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ABSTRACT

This report presents an evaluation of the Saturn 5-IVE-508
stage acceannée [Lring‘thuL was conducted at the
Sacramento Test Center on 20 PFebruary 1969. Included in
this report are stage and ground support equipment devia-

tions asscociated with the acceptance firing configuration,

The acceptance firing test program was conducted under
National Aeronautics and Space Administration Contract
NAS7-101, and established the acceptance criteria for

buyoff of the stage.

DESCRIPTORS

Saturn S—-IVB-508 Stage Saturn $-IVB-508 Stage
Acceptance Firing
Saturn S-~IVB-508 Stage .
Test Evaluation Saturn S-I1VB-508 Stage
. Test Configuration
J-2 Engine
Sacramento Test Center
Complex Beta

Sequence of Events
Countdown Operations

02-1-12 Burner



PRECEDRING PAGE BLANK NOT FILMED,

PREFACE

This report documents the evaluation of the Saturn
5-IVB-508 stage acceptance firing as performed by MDAC-WD

personnel at the Sacramente Test Center.

The report was prepared under National Aeronautics and
fSpace Administration Contract NAS7-101 and is issued in
accordance with line item 129 of the MSFC Data Require-

ments List 021, dated 15 September 1966,

This report evaluates stage test objectives, instrumenta-
tion, and configuration deviations of the stage, test

facility, and ground support equipment.
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SECTION 1

INTRODUCTION



INTRODUCTTON

1.1 General

This report was prepared at the McDonnell Douglas Astronautics Company -
Western Division (MDAC-WD) Huntingtom Beach (HB), by the Saturn S-IVB
Test Planning and Evaluation (TP&E) Committee for the National Aeronautics

and Space Administration under Contract NAS7-101.

Activities connected with the Saturn S$-IVB-508 stage included a prefiring
checkout and the acceptance firing. Checkout started at the subsystem
level and progressed to completion with the integrated systems test and
the simulated acceptance firing. The information contained in the follow-
ing sections documents and evaluates all events and test results of the

acceptance firing which was completed on 20 February 1969. The tests

¥

were performed at Complex Beta, Test Stand III, Sacramento Test Center

(8TC).

1.2 Background

The S~IVB-508 stage was assembled at MDAC-WD/HB. A checkout was performed
in the wertical checkout laboratory (VCL) prior to shipping the stage to
5TC. The stage was delivered to STC on 31 December 1968 and installed on
Test Stand IIT on 3 January 1969. The stage was ready for acceptance

firing on 17 February 1963,

The APS modules were shipped to Santa Monica checkout laboratory for
production acceptance tests. The modules were then shipped to ST( Tor
stage interface checks. No confidence firings of these modules were

scheduled,

Table 1-1 lists the milestones of the Saturn S-IVE-508 stage events and

dates of completion.

1.3 Objectives

All test objectiveg cutlined in drawing No. 1B71775D, Test Plan Acceptance

Firing, S~IVB/SV-STC, dated 27 January 1969 were successfully completed.




Stage acceptance objectives which provide maximum system performance

evaluation were as follows:

a.

Countdown contrel and operational capability verification
J-2 engine system performance verification

Oxidizer system performance verification

Fuel system performance verification

Pneumatic control system performance verification
Propellant utilization system performance verification
Stage data acquisition system performance verification

Stage electrical control and power system performance

verification

Hydraulic system performance and J-2 engine gimbal control

performance verification
Structural integrity verification

Auxiliary propulsion system stage interface compatibility

verification
Ambient repressurization system performance verification

02~H2 burner performance verification.



TABLE 1-1

MILESTONES, SATURN S~IVB-508 STAGE

Event

Tank assembly

Proof test leak and dye

Insulation and bonding

Stage checkout and join J-2 engine
Systems checkout :

Ship to STC

Stage installed on test stand
Ready for acceptance firing
Acceptance firing

Abbreviated postfire checkout on stand

Completion

Date

8 August
23 August
26 Sept.
2 Feb.
20 Mav
30 Dec.
3 Jan.
17 Feb.
20 Teb.

25 March

1967

1967

1967

1568

1968

1968

1969

1969

1969

1969
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SUMMARY



SUMMARY

The $-IVB-508 stage was acceptance fired on 20 February 1969
at Complex Beta, Test Stand III, Sacramento Test Center. The
countdown was designated as CD 614116, The mainstage firing
duration was 456.3 dec; engine ciitoff was initidted by the LH2

depletionh sehsors.

2.1 Countdown Operations

Countdown 614116 was initiated on 18 February 1969 and proceeded to a
successful acceptance firing on 20 February 1969. The acceptance firing
was preceded by a simulated orbital coast, cold helium leak check, 02‘“2

burner firing, and an ambient repressurization test.

2.2 J-2 Engine System

The S-IVB-508 stage utilized an uprated (230,000 1bf thrust) J-2 engine,
(S/N J-2122). All systems operated satisfactorily and the performance
predictions were well within the allowable deviations. All hardware

functioned normally.

2.3 Oxidizer System

The oxidizer system functioned adequately supplying LOX to the engine
pump inlet within the gpecified limits. The net positive suction
pressure (NPSP) available to the LOX pump inlet exceeded the engine

manufacturer's minimum requirement at all times.

2.4 Fuel System

The fuel svstem pexrformed as designed and supplied LH2 to the engine
within the limits defined in the engine specification. The LHZ tank
pressurization system adequately controlled LH2 tank ullape pressure

throughout the firing and during the repressurization periods.

2.5 Pneumatic Control and Purge System

The pneumatic control and purge system performed adequately during the

acceptance firing. All components functioned normaily.

2-1



2-2

2.6 Oxygen-Hydrogen Burner System

The 0,-H., burner performed satisfactorily during the 460 sec of opera-
tion. The LOX tank was repressurlzed 178 sec after burner start, and

the LH2 tank repressurization was terminated approximately 3.9 sec later.

2.7 Propellant Utilization System

The PU system generally performed satisfactorily. However, a minor
anomaly occurred when the closed-loop valve response exhibited anomalous

activity because of a sticky PU valve. The valve was replaced.

2.8 Data Acquisition System

The data acquisition system performed satisfactorily throughout the
02—-H2 burner and mainstage firing. Two hundred and twenty-nine measure-
ments were active of which three failed resulting in a measurement

efficiency of 98.7 percent.

2.9 Electrical Power and Control Systems

The electrical power and control systems performed satisfactorily
throughout the acceptance’ firing. 4ll firing objectives were satisfied

and all systems variables operated within design limits.

2.10. Hydraulic System

The hydraulic system operated properly supplying pressurized fluid to the
servo-actuators. All specified test objectives were achieved with one
exception. The auxiliary hydraulic pump canister pressure regulator
allowed the canister pressure to exceed the limits of 15 45 psig., This

is being corrected.

2.11 Flight Contrel System

The dynamic response of the hydraulic servo-thrust vector comtrol system
was measured while the J-2 engine was gimbaled during the acceptance
firing. T7The performance of the pitch and yaw hydraulic servo control

systems was satisfactory.



2.12 Structural Systems

Structural integrity of the stage was maintained for the vibration,
temperature, and thrust load conditions of the acceptance firing with
the exception of cracking and peeling of Korotherm ablative coating én
certain areas of the forward skirt. The damaged coating is to be

repaired under direction of Materials & Methods/Research and Engineering.

2.13 Thermoconditioning and Purge System

The thermoconditioning and purge system functioned properly supplying

purge and environmental conditioming to the stage within design limits.

2.14 Effectiveness Engineering

All ‘malfunctions of Flight Critical Items were investigated and

documented as follows: e
Total number of malfunctions 5
Number of items reworked in place and 1

accepted by engineering
Number of items replaced 3

Number of items determined to be 1

acceptable by engineering
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TEST CONFLGURATION

This section describes the stage and ground support equipment (GSE)
deviations and modifications from the flight configuration affecting
tﬁe acceptance firing. Additional details of specific system modifica-
tions are discussed in appropriate sections.of this report, Details of

the S5~IVB-508 stage configurations are presented in drawing No. 1B66684,
S-IVB/V Stage End-Item Test Plan.

Figure 3-1 is a schematic of the S-IVB-508 stage propulsion system and
shows the telemetry instrumentation transducer locations from which the |
test data were obtained. The propulsion system orifice characteristics
and pressure switch settings are presented in tables 3-1 and 3-2. J-2

engine S/N J-2122 was installed.

The propulsion GSE consisted of pneumatic consoles "A" and "B," two
propellant fill and replenishing control sleds, a vacuum system tonsole,

and a2 gas heat exchanger.

3.1 Configuration Deviations

Configuration deviations required for the acceptance firing are discussed
in drawing 1B71775D, Test Plan, Acceptance Firing, S—~IVB/SV-STC. Signi-

ficant configuration changes to the stage and GSE for the acceptance

firing are discussed in the following paragraphs.

3.1.1 Propulsion System

a., Stage propellant vent and bleed systems were connected to the
facility vent system. The nozzles were removed from the LH2
tank continuous vent system and the LOX and LH2 nonpropulsive

vent systems.

b. The stage portions of the propellant and pneumatic quick-

disconnects were replaced with hardlines.

c. A converging water—-cooled diffuser was installed in the engine
thrust chamber exit to reduce the possibility of sideloads

induced by jet stream separation.



d. A GNZ ejector system was used to provide low pressure environ-

ment at the O burner nozzle exit.

278y
e. A heated GN2 purge was used for the LOX dome to prevent

injector icing during the simulated orbital coast.

3.1.2 Propellant Utilization System

The propellant loading fast—fill sensors installed on the instrumentation

probes were used in the indicating mode only.

3.1.3 Electrical Power System

a. Model DSV-4B-~170 battery simulators were used to supply stage

internal power.

b. Model DSV-4B-727 primary battery simulators were used in place
of primary flight batteries.

3.1.4 Electrical Control System

a. The instrument unit and S-IVB/V stage electrical interfaces

were simulated by GSE.

b. Two Model DSV-4B-188B APS simulators were used to provide APS

module electrical loads to the stage control signals.

¢. The electrical umbilicals remained connected throughout the

acceptance firing.

3.1.5 Data Acquisition System

a. The MSFC Basie Static Firing Measurement Program hardwire

transducers were installed.

b. All instrumentation parameters without transducers, and those

disconnected for hardwire usage, were left as open channels.

3.1.6 Forward Skirt Environmental Control System

Coolant for the forward skirt thermoconditioning system was supplied by

Model DSV-4B-359 Servicer.



3,1.7 Secure Range Safety Command System

e

The Engine Cutoff Command output from Range Safety Systems 1

and 2 was disconnected and stowed. ;

Pulse sensors were attached to the output of the exploding

bridgewire (EBWj firing units,

3.1.8 Structural Systems

a.

b.

The main and auxiliary tunnel covers were not installed.

The stage was mounted on the Model DSV-4B-540 Dummy Interstage.

3.1,9 GS8E and Facilities

de

Resistance wire fire detection system was installed for

monitoring critical areas of the stage, GSE, and facilities.

GH2 leak detection system was installed for monitoring critical

areas of the stage, GSE, and facilities.

Blast detectors were installed in the test area for monitoring

ranges of O to 25 ﬁsi overpressure.

Model 742 static firing hazardous gas shield, thrust cone water
spray Firex, cryogenic spill pan, forward skirt support ring,

and vent port coverg were installed,

Model 601 flame resistant protective firing cover was installed

to enclose the forward skirt area.

An auxiliary propellant tank pressurization system was installed

using a GSE ambient helium source.

Model DSV-4B-618 Engine Unlatch Restrainer Links were installed

to restrain the J-2 engine during start transient sideloads.



5-IVB-508 DWAGK AND GOE ACCHPTANCE FIRING ORIFICED

TABLE 3-1

step mode (A1l three ori-
fices used for acceptance
firing only)

- ORIFICE SIZE OR COEFFICIENT EFFECTIVE
DESCRIFTION NOMINAL FLOWRATE | OF DISCHARGE | AREA (in)
Stage

- Gontinuous vent bypass 0.017 in. dis —_ N/a
valve acbuation control

module inlet

Continuous vent bypass 300 secim with —_— Sintered
valve hellows purge 3,200 psid

Continuous vent bypass 15 scim with — Sintered
valve gwitch cavity purge 3,200 psid

Continuous vent No. 1 1.090 in. dia - N/A
Continuous vent No. 2 1.090 in. dia e N/A
Continuous vent purge 1 écfm with — Sintered

3,200 psid

LH2 £111 and drain valve 15 scim with —_ Sintered
purge 3,200 psid

10X £ill and drain valve 15 scim with —_ Sintered
purge 3,200 psid

IH, chilldown valve purge 66 sefm with — Sintered

1,600 psid

LOX tank pressurization 0.2189 in. dia 0,87 0.,0329
module, heat exchanger

primary

LOX tank pressurization 0.1860 in. dia 0.87 0.02272
module, heat exchanger

bypass

Lo tank pressurization—- - —— 0.1392%

¥Discharge coefficient and effective area are calculated for overcontrol and
step orifices in combination with the undercontrol orifice,




Table 3~1 (Continued)

DESCRIPTION

ORIFICE SIZE OR
NOMINAL FLOWRAT=Z

COEFFICIENT
OF DISCHARGE

EFFECTIVE
AREA (inZ2)

LHo tank pressurization
‘module (Overcontrol-
second burn)

IHs tank pressurization
module normsl (Under-
control)

LHp tank pressurization
module control (Over-
control~first burn)

Iis tank pressurization
module outlet

Oo-Ho burner LHp supply
valve purge

1H, tank nonpropulsive
vent purge

LHo tank ncnpropulsive
vent No. 1

IHo tank nonpropulsive
vent No. 2

LOX chilldown pump purge
LOX sensing line purge
Oo~Hs burner GH, balance,

injector No. 1

Op-Hs burner GH, balance,
injector No. 2

Op-Hp burner LH, tank
pressurization coll
outlet

0.2058 in. disa

0.3283 in. dia

0.2056 in. dis

0.3124 in. dia
15 seim with
3,200 psid

1 sefm with
3,200 psid

2.180 in. dia
2,180 in. dia
37 scim with
L75 psid

1 scfm with
3,200 psid
0.510 in. dia

0.510 in. dia

0.221 in. dia

*

0.82

0.1110%%

0.0828

0.1110%%

0.0666

Sintered

Sintered

/A

N/A

Sintered

Sintered

0.03375

¥ot recorded during calibration
#¥Digcharge coefficient and effective area are calculated for overcontrol and -
step orifices in combination with the undercontrol orifice.




Tsble 3~1 {(Continued)

High pressure

ORIFICE SIZE OR COEFFLCIENT EFFECTIVE
DESCRIPTION NOMINAL FLOWRATE | OF DISCHARGE | AREA (in®)
LOX tank vent and relief 65 sefm with — Sintered
valve purge 3,200 psid
- Op~Ho burner LH, tank 0.120 in. dis 0,88 0.00971
pressurization coil
helium inlet balance
Oo-Ho burner LOX tank 0.089 in. dia 0. 895 0.00568
pressurization coil
outlet
LOX tank ambient repres— 0,116 in. dia e 0.00888
surization module outlet
Engine purge control 6 serm — 0.00028
. module
Console A
All console A stgge Variable —_— -
hleeds
Pressure actuated valve 1.2 sefm -l Sintered
and main-stage pressure
switeh supply
J-box inerting supply 0.013 in. dia - —
LHs system checkout 1.2 sefm - Sintered
supply
10X system checkout 2.0 sefm - Sintered
supply
LHp tank and umbilical 0.260 in. dia 0.88 0.0468
purge supply
Pressure gwitch checkout- 1.2 gefn — Sintered
Low pressure
Pressure switch checkout- 0.0kl in. dia 0.91 0.00139




Table 3-1 (Continued)

e ORIFICE STZE OR COLFPLCIENY LIl CTT VR
- DESCRIPTION NOMINAL FLOWRATE | OF DISCHARGE |  AREA (in?)

LH, tenk repressurization Union ' — —
supply
Console GNp Inerting 0,013 in. dia _ _—
supply

Console B
All console B stage Variable — —
bleeds
LOX tank repressurization 0.11%4 in. dia 0.88 0.00898
supply
Turbine stari sphere Union — —_
supply
LOX tank prepressurization 0.096 in. dia 0.9L4 0.00680
supply
Console GN, inerting Varigble - —_
supply
Eﬂgine contrcl helium 0.125 in. dia 0.83 0.0102
Sphere supply .
LH, tenk prepressurization 0.161 in. dia 6.83 0.0169%
supply
Thrust chamber jacket .0.072 din. dia 0.91 0.00370
purge and chilldown
supply
10X tank and umbilical 0.302 in, dia 0.89 0.0635
purge supply
J=box inerting supply 0.013 in. dia — —
Turbine start sphere 0,081 in. dis 0.83 0.00479
supply vent
LOX tank auxiliary 0.2517 in. dia 0.94 0.0kh85
pressure
LH, tank auxiliary 0.385 in. dia 0.91 0.1060

pressure
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TABLE 3-2

S-IVB-508 STAGE PRESSURE SWITCH MATA

Part No. and

Specification {psia)

Prefiring (psia)

. Name Serial No. Pickup Nropout | Neadband | Pickup® | nropout® {Neadband#

LH2 Tank »

first burn and flight control 1B5262{-511 31.5 max 27.8 min| 0,5 min| 30.468 28,59 2.09
S/N 30 :

Second burn, ground fill, and 1B52624~-511 3l.5max | 27.8min| 0.5 min| 30.13 28,35 1.78

prepressurization S/N 31

LOX_Tank

LOX flight control and ground 1B52624-515 T 41,0 max 37.5 min | 0,5 min| 40.42 38,99 1.43

£i11 S/N 45

10X Pressurigzation System

Cold helium regulator backup 1B52624,~519 |L67.5 +23.5 1362.5 +33.5 — L7h .29 381.37 -
S/N 48 -

Pneumatic Power System .

Control helium regulator backup 1B52624~517 600 +21 490 +31 — 601,17 .} A9%k.74 ——
S/N 21 '

Engine pump purge 1B52623~515 136 max 99 min|{ 3.0 min| 120,72 108.29 12.43
S/N 20

J-2 Fngine System

Mainstage OK No. 1 308390 515 +36 Pickup —— 506.10 L7, 50 57.70
8/N 255794 minus 75 '

+56, -31

Mainstage OK No., 2 308390 515 +36 Pickup - 516,24 | Lhk.75 71.48

S/N 255604 minus 75
+56, -31

02-H2 Burner .

LOX tenk repressurization 1B52624~519 |467.5 +23,5 {362.5 +33.5 - 475.69 384,40 -
S/N L7

LH2 tank repressurization 135262h—519 467.5 +23.5 [362,5 +33.5 - 471,70 375.86 -
S/N 55 .

% The values listed are the average of three actuations.
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SECTION 4 NN

TEST OPERATIONS



4. TEST OPERATIONS

The S-IVB-508 stage was the eighth of the basic S-~IVB/V series to be
sueceessfully acceptance tested. The acceptance firing was preceded by an
02-H2 burner firing and an ambient repressurization test. DNetails of the
countdown ani checkout (precountrown) activities are presented in the
following paragraphs. Significant events.occcurred at the following times:

Event Time (PST)
02-H2 burner firing initiation 11.18:19.,000
Simulated liftoff 14.13:44.000
Engine start command 14.,22:15.695
Engine cutoff command 14.29:55,684

4,1 Countdown Operations

The acceptance firing, countiown 614116, was a full Aduration J-2 engine
firing initiated on 18 February 1969 at 0800 PST. The countdown proceeded
normally until computer problems caused a 24~hour hold, After the count

was resumed, several unexpected events were encountered (see paragraph h4.3).

.The acceptance firing was satisfactorily completed on 20 February 1969.'

Except for the deviations necessitated by a single J-2 engine burn, the
performance of an 02-H2 burner firing, and the ambient repressurization
test, the countdown confdmed to the segquence intended for use at Kennedy
Space.Center, Significant events during these operations are listed in

tables 41, 4~2, and 4-3. The propulsion operations were performed in the
following sequence:

a. Propellants were loaded to the 68 percent level.
b, LOX and LH2 tank vent relief test was performed.
The continuous vent valve was functionally tested.
A, An 02~-HZ burner firing was performed.
e, The ambient repressurization system was functionally tested.
f. The LOX an® LHZ2 tanks were reloaded to the 100 percent level.

g, The terminal countdown .and J-2 engine firing were perfommed,



The tank vent/relief tests were accomplished during the propellant loa<ing
test and were not repeated during the acceptance firing countdown. The

vent and relief valves vented at the following pressures:

Valve Pressure (psia)
LOX NPV 43.1 43.1 - 42.9
LOX vent and relief # b1 44,0
LH2 NPV 32.7 32.6 32.6
LH2 latching vent and relief 32.7 32.6 32.6

# The LOX NPV cracked at 43.1 psia, and the tank pressure was not taken
-up to the 44.0 psia level.

The firing of the restartable 02-H2 burner was initiated at 11.18:19 PST
an” proceeded normally through burner shutdown. The burner firing was

460 seconds in duration, as planned.

4.1.1 C(Cryogenic Loading

Setups for LOX loading began at 0618 PST on 20 February, and both tanks
were loaded to the 68 percent level by 0848 PST. The on-stand inspection

was then accomplished, and the burner and ambient repressurization tesis

were psrformed. The tanks were then reloaded to the 100.5 percent level.

4.1.2 Terminal Countdown

The terminal countdown was initiated at 13.53:15 PST (T -20:30 minutes).
The count proceeded smoothly through J-2 engine cutoff which wﬁs initiated
by the LH2 depletion sensor at 3LO +972‘seconds. Mainstage duraticn was
456.3 seconds,

L.2 Checkout

After the 5-IVB-508 stage was assembled at the McNonnell-Mouglas Astro-
Astronautics Company in Huntington Beach, it was subjected to a ’
complete stage checkout including an ali-systems test. It was then
modified and shipped to the Sacramento Test Center {STC). It arrived at
STC on 31 Necember 1968 and was installed in Complex Beta Test Stand IIX
on 3 January 1969. The modification program continued concurrently with
stage checkout. All modifications were completed before the integrated
systems test which was satisfactorily completed on 7 February.



A practice countdown was conducted on 12 and 13 February for software
verification and countdown crew training. The "Ready for hhceptance
Firing" milestone was met on 17 February, 4 days after satisfactory
completion of the simulated static firing test. The prefiring anAa

postfiring checkouts were performed in accordance with the established

handling and checkout procedures.

4.3 Countdown Problems

The countdowﬁ proceeded quite smoothly except for computer problems which

caused a 2h4-hour hold; however, several unexpected events did occcur.

a, Two safety item monitor data amplifiers could not be adjusted
within tolerance during redline checks. Both were replaced.

b. The forward interstage backup GN2 panel gage was overpressurized -
and damaged., A Helse gage was installed to menitor this function ',
for the remainder of the countdown.

¢. MYuring the integrated systems test preparations, a computer check .
sum error occurred, and test tapes could not be read into the
computer. A 2L-hour hold in the countdown was called for
troubleshooting. The problem Aisappeared and could not be
isolated. After appropriate preplanning, the countdown was
resumed, and the problem di4 not recur.

d. The upper low-pressure fuel duct lost its vacuum prior to the
firing. The post-test examination disclosed that, because of
a leaking vacuum valve, the duct contained nitrogen. It was
replaced. “.

The lower low-pressure fuel duct was found to be cracked in the
middle bellows, and it was also replaced.

e. Turing the first critical components cyecling of the cold helium -. .
shutoff valves, the cold helium regulator discharge pressure (N0105).
rose normally, then dropped to an abnormally low value (100 to- 125
psia) for the duration of the cycle, Gold helilum sphere pressure -
was approximately 800 psia. The I-3 module regulated properly
during the firing, but not during the critical components test
before the firing. The module was replaced after the firing.

f. Transducer NO577, LOX tank ullage pressure, failed Auring the
countdown and was replaced.

g. Although transducer CO0419, 02-H2 burner chamber dome temperature;
functioned properly curing the burner test, it failed Auring the
acceptance firing. - 11 was replaced postfire.



Js

The engine shutoff, which was to occcur at 1 percent LOX or

2 percent LH2, was preempted- by an LHZ2 fepletion sensor cutoff
which accomplished engine shutfown and securing through a planned
alternate program subroutine,

Transducer NO002, fuel pump inlet pressure, failed Auring the
engine cutoff transient. It was replaced.

Muring conditioning of the LH2 tank ullage between 18.6 and 20.1
psia for burner start by cyecling the LH2 vent‘valve, an unusually
large number of extraneous LHZ2 vent valve open talkback (K0542)
cycles were recorded; aporoximately 1,050 cycles plus an unknown
number not recorded due to saturation of ™ER buffer. Recording
of these cycles exhausted the NER paper, and reloading of the ™ER
delayed the countdown & minutes.

Thrust chamber temperature reached the start box at T +240 seconds.
The nmominal time for this event during recent tests has been near
T -0 (simulated liftoff). The thrust chamber chilldown rate was
slower than usual from initiation of chilldown to the end of
prepressurization; thereafter, the rate was normal. Although this
phenomenon caused no perturbations to the countdown, it is under
investigation.

L.l Atmospheric Conditions

The following atmospheric conditions prevaile” Auring the countdown:

Time (PST) 0855 ' 1624
WinA speed (knots) 6 14 to 20
Wind direction South Southwest
Barometric pressure (in. Hg) 29.89 29.78
Ambient temperature (deg F) L7 49
- New point (deg F) 45 41



TABLY L—-1

02-HZ BURNER SEQUENCE OF EVENTS

Time Meas. !
(sec) No. Event
1" -8.557 K0532 LH2 tank vent valve closed
0 ‘ Start burner operation ignition sequence
(11:18:19.626 ‘PST, 02-H2 LH2 propellant valve open)

1.975 KOL27 02-H2 LOX propellant valve open
2.116 | KOA52 | UH2 tank vent orifice-and relisf reset
2,136 K0699 LH2 tank vent relief overboars valve closed
2,222 K2400 IK2 tank vent orifice bypass valve closed
5.314 KOL37 02-H2 burner system relay reset
8.000 KO0438 02-H2 voting circuit enabled
8.114 KO4L3 LH2 tank repressurization valve energized

- 8.327 KOLLL LOX tank repressurization valve energized

- 178.665 | KOA4LL LOX tank repressurization valve closed
182.569 ] KO4L3 LH2 tank repressurization valve elosed
182,572 1 KO616 LH2 tank overpressurization pressure switch energized
209.081 1§ KO519 LOX chilldown pump/inverter energized
214.136 KO§12 LH2 chilldown pump/inverter energized
219.311| KO0576 ILH2 and LOX prevalve closed - energized
410.006} K0524 LH2 tank flight pressure valve energized
410.0061 K0523 IH2 tank step pressurization valve energized
456.772] XO432 LH2 ‘propellant valve closed
456,918 KOLLL IH2 ang LOX repressurization system reset
456.919| KOL38 02-H2 voting circuit disabled
457,113 1 KOL52 LH2 tank vent orifice and relief reset off
457.513 1 KOALLO. j. THZ and LOX repressurization mode - ambient
L58.7261 KOL3T 02-H2 burner system relay reset
460.307| KOu28 02-H2 10X propellant valve closed
520,262 ¢ K054k

LH2 chilldown shutoff wvalve open




Table 4-1 (Continued)

Time Meas.

(sec) No. Event

521.459 | KOS541 LOX prevalve open

521.686 1 KO540 LH2 prevalve open

529.389 | KO641 LH2 chilldown pump relay reset

529.599 | KO6L4 10X chilldown pump relay reset

530.87L | XK0621 Hydraulic auxiliary pump flight relay reset




TABLE 4-2

AMBIENT REPRESSURIZATION SEQUENCE

Time Meas.
(sec) No. Event
~110.886 | KO543 LOX tank vent valve closed
0 KOLhL, Start of ambient repressurization
(LOX tank repressurization valve open, 11:29:27.100 PST}
L.560 | K06G9 LH2 tank vent relief overboard valve closed
L.646 | K2400 LH2 tank vent orifice bypass closed
20.519 | KO443 LH2 tank repressurization valve open
L4070 | KO616 LH2 tank overpressure pressure switch energized
L5.4TL | KOLK3 LH2 tank repressurization valve closed
84,102 | KOLLL 10X tank repressurization valve closed A
8@.10& K0563 LOX tank overpressure pressure swiitch energizeé
118.242 | KO516 ILH2 tank vent valve open
167.5% KOL66 1LOX tank NPV valve open

#* Approximate time.

Exact time is not available Aue to NER saturation.




