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AS-501

TECHNICAL INFORMATION

SUMMARY

This document is prepared jointly by the Marshall Space Flight
Center Labeoratories R-AERQ-P, R-ASTR~S, and R-P&VE-VN. The document
presents a brief and concige description of the AS-501 Apollo Saturn
Space Vehicle. Where necessary, for clarification, additiomal 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 begin-
ning a few hours prior to lifteff to its journey into space.

1. Mission Purpose:

The purpose of the AS-501 mission is to davelop the Saturn V
launch vehicle for manned flights and to verify the adequacy of the
Apollo Command Module heat shield at lumar reentry velocities.

The A5-501 mission is an ummanned, elliptical earth orbital
flight,

2, Mission Obijectives:

i Fa
2., Demonstrate structure and thermal integrity, and compati-
bility of the launch vehicle and spacecraft, and determine struciural
loads and dynamic characteristics during powered and coasting flight.

b, Determine lauwnch vehicle in-flight internal emnviromment.
c¢. Verify launch support equipment compatibility, and mission
support capability for launch and mission operatioms to high post—injec-—

tion altitudes and Command Module recovery.

d. Demonstrate the 5-IC and S-II stage propulsion systems and
determine in-flight system performance parameter.

e, Demonstrate the launch vehicle gujdance and contrel system
during powered flight; achieve guidance cutoff and evaluate system ac-
curacy.

f. Demonstrate 3-IC/5-T1 dual plane separation and 5-I1/5-1IVB
separation.

g. Demonstrate launch vehicle sequencing system.

h. Evaluate performance of the emergency detection system
(EDS} in ap open-loop configuration.



i. Demonstrate 5-IVB stage restart capability.

j. Verify adequacy of the Command Module heat shield for re-
entry at lunar veturn conditions.

3. Mission Profiles:

AS-501 will be launched from Launch Complex 39, Pad A, Kennedy
Space Center (KSC); at a launch azimuth of 90°E of N. Shortly after
liftoff {(approximately 12 sec) the vehicle begins a roll mameuver to at-
tain a flight azimuth of 72°E of ¥ and maintains a near zero-lift
(gravity turn) trajectory through the maximum dynamic pressure regiom.
After §-IC burn and separatiom; S-II burn and separatiom, the first burn
of the 5-IVB will propel the S-IVB/IU/Spacecraft into a 100-nautical-
mile parking orbit using the Iterative Guidance Mode (IGM). The vehicle
will remain in this orbit for approximately two revolutions with its’
longitudinal axis in the orbital plane and parallel to the local horizon.
During the second revolution, when the vehicle is within tracking range
of KSC, the $-IVB engine will be re-started to boost the vehicle into
an elliptical atmosphere — Intersecting waiting orbit with an apogee of
approximately 9,000 nautical miles. Spacecraft separation occurs ap-
proximately 590 seconds after injection into walting orbit. The coast
time in waiting orbit between S-IVB cutoff and Command Module (CM) re-
entry is approximately 4.6 hours. Shortly after spacecraft separation
a2 service propulsion system (SP:) burn and navigational corrections
will be performed to achieve lunar return veleceity and the proper re-
entry corridor. Following the second 5P8 burn, Command Module/Service
Module (CM/SM) separation will occur and the CM will be reoriented for
a guided lifting reentry which will produce the heat load desired to
test the CM heat shield at lunar returning velocity. Splash-down will
be near Hawaii.
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LAUNCH VEHICLE SECURE RANGE SAFETY SYSTEMS

The secure range safety systems on the 5-IC, 5~II and S-IVB
stages provide a communications link to transmit coded commands from
ground stations to the vehicle during powered flight, providing a
positive means of terminating the flight of am erratic vehicle by
initiating emergency engine cutoff and if necessary, propellant dis-
persion.

Each powered stage contains two UHF radio receivers. Both com-—
mand teceivers on each of the thrase stages respond to the same command
signals, each providing a backup system for the other.

The safety and arming device located on each stage is armed by a
signal from the blockhouse before vzhicle ignition. Following S~IVB
cutoff the 5-IVB range safety system is "“safed" by 2 command from
Range Safety Control to preclude accidental destruct.
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EMERGENCY DETEGTION SYSTEM (EDS)

The purpose of the EDS is te sense onboard emergency situations
which arise during the boost phase of the flight. On AS-501 the EDS
will be flown in an open loop configuration which precludes automatic
abort,

The EDS is comprised of sensors which detect malfunctions and
logic circuitry which initiate spacecraft displays and, in two cases,
autematic abort of the CM. With the exception af the (-ball, mounted
on top of the LET, the EDS sensors are located in the launch vehicle.
The system's relay logic is located primarily in the IU EDS Distribu-
tor and the CM Mission Events Sequence Controller,

The EDS has two modes of operation; "manual", which generates
abort cues anmd "automatic" which initistes firing of the LES, and CM
separation in the case of two 5-IC englnes out or angular overrates
during §-1C powered flight. Figure is simplified block diagram of
the AS-501 EDS. The automatic abort initiating portion of the system
congists of the launch vehicle's rate sensing subsystem, the stage
thrust sensing subsystem and the signal distribution and processing
hardware which services these devices.

