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FOREWORD 

This volume is one of four volumes comprised by 
the Engineering Course on Saturn S-II Systems for 
NASA (SD 67-654) and is to be used only in conjunc
tion with the classroom presentation. The course is 
being presented in accordance with Change Order 
1085 to Contract NAS7-200. 
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SECTION I. S-11 PROPULSION SYSTEM 

ENGINE SYSTEMS 

FUNCTION 

The J- 2 engines provide thrust for the second stag e of the Saturn V 
launch vehicle, raising the vehicle altitude from approximately 200, 600 to 
602,000 feet and increasing the velocity from approximately 5200 to 14,500 

mph. The total thrust is provided by a cluster of five J-2 engines, each 
having a nominal thrust rating of 225,000 pounds and burning for approxi
mately 365 seconds. 

ENGINE SYSTEM FEATURES 

This section is divided into three subsections: 

l. The arrangement subsection deals with the physical location of 
the engine system, arrangement of its main components, and a 
brief physical description . 

2. The engine-system operating features sub section is concerned 
with the actual output of the engine . 

3. The engine-system support features subsection deals with the 
supply of propellants and with control from stage to engine 
systems. 

ARRANGEMENT 

The engine system is composed of five J-2 engines. This cluster, 
located at the aft end of the S-II stage, is attached directly to the thrust 
structure . (See Figure 1. ) Each engine consists of a basic bell- shaped 
thrust cone from which the burning gases are emitted . The four outboard 
engines are attached to a gimbal block at the stage interface. From this 
interface the flight control system can direct the engine thrust vector, 
achieving stage directional changes or stabilization. On the outboard side 
of each outboard engine, the stage fuel supply system interfaces with the 
engine, while the LOX supply interfaces 180 degrees from the fuel supply 
(i. e. , on the inboard side). The other main components of each engine are 
shown in Figure 2. 
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ENGINE SYSTEM OPERATING FEATURES 

The J -2 rocket engine (Figure 3) is a high-performance engine that 
utilizes liquid oxygen and liquid hydrogen as propellants. The only sub
stances used in the engine are the propellants and helium gas. The extremely 
low operating temperature of the engine prohibits the us e of lubricants or 
other fluids. The engine featur e s a single, tubular-walled, bell-shaped 
thrust chamber and two independently driven, direct-drive turbopumps for 
liquid oxygen and liquid hydrogen. Both turbopumps are powered in series 
by a single gas generator, which utilizes the same propellants as the thrust 
chamber. Propellant utilization is accomplished by bypassing liquid oxygen 
from the discharge side of the oxidizer turbopump to th e inlet side through 
a valve driven by a servomotor. 

The exhaust gases fron1 the gas generator are directed to the inlet of 
the fuel turbopump turbine, and the exhaust gases of the fuel turbopump 
turbine are routed to the inlet of the oxidizer turbopump turbine, thus 
creating a power series that allows each turbopump to operate at its most 
favorable speed. An engine-mounted, hydrogen gas start tank provides the 
energy source for engine start. 

A pneumatic control system is used for engine valve operation and 
obtains its energy from a r egulated gaseous helium system supplied by an 
engine-mounted tank. An electrical control system, which contains solid
state logic elements, is used to sequence the start and shutdown operations 
of the engine. Electrical power is stage- supplied. 

Engine Ready 

The engine -ready circuit monitors the conditions and events that are 
significant to engine start and provides a signal when all prestart electrical 
requirements have been met. The significant conditions monitored by the 
engine-ready circuit are as follows: 

1. Oxidizer turbine bypass valve open 

2. Connectors installed indication 

3. Helium control valve de energized 

4. Ignition phase control valve deenergized 

5. Start tank discharge valve control valve de energized 

- 4 -
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6. Mainstage control valve deenergized 

7. Augmented spark igniter spark system deenergized 

8. Gas generator spark system deenergized 

9 . Main stage OK deenergized 

10. Ignition bus energized 

11. Control power on 

12. Mainstage OK No. 1 and No. 2 pressure switches open 

13. Absence of engine start signal 

Start Sequence 

When engine start is initiated (Figure 4), the spark exciters in the 
sequence controller are energized and provide energy for the gas generator 
and augmented spark igniter spark plugs. The helium control and ignition 
phase control valves are simultaneously energized, allowing helium from 
the helium tank to flow through the pneumatic regulator to the pneumatic 

control system . The propellant bleed valves are closed, and the oxidizer 
dome and gas generator oxidizer injector manifold are purged. A continuous 
purge is made of the oxidizer turbopump intermediate seal cavity . Opening 
control pres sure is supplied to the oxidizer turbine bypass valve. The 
augmented spark igniter oxidizer bypass valve and the main fuel valve are 
opened. Fuel is tapped from downstream of the main fuel valve for ignition 
in the augmented spark igniter c hamber. Fuel is now flowing under tank 
pressure through the stationary turbopump. Simultaneous with engine start, 
the start tank discharge valve (STDV) delay timer in the sequence controller 
is energi zed. Upon expiration of the timer the control valve and the ignition 
phase-timer in the sequence controller are energized. 

As the STDV control valve energizes and the discharge valve opens, 
gaseous hydrogen, stored under pressure in the start tank, flows through 
the series turbine drive system, accelerating both turbopumps to the proper 
operating levels to allow subsequent ignition and power buildup of the gas 
generator. The relationship of fuel turbopump to ox idizer turbopump speed 
buildup is controlled by an orifice in the oxidizer turbine bypass duct. The 
normally open oxidizer turbine bypass valve permits a percentage of the 
gas to bypass the oxidizer turbine . 

- 6 -
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At expiration of the ignition phase timer, the mainstage control valve 
is energized. Simultaneously, the start tank discharge valve is closed. 
Helium pressure is vented from the MOV closing actuator and from the 
opening port of the purge control valve. MOV first stage actuation is accom
plished. The purge control valve closes, terminating the oxidizer dome and 
gas generator oxidizer injector manifold purges. Application of opening 
pressure, together with controlled venting of the main oxidizer valve closing 
pressure, provides a controlled ramp opening of the MOV. The sequence 
valve, located within the main oxidizer valve assembly, supplies pneumatic 
pres sure to the opening control port of the gas generator control valve and 
through an orifice to the closing control port of the oxidizer turbine bypass 
valve. 

The propellants flowing into the gas generator are ignited by spark 
plugs; hot-gas products of combustion pass through the exhaust duct to drive 
the turbines; main duct propellant flows increase; and the propellants, now 
flowing under pump pressure, are ignited in the thrust chamber. 

Transition into mainstage occurs as the turbopumps accelerate to 
steady-state speeds. As oxidizer injection pressure increases toward the 
steady-state level, a mainstage OK signal is generated by the oxidizer injec
tion pressure switches. There are two pressure switches; actuation of 
either switch will generate the mainstage OK signal. (Cutoff occurs if there 
is no signal before expiration of the sparks-deenergized timer.) The 
augmented spark igniter and gas generator spark exciters are deenergized 
by expiration of the sparks-deenergized timer. Cutoff will occur if both 
pressure-switch-activated signals (mainstage OK) are lost during mainstage 
operation. 

Mainstage Operation 

Engine chamber pres sure (DO 13) buildup actuates the mainstage OK 
pressure switches within 4 seconds after S-II engine start. Chamber pres
sure continues to increase following the actuation of the propellant utiliza
tion system to the high EMR position. The stable level is reached within 
15 seconds. Figure 14 is a composite of the thrust chamber pressure 
profiles as experienced on the AS-50 1 flight. Operation at high EMR 
continues until the PM system initiates modulation of the PU valve. 

Engine operation continues until propellant depletion, dropout of both 
mainstage OK pres sure switches, or instrument units (IU) command. 

- 8 -
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Cutoff Sequence 

The cutoff signal is received by the sequence controller (Figure 5), 
which simultaneously deenergizes the mainstage control and ignition phase 
control valves and energizes the helium-control deenergize timer. Opening 
control pressure is vented from both the first- and second- stage main 
oxidizer valve-opening actuators, from the augmented spark igniter oxidizer 
valve, and from the main fuel valve. 