PARLYE b3

ACCEPTANCE FIRING SEQUENCE

KOsk

e | e
-874.073 K2881 Engine start tank purge supply closed
-870.009 K2853 Start engine start tank chilldowm and fill
~407.930 K2888 Start engine thrust chamber chilldown
~-329.968 K3885 Start tank vent closed
-325.056 k2852 End engine start tank £i11
-268.969 K2892 End engine control bottle £ill
-298.718 ko512 LHZ2 chilldown pump on
-288,692 K0519 10X chilldown pump on
-283.661 K0576 LOX and LH2 prevalve closed command
-283.550 KO540 LH2 prevalve open position drop-out
-283.537 Kosh1 I0X prevalve open position drop-out
-283.306 K0o549 ILH2 prevalve closed position pick-up
-283.2kY K0550 LOX prevalve closed position pick-up
~208.918 K2h2l LOX NPV latched
-165.372 K0533 LOX wvent valve closed
'~163.758 K0571 Start LOX tank prepressurization
-153.h12 K0571 End LOX tank prepressurization
-1k6.119 KO571 Start LOX tank prepressurization meke-up cycle
-1k5.282 K0571 End LOX tank prepressurization maeke-up cycle
-95.78% K0532 :| LH2 tank vent valve closed
-94.,170 K2897 Start LH2 tank prepressurization
-51.692 K2897 End LH2 tank prepressurization
-7.856 K3705 Cold helium supply vent opened
-7.801 K2870 LH2 tank prepressurizetion supply vent open
0 Simulated Liftoff (1kh:13:44.000 P3T)
1h88.799 k2889 Engine thrust chamber chilldown terminated
507.697 K0576 . IH2 and LOX prevalve open command
508.655 K05Lk9 IH2 prevalve closed position drop-out
508. 47k K0550 LOX prevalve closed position drop-out
509,292 KO571 Open cold helium shutoff wvalves
509.837 10X prevalve open pick-up




Table 4-3 (Continued)

|
. 510.087 K0o540 LHE2 prevalve open pick-up

510.963 K0519 LOX chilldown pump off

511.055 ¥0512 LH2 chilldown pump off

511.693 K0556 Engine start command

511.695 K0531 Bngine control helium valve opened

511.758 K0627 LOY AST valve opened

511.762 K0632 Main LH2 valve started to open

511.810 K0557 IH2 bleed valve closed

511.831 K0ks58 Main LH2 valve opeﬁed

511.836 KOLGS I0X tank vent valve opened

511. 843 K0558 LOX bleed valve closed

512,827 K0536 " Start tank discharge valve open command

512,956 K0695 Start tank discharge valve starts to open

513.039 Kokh60 Start tank discharge valve cpen

513.279 K0536 Start tank discharge valve close command

513.365 K0633 MOV starts to open

513,378 K0631 GG wvalve started to open

513,421 KOoho0 Start tank wvalve started to close

513.507 | KobsT GG valve open

513.63L4 K0695 Start tank valve closed

51k, 676 Ko52L LH2 tank flight pressure valve close command

51k.676 K0523 IH2 tank step press valve close command

515.kL2 KOL66 10X tank vent valve closed

515.515 KOks59 MOV open

516.012 K0532 LH2 tank vent valve and latching vent valve began
K2h31 relieving

531. k02 K0532 LH2 vent valve closed

532.671 Kok32 J~2.heat exchanger bypass valve open disabled

768.845 k2431 TH2 latching veﬁt valve closed

861.859 KQ52k | LH2 tank flight pressurization second burn mode
K0523 initiated .

921.850 K0523 LH2 tank step pressurization initiated
K052




mable h-3 (Continued)

e, | e
g22.0k45 KO57T LH2 and LOX chilldown shutoff vaive closed command
922,197 KOSk LH2 chilldown shutoff valve open drop-out
922.203 KO5ks5 LOX chilldown shutoff valve open drop-out
922.2k6 K0552 LOX chilldowvn shutoff valve closed pick-up
922,248 K0551 LH2 chilldown shutoff valve closed pick-up
927. 866 K0532 LH2 vent valve relieving
926, 201 K2kl LHZ2 tank latching vent valve closed position drop-out
971.68% K0522 Pngine cutoff command

4-10




SECTION 5 NN

SEQUENCE OF EVENTS



CEQUINCH OF MVENTO

The S-TVB-508 acceptance firing sequence of events is presented in’
table 5-1. The two time bases used in this table are as follows:
First 0,-H, Burner Ignition Sequence " 1118:19.000 hr PST
Simulated Liftoff for J-2 Engine Firing 14313:4%,000 hr PST .
The data sources were the Digital Events Recorder (DER/CAT 57) and the

s
PCM/FM System (CAT 42). Accuracies, of the listed events ere as
follows: )

Data Source Accuracies
Digital Events Recorder (DER/CAT 5T7) +0, -1 ms
PCM/FM '
Piscrete Bilevel (CAT L2)
Direet Inserted +0, -9 ms
Submultiplexed +0, -84 ns



TABLE 5-1 (Sheet 1 of 16)
SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT
RECORDER (CAT 57)

PCM/FM

SEQUENCE (CAT k2) .

SWITCH
SELECTOR MEAS. TIME MEAS. TIME
EVENT/RESULT OF COMMAND CHANNEL 1o. (sec) NO. (sec)
Launch Automatic Sequence
Start (J-2 Eng. Firing
Phase)
5-IVB Engine Cutoff iz K389%0 -478.009
Aux Hyd Pump Fl1t Mode On 28 ¥3890 ~b7é6,917
Aux Hyd Pump Flt Rel K0621 ~476,913
Reset ~ Off
Aux Hyd Pump Power On K051.3 ~476.830
Eng St Tk Dump Close K3885 ~329,968
LH2 Chilldown Pump On 58 k3890 ~298,726
IH. C/D Pump Rel Reset — Ko&L1 -298 .720.
of
LH2 C/D Pump Inverter On K0512 ~298,718
10X Chilldown Pump On 22 K3890 -288.701
LOX C/D Pump Rel Resebt - KoGhh -288.693
Oft
LOX C/D Pump Inverter On K0519 -288, 692
LOX & LHp Prevalve Close KO576 283,661
Command -~ On
IH, Prevalve Open Ko54%0 ~-283.550 K011l -283.54h2
Indication -~ Off
LOX Prevalve Open KOsk -283.537 K0109 -283.459
Indication -~ Off
I, Prevalve Closed KO5ho -283.306 Xo0112 -283.292
Iindication - On
LOX Prevalve Closed KO0550 -283.2kk K0110 -283.209
Indication - On




TABLE 5-1 {(Sheet 2 of 16)

SEQUENCE OF EVENTS (J-2 ENGINE)

Closed Indicsastion - On -

DIGITAL EVENT PCM/FM
SWITCH RECORDER (CAT 57T) SEQUENCE (CAT k42)
. SELECTOR MEAS . TIME MEAS. TIME
- EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (sec)

Heat Exchanger Bypass 51 K3890 -209.069

Valve Control Disable

(Preflight Command Only)

Heat Exchanger Bypass o Kok32 -209.060

Dissble

LOX Tk NPV Viv Latch L5 3890 -208.927

Open OfT

LOX Tk Vent & NPV Latch kool | 208,918

Est On

LOX Tank Vent Valve KO575 -165.819

Open Command - Off .

LOX Tank Vent Valve K0533 | -165.375 | K0002 | -165.297

Closed Indication - On

Cold He Shutoff Valve K3802 -163.765

Cpen Conmnmend .

Cold He Shutoff Valve KO5T1 -163.758

Open Indication

LOX Tk Overpress P/S Ener K0563 -153.417 K0102 -153.382

He Cold Sol Viv Opm KO5TL ~-153.k12

De-Ener

LOX Tk Overpress P/S K0563 | -146.126 | K0102 | -1k6.048

De-Ener -

He Cold Sol Vlv Opn Ener K0571 -146,119

He Cold Sol V1v Opn KO5T1 -1k45,282

De-Ener

LH, Tank Vent Valve K0516 -96.316

Close Command - On

LH> Tank Vent Valve K0532 -95, 784 K0001 ~95. 810
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TABLE 5-1 {Sheet 3 of 16)

SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT
RECORDER (CAT 57)

PCM/TM
SEQUENCE (CAT L42)

SWITCH
SELECTOR MEAS, TTME MEAS. TIME
EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (sec)
LOX Tank Fill & Drain K3845 ~84,456
Bst Close ~ On
LOX Tank Fill & Drain KOskt -83.837
Open - Off
I0X Tank Fill & Drain K0553 ~-83.336 KOOOL ~83.310
Closed Indication - On
"TOX Tank Pill & Drain K38L5 ~82,L08
Bst Close - Off
LHp Tank Fill & Drain K3831 ~82,357
Bst Close - On
LHy Tank Fill & Drain Ko5k6 ~81.704
Open - Off
LH, Tank Fill & Drain K0O554 ~81,200 K0003 -81.1k43
Closed Tndication - On
LHo Tank Fill & Drain K3831 ~-80,308
Bst Close - Off
Aft Bus'l Transfer Ko622 ~49,. 147
Internal Indication
APt Bus 2 Transfer K0623 ~48, 887
Internal Indication
Fwd Bus Transfer Internal K0639 -8, 6k
LHo, Tank Vent Dir Gnd K0561 -26,26k K0113 -26.221
Position OFff
LH, Tank Vent Dir K0562 -26.187 | K011k -26.138
Flight Position On
R/S 1 PD Cmd Tnhibit Off K0662 ~T.TTh
Indication
R/S 2 PD Cmd Inhibit Off K0661

Indication

=T.7h5




TABLE 5-1 (Sheet b of 16)

SEQUENCE OF EVENTS (J-2 ENQINE)

DIGITAL EVENT POM/FM :
SWTTCH RECORDER (CAT 57) SEQUENCE (CAT k2)
SELECTOR | MEAS/ TIME MEAS. | TIME
EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (see)
' X .
Simulated Liftoff (T,)* 000.000
- P/M Calibration On 62 k3890 116,712
T/M Calibration Off 63 K3890 1}7.826
Eng Pump Prg Cont Valve 2k K3890 330.54%
Enable On
Eng Pump Prg Sol Valve K0566 330.556
Energized
Eng Cutoff Arm - Observer K5811 333.984
Eng Pump Prg Cont Valve 25 K3890 k50.652
Enable Off
¥ng Pump Prg Sol Valve K0566 150,665
De-energized
T/M Calibration On 62 X3890 h51.999
T/M Calibration Off 63 K3890 453.125
Charge Ullage Ignition On 5 K3890 507.555
- Ullage Bkt Pilot Relgys K0673 507.561
Rst Off
LHo & LOX Prevalve Open KO5T6 507.697
" Command - On
LOX Prevalve Closed K0550 508.47k K0110 508.505 -
Tndication - Off . ) )
LHy Prevalve Closed KO549 | 508.655 | K0112 508.672
indication - Off
LOX Tk F1t Press Sys On 103, K3890 509.279
LOX Prevalve Open XKo5k1 509.837 KOlOé‘ 500.838
Indication - On

*TO = 1413:kk 00




TABLE 5-1 (Sheet 5 of 16)

SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT PCM/FM
SWITCH RECORDER (CAT 5T) SEQUENCE (CAT L2)
SELECTOR MEAS. TIME MEAS . TIME
EVENT/RESULT OF COMMAND CHANNEL NO. (see) NO. (sec)
LH, Prevalve Open ko540 | 510,087 | K011l |  510.038
Indication - On
LOX Chilldown Pump Off 23 K3890 510.958
LOX C¢/D Pump Inverter K0519 510.963
O0ff Indication
LOX C/D Pump Rel Reset Ko6hlk 510.966
Indication
LH, C/D Pump Off 59 K3890 511.050
LHp C/D Pump Inverter ¥K0512 511.055
Off Indication
LHp C/D Pump Rel Reset KO641 511.057
Indication
S-IVB Engine Cutoff Off 13 K3890 511.228
Engine Cutoff Ind - Sw Kok18 511.234 KOo1ko 511.31L
Sel Reset
Engine Cutoff Indicator - Ko522 511.2k0
De-energized
Aft Separate Simu 1 On K4790 511.291
A% Separate Simu 2 On K571k 511.323
Fire Ullage Ign On 56 K3890 511.384
Ullage Rkt Ign PS 1 K0176 511.438
Indication
Ullage Rkt Ign PS 2 KOL1TT 511.438
Tndication ’
S-IVB Engine Start On 9 K3890 511,689
Engine Start Command Rel K063k 511.693
Rst Off




TABLE 5-1 (Cheet € of 16)

SEQUENCE OF LEVENTS (J-2 ENGINE)

DIGITAL EVENT PCM/FM .
EWTTCH RECORDER {CAT 57) SEQUENCE (CAT k2)
SELECTOR MEAS, TIME MEAS. TIME
EVENT/RESULT OF COMMAND CHARNEL NO. (sec) NO. - . {sec)
Fngine Start Command On K0556 511.693 - K0021 511.695
Eng Tgn Ph Cont Sol Ener K0535 511.694 K006 511.695
¥ng Spark T/C Sys On KOhSh 511.691 K0010 511.695
Eng Spark CC Sys On Koks55 511.69h K001l 511.695
Eng Cont He Sol Valve K0531 511.695 KoooT 511.695
Ener-
Eng Ready Sig Off K0530 511.697 K0oo12 511.763
Eng ASI LOX Valve Open K0627 511.758
Eng Main LH, Vlv Cls - K0632 511.762
off
Eng LH, Bld Valve Cls - K0557 511.810
On
Eng Main LH, V1v Open - Koks58 511.831 | KO118 | ~511.8h7
On
Eng LOX Bld Vliv Cls - On K0558 511.8h3
Eng Ign Detected K0537 511.966 K0008 511..970
Aft Separate Simu 1 OfF Kh790 512,038
Aft Separate Simu 2 Off K571h 512.0k48
Fuel Inj Temp OK Bypass 11 K3890 512,817
¥uel Inj Temp OK Bypass KOkh6 512,82}k
Reset
Engine Start Tk Disch XK0536 512.827 K0096 ° 512.828
" 80l Ener

S-IVB Engine Start Off 27 K3890 513.026
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TABLE 5-1 (Sheet T of 16)
SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT PCM/FM

SWITCH RECORDER (CAT 5T7) SEQUENCE (CAT h2)

SELECTOR MEAS. TIME MEAS. TIME
EVENT/RESULT OF COMMAND CHANNEL NO. (see) NO. (sec)
Engine Start Command Rel K063k 513.029
Rst
Engine Start Command Off K0556 513.031 Koo21 512.053
Eng St Tk Disch Vliv KOu460 513.039 K0lz22 513.097
Opn - On
Eng St Tk Disch Sol K0536 513.279 K0096 513.287
Ener - Off
Eng M/S Cont Sol K0538 513.279 K0005 513.278
Ener - On
Eng Main LOX V1v Cls - K0633 513.365
off
Eng GG Viv Cls - Off K0631 513.378
Eng 8t Tk Disch Viv KoL60 513.421 K0122 513. 430

| Opn - OfF : "

Eng GG Viv Opn - On KOL5T 513.507 Ko11T 513.513
Eng LOX Turb Byp Vliv Koh61 513.536 Kol2h 513.605
Open - Off
Eng St Tk Disch Vlv K0695 513.63h
Cls - On
Eng LOX Turb Byp Vliv KOU63 513.74o K0125 513.772
Closed - On
First Burn Relay On 68 K3890 51k4.667
First Burn Press Cont Vlv Ko524 51k.676
Sol Ener
First Burn Step Press K0523 51k.676
Cont V1v Ener
Eng M/S OK Press Sw-1 K0610 514,914 K001k 514.996




TABLE 5-1 (8Sheet 8 of 16)

" JEQUENCE OF EVENTS (J-2 EUGINE)

DIGITAL EVENT PCM/FM :

SWTTCH RECORDER (CAT 57) | SEQUENCE (CAT ggx
SELECTOR MEAS . TIME MEAS . TIME .

EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (sec)

Eng M/S OK P/S-1 KO572 514,015 K0158 53101, 95)

Pressurized A

Eng M/S OK Press Sw Koki2 514,916

Pick-up (No) !

Eng M/S OK Press Sw K0685 514,916

Pick-up (No)

. Eng M/S OK P/8-2 K0573 51k.9k9 ' | KO159 514.95h
Pressurized :
Eng M/S OK P/S-2 K0157 51k, 95)
Pressurized -
Eng Main LOX V1v Open Kokhs59 515.515 K0120 515. 596
Eng Spark GG Sys - Off KOLsh 516.580 K0010 516.585
Eng Spark T/C Sys - Off Xoks55 | . 516.580 K0011 516.585
PU Activate On 5 K3890 517.85L
PU Activated K0507 517.859
Chg Ullage Jett On 55 K3890 519.335
Fire Ullage Jett On 57 K3890 521,869

" EBW Fire 1 PS K01hg 521.946
EBW Fire 2 PS K0150 521 ;946
Fuel Inj Temp OK Bypass 16 K3890 523.089
Reset
Eng LH, Inj Temp Byp KohLé 523.089
Rst
Ullage Chg Reset 88 K3890 525,262
Ullage Firing Reset T3 K3890 525.466
UR Pilot Relays Fst KO6T3 525. 475




TABLE 5-1 (Sheet 9 of 16)

SEQUENGCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT
RECORDER (CAT 57)

PCM/FM

SEQUENCE (CAT k2)

SWITCH
SELECTOR MEAS. TIME MEAS. TIME
EVENT/RESULT OF COMMAND CHAWNEL NO. (sec) NO. (sec)
Ht Bxch Valve Control 50 K3890 532.665
Enable
R/S Tone 2 EBW Arm & ECO K5758 536,107
R/S 2 Arm & ECO Cmd Revd K0659 536,214
R/S 1 Arm & ECO Cmd Revd K0660 536.217
R/S 2 PD EBW FU Pwr On 30651 536,217
R/S 1 PD EBW ¥U Pwr On K0650 536.220
R/S 2 EBW Arm & ECO On K0692 536.221
R/S 1 EBW Arm & ECO On K0693 536.22)
R/S 2 Arm & ECO Cmd Revd K0659 536,241
Oft
R/S 1 Arm & ECO Cmd Revd KO0660 536,245
off
R/S Tone 2 EBW Arm & ECO K5758 536.379
Off
R/S Tone 1 PD Cmd On K5757 539.476
R/S 2 PD Cmd Revd On K2k05 539.582 KOL1k2 539.603
R/S 1 PD Cmd Revd On K2hoh 539.585 Ko1hi 539.603
R/S 2 PD Cmd@ Revd Off K2Lo5 539.610
R/S 1 PD Cmd Revd Off K2hok 536.61k
R/S Tone 1 PD Cmd Off K5757 539.724
R/S Tone 6 Sys Off Cmd - K5759 542,798
On
R/S 2 Sys Off (md Revd - KO6T79 542,899
On
R/S 2 PD EBW FU Pwr Off K0651 542,001
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TABLE 5-1 (Sheet 10 of 16)

SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT PCM/FM .
SHITCH RECORDER (CAT 57) SEQUENCE (CAT L2)

SELECTOR MEAS. TIME MEAS. TIME

EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (sec)

R/S 2 Revr Pwr OFf KO6T8 542,901

R/S 2 Sys Off Cmd Revd - KO679 542,902

Off

R/S 1 Sys Off Cmd Revd - K0681 542,903

On

R/S 1 Sys Off Cmd Revd K0681 542,904

Off

R/S 1 PD EBW FU Pur Off K0650 542,90k

R/S 1 Revr Pwr Off K0680 542.90k

R/S Tone 6 Sys Off Cmd - K5759 543,051

Off

Aux Hyd Pmp F1t Mode Off 29 K3890 656.79h

Aux Hyd Pmp Flt Rel Rst - K0621 656.798

0ff _

Aux Hyd Pmp On Ener - Off K0513 657.0k6

Aux Hyd Pmp F1lt Mode On 28 K3890 706.892

Aux Hyd Pmp F1lt Rel X0621 706.895

Reset - Off

Aux Hyd Pmp Power On K0531 T706.98L"

First Burn Relay Off 69 K3890 861.852

Fuel Tank Press Cont Vlv Ko52L 861.859

S0l De~ener

Fuel Tank Step Press K0523 861.860

Cont Viv Sol De-ener

Second Burn Relay On 32 X3890 861.96h4

LH, Tk Step Pres V1v Ener ¥K0523 861.972

2
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TABLI
LRQUENCE

-1 {Bheet 11 of 16)
OF BVENTS (J-2 BNGINE)

DIGITAL EVENT

PCM/FM

SHTTCH RECORDER (CAT S7) SEQUENCE (CAT 42)
SELECTOR MEAS. TIME MEAS. TIME
EVENT/RESULT OF COMMAND CHANNEL NO. (sec) NO. (sec)
Fuel Tk Press Cont Viv Ko52L4 861..972
S0l Ener
PU Active OFff 6 X3890 862.05h
PU Hardover On 17 K3890 862.151
Second Burn Relasy Off 33 K3890 921,843
Fuel Tk Press Cont Vliv K052h 021, 850
Sol De-ener
LH, Tk Step Pres V1v Ener K0523 921, 850
PU Position Hardover Off 18 K3890 921.93k
LH, & LOX C/D Shutoff KO57T 922,045
Close Ener - On
THs C/D Shutoff Valve KOSkk 922,197 | KO0137 922,203
Open - OffF
1.0X C/D Shutoff Valve KO5hs5 922.203 K0138 922,211
Open - Off
10X C/D Shutoff Valve K0552 922.2h6 K0139 922,295
Closed ~ On
Liy C/D Shutoff Valve KO551 922,2h8 K0136 922,286
Closed -~ On
Point Level Sensor Arming a7 K3890 966,256
Eng Pump Purge Cont Vliv 2l ¥3890 . 966.355
Enable On
Eng Pump Prg Sol Vlv K0566 966.367 K0105 967.901L
Ener - On
Eng Cutoff Lock-in Ind - K0539 971,681 | X0013 971.7h1
On .

5-12




TABLE 5.1 (Sheet 12 of 16)

SEQUENCE OF EVENTS (J~2 ENGINE)

|

DIGITAL EVENT PCM/FM

SWITCH RECORDER (CAT 57) SEQUENCE- (CAT Fa)
SELECTOR MEAS. TTME MEAS ., TIME

EVENT/RESULT OF COMMAND ~ CHANNEL NO. {sec) NO. (sec)

Eng Ign Ph Cont Sol KO0535 971.682 | k0006 971.681

Ener - Off .

Eng Cutoff Ind - Veh K0522 971.68k

Ener - On

Eng M/S Cont Sol Ener - XK0538 971.684 K0005 971.681

off

Eng Cutoff Ind - Koul19 971,685

Non Prog - On

Eng GG V1v Open - Off KOL5T 971.715 | K0117 O71.7hi

0,-H, Burner Sys Rel Rst Kok37 971.735

Eng Main LOX Vlv Open - KOk459 9TL.TTL K0120 971. 0825

of'f

Eng GG Vlv Cls - On K0631 971.773

Tng Main LH2 Viv Open - ¥Kohs8 071.801 K0118 971.825

off

Eng M/S OK P/S-2 KO0573 971.860 K0159 971.933

Depressurized

Eng M/S OK P/S-1 K05T2 971.865 K0158 971.933

Depressurized .

Eng M/S OK Press Sw KG610 971. 866 KOo1h 971.891

No. 1 -~ Off

Eng Thrust OK 2 Ko412 971.867

BEng Thrust OK 1 K0685 971.868

Eng Main IOX Vlv Cls - On K0633 971.885

Eng LOX Turb Byp Viv K0463 - 971.954. | K0125 §72.000

Cls - Off
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TABLE 5-1 (Sheet 13 of 16}

SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT

RECORDER (CAT 57} |

PCM/FM
SEQUENCE {CAT L2)

Off

SWITCH :
SELECTOR MEAS. TIME - MEAS. TIME
EVENT/RESULT OF COMMAND " CHANNEL NG, (see) NO. (sec)
Eng Main I..I-[2 ¥lv Cls - On K0632 971.979
Eng Pmp Prg Cont V1v 2k K3890 972.022
Enable On
Fwd Bus Transfer External K0639 972,121
Indication - Off
Aft Bus 1 TPransfer K0622 972,302
Externagl Indication
Eng LOX Turb Byp Vlv Opn Koh61 972.403 Ko124 972.416
Aft Bus 2 Transfer K0623 | ~ 9T72.h79
Bxternal Indiceation
Eng Cort He Sol Viv K0531 972.674 | kooor | o72.681
Fner -~ Off .
I 4

Eng Cutoff Lock-in Ind - K0539 972.677 K0013 " 972.7h1
off .
Bng Ready Sig On K0530 972.680 Koo12 972.7h1
LHp & LOX Prevalve Closed KO576 973.1h9
Commend - On

" LHp Previv Open Kosho 973.256 K011l 973,316
Indication -~ Off
LOX Prevlv Open KO541 973.272 K0109 973.316
Indiegtion ~ Off
LHy Prevliv Cls - On Koskg |~ 973.hok | KO112-|  973.556
LOX Prevalve Close ~ On K0550 973.568 K0110 973.650
S-IVB Engine Start Off 27 K3890 973.789
He Cold Sov Cls - On K3802 973.882
He Cold Sov Opn ~ Ener - KO5T1 973.888
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TABLE S5-1 (Sheet 1L of 16)
SEQUENCE OF EVENTS (J-2 ENGINE)

PCM/FM

DIGITAL EVENT
SWTTCH RECORDER (CAT 57) SEQUENCE (CAT Lk2)
. SELECTOR | MEAS. TIME MEAS . TIME |
EVENT/RESULT "OF COMMAND CHANNEL KO, (sec) NO. (sec) -
S-IVB Engine Cuboff 12 K3890 | . -973.937 {.. .
Engine Cutoff Ind - Sw K0k18 973.941 | *-
Sel ’
"LOX Tk Press Shutoff 79 K3890 9Th.03h{% )
Vlivs Cls On R
First Burn. Relay Off 69 K3890 9Th. 157
Second Burn Relay Off 33 K3890 97&.253;”
LOX Tank Flight Press 104 K3890 97h.3h9:f
System Off
LOX Chilldown Pmp Off 23 K3890° 9T7k.525
LH, Chilldown Pmp Off 59 K3890 97kh.622
Point Level Sensor 98 X3890 976.031
Disarming ; -
Fuel Inj Temp OK Bypess 16 3890 977.317
Reset
Ullage Chg Reset 88 K3890 977.731
Ullage Tiring Reset T3 K3890 977.827
T/# Celibration Off 63 K3890 977.950
Inflight Relays - Off L9 K3890 978.0k46
Regular Calibration - Off g K3890 978.169
Heat Exchanger Valve 50 K3890 ,| .978.456
Control Enab Co-
Fng Cont Btl Dmp Opn - On K3817 978.557
Aux Hyd Pmp Flt Mod Off 29 K3890 1087.216
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TABLE 5-1 (Sheet 15 of 16)
SEQUENCE OF EVENTS (J-2 ENGINE)

DIGITAL EVENT

PCM/FM .
SHITCH RECORDER (CAT 57) SEQUENCE (CAT 42)
‘ SELECTOR MEAS. TIME MEAS . TIME
EVENT/RESULT OF COMMAND CHANNEL No. (sec) NO. (sec)
Aux Hyd Pmp F1lt Rel Rst Ko621 970.002
Aux Hyd Pmp On Ener No K0513 | 1087.k72
Eng Cutoff Cmd - C/T K796 1124 .660 .
Pur Off
Eng Cutoff Cmd - GSE Kh7o7 1121,686
Pyr Off ’ -
S~IVB Eng Cutoff Off 13 K3890 112k,756 .
Eng Cutoff Ind ~ Sw Sel - KoL418 1124, 762 - S
off
" LOX Tk Press Shutoff Vlvs 80 X3890 112k.926 -
ClS Off ) - S ’/ )
LHs Tk Vnt Dir Flt Pos - K0562 1131.1456
Off . ’
IHp Tk Vnt Dir Gnd Pos - KOS61 | 1131.517
On
T/M P¥élaunch C/O Grp On K0ho6 | 1213.515
Command -
T/M Prelaunch C/0 Grp On KoLo8 1213.564
Indication
T/M Prelasunch C/0 Grp On Koluoé 1213.691
Comm ~ Off
Inflight Relay On 48 K3890 | 1213.869 e
. u’(i“
Reg. Cal. On 46 K3890 1213.958
Inflight Relay Off ko K3890 1219.077
Reg. Cal. Off b K3890 1219.173
T/M Cal. On 62 K3890 1219.277
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TABLE 5-1 {Sheet 16 of 16)
SEQUENCE OF EVENTS {J-2 ENGINE)

DIGITAL EVENT PCM/FM
SWTTCH RECORDER (CAT 57) SEQUENCE {CAT he)
SELECTOR MEAS. TTME MEAS. TIME
EVENT/RESULT OF COMMAND CHANNEL NO.. (see) NO. (sec)

