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ABSTRACT

This report, prepared in two volumes, presents the
evaluation results of the preiaunch cov—~tdown, powered
flight, and orbital ohase o the S-IVB-501 stage

which was launched on 9 November 1967 as the third
stage of the Saturn AS-501 vehicle.

Volume I contains the first 15 sections of the report;
Volume II contains the remaining 10 sections and 6

appendixes of the report.

All flight objectives were satisficd and the stage and

ground support equipment functioned as anticipated.

The report is a contractual document as outlined in NASA
Report MSFC-DRL-021, Contract Data Requirements, Saturn
S~IVB Stage and GSE, dated 1 February 1968, Revision A.

t was prepared by the Saturn S-IVR Test Planning and
Evaluation Committee and coordinated by the Saturn S-IVB
Project Office of the Douglas Aircraft Company, Missile

and Space Systems Division.

DESCRIPTORS
data evaluation S-IVB-501
flight cest Saturn AS-501 vehicle
Saturn Y countdown
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PREFACE

The purpose of this report is to present the evaluation
results of the prelaunch countdown, powered flight, and
orbital phase of the S-IVB-501 stage which was launched
on 9 November 1967 as the third stage of the Saturn
AS-501 vehicle.

Volume I contains the first 15 sections of the report;
Volume II contains the remaining 10 sections and

6 appendixes of the report.

This report was prepared in compliance with the National
Aeronautics and Space Administration Contract NAS7-101,
is published in accordance vith NASA Report MSFC-DRL-021,

Contract Data Requirements, Saturn S-IVB Scage and GSE,

dated 1 February 1968, Revision A, which aelineates the

data required from the Douglas Aircraft Company.

This document was prepared by the Saturn S-IVB Test
Planning and Evaluation Committee and coordinated by the
Saturn S-IVB Project Office oi the Douglas Aircraft

Company, Missile and Space Systems Division.
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INTRU WL LuN

1.1 Gen:ral

"nis report presents the resuvlts of anzlyses that were performed by
Douglas persornel on the :ountdown, laur:h, and fligh: of ti.e Saturn

S-IVB-5)1 stage.

also lescribed av-. te.ts conducted at Kennedy Spac= Center (KSC), and
7 'vrtinen. mo.ifications made to the S-IVB stage and related ground

s .pport equipmenc.

Thes report is authorized by NASA Contrzct NAS7-101 and is the final
report on the S-IVB-501 stage by the Douglas S-IV3 Test Planning and
Evaluation Committee of the Missile and Space Systeas Diviusion 7MSSD),

Huntington Becach, California.

1.2 History

The S-1VB-5J1 stage was assembled and its syscems w:re checked vut at
MSSD be.ore it was shipped to the Sacramento Test Cent>r (LTC) on 1li March
1¢6A, It arrivod there on 15 M ich 1966. Following prelininarv tests,
which cocnsisted of manual and autometic svhsystem checkouts, integr. ‘..
system tests, a siaulated acce,tan:e firing, ..nd ar automatic pre;ellant
loading :est, it urderwent a succes.ful acceptance firiag 26 May 19¢€.

The acceptance firing consisted of a firs: burn, a simulated coast

period and a second burn. Its twc auxiliary propulsion system (APS)
modules, shipped from the Douglas Santa Monf:a farility, were confidence

fired at the STC Gamma Complex 2n ¢ and i3 May 1966.

During these tests, all stage and APS molule test objectives preserted in

Douglas Report No. SM-47377, Saturn S-IVB-50" Stage Acceptance Fir.ng

Test Plan were satisfactorily ccmpleted and the integrity of the stage

and its systems was verified.

Or. 12 August 1966 the stage was shipped to KSC. It arrived there o2
14 August 1966 and was installed in the low bay of the vehicle assembly

building and subjected to post transportation receiving inspections.
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After installation c¢* the aft intarstage, the stzge was transferred to
the high bay and maced to the A.-501 space vehicle. The AS-501 space
vehicle was transferred to Launch Complex 39A on 26 August 1967 and

successfuir v launched 9 November 1967. Afte~ successfully completing

its mission chjectives, the stage re-entered the earth's atmosphere and

splashed do.n in the Pacific Ocean. No recovery was planned.
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The AS-501 space vehicle was launched at 1200:01 GMT from Launch

Voo

Complex 39A on 9 November 1967. The overall performance of the S-IVB-501

stage was satisfactory during all phases of the countdown and flight.

2.1 Countdown Operations

The AS-501 launch countdown was nearly flawless and was conducted with

- no holds other than those that were built into the countdown program.

No significant S~IVE stage or equipment problems occurred during the
countdown activity, and Douglas ground support equipment (GSE) sustained

no significant damage during liftoff.

LEe

2.2 Cost Plus Incentive Fee

The incentive evaluation of the S-IVB-501 flight performance includes

Ceer, e

flight mission accomplishment and telemetry performance. Performance of

trt

the S-IC and S-1I stages provided preconditions of flight at S-II/S-IVB

: Separation Command that were within allowable tolerances. Trajectory

; Q end conditions of flight at waiting orbit insertion were within tolerance.
3 All flight values of attitude errors and rates were within allowable

N tolerances, all received command signals were recognized and all end
coadition command signals were given. 1: was concluded for purposes of
incentive achievement, therefore, that all PCF and ECF were achieved.

The telemetry system operated at 99.1 percent efficiency during the
telemetry performance evaluatior period (TPEP) phase I and 97.6 percent

efficiency during the TPEP phase II.

2.3 Trajectory

The actual trajectory of the AS-501 flight was close to that predicted.
At S-11/S-IVB separation the trajectory was characterized as slow, high,
long, and south of the irtended path. This slower than predicted
=, velocity was the primary cause of a longer than predicted S-IVB stage

; first burn. The first burn trajectory can be summarized as slow, high

A and long.
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The parking orbit phase of the flight was very close to that predicted.
At S-IVB restart the actual trajectory was slower, higher and Iurther
downrange than predicted, S-IVB second burn engine cutoff occurred
13.83 sec earlier than predicted. This early cutoff was mainly caused
by a late propellant mixture ratio shift and corresponding high S-IVB
thrust early in flight which in turn caused a higher than predicted
velocity and acceleration., At second burn eangine cutoff conditions

were fast, low, and short but almost on the Jesired orbit.

2.4 Mass Characteristics

—

At first burn ignition, the mass of the -0l stage was 353,145 +460 lbm.

This was within 148 1lbm of the data presented at liftoff +1 day using
the propellant utilization volumetric system. Cutoff mass was

279,038 +4C4 lbm. At second burn ignition, the mass was 275,730 +433 lbm,
and the cutoff mass was 136,365 +280 lbm.