The angular overrate sensors (3 per axis in pitch, yaw, and roll)
will initiate automatic abort of the CM during the period they are
enabled (1iftoff to about 136 seconds) whenever two sensors in any ome
axis simultaneously indicate excessive rates. Detection of the over-

rates is made by the sersor switch circuitry of the Control Signal

Processor in the IU. The settings for these angular rate detectors
are 5 degrees per second in pitch and yaw and 20 degrees per second in
roll. The majority voting of the three switch outputs in each axis 1s
done by relay logic in the EDS Distributor. A valid excess rate deci-
sion is forwarded by the EDS Distributor te the €M Mission Events Se-
quence Controller for agbort initiation.

The S-IC stage engine thrust OK sensors (three per engine on all
five engines) will also initiate abort during the period they are en-
abled (liftoff to about 135 seconds) when the voted output of the sen—
sors from any two engines indicates that the thrust of those engines
is below the 89% level. These sensors monitor the F-1 engine's fuel
inlet manifold pressure. Majority voting of the three sensors for
each engine is done in the EDS Distributor. A valid two engines out
decision ig sent to the Migsion Events Sequence Controller for CM
abort dimitiation.
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GUIDANCE AND CONTROL SYSTEM (G&C)

Function and Description

The G&C system provides these basic functions during flight:
(1) stable positioning of the vehicle to the command position with a
minimum amount of sloshing and bending, (2) a first stage tilt program
which gives a near zero 1lift trajectory through the atmosphere and pro-
duces reasonable end conditions at Outboard Engine Cutoff (0ECO),
(3) reduction of wind loads during the high dynamic pressure region,
(4) steering commands during S-IVB burn which guide the vehicle to a
predetermined set of end ceonditions while maintaining a minimum propel—
lant trajectory, (5) final cutoff signal, (6) attitude signals for the
sensing, computing, and actuation elements of the G&C system. A block "
diagram of the hardware used to implement these functions is shown in
Figure .

The Stabilized Platform (ST-124M) is a three gimbal configuration
with gas bearing gyros and accelerometers mounted on the stable element.
Vehicle accelerations and rotations are sensed relative to this stable
element. Gimbal angles are measured by redundant resolvers and iner-
tial velocity is obtained from accelerometer head rotatiom in the form
of encoder outputs {alsc redundant).

The Launch Vehicle Data Adapter (LVDA) is an input-output device
for the LVDC. These two components are digital devices which operate
in conjunction to carxry out the flight program. This program performs
the following functions: (1) Processes the inputs from the $T-124M,
{(2) performs navigation calculations, {3) provides first stage tilt
program, (4) calculates IGM steering commands, (5) resolves gimbal
angles and steering commands into the vehicle system for attitude er-
ror commands, (&) issues cutoff and sequencing signals.

The Control/EDS Rate Gyro Package contains 9 gyros (triplex re-
dundant in 3 axes). Thelr outputs go te the Control Signal Processer
(CSF) where they are voted and sent to the Control Computer for damp-
ing vehicle angular motion.

The Control Computer sends commands to the 5-IC, S-II and S-IVB
engine actuators and to the Comtrol Relay Packages based on signals
; from the LVDA and rate gyros. These signals are filtered and scaled N
“ (see Figure 10 ), then summed in magnetic amplifiers. Tiis computer
provides redundant operation during 5-IVB burn and coast.

The Control Relavy Packages accept Control Computer commands and
relay these commands to operate propellant valves in the Auxiliary
Propulsion System (APS). All relays and valves are redundant.

The 8 hydraulic actuators of the S$-IC and S-II stages are used to
gimbal the outboard engines and provide control in all axes. The two
hydraulic actuators of the S-IVB stage are used to gimbal the J-2
engine and pruvide control in pitch and yaw axes. The APS is used for
contrel in all axes during S-IVB coast.

18



The Switch Selectors are used to relay seguencing commands from the
LVDA to other locations in the vehicle. The cutoff signal and time
based events are issued through the Switch Selectors.

Operation

The vehiclé ig erected on the launch pad with position I at a 90°E
of N azimuth. The Stabilized Flatform is aligned to 72° azimuth during
v countdown and held in an earth fixed position, perpendicular to the
gravity vector. A roll presetting of 18° is used to eliminate the at-
titude error which would result from this difference in azimuth, The
LVDC operates in ground routines prior to GRR and attitude error signals
are set to null., At the instant of GRR, the platform becomes space
fixed to establish the guidance coordinate system and the LVDC entets
the flight mode. In this mede accelerometer processing, steering, navi-
gation, telemetry, and other functions are performed exactly as they
are after Iiftoff.