T/M Cal. Off 63 K3890 1220.397
Inflight Relay On 18 K3890 1330.25h
Reg. Cal. On 46 K3890 1330.343
Inflight Relays Off Lo K3890 1335.458
Reg. Cal. Off bt X3890 1335.547
T/M Cal. On 62 X3890 1335.637
T/M Cal. Of7F 63 X3890 1336.751
15 K3890 1417.356

LOX C/D Pump Dump V1lv Clsd
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TABLE 5-2 (Sheet 1 of 9)
SEQUENCE OF EVENTS (O,-H, BURNER)

DIGITAL EVENT PCM/FM
SWITCH RECORDER {CAT 57) SEQUENCE (CAT L2)
EVENT /RESULT OF COMMAND SELECTOR
. CHANNEL MEAS. TIME MEAS. TIME
NO. (sec) No. {(sec)

Burner Start (TA)*
T/M Calibration On 62 K3890 | -1181.90k
T/M Calibration Off 63 X3890 { -1180.78k
RACS Cal (End) KL48o2 | -1155.9k2
T/M Prelaunch C/0 Group Off KO403 | -1155.338
Command
T/M Prelaunch C/0 Group On K0L08 | -1155.299
Ind - Off
T/ Prelaunch C/0 Group Off KO403 | -11k7.587
Command -~ Reset '
Aft Bus 1 Uransfer Internal K0622 | -11h7.54k
Indication
Aft Bus 2 Transfer Internal K0623 | —1147.278
Indication
Fwd Bus Transfer Internal ¥K0639 | -1147.032
Indication
Ambient Repress Mode Sel 37 K3890 | -1141.340
Off and Cryo On
Burner Fuel Prop Vlv Clsd 61 K3890 | —-1141.250
Ooff
Burner LOX Shutdown Valve 75 K3800 | -1141.159
Close Off '
Burner Automatic Cuboff 85 K3890 | -1136.550 '
Sys Arm
Anibient Repress Mod Sel 37 K3890 | -1131.080 K0195 N/A
0Of£f and Cryo On

*TA = 1118:19.000




TABLE 5-2 (Sheet 2 of 9)

SEQUENCE OF EVENTS (0, -H, BURNER)

272

Opn -~ On

DIGITAL EVENT PCM/FM
SWITCH RECORDER (CAT 5T) SEQUENCE (CAT L42)
EVENT/RESULT OF COMMAND SELECTOR
- CHANNEL MEAS. TIME MEAS, TIME
NO. {sec) NO. {(zec)
8-IVB Ullage Engine No. 1 L3 K3890 | -1130.923
ort
S-IVB Ullage Engine No. 2 102 K3890 | ~1130.826
off '
Burner Auwtomstic Cutoff 86 K3890 | -1130.735
Sys Disarm ’
Burner Fuel Prop Valve 61 K3890 | -1130.590
Closed OffT :
Burner LO¥ Shutdown Close T5 K3890 | -1130.501
Off :
LOX Tank NPV Valve Latch Ll K3890 | -1121.40k
Open On
Burner Fuel Prop Valve 26 K3890 .54k
Openn On
Burner System Rel Rst - KO437 0.551
oft ’
Burner LH, Prop Valve Cls Koh32 0.559 K0180 0.652
off
‘Burner LHp Prop Valve Opn KOL31 0.626 | X0181 0.652
On
Burner Exciters On TO K3890 0.854L
Burner LOX Shutdown Valve 89 K3890 1.275
Openr On
Burner LOX Shutdown Valve Kok28 1.343
Close - Off
Burner LOX Shutdown Valve KCh27 1.3ko
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TABLE 5-2 (Sheet 3 of 9)
SEQUENCE OF EVENTS (02_1{2 BURNER)

DIGITAL EVENT PCM/FM )
SWITCH RECORDER (CAT 57) SEQUENCE (CAT k2)
EVENT /RESULT OF COMMAND SELECTOR
CHANNEL MEAS. TIME MEAS . TIME
NO. (sec) NO. (sec)

LHs Tank Continuous Vent 84 K3890 1.483
Valve Closed On
LH, ‘Pank Continuous Vent Koh52 1.490
Valve Relays Reset - OfT
LH, Tank Continuous Vent K0699 1.510 | K015k 1.561
Relief Override Valve
Closed -~ On
LH,. Tank Continuous Vent XKOb51 1.595
Orf Bypass Valve Open - Off
LHpy Tank Continuous Vent k2okoo 1.596 K0155 1.660
Orf Bypass Valve Closed -
On '
Burner Fuel Prop Valve T2 X3800 2,095
Open - Off
Burner LOX Shutdown Valve 90 K3890 2,806
Open Off
LH, Tenk Continuous Vent a7 X3890 3.512
Valve Close Off
LH, Tenk Continuous Vent Kohs2 3.521
Valve Relays Reset - On
Burner Exciters Off 71 K3890 L.678
Burner Sys Rel Rst - On KOL3T L.688
Burner Automatic Cutoff 85 K3890 T.370
Sys Arm
LH, and LOX Repress Sys Kokl 7.37h
Rst - Off
Burner Automatic Cutoff Kou438 7.374
Sys Enable On
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TABLE 5-2 (Sheet 4 of 9)

SEQUENCE OF EVENYS (02_.1{2 BURNER}) i
N
DIGITAL EVENT PCM/TM
SWITCH RECORDER (CAT 5T7) | SEQUENCE (CAT h2)
EVENT /RESULT OF COMMAND SELECTOR
CHANNEL MEAS. T IME MEAS. TIME
KO. (sec) NOo. ] (sec)
1H, Tank Repress Control 39 1 K38%0 7.480
VaIve Open On
LH, Repress Valve Ener - On KO4kh3 7,488
LOX Tank Repress Cont Valve 3 K3890 7.688
Open On
LOX Tank Repress Valve Ener KOLLh T.701
On
LOX Tank Repress Cont Valve L K3890 178.027
Open Off
LOX Tank Repress Valve Ener KOl bl 178.039
Off
Aux Hyd Pump Flt Mode - On 28 K3890 178.853
Aux Hyd Pump Flt Rel Rst K0621 178.857
Aux Hyd Pump On — Ener ' K0513 178.9k0
LH, Tank Repress Valve Ener KOLh3 181.943
Of'f )
LOX Tank Repress Cont Valve b K3890C 208.286
Open Off
LOX Chilldown Purp On 22 K3830 208. kh6
LOX Chilldown Fump Rel KO6L4L 208.153
Rst - Off
LOX Chiildown Pump Inv K0519 208.455
On
LH, Chilldown Pump On 58 K3890 213.502
LE, Chilldown Pump Rel Rst KO6h1 213.508
Off
I J
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TABLE 5-2 (Sheet 5 of 9)
SEQUENCE OF EVENTS (0,.-H, BURNER)

272

EVENT /RESULT OF COMMAND

SWITCH
SELECTOR
CHANNEL

DIGITAL EVENT
RECORDER {CAT 57)

PCM
SEQUENCE (CAT L42) .

MEAS, TIME
HO. (sec)

MEAS. TIME
NO. (sec)

LH2 Chilldown Pump Inv On

LH, and LOX Prevalve Close
Command - On

LHo Prevalve Open Indica-
tion ~ Off

LOX Prevalve Open Indica-
tion - OfT

LH2 Prevalve Closed
.Indication - On

LOX Prevalve Closed
"Tndication — On

Second Burn Relay On

LH2 Tank ¥1t Press Valve
Ener

LH2 Tank Step Pres V1v Ener

PU Valve Hardover Position
On

'S-IVB Ull Engine No. 1 On
5-IVB Ull Engine Rel Rst
5--IVB Ull Engine No. 2 On

. LOX Tank Repress Cont Vlv
Open Off

LH, Tank Repress Cont V1v
Open Off

Burner Fuel Prop Viv
Closed On

32

17

ho

101

81

60

K0512 213,510

K0576 218.685
K05Lo 218,786
KOskl | 218.807
KO549 219.045
K0550 219.103

K3890 | L09.372

K0524 409,380

K0523 L09. 380

K3890 409. k62

K3890 455.555
Kohog 455, 560
K3890 455,645
¥3890 455,782

K3890 455,920

k3890 456,066

K0111 218,826
K0109 218.826
K0112 219.076

K0110 219.160

~

5-22




TABLE 5-2 {Sheet 6 of 9)
SEQUENCE OF EVENTS (O

2 2

-H_ BURNER)

DIGITAL EVEHRT

PCM/FM

Close Off

SWITCH RECORDER (CAT 57) SEQUENCE (CAT L2)
EVENT/RESULT OF COMMAND SELECTOR
CHANNEL MEAS. TIME MEAS, TIME
NO. (gec) NGO, (see)
Burner Sys Rel Rst - On KO437 456,072
Burner Auviomatic Cutoff Sys 86 K3890 56,287
Disarm
"LHo + LOX Repress Sys Rst Kohh1 h56.292
Burner Automatic Cuboff K0kL38 456,293
Sys Enab
LH, Tank Cont Vent Valve 84 K3890 456,481
Close On
LH, Tank Cont Vent Valve Kobs52 |} 456.L487
Rel Rst
Amb Repress Mode Sel On 36 K3890 456, 884
and Cryo Off
IH, + LOX Repress Sys Rst Kohkhl 456,887
LH, + LOX Repress Mode Amb Kokkho 156.887
LH, Tank Cont Vent Valve 8T K3890 157,489
Close Off -
LH, Tank Vent Orf + R1f gkols2 | L5T7.498
Rst
Burner Fuel Prop Vlv 61 K3890 458,091
Clsd Off
Burner Sys Rel Rst - On KOL3T 458,100
Burner LOX Shutdown Valve Th K3800 | 1459.615
Close On
LHy Tank Cont Vent Valve 87 K3890 459,751
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TABLE 5-2 (Sheet 7 of 9)

SEQUENCE OF EVENTS (02-1{2 BURNER)

DIGITAL EVENT PCM/FM
SWITCH RECORDER (CAT 57) | SEQUENCE (CAT 42}
EVENT /RESULT OF COMMAND SELECTOR
CHANNEL MEAS. TIME MEAS. TIME
MO, (sec) NO. (sec)

Burner LOX Shutdown Valve 75 K3890 460 .687
Close OfT
Burner Sys Rel Rst KO43T 460.695
LH, + LOX Previv Close K0576 518.688
Ener :
LOX Prevalve Clsd On K0550 519.476
LH, Prevalve Clsd On KO549 519.659
LOX Prevalves Open - On KOSk1 520.833 K0109 520.812
LH, Prevalves Open - On KO50 | 521.060 | K0111 | 521.062
LH, Chilldown Pump Off 59 K3890 528.755
LH, C/D Pmp Inv Off - K0512 528.T60
Indication
LH,. C/D Pmp Relay Rst K06kl 528,763
Indication
LOX Chilldown Pump Off 23 X3890 528.96hk
LOX C/D Pmp Inv Off K0519 528.970
Indication
LOX C/D Pmp Relay Rst K064l 528.973
Indication
Aux Hyd Pmp Flt Mode Off 29 K3890 530.2h0
Aux Hyd Pump F1t Rel K0621 530.2h45
Rst - Off
S-IVB Ull Engine No. 1 43 K3890 530.383
Off
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'PABLE 5~2 (Sheet 8 of 9)

SEQUENCE OF LVENTS (O

2—H2 BURNER)

EVENT /RESULT OF COMMAND

SWITCH
SELECTOR
CHANNEL

DIGITAL EVENT
RECORDER (CAT 57)

PCM/FM
SEQUENCE (CAT L2)

MEAS. TIME
NO. (sec)

MEAS. TTME
NO. (sec)

S-IVB Ull Engine No. 2 Off
5-IVB Ull Engine Rel Rst

PU Valve Hardover Position
oft

LH2 Tank Cont Vent Orf
Shutoff Valve Open On

1H, Tenk Cont Vent Valve
Rel Rst

LH2 Tank Cont Vent R1f
Ovrrd Shutoff Viv Open On

LH, Cont Vent Orf Bypass
Valve Open Indicstion

LH2 Tank Cont Vent Rif
Override Valve Closed Off

LH, Tenk Cont Vent Orf
Shutoff Valve Open 0Off

LHp Tenk Cont Vent RLT
Override Shutoff Valve
Open Off

LH2 Tank Cont Vent Valve
Rel Rst

LOX Tank Repress Cont
Valve Open On

LOX Tank Repress Valve
Ener

102

18

111

107#*

112

108

K3890 '530.472
Kok29 530,481
K3890 530,587

K3890 548,318
Kobs2 ‘5h8.375
K3890 N/A

KOL51 5h8.§§1
K0699 548,54k
K3890 550. 438

K3890 550.527

KoLs2 550,535
¥3890 668,087

KOkl 668,100

¥Buffer saturated and commend not recorded; however, talkback (K0699)

was recorded.
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TABLE 5-2 (Sheet 9 of 9)
SEQUENCE OF EVENDS (02—}12 BURNER )

) LDEGIUAL EVISNE PUM /M
SWIICH . RECORDEK (CAT 5f) | SEQUENCE (CAT h2)
EVENT/RESQUP OF COMMAND SELECTOR
\ CHANNEL MEAS, TIME MEAS. I TR
‘ NO. (sec) NO. {sec)
LH2 Tank Cont Vent Viv Sh k3830 672.63h
Close On )
I#, Tenk Vent Orf + R1f ; - Kous2 672.647
Rst
LH2 Tank Vent R1f Ovrd . K0699 672.660
Cls
LH, Tenk Vent Orf Bypass KOk51 672.746
Closed
IH, Tank Cont Vent Valve 87 K3890 &1L, 750
Close Off
1H, Tank Vent Orf + RLf Koks2 67h. 758
BS%
LH, Tank Repress Cont 39 K3890 688.610
Valve Cpen On )
LH, Tank Repress Viv Ener KOhl3 688,619
LH2 Tank Step Pres Vliv K0523 T12.17C
Ener
LHp Tank Repress V1v Ener Kohl3 T13.574
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ENGINE SYSTEM



an

ENGINE SYSTEM

The S-IVB stage acceptance firing was performed with an uprated'(230,000
1bf thrust) Rocketdyne engine 8/N 2122 (figure 6-1) mounted on the stage.
The engine was manufactured in the configuration baseline designed for

J-2 engine S/N 2088 and subs and described in the Rocketdyne configufation.
report (R-5788). The manufacturer conducted the engine acceptance test
program on 21 and 22 August 1967. The necessary pérformancerdemonstration
was achieved in two test firings with an accumulated duration of 28h,f sec.
As a result of thesse tests the engine performance tag values were estéb;

lished as follows:

Thrust (F) "226,k61 1Dbf
Engine mixture ratio {EMR) 5.546
Specific impﬁlse_(Isp) ~ h23.1 sec

The tag values were established ﬁith a LOX flowmeter -constant of 5.4790
cycles per gallon (cpg) and an LH2 flowmeter constant of l.%h3230pg. The
gas generator feed system contained orifices with diametersiof-0.268‘in.
for LOX and 0.485 in. for LH2. The engine was equipped With a l-sec start
tank discharge valve timer in the engine control. None of the other modi-

fications significantly affected performance.

6.1 Engine Chilldown and Conditioning

i

6.1.1 Turbopump Chilldown

Chilldown of-the engine LOX and LH2 turbopuﬁps was adequate to provide the
conditions required for proper engine start. .An analysis of the chilldown

operation is presented in paragraphs 7.4 and 8.3.

£.1.2 Thrust Chamber Chilldcwn

The thrust chamber skin temperature (figure 6-2) was 267 deg R at engine
start command, well within the engine gtart requirements of 235 #75 deg R..

The rate of chilldown, however, was slower than normal, and the terminal

temperatures were higher than normal as shown by the comparison of three
acceptance firings presented in table 6-~1. The LH2 pump 'start transient

buildup characteristics were satisfactory, as shown in figure 6-3.
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6.1.3 Engine Start Sphere Chilldown and Loading

Chilldown and loading of the GH2 start sphere (figure 6-4) met require-
ments for engine start (figure 6-5). The warmup rate averaged 1.66 deg
R/min from sphere pressurization to engine start command. Significant

data from three S-IVB stages are compared in table 6-2.

6.1.4 Start Tank Refill Performance

Figure 6-6 shows the refill performanée of the J-2 start tank during the
S-IVB-508 stage acceptance firing. Immediately prior to start tank dis-
charge, the start tank conditions (1,316 psia and 277 deg R) were within
the safe start envelope. When the start tank discharge valve (STDV)
opened, the GH2 discharged through the turbines as shown in figure 6-6.
The discharge was completed and the refill initiated when the temperature
and pressure were 196 deg R and 157 psia, respectively, at ESC +1.875 sec.
Except for the initial period when the injector was at its lowest tempera-
ture (immediately after fuel lead) the refill was practically an exact
reversal of the discharge. The tank was topped with lower temberature
hydrogen from the LH2 pump discharge starting at ESC +7.25 sec. The _ .
topping was terminated when the pressure differential across the topping
check valve was lower than the minimum reéuired for flow. At this time
(ESC +4kh.0 sec) the tank pressure and temperature were 1,176 psia and
209,.7 deg R, respectively. Environmmental heating caused the start tank

pressure and temperature to increase to the required level for start.

Figure 6-7 shows the restart capability of the engine based on a
Rocketdyne~determined criterion. The start tank pressure at STDV +60 sec .
{ESC +61.134 sec) was 1,202.5 psia as compared to a minimum allowable of
950 psia. AL ESC +57.7 sec , the start tank condition was within the safe
start envelope; at engine cutoff command, the pressure and temperature were
1,353.7 psiz and 246.4 deg R. The pressure reached the relief valve setting
(1,350 psia) during the firing.



6.1.5 Engine Control Sphere Chilldown and Lbading

The engine control sphere conditioning was adequate (figure 6-8), and all
objectives were satisfactorily accomplished. Significant engine control

sphere performance data from four S—IVB‘stages are'compared in table 6-3.

6.2 J-2 Engine Performance. Analysis Methods and Instrumentation

Engine perférmance for the acceptance firing was calculated by use of -
computer program PA65. The average performance during given intervals

was calculated by computer program PAYG. Computer progrem PAS3, ﬁtilizing
revised techniques and the latest Rocketdyne correlations, was used éo
compute start and cutoff ﬁ?ansient performance, Computer program GL0S5-1
was used to determine propgllant consumption during burn.¥ A description
of the operation and a comparison of the results of these programs is pre-
sented in table 6-4%. Data inputs to the.computer programs, with the

applicable biases, afe shown. in table 6-5.

" 6.3 J-2 Engine Performance

The engine performance was satisfactory. Plots of selected data showing
engine clhiaracteristics are presented in figures 6-9 through 6-13. The

engine propellant inlet conditions are discussed in sections 7 and 8.°

The 508 acceptance test differed from previous tests in that engine per-

" formance was demonstrated for both closed loop and open loop opérationl

At ESC +350 sec, the PU system was deactivated and the PU valve was com-
manded to the full open (4.5/1.0 EMR) position. At ESC +L410 sec, this
command was removed and the valvp went to the null position for the
remainder of the firing. This test also provided engine performance data
at 5.5/1.0, 5.0/1.0, and 4.5/1.0 mixture ratios for use in flight predic—‘
tions. Cutoff was initiated by the fuel depletion sensors. All engine
performance parameters indicated nominal engine performance immediately

prior to and during engine cutoff.

¥Program UT23 was also used to analyize and study engine component
performance.
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The engine tag performance level at ESC +60 sec

program PA63 (Past-6kl deck) was as follows:

as determined by coppﬁter

DAC Rocketdyne 36
Parameter Acceptance Acceptance Difference Run to Run *
Thrust (1bf) 225,025 226,461 -1436 +2.,216
Mixture ratio 5.569 _ 5.546 +0,023 +0.03
Specific impulse (sec) hoo 2 ho3.1 " -0.9 +2.46

These values are comparable, within the run-to-run deviations, to the J-2

engine -acceptance results.

formance are shown in table 6-6.

The composite values for steady-state per-

Flow integral mass analysis indicated that 189,875 1bm of LOX and 37,0k0

lbm of LH2 were consumed between engine start command and engine cutoff

command. The overall stage average performance

presented in table 6-6.

ratio is shown in figure 6-1k.

from the 90 percent per-

* formance level (ESC +3.63: sec) %o engine cutoff (ESC +459.991 sec) is

The varietion of specific impulse with mixture

The total impulse generated from engine start command to engine cutoff

command (fuel depletion) was 96.35 x 106 1b sec. This was only sliéhtly

less than the predicted total impulse of 96.65 x 106 1b sec.

The

0.36 percent deviation is within the prediction accuracy of one percent.
The 3.202 sec difference between the actual (ESC +459.991 -sec) and pre-
dicted (ESC +463.193 sec)} depletion times is also within the prediction

accuracy.

6.3.1 Start Transient

The J-~2 engine start transient was satisfactory.

formance is presented in the following table:

Parameter

Time to 90 percent performance level (seconds)
Time of start tank discharge command (seconds)
Thrust at 90 percent performance level {1bf)
Total impulse (lbf-sec)

A summary of engine per-

Acceptance
Firing Log Book
ESC +3.63%F ESC +3.500
ESC +1.13k ESC +1.000
169,632 177,968
153,780 176,978%

¥Based on stabilized thrust at null PU and standard altitude conditions



Thrust buildup to the 90 percent performance level (STDV ié.S:seconds)
was within the maximum and minimum thrust bands as shown. in figure 6-15.
The acceptance firing total impulse was 23,200 1bf-sec lower than the
value given in the log book. This was due to a slow thrust rise rate

" during the second staéé travel of the main oxidizer valve. This-slow
initial thrust buildup wgé not detrimental to the transient since at
STDY +4.0 seconds the acceptance firing thrust was the same as the yaiue

shown in the log book at the corresponding time.

6.3.2 Steady-~State Performance

The J-2 engine performed satisfactorily during the steady-state portion

of énéine burn. A performance shift occurred during hardover operation
{between ESC +120 and ESC +125 nec?. The effect of this shift was
observed in the majority of engine instrumentation although no conrespond—
ing deviations in PU wvalve position were noted. The ghift, pfobgbly caused
by a GG bootstrap system resistance shift, resulted in a 0.8 percent thrust
variation at the rate of 527 1bf/sec, The allowable is +500 1lof/sec.

Average performance values for the acceptance firing steady-state operation
are presented in figure 6—16‘ana compared with predicted performance values
in table 6-6. During closed PU valve operation, the deviation was .less
than 0.7 percent. Overall performance deviations were a result of the dif-
ference in preaicted and actual cutback time (refer to section 11} and the

difference in predicted and actual engine response after cutback.

.

Engine thrust variations during the acceptance- firing are presented <in
table 677. They are compared to the predicted acceptance firing thrust
history and to Contract End Ttem (CEI) thrust variation limits for "flight.
These limits do not apply to acceptance fTiring performance and are pre-
sentéd for reference only. The thrust variations will be modified by flight
elfects on stage operation.' Phrust variations during four periods of
cngdue operation are presénted in figure 6-17 and discussed in the following
pricg eiplhie:

. The Lhewsl variobions during hardover, or maximum, cnglne

nixture ralio operulion (MR = 5.5) werc wilhin Lhe CF1 Jimita
Tor normul engine operation®. Normal operabing Lhrusl

¥Engine performance shifts are excluded from CEIX spécirications.
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http:although.no

variations during this period of engine burn are caused by
stabilization of the engine and by stage perturbations,
including the effects of variations in propellant supply
environmental conditions.

Thrust wvariations durilng the transient period from closed loop
PU valve cutback +75 sec to open locp PU valve cutback were
within the CEI limits for normal engine- operation. The thrust
variations during this period were caused by stabilization of
the engine after cubtback and can be directly linked to move-
ments of the PU valve. Data derived from the acceptance firing
will aid in the flight calibration of the PU system in order to
more accurately predict the thrust wvariation during this cut-
back transient.

Thrust variations were also examined during the periods of
4h,5/1.0 EMR and 5.0/1.0 EMR open loop operation. Since the
PU valve was in a fixed position during these intervals the
thrust variations during these times were compared 1o the
required limits during full closed PU wvalve operation. 'These
variations were alsco within CEL limits.

£.2.3 Cutoff Transient

The time lapse between engine cutoff, as received at the J-2 engine, and

thrust decrease to 11,500 1bf was within the maximum allowable time of

800 ms for the acceptance firing as shown in the following table:

valve skin temperature (1bf-sec)

*¥PU valve at =1.29 deg

%¥%Valve skin temperature data not available

The thrust decay time for the acceptance firing was greater than the log
book value, and the cutoff total impulse was correspondingly higher than
the log book value. TFor this firing, the total impulse was corrected to
null PU valve position so that o direct comparison could be made to the

Log. book value. 14 was nol possible to nccurslely correct to 0 deg I LOX

valve okin Lemperalore sinee Lhe mensuremenl was nol avaitabley however,

Acceptance
Parameter Firing Log Book
Time of thrust decrease to 11,500 1bf (ms) hgy 339
.Measured total impulse (1lbf-sec) 36,615% 3h,105
Total impulse corrected to null (-2.0 deg) 37,223 3k ,105
PU valve position {1bf-sec)
Total impulse corrected to 0 deg F oxidizer ** 35,185

this correctlon would be approximalely -h,500 Jb-nee for an accoplance



test since the MOV temperature should be about 355 deg R. Based on this

assumption, the corrected total impulse would be within 2,500 1bf-sec of

the log book value. Tigure 6-18 presents the.data for the thrust chamber
pressure cuboff transient, the accumulated cutoff impulse, and the cutoff
thrust to the 11,500 1bf level. )

6.4 Engine Sequencing

The engine sequencing was satisfactory throughout the acceptance firing
and compatible with the engine logic and the acceptance firing test .
plan. However, as in past acceptance tests, the sequence times differ in

many respects from the values quoted in the log bock.

Most of the disagreements between measured and log book values are
insignificant and may be ascribed to sampling rate errors cor to the
effects of the liquids that are present during the aéceptance_firing but
absent during log book testing. Almeost all event times were obtained

from the hardwire because the sempling rate was better than for TM.

Figure 6-19 presents the engine start sequence for the acceptance firing;
table 6-8 presents the time of significant events during the firing and

compares them with the nominal values.

6.5 Component Operation

6.5.1 Main LOX Valve

The main LOX valve opened satisfactorily during the acceptance firing,

The opening time data are as follows:

Ambient Dry Acceptance
Ttem Specification Firing
First stage travel (ms) 50 +25 55
First plateau (ms) 510 +70 516
Second stage travel {ms) 1,825 +75 1,917
Total time (ms) 2,385 1170 2,488



The above valve opening times were within specifications for the accep-
tance test. The valve closing time was 187 ms which is approximately 52 ms
longer than the ambient specifications; however, this did not contribute to
any significant reduction in cufoff transient performance, This closure

time was in the range established by the previous acceptance firings.

6.5.2 PU Valve

At engine start commend, the PU valve was at -1.8k deg (null) which was
within the -2 £2 deg limit. PU activation occurred at ESC +6.166 sec.

The PU valve went to the high EMR position where it remained until PU
cutback at ESC +196 sec as shown in figure 6-12. The engine mixture ratio
(EMR) was properly controlled to the required reference of 5.0/1.0 fol;

lowing cutback.

Also the PU valve went %o the full open position when commanded to do so
during the open loop portion of the test. When the full open command was

removed the valve returned to near null position.

However the PU valve operation was not entirely satisfactory. The valve
motion was irregular, and the valve appeared to be binding during closed
loop cutback and active PU control (figure 6-13). Also when the full open

command was removed the valve returned to -1.3 deg (approximately 0.5 deg

" from its prestart null position).

Following the test the PU wvalve was removed and tested per ECP 666. The
valve failed the tesf. Approximately 30 volts were required to move the
valve instead of the nominal 15 volts. As a resulit of this test, the FU

valve was replaced.

6.5.3 LH2 Pump

Pump performence was normal throughout the test. The stall margin as
indicated by the characteristic head versus flow curve in figure 6-3 was
normal. The pump also performed satisfactorily during mainstage and
responded characteristically to PU system cutback and excursions. Main-

stage pressure and speed data are presented in figure 6-10.



6.5.% LOX Pump

LOX pump performance was satisfactory. LOX pump speed and discharge pres-
sure and temperature responded to PU system cutback and excursions and
also to engine inlet conditions. The pressure and temperature increases
across the pump were satisfactory. Performance profiles indicative of the

pump operation are shown in figure 6-10.

6.5.5 Turbines

Performance of both LH2 and LOX turbines was satisfactory. Temperatures
and pressures for both turbines responded as expected to PU system cut-
back and excursions. Pressure and temperature drops across the turbines

were nominal. Performance profiles are presented in figure 6-10.

6.5.6 Gas Generator

The gas generator (GG} performance was adeguate. The GG chamber pressure
and LH2 turbine inlet temperature indicated nominal values before and after
FMR cutback. -The performance shift discussed in paragraph 6.3.2 was also
apparent in the GG chamber pressure data and was probably caused by changes
in the LOX bootstrap line resistance. Plots of GG performance are shown

in figures 6-10 and 6-20.