Both the oxidizer dome purge and the gas generator oxidizer purge 
will flow when thrust chamber and gas generator chamber pressures decay 
below the level of control system pres sure. The augmented spark igniter 
oxidizer valve, the main fuel valve, and the fast- shutdown valve actuate to 
allow the gas generator control valve opening control pressure to vent 
rapidly. All valves, except the augmented spark igniter oxidizer valve and 
the oxidizer turbine bypass valve, are spring-loaded to the closed position 
and start to close as soon as opening pressure is vented. Combustion pres
sure in the gas generator assists the spring in closing of the gas generator 
control valve. The oxidizer turbine bypass valve starts to open as closing 
pres sure is vented. 

Expiration of the helium-control deenergiz:e timer causes the helium 
venting control system pressure to vent through the oxidizer dome and gas 
generator oxidizer purges . As the control system pressure is vented to the 
actuation pressure of the normally closed purge control valve, the valve 
actuates closed and the purges stop. Pressure is now locked up, holding 
the bleed valves closed. The pressure in this system is bled off through an 
accumulator bleed orifice. As this pressure decays, the propellant bleed 
valves open by spring pressure, and the cutoff sequence is complete. 

ENGINE SYSTEM SUPPORT FEATURES 

The engine system provides power and gases for functions other than 
pure thrust for stage operation. One of these, flight control power, is an 
independent function. Engine supporting stage functions are propellant tank 
pressurization, recirculation, and propellant utilization. Each of these 
major support functions are described in separate sections; the only dis
cus sian in this section will be the actual requirements of the engine system 
to support these functions. 

Propellant Utilization 

Propellant utilization capability is provided by bypassing oxidizer from 
the oxidizer turbopump outlet back to the inlet. The propellant utilization 
valve is positioned by electrical input from a vehicle propellant-tanks level
sensing device. The engine mixture ratio may be varied l. 0 mixture ratio 
unit. 

- 9 -
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Pressurization 

This function is self supporting, since the engine requires a m1mmum 
net positive suction head (NPSH) at each of the propellant inlets of 178 feet 
of LH2 and 42. 7 feet of LOX. To meet these requirements, propellant gases 
are supplied to the stage pressurization system. GOX is furnished by pas sing 
LOX through the heat exchanger in each engine, where it is heated to a 
gaseous state before being supplied to the stage pressurization system. GH2 
is bled directly from the four outboard thrust chambers and supplied to 
the stage LH2 tank pressurization system. 

Recirculation 

Recirculation takes place prior to engine start and does not require 
engine operation, except that propellant flows through the oxidizer and fuel 
pumps. The LOX, after pas sing through the oxidizer pump, is circulated 
through the LOX bleed line and ultimately back to the LOX tank. LH2 is 
routed through the fuel pump and back to the LH2 tank through the fuel 
bleedline. 

Flight Control 

Thrust vector control is achieved by gimbaling the entire engine . 
Flexible inlet bellows are provided to allow the engine to be gimbaled . A 
g imbal is installed at the center of the thrust chamber dome, and gimbal 
actuator attach points are provided on the thrust chamber body. Gimbal 
actuators are not furnished as part of the engine. Hydraulic pressure for 
gimbal actuation is provided by the vehicle-installed hydraulic system 
which receives pressure from an engine-mounted hydraulic pump . 

ENGINE SYSTEM CONDITION AT LIFTOFF 

Figure 6 lists the engine system conditions and requirements at lifto ff. 

MSC CONSOLE DISPLAY 

Figure 7 indicates those measurements on display at MSC. Numerous 
other measurements also g ive indirect indications of engine operation. 

ENGINE SYSTEM FLIGHT SEQUENCE 

The eng ine system fli g ht sequence is shown in Fig ure 8. 

- 11 -
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MAJOR ENGINE VARIATION 

The only major operational change to the engine system is the increase 
in thrust from 1, 125,000 pounds on the S-II-1, S-II-2, and S-II-3 and 
150,000 pounds on S-II-4 and subsequent stages. This increase does not 
require any sig nificant hardware changes on the eng ine, but is basically a 
reorificing of the engine. Other changes required are an increase in the 
thrust chamber pressure from 762 psi to 779.2 psi and an increasd gas
g enerator pressure. These changes obtain a thrust increase of 5000 pounds 
per engine. 

ENGINE SYSTEM PERFORMANCE AND REQUIREMENTS 

The engine system performance requirements are shown in Figures 9 
throug h 19. Also included on these charts are AS-50 1 actual performance 
curves on data points. 

AS-50 1 Performance Summary 

The S-II-1 propulsion system operation during the AS-50 1 fli ght was 
entirely satisfactory. No serious anomalies were observed. The S-II stage 
performance was lower than predicted by very small percentag es. Stag e 
thrust at 60 seconds of mainstage operation was 1. 4 percent below the AS-50 1 
fli ght prediction value (March 1967) . At the same time period, the total 
vehicle flowrate is 1. 7 percent below prediction, while the specific impulse 
e x ceeds the predicted level by 0. 23 percent. 

The lower performance is attributable to Engines 2, 3, and 5 (serial 
numbers J-2043, J-2030, and J-2028). These eng ines required replacement 
of LOX turbopump assemblies after stage acceptance. The effects of these 
chang es were not incorporated into the fli g ht prediction nor were they com
pletely known prior to fli g ht. Performance of Engines 1 and 4 (no turbopump 
chang es) was very close to predicted. 

Engine standardized performance repeatability was w ithin stag e 
acceptance allowable rang e. Engine thrust, mixture ratio, and specific 
impulse were within 1 percent for all engines except Engine 3, which deviated 
by -2. 6 percent on thrust and -1. 5 percent on mixture ratio. The stag e 
acceptance allowable repeatability rang es are 3, 2, and 2 percent for thrust, 
EMR, and I 

sp 

At liftoff and S-II ESC, engine start tank, helium tank, and thrust 
chamber jacket conditions were within the required limit. 

S-II burn time was approx imately 5 seconds long er than predicted 
because of low propellant flowrates and a lower-than-predicted reference 
mixture ratio (RMR) setting. 
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The LH2 pressurization system functioned as required, supplying more 
than adequate NPSH to the engines at start and throughout mainstage. (See 
Figures 9 and 10.) 

The LOX pre ssurization system functioned as required, supplying more 
than adequate NPSH to the engines at start and throughout mainstage. (See 
Figures 11 and 12.) 

The LOX and the LH2 recirculation systems functioned satisfactorily. 
Propellant conditions were within established requirements at the engine 
inlets and at the LOX pump discharge for engine start. 

Thrust Chamber Chill 

The thrust chamb e r jacket temperatures at liftoff were satisfactory, 
although they were on the low side of the predicte d range. The prelaunch 
redline maximum allowable was 144. 3 K (-200 F). Engine 3, which had a 
slow responding transducer, was highest at 115. 9 K ( -251 F); the other four 
engines ranged between 108. 8 K and 102.6 K (-264 and -275 F). The auto
sequence permissive temperature maximum allowable was 161 K (-170 F). 
Engine 3 was high at 145. 4 K ( -198 F); the other four engines ranged between 
130. 1 K and 119 K ( -224 and -245 F). Flight test data are shown in 
Figures 13 and 14. 

61 F) 
rates, 
start. 
S-II-2 

Warm-up rates exceeded those predicted-22. 8 K to 33. 9 K (41 F to 
as compared to a predicted 16. 7 K (30 F) rise. The high warm-up 

coupled with the low chill, resulted in nominal conditions at engine 
Engine start maximum allowable was 172 K ( -170 F, -150 F for 

and subs); actuals were between 141. 5 K and 125. 7 K ( -20 6 and -23 3 

The high warm-up rates are concluded to be the result of transient 
conditions (of temperatures still reducing) at the termination of chill. The 
resulting post-chill temperature stabilization yielded warm-up rate s in 
excess of those predicted. 

Thrust Chamber Heat- Up Rates 

F). 

S-IC boost rates were 9. 7 8 to 11. 15 N / cm2 /min (14. 2 to 16. 3 psi/ 
minute) for Engines 1, 3, and 5. Engines 2 and 4 rates were 6. 55 to 7. 31 N / 
cm2/min (9. 5 to 10. 6 psi/minute); it is concluded that relief valve cracking 
wa s occurring on these two engines. 