The Liftoff signal (IU umbilical disconnect) imitiates time base 1.
Eleven seconds later, the tilt program starts amnd the initial roll pre-
setting is reset to zero. The vehicle rolls into aligmment with the
platform at 1°/secend. There is no active path guidarce during 5-IC burn.
Control is maintained by gimballing the four outboard engines on command
from the Control Computer. Sequencing signals are issued to the various
switch selectors to perform time dependemnt functions.




DIGITAL COMMAND SYSTEM CAPABILITY:

The following summary describes the AS-501 Digital Command Systems'
overall command capability:

Function

Inhibit

Time base update

Time base update

Navigation update

Generalized switch
selector

Sector dump

Telemeter single
memory location

Terminate

Abort to orbit

Inhibit transponder
switching

Description

Coast phase attitude
maneuver inhibit

Change the time to
start coast phase
attitude maneuver

Time base time is
advanced or re~
tarded at the next
telemetry loss

Navigation quanti-
ties are reset at
the time specified

Specified switch
selector fumction is
issued at the first
opportunity

Contents of speci-
fied memory sector
are telemetered

Contents of speci-
fied memory loca-
tion are telemetered

Stop DCS processing
and reset for a new
command

Use S-IVB to achieve
orbit

Inhibits C-Band
transponder switch-
ing

Periods of Acceptance

From Ts 4 100 seconds until
Tg and from Ty + 10 seconds
until end of life

From Ts + 100 seconds until
Tg and from T; + 10 seconds
until end of life

From Tg + 100 seconds until
Ty and from T7 + 10 seconds
till end of 1life

From Tg + 100 seconds until
Ty and from Ty + 10 seconds
till end of life

From Ty + 115 seconds until
Tg + 317 seconds and from
T7 + 10 seconds till end of
life

From Tgs + 100 seconds until
Tg and from Ty + 10 seconds
till end of life

From Ts + 100 seconds until
Tg and from T+ + 10 secounds
till end of life

From T3 + 1.3 seconds until
Ty; £rom Ty + 115 seconds
till Tg + 317 seconds and
from T7 + 10 seconds till
end of lLife

From T3 + 1.3 secomds till
Ty

From Ts + 100 seconds until
Tg and from Ty + 10 seconds
until end of life
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VEHICLE THACEYHG SYSTEMS

1. Azusa/GLOTRAGC Systems. (10

The Azusa (Mark TI) is zn iaterfercmcter system velsg doppler
and FY¥ radar techniques for high-accuracy trackisg durisg the launch
phagse. It is utilized for impact prodiction and real-tioe display of
vehicle position. CLOTRAC ix 2 rasge and range rate trackisg systcs
For post—Elight trajectory evaluation.

2. ODOP System. (5-IC)

The ODOF tracking systen messtres the range sun betusen ground
scations and a vehiele by viilizing the total deppler shift im the fre-
quency of 2 continuons wave radio carrfer. Tt provides highly accurzies
positien and velocity dats during the esrly flight phage for pegt-flighe
trajectory evaluation.

3., C~Pand Radar Svstem. (30 & SC)

C-Band is a pulse radar system which is osed for precise track-
{tog duting laudch aad orbit phases.

4, Unified S-Band System. (3C)

The Unificd Side-Band systez {USE) provides tracking capability
to the "SB grouad stations.
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SPACE VEHICLE WEIGHT VS. FLIGHT TIME

Propellant consum+ion during $-IC Stage flight (approximately 152
seconds) is approximately 4,320,000 pounds. Propellant consumption
during S-IT Stage flight (approximately 365 seconds) is approximately
938,700 pounds and during 5-IVB Stage flight, including first and second
burns, {approximately 459 sefonds) is approximately 232,700 pounds.

In event of one engine of the B5-IC Stage malfunctions and is cutoff
during fiight, the remaining engines will comsume the propellant intended
for the "dead" engine. Burning time of the stage would increase, and the
overall vehicle performance loss would be minimized.

VEHICIE WEIGHT DATA (Approximate) Pounds

Total at $-IC ignition 5,220,700
Total at 1liftoff 6,121,300
Total at §-IC 0.E.C.0 1,799,200
Total at S-II ignition 1,415,700
Total at $-II E.C.O 463,200
Total at S5-IVB first ignition 352,000
Total at S5-IVE first E.C.O 277,000
Total at S-IVB 2nd ignition 273,900
Total at S-IVBE 2nd E.C.O 119,100
Total at S-IVB/SC separation 67,100
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6,220700 Ibs (Total Vehicle at Igmition)
6,121,300 ibs (Total Vehicte at Liftoff {p Sec)

©,000000
$-IC Propeliant Cousumption 28,400 ths/sec.
3,000,000~
5-IC Stege Outboard Ewgine Cutoff - 152 Sec.)