6.5.7 Ingine-Driven Hydraulic Pump

The engine-driven hydraulic pump performed satisfactorily during the
acceptance firing. The required horsepower at 60 sec after engine start
was 5.36.

6.6 TEngine Vibration

There were five vibration measurements monitored on the engine during the
firing. Three were located on the chamber dome, one at the LOX turbopump
and one at the LH2 turbopump. The data from these measurements are shoim
in figures 6-21 and 6-22. The vibration smplitudes were in agreement to

those measured during past acceptance firings.
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TABLE 6-1

THRUST CHAMBER CHILLNOWN DATA

Parameter S-IVB-508 5=-IVB-507 S~IVB-506N 5-1VB~505N
Thrust chamber chilldown initiated (sec
Trom simulated liftoff) -407.938 -407.942 -408,537 -405.356
Thrust chamber chilldown terminated (sec
from simulated liftoff) 488,793 L88.,808 L8R, L7 488,288
Thrust chamber temperature
Required at engine start command (deg R) 235 +75 235 +75 235 +75 260 +50
it engine start command {(deg R) 267 221 237 247
At end of chilldown (deg R) 255 213 228 244,
TABLE 6-2
ENGINE START SPHERE PERFORMANCE DATA
Temperature (°R) Pressure (psia) Mass (lbm)
Parameter 508 .| 507 506N 508 507 506N 508 507 506N
tngire start requirement See start region See start region - - -
Znzine start command Figure 6-5 Figure 6-5 3.53 3.50 3.42
After start sphere blowdown 196 188 19L 157 185 132 0.63 0.77 | 0.54
Engine cutoff command . 246 233‘ 2L7 1,354 ] 1,329 1,325 - 4.09 4,22 3.97
Total GH2 usage during start - - - - | - -- 2.90 2.73 2,88
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TABLE 6-3

ENGIWNE CONTROL SPHERE PERFORMANCE DATA

Parameter S-IVB-508 S-IVB-507 5-IVB-506N $-IVB-505N
Temperature
Required at engine start command (deg R) N/A 277 +30 287 +20 291 +20
At engine start command (deg R) 292 290 298 297
At engine cutoff command {(deg R) 273 246 252 262
Pressure
Required at engine start command {(psia) 2,800 2,800 2,800 2,975 +475
to to to .
3,450 3,450 3,450
At engine start command (psia) 3,048 2,974 2,933 3,082
At engine cutoff command {psia) 2,825 1,922 1,987 2,161
Mass
‘At engine start command (lbm) L 1,88 1.81 1.89
After erigine cutoff command (lbm) it 1.46 1.43 1.54
Total helium usage (1lbm) HE 0.42 0.38" 0.35

N/A Not applicable

* Pressures are lower than usual because of low GSE regulator setting.

#+  Engine control sphere helium mass at any time is insignificant because it is tied into the LOX
and LHZ tank ambient repressurization spheres.




TABLE &-4

a
L COMPARISON OF COMPUTER PROGRAM RESULTS
an N
RESULTS
™
PROGRAM INPUT METHOD (at ESC +60 sec)
G105 LOX and IH, flowmeters, pump This program is used only for pro- WT = 537.1 lom/sec
Mode 3 discharge pressures and tempera- | pellant consumption. Flowrates are
tures, chamber pressures, computed from flowmeter data and _
chamber thrust area propellant densities. Mass con- WLOX = 455.3 1bm/sec
sumptions are obtained by inte-
grating the flowrates. Wiy = 81.8 lbm/sec
2
PAS3 Thrust chamber pressure,’ The CF is computed from equation Refer to paragraph
chamber throat area Cp = £ (Pc) and thrust is come 6.3.3.
puted from equation F = CF At Pc'
The impulse is determined from
integrated thrust.
PAG3 Pump inlet and outlet con- Math models of rocket engine com- F = 226,892 1bf
ditions, PU valve position, ponents are linked together by .
chamber pressure, turbine program which iterates among the W = 537.6_lbm/sec
inlet and outlet conditions, component models until an operating T i
Tlovmeter speed peint is reached where the power _
: 1 v 1 = k22,0
required by the pumps "balaunces sPp
the power available from the
turbines. ' MR = 5.57
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TABLE 6-5 {Sheet 1 of 2)

DATA IWNPUTS TO COMPUTER PROGRAMS

PARAMBTER PROGRAM SELECTION REASON BIAS REASON
Chamber Press G205 DOOOL Close agreement between ~10.0 -15 psi bias for Pc purge
PAG3 (H/W) and (T/M) effect
PAS3
+5 psi bias to obtain rated
ISP
LHp Pump Dis- ¢-105-1 D008 (T/M) Close agreement between 0
charge Press PAG3 (H/W) end (T/M)
LHy Pump Dis- G-105-1 coish (T/M) Close agreement between .0
charge PA63 (H/W) and (T/M)
Temperature
LOX Pump Dis-— 0-105-1 DO00Y (/M) Close agreement between 0
charge Pressure PAG3 (H/W) and (T/M)
LOX Pump Dis- G-105-1 0133 (T/M) Close agreement between 0
charge PA63 (B/W) and (T/M)
Temperature
LOX Flowrate " G-105-1 FOO01 (T/M) Close agreement between -2.04 gpm Agree with actual pip count
PAG3 (H/W) and (T/M)
LH, Flowrate G-105-1 FO002 (T/M) Close agreement between ~-62.79 gpm Agree with actual pip count
) PA63 (H/W) and (T/M)
LH, Pump Inlet PAG3 Doo02 (T/M) Close agreement between +0.2 psi Compare to ullage pressure
Préssure (H/W) and (T/M) prior to flow
LHp Pump Inlet PAG3 co003 (T/M) Close agreement between +0.2 psi Agree with saturation tempera-
Temperature (H/W) and (T/M) ture prior to flow
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YABLE 6~5 (Sheet 2 of 2)
DATA INPUTS T0O COMPUTER PROGRAMS

PARAMETER PROGRAM SELECTION REASON . BIAS . REASON
LOX Pﬁmp Inlet PAG3 D0003 Close agreement between 0.4 psi Compare to ullage pressure
Pressure (H/W) and (T/M) prior to flow
LOX Pump Inlet PA63 coook (T/M) Close agreement between 0
Temperature (H/W) .and (T/M)
PU Valve PAG3 G0010 (T/M) Close agreement between 0
Position R (H/W) and (T/M) '
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TABLE 6-6 (Sheet 1 of 2)
ENGINE PERFORMANCE

CLOSED PU VALVE

EEFERENCE MIXTURE RATIO

OVERALL PERFORMANCE

PARAMETER OPERATION OPERATION 90% TO ECC
ACTUAL  |PREDICTED % DEY ACTUAL | PREDICTED | % DEV ACTUAL | PREDICTED | % DEV

Thrust {1bf} 227,037 | 228,004 - 0.k 200,5k5 | 203,248 1.3 210,793| 210,092 -0.3
Total Flowrate 535,68 538.93 0.7 470.38 u77.23' 1.5 hos, 63 hoh .6k -0.2
(1bm/sec) X .

| 10X Flowrate 453.4% | L56.52 0.7 | 391.12| 397.57 1.6 415.41 | bid.L9 ~0.2
(lbm/sgc) )
LH2 Flowrate 82,24 82.41 0.2 79.27 79 .66 0.5 80.23 80.15 -0.1
(lom/sec)
Engine Mixture 5.514 5.539 0.5 4,934 | " k991 1.1 5.165 5,158 -0.1 -
Ratio ‘ )
Specific Impulse h23,83 k23,06 -0.2 426, 3k 425,89 -0.1 hzg.hh k2k.93 -0.1
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TABLE 6-6 {Sheet 2 of 2)
ENGINE PERFORMANCE

OPEN PU
VALVE OPERATION

NULL PU
VALVE OPERATION

PARAMETER ( OPEN-LOOP PU) { OPEN-LOOP PU)

ACTUAL PREDICTED % DEV ACTUAL PREDICTED % DEV
Thrust {1bf) 170,86k 171,508 0.k 199,536 200,504 0,5
Total Flowrate 397.41 koo, 25 0.7 469,37 470.96 0.3
(1bm/sec)
L0X Flowrate 322,40 325.48 0.9 391.18 392.27 0.3
(1bm/sec)
L, Flowrate 75.01 T4 7T ~0.3 78.13 78.70 0.7
(1om/sec)
Engine Mixture 4.208 4.353 1.3 5.003 L. 985 -0.k
Ratio
Specific Impulse 429,95 428,50 -0.3 425,12 k25,73 0.1
(sec)
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TABLE 6-T

ENGINE THRUST VARIATIONS

Time Period

Transient From
PU V1v Cutback

Hardover (Closed Loop) Hardunder Null
Parameter Limits Operation +75 See to EU Operation Operation
(5.5/1.0 EMR) Cutback (Open (h.s/l.q EMR) (5.0/;:0 FMR)
Loop)
Variation in Mean Allowable +4000 +8000 +4000 +4000
Thrust Level
(Predicted Minus Actual +1063 | +1685 +659 +905
Actual) (1bf) Predicted ‘
Oscillations About Allowsble #2500 +7500 +2500 +2500
%ig?)Thr“St Level Actual +868 +2165 - +665 +625
Predicted +650 +1400 +150 +250
Rate of Change of Allowable +500 +500 +500 . +500
Thrust (1bf/sec) Actual ~182 +460 +103 +9k
Predicted +100 +100 +100 +100 .
Thiust Acceleration Allowsble +125 +500 +125 +125
(1bf/sec/sec) - Actual ‘ _+48 -152 +25 -6
Predicted —_—
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PABLE 6-8 (Sheet 1 of 6)
ENGINE SEQUENCE

CONTRCL EVENTS

CONTINGENT EVENTS

ACTUAL TIME

NOMINAL TIME FROM (Mggom
MEAS, )
o EVENT AND COMMENT Mﬁgs EVENT AND COMMENT SPECIFIED REFERENCE gggm SPECIFIED
) ) REFERENCE
K0021 ¥Engine Start Command P/U 0 0
{(K0021)
K000T Helium Control Within 10 ms of K0021 |002 002
(K0531) |Solenoid Enrg P/U
K0010 Thrust Chamber Spark Within 10 ms of K002L |00l 001
(Koksk) |on P/U
K001l Gas Generator Spark Within 10 ms of K0021 |001 001
(KO455) |on P/U
K0006 Tgnition Phase Control |Within 20 ms of K0021 |001 001
(K0535) |Solenoid Enrg P/U
K0012 Engine Ready D/O Within 20 ms of K0006 |00k 003
(K0530) ,
K0126 LOX Bleed Valve Closed {Within 200 ms of K000T|150 1h8
(K0558) |P/U . '
K0127 LH2 Bleed Valve Closed |Within 200 ms of KOOOT|11T -115
(K0557) |P/U
K0020 AST LOX Valve Open P/U [Within 20 ms of K0006 |065 064
(K0627)

(KOXXX) Actual number from acceptance firi?g event recorder.

*Engine ready and stage separation signals (or éimulation) are required before this command will be

executed.

P/U - Pickup
B/0 - Dropout
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TABLE 6-8 {Sheet 2 of 6)

ENGINE SEQUENCE

CONTINGENT EVENTS

ACTUAL TIME

CONTROL EVENTS (MS)
NOMINAL TIME. FROM RO
Mﬁgs' EVENT AND COMMENT Mﬁgs‘ EVENT AND COMMENT SPECIFIED REFERENCE gggM SPECTFTED
' ’ REFERENCE
K0119 Main Fuel Valve Closed |60 +30 ms from KO006 |0L4L9 050
(G506) | D/O
K0118 Main Fuel Valve Open 110 +60 ms from K011l9 161 112
{G506) | P/U ‘ )
K0008 ¥Tgnition Detected Within 250 ms of K0021[273 273
(K0537) P/U
K0021 ¥*¥Engine Start Approx 200 ms from 1338 1338
(K0021) D/0 K0021 P/U
K0096 | *%%Start Tank Disc 1,000 450 ms from 1134 113k
(K0536) Control Solenoid Enrg K0021 P/U '
K0123 Start Tank Disc Valve |100 +20 ms from 1247 113
(G508) | Closed D/O K0096
Kol22 Start Tank Disc Valve 105 +20 ms from 135k 107
(G508) | Open P/U K0123
K0005 Mainstage Control 450 +30 ms from 1586 52
(K0538) [Solencid Enrg K0096
#*This signal must be received within 1,110 +60 ms of K0021 P/U or cutoff will be inititated.

¥¥Thisg

signal drops out after a time sufficient.to lockin the engine electrical.

*¥*¥An indication of fuel injection tenperature of -150 +40 deg F (or simulation) is required before this
command will be executed. This command also actuates a 450 +30 ms timer which controls the start of
mainstage. : ’ . '

P/U - Pickup

D/Q -~ Dropout




o TABLE 68 (Sheet 3 of 6)
8 ENGINE SEQUENCE
" ACTUAL TIME
CONTROL EVENTS CONTINGENT EVENTS NOMINAL TIME FROM (M§%OM
MEAS. .
o EVENT AND COMMENT Mggs. EVENT AND COMMENT SPECIFIED REFERENCE gggm SPECIFIED
) ' REFERENCE
K0096 Start Tank Disc 450 +30 ms from K0O096 [1586 h52
(K0536) | Control Solenoid Enrg
D/0
Ko121, Main LOX Valve Closed| 50 +20 ms from K0005 [1629 043
(G507) | D/O
K0116 Gas Generator Valve 140 #10 ms from K0005 [L685 099
(G509) | crosed D/O :
Koi22 Start Tank Disc Valve| 95 +20'ms from K0096 [170k 118
(G508) | Open B/O .
KO117 | Gas Generator Valve 50 +30 ms from K0116 -[1814| 129
(G509) | Open P/U
xo12h 10X Turbine Bypass 1789
(6510) | Valve Open D/0
LOX Turbine Bypass +150
Valve 80% Closed k00 _50 ™8 from K0122 |2035 331
K0123 Start Tank Disc Valve| 250 +40 ms from KO0122 (1962 258
(G508) | Closed P/U
K0125 *¥LOX Turbine Bypass 2101
{G510) Valve Closed P/U
XK0158 Mainstage Press Switch 3222
(K0572)| #1 Depress D/O

*Within 5,000 ms of K0005 (Normally = 500 ms)

P/U - Pickup
D/0 - Dropout
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BLE 6-8 (Sheet k of 6)
ENGINE SEQUENCE

CONTROL: EVENTS

CONTINGERT EVENTS

ACTUAL TIME

NOMINAL TIME FROM (M§%OM
MEAS, TAS,
ﬁgg EVENT AND COMMENT Migs EVENT AND COMMENT SPECIFIED REFERENCE gggM SPECTIFIED
' . REFERENCE
K0159 Mainstage Press Switch | 3256
#2 Depress D/O
~|k0191 *Mainstage OK 32214 .
{K0610) .
K0120 | Main IOX Valve Open 2,435 +145 ms from 4117 2488
(g507) | P/U K0005:
'KC010 Thrust Chamber Spark 3,300 200 ms from 4887 3301
, (KOU5k) | on D/0O K0005 P/U_
K001l Gas Generator Spark On |3,300 EEOO ms from h 887 3301
(Koks5s) | D/O K0005 P/U
K0507 | PU Activate Switch P/U 61.66
CS8-22 ,

*One of these signals must be received within 4,410 $260 ms from K002L P/U, or cutoff will be initiated.
S8ignal occurs when LOX injection pressure is 500 +30 psig.

P/U - Pickup

D/O - Dropout
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TABLE 6-8 (Sheet 5 of 6)

ENGINE SEQUENCE

CONTROL EVENTS

ACTUAL TIME

CONTINGENT EVENTS (MS)
: NOMINAL TIME FROM TR0
MEAS. .
- EVENT AND COMMENT Mﬁgs EVENT AND COMMENT SPECIFIED REFERENCE gggM SPECIFIED
) ) REFERENCE

K0013 Engine Cutoff PU 0 0 0
(K0522) |(New time reference) -

X0005 Mainstage Control Within 10 ms of K0013 0 0

(x0538) |Solénocid Enrg D/O

K0006 Ignition Phase Control| Within 10 ms of KO0013 [|-002 -002

(K0535) |Solenoid Enrg D/O

K0020 AST LOX Valve Open D/O 016

{K0622)

X0120 Main Oxidizer Valve 50 +15 ms from K0005 061 061

{a507) Open D/O

K0117 Gas Generator Valve T5 igg ms from K0006 00T 009

(6509) |Open D/O

K0118 Main Fuel Valve Open 90 +25 ms from KO0006 078 080

(gs06) |D/O

K012l Main Oxidizer Valve 120 +15 ms from K0120 248 187

(G507) |Closed P/U

K0116 Gas Generator Valve 500 ms from K0006 219 221

(G509) |Closed P/U

K0119 Main Fuel Valve Closed| 225 +25 ms from K0118| 338 260

(Gs06) |P/U

P/U - Pickup
D/0 - Dropout
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TABLE 6-8 (Sheet & of &)

ENGINE SEQUENCE

CONTROL EVEWTS CONTINGEINT EVENDS - AGT?§E)¢IME
- HOMINAL TIME FROM ‘FHOM
Mﬁgs' EVENT AND COMMENT Mﬁga' EVENT AND COMMENT SPECIFIED REFERENCE gggM EPEC TFTED
. ND. REFERENCE
K158 #Mainstage Press Switch 181
{KD572) | A Depress P/U
K0159 | Meinstage Press Switch # 175
{K0573) | B Depress P/U
KO191 | Meinstege OK D/O * 182
(K0610)
E000T Helium Control Solencid 1,000 £110 ms from 990 90
{¥0531) | Enrg D/O %0013
8522 | FU Activate Switch 0/0 N/4
KOS50T
Xo125 Oxidizer Turbine 270
1G510) | Bypads Yalve Closed
. D/0
Kolgh | Oxidizer Turbine 10,800 me from KCODS | 710 15
(G510} | Bypass Valve Open P/U
K0126 | 70X Bleed Valve 30,000 ms from KODOS | 4368| %368
(¥K0558) | ¢lesed D/O
¥0127 | LEZ Bleed Valve Closed 30,000 ms from KOODS | 821%| 8219
(X0557) | D/O

#3ignal drops cut when pressura reaches 423 #85 psig.
P/U - Pickup
/¢ - Dropout
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OXIDIZER SYSTEM

The oxidizer system functioned adequately, supplying L0OX fto the engine
pump inlet within the specified limits. The net positive suction pres-
sure {NPSP) available at the LOX pump inlet exceeded the engine manu-

facturer's minimum regquirement at all times.

7.1 Pressurization Control

The LOX tank pressurization system (figure 3-1) satisfactorily main-
tained pressure in the LOX tank throughout the acceptance firing, and

8ll portions of the system performed within the design requirements.

T.1.1 Prepressurization

LOX tank prepressurization and the pressure makeup cycle before simulated
liftorf (SLO) were accomplished from ground support equipment (GSE) cold
helium supply (figure T-1). The LOX tank pressure increased from -39.0
psia to 42.0 psia due to an ullage volume decrease (caused by the common
bulkhead depression and stage geometric changes that occur during TP
tank prepressurization) and to the helium purges of the vent valve and

the LOX tank ullage pressure sensing line.

In the course of simulated boost, the ullage pressure decayed to 38.4
psia. This pressure decay was caused by cooling ullage gas which resulted
from heat transfer with the colder commen bulkheszd.

Significant LOX tank prepressurization data are compared with that from

two previous acceptance firings in table T-1.

T.1.2 Pressurization

The LOX tank pressurization system performance was satisfactory during
engine operation (figure T-2) and compared reasonably well with that

from previous stages.

The modified LOX tank pressurization sequence utilized during the 506N
and 507 acceptance tests was also used for the 508 test. The cold helium

shutoff valves vere opened at ESC -2.4 seconds, increasing the ullage

7-1



7-2

pressure from 38.L4 4o 42.0 psia by engine start commgna. During this
2.h-second period, 0.5 1bm of helium was added to the LOX tank ullage.
The heat exchanger control valve was programmed to the open position
during cold helium lead and during the first 21 seconds after engine
start command, The resulting higher initial flowrate ccmpletely
eliminated the tendency for LOX tank 1illage pressure dip. Following the
ertabling of the heat exchanger control valve, overcontrol flow was
required seven times to maintain the ullage pressure within the range of

38.3 to 40.0 psia during the firing.

The S~-IVB-508 stage LOX tank pressurization system data are compared with
that from the S-IVB-506N and 507 acceptance firings in table T7-2.

7.1.3 02-H2 Burner Repressurization

LOX tank repressurization was performed during a test utilizing the 02-12
burner and pressurant helium from the cold helium spheres. The tank was
filled to a nominal second start level and prepressurized to 34.5 psia to
simulate the burner inlet conditions expected during burner start and sub-
sequent repressurization. The tank conditions are shown in figure T-3;
significant data are compared to that from previous firings in table T-3.

Data are also presented in section 10.

Burner start was followed by a short lag before the initiation of LOX tank
repressurization in order ‘o provide higher burner chamber pressure (and

improved combustion stebility) during the start transient.

7.1.4 Ambient Repressurization

After burner repressurizabion, the ambient repressurization test was per-
formed. The LOX tank was loaded to approximately 68 percent to simulate
the load expected during orbital restart. The test data are presented
in figure T-k.

The ambient repressurization system performence during the S-IVB-508
acceptance test is compared with that during the S06N and 507 acceptance
tests in table T-3. The value for helium usage shown in this table

includes the flow through the pilot bleed port of the helium shutoff



valves. This pilot bleed flow, which amounts to sbout 6% of the total
usage, is dumped overboard by venting directly from the ambient repres-

surization module.

T.2 Cold Helium Supply

The cold helium spheres were the source of the pressurant for both pro-
pellent tanks during 02-H2 burner operation and for the LOX tank duriﬁg

J-2 engine operation.

The system performance during the 02-H2 burner firing is discussed in

paragraph 10.L.

During J-2 engine operation, demands on the cold hglium system were
normal and adequately met. The sphere pressure (2,845 psia) at engine
start command was well within the start requirement of 2,600 +600 psia.
Since cold helium sphere pressure transducers (D0016 and D0248) were not

on the stage, the cold helium manifold pressures (D0261 and D0263) were

used for system evaluation. Data are presented in figure 7-5 and table T-U.

7.3 J-2 Heat Exchanger

The J-2 heat exchanger functioned satisfactorily (figure 7-6). The heat
exchanger pressures, temperstures, helium flowrates,'anﬁ heat input rate
are consistent with past experience, The LOX vent inlet pressure and
the LOX tank diffuser temperature were comparable to previous test data,
Table T-5 compares significant 508 acceptance data with that from two

previous acceptance firings.

7.4 LOX Pump Chilldown

The LOX pump chilldown system performance was adequate. At engine start
commend, the NPSP at the LOX pump inlet wes above the minimum 11.9 psi
required at that time. The results of the chilldown performance calcula-
tions are presented in figures 7-7 and T-8; significant chilldown system

data are compared with 506N and 507 data in table T-6.
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The chilldown pump was started at SLO -288.7 seconds in order to simulate
conditions during the flight countdown. The chilldown shutoff valve was
left open until ESC +L411 seconds.

For the calculation of heat input to the LOX chilldown system, the
normal reference temperature for section 1 (tank to engine pump inlet)
is the chilldown pump discharge temperature (C0163). This assumes no
heat input from the tank to the chilldown pump-outlet. Since C0L63 was
not installed on 508, the LOX bulk temperature (COO40) was used with a

bias for constructing the chilldown pump discharge temperature.

T.5 Engine LOX Supply

The LOX supply system (figure 3-1) delivered the necessary quantity of
10X to the engine pump inlet throughout the engine firing and msintained
the pressure and temperature conditions within a range that providgd a
LOX pump NPSP above the minimum requirements. The data and the calcu-
lated performance are presented in figure T-9 and are‘COmpared with that
from two previous acceptance firings in table T-7. -~
During engine operation, the LOX pump inlet pressure and temperature
were near the predicted values. Both were plotted in the engine LOX
pump operating region (figure T7-10) and showed that the LOX pump inlet

conditions were satisfactory throughout engine operation.

In figure T-11, the LOX pump inlet temperature is plotted against the
mass remeining in the tank during engine operation and compared to the
506N and 507 acceptance firing data. The data used- for compariscn have
been biased to the LOX pump inlet temperature observed at engine start
command of the S-IVB-508 acceptance firing to correct for instrumentation
error, differences in heating during pressurization, and .other test-to-

test variations.



LOX TANK PREPRESSURIZATION DATA

TABLE 7-1

Parameter S-IVB-508 | S-IVB-507 SaIVB—506N
Prepressurization duration (sec) 10.4 13.1 10.5
Number of makeup cycles before SI0 1 2 1
Number of makeup cycles after SLO 0 2 L2
Prepressurization helium

Average flowrate (lbm/sec) 0.35 0.31 Q.44

Mass a&ﬁed to LOX tank during

prepressurization (1lbm) 3.65 411 L.58

Mass added to LOX tank during .

makeup cycles before SLO (1bm) 1.0 2.0 1.61

Mass asded to LOX tank during

makeup cycles after SLO (1bm) 0 1.16 0.59
Ullage pressure

At prepressurization

initiation (psia) 14.8 15,1 14.9

At prepressurization

termination (psia) 41.1 41.0 1.0

At engine start command (psia) 42,0 L2.6 43,1
Events (sec from SLO)

Prepressurization initiation ~163.76 -163.88 ~-164.38

Prepressurization termination -153.51 -15G.83 -153.91

. Engine start command -511.693 511.758 511.378

AL
kKl

Noes not include any makeup cycles.
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TABLE 7-2

10X TANK PRESSURIZATION nATA

Parameter S-IVB-508 | S~IVB-507 | S—IVB—506N

Number of overcontrol cycless 8 7 8
Pressure control band
Minimum (psia) 38.3 38.2 38.6
Maximum (psia) : 40.0 0.3 40.5

Ullage pressure

At pressurization initiation (psia) 38.4 40,0 39.4
At engine start command (psia) 42,0 42,6 (3.1
Minimum during start transient (psia) 38.3 38.3 38.5
At engine cutoff command (psia) 40.6 39.1 39.6

Total pressurant flowrate

Overcontrol {lbm/sec) ‘ 0.34 0.35 0.32
to to to

0.44 0.42 OL3

Undercontrol {(lbm/sec) 0.25 G.24 0.24
to to to

0.32 0.31 0.32

#Includes the programmed overcontrol cycle during the start transient.




L=L

TABLE 7-3

LOX TANK REPRESSURIZATION NATA

Parameter S5-IVB-508 S5~IVB~507 S~IVB~506N
Ambient Burner Ambient Burner Ambient Burner

Repressurization duration (sec) 84 171% 75 151 118 201w
Number of makeup cycles o 0 0 0 0 ¢
Repressurization helilum

Usage®t (1bm) 9.2 3.6 9.7 3.8 11.5 3.5

Average flowrate (lbm/sec) 0.109‘ 0.021 0.129 0.0252 0.0974 0.n2R

Orifice effective areaiiss (in.z) 0.00888 |0.00568 0.00890 | 0.00566 0.00858 ' | 0.00565
Ullage pressure

At repressurization initiation (psia) 31.6 3.5 31.7 33.7 31.5 35,7

At repressurization termination (psia) 40.0 37.9 LO. 4 36.5 LO.3 38,6

Rise rate (psi/min) 6.00 1.19 6.96 1.11  hb7 1.16

14

¥

% Moes not include the pilot bleed orifice effective area (0.00054 in,

Noes not include the lag in repressurization initiation following burner start command,

These values include the flow through the pilot bleed ports of the helium shutoff valves.
paragraphs: 7.1.4 and 1C.5 for further informaticn,

2.

See




TABLE 7~i

COLn HELIUY SUPPLY BATA

Parameter S-IVB-508 | S-IVB-507 | S-IVB-506N

Pressure

Siﬁliiiate.d 1iftoff (psia) 2,975 2,993 2,806

Engine start command (psia) 2,845 2,838 2,664

Enéine cutof% command (psia) 1,000 1,050 1,021
Average temperature

Simulated 1iftoff (dég R) 40.0 41.2 L41.6

Engine start command (deg R) " 39.3 41.0 L0,8%

Engine cutoff command (dég R) 4.1 4.0 43.8
Helium mass

Engine start command (lbm) 367 368 360%

Engine cutoff command (1bm) 208 216 211
Helium consumption

Calculated from sphere

conditions (1bm) 159 152 14Giex

Calculated from flowrate

integration (lbm) 151 141 145560

#* At ESC -2.4 seconds, when LOX tank pressurization was initiated.