2.5 Engine System

The engine system performance of the S~-IVB was satisfactory during both
burns of the AS-501 mission. The thruct chamber condition was not as
required for the first burn start but did not adveisely affect engine
operation. Several performance shifts were noted during the second
burn which exceeded the contractor end item specification for engine
mixture ratio but did not handicap the ability of the engine to
comp'ete the mission. The modifications made to guarantee a reliable
second start were successful and there was no evidence of over heating

in the gas generator and turbine system.

2,6 Solid Rockets

The solid rocket motors on the S~II and S-IVB stages performed
satisfactorily and accomplished their intended purpose. The S-II was
separated from the S-IVB stage by the retrorockets, and the S--IVB

propellants were settled prior to engine ignition by the ullage rockets.

2.7 Oxidizer System

The oxidizer system performed adequately, supplying LOX to the engine
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pump inlet within the specified operating limits throughout both periods
of J-2 engine operation. The available NPSP at the LOX pump inlet

exceeded the engine manufacturer's minimum requirement at all times.

2.8 Fuel System

The fuel system supplied LH2 to the engine, as designed, with the
available NPSP exceeding the engine manufacturer's requirements through-

out both burns except at second burn engine start command.

2.9 Auxiliary Propulsion System

The two APS modules operated adequately to fulfill the attitude control,
maneuvering, and ullaging requirements of the mission. The chamber
pressure data indicated low performance of the roll/yaw engines of
module 1. Engine 1-1 chamber pressure exhibited abnormal oscillations
during one portion of the mission, and engine 1-3 chamber pressure
indicated a significant loss of performance near the end of the mission.
The ullage engine of module 1 exhibited an excessively long chamber
pressure deray at the termination of both ullage engine firings. The

performance of module 2 was as expected.

2.10 Pneumatic Control and Purge System

The pneumatic control and purge system performed satisfactorily through-
out the flight, The helium supply was adequate to complete the mission
requirements and to accomplish all purges, although a system leak
developed during orbital coast and eventually depleted the pneumatic
supply during the third orbit. Since the pneumatic operations were

complete long before this depletion, the missicn was not affected.

2,11 Propellant Utilization

The propellant utilization system successfully accomplished the
requirements associated with propellant loading and management during
burun. The best estimate propellant mass values at liftoff were
194,395 1lbm LOX and 41,173 1bm LH2 as compared to desired mass values
or 193,273 1bm LOX and 41,222 1bm LH2. These values were well within

2-3
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required loading accuracies. The best estimate third flight stage }
liftoff mass was 353,011 1lbm.

Extrapolation of propellant residuals to depletion indicated that a
LOX depletion would have occurred approximately 38 sec after second
burn velocity cutoff with a usable LH2 residual of 154 lbm. This
yielded a PU efficiency of 99.93 percent,

S-IVB-501 is the first flight evaluation in which the volumetric mass

analysis has been employed.

2.12 S-I1/S-1IVB Separation Dynamics

S-II/S-1IVB separation was accomplished satisfactorily within the desired

period.

Separation was initiated at RO +520.528 sec; it was completed 1.044 sec

later.

Small S-II and S-IVB angular velocities and lateral accelerations

utilized 1.9 in. of the available 83 in. of lateral clearance. S-II

ke

pitch, yaw, and roll rates remained between 0.0 and -0.7 deg/sec, and f)
‘é the S-IVB rotational rates remained between 0.0 and -0.2 deg/sec during

stage separation.

2.13 Data Acquisition System

Data acquisition system performance during the mission was excellent

i~ and there were no malfunctions.

System performance is summarized as follcws:

Measurement= assigned 592
Measurements monitored by S-II 4
Measurements inoperative due to 1

stage configuration
Checkout measurements 11

Measurements deleted prior to flight 1
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Meacurements active for flight 575
Phase I (launch) measurement failures 5
Phase 1 measurement efficiency 99.1%
Phase II (restart) measurement failure 11
Phase II measurement efficiency 97.0%

During S5-IC/S-II separation flame attenuation caused a 1 sec RF

blackout, however, no blackout occurred at S-II/S-IVB separation.

Tape recorder performance was very good, It recorded all analog data

on fast record, PCM data on slow record, and played it back on command.

2.14 Electrical System

The elec’rical control system and the electrical power system performed
satisfactorily. All responses to switch selector commands were satis-

factory. All event measurements verified that the engine control system

had responded properly to the Engine Start and Engine Cutoff Commands

for both burns. A review of the event and pressure measurements verified
that each control pressure switch functioned properly. The APS electri-
cal control system performed within nrescribed limitations. All
batteries performed within expected limits. The chilldown inverters
performcd satisfactorily for both engire ignitions., Both 5 v

excitatiou modules performed satisfactorily. The static inverter-

converter operated within design limits throughout the flight.

2.15 Range Safety Svstem

The range safety system was not required for propellant dispersion
during the flight, All indications were th-. the system was operating
properly and would have properly executed its function had it been called

upon to do so.

2,16 Flight Control

The thrust vector control system responded satisfactorily to instrument
unit attitude command signals and provided pitch and yaw control during

both first and second burn periods. Transients during S-II/S-IVB
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separation, J-2 engine restart, and guidance mode changes were within )
the capabilities of the control system. Body bending did not noticeably

affect the control system during first and second burn periods.

The auxiliary attitude control system provided satisfactory roll
stabilization during first and second burns; also, satisfactory pitch,
yaw, and roll control during orbit. A:il orbital maneuvers were
accomplished as planned and vehicle attitude control was verifiod until
RO +6 hr 57 min 3 sec.

LH2 and LOX propellant sloshings were well damped during S-IC, S-II,

ar.d S-IVB burn periods. Sloshing during second purn appeared normal,
however, amplitudes (particularly LJOX) increased after large guidance
commands beginning at RO +11,570 sec. This increased slosh activity is
reasonable considering the change in vehicle attitude. Sloshing did not

appreciably affect the attitude control system during powered flight.

At orbital injection, the pitch down maneuver caused slosh waves in the

LOX and LH2 tanks. LH2 slosh resembled that of S-IVB-203.

During parking orbit coast, a vapor bubble existed in the bottom of the
LOX tank. During restart maneuvers, LOX sensors could not indicate

sloshing because capillary action caus 4 them tc read liquid all the time.

There was no significant LH2 slosh during parking orbit coast; however, a
large wave arose when the attitude realignment maneuver and LH2 repres-
surization cccurred. It is doubtful that this wave could have reached
the pressurization diffuser and caused the low rate of pressurization
that occurred at this time, but it could have contributed to an un-

desirable pressure decay that happened late in the repressurization cycle.