5-IC Geparation (~153 sec.)

S-11 Staqe Iquition (~154 Sec (1,415,700 ibs)
1,060,000+ 5-11 Propetiant Consumpton —~ 2,540 lbs /sec,
Vehiclet

(‘é,"oi'ﬂﬁs, 5-1I Stage Engine Cutoff (~519 Gec)
/,-5-11 Staqe Separation (~520 Sec.)
[st S-1VB Stage Igmitigu 523 Sec.
409,000+ (351,900 1bs) © :
isr S-IVB Staqe Engine Cutoff
—t> 6ok Sec.)
2nd S-IVD Stage Engine Iguition
(—11L.570 sec)
2nd S IVB Stage Engive Cutolt
(- 11887 Sec)
100,000
60,000
30,000 T | T — ;
2 400 600 800 10.000 12,000
Liftofs
(O Sec)

Space_Vehicle Weight
vs Flight Time

Figurel?
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§-IC STAGE STRUCTURE

The S-IC stage is approximately 138 feet long and 33 feet in di-
ameter and has five liquid-fueled Rocketdyne F-1 engines which gemerate
a total thrust of 7,500,000 pounds. The engines are supplied fuel by a
bi-propellant system of liquid oxygen (LOX) as the oxidizer and EP-1 ag
the fuel.

The S~IC stage structure consists of a thrust structure te which
the engines attach, an RP-1 fuel tank, a LOX tamnk, an intertank struc-—
ture separating the LOX and fuel tanks, and a forward skirt structure
which provides an interface surface for the Saturn $-FI stage.
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F-1 ENGINE OPERATICN

The F-! Engine is started by ground support equipment. The start signal
ignites pyretechnic igniters in the gas generator which permits LOX under tank
pressure to discharge into the thrust chamber. When the LOX valve is partly
open RP-1 and LOX under tank pressure flows to the gas generator combustion
chamber accelerating the turbopump increasing the LOX and RP-1 discharge
pressure. When the RP-1 discharge pressure reaches approximately 375 psig
a valve in the hypergol cartridge opens allowing LOX and RP-1 to build up
pressure agalnst the hypergol burst diaphragm. At approximately 500 psig
the diaphragm will rupture 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 fo mainstage
operation.

Inboard engine is cutoff by a signal from the IU. Outboard engines are
cutoff by optical type LOX depletion sengsors with fuel depleting 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 the stop solenoid for each engine which energizes prevalve close
relays. Closing of the prevalves interrupts propellant flow and terminates
engine operation.




'RI_’ -1 Lox RnP-1
! |
i I
: I
:—E-: Turbopump Assembly = -:} n|
l Turbine |
| |
' l
I Turbopump Gas I
' Bedring Coojant Genergior I
valve
# : C*:? ,?-,'{,‘.?2‘ ] = +
Maud Lox l I Mam Lox
valve I . Valve
| I
] ¥
Main Fuel Main Fuel
valve valve
i 1}
I, JNI——
.Lcix
Th\"usr H t
59&&3‘;‘; Ixc.:\auger
1105 psia T
- -
Gox

t:pu:'_sioﬂm'ﬂ_, Mixture Ratio
i6:} Lox: mp-l 2.27:1

1,500,000 ibs. Thrust

Fiqure % u'\"-l Eragine Systew H




S-IC STAGE PROPELLANT SYSTEM

The 5-IC Stage propellant system 1s composed of one LOX tank, ome RP-1
tank, propellant lines, control valves, vents, and pressurization subsystems.
Loading of LOX and RP-1 tanks #s controlled by ground computers. RP-1 loading
is completed at a considerable time prior to start of LOX loading. LOX bubbling
begins and continues through the LOX tank loading to prevent possible LOX
geysering. Approximately 90 seconds prior to ignition command the RP-1 tank
is pressurized from a ground source. Approximately 60 seconds prior to ignition
command the LOX tank is pressurized from a ground source., Prior to start of
automatic sequence and up to 72 seconds before lifteoff ground source halium
is bubbled through the LOX lines and tank to prevent stratification in engine
LOX suction lines. After liftoff the LCX tank pressurization is maintained hy
GOX converted from LOX in the heat exchanger., The RP-1 tank is pressurized with
He stored in bottles in the LOX tank and heated by passing the He through the
heat exchanger,

