust capability, an ingress and egress hatch to the crew's compartment,
VHF, S-Band and Rendezvous Radar capabilities plus numerous 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 32,000
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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~Lif+off ¥107,400 los.
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