2.17 Hydraulic System

The S5-IVB hydraulic system performance was within predicted limits and

the entire system operated satisfactorily throughout flight. All redlines

were met prior to liftoff. There were no orbital thermal cycles and there

was no loss of system fluid due to overboard venting as a result of reser-

voir fluid thermal expansion. System internal leakage was 0.67 gpm which

is well within the 9.4 to 0.8 gpm allowable. , )
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2,18 Stage Structure and Environment

Strain, acceleration, pressure, and temperature data indicated that ade-
quate structural strength existed in the stage for the conditions en-
countered. Body tending moments and skin differential prescures were less
than the maximum predicted values due to moderate winds. Vehicle axial
accelerations were close to predicted values. Axial loads are in agree-
ment with computed loads from liftoff to approximately RO +70 sec. Beyond
this time, the axial 'oad val:ies computed from -tringer strain gage data
appear to be low apparently because of aerodynamic heatirg and because of
a partial integration resulting from the limited number cf instrume ved
stringers. Axial strains in the aft skirt strir_ers were less thian the
maximum predicted strains fcr the strain gsges mounted on the sidas and
tops of the stringers. Flight temperatures did not exceed maximum pre-
dicted tem;2ratures. Propellant tank pressures did not exceed designed
sressures. Differential pressures oun the common bulkhead were as expected.
Internal common bulkhead pressure remained substantially constant it less

than 1 psia as predicted.

2.19 Forward Skirt Th- rmoconditioning System

The thermoconditioning system operated normally during flight. All

temperatures, pressures, and il . were within design limits.

Coolant inlet temperature was 59 deg I at liftoff and 58.5 deg F near

the end of first burn. Coolant exit temperatures varied between 58.5
and 61 deg F from range zero to RO +700 sec. Durirg secoad burn the
inlet temperature was approximacely constant at 58.8 deg F and the cut-
let temperatu»e was constant at 58 deg F. A system AP of 15.5 psid was
maintained during first and second burns. The flowrate remained constant

at approximately 3.15 gpm.

2.20 Acoustic and Vibration Environment

A total of 42 acoustic and vibration measurements were monitored on the
S-IVB-501 stage. All provided usable data In general, the acoustic and

vibration overall composite levels were lower at launch and higher during
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mach i/max q periods than those ifor the Saturn IB flighte. Vibration
amplitudes on the S-1VB stage were negligible during S-II powered flight.
During S-IVB powered flight the J-2 engine vibration levels were similar
to those measured during acceptance firing; and the levels at other

measurement locations were negligible during this period.

2.21 Aero/Thermodynamics

The S-1VB-501 stage was instrumented to obtain aeiodynamic pressure data,
structural temperatures, propellant heating, APS component temperatures
and selected component temperatures in the forward and aft skirts. All
data were within design limits and all of the test objectives were

satisfiad.

Pressure data obtained for the forward skirt, aft skirt, and aft inter-
stage show reasonable agreement with wind tunnel data. Structural
temperatures were well below desigr maximums as would be expected from
the relatively cool flight trajectory. The AFS and forward and =afc
skirt compo=ent teaperatures were slightly higher thar on S-IVR-213.
There were nc anomalies and no anticipated impact on design as a4 rasult

of the aerodynamic and thermodynamic data evaluation.
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TEST CNFIGURATION

This secrion briefly describes the configuration of the S-IVB-501 flight
stage and presents pertinent stage and ground support equipment
modifications. Details of specific system modifications are discussed

in the appropriate sections of this report.

3.1 Stage Configuration

The general configuration of the S-IVB-501 stage is described in Douglas

Report No. SM-46998B, S-1VB--501 Stage Flight Test Plan, dated

2 November 1967, and additional stage information may be found in the

documents listed below:

a. Douglas Report No. SM-47377, Saturn S-IVB-5G1 Stage Acceptance

Firing Test Plan, revised May 9, 1966.

b. Douglas Report No. SM-37532, S-IVB-501 Stage Acceptance Firing

15-Day Report Sacramento Test Center, dated June 1966.

c. Drawing No. 1B59261, S-IVD-501 Stage End Item Test Plan,
A Change, dated 2 May 1966.

d. Douglas Report No. SM-53184, Narrative End Item Report on
Saturn S-IVB-501 (Douglas S/N 1005), dated August 1966.

e. Douglas Report No. DAC-56356, Saturn S-IVB-501 Stage Acceptance

Firing Report, dated July 1966.

f. Drawing No. 1B43566, AT Change, Instrumentation Program and

Components List, Saturn S-~-IVB-501, dated August 29, 1967.

The S-IVB-501 si-~ge was launched with the propulsion systewr installation
configuration presented in figure 3-1  Also shown is a parts list of
propulsion system components with orifice sizes, nominal pressure switch
settings and nominal regulator settings. Additional propulsion system
orifice characteristics and pressure switch checkout data are presented
in tabies 3-1 and 3-2. Serial numbers and positions of the J-2 engine,
the four retrorockets, the two ullage rockets, and the two auxiliary

propulsion system modulec are shown in figure 3-2. Facilicy propellant




Section 3
Test Configuration

End Item
Engine driven hydraulic pump
Auxiliary hydraulic pump
PU electronic assembly
Inverter/converter cssembly

Chilldown inverters
LOX
LH2

Tape reccrdexr

Telemetry transmitter assemblies
mod II

CFl

CF2

CF3

CcPl

Ccs1
Digital range safety command
receivers

No. 1

No. 2

Safe and arm device
Ullage rockets
Position 428

Position 429
LOX fill end drain valve
LH2 fill and drain valve

Tank probes
10X
LH2

and pneumatic loaaing systems are shown in figure 3-3.

Part Number

1A66240-503
1A66241-509
1A59358-525

1A66212-507

1A74039-515
1A74339-515

1A66884~501

1B58797-5901
1B58797-505
1B58797~-1
558796-1
1B58797-503

50M10697
50M10697

1B33735-503

1A81960-1
1A31960~1

1A48240-505

1A48243-505

1A48430-507
1A48430-501

Serial numbers

of s_gnificant S-IVB-501 stage end items are as fcllows:

Serial Number

MX128995

X454668

00002

00004

00029
00034

0001%

00002
00001
00002
00002
00001

00102
00049

00026

k801-1
K801-2

00106

00105

E13
E12
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End Item
LOX vent and relief valve
LH2 vent and relief valve
Directional vent valve
LOX relief valve
LH2 relief valve
LOX taunk chilldown pump
LH2 tank chilldown pump
LOX prevalve
LH2 prevalve

APS module
No. 1
Engine 1-1 (I-IV)
Engine 1-2 (I-P)