8-IC PROPELLANT LOAD AND OPERATIONAL SEQUENCE

. 1
100 s —t——b ]
! 1500 quf /v, o
, 98 % Start Automatic I
80 BP_"I\j 10y, Seq\.lieuce l
/ 4 | Liktoff
| T A
60 /
5 0,000 gal /min | Iguition
2 I ' 4 ' | Command
A /
20004gal/min '
P9 f/ { [Iqudimd
201 II oL | | T
- (]
/ 71300 qal /i | |
ol 5 ! 4 g 1]
B4 hre -B81 hy ~HShry -9.3 hr. -0 'MiN.'nlM-lN. "13752(_ -"{?5@( -Bﬂ 59:_
E%.{%E? odjust to 100% Pressurize Tquk
Pressurite Tauwk
RP-1 Start
System |Loading RP-] [l
. lox Bubbling
SL::QM box BUbb‘mq—A lox Replenish Pressurize Tank
b Start " hﬂ
LoT:cl;;aq Pressurize Tamk-—
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31 cu. +t. 3000 psig. He Botties (%)
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Fiqure 18
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S-IC STAGE THRUST VECTOR CONTROL SYSTEM

Each of the four outboard F-1 engines ig gimbal mounted on the stage
thrust structure to provide engine thrust vectoring for vehicle attitude
control and steering. Two hydraulic actuators are utilized to gimbal sach
engine in response to signals from the Flight Control Computer located in
the Instrument Unit.

The thrust wector comtrol system is part of the engine system. During
engine operation, high pressure control fluid is supplied from the turbopump
assembly to the servo valve and actuators. The filuid returns to the inlet
of the turbopump assembly.
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Measurement Summary
- ESE ESE
Syatem Flighl {piaplay| Record
1. Temparature 252 5 21
2.Pressire 230 7 21
3.Vibration 8o - -
4 Flow Ratz 35 - -
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Located In Fwd. Interstage
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Figure 19
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5-I7 STAGE STRUCTURE

The stage structure includes: an aft interstage, an aft skirt and
thrust structure, a heat shield, a LOX tank, an LH, tank, and a fc-
skirt,

The stage has five J-Z engines which generate a total thrust of
1,000,000 pounds.

EJECTABLE CAMERA CAPSULES

Two recoverable film cameras will be flown on the 8$-II stage of the
first two Saturn V launch vehicles. These cameras are mounted on the
thrust structure as shown on opposite page. The primary objective of
these cameras is to view second-plane $S-1C/S-I1 separation. The second-
ary cbjectives are to view 5-1C/$-1I first-plane separation and J-2
engine ignition.

The cameras are turned on by the switch selector shortly before
first-plane separation and cperate for approximately 40 sec.nds. The
film is "marked" one-tenth of a second before first-plane separation,
one-tenth of a second after engine start and ome~tenth of a second
after second-plane separation. The camera capsules are ejected ap-—
proximately 8 seconds after second-plane separation.

Immediately following ejection, the camera capsule stabilization
flaps are deployed. After the camera capsule descends to an altitude
of 4,330 meters, a paraballoon is inflated, which causes the stabili-
zation flaps to fall away. S5ix seconds after the paraballeoon is in-
flated, a recovery radio transmitter and flashing light beacon located
on the paraballcoor are turned on.

After touchdown, the camera capsule effuses a dye marker to aid
visual sighting of the capsule, and a shark-repellant to protect the
camera capsule, paraballoon, and the recovery team.
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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

LHy 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 sigmal is received by the
sequence controller which energizes various control solencid valwves to
open the propellant valves in the proper sequence.
also energizes spark plugs in the gas generator and thrust chamber to
ignite the propellant. TIn addition,

the sequence controller releases

The sequence controller

GHy from the start tank. The GHz provides the initial drive for the turbo-
pumps that deliver propellant to the gas generator and the engine,
propellant ignites, gas generator output accelerates the turbopumps, and

engine thrust increases to main stage operation.
plugs are de-energized and the engine is in steady-state operatiom.

The

At this time, the spark

Steady-state operation is maintaimed until a cutoff signal is received

by the sequence comtroller, The sequence controller de-energizes the

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

ig complete.

Engine Start

Main Fuel Valve Open

Main Fuel Propellant Flow

Start Tank Discharge Valve Upen
Pump Buildup

By Pass Flow Through Oxidizer
Turbine By Pass Valve

Main Oxidizer Flow

Gas Generator Propellant Flow
Main Oxidizer Valve Open
Mainstage OK Signal

90 Percent Thrust

0 ! "3 3
| SEC SEC SEC
IGNITION
COMMAND

Iru TIME FROM IGNITION

4
SEC

=]
SEC
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5-11 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 comtrolled by the
propellant urilization systems. The LOX/LH2 tanks are prepressurized by
ground source gaseous helium, During powered flight of the 5-II Stage,
the LOX tank is pressurized by GOX bleed from the LOX heat exchanger.

The LH» tank is pressurized by GHz bleed from the thrust chamber hydrogen
injector manifold: pressurization is maintained bty the LH; Pressure
Regulator.