#¥* Tncludes 2.4 seconds of flow prior te engine start command.

88t Low because of cold helium leak,




TABLE 7-5

J—2 HEAT EXCHANGER TATA

Parameter

S-IVB-508 | S-JVB-507 | S-IVB-506N

Flowrate through heat exchanger

nuring overcontrol {lbm/sec) 0.21 0.20 0.20

nu;;;g indercontrol (1bm/sec) 0.093 0.090 0.08%
Heat exchanger outlet temperature

At end of 50-sec transient {deg R) 870 930 260

. nuring overcontrol {deg R) 880 950 980

nuring undercontrol (deg R)’ 910 970 1,000

At engine cutoff command (deg R) 840 950‘ 962
Heat exchanger outlet pressure

nuring overcontrel (psia) 340 340 350

nuring undercontrol (psia) 395 395 400
Average LOX vent inlet pressure

Nuring overcontrol (psia) 62 63 62

Nuring undercontrol (psia) . L8 L9 48




TABLE 7-6

LOX CHILLNOWN SYSTEM PERFOHMANC?{“&TA

Parameter S—IVB—SOé 5~I¥B-507 | S-IVB-506N

NPSP

At engine start command (psi) 32.8 33.8 " 34.6

Mlna.mum required at start (psi) 11.9 11.9 11.6

At opening of- prevalve (psi) 33.9 L0.0 32.7
Pump inlet conditions ‘

Pressure at engine start command

(psia) 51.0 51,1 51.3

Temperature at engine start

command (deg R) 164.7 165.1 164.5
Average flow coefficient (secz/ingftB)_ 17.5 17.2 16.9
Heat absorption rate (Btu/hr) -

Section 1 {tank to pump inlet) 7,000 " 10,500 3,200

Section 2 (pump inlet to bleed valve} 16,000 6, 500 14,500

Section 3 (bleed valve to tank) 6,000 5,000 1,800

Total 29,000 22,000 19,500
Chilldown flowrate

Unpressurized (gpm) 40.0 39.5 39.4

" Pressurized {gpm) L2.9 41.2 42.5

Chilldown system pressure differential

Unpressurized (gpm) 10.0 9.5 2.8

Pressurized (gpm) 11.1 10.4 10.7
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Table 7-6 {Continued)

S-IVE~507

Parameter 5-IVB-508 S-IVB-506N
Events {sec from simulateq liftoff)

ChillAown initiation -288.7 -288.6 ~289 .1,
Prepressuiization -163.7 ~-163.9 ~164.4
Prevalve open command - 507.7 507.7 507.4
Prevalve closed sipgnal “ropout 508.5 508 .7 508 .6
Prevalve open signal pickup 509.8 510.4 H0. 2
Nelay between prevalve open command

and pickup of open signal 2.14 2.50 2.78
Engine start command 511.7 511.7 511.4
Chilldown shutoff valve closed g22.2 922.1 921.9
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TABLE 7-7

LOX PUMP INLET CONNITION NDATA

Parameter . S-IVB~508 | S$-IVB-507 | S~-IVB-506N

ca

Pump inlet conditions

Static pressure at engine start
command {psia) - 51.0 51.1 51.3

Temperature at engine start
command (deg R) ) 164.7 165.1 164.5

Temperature at engine cutoff
" command {deg R) 166.4 166.8 166.3

NPSP requirements at pump interface

Minimum at engine start command {psi) 11.9 - 11.9 11.6
At high EMR (psi) ‘ 20.0 20.0 19.8
After EMR cutback (psi) . 14.0 14.0 14.7 .

NPSP available at pump interface

At engine start command (psi) 33.9 33.8* 34,6
Maximum Auring firing (psi) 33.9 33.8 34.6
Time of maximum (sec from engine

start command) 0 0 0
Minimum during firing (psi) 23.3 19.0 22.4
Time of minimum (sec from engine

start command) L0 - 436 LL8
At engine cutoff command (psi) 23.3 19.0 22.4

LOX feed duct

At high EMR
Pressure drop (psi) 2.0 1.4 2.0
Flowrate (i1bm/sec) L5k 465 460

After BEMR cutback
Pressure drop (psi) 1.1 0.9 1.2

Flowrate (lbm/sec) 390 422 L00
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the firing because of bulk heating, stép pressurization. was initiated at

ESC +410 seconds. This was coincident with the EMR being returned to
5.0:1 and resulted in another significant change in pressurization system

performance.

The LHZ2 tank ullgge pressure was above the 30.2 psia pressure switch

- pickup level throughout the firing. The vent and relief valve

8-2

microswitch talkback indicated that the valves were partially open and

venting from ESC +4 secomds to ESC +257 seconds and again subsequent to
LH2 tank step pressurization during the period from ECC —44 seconds to

engine cutoff command.

8.1.3 (2-H2 Burner Repressurization

The 02-H2 burner was utilized for LHZ tank repre;surizatioﬁ. For the
test, the tank was fille” to a nominal second start level. Burner start
command was followed by a 7.49-second lag before the initiation of
repressurization in order to provide higher burner chamber pressure (and
improvgd combustion stability) during the start transient. The LHZ tank‘
conditions are shown in figure 8-3; significant data are compared to
previous stage data in table 8-3. Additional, more detailed discussion

is presented in section 10.

The LH2 tank ullage pressure rise rate was 20 parcent higher than the

theoretical rate of 3,16 psi/min that was based on a constant-Q burner,
a constant helium flowrate, and an assumed constant burner helium inlet
temperature of 4O deg R (the same reference conditions used for previocus-
acceptance firing evaluations). ™uring the S-IVB-508 burner operation, '
the actual total energy in the helium at the burner outlet to the LH2
tank was 25 percent higher thanrthe theoretical total energy calculated
by assuming the temperature of the helium at the burner inlet to be

40 deg R. The.25 percent increase was due to the ambient heating that
occurs between the ccld helium spheres and the 02-H2 burner inlet. This

large amount of ambient heating is an expected condition during acceptance
testing.,

Under ideal conditions any heating above the reference should be reflected

by a corresponding ‘percentage increase in the pressurization rate above



FUEL SYSTEM

The fuel system performed as designed and supplied LHZ2 to the engine

within the limits defined in the engine specification.

8,1 Pressurization Control

The LH2 tank préssurization system (figure 3-1) adequately controlled
LH2 tank ullage pressure during prepressurization, throughout the firing,

and during the repressurization periods.

8.1.1 Prepressurization

The LH2 tank was satisfactorily prepressurized with helium from ground
support equipment (GSE) console B, Figure 8-1 presents the prepressur-
ization data; table 8-1 compares the S-IVB-508 data with that from 507

and 506N stages. The rate of prepressurization was substantially slower
on 508 than on 507 because the supply pressure, measurement NO792, was
significantly lower (figure 8-1). Prepressurization was terminated by

actuation of the control pressure switch at SLO ~51.8 seconds. After
prepressurization, the ullage pressure increased because of ambient

heating until it reached a level of 32.3 psia. At this point the ullage |
pressure stabilized, appanently as a result of relief valve action, and

remained essentially constant until engine start commangd.

8.1.2 Pressurization

Nuring engine operation, the LHZ tank pressurization was satisfactorily
accomplished by GH2 bleed from the J-2 engine {figure 3-1). The data are
presented in figure 8-2 and compared with data from two previous accept-

ance firings in table 8-2.

In order to exercise all system components in both burn modes, control
was transferred from the first burn pressurization mode to the second
burn oressurization mode at ESC +350 seconds. Since the pressure switch
range is the same for both modes (28 to 31 psia), system performance did
not deviate because of the change to the second burn pressurization mode;

however, a programmed cutback of engine mixture ratio to 4.5:1, which
also occurred at ESC +350 seconds, did affect certain performance

parameters. To preclude the possibility of loss of NPSP near the end of



the theoretical. The actual and theoretical values do not agree because
the boundary conditions vary slightly and because LH2 boiloff does not

actually terminate when pressurization is initiated.

8.1.4 Ambient Helium Repressurization

Although the S-IVB-508 stage is equipped with an 02-H2 burner, the ambient
helium repressurization system was retained as a redundant system. It was

tested prior to the 508 J-2 firing.

The TH2 tank was satisfactorily repressurized from the fivée ambient.
helium spheres. ™ata and performance levels are presented in figure 8-4
and compared to S-IVB-507 and 506N data in table 8-3.

8.2 ILH2 Tank Vent and Relief QOperations

The LH2 tank ullage pressure was maintained at an acceptable level

throughout the acceptance firing.

8.2.1 LH2 Tank Vent and Relisf Valve Performance

Performance of thé LH2 tank vent and felief valve and the latching valve
was satisfactory. The LH2 tank uliage pressure profile indicates that
one or both of the valves relieved from shortly after simulated liftoff
to EMR cutback; however, the valve microswitch talkbacks indicated the
valves were only feathering intermittently. Both valves relieved shortly

after LH2 tank step pressurization, and valve talkbacks indicated that

the valves remained partially open until after engine cutoff command.

8.2,2 Vent Operations ™uring Simulated Coast

The continuous vent system (CVS) was operated for approximately 37 minutes
prior to 02-H2 burner repressurizztion. Both the CVS nozzles and the
nonpfopulsive vent (NPV) orifices were removed, and a manifold system
conducted the vented GH2 to the facility burn pond. At the LHZ tank

ullage pressures maintained during the period, the flow of GH2 through

the manifold (to atmospheric back pressure) was unchoked; however, choked
flow at the vent exits will occur during actual orbital coast conditionms.
nue to the common manifold system, venting through either the‘CVS or NPV

is reflected in the pressure data from both systems (figure 8—5).



Continuous venting was initiated by opening the relief override valve and
allowing the continuous vent regulator (CVR) to. open. After CVS initie-
tion the ullage pressure decayed from 31.7 £o 27.5 psia ih'y9 seconds,
yielding a pressure decay rate of 5.1 psi/min. This is consistent with
tPe decay rates of 4.9 and-5.9 psi/min noted on the 507 and 506N sgéges,
respectively. At y9 seconds after CVS initiation the CVR was closed.

The CVS bypass orifice was opened at CVS initiation plus 61 séconds, and
the CVR was opened at CVS Iinitiation plus 109 ?egonds. A nominal CVS

regulation level of 20.5 psia was established;

8.3 1H2 Pump Chilldowm

The IH2 pump chilldown system performed adequately. At engine start
command the net positive suction pressure (NPSP) at the IH2 pump inlet
was above the 4.5 psi redquired. The chilldown system data are presented
in figures 8-6 and 8-7. The S-IVB-508 acceptance test data are compared

in tezble 8-b with data from two previous acceptance firings. -

The chilldown system operation was initiated at SLO -298.7 seconds.
System performance levels compared well with those of previous S-IVB/V
acceptance firings, During unpressurized chilldown, the liquid in the
system was.subcooled to. a point between the engine pump inlet and the
éhilldown system return line; the‘system Eecame entirely subcooled during
- prepressurization. The chilldown shutoff valve was left open until

shortly before -engine cutoff command (ECC -38 seconds).

For the calculation of heat input to section 1 (tank to pump inlet) of
the TH2 chilldown system, the reference temperature is the chilldown
pump discharge temperature (C0157). Since this measurement was not
installed on S-IVB-504N and subsequent stages, the LH2 bulk temperature
(Cb052) plus a 0.3 degree R bias was substituted. The bias was

established from previous acceptance firing data.

8.4 Engine IH2 Supply

The LH2 supply system (figure 3-1) delivered the necessary quantity .of

LH2 to the engine: pump inlet during engine firing and maintained the



pressure and temperature conditions within a range that provided an IH2
punp NPSP sbove the minimum requirements. The data and the calculated
performence are presented in figure 8-8. Table 8~5 compares the

8-IVB-508 stage recorded data and calewlated performance data with that

from previous S-IVB acceptance firings.

During engine operation, the IHZ2 pump inlet temperature and pressure were
very near the predicted values. The Lﬁ2 pump inlet temperature and pres-
sure at selected times during engine operation were plotied in the engine
IH2 pump operating region {(figure 8-9) and showed that the engine inlet

conditions were met satisfactorily throughout engine operation.

Figure 8-10 is a plot of the pump inlet temperature 8s a function of the
propellant mass remaining in the LH2 tank and includes S5-IVB-507 and 5061
data comparisons, The previous test data have been biased to the LH2
pumnp inlet temperature observed at engine start command of S-IVB-~508
acceptance firing to correct for instrument error, different heating

during pressurization, and other test-to-test variations.

During the engine cutoff transient, a high pressure spike occurred in

the engine fuel feed duct., As a result, the pump inlet pressure flight
transducer (DO002) failed., Post-test inspection disclosed that the lower
fuel duct vacuum annulus contained approximately 72 percent hydrogen and
" 24 percent helium. Further investigation after the upper and lower ducts
had been replaced revealed two cracks in the middle bellows of the lower
duct.
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TABLE 8~1

LH2 TANK PREPRESSURIZATION DATA

Parameter S-IVB-508 | S-IVB~507 | S-IVB-506N
Prepressurization duration (sec) L2.4 31.8 50.5
Helium mass added (1lbm) 26.6 25.7 20.2
Ullage pressure _

At prepressurization initiation (sec) 15.2 15.2 15.4
At prepressurization termination (sec) 31.0 30.3 30.2
At simulated liftoff (psia) 31.5 31.5 31.0
At engine start command (psia) 32.3 31.7 32.0

Rate of increase after prepressuriza-
tion (psi/min)- ‘ . 0.8 1.2 0.9

Events (sec from simulated liftoff)

Prepressurization initiation . =942 o -94.1 -94L.7
Prepressurization termination ~51.8 ~62.73 ~Lh .2
Engine start command 511.7 511.7 511.4




TABLE 8-2

LH2 TANK PRESSURIZATION DATA

Parameter _8-IVB-508 | S-IVB-507 -5-IVB-506N
|Pressure switch setting
First burn
Lower (psia) 28.6 28.2 28.3
Upper (psia} 30.7 30.3 30.7
Second burn
Lower (psia) 28.3 28.4 . 28.3
Upper (psia) 30.1 30.6 30.5
Ullage pressure
At engine start command (psia) 32.3 31,7 32.0
At step pressurization (psia) 32.2 31.7 31.9
At engine cutoff command (psia) 32.9 32.1 32.7
GH2 pressurant flowrate
Overcontrol--high EMR (lbm/sec) - — -_—
Overcontrol-~low EMR (1lbm/sec) — — -
Undercontrol--high EMR (1lbm/sec) 0.70 | 0.63 0.63
Undercontrol-~low EMR (1bm/sec) 0.66 0.61 0.60
Step 1.07 1.09 1,03
Total GH2 added (1bm) 328 281 290
Events (sec from simulated liftoff)
Second burn mode initiation 862 712 712
Step pressurization initiation 922 921 921
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TABLE 8-3

LH2 TANK REPRESSURIZATION PATA

S-IVB-508 S-IVB-507 S-IVB-506N
Parameter Ambient | Burner | Ambient | Burner | Ambient | Burner

Repressurization duration (sec) 25 1753 28.9 1513 40 1,7+
‘Ullage volume {cu ft) 4,663 4,697 4,519 4,559 4,720 4,880 .
Ullage pressure

At repressurization initiation {psia) 22,0 19.3 214 20,0 21.0 19,6

At repressurization termination (psia) 30.3 30.3 30.3 30.3 30.0 30.2

Rise rate (psi/min) 19.8 3.78 18,4 4,10 13.5 4.30
Repressurization helium usage (lbm) 20,5 20.1 22,54 18,1 2,.5%  16.5

* TNoes not include the lag in repressurization initiation following burner start command.

*#* These are not the values appearing in previcus-acceptance test reports,

computational method effective with S-IVB-508.

They represent the imﬁroved




TABLE 8-4

LH2 RECIRCULATION CHILLPOWN NATA

=

Parameter S-1VB-508 | S~IVB-507 | S~IVB-506N
NPSP
At engine start command (psi) 8.9 13.3 8.8
Minimum reguired at start (psi) L.5 L.5 4.5
Maximum during chilldown {psi) 18.9 21,0 19.2
Average flow coefficient-(sécz/inzftB) 17.6 18.1 18,1
Fuel quality in sections® 2 and 3
(1b gas/1b mixture)
Maximum--unpressurized chilldown 0.028 0.014 0.027
At prepressurization initiation 0.024 0.011 0.023
Fuel pump inlet conditions
Static pressure at start (psia) 33.0 33.5 33.6
Temperature at start (deg é) 39.4 38.5 39.9
Amount of subcooling at start (deg R) 2.1 3.6 2.3
Heat absorption rate
Unpressurized chilldown
Section®* 1 (Btu/hr) 20,500 10,000 20,000
Sections* 2 and 3 (Btu/hr) 18, 500 18,000 17,500
Total (Btu/hr) 39,000 28,000 37,500
Pressurized chilldown
Section* 1 (Btu/hr) 17,500 9,000 18,000
Section¥* 2 (Btu/hr) 12,500 12,000 8,500
Section®* 3 (Btu/hr) 15,000 18,000 18,000
Total (Btu/hr) 45,000 39,000 Ly, 500

#* BSection 1 is tank to pump inlet; section 2 is pump inlet to bleed valve;

section 3 is bleed valve to tank.




Table 8-4 {Continued)

Parameter S~1VB-508 | S-IVB-507 | 3-IVB-506N
Chilldown flowrate - ‘
Unpressurized (gpm) 107 120 108
mPressurized (gpm) o138 | 10 137
Chilldown pump pressure differeniial
Ulllpressurized (psi) 8.9 8.7 9.4
Pressurized (psi) 7.2 7.8 7.75
Events (sec from simulated liftoff)
Chilldown initiated -298.7 ~298.6 -299.4
Prevalve closed ’ -283.3 -283.2 - —285.9
Prepressurization =942 -94.1 94,7
Prevalve opened 510.1 510.2 509.7
Chilldown pump off 511.1 511.2 510.7
Engine start command 511.7 511.7 511.4
Chilldown shutoff valve cio!sefi 922.2 922.2 921.8
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TABLE 8-5

LH2 PUMP INLET CONNITION DATA

Parameter 5-1VB-508 | S-IVB-507 | S-IVB-506N
Pump inlet conditions
Static pressure at encine start
command (psia)‘ - 33.0 33.5 33.6
Static pressure at engine cutoff :
command {psia) 30,2 3L.7 31,1
Temperature at engine start
command (deg R) 39.4 38.5 39.9
Temperature at engine cutoff 39.9
command (deg R) 39.0 39.6
NPSP réquirements at pump interface
Minimum at engine start command (psi) k.5 AL.S h.5
At high EMR (psi) 5.3 5.3 5.3
After EMR cutback (psi) L.9 4.9 4.9
NPSP -available at pump interface
At engine start command (psij 8.9 13.3 g.8"
Maximum (psi) 16.3 15.9 15.1
Minimum (psi) 10.2' 11.0 9.5
At engine cutoff command (psi) 11.2 11.0 10.0
£H2 suction duct ‘
At high EMR
Pressure drop (psi) 0.6 0.3 0.5
Flowrate (lbm/sec) 82 85 83
After EMR cutback
Pressure drop (psi) 0.5 0.5 0.4
Flowrate (lbm/sec) 8k 80

79

8-11




(LBM/SECY

FLOWRATE

!

PRESSURE (PSIA)

TEMPERATURE (OR) *

-
(-
L=

R Bl U A WS N -
lt—— PRE PRESSURIZATION INITIATED

|

<3
-3
L

( .
\ < PREPRESSUR| ZATION TERMINATED

)

LHZ2 PREPRESSURIZATION FLOWRAE (CALCULATED)

0.00

| [ ] l

LHZ TANK PREPR\:SSUR!ZATION
“SUPPLY PRESSURE (DOT7AZ)

2000

1000

300 l

/ LHZ TANK PREPRESSURIZATION
'SUPPLY TEMPERATURE (COT L%ls)

200

100 -

-200 ~100 o 100 200 30 .

TIME FROM SIMULATED LIFTOFFE ( $EC)

ATION SYSTEM,

FiGURE 5""’1'5 "L-.HE TANK PREPRES LRIZAT Q)
- PERFORMANCE (SHEET | OF 2)

%18—-12

300 400 500

____ 600

-Ap



500
. r Lz TANK INCET TEMPERATURE | (C0015)
6? 400
9; )
o1 300 AJ*T""'ﬂn—‘
& /
5 /
%’ 200 l L‘a.....
Z )
= \/ '
100
40.0 L
LHZ TANK ULLAGE PRESSURE  (Dos3qy
_ 3.0 ~ e ‘Jm“;__ — h“__l_
' i-ﬁ—-——PREPRESSUR!ZN‘iON INITATED
g T T T
& o ' ———— .
> -!4_—" L2 VENT VALVE ReUEVING
i .
%" _ ,-G—"PRE PRESSURIZATION TERMINATED
. 25.0
g}i
. TENEIE ETART COMMAND —-—-»{
4 i ‘ ) -
Bs 0.0
) 100 0 100 200 300 400 500 600

TIME FROM SIMULATED LIFIOFF (Sed)

"FlIGL

iil‘ —
JRE

-1, LHZ TANK PREPRESSUR)

7 ANV IO

SNSTEM PERTORMANCE (SHEET 2oF 2)

$8-13



.00 3

LHZ. |TANK |ULLAGIE PRE/SSURE (DOITT)
33.00

—hy A T Ty uLE$ﬁ?¢J’fdgﬁﬂﬁ\

INCREIASED |[VENTINVG Dug TO STEP PR ESSUR\'ZATIONT—I

éi

3t1.00

—306.0¢0
250

. PRESSURE. (PSIA)

LHZ [ TANK [PRESSURIZATHON MODULE TNLET TEMPERATURE [(c0z23))

230

©
>
CL{’.'! 210 TSy - " =
g":: 190 M‘*MM~WWM“\ _ r_—
g o Pul CUTB|ACK w—»-l N £
' 150 . 5
.22 900 :
@ | LHZ TANK ‘PRRESSUR|IZATION MODULE TNL[ET PRESSURE|C(DOION)
aj 800 mmwww-hmww\ ) .
) a | t . u
§ 700 f . - i \\"‘"'M ! ] et trbg
) [ . _ |
o * A Aoy,
o 600
-y 1.50
g GH2| PRESYURIZATIION GAR FLOWRATE ([CALCULIATED) i
& ’ STEP |PRESSUIRIZAT|ON —3-
tf o 50 i i
& f I I B
=, . ' ENGINE CUTGFF COMMAND ——
. 3 0.0 50.0 100:0 - =150.0""  200.0 250.0 . 300.0 . 350.0 . - 400.0--  450:0. 500,80 .
[Tl

TIME FROM ENGINE START COMMAND ( SEC)

FIGURE 8=2. LHZ TANK PRESSURIZATION SYSTEM PERFORMANCE
(SHEET j OF 2) .

—_—r

8-14


http:IRIZM.ON

PRESSURE (PSIA)

TEMPERATURE. (°R)

250

200

150

100
300

250

200

150

100

LHZ TJMJ'ECTOR TEMPERATURE [(COLH )

M“’"‘“MWWW-MM

MM“*""““” ey
L-_lll.- | Y

LHZ [TANK JLNLET| TEMFERATURE (|COOIS])

’-ﬂ—- PU CliTBACK

LT

ROV A

.0 50.0 100.

0 150.0 200.0 7 230.0 300.0 350.0 400.0 450, Q-

500.0.

FIGURE 8-2.

TIME FROM ENGINE START COMMAND (SEC)

LHZ TANK PRESSURIZATION SYSTEM PERFORMANCE

(SHEET 2 OF 2)

8-15



33.0
"LHz TANK ULLAGE PRESSURE (DOI77)
2.5 - -
¢,“J-F’_’_,_k_/-\.__l“-ft———-——1-----AJL—L;-\JL—I----L.
30.0 lfu.‘
: REPRE SSURIZATICN
COMPLETE D
27.8
< <) LHZ TANK RELIEF
4. VALVE OPEN
ot
B 2.0 :
4
>
2,
i
W a5
o
ﬁ_.
20.0 f
l/j\//b‘“ |
l-q—— 02-Hz BURNER REPRESSURIZATION [NITIATED
11.% -
1%.0 ~
el WSO 0 MO @030 400500
TIME  FROM BUENER STAKIT COMMAND ($)
TOURE. @-3. LN TANK DRUSLSUNY DURING
O2-Hz2 PBURNER RuPRESLURIZATION

8-16



PRESSURE (PSIA)

TEMPERATURE (°R)

3000
L-Hz_ TANK REPRFSSURtZ.ATsQN
oo sram RE PRESSURE D(oo=0)
2500
o | l _ LH2 AMBIENT REPRESSURIZATION
l TERMINATED
./"'-’_'-W
1283 \r,-—/ -
*_—_!!—Ha Ab«ixB\Ewl REPR‘fssuﬂi%’ATiDhi INIT!»I‘#CH:.—“D
300
L i | I [ I
LHZ TANK REPRESSURIZATION SPHERE TEMPERATVRES
300 --“ ﬁ:,—‘ v
ot 3 =1
2]

SPHERE NO. 5 (CoOiW)

SPHERE NO.7 (coziY)
409 e 3PHERE NO(HO (L0206)
139 -
-38.0 -25.0 0.0 23.0 50.0 15.0 100.0 12= .4 150.0 175.0 200.0

TIMEL FROM Ry PRESSURIZATION INITIAT IGN (SeC)

FIGURE 8-4.LH2 AMBIENT
SYSTEM  PLRi ¢

MEL MM RePRESISURIZATIS

BMrANCE: Lonmte YV OF 2)

8-17



(PS14)

PRESSURE

FLOWRATE (L.BM/SEC)

35.0 I
LH2 TANK VLLAGE PRESSURE (DOV77)
3z.5 -
— "\
____.J—‘*""H—"m \
30.90
27.5 / \
/ H2 YENT OPEN i \
22.5
20.0
1.25 i l I I I
‘X REPRESSURIZATION HELIVM FLOWRATE
1.00 (CALCULATE D)
0.75 I -
\(*-—* II_HZ AII\'\BIEN'IF REPRESSURIZATION
0.50 TERMINATED
.25
8.00
-50.0 -25.0 0.0 23.0 50.0 75.0 100.0 123.0 150.0 175.0 200.0

TIME FROM REPRE SSURIZATION INITIATION (S&C)

FleuReE 8-4. LH2 AMBISNT HMELIUM REPRISSURIZATION
SYSTE M pERFOR'{\“‘.ﬂ\Nfo {(3hisEm T 7 ooc :_}

8-18



PRESSUWRE (Ps]A)

)

o

TEMPERATURE (

LH?. TANK ULLAG—E PRES.SCLRE (DDITT)
J \N—COMTiNuous VENT - REGULATOR CLOSED -

CONTHILUCUS VENT ORIFICE OFENED
\H- v ) T /—\VENT VALVE

25.0 : N
\ /—NPV BLOWDOWNS é ACTUAT 10NS- ;&

20.0 — = o I /|

N vy N Yy

-CONTINUOUS VENT REGULATOR OPENED

30.0%

15.0
17.00

LH2 NONPROPULSWE. VENT NOZZLE PRESSURE (DCISH)

16.00 ,

14.00
17.00
i 1 I i N I

. “,q‘ l -—NOO(Dom) bl |l
: l.sm o 4 m’w PRt L

LH2 cow*r'rr_\fuous' VENT NOZZLE TEMPERATURES

16.06
o.t (ocig)

PRESSURE (FSiA) PRESSURE (PSIA)

)
w0 NG T 025585 CONTINUGUS VENTING
1 N . 1 I [N
s U TEEE?MINATED——H,

K st s |

200 R3] 3 23 i T A e
oL NO. 2 (co257) %ﬁ ,,_J

1060
=200 350 Kit]H] 550 400 1050 1300 1550 1800 2050 2300

TIM%.—- FROM CVS INITIATION (8EC)

FIGURE &-50 L HZ TANK \,’ENTH‘“, SYSTENM OPERATON

8-19



180.0 - .
i I f | I |
/F//z CHEZLDOUWN FPOMP FLowRATE(FO00S)
170.0 =
g 169.0
:9 150.0
@ | l—q-z./yz TANK PREFRESSURT A TI00 TNITIATED
|
g_‘: 140.0 !r’q" ke
3
3 130 .90l
~J
S\
120.0 -
[ B CHILLDOWN PUMP OFF ar
110.0 1 -
i gl
0o o [ SHILL DOWN PUMP ON
2.0 1 [ | i | ] f |
LHE CHILLDOWN TOMP PRESURE DIEFERENTIAL (D AR/
2 1.0 ) _
o S ARAMA gk
£ \
%}- ! R"Mﬂvm, TN T P LY R T R P LAY SA AT R Y &
ag 6.0 +—
4 \J PREVALVE OPENED—»
gi 5.0l '
ro ENGINE START COMMAND-—H
Fe PREVALVES CLOSED
0.0

=30

8-20

0 =200 ~100 0 100 200 300 400 500

TIME FROM SIMULHTED LIFTOFF (SEC)

FIGURE 8—6. LHZ PUMP CHILLDOVWN (SHEET-} OF3)

600



TEMPERATURE 253

TEMFERA T URE (°F)

41.00

| l | l
GG BLEED YAWE TEMPERRTU\R%L (Com/ )

40.00

39.00

TR £ ﬁlex it -
ity ,vk.luﬁléhjug!;ﬁ’ihﬁsglll b ‘i,'gﬁ,ff ﬂff e i
: s@sﬁ%ﬂwf? kil il sl
Y | o ,,g,hw......m@wm"

z_/—/z F’L{MP IMLET TEMPERR TURE (Co 595 8)

EB.DOIJI
37.0047

I-*—PREVAL\/E CLOSED FREVALNE OPENED —ﬂ-‘

36.00

— CHILLDOWN TPUMP ON.