Engine 1-3 (I-II)
Ullage engine

No. 2
Engine 2-1 (III-II)
Engine 2-2 (iII-P)
Engine 2-3 (III-1IV)
Ullage engine
Batteries
Aft 1
Aft 2
Fwd 1
Fwd 2
Continuous vent valve
hydraulic actuators
Pitch

Yaw

Part Number

1A48257~505

1A48257-511

1A49985-1

1A49590-515

1A49591-533

1A49423-505-009A

1A49421-503

1A49968-509

1A49968-507

1A83918-1

1A39597-509
1A39597-509
1A39597-509

1A83918-509
1A39597-509
1A39597-509
1A39597-5C7

1A59741-507
1A68317-503
1A59741-503
1A68316-501

1B67193-507

1A66248-505-001
1A66248-505-001

Section 3
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Serial Number

00032

00048

0C009

00548

00158

01791

0C125

00022

00024

01005-1
00593
00.02

00576
4073468

01005-2
00578
00609

00619
4073468

15-18
00012
00007
00019

00023

00037
00035
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1.2 Stage Modifications )

The following significant measurement changes and stage modificaticns

were accomplished on the S-IVB8-501 stage at the Florida Test Center.

a.

The bi-level summing network module (P/N 1B44241-1) was
redesigned and measurements K0012-401, Event-Engine Ready
Signal, and KO0C13-401, Event-Cutoff Signal, were rechanneled.
Pcdesign of the medule to a 1B44241-501 configuration

eliminated the possibility of an erroneous engine cutoff lock-in
indication. Rechannelization of K0012-401 and K0013-401
corrected an impedance mismatch. (WRQ S-IVB-2871 ECP 0547 R2).

Four pressure transducers (mezsurements D0002-403, Pressure-

Fuel Pump Inlet, D0003-403, Pressure-Oxidizer Pump Inlet,

D0054~410, Pressure-Fuel Tank Inlet, D0105-403, Pressure-LOX

Tank Pressure Module Helium Gas) installed on the propulsion

fittings were relocated to brackets installed on the adjacent

structure. Relocation was required to isolate the transducers -
from high turbulences in fitting areas of the propulsion lines. ‘)

(WRO S-IVB-2923 ECP 0639).

Four signal conditioning modules were replaced with new modules
of existing design. This change was the result of the
incorporation of Rocketdyne ECP J2-547 which added four tempera-
ture sensors to the J-2 engine to monitor fuel turbine manifold
and crossover duct flight measurements. (WRO S-IVB-2992

ECP 0659).

Twelve temperature measurements were added to the LH2 tank.
This was required to define the cause of excessive heating
experienced during the orbital coast phase of the S-IVB-203
flight. (WRO S-IVB-3203 ECP 2047 R2).

C2017-408 Temperature-Forward Dome Internal -3
C2018-408 Temperature-Forward Dome Internal -4
C2019-408 Temperature-Forward Dome Internal -5

C2020-408 Temperature-Forward Dome Internal -6
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C2021-408 Temperature-Forward Dome Internal -7

C2022-408 Temperature-Forward Dome Internal -8
C2023-408 Temperature-Forward Dome Internal -9
C2024-408 Temperature-Forward Dome Internal -10

C2025-408 Temperature-Fuel Tank Wall Internal -17
C2026-408 Temperature-Fuel Tank Wall Internal -16
C2027-408 Temperature-Fuel Tank Wall Internal -19
C2028-408 Temperature-Fuel Tank Wall Internal ~-18

Telemetry measurements N0O058-411, Miscellaneous-Secure Range
Safety Decoder 1 Output 1, and N0059-411, Miscellaneous-
Secure Range Safety Decoder 2 Output 1 were deleted from the

Secure Range Safety Decoders. (WRO S-IVB-3208 ECP 2071).

The range for measurements C0385-401, Temperature-Engine Thrust
Chamber Exit Skin Fin 2-3, and C0386-401, Temperature-Engine
Thrust Chamber Exit Skin Fin 3-4 was increased from 35 to

560 deg R, to 35 to 900 deg R. Replacement of two signal
conditioning modules (P/N 1A98088-1) with modules

(P/N 1A98088-507) was required. This increase in range was
required to cover the peak temperatures which possibly might be

encountered. (WRO S-IVB-3346 R1 ECP 2157).

Temperature transducer C2005-401, Temperature-Engine Main LOX
Pneumatic Line Surface was relocated on the main LOX valve
second stage actuator closing pneumatic line to prevent inter-
ference with Rocketdyne clamp support. (WRO S-IVB-3767

ECP 2421).

The breakpoint amplifier (P/N 1B54875-1) was redesigned te
provide a unit with a balancing resistor across the -20 v

supply, iaternal to the amplifier, to make the equivalent

Delta I through the signal return wire equal to zero.

(WRO S-IVB-580A ECP 0505).

Three gas temperature transducers (C0271-402 Temp-Gas Interstage

Area 3, C0272-402 Temp-Gas Interstage Area 3, C0273-402 Temp-Gas

3-5
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Interstaga Area 5) located in the aft interstage were )
relocated to prevent interference with the aft interstage

access kit and to stop extreme vibration. (WRO S-IVB-3267

ECP 2115).

Pressure transducer for measurement D0062-424, Pressure-LH2
Circulation Return Line Tank Inlet, was relocated from the port
on the LH2 recirculatioa line to a bracket on the adjacent
structure. This was done to isclate the transducer from a
thermal shock condition in the LH2 circulationm line.

(WRO S-IVB 3024 ECP 1002).

Pressure transducers for measurements D0016-425, Pressure-Cold
Helium Sphere, D0183-409, Pressure-LH2 Tank Nonpropulsive

Vent -1, and D0184~40S, Pressure-LH2 Tank Nonpropulsive Vent -2,
were relocated from ports on the propulsion lines to brackets
located on the adjacent structure. Temperature extremes

necessitated relocation. (WRO S-IVB-3156 ECP 2-46).

Temperature measurement C0291-427, Temp—-APS Fairing Area 2-2, f)
was relocated and wiring to temperature measurements C0026-427,

Temp-Skin Attitude Nozzle Exit 2-1, C0046-427, Temp-Aft

Skirt -2, €C0117-427, Temp-Aft Skirt-9, and C0290-409, Temp-APS

Fairing Area 2-1 was rerouted to prevent interference wita the

APS fairing. (WRO S-IVB-3227 ECP 2085).

Vibration isolator mounts for the Emergency Detection Trans-
ducers (measurements D0177-410, Pressure-Fuel Tank Ullage EDS 1,
D0178-410, Pressure-Fuel Tank Ullage EDS 2, D0179-424, Pressure-
Oxidizer Tank Ullage EDS 1, and DO180~424, Pressure-Oxidizer
Tank Yllage EDS 2) were installed. This change was necessitated
by the failure of subject transducers to qualify and meet

vibration requirements. (WRO S-IVB-2874 ECP 0605).