S-JI PROPELLANT LOAD AND OPERATIONAL SEQUENCE

100 9% e e e e e e L
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%% | N\ o8 % | start
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D 40— g I
i |
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i }/ 1 I
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Replenish
—
' lox Start Prepressurization
; System |Loading
: Lox
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System A
Prepressurizaiion e
Start LAz Recirculation pusaps on
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I Close - 34 psiqa
| sx_suz Tank
LH2 Tamk Pressure ~1573,000 [bs.
Recz%ulutor Qpens ot igmition
~2350 Seconds —
after S-I1 iguition
and remalMs open ‘
|
l
I
I
I
]
L

t——— LHz Fill £ Drain

————»-{ Oy Tamxk Vent Value (2}
Coern ~42 paig

Lox Tamk Close - 40 psig
~T92,600 Ibs.

at iguition

Lox Fill € Dram

Heat Ixchanger —|
Converts Lok To -
Gox for Lox Tamk pressurizalioN
during S5-11 powered Flight.

_~J-2 Ingine (5)

Total gmgﬂluut ot littoff

—9246 ths.

Total propeilanwt cousumed
after LWHoEf —~-338.T00 lhs.

S-11 &tqge
Fiqure 22 Propeliant System




5-II STAGE PROPELIANT MANAGEMENT SYSTEM

The propellant utiiization {PU) system controls loading and engine
wmixture ratios (LOX to LH7) to ensure balanced comnsumption of LOX and
LHj,

Capacitance probes mounted in the LOX and LH7 containers monitor the
mass of the propellants during powered flight. At PU activation (5.5 seconds
after J-2 ignition) the capacitance probes sense the LOX to LHy imbalance and
commands the engine to burm at the high rate engine mixture ratio of 5,5:1.
When the high mixture ratio is removed, the PU system will then command the
engine to burn the reference mixture ratic of 4.7:1, striving for simultaneous
depletion of LOX and LH; for maximum stage performance, Engine cutoff is
initiated when any two of the five capacitance probes in either tank
indicate dry.



LHy Mass
Probe
{capacitance) \\\\

Probe

-1 _3_%

- Lox Mass

(Capacitance)

Contrdl Valve

Telemetered
Error Signgd|

LHg
Bridge || Teiemeterad Valve
Command Signal
To other
4 engines
-
1o Groung E
Logding et Summing
Computer | ¢ —
{¢ Telemetry Shaping
Y
Valve
' Controj [
lov Awmplifier
Bridge
Yon /SEI'UD Motor
Telemetered
Valve Position Sigual
S-11 Stage Propelidnt

Tiqure 2%

Management SHSTEM

45



4é

8-1I1 STAGE THRUST VECTGR CONTROL SYSTEM

The four ocuthoard engines are gimbal mounted to provide attitude control
during powered flight. Attitude control is malrtained by gimballing one or
more of the engines. Power for gimballing is supplied by four independent
engine mounted hydraulic control systems,

Pitch, vaw, and roll control, during powered flight, is maintained by
actuator control of the engine thrust vector.




Vehicle Thrust Structure
I Hight yse - Low Pressura Attachment Point
Driven by Engiue ~ 170 paig .
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qpra o ira =12}
3600 psig gﬁffg
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i

L —— f pressyrized
B | From qround
W e L
" giiargl Igo
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precharged to Electric Motor
415 psiq drive at 13000 rpm
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300 psig.
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_ \ i
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Measuremant Summary
] ESE ESE
System Flight |pisplay| Record
4. Tcrnpc.ra.furc Aza 419 34
2. Preasure Z8% 22 20
3.Vvibration &0
4 Flow Rate 10
5, Signals 218 izo
é.Liquid Level 4 z 2
7-valtage, Current, Freg. &3 19 9
8 Strain 1a
g Misc. o 5 4 _
Total a7 187 % 70 % To Blockhouse thru preflight
La ¥
Ak data acquisition System
¥ All ESE Display § Record To ather 4
Measurements Are Also measuring [ selsctor Used for ground
Flight Measurements. racks Rack checkout only
Measuring
Rack
Selector
L ==
Transducer or Temp. refarence | | Measurement] | l
Signal Sources junction [ | Calibrator
Slgnal Sources / | !
Zone 1 [nld | ;
Thermocouple ——=| po4 Amplitier i i
, 2 bC 1 i
Strain Gauwge Amplifier ——i 1
, - |
Micraphone Emitter 3 AC N
{acoustic) Follower Amplifier 1 I
Voltaga , Current 4 Special ;! I
Seusgor, gtc. Modu | '"i Meas. I
Accelerometer iR 5 AC ] y Dist. I
{longitudinal pitch € yaw accelerafion) Amplifier i |
Accelerometer Emithar € AC o1 |
{vibration) Followaer Amphl‘mr '
| l—l‘Tclcmcfrv
l"—o_ - "-' | _ system
h:? ﬂ:_s':'::'é gs::.ek Power Svde, f 28vdc
n g€ Suppily stdc.' Svde
f}_\"a:fagg { I
. ‘LDimdlng
[ Sfonals .0, ete) T u*-*wm
Patentiomater O-Svdz ‘ I
(pressure gauge, afe.) - Svdc-} _i -
Confinuous liquid Digital Pata > Talematry
leve] SysTam