CHILLDOWN PUME CFFT‘TI:

35 .00

42.00

41.00

B B ks

I | I l | [
LHZ CHILLDOWN RETURN LINE TEMFERATRE (Qomi‘_"Z«u

40.00

39.00

l LHZ BULK TEMPERA TURE

38.00

FOSITION 1O (COOSE )——-—'—\

o - bt
BT s o S "t v < S5 ol

. Eg A“'_’_.an“'h'hﬁr__k“rd_

37.00

it v -

ENGINE START COMIMAND

gl

36.00

“»4— LH la ?‘“AW/\I’ PRE P/F?ESS urell ZH T/ozul INI'TI#iTED

35.00
~300

-200 ~300. o 100- 200 300 400

TINIE FROM SIMULATED LIFTOFF (SEQ

500 600

FIGURE 8~ LHZ PUMP CHILLDOWN (SHEET Z OF3)

8-21



NPSP (PSL)

PRESSURE (PYIA)

QUALITY(LBGAS /LB MIXTURE)

30.0
20.0
14,

0.0
50.0

40,
30.0
20.

10.0
¢.0500

0.0406
0.0300
0.0200
0.0100

0.0000

-300

8-22

ENGIME, LHZ F’UMP AJPS!Ip CCI‘)LC;JLF)TED)
Pﬁapﬁgsswerznﬂaw IVITIATED -

b= 2472 TANK

R i o L] ]
vuwm&‘smmm/.’. —~PRESSURIZED

L**"’""Y“\“"“'»

ST Ry d

;§sﬁnumaﬁﬂudﬂﬂﬂhdrﬁ{

EAGINVE STRET COMMRAD
) 1 L

——

1 ] 1 ] 1__
EABIVE L2 PIUMP TMLET FPRESSURE (Doooz ;) i—]

[ 1

H

r =
N N

B " La

n
L=]

e

—

//{T—ma

TK)NK

ULLF)&E P;?FSbuRr (D©177)
PE'E Vﬁf_VE OPEA}E-D —-:H

|/

J

B B——
~— CH-JLLDDWA{ PumpP Qal

CIIﬂLLDORJfJ PUMPIOF‘FAT—,

| I I I
A\/ER/-?IGE LHZ QUALITY (CALCULATED)

. ]
I*—PREVAL\/E CLOSED

/MA\W Hgfffév ML

|
J

[

-200

-100 0

100

200

200 400 500

TIME FROM  SIMULKHTED LIFTOFF (SEC)

FIRURE 8~ b,

LAz PUMP CHILLDOWN ( SHEFT 305 3)

600



HEAT INPUT
CBTUHR

INPUT
(BTU/HR)

HEAT

HEAT 1127
(BTU/HER )

3cooo

LHZ QHFLLDDWN SJ’STEN HEAT H\'PHTS
(sEc:rtous I AND 3) .

<L H2 TANK 'PRCPRE’SS'bf-Rlz.ATIDN INITIATED

;!lu ‘HH f?i {}

e ﬂkg;'-;;

25000

},’,‘”" TANE TR
aonu-n ,i #ﬁ!”ﬂ['iﬂ Y ‘\lrﬁ’f{ lr.u}bif

SECTION | jﬁ;s

1 | 5
Jll"&:‘hl 'L}I‘,‘Iﬁwg

|
3 { ';.l'" 1 f;i:‘"h
T

=

15000 1,:” "'1'“”.'( }“" i F f i{ J TI i
T T
10000 | ’ —— SECTION 3
5000 . I ]
A S I O R T |
30000 "

1_H2 CH!LLDOWN s\/sTr—M HEAT lN‘PuTS L%E&TtoNs 2 AND 3)

Zmo_&. PREVALVE CLOSED , _ e
‘SECTIUNS 2 AND 3

20000 ‘ W‘. "‘P""#hg“'irﬂ"j- }‘—'SE‘CT/ON 2
15000 | r f’ i i ;
; ;I ]Ii IW 1 ll

) .
'l'. 18

. o—‘ﬁL | | -rgr?!‘r.' g m[“lnﬂ?

60000

——
o =

P vam i
 ngapee =¥ A,

R
g...__....

—~t

1 1 I 1 1
 TOTAL LR2 CHILLDOWN SYSTEM HEAT INPUTS
i b tag e ety maa iU E oL IR TOC L IR R iodnted
40000 - S F_M".Mai‘w 1 Prired PumAmg e & e’ ke 5,

. u
20000 /J ’
(.—(UNPRIESSLLRIZ[ED) (’PRESSURIIZED)
0

~300 ~200 ~E00 a 100 - 200 ) 300 400 300 600

TIMI FROM SIMYLATED LIFTOFF (SEC)

FYGURE 8-1. [H2 PUMP CHILIDOWY  CHARACTERISTIZS

8-23



PRESSURE
(PiA) NPSP (PSI)

(°R)

TEMPERATURE

20.0
l l
LHZ PUMP NPSP(caLcULa TzE"D)
18.0
ENGINE CHJ?ZW=FfC33N%M%WMM>--———-—-HH
16.0 \) f } .
{ "t \wfhﬂtﬂ;yLMﬂu ,
el T
vw‘m %/U\
AL
12.0 JW &
T IRA™!
EIMR CUTBACK ~ VAL
10.0 . i
"0 ~ [FEQUIRED A7 5.07] AND 4.537 EMR—
/"“REQULIRED AT 5. 5' 1| EMR ‘\
6.0
¥ I ] \
4.0
25.0 I I T 1 — T T
LHZ VAPOR PRESiSURE AT PUMP INLET (CALCULATED) "
20.0 g Bm—— R el
_ s M I
15.0
o LHZ FUMPINLET  TEMFERDTURE (COGSEY |,
L&
34007 — P Fomerwn e Y A BPRONS L nsd
36.090
0.0 50.0 100.0 150.0 200.0 T 230.0 300.0 350.0 400.0 450,0 500.90

TIME FROM ENGINE STRRT COMMAND (SEC)

FIGUWRE 8=8. LHZ PUMP IMET CONDITIONS (SHEET 1 OF Z)

8-24



PREXSY RE
(P31A)

PRESSURE
(PSIAY

PRESSURE:
(PESTM

PRESSURE
(PSID)

3.00 I T 1 1 |
LHZ THNK (LLAGE PRESSURE CDOI?7)
34.00
33.00 T - ,
i o . R ! 1y
32.00,&&&’*‘“ A S AT TR MM
TOFF COMMAL,
ENGINE CUTOFE Commpnp——ip]
30.00
2.00 l | ] T i ] T
~ LHZ PUMP INLET DYNAMIC. PRESSURE (CALCULATED )
" 1.50 - - - - - - -
ﬁé A U D I e ey WP e 5
1.00 3 S5 — .
D e S N 5
ojoJ* /‘ _ _' [
| Az FUMP INET HEAD PRESSURE (CALCULATED)
8.00 41— . "
34.00 I I I T 1 ]
LHZ PUMP INLET STA7IC PRESSURE (DOOO R
33.00 - -
SZ.UOK‘ I’\&A - -] - Iy . ‘.A B
AV LT R Y YR T L
30.00
29.00
3.00 I~ I i I I | | ]
LHZ FEED DUCT PRESSUEE DROP (CALCULATED)
2.00
1.00} ] " y — A ,
' "p ]
e Y L e R T T
¢.0 50.0 100.0 150.0¢ 200.0 250.0 3006.0 359.0 4RO 0 450.0 500.0

TIME FROW ENGINE START COMMAVD (SECY

FIGURE 8-8, L2z PLUME INLET CONDITIONS (SHEFT Z0F 2)

8-25



9¢-8

TEMPERATURE (°R)

46
TIME FROM
ITEM ESC (SEC)
{ O
2 ] (STDV) .
Ao}
4 = 200 /
¢ 300 -
g 2052 /
A s
9 60 (STOV == i
.2 9 ) /
'
40
|
38
|
36 GINE START LIMITS——

%

20 24 28 32 36 40 44 3

STATIC PRESSURE (PSIA)

Figure 8-2. LH2 Pump Inlet Conditions During Firing



TEMPERATURE (°R)

42

41
NOTE: S~IVB-$06 AND 507 ACCERTHMCE
. DATA ADJUSTED TO S-IVB-SOE
INITIAL STEADY—STATE TEMPERATURE
40—
S~VB~508 FCCERPTRANCE FIRING~ :
/
39 \ 7
~
= S~ VB 806N HCLCER TRNCE FIRING,
— -+
38 §1 — e i =
S-WB=407 ACCEPRPTANCE FJE/N&A
37 - |
40 35 30 25 20 15 10 5
LH2 MASS {1000 LBM)

Figure 810 Effect of LH2 Mass Le_vellqn LH2 Pump Inlet Temperature




SECTION 9 I

PNEUMATIC CONTROL AND PURGE SYSTEM



. N

PNIBUMALTC CONTROL AND PURGH SYSTEM

The pneumatic control and purge system (figure 3-1} performed adequately
during the acceptance firing. All components functioned properly. The

tesﬁ results are summarized and compared with previous acceptance firing
data in table 9-1. )

9.1 Ambient Helium Supply

In order to simulate actual flight conditions the stage was isolated
from the ground support equipment (GSE). The hellum supply valve was
closed 328.5 seconds prior to simulated coast and remained closed during
the conbinuous venting period and both the burner and ambient helium
repressurization operations. The valve was also closed at 5LO -T.2

seconds and remained closed through J-2 engine opersbtion,

9.2 Pneumatic Control

All engine and stage pneumatic control valves responded properly through-
out the terminal countdown, simulated coast, 02-H2 burner operation,

ambient repressurizsation, and J-2 engine operation.

During a period of simulated coast the pressure decay of the control

helium sphere was higher than normal. This was due to the high bleed

-l i

rate that éccompanies actuation of the latch in the IH2 latching vent
and relief wvalve., The latch in the IHZ2 latching vent and relief wvalve

remained actuated from ¥BSC -1,192 seconds to BSC +784 seconds.

The normel system pressure drops that result from regulator operation

during J-2 engine and 02-H2 burner operation are shown in figures 9-1

" and 9-2, respectively.

9.3 Ambient Helium Purges

During the acceptance firing all stage purge functions that utilize stage
pneumatics were satisfactorily accomﬁlished. The pneumatic system was
isolated from the GSE during the periods of simulated coast and engine
firing, discontinuing those purges that were facility supplied. Table 3-2

lists the flowrates of the various purge orifices.
*Burner Start Command

9-1
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TABLE 9-1

PNEUMATIC CONTROL AND PURGE SYSTEM DATA

5-IVB=-507

5-IVB-508 S-IVB-506N
Paramester ,
Engine Burner | Engine Burner | Engine Burner
Operation-{Operation|Operation |Operatlon Operation |Operation
Sphere volume (cu ft) b5 L.5 b5 4a5 b5 b5
Sphere pressure
At $imulated 1iftoff (psia) 2,950 _— 2,966 _— 2,817 ~
At engine start command (psia) 2,875 2,540 2,855 2,175 2,709 2,159
1,941% 1,965%
At engine cutoff command (psia) 2,860 2,500 2,852 2,024 2,713 2,099
- 1,903* ' 13950*
Sphere temperature ‘
At simulated 1iftoff (deg R) 7 2NN - 540 - 549 -
At engine start ‘command {deg R) 540 532 534 526 541 537
‘ 523% 536%
At engine cutoff command (deg R) 540 531 533 523 | ., ..5h1 537
' 522% 536%
Helium mass usage rate |
Pre-burn engine pump purge (lbm/min) 0.075° —_— 0.070 —_— 0.080 —
Post-burn engine pump purge (lbm/min) 0.120 - - 0.146 - 0.125 -
Simulated coast with no engine pump
purge (lbm/min) - 0,027 - 0.010 — 0.0033 -

#*Value obtained from second burner operstion.
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Table 9-1 {Continued)

S~IVB-506N_

S-IVB-508 S-IVB-507
- Parameter Engine Burner | Engine Burner | Engine Burner
Operation |Operation|Operation | Operation|Operation | Operation
Burn guration (sec) 460 4,60 436 455 L48,1 4,56
. 130#% 130+
Helium mass
At simulated liftoff (lbm) 8,12 — 8.39 - 7.89 -
At engine start command (lbm) 8.01 7.27 8.19 6.46 7.71 6.29
5,853 5,78%
At engine cutoff command (lbm) g.01 7.16 8.19 6.07 771 6.13
5.74% 5. 7h%
Usage during engine or burner 0.0 0.11 0.0 0.39 0.0 0.16
operation (1lbm) 0.11% 0.0L4%
Usage during 10-min post-burn engine 1.20 — 1.46 - 1,25 —
punp purgett (lbm) .
Maintained regulator outlet pressure band
Lov (psia) 550 548 534 540 513 510
' 5L0% 510
High (psia) 565 552 565 543 556 543
S542% 5LG*
System minimum during start and cutoff
transient (psia) L40 — 426 - 423 -
Average LOX chilldown motor container L5 46 61 60 57 57
purge pressure (psia) ' d 56

# Value obtained from second burner operation.

## Estimated on basis of purge flowrate,
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10,

OXYGEN-HYNROGEN BURNER SYSTEM

The 02-H2 burner (figure 3-1) was acceptance tested prior to the 5-IVB-
508 stage acceptance firing. The 508 test giffered from previocus
acceptance tests in two ways. The S-IVB~503N, 504N, and 505N burner
operations were terminated by pickup of the LH2 flight control pressure

switch, whereas the 506N, 507, and 508 burner operations were not. In

) addition, the burner was operated twice during the 506N and 507 accepﬁ-

ance tests—-the first time to repressurize the [H42 and LOX tanks, and
the second to show the burner restart capability for ullaging:ﬁurposes.

On S5-1VB-508, however, the burner was opgrated only once.

10.1 Burner Performance

The burner performed 5atisféctorily during the L60 seconds of operation.
The LOX tank was repressurized 178 seconds after burner start, and the
LH2 tank repressurization was terminated approximately 3.9 seconds later.

Performance data are presented in figures 10-1 through 10-4,

10.2 1LHZ2 Tank Repressurizabtion
1

The LH2 tank pressurant started flowing 7.49 seconds after burner start

command The LH2 tank ullage was then pressurized from 19.3 to 30.3 psia

in 17k.5 seconds, for an average rate of 3.78 psi/min.

The 3.78 psi/min répressurization rate was 0.62 psi/min higher than the
thecretical rate based on an adiabatic repressurization process, utiliz-
ing 40 deg R helium. The higher than theoretical pressurization rate
was the result of the relatively warm temperatures of the cold helium
spheres. The ambient heating on the S5-IVB-508 burner was less than on
the 506N and 507 burners due to the different cold helium sphere condi-

tions on the various tests.

The LH2 tank repressurization burner heat input rate (the total minus
the ambient heating rate), helium flowrate, and repressurization coil
outlet temperature are shown in figure 10-2 dnd further discussed in
paragéaph 8.1.3. A comparison of 02-H2 burner performance during three

acceptance firings is presented in table 10-1.

10-1



10.3 LOX Tank Repressurization

The LOX tank pressurant started flowing 7 seconds after bﬁrner start
command, The LOX tank ullage was then repressurized from 3L.5 to 37.9
psia in_ 171 seconds, for an-average rate of l.lé psi/min, To compensate
for the 4.64 psia head due to the LOX -load during ground testing, the
ullage pressure was kept low enough to provide % burner LOX supply

pressure range of 39.1 to 42.5 psia,

The total average LOX tank$repfessurizatioﬁ heat flux (the heating of
the LOX tank pressurant gas from the 40 deg R reference base to the
burner LOX repressurization outlet temperature) was 47,100 Btu/hr.
Ambient heating (the heating of the LOX tank pressurant gas from the

40 deg R reference base to the burner inlet temperature) contributed
approximately 10,200 Btu/hr to the total LOX tank repressurization heat
flux. As a result of the cold helium sphere temperatures, the ambient
heating and the LOX repressurization heat flux were‘comharable to those
on previous acceptance tests. Approximately 3.6 lbm of helium were

required for LOX tank repycssurization.

‘
The LOX tank repressurization burner heat inpit rate {the total minus
the ambient heating rate), helium flowrate, and repressurization coil
outlet temperature are shown in figure 10-4 and are further discussed
in paragraph 7.1.3. The 508 acceﬁtance'firing LOX tank repressurization

performance is compared with ‘507 and 506N acceptance performance in

table 10-1.

10.4 fLold Helium Supply

The cold helium spheres provided an adequate amount of hellium for
cryogenic repressurization, The tempe rature and pressure profiles before
and during burner operation were as expected and are shown in figure 10-4.
The system performance is. compared with previous acceptance tests in
table 10-1,

10-2



10,5 Pilot Bleed Flowrate

The burner helium shutoff valves utilize a pilot bleed system which
diverts approximately 0.004 1bm/sec of the total colsd helium flow

passing through each moAule and dumps it downstream of the burner exit
orifices., This pilot bleed flow is compared with that during the
S-IVB-507 and 506N tests in table 10-1, '

10-3



TABLE 10-~1

02-H2 BURNER PERFORMANCE MATA

Parameter S~-IVB~508 | S-IVB-507 | S-IVB-506N
Duration of burner operation
First burn 459.6° |.  455.5 456
Second burn , N/A 130.6 130.6
Lag in pressurant flow after burn
start (sec) 7.49 6.87 6.8,
Cold helium supply
Initial pressure (psia) 1,625 1,763 1,819
Initial average temperature (deg R)  61.6 64,0 60 . 3%
Initial mass (lbm) 223 221 252
Consumption during burner operation
{1bm) 25.0 22.5 22.9
Burner propellant supply during
repressurization peried
LH2 supply pressure range {psia) 20.2-31.2 -{20.9-31.1 |20.5-31.1
I0X supply pressure range (psia) 39.1-42.5 | 38.3-41.1 |39.3-43.2
LH2 tank pressurization - )
Ullage volume (cu ft) 4,697 4,619 44,880
Initial pressure (psia) - 19.3 20.0 19.6
Final pressure {psia) 30.3 30.2 30.2
Average pressurigzation rate
(psi/min) 3.78 L.05 L.30
Total average heat transfer
rate’™ (Btu/hr) : 244,000 243,000 234,000
Ambient heating rateit of
pressurant gas (Btu/hr) 53,350 64,000 66,536
Pressurant. helium through
burner (lbm) 19.36 8.1 | 16.5
Pressurant helium through valve .
pilot bleed (1bm) 0.7 - 0.61° 0.9
Total helium required (lbm) 20,10 18.71 17.4

® Weighted average

3% Measured from 40 deg R reference base
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Table 10-L (Continued)

. Parameter S5-IVB-508 S-IVB-507 | S-~-IVB-506N
10X tank pressurization
Ullage volume (cu ft) 97L 969 999 -
Initial pressure (psia) 3L.,5 33.7 34.7
Final pressure (psia) 37.9 36.5 - 38.6
Average pressurization rate
(psi/min) 1.20 1.11 1.16
\ 1

Total average heat input rate :

- from burner {Btu/hr) 47,093 48,200 48,880
Ambient heating rates of . ‘
pressurant gas (Btu/hr) 10,188 11,500 10,980
Pressurant helium through .
burner (1lbm) - 2.90 3.2 L.3
Pressurant helium through
valve pilot bleed (1lbm) 0.71 0.61 1.2
Total helium required {(1bm) 3.61 3.81 5.5

%  Measured from 40 deg R reference base

10-5
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11i.

PROPELLANT UTILIZATION SYSTEM
The propellant utilization (PU) system generally performed satisfactorily

during the acceptance firing, however, a minor anomaly with a sticky

PU valve compromised the valve history. Propellant loading was successfully
accomplished based upon a desired common propellant load of lé3,273 1bm LOX
and 38,000 1bm LH2. The LOX and LH2 masses obtained by the flow integral
method were 193,079 1bm and 37,711 1lbm, respectively, The PU indicated LOX

and LH2 masses were 0.06 percent and 0,85 percent higher than the flow
integral derived masses,

The PU indicated LOX mass was 0.04 percent less than the desired LOX
loading and the PU indicqted LH2 mass was (.08 percent greater than the
desired LH2 load. The LOX and LH2 full load masses, as determined by

the volumetric method, were respectively, 0.06 percent lower and 0.81
percent higher than the flow integral method derived mass. Loaded mass as
determined by the flow'integral'methdd was -.10 percent and —.77 percent ‘

of desired for LOX and LH2, respectively.

The PU system operated in a closed-loop mode for most of the single

burn full duratioq firi?g. However, an open-loop excursion to the low

EMR position (4.5:1.0) was commanded at 350.4 sec followed by a command

to the null position (5.0:1.0) at 410.llsec where it remained until

cutoff. During the closed-loop operation a reference mixture ratio of 5.0:1.0
was utilized.  Closed-loop wvalve cutback occurred 10.7 sec later than
predicted. The steady-state valve position following the closed-loop

cutback transient was approximately 0.6 deg higher than predicted.

The open-loop excursion resulted in an LH2 depletion cutoff. The result-

ing propellant masses at cutoff were 3,300 ibm LOX and 670 1lbm LHZ.

Engine thrust variation were well within the flight thrust variation

limits derived for the Contract End Item (CEI) specificatiom.

11,1 PU System Calibration

The nominal S-IVB-508 pre-acceptance mass sensor calibration data were

determined from previous acceptance firing results.

The propellant mass at the upper and lower calibration point was
determined from calculated unique tank volume data and predicted propel-

lant densities. The capacitance at the lower end was determined from
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the vendor's sensor alr capacitance and average fast drain data from

previous acceptance firings.

The LOX sensor capacitance at the full immersion point was determined
from the vendor's air capacitance and mean data_accumulated from LOX
sensor full immersion tests conducted on S-IVB-207, 208, 209, 503N, and
504N. The LH2 sensor capacitance at the upper calibration point was
determined from the $-IVB-209, 504N, 505N, and 506 immersion test results

and vendor's air capacitance.

The LOX and LH2 PU calibration data are presented in the following table:

PU MASS SENSOR MASS (ibm) CAPACITANCE (pﬁ) LOCATION
: Lox. . 196,748 414.12 Top .of inner ele-
. ment.-
. 1,335 282.06 Bottom of inner
. . element.
LHZ 44,694 1185.26 Top if inner ele-
o ) ment.
201 971.36 Bottom of inner
: element.’

11l.2 PU Mass History

The flow integral, volumetric, and PU indicated methods were used to
evaluate the acceptance firing propellant full load and mass history;
however, only the flow integral method will be used to recalibrate the

PU system for flight.

The flow integral method consists of determining the mass flowrate 5f
LOX and LH2 and integrating as.a function of time to obtain total
gonsumed mass during firing. Flow integral mass values are based on the
analysis of engine flowmeter data, thrust chamber pressure, engine

influence equations, and engine tag values.

The initial full load.-mass, using the flow integral method, is determined
by adding the propellant residuals at engine cutoff, the fuel pressurant
added to the ullage, and proPellants lost to b01loff to the total mass

consumed.
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the PU volumetric masges were derived from raw PU probe output data
computed according to volumetric calibration slopes and velumetric
nonlinearities. The calibration slopes (1bm/pf) were computed from
capacitance propellant mass relationships at the upper and lower probe
active element extremities. The propellant mass at these extremities
wag calculated from unique tank volume determined from tank measurements

and propellant density.

The PU indicated method measures propellant mass from the raw PU

probe output.

Table 11-1 presents the propellant masshistory for salient times during

the acceptance firing.

11.2.1 Propellant Loading

Propellant loading was accomplished automatically by the loading computer.
Desired, indicated, volumetric, and flow integral full propellant loads

at ESC are presented in table 11-1.

The deviation between the desired and flow integral masses were within

0.10 percent and 0.77 percent for LOX and LHZ respectively.

11.2.2 Propellant Residuals

Propellant residuals were computed at Engine Cutoff Command (ECC) using
both the PU mass sensors and the residual point level sensors. Three
level sensors in each tank (LQ017, L0018, and LCOO19 in the LH2 tank,
and LOOl4, LOOLS5, and L0016 in the LOX tank) wetre activated during the

firing and were used for residual analysis.

Level sensor residuals were computed using the engine consumption data
(GLO5 program) to extrapolate from level sensor activation to engine
cutoff. A statistical average residual was computed for the point

level sensors for each propellant tank. The final residual masses at
engine cutoff are the weighted average residuals of the point level sensor

and PU mass sensor residual data.

Table 11-2 contains a tabulation of PU volumetric, level semsor, and
weighted average data. The residuals as determined from the weighted

average data were 3,300 lbm-and 670 1bm for LOX and LH2, respectively.
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11.2.3 PU Efficiency

PU efficlency is determined by expressing the usable residual propellants
at depletion as a perqentage of the total propellant load. The planned
residuals were not optimized to include the effects of the open-loop
demonstration. An LH2 depletion sensor cutoff occurred prior to PU
processor cutoff due to a propellant depression phenomena. Total stage
propellant consumption zates'(determined by engine and stage flowrate .
evaluation) at the LH2 depletion- semsor cutoff time were 390.9 lbm/sec

for LOX and 79.3 lbm/sec for LHZ2.

-

The combined PU efficiency (open‘and closed-~loop) was 99.42 percent.,
The planned residuals were 2,408 1bm of LOX and 760 lbm of LHZ. The
actual extrapolated residuals result with no remaining usable LH2 and

3,264 1bm usable LOX remaining.

Normal cutoff is by the PU processor. For future acceptance fired stages
an adjustment will be made to the LH2 PU processor cutoff so as to initiate

engine cutoff prior to the depletion semsor activation.

11.3 PU System Response |

{
PU system closed-loop mixture ratio valve cutback occurred at 196.7 sec ,

which was 10.7 sec later than the predicted cutback time of 186.0 sec.
The closed-loop valve response exhibited anomalous activity during the
cutback transient. This anomaly was detected at a valve position of

425.5 degrees and was determined to have resulted from a sticky wvalve.
During the subsequent post firing checkout the valve did not meet the

specification requirement and was replaced.

Receipt of .the open-locp 4.5 EMR .command was observed within 0.4 sec of
predicted. The PU valve null position command was received at 410.1 sec

which is 0.1 sec later than predicted.

The reconstruction of the actual PU valve history was made using the
actual engine environment, tank-to-sensor mismatches derived from the
flow integral mass hiétories, and other known system operating conditions.
‘The tank-to-sensor mismatch of the LOX and LHZ2 mass sensors based on

-volumetric and flow integral data are presented in figures 11-2 through 11-5.
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The following table summarizes the deviations between the actual and
predicted PU valve position histories and their sources, based on the flow

integral results.

. : CUTBACK TIME ) VALVE POSITION
DESCRIPTION i DEVIATION . SHIFT
{sec) {deg)

Loading . ~6.5 - S0
Calibration- ) 0 +0.25
Tank/Sensor Mismatch +12 0
Tag Values +6 +2.39
Engine Environment -2 +0.02
Total ' +9.5 C 42.66

The summation of deviations listed in the table would increase the pre-
dicted cutback time by 9.5 sec and increase the mean value of mixtu¥e ratio

valve position by 2.6 deg.

11.3.1 PU Cutback Deviations

11.3.1.1 Loading Computer Deviation

Loading computer deviations are the difference between the PU system
indicated loads at ESC and the desired PU system indicated loads at ESC.
The logding-deviations were -73 1lbm LOX (-.038 percent) and -+32 1bm LH2

. (+.084 percent). These deviations were within acceptable loading errors
of +3.0 percent. The combined effect of these loading computer deviations
decreased cutback time by 6.5 sec. The mean level of the valve position

after cutback was not affected by these loading computer deviations,

11.3.1.2 Flow Integral Mass/Capacitance Calibration Deviation

Calibration deviations are the difference between PU indicated loads and
flow integral lcads during burn. Calibration deviations at ESC were -.013
percent LOX and -.869 percent LH2. Calibration deviations at ECC were

-.0226 percent LOX and +.0 percent LH2Z. The slope deviations between

ESC and ECC were +.0094 percent LOX and -.869 percent LH2. The desired
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reference mixture ratioc (RMR) for the S8-~IVB-508 acceptance firing was
5.0:1.0. The bridge gain 'ratio (BGR) was also calibrated at 5.0:1.
Sinée PU sensor calibration deviations also affect the BGR, the actual
ratio was 5.02:1. ThHe calibration devidtions did not alter the cutback

time but shifted the mean value of valve position by +.25 deg.