Redundant start tank and control bottle pressure instrumentation

(D0241-401, Press-GH2 Start Bottle, and D0242-401, Press-Engine

Control Helium Sphere) was added to prevent a countdown hold

due to failure of a single transducer. (WRO S-IVB-538 }
ECP J2-594). ’

o ————— |
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A modification kit, consisting of a system of spacers and
panels to the forward and aft skirt skins, was installed to

prevent flutter. (WRO S-IVB-445A ECP 330).

Clips were installed on the flutter kit located on the forward

skirt. (WRO S-IVB-3775 ECP 2391 Rl).

A thixd ball lock at the top of the umbilical carrier was
installed tc prevent separation caused by ground wind initiated

vehicle movement. (WRO S-IVB-3013 ECP 0688).

Eddy current testing was accomplished on all helium pressure
vessels which were fabricated with titanium alloys using
filler wire to verify filler material was of same composition

as vessel parent metal. (WRO S-IVB 3291 ECP 2130).

A new configuration of the ullage rocket jettison fuse whirh
had the confined detonating fuse overwrapped with vinyl tape

was installed. (WRO S-IVB-3322 ECP 2150).

Channels were installed over stringers on the aft interstage

in the retrorocket plume impingement area to provide additional
protection from the heat of the retrorockets exhaust gases.

The aft end of the LH2 feedline fairing was modified from a
tapered configuration to a blunt configuration to reduce

heating. (WRO S-IVB 3834 ECP 2523).

A low thermal emissivity shroud was added between the forward
skirt cold plates and the stage structure. This change was
required to aid in insuring that the IU sublimator did not
exceed minimum operating temperatures. (WRO S-IVB-3327

ECP 2078 Rl).

The hazardous gas detection system was installed in the
forward skirt and the aft interstage. (WRO S-IVB-485A
ECP 0443).

The Schjildahl X-153 aluminized mylar used to wrap the cold

plates and attached components was replaced with Schjildahl
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ab.

ac.

ad.

ae.

af.
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X-850 aluminized mylar. The X-153 mylar is susceptible to
accumulation of electrostatic charges. (WRO S-IVB-2877
ECP 0590).

A filter assembly was installed at the accumulator outlet
flange to prevent contamination from entering the pneumatic

system from the accumulator. (WRO S-IVB-538 ECP J2-511).

The augmented spark ignitor oxidizer orifice was changed to
eliminate the potential erosion of the ASI cavity by
decreasing the oxidizer flow and mixture ratio.

(WRO S-IVB-583 ECP J2-598).

The start tank vent and relief valve was replaced.
(WRO S-IVB-538 ECP J2-568).

The J-2 engine helium regulator assemblies were replaced.
(WRO 5-IVB-538 ECP J2-602).

The pneumatic actuation control modules were replaced with
units having thermal protection in order to meet the low

temperature requirements. (WRO S-IVB-2879 ECP 2049 R1).

The LH2 continuous vent module was replaced with a module
containing a solenoid operated pilot override valve and a
pneumatic operated orifice shutoff valve actuator. This
change was to control the shutoff valve actuation time.
(WRO S-IVB-2883 ECP 2019).

The LOX and LH2 tank relief valves were replaced with valves
containing a new spring guide design. (WRO S-IVB-2765
ECP 0534).

The LOX and LH2 fill and drain valves were replaced with valves
which had a redesigned actuator assembly to assure consistent
closing operation and eliminate binding of the gear rack and
pinion gear. (WRO S-IVB-2795 ECP 0565).

The LH2 and LOX chilldown system cutoff valves (P/N 1A49965)
were replaced to provide valves which had passed qualification

tests. (WRO S-IVB-2846 ECP 0493).

v
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The LOX and the LHZ vent and relief valves were replaced with
redesigned units. Redesign consisted of a new seal seat
configuration and a new seal to reduce leakage.

(WRO S-IVB-2876 ECP 0689 R1).

The LOX and LH2 fill and drain disconnects were designed to
rectify a leakage problem. This consisted of redesigning the
seal and support flanges on the flight half of the disconnects.
(WRO S-1VB-2985 R3 ECP 0597).

The LOX tuank ullage transducer sense line was modified to
provide for a low pressure pt e system. This prevented
cyclical pressure surges due to LOX beiloff trapped in the
sensing line which cause erratic ullage pressure indications.

(WRO S~IVB-3021 ECP 0699).

A redundant means of EDS J-2 engine cutoff was provided by
adding wiring to the 28 vdc aft power distributor; modifying
the sequencer by rewiring; and deleting three diodes, one
relay, and the prevalve pilot valve timer; and by adding a
passive insulation for the 50-amp motor-driven switch. This
modification prevented a potential loss of cutoff in the event
the primary mode of engine cutoff failed. (WRO S-IVB-3049

ECP 1008 R2).

The propellant utilization system was modified to allow J-2
engine restart with the PU valve in the hardover position,

approximately 4.5 to 1. (WRO S-IVB-3336 ECP 2105).

The PU system electronic circuitry was modified to eliminate
the capillary action effect of the LH2 PU probe. This
prevented the PU system from assuming an incorrect initiail
condition and an incorrect engine thrust profile.

(WRO S-IVB-3434 ECP 2226).

A bypass line and orifice in the LOX chilldown pump container
purge line was installed to assure positive pressure in the
LOX pump motor container in the event of solenoid failure in

the chilldown pump purge module. (WRO S-IVB-3372 ECP 2175).
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The LOX relief valve was replaced with a redesigned valve
which had a larger diameter threaded shaft in the pilot
porpat. This change provided greater poppet shaft strength
to assure reiiability of the controller assembly.

(WRO S-IVB-3519 ECP 2180 R1).

The LH2 relief valve was replaced with a redecigned valve
which had a larger diameter threaded shaft in the pilot
poppet. This change provided greater poppet shaft strength
to assure reliability of the controller assembly.

(WRO S-IvB-3518 ECP 2234 R1).

The pneumatic power control modules were replaced with new
modules having new shutoff valve seats and new vent valve
seats. These changes corrected the low temperature operational

and leakage problems. (WRO S-IVB-3533 ECP 2244).

The continuous vent module was replaced with a redesigned
module having an improved electrical solenoid and aluminum
poppets with larger threaded end for the relief override
solenoid and for the relief valve. The existing solenoid had
repeatedly cracked at a hermetically sealed solder joint at

operating temperature. (WRO S-IVB-3501 ECP 2248).