- 2 7 -
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Engine Helium Tank (Figures 15 and 16) 

Chilldown. Lowe r t emp e ratures w e r e exp e ri e nc e d during launch chill
down than the countdown d emonstration test (CDDT)-10 9 . 3 K v e rsus 112 K 
(-263 F vs -258 F) a s a result of the ext e nde d start tank chilldown. The 
extended chilldown r e sulte d in h e lium tank t e mp e ratur e s of 109. 3 K to 
116.3 K (-263 to -2 50 F). 

H eat-Up Rate s. Rates from pr e launch verifi cation to engin e start were 
21.7 to 30 .7 N/ cm2/min (32 to 45 psi/minute ). 

Start Tank V e rsus H e lium Tank Tempe rature Differ entials. At pr e 
launch verificati on , th e temperature diffe rential was 2. 8 K to 4. 4 K (5 to 8 F). 
At engin e start, the tem p eratur e diffe r ential wa s 0. 55 K to 3 . 33 K (1 to 6 F). 
The s tart tank is a lways the colde st. 

Engin e Thrust Buildup 

Individua l J -2 engin e thrust buildups were complet e ly satisfactory. 
Figure 15 shows that each e ngine lies e ntirely within the r equir e d enve lope . 
The slowe st thrust buildup is exhibite d by engine J -2030, w hich is a r e p eat 
of its p erformance during stage a cc e ptanc e . The most rapid buildup occurs 
on engine J -20 35. As exp e cte d, all buildup rates are faster and more uni
form than m .easur e d during stage acceptanc e a t s ea l eve l. 

The small disturban c e apparent in the buildup of J -2035 approx imate ly 
3 seconds after S-II engine start is attributed to the action of the main 
LOX valve. Main thrust cham ber pressure and main LOX valve pos i tion 
are shown on a common time axis in Figure 17. The initial s e cond-position 
ramp- rate for th e valve is quite slow, r e sulting in a mor e rapid than normal 
e n g i ne buildup. After the exc e ss hydraulic forces on the v alve g ate ar e 
relieved, the valve ram.ps rapidly to the full open position, and the system 
re turns to its no r mal operating l evel. 

Simil a r operating cha r a cte ristics we r e obs e rve d dur i n g stage a cc e pt
ance testing of S-II-3 a t MTF and have occurred many time s during e n g in e 
ac c e ptance. The e ngin e manufacturer do es not consider this characte ristic 
to b e d etrimental to e n g in e r e liability. No problems r esulted in mainstage 
op e r a t ion as a r esult of this item. 

No other abnormaliti e s we r e observed during the e n g ine buildup tr a n
sition p e riod. 

Propulsion System P erforn1anc e - Main Stage (Fi gur e 18) 

As a total stage, th e S-II-1 performance was slightly below th e official 
pr e dicted l eve l for th e AS-501 fli ght. 

- 28 -
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On an individual engine basis, it is apparent that the deviations from 
predicted performance are concentrated in the thr e e J -2 engines that were 
subject to replacement of LOX turbopump assembli e s prior to launch. These 
are Engine Positions 202, 203, and 205. In addition, engine J -2043 (202) 
was reorificed prior to flight. Table 6. 3-2 presents a comparison of actual 
and predicted performanc e parameters for each J -2 engine . Excellent 
agr e en1ent is indicated between predicted and actual thrust for Positions 201 
and 204. The maximum deviation is less than +2500 Newtons (560 pounds). 
For Engine 203, however, the deviation is -26,305 Newtons (-6614 pounds). 
Official flight predictions for AS- 50 l were not adjusted for the hardware 
changes in the J -2 engines prior to launch. 

No significant anomalies were observed during S-II mainstage operation . 

Stage performanc e determined from fli ght instrumentation is in good 
agr e e m ent with the simulated performance based upon trajectory data. 

Stage Thrust Decay (Figure 19) 

The engine cutoff signal was received 367. 624 seconds after S-II start. 
At this time, the total stage thrust was 4, 084,883 Newtons (918, 364 pounds), 
and the ave rage EMR was 4. 52. The stage thrust decayed to 5 perc e nt of 
this level in approximately 410 milliseconds. 

Thrust decay was computed using the engine manufactur e r's sugg e sted 
relationship between actual thrust (as measured by a load cell) and thrust 
computed from the measured chamber pressure. Use of this r e lationship 
is requir e d du e to the design of the chamber pressure sensing port, which 
creates a significant time lag during pressure decay periods. In addition, 
the 10. 34 Newtons/ cm2 (15 psi) bias associated with the instrumentation tap 
design during mainstage was not used for computing thrust decay. 
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ULLAGE MOTOR SYSTEM 

FUNCTION 

To ensure stable flow of propellants into the J -2 engine during engine 
start, a small amount of forward acceleration is required to settle the pro
pellants in their tanks. This acceleration is provided by ullag e motors. 

DESIG N REQUIREMENTS AND FEATURES 

It has been determined that before and during engine start, 0. 06 7 g 
acceleration for 3 . 25 seconds is necessary to meet these requirements. 
The acceleration and duration are provided by utili z ing solid propellant 
rocket motors . 

The four ME90 l-0089, 23,000 -pound thrust ullage motors are evenly 
spaced around the aft end of the S-IC/S-II interstage. Mounted within 
fairings, the motors are parallel to the vehicle centerline. The motor 
nozzles are just above the first separation plane and are canted outward 
10 degrees to reduce exhaust plume impingement. With any one ullage 
motor out, the remaining motors are capable of maintaining a minimum 
vehicle acceleration of 0. 067 g during the S-IC/S-II separation sequence. 

SYSTEM DESCRIPTION 

The S-II ullage motor system (Figure 20) consists of two exploding 
bridgewire (EBW) firing units, two EBW detonators, two confined detonating 
fuse ( CDF) manifolds, 17 CDF assemblies, 8 CDF initiators (two per 
motor), and four solid propellant ullage motors . The EBW firing units, 
EBW detonators, and CDF manifolds are installed on a panel in the S-IC I 
S-II interstage . The CDF assemblies connect the CDF manifolds with the 
two initiators on each ullage motor. The cross section of a typical motor 
is shown in Figure 21. 

SEQUENCE OF OPERATIONS 

The S-II ullage motor firing sequence begins in the EBW firing units. 
These units are armed by a signal from the instrument unit (IU) at S-IC 
inboard engine cutoff by the application of 28 -vdc power to the charg ing 
circuits , in which the storag e capacitors are charged to 2300 volts. At S-IC 
outboard engine shutdown, the IU sends a command through the S-Il switch 
selector and the S-II separation controller, which tri gg ers the EBW firing unit 
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SD 68-654-2 



I 

w 
N 

rJ} 

tl 
0' 
00 
I 

0' 
\J1 

""' I 

N 

1\ 
Lf~ 

Figure 20. 

NOTE: 
REDUCED TO 
4 MOTORS FOR 
S-11-2 & SUBS 

DATE 
Ullage Motor System (Block Diagram and Location) SPEAKER 

POSITION 
II 

I 

CDF MANIFOLDS 
AND EBW FIRING 
UNITS 

CONTROL NO. 

- • EBW DETONATOR •-

CDF 
MANIFOLD 

CDF 



(/) 

d 
0' 
00 
I 
0' 
\.Jl 
,j>. 
I 

N 

I 
\,).) 

\,).) 

I 

1\ 
L,~ 

DATE 
Figure 21. Ullage Motor SPEAKER 

RD S-509 
PROI'E LLJ\N T 
GRA IN 

0 
SEC TION A-11. 

CONTROL NO. 