S5-I Stage
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Antennas

Antfennas

Te To
20 GSE GSE ~ ZO
watts [} ? watts
Power RF RF Power
Divider [ Coupler Coupler bivider
RF Low Pass ol Hybrid Low Pass RF
Multiplexer! Filter Junation Filfer Mul T1plexen
) A
] i ' ) -
F-1 F-2 F-3 P-1
Transmitier] tTransmitter Trangmitter Tranemitier
241.5me 234.0me 229.9me 24B.6me
L Data Recerders on From A
~7h sec. Fu~ 163 ﬁ-cclé P-1
From~4a4 sec. Unti
From Timer Command To Play- PCI:;]ZE?AS
Tape back After Stage Sep. 14
5-1 Rz;ozrder Tape | Control | Tape 5-z
Transmitter]™ Recorder | Relay | Recorder Transmitter
2ZT.2 me Nea. 1 |  Ass'y | Ne. 2 236.Zmeo
) ]
To Te Ta
asE GSE Ana log 65E
5-1 F-1 Fz Tape F-3 52
Ss/FM PAMJEM/EM| | PAM/FM{FM Recorder | |PAMJFM/[FM SSIEM
Assy Assy Assy Multiplexer Assly Assy
211 ]
1 -
} ) }
Slow Speed At AZ A% Slow Spesd
Multiplexer Multiplexer Multiplexer Multiplexer Mulfipiexer
1 BO F
Re mote Remate Ramote Muitiplexer Mr:;ﬂ;
Sub- Sub- Sub- * Racke
Muity plexer Muttiplexer] {Multiplexer
Remote
Sub-
Remote Remote Multiplexer
Sub- Sub- T
Multiplexer MulTiplexer
Remofe From
From Sub- Meas.
Te F'f'z'?,i 5-1,5-2 /R4 Measuring Mulitiplexer| Racks
Racks
™
Calibrator
Assy
[ §
Fram Swifch
Selector
_Fjsure. 26 5-I1 Stags

Talematry System
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Inst-umentation Enstrumentation Measuring
£ Telemetry - Power Power
Systams Supply pistribufor
— ol _Kwd BKYT
Thrust Frame
Area
Main
Battery |—» Rangz Safety
28 vde Sysfem #2
E5amp. hr. P
Propeliant Monifaring
¢Managem¢n|1‘ SysTems
’
Ground
Powey —u= Power Distributor
28 vde
Sequenca PU System
Recirculation Controlicr
Battery No.2 Separation
28 vde System
25 amp. hr.
Engine Ignition
Pawer
Range Safety
Recirculation System ¥ 1
Baftery Ne.1
28 wde
25 amp. hn Ins?‘?‘umeﬁfaﬁm——-é-h Hyalt
Battery Measuring
I8 vde Voitage Surpply
Recirculation l
Inyerters (5}
_ Sévde Instrumantation
£ Telemetry
ﬁs(s'f'ama
Ground
Powaer
Sevdc
AC Pumps
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S-IVB STAGE STRUCIURE

The stage structure consists of an aft interstage, an aft skirt, a
thrust structure, an LH; tank, a LOX tank, and a forward skirt.

A single gimballed J-2 engine of 200,000 pounds nominal thrust is
mounted on the staga centerline.
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Main Tunnel

Retrorackets (4)

Coldplates [16) -
(for equipment
maunting}

Forward skirt

Aunriliary Tunnel

I
AP5 Module (2)

Uage Motors (2)

Top View Looking Aft

Telemetry Antennmas (4)

External Stringers

N |
Range Safety Anfen(r.ﬁs -~ (IEED
LHz Tank G N
\h‘ | } ('EK", Auxiiiary Tunnef
Helium Spheres (8) — ' ! (i3
| N | Main Tunnet
LOX Tank b
a4+ —-a Common Bulkhzad
. “ =~ L
Aft skirt < | : ~
! 1
Thrast Structure - HEH ; / APS fModule (2} (BO Apart
Retrerockets (4) i Ullage Motors (2)
Separation plane

S-I¥XB stase Weight *

*Dry:~ 26,500 Lbs.

“At Ignition:~~ 262 200 Lbs.
* At 18t Cutoff:~ 187,300 Lbs.
« At 20d Cutoff:~ 22,300 Lbs.
¥ Exzludes wt of aft.