The LOX and LH2 chilldown system shutoff valves were reworked
to provide a new microswitch actuator spring for the open
position indication switch. This enabled the present bellows
shaft to actuate the switch during critical component

cycling. (WRO S-IV3-3564 ECP 2269).

The continuous vent bypass actuator control moriuale was
replaced with a redesigned module having separate vent ports
for opening and closing sides of the continuous vent valve
bypass. This prevented the unlatching of the locked position
of the actuator. (WRO S-IVB-3617 ECP 2291).

P/N 1B56653-511,
was replaced with a P/N 1B56653-513 module which = corporates

The LH2 tank repressurization control moduls,

H

a new seat design and circle-seal check valve in the top vent
of the regulator. (WRO S-IVB-3642 ECP 2304).
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The LOX tank pressu~ization control module, P/N 1B42290-503,
was replaced with a P/N 1B42290-505 module. (WRO S-IVB-3644
ECP 2305).

An orifice was installed to replace a union in the LCX tank
repressurization system to prevent rapid LOX tank repressuriza-

tion. (WRO S-IVB-36£3 ECP 2319).

The APS propellant system was redesigned to provide for
removal of gas formed within the APS propellant tanks.
(WRO S-IVB-2318 ECP 2054).

An overboard :ump for the J-2 engine LOX pump priwmary seal
cavity drain was instalied in order to minimize hazardous
conditions within the aft interstage during boost.

(WRO S-IVB-3756 ECP 2425).

The PU system shaping network was modified to obtain increased

dttenuation at slosh frequencies. (WRO S-IVB-361A ECP N302).

The PU static inverter/converter box was modified to
incorporate a new module with a trim potentiome.er which
would allow adjustment cf the 5 vdc fine mass supply

(WRO S-IVB-2713 ECP 0466).

The chilldown inverter/converter rese: circuit was modified
to eliminate a voltage spike and thereby prevent inverter

failure. (WRO S-IVB-2938 LCP 0651).

The emergency datection system (EDS) was modified to separate
the engine cutoff circuits at the connector, semi-conductor,
and module level, so that no single electrical component
failure would cause an erronecus abort. (WRO S-1VB-2960

ECP 0634).

The LOX and Li? depletion sensor electrunic control units and
necessary wiring to verify srare depletion censor operaticn in
both LH2 and LOX tanks unc2r cryogenic conditions during actual

stage loading were installed. (WR0O S-IVB-2989 ECP 0681 R2).

3-11
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bd.

be.

bf.

bg.

bh.

bi.

The LH2 depletion sensor time delav module, P/N 1B59020-501,
wvas reslaced with a P/N 1A74211-505 2- amp relay module. The
effect of this rchange was to increase the residual propellant

at engine cutoff. (WRQ S-IVB- 3001 ECP 0686 R1).

The LOX and LH2 chilldown inverter assemblies were modified
by incorporating new diodes which would suppress over-voltage
conditions in the low frequency range. (WRO S-IVB-3179

ECP 20513).

A redundant relay and associated wiriag for tne 70-1bf

ullage engine start was installed. The dual 70-1bf ullage
engines are started through a single relay. Relay redundancy
eliminates the single point failure. (WRO S-IVB-3242

ECP 0677).

The wiring in the sequence., aft control distributor, and
interconnecting cable harness assembly was modified to provide
an umbilical talkback for monitoring the reset condition of
both open and closed continuous vent valve switch selector

relays. (WRO S-1IVB-3243 ECP 2096).

AP> orificed caps, 1B72194-1 and -501, were added to ports "R"

and "S" respectively (figure 13-1).

The propellant bladder within the 1R%3924-504 oxidizer tank on

module 2 was replaced because it had been overpressurized.

3.3 Ground Support Equipment Modifications

The following significant modifications were accomplished on the DSV-4B

ground support equipment at the Florida Test Center:

a.

Model DSV-4B-315 Launche> Aft Umb:ilical Kit

(1) The grouad half of the propellant fill and drain dis-

connects was redesigncd to reduce leakage.

(2) A check valve in the nurge vent port of the anti-debris
valve was added. This change prevented moisture from
entering the valve actuator cavity and thereby causing

a failure.
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Model DSV-4B-43ZA Pneumatic Con.ole

(1) The 0.068 in. crifice in the ambient helium pressuriza-
tion line was replaced with a vnion. This change

reduced the pressurization time of the helium spheres.

(2) The AN815-4C union in the helium pressure control system
was replaced with an Q.013 in. orifice. This change
permitted the control of pressurization and depressuriza-

tion rate of the dome regulato. in the cold helium system.

(3) A relief valve downstream of the 2,000 psi preset regula-
tor was installed to protect the system in the event of

regulator failure.

Model DSV-4B-438A Gas Heat Exchanger

(1) A vent line from circuit No. 1 bl=ed hand valve (Al1l2251)
was installed to the vent line in the gaseous hydrogen
control panel assembly. This was a safety moiification
to prevent the venting of GH2 from the Mcdel DSV-4B-438A

onto the umbilical tower.

Model DSV-4B-472 APS Fuel Instailatiorn Kit and
Model DSV-4B-472 APS Ox:idizer Installation Kit

(1) The APS ullage control assembly was modified to prevert

the bellows from reaching the fully ccmpressed position.

(2) A portable container which attaches to the APS bleed
line to remove and monitcr gas from APS propellaat tank

bladder was added.

3-13
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Section 3

Test Configuration

FIND

FIND

PART DESCRIPT! "