INITI A TOR · PORT 

POR I~' I 

A .L (~~'{~~ >.y ~~~~~\ • A 

AFT A TT AC H 
FITTI N G --~1 -----,r-t-;=±' :-::._::-_ ~"j 

NOZ7 LE CO N E 
A SS EMB LY 

THI~OA T 

F ITT I ~JG 

89.0 

J-

36 .75 



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

in each of the two parallel ordnance trains (Fig ur e 1) and explod e s th e bri dge 
wire in the EBW detonators. The resulting d e tonation propagates throug h th e 
CDF manifolds, CDF assemblies, and CDF initiators to th e ullage motors. 
Either initiator will start the igniter, which is an integ ral part of the motor. 
A crossover CDF assembly between CDF manifolds provides adde d s y stem 
reliability. An additional reliability feature is a complet e redund a n t sig n a l 
system from the IU (S-II-3 and subsequent stag es). 

FLIGHT PERFOR MAN CE 

Performance data obtained from the AS-501 (S-II-1) fli g ht are pre
sented in Figur e 22 and Table 1. 

- 34 -
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MOTOR 

BURN TIME (SECONDS) 
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AVERAGE BURN TIME 
CHAMBER PRESSURE (PSIA) 
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S -II Ullage Motor 

1 2 3 

3.79 3.71 3.74 
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DATE I 
SPEAKER 
CONTROL NO. 
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SECTION II. S-11 STAGE PROPELLANT MANAGEMENT SYSTEM 

FUNCTION 

The flight propellant management (PM) system is comprised of a pro
pellant utilization (PU) subsystem and an engine cutoff (ECO) subsystem. 
The basic function of the PU system (Figure 23) is to control the engine 
mixture ratio during s-n flight to achieve optimum performance and simul
taneous depletion of LOX and LH2. Significant Apollo payload gain is the 
end result. The PU subsystem also performs the function of loading and 
mass indication. (See block diagram Figure 24.) 

The function of the ECO subsystem is to detect and provide a signal 
when propellants in LOX or LH2 tanks have depleted to the minimum level 
that will allow safe engine shutdown. 

SYSTEM FEATURES 

The PU subsystem is of the continuous capacitance-type and provides 
the capability for programmed mixture ratio control and simultaneous deple
tion of propellants which provides significant payload gains. The capacitance
type PU system also provides a broad adjustability of full propellant load 
and a continuous mass indication regardless of propellant density. (Location 
of probes is shown on Figure 25.) The ECO subsystem is of the point-sensor 
type and provides the capability for LOX and LH2 depletion cutoff. 

SYSTEM DESCRIPTION 

Propellant Utilization (PU) 

The PU subsystem provides a signal for controlling the J -2 engine 
propellant utilization valves, which bypass LOX around the engine pumps 
for control of the engine mixture ratio (EMR). 

In closed-loop operation, this signal represents the deviation of the 
ratio of propellants remaining in the tanks from that selected to achieve 
simultaneous tank depletion and is generated by the PU computer. The PU 
subsystem starts closed-loop operation upon receipt of a signal from the 
S-IVB interface. The PU subsystem controls the engine PU valves to a 
reference mixture ratio (RMR). Proper selection of the actual tanked 

- 3 7 -

SD 68-654-2 



I 

w 
00 
I 

(/') 

t1 
0' 
00 
I 

0' 
lJl 
~ 
I 

N 

1\ 
Lf~ 

Figure 23. 
DATE 

Propellant Utilization System SPEAKER 
CONTROL NO. 

TLM 

PU 
,r-___,..__,. ......... - ..... .-&.JI COMPUTER 1- [: I U COMMANDS 

FROM S-11 SWITCH 
SELECTOR 

TO OTHER 
ENGINE 
PU VALVES 28VDC 

AS -503 /S -II 
IU COMMANDS ~ _j 

1. PU RESET - PRELAUNCH 
2. OPEN LOOP ARM - PRELAUNCH 
3. HIGH EMR ON - T3 + 5.5 SEC. 
4. HIGH EMR OFF- T3 + 282.8 SEC. 
5. LOW EMR ON - T3 + 283.0 SEC. 

MAIN LOX VALVE 



I 

I..N 
~ 

I 

Cll 
tl 
0' 
00 
I 

0' 
Vl 

*'" I 

N 

1\ 
LJf~ 

LH 2 
CAP 
PROSE 

LO ~ 

CAP 
PROeE 

STAGE 

MOSILE 
LAUNCHER 

CONTROL 
ROOM 

Figure 24. 

LH2 
MAS S 
SENSIN G 
BRIDGE 

Propellant Utilization System Block Dia g ram 

PU 

/

SUMMING 
POINT 

ERROR SIGNAL 

K3 

K5 

VALVE 
CONTROL 
LOOP 

DATE 
SPEAKER 
CONTROL NO. 

MOTOR 
WINDINGS 

u 
J-2 ENGINE 
PU VALVE 

LO X 
MA SS 
SEN SING 
BRIDGE 

~(TYPICAL 
._ ____________ J 5 ENGINES) 

TO PU COMPUTER BRIDGE 
AND VALVE ELECTRONICS 

115 VA( 400HZ 

STAGE I .. 1 
28 VDC 

POWER SUPPLY 

COARSE MASS 

(NASA} PROPELLANT 
LOADING , CONTROL 
AND MONITORING GSE 

K2 

(NASA} PROPELLANT 
TANKS & PUMPS 

REDLINE 

PU VALVE POSITION 
(All ENGINES} 

1.65 t 0.15 VDC 
FROM T-10 MIN TO START 
OF AUTOSEQUENCE 

CONTROL COMMANDS 

FUNCTION RELAY 

HIGH EMR Kl 

HIGH EMR RESET Kl 

LOW EMR K2 

PUACTIVATE K3 

OPEN LOOP ARM -------- K5 

OPEN LOOP ARM RESET ____ _ K5 

PU RESET K 1, K2, K3, K5 



CJl 
t:J 
0' 
00 
I 
0' 
I.J1 
~ 
I 
N 

I 

~ 
0 
I 

1\ 
Lf~ 

Figure 25. Propellant Management System 
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mixture ratio allows selective programming of a hi g h-MR/low-MR fli g ht 
profile for prog rammed mixture ratio (PMR). 

For the S-II-3 stage , the PU system has been modified to permit open
loop operation in which the PU valves are controlled by fix ed command 
signals received from the IU. This differs from closed-loop operation in 
that feedback information from the tank mass sensors is not used for con
trolling the PU valves. For engine start, the PU valves will be held in the 
null position (5. 0 nominal EMR) until ESC +5. 5 seconds, at which time a 
High EMR ON command from the IU will drive the valves to the maximum 
EMR position (5. 5 nominal EMR). At ESC +283 seconds, the PU valves will 
be commanded to the low mixture ratio position (4. 4 EMR nominal) for the 
remainder of the S-II burn. 

Engine Cutoff (ECO) 

The engine cutoff subsystem is independent of the PU system. The 
ECO system consists of five point sensors in each propellant tank plus 
associated electronics equipment . All sensors are of the hot-wire type and 
are removable externally . The five LH2 ECO point sensor transducers are 
mounted individually near each of the LH2 feedline outlets. The five LOX 
ECO point sensor transducers are g rouped at the entrance to the tank sump 
on a pedestal that extends upward from the bottom center of the sump. 

The ECO subsystem provides a depletion sig nal through a voting circuit 
when two out of five sensors from the same tank indicat e a dry condition. 
The depletion signal is g iven at a propellant level determined by the adjustable 
time delay (0. 0 seconds for the S-II-3) at the output of each ECO sensor con
troller (si gnal conditioner). The signal output from the sensor controller 
is 28 ± 4 vdc when a sensor is dry and zero volts when the sensor is immersed 
in liquid. The depletion signal is transmitted from the voting circuit to the 
eng ine controller which shuts down the engine. (See Figures 26 and 27.) 

SEQUENCE OF OPERATION 

The important events occurring during the operation of the propellant 
manag ement system are shown in Fig ure 2 8 , resulting in the EMC history 
shown in Fig ure 29. Figure 30 presents the closed-loop operation occurring 
on AS-50 1 fli ght for comparison. 