11:3.1.3 Tank/Sensor Mismatch

The effect of the differences between the average. of previous .acceptance

firing flow integral tank-to-sensor mismatch results for the S-IVB-508

prediction and the actual flow integral mismatch increased cutback by
12 sec but had no effect on the mean level of valve position. Figures
11-4 and 11-5 show the actual flow Integral LOX and LH2 nonlinearities

with the snesor manufacturing nonlinearities included.

11.3,1.4 Tag Values

The effect of the difference between predicted and actual tag values for
the S-IVB-508 acceptance firing was to increase cutback by 6 sec.

In addition, the mean! level of valve ‘position was shifted by +2.39 deg.

11.3.1.5 Engine Environments

The effect of the difference between predicted and actual - pump inlet
conditions, pressurization, ‘and.boiloff rates for the 508 acceptance 'firing
was to decrease cutback time by 2 sec and increase the mean level of. valve

position by +.02 deg.
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TABLE 11-1
PROPELLANT MASS HISTORY

PU PU FLOW .
SVENT DSiggED INDICATED| VOLUMETRIG| INTEGRAL DEVIATION FROM FLOW INTEGRAL MASS
e MASS MASS MASS .
m (1bm) (1bm) (1bm) DESTIRED |PU INDICATED | VOLUMETRIC
SIMULATED LOX 193,273 | 193,200 | 192,967 | 193,079|4194 0.10%|+121 0.06% |-112  0.04%
LIFTOFF (T0) AND )
ENGINE START  |LH2 38,000 | 38,032 | 38,017 | 37,711|+289° 0.77%|+321 0.85% |+306 0.81%
COMMAND -
TOTAL 231:273 | 231,232 | 230,984 | 230,790({+483  0.20%|+442 0.19% |+194 0.08%
PU VALVE CUTBACK|LOX 105,325 | 106,658 | 106,058 | 105,715|-390  0.20%|+943  0.49% [+343 0.18%
(ESC +196.7 SEC) 147 91 012 | 21,925 21,860 | 21,655{+257 0.68%|4270 0.71% |+205 0.54%
TOTAL 127,237 | 128,583 | 127,918 | 127,370{-133  0.05%|+1,213 0.52% |+548 0.23%
ENGINE CUTOFF .|LOX 3,448 3,338 3,388 | 3,300|+148 0.08%|+38  0.02% |+88  0.05%
COMMAND :
: LH2 985 643 651 670|+315  0.83%|-27  0.07% |-19  0.05%
TOTAL 4,433 3,981 4,039 | 3,970|+463° 0.20%[+11 °  0.004%|469  0.03%
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TABLE 11-2

PROPELLANT RESTIDUAL SUMMARY

*Statistical average of level sensor residuals
**Statistical average of level sensor and PU system residuals

LEVEL SENSOR
(ACTIVATION TIME)
LOX TANK LH2 TANK
L0046 L0015 L0014 ECC L0019 10018 - L0017 ECC
(To +937.110) [ (To -+952.942)1 (To +969.026) | (To +971.681)] (To +937.443)| (To +945.610) | (To +963.026) | (To +971.681;

PU VOLU- :

METRIC - 16,941 10,337 4,276 3,388 3,456 2,789 1,460 651
LEVEL

SENSOR ' :

TNDI CATED' 16,683 10,659 4,325 3,381 2,733 1,362

VALUE '

LEVEL

SENSOR .

EXTRAPO- - 3,163 3,334 3,288 3,281 % 665 665 ' 676 - 671 =
LATED )

RESIDUAL

WEIGHTED ,

| AVERAGE 3,300 #* 670 ®%
TRESIDUAL

NOTE: To = 1,433:44,00
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1z,

DATA ACQUISITION SYSTEM

The data acgquisition system demonstrated competency in acguiring stage
informafien, conditioning the data signals, translating these signals
into proper telemetry format, and transmitting the telemetry informatio%
to a ground statiQn.r Thg_peasyygmenﬁg which comprise this system are.

specified in Drawing No, 1B43573 Change S AEQ U, Instrumentation

Program and Components List (IP&CL); however, not all meassurements speci-

fied in -the IP&CL were in operation during this test. The system demon-
strated that it was free of.radioc frequency interference and was electro-

magnetically compatible with other stage systems.

The performance of the data acquisition system was satisfactory through-
out the 02—-H2 burner and mainstage firing phases of the acceptance firing.
The reduced data from all channels were acceptable with the exception of

the diserepancies described in tgbles 12.1 and 12-2.
-]

The following is a summary of the telemetry data measurement system per-

Pormance during acceptance firing:

Total number of measurements assigned 296
Total number of measurements deleted 67
Total number of active measurements 229
Measurement failurés 3
Total acceptable measurements 226
Measurement efficiency 98.7 pefcent
Measurement discrepancies 9

12.1 Instrumentation Subsystem Performance

The instrumentation system performed satisfactorily during all phases of
the acceptance firing. Three measurement failures were cbserved and nine
measurements exhibited dats problems., Table 12-1 lists these measurements
and table 12-2 elaborates their malfunction characteristics. Table 12-3

lists the measurements that were insctive.
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12-2

Measurement G0010-401, Position - P.U. System Ratio Valve, was qualified
as good, but the valve exhibited erratic operation. The
valve failed a post fire test and was subsequently replaced. D0002-h03

(Press ~ Fuel Pump Inlet) was overpressurized at J-2 engine cutoff.

One measurement used for hardwire monitoring failed during mainstage
operation. This actually constitutes a flight measurement failure since
the hardwire measurement, CO419-1403, is the complement to flight measure—
ment €0382-403 (Pemp - GOX/GH2 Burner Chamber Dome); COL19-403 was off-
scale high during mainstage operation. C0382-%03 was not monitored on
T/M during the test.

The measurements listed below were susceptible to the high RF field
experienced on the Complex Beta test stand., The RFI condition was
exhibited as noise or data shift, or both, when comparing open and
closed loop RF data. RFI responses have been observed during previous
firings; this problem does not exist when the stage is in the launch

vehicle configuration. No action is being contemplated to remedy the

problem,
C0197-k01 Temperature - Primary Instrumentation Package
MO060-k11 Volt - PU Valve Control
M0068-k11 Volt — 5-Volt Execitation Module, Forward 2
N0018-411 Mise - PCM/FM Transmitter Output Power
NO0O55-k11 Mise - Telemetry RF System Reflected Power, Channel 1
NO060-k13. Misc -~ Operational Telemetry RF Transmitter Power Kit
N0061-k11 Misc - Operational Telemetry Reflected RF Power Kit
NO063-h11 Misc - PU Oven Stability Monitor
DOL04-103 Press ~ LHo Pressurization Module Inlet

RACS calibrations were evaluested for proper levels at T - 242k seconds
(1333:20 hours PST) of Phase D (mainstage firing). All measurements
were within the acceptable RACS levels except N0O055-411 (PCM/FM Reflected

Power) which was confirmed as an RFI problem.

~

Comparison of the #/M and GIS hardwire data was conducted during the
Sacramento test facility evaluation. A total of 48 measurements were
compared with satisfactory results. The comparison results are shown in
table 12-L.



12.2 Telemetry Subsystem Performance

The telemetry subsystem performance was good. There was no loss of
system.§ynchronization, and good data were received from =211 channels.
DDAS hardwire {600Hz) to.T/M (open loop RF) comparison did not reveal

any data discrepancies.

Response of the telemetry subsystem to in-flight multiplexer calibrations
were evaluated during Phase D at the following times: TO + 116 seconﬁs
and TO + 1219 seconds. The chilldown pumps and the auxiliary hydraulic
pumps were operating atl TO + 116 seconds and not operative at TO + 1219
seconds. All calibration levels during both evaluation periocds were

within the tolerance of +8 bit counts out of a range of 2k to 999 bits.

12.3 RF Subsystem Performance

The RF subsystem performance was satisfactory. A single sideband trans-’
mitter was installed-on the stage. During open loop operation the RF
power measurements were suscept?ble to the RF field; therefore, proper
‘assessment of the RF system could not be accomplished. For worst case
using the closed-loop power output and the open-loop reflected power,
the PCM/FM VSWR was 1.70:1, and the SSB/FM VSWR was 1.55:1.

The following tsble presents the PCM/FM and SSB transmitter output power

and VSWR data for open- and closed-loop operation.

RF Subsystem Data

. Open-Loop Closed-Loop
System Value® Value

PCM/FM Transmitter Qutput Power 20.3 19.7
(minizmum acceptable is 15 W)

VSWR (maximum acceptable is 1.8:1) 1.70:1 1.60:1
SSB/FM Transmitter Output Power 20.9 20.3
(minimum acceptable is 15 W)

VSWR (maximum acceptable is 1.8:1)  1.55:1 1.21:1

_ *RF measurements were susceptible to RFI
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l2:4 Electromagnetic Compatibility

The data acquisition system did not interfere with other stage systems
in the areas of electromagnetic compatibility. However, measurements
did exhibit data shift and noise caused by the susceptibility to the
high RF field experienced on.the Complex Beta test stand. See paragraph
12.1 for the complete Iisting.

12.5 Emergency Detectlon System Measurements

Measurements DO177-408 (Press - LH, Tank Ullage, EDS, No. 1)., DO178-408
(Press -~ LH, Tank Ullage, EDS-No. 2), DOAT9-406 (Press - LOX Tank Ullage
EDS No. 1), and D0180-406 (Press - LOX Tank Ullage, EDS No. 2) all per-

formed satisfactorily.

12.6 Hardwire Data Acquisition System Performance

The ground instrumentation system (gIs) provides a backup.and data com-
parison for certain stage telemetry gystem parameters in addition to

recording measurements from the ground support and facility equipment.

The GIS also provides stripcharts for redline and cutoff-parameter
monitoring. The GIS performance during acceptance firing was satis-

factory.

The following table presents the type of recording equipment and the

number of channels used.

Ground Recorder Channel? Assigned
Beckman 210 Digital Data System ‘ 176
Constant Bandwidth FM 63
Wideband FM T
Stripcharts 36
Total 282
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Table 12-5 presents a list of the various types of measurement data

recorded and the performance of the system.

12.6.1 Hardwire Measurement Discrepancies -

There were four measurement failures, yielding an overall hardwire
measurement efficiency of 99.5 percent. Measurement discrepanéies

that occurred during the‘acceptance firing are listed in table 12-6.
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TABLE 12-1

TELEMETRY SYSTEM PERFORMANCE SUMMARY

NUMBER PERFORMANCE*
FUNCTION ASSIGNED INACTIVE*® NET ACTIVE DISCREPANCTIES FATLURES (percent)
PER IP&CL
Acceleration (4) 0 - - - - -
Acoustic (B) 12 10 2 - - -
Temperature {(C) 61 18 43 1 1 97-. 7
Pressure (D) 79 2L 55 1 1 98.2
Vibration (E) 3. 3 0 - - -
Flow (F) b 0 L 0 0 100.0
Position (G) 8 5 3 0 1 66.7
Events (K) T1 I 67 0 0 100.0
Liquid Level (L) T 1 6 0 0 100.0
Volt/Current/Freq (M) 38 2 36 2 0 100.0
Miscellaneous (N) 11 0 11 5 0 100,0
Strain (8) 0 - - - - -
Speed (T) 2 0 2 0 0 100.0
TGTAL 296 67 229 9 3 98.7
percent
¥*Performance (percent) = Net fctive - FPaitures . ..,

Net Acitive
¥¥See Table 12-3 T/M Measurement Status
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TABLE 12-~2
TELEMETRY MEASUREMENT ANOMALIES

MEASUREMENT
NO.

PARAMETER

REMARKS

€0382-L03

DO002-403

GO010~-401

Temp - Burner Chamber Dome

Press - LH2 Pump Inlet

Position - P.U, System Ratio Valve

This measurement used for hardwire monitoring failed
at T + 925 seconds, 41k seconds into the mainstage

- burn. The sensor failed in the open circuit mode and

failure was caused by stage vibrations. After exten-
sive analysis conducted with the vendor (Rosemount), a
weld fracture was discovered between the sensor element
end the probe lead wire. Corrective action is being
implemented by the vendor.

The measurement failed at engine cutoff. The data
abruptly increased to off-scale-high and subsequently
remained in that condition. A calibration check on the
transducer has shown that it exhibited a permanent 100%
output voltage, indicating that it was in the off-scale-]
high mode. The malfunction was the result of an exces-
sive pressure transient at the pump inlet at engine.
cutoff. This measurement has failed on previous accep-
tance tests due to similer pressure transients.

The measurement was gualified as good, but the valve
exhibited erratic operation on the acceptance firing
data. It was removed post fire and tested per ECP
J2-666 Rl Mod. Instruction RS5436.666. - The valve failed
this test and was replaced.
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TABLE 12-2 (Continued)
TELEMETRY MEASURSMENT ANOMALIES

MEA N . .
SEgEME T PARAMETER REMARKS
001.8-k411 Misc - PCM/FM Transmitter Output These measurements were susceptible to the high RF
I - . _ - environment experienced on the Beta test stand.
0055-511 Misc - T/M RF System Reflected Power Data shifts were observed when the RF system was
NOOB0-411 Mise - Operational T/M Transmitter switched from open to closed-loop operation. The
Qutput Power RACS level differences of open and closed loop also
NOO61-411 | Mise - Operstional T/M Reflected confirmed the RFI. NOO55-41L and NOOGL-klL. are
Powe more ‘suscéptible because of their sensitivity in
. Power ! . v
the operating range and include actual changes in
reflected power as well as RFL changes. The data
shifts for.N0055-411 and N0O061-h1l were -10% and
-13% réspectively.
€0197-401 Temp -~ Primary Instrumentation These measurementd indicated .2 shift in:data level :
Package when the RF system was switched from open to closed-
. loop operation. All RFI data shifts were below the
0068~ - i P op . 2
MO068-h11 Volt g&dEgc1tatlon Module, RFI criterion. The data shifts from open to closed-
- loop were: COL97-LOL, +1%; M0068-411, +1%; MOO63-L11,
.N0063-k11 Misc - PU Oven Stability Monitor + 1/2%.
D010Lk-403 Press - LH, Press Module Inlet The RACS calibration lével was observed to drift
. . positively from Phase G (burner firing) to Phase D
(malnstage firing). The drift was 1% on high and
2% on low RACS levels in approximately 3-1/2 hours.
This drift is not 51gn1flcant however, subsequeit
drifting of this magnitude could cause an out~of-
tolerance coddition.
MO060-411 Volt - PU Valve Control This measurement indicated a shift in data level of

+2% when the RF system was switched from open to.
closed-loop operation. The data shift is within the
system EMI criteria.




6-TT

TABLE 12-3
INACTIVE MEASUREMENTS

HEAS TR PARAMETER ‘ REMARKS
B0028-402 Acous - Sta 25u8 Simulated, aft interstage not installed
BOO29-k02 Acous Sta 2574 Simulated, aft interstage not installed
BO030-402 Acous - Sta 2589 Simulated, aft interstage not installed
BO031-402 Acous Sta 2711 S8imulated, aft interstage not installed
B0O032-402 Acous Sta 2733 Simulated, aft interstage not installed
BO033-402 Acous Sta 2529 Simulated, aft interstage not installed
BOO3L-102 Acous - Sta 255k Simulated, aft interstage not installed
BO035-402 Acous Sta 2589 Simulated, aft interstage not installed
B0036-402 Acous - Sta 2726 Simulated, aft interstage not installed
B0OO38-40k Acous - Sta 278k (Between 98-99 Ext) Deleted because of damaged transducer
*C0003-403 Temp - Fuel Pump Inlet C0003-403 was connected to element "B" of
the dual element probe in place of CO648,
equivalent hardwire measurement, to pro-
vide greater accuracy in center of flow
for redline monitoring
C000T7-401 Temp - Engine Control Helium Simwlated, APS nobt--installed
C0021-415 Temp - Attitude Control Fuel Module 2 Simulated, APS not installed
£0022-415 Temp - Attitude Control Oxid Module 2 Simulated, APS not installed
C0023-41k Temp - APS Helium Pressure Tank, Module 1 Simulated, APS not installed
£0050-k01 Temp - Hydraulic Pump Inlet Oil Open, H/W requirement
Co0102-h11 Temp - Forward Battery No. 1 Simulated, primary battery not used
C0103-411 ' Temp - Forward Battery No. 2 Simulated, primary battery not used

*This measurement installed in variance with IP&CL configuration.




TABLE 12-3 (Continued)

0T-¢1

MEASEE?MENT PARAMETER REMARKS
CoLok-Lhok Temp - Aft Battery No. 1 Simulated, primary battéry not used
€0105--hok Temp - Aft Battery No. 2 ' l Simulated, primary battery not used
COL31-hok Temp ~ Aft Battery No. 1, Unit 2 - Simulated, primary battery not used
C0132-41h . Temp - Attitude Control 0xid, Module 1 . Simulated, APS not installed
0136-41h ’ Temp - Attitude Control Fuel, Module 1 | Simulated, APS not installed
C0187-415 Temp -~ APS Helium Press Tank Module 2 Simulated, APS not installéd
C0200-~h01 Temp - Fuel Inj. ' Open, H[W requirement
C0211-h11 ’ Temp - Fwd Battery No. 1, Unit 2 - Bimulated, primary baﬁtery not used
Cco212-40k i . Temp ~ Aft Battery No. 2, Unit 2 Simulated, primary battery not used
€0382-403 .Temp-—-Og—"H2 Burner Chamber Dome - ' Open, H/W reguirement
DO027-h1} Press - Attitude Control, Chamber 1-1 Simulated, APS not imstalled
DO028-L41k Press - Attitude Control, Chamber 1-2 Simulated, APS not installed
DO029-h1k Press — Attitude Contrel, Chamber 1-3 Simulated, APS not installed
DO030-415 Press -~ Attitude Control, Chamber 2-1 Simulated, APS not installed
D0031-k15 Press - Attitude Control, Chamber 2-2 Bimulated, APS not installed
D0Q32-415 Press - Attitude Control, Chamber 2-3 Simulated, APS not installed
DO035-L1L Press - Attitude Control, Helium Pressure Simulated, APS not installed
. Tank 1
D0036-415 Press - Attitude Control, Helium Pressure Simulated, APS not installed
Tank 2 )
DOO3T-k1k Press - Helium Reg., Outlet, Module 1 {APS) Simulated, APS not installed
D0038-k415 Press - Helium Reg. Outlet, Module 2 {APS) Simulated, APS not installed
DOOk1-403 Pregs - Hydfaulic System Open, H/W requirement




TT-2T

TABLE 12-3 {Continued)

MEASE%?MENT PARAMETER REMARKS
DOOk2-h03 Press - Reservoir 0il Open, H/W requirement
DOOTO-L1k Press - Fuel Supply Manifold, Module 1 Simulated, APS not installed
DOOT1-h1h Press - Oxid Supply Manifeld, Module 1 Simulated, APS not installed
DOOT2-h15 Press - Fuel Supply Manifold, Module 2 Simulated, APS not installed
DOOT3~h15 ° Press - 0xid Supply Manifold, Module 2 Simulated, APS not installed
DO09T-h1k Press - Fuel Tank Ullage Volume, Module 1 Simulated, APS not. installed
DO098-hak Press - Oxid Tank Ullage Volume, Module 1 Simulated, APS not installed
DO099-k415 Press — Fuel Tank Ullage Volume, Module 2 Simulated, APS not installed
DOL00-b15 Press — Oxid Tank Ullage Volume, Module 2 Simulated, APS not installed
D0220-U1h Press — Ullage Control, Chamber 1-k Simulated, APS not installed
D0221-415 Press — Ullage Control, Chamber 2-L Simulated, APS not installed
D0250-L1h Press ~ APS Helium Press, Tk 1 Simulated, APS not installed
D0251-415 Press - APS Helium Press, Tk 2 | Similated, APS not installed
£0219-402 Vib - Aft I/S Edge of TO Norm Open, aft I/S not installed
E0220-k02 Vib - Aft I/S Bet TO-71 Norm Open, aft I/S not installed
E0221-k4o2 Vib - Aft I/S Edge of 71l Norm Open, aft I/8 not installed
GO003-L01 Posgition - Main LOX Valve Simulated, H/W requirement
GO00L-h01 Position - Main Fuel Valve Simulated, H/W requirement
G0005-k01 Position - (as Generator Valve Simulated, H/W requirement
G0008-~401 Position - LOX Turbine Bypass Valve Simulated, ﬂ/W requirement
G0009-401L Position - GHo Start Tank Valve Simulated, E/W requirement
K0020-401 Event - ASI LOX Valve Open Open, compqter requirement
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TABLE-12~-3 (Continued}

MEASE%?MENT PARAMETER -‘REMAﬁKS
K0126-h401 "Event -~ LOX Bleed Valve Closed Open, computer reguirément
K0127-40h Event - LH; Bleed Valve Closed Open, computer requirement
KO152-40k . Event - Rate Gyro Wheel Speed OK: Simulated, rate gyro not installed
L000T7-403 Level - Reservoir 0il ' Simulated, H/W requirement
MOOQT3-hok, Voltage - Op-H, Burner Spark Exciter - 2 Open, computer :r'"équirement
MOOTh- 0k Voltage - Op-Ho Burner Spark Exciter - 1

Open, computer requirement




TABLE 12~k
PELEMIEIRY PO HARDWIRE DATA COMPARISON (TU +571 sec)

TELEMETRY HARDWIRE
PARAMETER UNTITS MEAS on MEAS oIS o
NO. NO.
Temp - IH, Turbine Inlet- deg R | CO001 {1,599 |COT55( 1,558 1,560
Tenmp LH2 Pump Inlet deg R | CODO3 37.6| CO658 37.5 37.2
Temp — LOX Pump Inlet deg R | COOOL 164 .4 C0659 16k4.2 1641
Temp - GH, Start Bottle deg R | CO006 214 | coékg 221 -—
Temp - Electrical Control deg R | COO11 510 | C0O657 510 —
Assembly
Temp Gas Generator Fuel Bleed deg R | C0012 53.9| C0650 53.6 -
Valve
Temp - LOX Pump Discharge tdeg R | C0133 169.5| CO6LE 169.6 169.6
Temp - LH, Pump Dischsrge ' deg R | COL3L |  51.5|C064k 51.5 51.)
Temp — Thrust Chamber Jacket deg R.| C0199 136 | CO6L5 150 —_—
Temp ~ Cold Helium Sphere No. b deg R | C0210 29.0| C0661 36.4 —
Press — Thrust Chanber psia | DO0O1 785 |Dos2h 811 —
Press — LH, Pump Inlet psia | DOOO2 30.6|D0536 31.7 31.
Press - LOX Pump Inlet psia | D00O3 41.9|D0537 ho.T b2,
Press - Main LH, Injector psia | DOOOL 872 |Dp0518 865 875
Press - LH, Pump Discharge psia | DOO08 {1,215 |DO516| 1,237 1,260
Press — LOX Pump Discharge psia |D0009 1,053 |D0522| 1,059 1,065
Press - Gas CGenerator Chamber psia | D0OOLO 680 |DO530 660 665
.Press - Control Helium Reg. psia | DOO1M 565 | DOS8L 578 585
Discharge

Press - GH2 Start Bottle peia DOOLT 1,199 DO52571 1,195 1,200
Press - Engine Reg. Outlet ~ |psia | D0O018 411 | DO535 k10 -
Press - Engine Control He Sphere |psia |D0019.|2,853 |D0534| 2,864 -
Press - LH, Repress Sphere psia {D0020 |2,891 |D0513| 2,92k —
Press = LOX Turbine Outlet psia | D0086 32.0/D0533 32.7 —_
Press - LOX Repress Sphere psia [DCOB8 [2,889 |DO512| 2,91k | -
Press - LH, Tank Ullage psia | DCLTT 31.9{D0539 32.5 -
Press - LH2 Tank Ullage psia | D0O1T8 32.1jD0539 "32.5 -
Press - LOX Tank Ullage EDS 1 psia | DOLTY 39.6{D0O5LO 40.0 —-—
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PARLE 12-k (Continued)

PELEMETRY T0- HARDWIRE DATA COMPARTSON (10, +571 sec)

TELEMETRY HARDWIRE i
PARAMETER : UNITS‘ ‘, MEAS e MEAS a1 -
KO. ' | v, .-
Press - LOX Tank Ullage EDé 2 psia | D0180 40, 3| DOSLO 40.0. -
Press - Ambient Helium Sphere . psia |D0236 |2,873 |DOSk1| 2,915 —
Press - Common Bulkhead Internal psia DO237 0.0| DO5ShLS 0.0 —
Press — Cold Helium Sphere  |psia |D0261 |2,23% |poshz| - _—
Flowrate ~ LOX gom | FO0O1 {2,888 |10506| 2,879 2,879
Flowrate - LH, b gpm FOO02 {7,933 "|F0507| 7,848 7,843
Positibn - Pitch Actuator deg | GOO01 0.0| GOS0k 0.1 0.0
' quitibn — Yaw Actustor Tdeg GO002 0.0| GO505 0.0 0.0
Position ~ PU Valve deé G000 . 29.5]| G0503 29.5 29.5
Voltage - Engine Conbrol Bus vde MO006 28.3|M051L 28.3 28.3
| Voltage — Engine Ignition Bus vde MOOOT 28.6[M0515 28.5 28. 4 |
Voltage - Aft Battery 1 vde MOO1L 27.9|Mos5k1| | 28.6 28.k
| voitage - art Battery 2 vde | Mo015 56. 8| MO5L0 56.5( 56.5
| Voltage — Fwd Battery 1 vde | M0O16 28.1[MO543 28.3 290
Voltage — Fwd Battery 2 vaéc |M0018 27.3|MOS42 27.7 28.0 |
Current - Fwd Battery 1 amp MO019 16.5|MO731 18.3 18.7 .
Current - Fwd Battery 2 amp M0020 . L.7 MDT32 .5 byt
Current - Aft Battery 1 amp |Mo021 |  12.0|MO733 13.0 12.5
Current - Aft Battery 2 amp MoOQ22 Wy7.0|MOT3hL hg.0 48.0
Speed - LOX Pump } rpm  |P0001 |8,577 |TOS02 | 8,604 8,605 .
Speed - LH, Pump rpm | T0002 |26,798 |T0503 |26,716 | 26,695
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TABLE 12-5

HARDWIRE DATA ACQUISITION SYSTEM

A TN RECORDED DISCREPANCIES* | ?gggﬁiiﬁ‘f’
Pressure 96 1 98.9
Temperature hé 2 95.6.
Flo% 2 0 160.0
Position 10 0 100.0
Voltage-Current 19 0 100.0
Events . 67h 1 99.9
Speed 2 0 100.0
Level - 1 0 100.0
Vibration 5 0 100.0
Miscellaneous 2 0 100.0

. TOTAL 857 4 | pgiéznt

¥A data discrepancy does not necessarily mean that no data were gathered

for this measurement. Refer to table 12-6 for a description of the problem.

12-15:
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TABLE 12-6

HARDWIRE MEASUREMENT DISCREPANCIES

MEASUREMENT

NO PARAMETER REMARKS
Co654-401 Temp - Fuel Pump Turbine Outlet The hardwire measurement CO654-401 exhibited up to
5% noise on the M data.
CO0T715-B03 Temp - Upstream Fluid Facility The messurement had up to 3% noise on the digital
Metering Orifice data,
DOSTT-h06 Press - Oxidizer Tank Ullage, This is a flight transducer (landline) that will give
Unbilical data up to liftoff. The messurement failed at
- T0 + 925 seconds.
K06T76-411 Event - LHo Fast Fill Sensor Wet When switch selector channel 17, P.U. Mixture Ratio

Condition Qn

4.5 to 1 ON Command was sent at.11:25:08,481 and
14:28:06.169, KO676-411 LH, Fast Fill Sensor exhibited
a momentary ON-OFF cycle of 1 and 3 ms, respectively.
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13. ELECTRICAL POWER AND CONTROI SYSTEMS

13.1 Electrical Control System -

The operational integrity of the electrical control system was verified
through the evaluation of the sequence of events records from the
digital events recorder (DER) end the PCM flight measurcment events
data {section 5). The switch selector and sequencer operated properly.
in sending all control commands to the stage, snd all of the commands

were received in the stage.

13.1.1 J-2 Engine Control System

A1l measurements ve}ified that the engine control system responded
properly to the engine start and cutoff commands. The seguence of

events (section 5). lists the engine firing events and response times.