33 | 1B40E24-503
34 | 1B42290-505

Valve, check, cold helium fil1

Module, LOX tank pressurization control

No.#| PART NUMBER PART DESCRIPTION No,x | PART NUMBER
1 | 7851861-1 Disconnect, LH2 tank prepressurization 35 | 7851844-501 Disconnect, cold helfum £111 and ' tane oress
2 | 1B53817-505 Valve hand, LOX vent and -elief valve purge 36 | 1B40824-503 valve, check, cold helium fill
3 | 1B65673~1 Valve, check, LHZ tank prepressurization line 37 | 1A49991-1 Plenum, LOX tank pressurization .
4 | 1a57350~507 | Module, control helium dump 38 | 1B52624-509 i;iZzg-+;8fsfz;e;sigfdbg°§;3“+;§fjfi:3ij"F
5 | 1A49990~503 Sphere, control helium, 4.5 cu ft 19 | 1863046-523 orifice, LOX tank pressurization -.i.ic, al «
6 | 1A58345~519 Module, pneumatic power control primary
6A| 1B52624~507 Switch, control, helium regulator backup, PU 600 +15 psia, 40 | 1863047-523 Orifice, LOX tank pressurization -.:l, 'eil .
DO 490 +25 psia bypass
7 | 7851823-503 Disconnect, ambient helium fill 41 | 1A49958-517 Disconnect, ground checkout, colc «liim, avhl
8 | 1851361-1 Valve, check, control helium fill and engine purge pressure switche.
9 | 1A48857-1 Plenum, control helium, 100 cu in. 42 | 1A49958-517 Disconnect, mainstage OK pressur. -:it.' .ic.r
10 | 1A48848-505 Disconnect, LH2 ground vent 42A ] 1A49958-519 Disconnect, thrust chamber jacke: ourge amv o
11 | 1B53817-505 valve, hand, LH2 chilldown valve, vent and relief valve, 43 | 1B64443-505 Module, control, LH2 tank pressuri.:i:i "
continuous vent, nonpropulsive vent, and fill valves purge L4 1B64443-505%%] Orifice, LH2 tank pressurization Cwrrol U
12 | 1Buuocs=507 Orifice, LH2 chilldown valve purge second burn)
13 | 1B51361-1 valve, check, LH2 f{1] and drain valve, continuous vent 45 | 1B64443-505%*| Orifice, LH2 tank pressurizatiom -.r-al 'o"ic
system and nonpropulsive vent purge 46 | 1864443-505%*| Orifice, LH2 tank pressurization . ~ir-l '+
14 | 1B51361-1 Valve, check, continucus vent system, and nonpropulsive first burn)
vent purge 47 | 1B63437-1 Orifis LH2 tank repressurizati:- -’ "o -0
15 | 1B66692-501 Module, actuation control, continuous vent bypass valve 48 | 1B40622-501 Orific., LH2 tank nonpropulsive « & c-1:¢
15A | 1B67481-1 Valve, check, continuous vent bypass valve actuation 49 1B59265-1 orifice, LH2 nonpropulsive vent .. .
control module vent
15B | 1B67481-1 Valve, check, continuous vent bypass valve actuation 50 1859265-1 Orifice, LH2 nonpropulsive vent " -
control module vent 51 | 1A49988-1 Valve, directional, LH2 tank ven:
15C | 1863023-1 Orifice, countinuous vent bypass valve actuation control 52 | 1B52624-1 Switch, pressure, LH2 tank first ».rc fli2 ©
module inlet 53 | 1B52624-513 Switch, pressure, LHZ tank prepn_:s;nu'u;
16 | 1B40622-509 Orifice, continuous vent bypass valve bellows purge and repressurization, PU 34 psia -a, ov i
17 | 1B40622-505 Orifice, continuous vent bypass valve switch cavity purge 54 | 1A49591-533 Valve, relief, LH2 tark, crack 3- ~s:2 73 »
18 | 1867193-507 | Module, continuous vent min )
19 | 1B44557-1 Orifice, continuous vent No. 1 55 | 1a48257-511 Valve, LH2 tank vent and relfef, .ra:» ' ™
34 psia min
20 1B44557-1 Orifice, continuous vent No. 2 56 1A48858-1 Sphere, cold helium, 6,048 cu in.
21 | 1B40622-501 | Orifice, continuous vent purge 57 | 1a72907-503 | Probe, LH2 tank instrumentation
22 | 1A49982-517 Module, actuation control, LH2 fill and drain valve S7A | 1468430-507 Probe, LOX mass sensor
22A | 1B67481-1 Z:;v:;ai:e‘i:iv:ctuation control module vent, LH2 fill 58 | 1865812-1 Diffuser, LH2 tank pressurizatio-
23 | 1B40622-505 | Orifice, L2 fill and drain valve purge 59 | 1A48431-501 | Probe, LH2 mass sensor
24 | 1B66932-501 | Disconnect, LH2 £ill and drain 59A | 1a69275-563 | Probe, LOX instrumentation
25 | 1A48240-505 | Valve, LM2 £ill and drain 60 | 1a49421-503 | Pump, LH2 chilldown
26 | 1B41065-1 Disconnect, common bulkhead vacuum <—-~tem 61 | 1A48854-1 Orifice, LOX chilldown pump purge
27 | 1866932-501 | Discommect, LOX £il1 and drain 61A 1 1B40622-511 | Orifice, LOX chilldown pump purg: " 0+5°
28 | 1B51361-1 Valve, check, LOX fill and drain valve purge 62 | 1A58347~505 | Module, LOX chilldown pump purge
29 | 1B40622-505 | Orifice, LOX fill and drain valve purge 63 | 1B52624~503 Svizch, pressure, LOX chilldown pump P'7¥
30 | 1A48240-505 | Valve, LOX £111 and drain FU 41 psia max, DO 38 peia min ‘
31 | 1A49982-517 Module, actuation control, LOX fill and drain valve 8 1449423507 z;lg'age;ﬁi'(:ﬁ}:td;l:::n.z::iﬂf:gh
31A | 1B67481-1 Valve, check, actuation control module vent, LOX {111 65 1A67913-1 Valve, dump, LOX chilldowm pump purge
and drain valve
32 | 1857781-503 | Module, cold heliur. dump 66 | 1A49423-305 | Pump, LOX chilldown
67 | 1A49964-501 Valve, check, LOX chilldown retyr: 117

FOLDOUT FRAME \

3-18
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PART DESCRIPTILN ;(’)"2 PART NUMBER PART DESCRIPTION

68 | 1A49965~525 Valve, L9X chilldown shutoff
69 | 1A89104-507 Flowmeter. LOX chilldown

+d helium fill and LOX tank pressurization

cold helium fill

- valv - 1
ak pressurization 70 1B53920-503 Valve, check, '0X chilldown pump discharge
- 1 i
re, cold helium regulator backup, 71 1B52985-501 Filter, LOX cnilldown purp purge
5 psia, DO 150 +20, -15 psia 72 1A49968-509 Prevalve, LOX
ank pressurization module, heat exchanger 73 | 1B52624~503 Switch, pressure, LOX tank prepressur.zacio:, ground iill,

repressurization, and flight control, PU 41 psi. max,
DO 38 psia mir

73A | 1B40622~501 Orifice, LOX sensing line purge

ank pressurization mudule, heat exchanger

ound checkout, cold helium, ambient helium, 74 | 1853920~503 Valve, check, GH2 tapoff pressurizaticn line

ge pressure switches 75 | iB56653-513 | Module, LH2 repressurization control

iinstage OK pressure switch checkout 7o | 1B51361-1 ' Velve, check, LH2 repressurization control module inlet

rust chamber jacket purge and chilldown 77 | 1A49990-503 Sphere, LH2 repressurization, 4.5 cu ft

'1, LH2 tank pressurizeti-n 78 | 1A49982-517 Module, actuation control, directional valve

ank pressurization cc:trol (overcontrol - 78A | 1B67481-1 Yalve, check, directional,valve actuation control medule vent