CONDITIONS AT LIFTOFF 

The system is set to provide an engine mixture ratio of 5. 0. 
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Figure 27. AS-501 S-II LOX Cutoff Residuals SPEAKER /iii\ CONTROL NO • .. 
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Figure 29. AS- 501 EMR Hi sto ry S-II-1 SPEAKER 
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MSC CONSOLE DISPLAY 

There are no displays at MSC to directly indicate the performance of 
the propellant management system. However, data shown in Fig ures 29 
and 30 taken from the recorded data show system performance during 
fli g ht. 
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SECTION Ill. S-11 STAGE FLIGHT CONTROL SYSTEM 

FUNCTION 

The flight control subsystem is designed to provide and maintain vehicle 
directional control during flight. 

SYSTEM FEATURES 

The flight control subsystem has been designed to provide and maintain 
directional control during flight by gimbaling the four outboard engines in 
conjunction with control signals transmitted from the instrumentation unit 
(IU). The flight control system gimbals each outboard J -2 engine for pitch, 
yaw, and roll control by an independent hydraulic system and has the capability 
of controlling flight until propellant depletion with one J -2 engine inoperative. 
The closed-system concept used for the engine actuation system (EAS) was 
determined to be the one most likely to give the required system cleanliness. 
In this a pproach the system is completely cleaned, built up, filled and bled, 
and partially checked out in the manufacturing clean room. The system is 
then installed as a complete system on the stage. 

The engine position feedback control loop is closed within the system 
by means of mechanical feedback devices located within each servoactuator. 
The servoactuator position accuracy is within ±51 minutes of the commanded 
position. Gimbaling capability is shown in Figure 31. The g imbaling rate is 
greater than 8 degrees per second under design loads of 24, 000 pounds 
during separation and 30, 000 pounds during S-II boost. 

The accumulator stores hydraulic power for engine gimbaling during 
S-IC /S -II separation transients. The accumulator is sized to perform this 
function until such time as sufficient flow, as a function of J -2 engine speed, 
is available from the main pump. Second-plane separation will not be pre
v e nted by one J -2 e ngine inoperative or failure of one servoactuator. 

The design incorporates a temperature control function that operates 
in conjunction with GSE switching circuits to protect the hydraulic system 
from overheating or from the cryogenic environment. 
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The servoactuators are compatible w ith the engine a lignment require
ment of 0 degrees 27 n1inutes. They incorporate an effec tive piston area of 
13.0 square inches, a dual element potentiometer, a locking device that actu
ates upon loss of hydraulic pressure, and a cylinder bypass valve for both man 
ual and remote operation. The main hydraulic pump incorporates a thermal 
barrier to i so l ate the pump from the LOX turbine en v ironment. 

SYSTEM DESCRIPTION 

The flight control system is composed of the following two subsys tem s : 

1. Flight control, which is the e lectrical portion and is located 
w ithi n the IU (Figur e 32) 

2. The engine actuation system , whic h i s the me chanica! portion and 
i s lo c ated wi thin the S-II stage engine compartment 

Flight Control 

The Saturn V flight control system during stage S -II burn consists of 
the followin g main subsystems: digital computer, data adapter, flight 
control computer, and inertial platform, all located in the instrumentation 
unit above the S -IVB. 

The inertial orientation of the Saturn Vis continuously generated in 
the gimbal angle pivot resolvers of the inertial platform and transmitted to 
the digital computer via the data a dapter. In the digital computer, the 
gimbal angle signal i s resolved with the command attitude , and an atti tude 
error is generated. These attitude-error commands are the n transmitted via 
the data adapter as input signals to the flight control computer. 

The attitude-error and attitude-rate s ignals are filtered by shapin g 
networks and given the proper gain in the flight control computer. These 
signals are then f ed as engine commands to the servoactuato r magne tic 
amplifiers located in the flight control computer (one amplifier per se rvo
actuator). These amplifiers form a de servoactuator command current 
proportional to the commanded engine position. Relays in the IU switch 
the commands to the S -II stage during S-IC /S -II separation. 

Engine Actuation System 

The engine actuation system is a 3500 -psi closed hydraulic system 
that provides power and forces to gimbal the J -2 engines. A block diagram of 
the system is shown in Figure 33. The e n gine position feedback control 
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loop is closed within the system by means of mechanical feedback devices 
located within each servoactuator. A complete, separate, and identical 
system is provided for each gimbaled J -2 engine. The system provides 
power for full-rate gimbaling of the engine during firing (hot gimbaling) and 
limited-rate gimbaling during nonfiring (cold gimbaling) operationii. Major 
system components include an engine driven main pump; an auxiliary 

electric motor driven pump; two electrically controlled, hydraulically 
powered servoactuators utilizing mechanical feedback and containing an 
actuator lock-up valve; and an accumulator reservoir manifold assembly 
(ARMA), which, in addition to the accumulator and reservoir, includes the 
main system filters, ground hydraulic power quick disconnect couplings, and 
relief valves. Fluid is distributed throughout the system by flexible hose 
assemblies and rigid tubing. 

The ARMA panel assembly, which includes the auxiliary motor pump, 
is mounted on the stage thrust structure, and the main pump is mounted on 
the J -2 LOX turbopump drive pad. The servoactuators are attached to the 
J -2 engine and S -II stage thrust structure attach points (Figure 34). 

Two servoactuators on each engine respond to separate commands 
from the IU to gimbal the engine in pitch, yaw, and roll axes. One servo
actuator deflects the engine for pitch control and one deflects for yaw control. 
The two servoactuators operate differentially to provide roll control. 

After first-plane separation and after control switching is accomplished, 

the engine receives a start signal. After a predetermined period of chill
down, the engine start tank discharge valve opens. At this time, the 
oxidizer turbopump accelerates, thus accelerating the main hydraulic pump. 
When system pressure reaches approximately 1500 psi, the servoactuators 
unlock and start to position the engines in accordance with the command 
signal, which had been switched in. Shortly thereafter, the accumulator 
lockup valve solenoid is deenergized, unlocking the accumulator to provide 
the main source of power to gimbal the engine during the separation transient. 
At 4 to 5 seconds after separation, the main hydraulic pump starts replenish
ing the fluid in the accumulator in addition to supplying system demand. 
Power for all subsequent gimbaling during S-II stage boost is provided by the 
main pump, supplemented by the accumulator during peak demands. 

SEQUENCE OF OPERATIONS 

The sequence of the most important events during the operation of the 
flight control system is shown in Figure 35. 
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CONDITIONS AT LIFTOFF 

The accumulators have been pressurized to a pressure greater than 
3000 psia (red line), and the accumulator lockup valve has been closed 
(locked up) to maintain the accumulator at the proper pressure and fluid 
l evel. The auxiliary pumps are only required for ground operation and 
have been shut off. The reservoir piston position indicates the oil volume 
wi thin th e r e servoir to be greater than 6 cubic inches (red line). 

The pitch and yaw actuators are at ze ro degrees deflection. 

MSC CONSOLE DISPLAY 

Th e following measurements concerning the flight control system are 
displayed at MSC: 

Hydraulic accumulator oil pressure (D0103-201/4) 
Reservoir piston position (G000?-201/4) 
Pitch actuator posi tion (GOOOl-101/4) 
Yaw actuator position (G0002-101/4) 

PERFORMANCE 

Figures 36 through 39 show the comparison between predicted and 
actual AS- 501 flight data for one typical engine for the measurements listed 
above. Figures 40 through 42 show additional data for a typical engine. 

- 57 -

SD 68-654-2 



I 

Ul 
00 
I 

(/) 

tl 
0' 
00 
I 

0' 
Ul 

*"' I 
N 

1\ 
~T~ 

DATE 
Figure 36. Accumulator Hydraulic Pressure SPEAKER 

CONTROL NO. 
---

ENGINE 1, DOl 03-201 ACCUMULATOR HYDRAULIC 

- 4000 
<{ 
Vl 

~ 3500 
w 
0::: 
::> 
Vl 3000 Vl 
w 

I ....r-

PRor.orTCr. ""'""v AS-501 ACTUAL 7
7 

1 
0::: 
0.. 