13.1.2 Secure Rznge Safety Command System

The, secure range safety command system was tested during the engine burn
phase to verify the capability of engine cuteff and propellant dispersion.
Evaluation of the data showed that the arm and engin; cutoff (ECO)} and
propellant dispersion (P/D) commands were received, and that the EBW
firing units (F/U) discharged into thelr respective pulse sensors. The

following measurements were evaluated for system performance:

Ko1ki-%11 BEvent - R/S 1 EBW Pulse Sengor Indication
K01k2-411 Event - R/S 2 EBW Pulse Sensor Indication
¥K0650-L11 Event - P/D EBW F/U 1 Power On )
*¥K0651-411 Event — P/D EBW F/U 2 Power On

#K0659-111 Event — R/S 2 Arm and ECO Command Received
#K0660-411 Event - R/S 1 Arm and ECO Command Received
#¥K0678-111 Event - R/S 2 Receiver Power On

¥K0679-1411 Event - R/S System 2 Off Commend Received

¥Hardwire Measurement.
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¥K0680~411 Event - R/S 1 Receiver Power On

*K0681-L411 Event — R/S 1 Off Command Received
¥(K0692-L0okL Event - R/S 2 EBW Arm and Cutoff Command On

" ¥K0693-Lok Event - R/S 1'EBW Arm and Cutoff Command On
M0030-411 Volts — R/S 1 EBW Firing Unit
MO031-k11 ‘Volts - R/S 2 EBW Firing Unit
NOO?T—hli Misc - R/S 1 Low Level Signal Strength
N0062-h11' Misc - R/S 2 Low Level Signal Strength
*KST5T-B63: Bvent —‘R/S Tone l[Propeliaﬁt Dispersion Command
#K5758-B03 Event — R/S Tone 2/EBW Arm and ECO Command
*¥K5759-B03 Event — R/S Tone 6/System Off Command
Kehok-L11 " Event - R/S l(Propellant Dispersion Command Received
K2hos-h11 Bvent - R/S 2‘Propellant Dispersion Command Received

13.1.3 Control Pressure Switches

A review of the event end pressure measurements associated with the
following pressure switches verified that each switch functioned
properly during.the acceptance firing test. Following is a list of

the measurements used for each respective pressure switch, verification.

&. , LOX Tenk Ground Fill Valve Control, Prepress, Flight Control,
and Repress Pressure Switch

K0102-40k Event ~ LOX Prepress and Flight Control

Switch - Energized

*¥K0563-h0kL Bvent - LOX Prepress and Flight Control
Svwitch - Energized

K0108-4ok Event — LOX Prepress-Flight Switch -
De-energized

DO179-k06 Pressure - LOX Tank Ullzge EDS 1

D0180-k06 Pressure - LOX Tank Ullage EDS 2

#¥K05T1-40ok Event - Cold He SOV Epergized - Indication

*KOhhh-ho3 Event - LOX Tank Repress Valve — Energized

b. LOX Tank Repress Regulator Backup Pressure Switch

#xohLL-L03 Event - LOX Tank Repress Velve - Energized’
D0228-403 Pressure - LOX/ILH, Burner LOX Press Coil

¥Hardwire Measurement
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h. IOX Tank Regulator Backup Pressure Switch

K0156-Uok Event — LOX Tank Regulator Backup Pressure
Switch -~ Energized
*¥KOST1-40ok Event - LOX Tank Cold He SOV Energized -
- Indication
DOL05-403 . Pressure - LOX Tank Pressurizetion Module

He Gas

13.1.4 Vent Valves

The following measurements verified the satisfactory operation of the .

LOX and LH2 tank vent valves, and the LH, tank directional valve:

»

KOOOl—th; *¥K0532-410 Event - Fuél Tank Vent Valve 1 - Clos=d

KOOL7-410; *K05L2-k10 - Event - Fuel Tank Vent Valve 1 - Open
Talkback

K0002-42h; #*K0533-424k  Event - Oxid. Tank Vent Valve 1 — Closea
KO016-40k; *K0543-204  Event - Oxid. Tank Vent Valve 1 — Open

Talkback .
K0113-L11 Bvent - LH, Tank Directional Vet Valve C -~
Closed
K011h4-L411 Event - LH, Tank Directional Vent Valve D -
Closed

13.1.5 Chilldown Shutoff Valves

The LOX and LH2 chilldown shutoff valves responded properly to commands

as verified by the following measurements:

1
1

K0136-409; *K0551-L09 Event
K0137-409; *K05L4L-k09 Event

LH, Chilldown Shutoff Valve

LHo Chilldown Shutoff Valve
Talkback

K0139-42k; #K0552:k24  Event - LOX Chilldown Shutoff Valve - Closed

K0138-h2k; *K0545-424  Event - LOX Chilldown Shutoff Valve
Talkback

Closed

Open

1

Open

¥Hardwire Measurement.



c. LHo Tank Repress Regulator Backup Pressure Switcﬁ

#KOhh3-0073,

DO231-403

Fvent - Iy Tank Hepress Valve - bnoergized

Pressure - GOX/GHo Burner L, Press Coil

d. Control (Ambient) Helium Regulator Backup Pressure Switch

DOOLL-L03

Pressure -~ Control Helium Regulator; Discharge

£. Lﬁz Ground Fill Valve Contrel, Prepress, Flight Control, and
Step-Pressure Switch

KOlBh—hOh_-
*K0616-L0OkL
K01.01-kok

#K0582-4oL
*Ko0524-hok

*K0523-hok

DOATT-40B
DO1T8-L08

Event
Event
Event

Event

Event

Lvent

LHy Flight Control Pressure Switch -
Energized

Lﬁz Tank Prepressurization Pressure
Bwitch - Energized

LHy Repress Control Switch -
De-energized

LH, Tank Repress Pressure Switch - On

LHpy Tank Flight Pressure Valve -
Energized

LHo -‘Tank Step-Pressure Valve -
Energized ' :

Pressure - LH, Tank Ullage EDS 1
Pressure - LH2 Tank Ullage ED3S 2

f. LH, Tank Repress Pressure Switch

K0101-hol

#¥K0582-404
*KOL43-403
DO1TT-408
D0178-408

Event - Lio Repreés Control Switch -

De-energized

Event - LHo, Tank Repress Pressure Switch - On

Event - LH, Tank Repress Valve - Energized
Pressure - LH, Tank Ullage EDS 1
Pressure - Llo Tank Ullage EDS 2

g. Engine Pump Purge Control Module Pressure Switch

K0105-Lok
#K0L56-hok
#K0566-40k

DO050-403

¥Pardwire Measurement.

Event - Pump Purge Regulator Backup -

De—-energized

Event -~ Seal Pump Purge Control Regulator

Backup Pressure Switch -~ De—energized

Event - Engine Pump Purge Control Module

Solenoid Valve - Bnergized

Pressure - Engine Pump Purge Regulator

Pressure
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13.1.6 Fill and Drain Valves (Fuel and LOX)

A review of the following events showed that the LOX and LH2

drain valves operated according to

K0003-k27: *k055h-Lok
#¥KOSk6-hol
K0003-42T7; ¥K0553-hol

*KOS5hT-hok

13.1.7 Depletion Sensors

qunt
Event

Event

Event

the GSE commands issued,

f

LHy Tank Fill and Drain Valve

Closed

LH, Tank Fill and Drain
Open Talkback

LOX Tank Fill and Drain
Cloged

LOX Tenk Fill and Drain
Open Talkback

Valve

Valve

A review of the following measurements showed that the LOX end EH

depletion sensors performed satlsfactorlly, and no sncmalies were

! observed during the test:

#K0601-L06 Event -
#¥K0602-406 Event -
#K0603-406 Event -
#Kokhg-_hol .Event -
¥K0597-408 Event -
¥K0598-408 Bvent -
*K0599-L08 Event —
*KOU50-411 Event -

13.2 Auxiliary Propulsion

LOX Depletion Sensor No. 1 - Wet
LOX Depletion Sensor No. 2 - Wet
LOX Depletion Sensor No. 3 -~ Wet
10X Depletion Sensor No. 4 - Wet

2 DepletlonVSensor No, 1 - Wet
LH2 Depletion Sensor No. 2 -~ Wet
L 2 Depletion Sensor Ho. 3 ~ Wet
LH, Depletion Sensor Wo. I - Wet

System (APS) Electrical Control System

Valve

£ill and

The APS simulators, Model DSV-LB-188B, were-used_during the acceptance

firing to verify the APS-stage interface control fuhetions.

The APS .

pitch and yaw program, which is monitored by measurements K0133-L0Ok and

K0135-40k4, was not exercised during this firing.

This was due to the

faet that the nonprogrammed engine cutoff caused a deviation from the

normal acceptance firing sequence.

#Hzrdwire Measurement.
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The remaining measurements that were evelusted are listed below:

listed below:

Specified Specified
Min Value Max Value

(vde) (Vde)
K0132-40k Event - APS Eng. 1-1/1-3 Feed Valves- Open 3.33 3.46
K0134-40k Event - APS Eng. 2-1/2-3 Feed Valves Open 3.23 3.35 ¢

The specified minimum value of 3.2 Vdc indicates that all of the feed

valves operated according to commands,

13.3 Electrical Power Systenm

The electrical power system performed satisfactorily throughout the
scceptance firing. It supplied power to other stage systems, as required,

and the exbernal/internal motor-driven switches functioned properly.

13.3.1 Battery Simulabtors

Secondary batteries were used to provide internal electrical power
during the acceptance firing test. The battery voltage and current
levels were measured at the Stage Battery Simulators, Model'DSV-hB-T2T,
and these levels remained within their required limits. Figures 13-1
through 13-8 are plots showing the voltage and current levels at the

battery simulebors during selected phases of the acceptance firing test.

13.3.2 PU Static Inverter Converter

The static inverter converter operated satisfactorily during the 02—H2
burner repressurization test and the mainstage firing tést. Voltage and

frequency levels during the acceptance firing test are given below.

Measurements and Actual Actual
Characteristics Acceptable Limits Min. Value Max. Value
MC001-k411 Voltage 115.0 +3.45 Vrms 11k 4 Vems 11h.h Vims
MOOOU-1411 Voltage 4.9 +0.2 Vae 5.06 Vde 5.07 Vde
M0023-411 Voltage 21.0 i-i'g Vde 22,17 Vde 22.17 Vac
MO012-411 Frequency 1400.0 +6.0 Hz 403.7 Hz 403.9 Hz
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13.3.3 Chilldown Inverters

The inverters performed satisfactorily during the meinstage firing test

snd the 02-H2 burner repressurization test. The phase voltages and

frequencies are listed below.

Measurements and Actual

Actual
Characteristies Acceptable Limits Min, Value -Max. Value
MO027~4O4 Phase A-B, 56 +k Vac 55.5 Vac 58.0 Vac
L0X C/D Inverter
MOOL0-L40L Phase A-C, 56 +lt Vac 55.5 Vae 58.0 Vae
LOX C/D Inverter
MO029-b0k Frequency 400 +10 Hz 399.5 Hz 399.8 Hz
10X ¢/D Inverter
M0026-404 Phase A-B, 56 +h Vac 55.0 Vac 58.0 Vac
IH,, C/D Inverter
MOOL1-kol Phase A-C, 56 +4 Vac 55.0 Vac 58.0 Vac
LH2 ¢/D Inverter
M0028-L40L Frequency 400 +10 Hz 399.5 Hz 401.0 Hz
LH, ¢/D Inverter
13.3.4 5-Volt Excitation Modules
The forward and aft 5-Volt excitation modules performed as expecied

during the acceptance firing test. The actual performance

shown below:

values are

Measurements and g Actual Actual
Characteristics Acceptable Limits Min. Value Max., Value
MO025-Lok Aft Voltage 5.0 +0.03 Vdc 4.99 vde 5.00 Vde
MOO24-k11 Forward 1 5.0 +0.03 Vdc 5.00 Vde 5.00 Vdc
Voltage )

MO068-U11 Forward 2 5.0 +0.03 Vde 4,99 Vée 5.00 Vde
Voltage
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13.% Separation Exploding Bridgewire (Ullage Rocket EBW) System

Since live ordnance is not installed, EBW pulse sensors are used during

the acceptance firing to verify the operational integrity of the stage

electrical control system in: providing the commands necessary to chérge,‘

fire, and jettiéon the ullage rockets. The meaéu;ements given below

furnished the -data used to verify this integrity:

K0149-4ok Event - Ullage Rocket Jettison EBW'P/S i Ihdication

" K0150-hok Event - Ullage Rocket Jettison EBW P/S 2 Indication
KO1T6-404 °  Event - Ullage Rocket Ignition EBW P/S 1 Indication
KO1T77-hok Event - ?}lage Rockeé Ignition EBW P/S 2 Tndication

*¥K06T73-Lok Event - Ullage Rocket Pilot Relays Reset
MOO6EL-Lok Volts — Ullage Rocket Ignition, EBW F/U 'L
MOO65-Lok Volts — Ullage Rocket Ignition, EBW F/U 2
MOO6T-Lol "Volts - Ullage Rocket Jettison, EBW F/U 1

MO068~-411 Volts - Ullage Rocket Jettison, EBW F/U 2

13.5 02_.H2 Buirner

The operation of. the 02-H2 burner, with respect to.the operational
integrity of the electrical control system, was normal and no problems
were encountered. The sequence of events (section 5) verifies that -
burner cgntrol commands were sent and receivéd, and that instrumenﬁation

response and talkback signals cccurred as predicted. The voltage and

current profiles of the bat%ery simulators” during the burner firingé ere

presented in figures 13-5, 13-6, 13-7, and 13-8.

*Hardwire Measurement,
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14.

HYDRAULIC SYSTEM

4.1 Hydraulic System Operation

The hydraulic system test program was conducted during countdown

number 614116 during which the engine was successfully positioned and
gimbaled, System running time for this test, from auxiliary pump ON
prior to simulated liftoff to auxiliary pump OFF following cutoff, was
1,563 sec. The giﬁbal program was initiated after the engine start side
loads subsided and the gsupport links dropped. The auxiliary pump was
turned off for 50 sec following the gimbaling program to verify satis-—

factory engine—driven pump operation.

Significant event times are presented in the following table:

Event Approximate Time (sec)

Auxiliary Pump ON TO -476
(Simulated Liftoff) (T, +0)
Engine Ignition {engine-driven TO +512
pump start)

Support Links Dropped TO +558
Gimbal Program Start TO +581
GiMbal Program Stop TO +637
Auxiliary Pump OFF _ Ty +657
Auxiliary Pump ON TO +707
Engine Cutoff TO +971
Auxiliary Pump OFF TO +1,087

14.2 System Pressure at Salient Times

The GNZ accunulator precharge pressure was 2,246 psia at 44 deg F just
prior to starting the auxiliary hydraulic pump ( T -500 sec). Correcting
the gas pressure to 70 deg F temperature, the pressure value was within

the 2,350 +50 psia allowable limits.
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Taps data Indlcated that the auxillary pump dlscharge pressure Locre.ased
to 3,650 pslé in 19 sec after energizing the pump motor. Accebtable
pump’ pressure was mainfaineé“froﬁlfb -476 sec through T, -0. n
t
During the brief period of auxiliary pump cutoff (50 sec), the engine—
driven pump pressure was 3,580 psia. This test indicated that the

engine~-driven pump was operating properly and within the required limits.

Aft battery No. 2 current (45 amp) shows that the auxiliary pump carried
most of the hydraulic internal leakage load throughoht the burn period,
indicating the auxiliary Hydraulic pump compensator was set above the

engine—driven pump compensator.

One anomaly occurred during the static firing. The auxiliary hydraulic
pump canister pressure regulator allowed the canister pressure to exceed
the limits of 15 +5 psig. Action is being taken to correct this

anomaly,

' i
The following is a tabulation of the remaining significant pressures:

Reservoir
System Pressure G, Pressure Pressure

Time (sec) (psia) (psia) (psia)

TO -457 3,650 3,593 170
(aux pump ON)

TO +0 (Simulated 3,650 3,615 178
Liftoff)

T, +520 (Aftex 3,650 3,619 180
Ignition)

TO +581 to 636 3,650 max 3,619 max 180 max
(Gimbal) 3,580 min 3,541 min 177 min

T  +970 (Prior to 3,660 3,600 1.80

aux pump OFF)

14.3 Reservoir Level at Salient Times

Reservoir level prior to system operation was 9L percent at an oil

temperature of 45 deg F.

34 percent which occurred 76 sec after auxiliary pump start.

14-2
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14,4 Hydraulic Fluid Temperature History

Engine-Driven

' Pump Inlet Reservoir Accumulator GNy
Time (sec) {deg F) (deg F) (deg F)
T, -476 50 45 44
(aux pump ON)
TO +0 (Simulated 70 67 52
" Liftoff)
T, +520 (After 88 77 52
Ignition)
TO +971 (Engine 100 86 52
Cutoff)
) T0 +1,087 (aux 100 &6 52
pump OFF) ’

14,5 ©Engine Side Loads

Peak loads in the support links during engine-start trangients were as

foliows:

Ttem’ Load (1bf)
Pitch Link +20,000 - 14,000
Yaw Link +12;000 - 21,000

14.6 Hydraulfc Fluid Flowrates

H

Approximations from reservoir fill-and emptying rates are

the folléwing table:

Item ) Flow (gpm)
System Internal Leakage 0.72
Auvuxiliary Fump Max 1.68

Flowrate

presented in
;
Allowable
(gpm)

0.4 to 0.8

1.50 min
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14,7 Auxiliary Pump Motor _Voltage and- Current

Auxlllary pump motor electrical data were monitored only after the 'stage
power source had sw1tched to internal power- (battery) -and after the -

chilldown pumps had shutdown, The design requirements are as follows:

Voltage . 51-61 vdc
"Max Starting 300 amp
Current

Max Operating 85 amp
Current

The following table shows the values observed during the firing:

Aft Bus No. 2 Aft Battery No, 2
; - Voltage Supply (M540) Current Load (M022)
Time (sec) : W - . ) " (amp)
TO‘ +-0 i :‘ - . . .?6 h *76
T, +530. (after - . .56.5 48
ignit;op_C/D pumps off) :
. Ty +581 to 4637. . . . . 56.5 mak ‘ " 72 max
-7 (Gimbal) . - ces 55 min ' . . © 48 min
I - . —
TO +707 (Turn aux pump on - - 46 min 190 peak
after brief shutdown)
TO +950 (prior to engine : 56.5. 48

144

c/0)
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15.

FLIGHT CONTROL SYSTEM

The dynamic response of the hydraulic servo thrust vector control system
was measured while the J-2 engine was gimbaling during the acceptance
firing. The performence of the pitch and vaw hydraulic servo control

system was acceptable.

15,1 Actuator Dynamics

The frequency response test of the pitch and yaw hydraulic servo control
system for a +0.50 deg. sinusoidal signal between 0.6 and 9 cps, and for
a +0.25 deg. sinusoidal signal between 0.6 and 2 ¢ps verified the accept~
ability of the actuator responses. The acceptable limits and the pain
and phase plots within these limits are presented in figures 15-1 and
15-2.

15.2 Engine Slew Rates

A nominal 2-deg step command was applied to the pitch and yaw actuators
from which the engine slew rates were determined. The minimum acceptable
engine slew rate is 8 deg/sec, which corresponds to an actuator piston
travel rate of 1.66 ips. A nominal slew rate for a Z-deg step without
the effects of gimbal friction is 13.6 deg/sec. The measured values

were acceptable and are listed in the following table:

Actuator Condition Engine Travel Engine Slew Rate
(deg) (deg/sec)
Pitch Retract 0.0 to + 2.0 11.4
Extend +2.0 to 0.0 11.8
Extend 0.0 to - 2.0 12.5
Retract -2.0 to 0.0 11.4
Yaw Extend 0.0 to + 2.0 3i.8
Retract +2.0 to 0.0 11.4
Retract 0.0 to - 2.0 11.6
Extend -2,0 to 0.0 11.9
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The minimum engine slew rate obtained is 11.4 deg/sec. This corresponds
to an actuator piston travel of 2.36 ips when using a conversion of 4.83
«deg of engine movement per inch of actuator travel. Thus, in all cases,
each actuator exceeded the minimum acceptable piston travel rate of 1.66

ips.
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15;

STRUCTURAL SYSTEMS

Structural integrity of the S-IVB-508 Stage was maintained for the vibra-
tion, temperature, pressure, and thrust load conditions of the acceptance
firing. With the exception of debonding and cracking of Korotherm
ablative coating at two local areas on the forward skirt, no structural
irregularities were encountered as a result of cryogenic loading, static

firing, and 0O burner firing. The damaged Korotherm coating is to be

: 27y
repaired under the direction of the Materials and Methods/Research and

Engineering (MMRE) department. The Korotherm damage does not occur under
CDDT or launch conditions at FTC due to the more effective thermal condi-

tioning of the forward skirt at the launch fac{lity.

16,1 Common Bulkhead

The results of the gas sample surveys, combined with satisfactory common
bulkhead decay checks, indicate the bulkhead is sound and' leak tight.
During the actual acceptance firing, the bulkhead internal pressure
réadings were less than 1 psia. Gas sample analyses consistently indi-
cated negligible quantities of hydrogen and helium gases within the
commonn bulkhead. The pressure decay history and gas sample analyses
recorded during prefire pumpdown, étatic firing, and post-firing acéiv—

itieg are presented in Report DAC-~6124]1, §-IVB-508 Stage_Aﬁceptance

Firing 15-Day Report Sacramento Test Center, dated March, 1969.

16,2 Exterior Structure

A post—firing visual inspection of the S-IVB-508 stage exterior and
accessible interior revealed no debonding of supports or brackets, The
only evident structural degradation was debonding and cracking of Koro-
therm ablative coating around the forward skirt auxiliary tunnel area.
The areas affected were 3 by 4 in. between stringers 13 and 14, a 4-in.
hairline crack between stringers 14 and 15, and 2 by 3 in. on the flange
between stringers 13 and 14. No cracking or peeling was noted in the

main tunnel area.
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16,3 LH2 Low Pressure Ducts

After acceptance firing, leak checks of the upper and lower duct vacuum
jacket cavities indicated pressures close to ambient. Both were rejected.
It was subsequently determined, however, that loss of vacuﬁm'in the upper
jacket was not due to part failure. A loose vacuum valve or fitting was
suspected as being the cause of loss of vacuum. Cracks were discovered
in the middle bellows of the lower duct, and a Supplemental Failure

Analysis is in progress omn the lower duct.

t
16.4 Acoustic Environment

There were three flight acoustical measurements monitored on the aft

skirt during the acceptance firing. One of the measurements was deleted
during the firing because of a damaged transducer. The transducer will
be replaced for flight. The acoustical levels-shown in figure 16-1 were

in agreement to those measured during past acceptance firings.
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17.

THERMOCONDITIONING AND PURGE SYSTEMS

17.1 Aft Skirt Thermoconditioning and Purge System

The aft skirt envirommental purge system thermally conditioned the aft
skirt area with air and GN2. The air purge was initiated prior to LOX

loading and was switched to GN2 prior to LH2 loading. Following LH2

. loading, the air purge was reinitiated for test stand inspection, and

then was switched back to GN2 for the rest of static firing. The purge
flowrate was maintained essentially constant at the nominal 3,600 scfm,
and the aft skirt envirommental temperature (C0663) was approximately -

constant at 511 deg. R.

17.2 Forward Skirt Environmental Control and Thermoconditioning Systems

17.2.1 Forward Skirt Purge

The forward environmental purge system supplied the forward skirt with
thermally conditioned GNZ. The GN2 purge of the forward skirt was
initiated prior to LOX loading and comtinued throughout the test until

the completion of the tank purges. A flowrate of 500 scim was meintained.
The forward skirt GN2 supply temperature (CO768) was maintained between
499 and 503 deg. R.

17.2.2 Forward Skirt Thermoconditioning System

The forward skirt thermoconditioning system was supplied with coolant
throughout the acceptance firing by the Model DSV-4B-35%9 Servicer. The
coolant supply- temperature (C0753) was maintained between 518 and 520
deg. R. |
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18. Effectiveness Engineering

All functional feilures of Flignht Critical Itens (FCL) and Growsd
Support Equipment/Special Attention Items were invesvigated by
"Effectiveness Engineering., Significant malfuvnctions of FCI's
docunznted are noted in Tablisz 18-1,

18-1
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1 § 1871877, the LHp embient count eved in eerlier sent Lo A3-MRCC for
1 é repressurizetion primary fallures heve been review by engineering.
f inle% check valve wasz found assoc_aued wth manu-
§ to have a reverse leskage faeturing process and
1 % of 238 ccim wilh a reverse nave peen correcied
g oreazsure of 1450 psiz le. by vendor change |
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1309030-505 Valve, Controll During the Acceptance Firing§ The rejection veonest ! The valve was found
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psia. The valve should not | preliminary date only i Further date invesii-
i crack above 43.5 psiza per and baged on one g zation revealed thet
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Ttrem

ac
Act
APS

AST
attch

Aux

Btu

Bgr

ChDT

CEm
Contr
Ccpg
cps
db

de
DDAS

deg
DER

Disch

DNA
D/0-
DPF

EBW
ECC
ECO
EDS

E/I

TABLE AP 1~1 :(Sheet 1 of 3)
ABBREVIATIQNS

Term

Alternating current
Actuator

Auxiliary Propulsion
System ' ’

Augmented Spark Igniter
Attach

Throat area

Auxiliary

British thermal uni£
Bridge gain ratio
Thrust Coefficient

Countdown Demonstration
Test

Cubic feet per minute
Control

Cycles per gallomn
Cycles per second
Decibel

Direct current

Digital Data Acquisi-
tion System

Degree

'Digital Events Recorder

Discharge
Data not available

Dropout

Differential Préssure
Feadback

Exploding bridgewire
Engine Cutoff Command
Engine Cutoff

Emergency Detection
System

External/Internal

Item

EMI
EMR
EsC

FCI

Flt
£t

FTC
Fwd
GG

GH2
GIS

GNZ

gpm
GSE

HB
He
Hg
H,0
hr
hp
Hyd
Hz
in.
ips
IP&CL

I
8p

!
i}
1]
!Term

(o
Electromagnetic: -
Interference

Engine Mixture Ratio-

Engine Start Command

_Fahrenheit

Thrust é

Flight Crltical Items
Flight ' '

Feet

Frequency modulation
Florida Test Center~
Forward ‘

Gas generator

-Gaseous hydrogen

Ground Instrumen;a;ion
System

Gaseous nitrogen
Gallons per minute

Ground support
equipment’

Huntington Beach
Helium

Mercury‘

Water

Hour

Horsepower
Hydrqulic:'

Hertz q

Inch

Inches per seco%d

Instrumentation Program
and Components List

Specific impulse

API- ]



Item

iu

Kc

KSC
1bf
1bm
1H2
Loc
10X
MEA

MDAC-WD

mns
MSFC

NASA

N/A
NPSP

PcM
PDT
pf
Posit
PPS‘
Press
psi
psia

psid

API-2,

TABLE AP 1-1 (Sheet .2 of 3)
ABBREVIATIONS .

Term

Instrument Unit
Kilo - 1,000 or 107
Kilocycle

Kennedy Space Center
Pounds force

Pounds mass

Liquid ﬁydrogen
Location

Liguid, oxygen

Manufacturing and

Assembly

McDonnell Douglas
Astronautics Company -
Western Division

Mixture ratio
Millisecond

Marshall Space Flight
Center

National Aeronautics
and Space Administration

Not applicable

Net positive suction
pressure

Chamber pressure

.Pulse code modulation

Pacific Daylight Time
Picofarad

Position

Pulses per second
Pressure

Pounds per square inch

Pounds per square inch,
absolute

Pounds per square inch,
differential

Ttem

psig

PST
Pt
P/U
PU
Puwr
R
RACS

Refl
Reg

scCcC

sci

seim

scfm

Term

Pounds per square inch,
gauge

Pacific Standard Time
Point

Pickup

Propellant Utiliza%ion
Power

Rankine

Remote Analog Checkout.
System

Radial

Reflected

Regulator

Radio Frequency
Reference Mixture Ratio
Revo@utions per minute
Roct sum square

Special Attention Items

Standard cubic
centimeter

Standard cubiec inch

Standard cubic inch per
minute

Standard cubic foot per
minute

Second )
Samples per seconé
Single sideband
Sacramento Test Center
Switch

System |

Simulated liftoff
Tangential



Item

Temp
T/M
TP&E

vac

VCL

vdc
Vib

VSWT

=

TABLE AP 1-1 (Sheet 3 of 3)

ABBREVIATIONS

Term Item

Temperature
Telemetry

Test Planning and
Evaluation

Volts alternating
current (100 wvac)

Volts

Vehicle Checkout
Laboratory

Volts direct current
Vibration

Voltage standing wave
ratio

Total mass flowrate

Term

API3”
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