Helium Spheres (2)
Aft Intersiage

J-2 Engine

interstage

5-WE Stage Cenfiguration
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J-2 ENGINE OPERATION S-IVBE STAGE

Tha operating cycle of the J-2 Engine consists of prestart, start,
steady-state operation and cutoff sequences. During prestart, LOX and
LH7 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 emergizes various control solenoid valves to
open the propellant valves in the proper sequence. The sequence contreoller
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 GHz 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 increases to main stage operation. At this time, the spark
plugs are de-energizad 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 *’

Main Fuel Valve Open =

Main Fuel Propellant Flow

Start Tank Discharge Valve Open |}
Pump Buildup p—

By Pass Flow Through Cxidizer
Turbine By Pass Valve

Gas Generator Propellant Flow

Main Oxidizer Valve Open =
Mainstage OK Signal v
90 Percent Thrust v
] 1 ' [ )
[¢] 1 2 3 4+ &
I SEC SEC SEC SEC SEC
IGNITION
COMMAND

| g TIME FROM IGRITION




Lox Propetlant uiilization valve Lide

varies engine mixture ratio
by bypassing Lok {ram
ithe pump.
. xuy
——ppet  O0%.
Lox iﬂl_le/ G:n_
Pump A -|
. ! |
Lox I iMa l
Turbine | Turbine
| Tank — l
Lo ——H
GHg2 for LHz '
tank pressudvization '
| ——
L vy _ |
wiector i m‘bn[;; 2‘5‘\‘3 l
Gax for kd
Lox tonk Maty®
pressyrization ' '
i ot \ | |
amDer " ‘
Y | {Pvessure l Waih J
176 psia r iH;
Heat 1 3 Yalve
Exschanger —

Txpansion Ratio| Mixture Raotio
215:1 lor:iMz S5-41°1

200,000 \bs, Thrust

J-Z Engine Sysiem
S-1v-B Stdge

Figure 29
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5-IVB STAGE PROPELLANT SYSTEM

The 5-IVB Stage propellant system is composed of integral LO}[/LH2 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 heliuvm. LOX tank pressurization during S-IVB stage
burn is maintained by helium supplied from spheres in the LHp tank, which is
expanded by passing through the helium heater, to maintain positive pressure
across the common tank bulkhead and to satisfy engine net positive suctiom
head. The LH; pressurization stremgthens the stage in addition to satisfying
net positive suction head requirements, After enmgine ignition the pressure
is maintained by GHy tapped from the engine supply

S-IVE PROPELLANT LOAD AND OPERATIONAL SEQUENCE

“"' |
100+ % ———————
99 - 300 gal/min [\ 500 gqi/min |
N6 % | ™ 98 % E
80 Start
’ Automatic
Lox: LH,— Sequence
L 60 | A littety
0 —- 1000 qal/min |
g | 300 gai/min | Ignition
40 ' l Commond
| l |
20+ | | |
5 % 5% | |
|
o| [ 500 gt fmin 500 gat /mi 5 } !
IShe.  -TOh. 45w -39 hn -1BT sec. ~ 8.5 sEc
—Time to Liftotf
lox l A
System - Repienish
Start
Loading Prepressurize L [ —
Lox
Replenish and Venl
L, }-——-—
System Stact Preprassunze Tank
Loading
Ly LH3 Recircaiction Pump on” l



(aHi, from J-2 Euqine injectos fob
/ LH tamk pressurizafion during

—_————— F;rst and secomd S-IV B stage
f_ burn,
ILH Vewt -1
IV“‘Z“':\ o |
- = 3.5 cu.ft. 3100 psia GHe
i spheres(d). Inflight Lox
| / I Tauk pressurization,
| 19 !
| LHz Tank |
| 41,200 lbs at
l IguitioN [
| : |
| Iuit |
L 1d: Fill £ Drai
: l I_rk ;‘gjﬁﬁp‘gﬂ ).. ma Lox V‘e“ié \Iu!;u:l
I ! I ' Lox Tank l 3.5 ca.ft. 3100 psia
—-192,900 fbs at GiHle Spneces (1} for J-2
l | I I Iquifion I Enqic € restarl.
ll : : | lox Fitl £ Dvawm
l
Lox
{_1 L1 X
l—l ————— 4.4 cu.ft. 3100 psia GHe Spheres{}

LH-;Tm-sk pressdrizalion
during const mode,

— -1 Enquue
Heat Exr.hauqer ____X 3

Totol propeilawut at liftoff
V"Zi't'-h 100 s,

propelladt consumed
aF’cer hﬁof{ 232,700 lbs,

rvarrreres

S-IVB Stage
Tigure 30 Prapeilaut System

Jummmerem— |

51