2500 
100 150 200 250 300 350 400 450 500 550 

RANGE TIME,(SECONDS) 



I 

Ul 
'-'> 
I 

(/l 

tJ 
0' 
00 
I 
0' 
Ul 
.p. 
I 
N 

1\ 
L~ 

-· ....J 
....J 
:::> 
u.. 
1-
z 
UJ 

u 
~ 
UJ 
a... .._... 
UJ 

~ 
:::> 
....J 

0 
> 

DATE 
Figure 37. Reservoir Piston Position SPEAKER 

CONTROL NO " 

IGM INITIATED 
40~--------~----~~~--~~=-------~~~------. 

RESERVOIR VOLUME ENGINE 1 I G 007-201 

20 
PREDICTED RANGE 7 AS-501 ACTUAL ~ \ J 

0 10~0~~~--~--~~~~~~--~--~L_--~--~ 
T3 150 300 350 200 250 50 100 400 

TIME (SECONDS) 



1\ 
Lf~ 

l/) 
w 
w 
0::: 
0 
w 
0 

I 

0' 
0 
I 

l/) 
w 
w 
0::: 
0 
w 
0 

Cfl 
tJ 
0' 
co 
I 
0' 
Ul 
>!>-
I 

N 

DATE 
Figure 38. Yaw and Pitch Actuator Position SPEAKER 

2 

0 

-2 -
T3 

2 

0 

-2 
T3 

'V UNLOCK ACCUMULATORS 

CONTROL NO. 

ITERATIVE GUIDANCE MODE (IGM) 
'V INITIATED 

ENGINE 1, G009-201 PITCH ACTUATOR POSITION 

AS-501 ACTUAL 

30 50 60 

TIME (SECONDS) 

ENGINE 1, G008-201 YAW ACTUATOR POSITION 

AS-501 ACTUAL 

60 

TIME (SECONDS) 

NOTE: 
NO SIGNIFICANT ACTIVITY AFTER 210 SECONDS 



(/l 

t:J 
0' 
00 
I 

0' 
Ul 

*"' I 

N 

I 

0' 
1-' 
I 

!)-.-
L1~ 

V) 
w 
w 
~ 

0 
w 
Cl 

DATE 
F i gur e 39 . Yaw A c tuato r Command SPEAKER 

CONTROL NO o 

2.------------------------------------------------. 
ENGINE 1, H0002-101 YAW ACTUATOR COt-Nv\AND 

0 

AS-501 ACTUAL 

-2~--._--~--~--~--~--~--~~--~--~--~--~--~ 
150 155 160 165 170 175 180 185 190 195 200 205 210 

RANGE TIME (SECONDS) 

NOTE: 
NO SIGNIFICANT ACTIVITY AFTER 210 SECONDS 



I 

0' 
N 
I 

(/} 

tl 
0' 
00 
I 

0' 
Ul 
~ 
I 

N 

1\ 
L{~ 

Vl 
w 
w 
~ 

0 
w 
0 

DATE 
Figu r e 4 0 . Pi tch A ctuator Command SPEAKER 

CONTROL NO . 
~- - -- -

2.--------------------------------------------------, 
ENGINE 1, H0001-1 01 PITCH ACTUATOR COMMAND 

0 

AS-501 ACTUAL 7 
-2 

150 155 160 165 170 175 180 185 190 195 200 205 210 

RANGE TIME (SECONDS) 

NOTE: 
NO SIGNIFICANT ACTIVITY AFTER 210 SECONDS 



Ul 
t::1 
0' 
00 
I 

0' 
Ul 

*"' I 

N 

!)-. 
71~ 

I 

0' 
w 
I 

DATE 
Figure 41. Reservoir Hydraulic Pressure SPEAKER 

CONTROL NO o 

----------------

ENGINE 1 I D0104-201 RESERVOIR HYDRAULIC PRESSURE 

-- 120 
<{ 
(./) 

.e:. 100 
w 
0:: 
:::> 

80 (./) 
(./) 

w 
0:: 
0... 

60 
100 150 200 250 300 350 400 450 500 550 

RANGE TIME (SECONDS) 



I 

0' 
~ 
I 

Cll 
t::;! 
0' 
00 
I 

0' 
Ul 
~ 
I 

N 

1\ 
LJf~ 

-~ -w 
~ 
:::> 
I-

~ 
w 
0... 

::E 
w 
I-

DATE 
l 

F igure 4 2. Reservoi r Tempea ture Fluid SPEAKER 
I 

CONTROL NO . 

400 
ENG INE 1, C0?00-201 RESERVOIR FLUID TEMPERATURE 

350 PREDICTED MAX RISE 

300 .,... ,...,...., .,.. ... ,,AL/ 

250100 150 200 250 300 350 400 450 500 550 

RANGE TIME (SECONDS) 



"P \ C:E nlVISTO:\' Ill :\fORTH .\~1ERIC:A;\l ROCKWELL CORPORATION 

SECTION IV. S-11 STAGE RECIRCULATION SYSTEM 

FUNCTION 

Th e purpose of propellant recirculation is to reduce the temperatur e of 
the pumps and some of the line s throug h which the propellants will flow during 

the operation of the J -2 e ngine . This is done to pr e vent the formation of gas 
that would occur if the pumps a nd lines were not pr e chille d, and that would 
r esult in e ithe r a slow e ngine start or failure to s ustain oper ation. In addition, 
the liquid must b e s ubcooled to a ss ist in providing the r e quir e d NPSH a t 
engi ne s tart. 

The v alv e ac tuation se ction provides the pne um a tic c a pability to ac tuate 
the components of the r e circula tion section at the time and in the manner 
r e quire d. 

FUNCTION OF REC IRCU L AT IO N SYSTEM SECTIONS 

The r ecirculation system consist s of the following sections : 

a . The engi ne recirculation 3e ction is an ar r angement of line s, 
valves, and pumps through which fuel a nd oxidize r flow into 
t he ir r espe ctive e ngine pumps a nd are then r eturned to the pro
pe llant t anks . T he r e circula tion de s i gn requirements are impos ed 
upon the s t age by the b as ic starting cha racte ristics a nd r e quir e 
ment s of the J -2 engine . At initi a tion of J -2 engine s t art, the 
e ngine pump must be supplied w ith liquid prope llant s ubcoole d 
s ufficiently to prevent the for mation of vapor, or c a vitation w ill 
occur at the pump inlet. The margin r e quired to preve nt vapor 
formation as fluid is accelerated into the pumping e le m ent s i s 
r e f e rred to as net positive suction he ad (NPSH). N PSH is equal 
to the actual fluid pressure less the v a por pre ss ur e of the fluid for 
the existing t e mperatur e and i s m eas ur ed in f ee t of the working 
fluid. 

b. The helium inj ection section (an a irborne assemblage of r e c e iver, 
component s , and lines) inj e cts helium into th e return l eg of the 
LOX r ecirculation section, thereby reducing the density of th e 
fluid and promoting the flow of circulating LOX . 
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c. The valve actuation se ction (another assemblage of receiver; com
ponents, lines, and stored helium) provides the power by which 
v a lve component s of the recirculation section can be actuated 
at the be ginning and end of S -II burn. 
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LOX RECIRCULATION AND HELIUM INJECTION SECTION 

REQUIREMENTS 

It has been establi s hed that the fluid in the engi ne pump discharge high
pres sure duct must b e subcooled 3 degrees F or more at the initiation of 
engine start. This requirement is needed to prevent formation of g as in th e 
high-pressure duct. Gas in the hi gh-pressure duct can result in slow t h rust 
buildup and/ or destructive pres sure surges. 

DESCRIPTION 

The LOX recircula tio n configuration for a ll S-II flight v ehicles is 
illu s trated s chematically by Figure 43. Thi s confi guration consists of the 
following provisions and components: the LOX feed duct for the J -2 engine 
pre valves, flanges , and instrumentation bo s ses. The outboard engine fee d 
ducts are vacuum -jacketed, while the engine flexible duct, LOX sump, LOX 
pump discharge duct, gas generator ble e d valve, and a portion of the engine 
ble ed line are insula ted. The individual return line from each e n gine and 
the return line valves are uninsulated. Figure 44 shows the loc ation of the 
return lines from engine panels to aft bulkhead. 

The flow p a th is from the LOX s ump through the prevalve, feed duct, 
engine fle x duct, engine LOX pump, LOX pump discharge duct, gas generator 
bleed valve, gas generator bleed line , and back to the LOX t ank through the 
return line and r e turn valves. The return line valv es are of a p neumatic a lly 
actuated normally open design and are closed 5 se cond s a fter engine start 
c ommand . The purpose o f the pr e v a lve s a nd return line valves i s to i so l a t e 
eac h engine from the tank a t engine shutdown and i n the e v ent of a line f a ilur e . 

Helium inj ecti on port s are located in the lower portion of each return 
line w ith check valves in each p o rt to isolate the LOX fr om the a irborne 
h e lium supply. The recirculation operation depends upon minimizing the 
heat leak into the LOX on the feed side of the loop and in the e n gine and 
allowing heat to ent e r the sys tem through the unin s ulated r etur n lines. The 
r eduction in density caused by the heat added to the flui d i n the return line 
produces a driving force that caus es flow from the colder inlet through the 
r e turn lines to the tank . H e lium injection is used to a u gme nt the flo w by 
mixing gas w ith the fluid in the return lines, thereby further reducing the 
mean density and thu s increas ing the driving forc e . Fi gur es 45 and 46 show 
the loc a tion and s ome of the details of the helium injection se ction. 
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LH 2 RECIRCULATION SECTION 

REQUIREMENTS 

There is no requiremen t for subcooling of the fuel in the e ngine pump 
discharge as there is for the LOX high pressure duct. The fuel temperature 
requirements are limited to the LH 2 pump inlet. 

DESCRIPTION 

The LH2 recirculation section is shown in Fi gur e 47. It con s ists of a 
five -pump forward flow force feed recirculation system. The submerged 
electrically driven cryogenic pumps are mounted in the fuel tank a bove each 
main fuel feed duct. A normally open 2-inch valve (pneumatically actuated 
closed, spring-loaded open) is provided in each pump discharge lin e , each 
line being connected to the main fuel duct immediately downstream of the 
fuel prevalve. The 1-1/2-inch normally open gas generator ble e d ·,·;:live 
provides a flow path to the engine connect panel on the e ngine and into a 
return manifold. From the manifold, the flow enters a s ingle r etu rn line. 
A 2-inch normally open valve is provided in the return line to provide i s ola 
tion from the tank. All stage lines and valves are vacuum-jacketed or 
insulated to minimize heat leak. The location of the recirculation lines , 
other than the propellant feedlines, is shown in Figure 48. 
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VALVE ACTUATION SECTION 

REQUIREMENTS 

Requirements of valve actuation are as follows: 

a. Maximum leakage of 4. 46 scfm (33 psi/min) during S-IC 
boost 

b. Maximum leakage of 6. 8 scfm (85 psi/min) during S-II 
boost 

c. Minimum pressure of 550 psig for valve actuation at all times 

d. Close ll recirculation valves once, at J -2 e ngine start 

£. Close five LOX prevalves and five hydrogen prevalves once, 
after J -2 engine cutoff 

g. 100-percent margin (minimum) in system storag e capacity for 
fli gh t 

DESCRIPTION 

Valve actuations in the LH2 and LOX circulation sections of the sub
system are controlled as shown in Figure 49. Helium gas is used as the 
pressurant. The gas enters through the disconnect P45 and is stored at 
3000 psig in receiver Pl02. Part of the gas flows through pressure regulator 
P4 7 immediately and is stored in surge chambers P48 and P69 at 75 0 psig. 
Check valves P55 and P5 6 prevent loss of this gas in the event of line break
age upstream of the valves. Relief valves P65 and P66 operate at 800 psig 
and prevent overpressurization of the surge tanks as a result of increased 
gas temperature. 

In the hydrogen leg of the actuation section, the helium gas closes 
the prevalves P4A through P4E, pump discharge valves F6A through F6E 
and return line valve FlO. Gas to the pump discharge and return line valves 
is controlled by solenoid valve P53. This is a three-way, normally closed 
solenoid valve. When it is in its actuated position, helium passes through 
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position, helium pass e s through to close F6A- F6E and FlO. In its deenergized 

pos ition the solenoid valve P53 vents helium from these valves through 
B -nut P72 and causes them to return to their normally open condition. The 
actuating chambers of the prevalves are directly connected to a surge 
c ham.be r w ithout intermediate valving. Helium flow to the LOX return line 
v alves ES is controlled by solenoid valve PSl. This valve is also a three
w ay, normally closed valve. The LHz and the LOX tank prevalves have 
indiv idual solenoid valves for actuation. For S-II-2, these individual sole
n oid valves are four-way types that actuate the prevalves both open and 
clo sed. For S-II-3 and subsequent stages, these solenoid valves are of the 
th r e e - way type and are only used for actuating the prevalves closed. 

Gas is applied through test connectors P67 and P68 at a pressure high 
enou gh to actuate the relief valves P65 and P66 as a part of the functional 
c he c kout p roc edure. These connectors can also vent the g a s trappe d down
s tream of the che ck valves (PSS and PS 6) if required. A solenoid valve 
P99 is used to bleed down the section upstream of the check valves when 
necessary. An a xonometric draw ing of the valve actuation section is shown 
in Figure 50. 
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SYSTEM STATUS AT LIFTOFF 

At the time of liftoff, both the LOX and LH2 r ecirculation systems 
are in operation. The LH2 recirculation pumps are operating on stage 
supplied power, and the h e lium for the LOX system helium injection system 
is being supplied by onboard stage storage . Receivers for helium inj ection 
system and the valve actuation systems ar e char ge d to 2800-3450 psig ear ly 
in the countdow n and are maintained at this pressure level until 30 seconds 
prior to liftoff. 

SEQUENCE OF OPERATION 

Events and sequence of occurrence concerning the recirculation system 
during flight are show n in Figur e 51 . 
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MANNED SPACE CENTER DISPLAYS 

Five ite m s concerning the r e circulation system ar e di s pla y e d a t the 
J'vl a nne d Spa ce C e nte r. The y ar e : 

a . R e circula tion bus voltage 

b . R e circula tion b a tte ry curr e nt 

c. V a lve a ctua tion s y s t e m h e lium bottle pr e s sure (D008 0-2 06) 

d. LH2 pr e valves p o sition (Kl74/l78-207 and Kl90 / l 94-207) 
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SYS TE M P E R FOR MANC E 

Data conce rni ng the r ecirculati on bu s voltage and r ecir cul atio n batt~ry 

curr e nt w ill be presented i n the e lec tric a l se ction. 

A compar ison of the predicted values and ac tual v a lues obta ined from 
the AS - 50 l flight a r e shown in Figure 52. 

As the LOX and LH 2 pr e v a lves p os itions a r e di s cr e t es , no curves a r e 
prese nted. 

Othe r flight data concerning the r e circulation system not di s playe d 
a t MSC a r e pr ese nted in Figures 53 throug h 56 for backup purposes . 
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SYSTEM VARIATIONS 

On AS- 502 and subsequent stages the forward section of feedline s 
fairings are sealed. In addition, the flanges of the LH2 feedline s and 
recirculation lines are insulate d. 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

SECTION V. S-11 STAGE PRESSURIZATION SYSTEM 

FUNCTION 

Th e re are two basic functions of the S-II stage infli ght propellant 
tank pressu ri z ation system: (l) to meet engine pressure requirements and 
(2) to help m aintain stage structural inte g rity. Engine pressure requir e
ments are met by e nsuring a prop e r net positive suction head (NPSH) at the 
engine propellant pump inlets. Without this pressurization, the engine pumps 
would be unab le to function. M ainte nance of s tag e structural integrity is 
t wofold : th e stag e structure must be protected from overp r essurization t o 
avoid rupture and from unde rpressurization to avoid buckling during S-IC 
boost . 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

SUBSYSTEMS 

The propellant tank pressurization system is composed of two sub
systems, the propellant tank pressurization subsystem and the propellant 
tank venting subsystems . 

PROPELLANT TANK PRESSURIZATION SUBSYSTEM 

This subsystem actually supplies the positive propellant tank pressure 
to ensure that engine NPSH requirements are met and that structural 
requirements are satisfied during S-IC boost. 

PROPELLANT TANK VENTING SUBSYSTEM 

In guarding against overpressurization, this subsystem helps assure 
proper engine operation and structural integrity. The potential sources of 
over pressurization are propellant boiloff and pressurization system 
malfunction. 
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SPACE DIVISIO:--J nF NORTH AMERICA:N" H.OCK\\.1.1 I , CORPORATIO:N" 

PRESSURI ZA TION SYSTEM FEAT URES 

Tltis section describes the function al subsystems . ~o hardwar e 
description is included in thi s section b e caus e this description is not con
side r e d necessary to unde rstanding the system or its oper a tion. 

PRESSURIZA TION SUBSYSTEM FE AT URES 

The propellant tank pressurization subsystem co nt pris es t w o sections : 
LOX -tank pres s urization and LH2 tank pre ss uriz a tion. These a re shown i n 
Figure 57. 

GOX 1s f o rmed by evaporating LOX in one coil of the four - coil he a t 
exchanger that i s supplied with the engine . Heat fer e v a poration comes fro m 
the exhaust gase s of the LOX-pump turbine. G a s from the five engines is 
colle cted in a manifold and conducted through a regul a t o r and gas d i st ributor 
into the LOX tank ullage s pace . The r egulator senses the pres s ure in the 
v ent line , which i s d ir ectly connected to the ullage s pac e , a nd opens or 
closes to control the rate of flow of pressurant . 

GH2 is bled from the e n g ine injector and is collected f r om the four 
outboard engines in a manifold; it is th en conducted up th~ sid e of the stag e, 
through a regulator and gas distributor, and into th e ulla ge spac e The 
r egulator senses th e pressure in the vent line, which is c onnected directly 
to the ullage space, and maintains the ulla ge pressur e b y r egulating t he 
rate of pres sur ant flow. 

During the first 320 (AS-501 and AS-502; 300 sec onds fo r AS-503 an d 
subsequently flights) seconds of S-II fli ght , the GH2 re gulator acts to control 
the rate of pressurant flow to the LH2 tank. At the e nd o f this period, the 
regulator is opened to its full-open position (st ep pressuri z ation), and the 
pressure in the tank is allowed to rise to th e vent- v alve cracking pressure. 

Because prope llant t a nk pressurization during fli gh t r equir es the e ngi ne 
to be operative, it is obviou s that fro m liftoff and until the S-II engi nes fir e , 
no active tank pressurization system exi s ts. To maintain the structur a l 
integr ity of the stage and to e nsure that the e ngines start properly, the tanks 
are pr e pressurized at a high e nough lev e l to allow a reasonable amount of 
pres s ur e decay betw een liftoff and the tim e w hen th e onboard pressurization 

system is active . 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

VENTING SUBSYSTEM FEATURES 

The vent v a lve s are intende d to preve nt overpressurization by permit
ting the outflow of excessive gas . In flight, the vent valves a r e opened by 
excess ive tank pr es sure s that act through a pilot mechanism. Gas from all 
valves i s v ent ed dir e ctly overboard . Figure 58 is a schematic of the venting 
se ction s . Axonime tric views are shown in Figures 59 and 60. 

The LHz t ank venting is controlled by two 7 -inch-d i ameter valves . 
The s e v alv es are locate d a t the e nd of two vacuum-jacke ted lines that lead 
fr om the t ank ullage space and discharge through the vent disconnects. 

The LOX t a nk is vented by conducting excess gas in a vent line that 
br anches into t w o 7-inch line s . Two vent valves control the discharge of 
ex c ess gas b y sensing the vent line pressure and opening when the pr e ssure 
reache s a predete rmined leve l. 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

CONDITIONS AT LIFTOFF 

LOX TANK 

Prior to liftoff, the AS -50 l was pressurized to the vent valves high
pres sure setting of 39 to 42 psia. For AS -502 and subsequent missions, the 
LOX tank will be pressurized to the pressure switch setting of 37 to 39 psia. 

LH 2 TANK 

Prior to liftoff, the AS-501 was pressurized to the pressure switch 
setting of 31 to 33 psia. The AS -502 will be pressurized to the vent valve 
hi gh-pr e ssure setting of 30. 5 to 33. 0 psia. For AS-503 and subsequent 
missions, the LH2 tank will be pressurized to the pressure switch setting 
of 34 to 36 psia. 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION 

PERFORMANCE AND REQUIREMENTS 

Figures 61 through 65 show operational limits, requirements, and 

AS-501 flight performance. Also shown in these figures are the changes 
that occur because of stage variations (shown in Figure 68). Figures 66 and 
67 show the NPSH requirements and the AS-501 actuals. 

LOX TANK PRESSURIZATION (AS-501 PERFORMANCE) 

The LOX tank pres sure exhibited its characteristic drop of about 
3 psi during the first 15 seconds from engine start. The regulator controlled 
the ullage pressure within its control band until approximately 440 s econds, 
at which time the pressure dropped below the control band of 36. 0 psia. The 
pressure continued to d ec ay, and at cutoff it w as 34. 8 psia. Figure 6 1 shows 
the LOX tank ulla ge pressure during S-II burn. Ther e is a direct relation
ship between the LOX tank GOX flow demand and the heat exchange r p e r for
mance. The heat exchanger outlet temperatur e s versus tim e w er e very low 
during the last 60 s e conds of flight. 

NOTE: Further evaluation indicates that a blockage exi sted 
in the Engine 4 heat exchanger. This blockage and 
resultant decay of ullage pressure below the lower 
performance band at approximately T3 + 290 seconds 
(Fi gure 61) has been adjusted to be no failure within the 
pressurization system. Although the pressure did 
drop below the design performance level for the last 
60 seconds of S-II flight, it was well within th e mini
mum requirement for that period. 

LH2 TANK PRESSURIZATION (AS-501 PERFORMANCE) 

LH2 tank pressurization was normal. The regulator controlled the 
ullage pressur e within the control band until step pressurization was initiated 
at 320 seconds from e n g ine start. The ulla.c:e pr e ssure increas e d after step 
pressurization, and at cutoff was at 32. 0 p si a, which agrees w ith the 
prediction. 
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Figure 61. AS-501 LOX Tank Ullage Pressure Requirements SPEAKER 
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Figure 63 . AS- 50 l LH2 Ullage Pres sure Requirements and Actuals SPEAKER 
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Figure 64. AS- 502 LHz Ullage Pres sure Requirements SPEAKER 
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Figure 65. AS-503 and Subsequent Stages LHz Ullage 
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Figure 66. AS-501 and Subsequent Stages Engine LOX NPSH Flight 
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Figure 6 8 . Stage Va riation Summary SPEAKER 

Lf~ CONTROL NO. 

eLOX TANK 
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S-11-1 
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VENT VALVE SETTING: S-IC AND S-11 BOOST 
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S-11-1 AND SUBS 
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NOTE: ON S-11-2 AND SUBS, THE COMMON BULKHEAD IS EVACUATED BEFORE S-IC LAUNCH TO 
3 PSIA MAXIMUM TO MINIMIZE LOX ULLAGE PRESSURE DECAY. 

• LH2 TANK 

PREPRESSURIZE PRIOR TO S-IC LAUNCH 

VENTING DURING S-IC BOOST 
VENTING DURING S-11 BOOST 

PRESSURIZATION DURING S-11 BOOST: 

BEGIN WITH REGULAR SETTING 
AND AT TIME 
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S-11-2 

30.5 TO 33 PSIA 

30.5 TO 33 PSIA 
30.5 TO 33 PSIA 

28.5 TO 30 PSIA 
T 3 + 320 SECONDS 

30.5 TO 33 PSIA 

S-11-3 AND SUBS 

34 TO 36 PSIA 

27.5 TO 29.5 PSIG 
30.5 TO 33 PSIG 

28.5 TO 30 PSIA 
T 3 + 300 SECONDS 

30.5 TO 33 PSIG 
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SPACE DIVISION oF NORTH AMERICAN ROCKWELl. CORPORATION 

STAGE VARIATIONS SUMMARY 

Figure 68 presents a summary of all major operational changes 
between the AS-501 (S-II-1) and subsequent mission vehicles. 
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