. 79 | 1449982-517 Module, actuation control, Lh2 tank vent and relief valve
.ank pressurization normal (undercontrol)

A - 79A | 1B67481-1 valve, check, LH2 tank vent and relief valve actuation
-ank pressurization control (overcontrol - control module vent
82 ] 1B51361-1 Valve, chack, LOX vent and relief valve and LOX tank sensing
.ank repressurization module outlet line purge
:ank nonpropulsive vent purge 91 |} 1B632Cé-1 Orifice, LOX tank vent and relief valve purge
ronpropulsive vent No. 1 101 | 1A49500-515 | Valve, relief, ".0X tank, crack at 45 psia max, reseat
wonpropulsive vent No. 2 41 psia min
.onal, LH2 tank vent 104 | 1A48312-505 Valve, vent and relief, LOX tank, crack 44 psia max, reseat
41 psia min

ire, LH2 tank first burn flight control
107 1A49982-517 Module, actuation control, LOX tank vent and velief valve
ire, LH2 tank prepressurization, ground f1ll
-zation, PU 34 psia max, DO 31 psia min 168 | 1B67481-1 Valve. check, LOX tank vent and relief vilve zcroatien
control module vent

LH2 tank, crack 38 psia max, reseat 35 psia
110 | 1A49968-<07 Prevalve, LH2

K vent and relief, crack 37 psia max, reseat 111 ' 1B52985-501 Filter, LH2 chilldown pump discharge
112§ 1253920-503 Valve, check, LM? chilldewn punp discharge

relium, 6,048 cy in. 113 § 1A89104-509 Flowmeter, IH2 chilldewn pump discharge

1k instrumentation 114 1} 1A49965-523 Valve, shutoff, LH2 chilldown linc
3S scnsor 115 | 1A49982-517 Module, a~tuation control, chilldown valves and prevalves
tank pressurization 116 | 1A49964-501 Valve, check., LF2 chilldown return
38 sensor 117 | 1B56653-513 Module, coatrol, LOX tank repressurization

trumentation 118 | 1A49990-505 Sphere, LOX tank repressurization, 4.5 cu ft
11down 119 § 1B64052-503 Orif .ce, LCX tank »mbient repressurization module outlet
hilldown pump purge 119A | 1B40824-505 Valve, check, LOX repressurization module outlet
shilldown pump purge bypass 120 | 1A58347-505 | Module, engine purge control
1illdown pump purge 121 | 1B52623-513 | Switch, pressuce, engine purge module backup, PU 130 psia
sre, LOX chilldown pump nurge backup, max, DO id5 psia min
:» DO 38 psia min 122 | 1A49958-521 Disconnect, engine start sphere vent and reli.f valve drai,
LOX chilldown pump purge, crack and reseat 123 | 1A49958- 515 | Discomnect, engine control helium sp*._re fill

(part of pump assembly)
124 | 1a49958-523 Disconaect, engine start sphere fill

-0X chilldown pump purge
125 ° TA4995€-517 Disconnect, LHz turbine seal dr2in

1ldown
LOX chilldown return line

figures 3-1 and 3-3 **Module Number

Figure 3-1. Propulsion System and Irstrumentation
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Section 3
Test Configuration

POSITION PLANE

I
APS MODULE NO. 1
S/N1005-1

=

ULLAGE ROCKET B
S/N K-801-2

POSITION
—_ PLANE
Il

POSITION
PLANE
v

J-2 ENGINE
S/N 2031

/" ULLAGE ROCKET A
/ S/N K-801-1

POSITION PLANE

111
ULLAGE ROCKET ”Ssm(;';s 5} 2
CHAMBER PRESSURES
MOTOR A D021 VIEW LOOKING FORWARD

MOTOR B D0217

Figure 3-2. Propulsion Major Comnonentis Locations
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Section 4
Sequence of Events

4, SEQUENCE 0™ EVENTS

Table 4-1 presents the AS-501 flight sequence of events. Four types of

items are included in the sequence.

a.

LVDC Cramands - These items initiate from the Launch Vehicle

Digital Computer (LVIC) in the instrumcnt unit (IU) and direc.

vehicle system actions.

Events - These it ms are monitored occurreances resulting from

vehicle performance such as che time of maximum dynamic

pressure.

Responses — These items are responses to cormands that are

issued from the IU and are monitored in the Z-IVB.

Ground Commends — These items are manual comnands issued from
grcund stations, which transmit signals to the LVDC to direct

vehicle system actiouns.

In the sequence, all commands and events are preceded by an item number.

Sequential saries of related commands and responses are listed under the

same 2vent mirber with lower case letters distinguishing separate items.

The overall powered flight sequence was close to predicted and proper

S-1VB response was given to all commands issued from the IU

4,1 Predicted and Monitored Times

The predicted times in the sequence were obtained from Douglas Report

Nc. SM-46998B, S-IVB-501 Stage Flight Test Plan, revised 2 Lovember 1967.

Commands issued from the LVDC to the 5-IC stage, S--II stage, S-IVB stage,

and IU, were monitured at the LVDC. Times for these items were ottained

from MSFC. (ommands issued from the LVDC to th: S-IVB stags were also

monitored at the S-IVh cswitch selector. These times were obtainec from

the Contractor's data. Ground commands we.e monitored at the Mission

Control Center and at the LVDC if received. Monitored times for S-IV3

events were obtained from the Coatractor's postflight analysis of

parameters associated with each event.
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Section 4
Sequence of Evants

The time from range zero is provided for all items. Range zero,whi:h is )
by definition the firs* even second prior to liftoff, occurred at

1200:01.0 Greenwich Mean Time.

A time from base is given for all .LVDC commands whicu were preprogrammed.
A time from tase is not applicable (N/A) for items such as events and

comarand responses which were not preprogrammad.

A dash (—) was inserted in the flight sequence table for item —imes which
are not avai'abtle. Some items such as command respoases had no predicted
times. Loss of fiighc time for some items .;as attributed to the

following causes:
a. Telemetry blackout - RO +151.521 to RO +153.719 sec.

b. Early cutoff of S-IVB stage second buran {establishing TB7) causeu
loss of two TB6 commands. (Table 4~1, item No. 348 and 350.)

The accuracies listed in table 4-1 are related “o the telemetry-channel
sampling rates; therefore, the items occurred at the times indicated or
earlier by the amount listed in the accuracy column. The accurszy of iU -)

signals is not shown since this information is not available.

4.2 Time Bases

Seven saquential series o. preprogrammed c~mmands were issv'd from the
LVDC. Each sequential series. was initiated by the escablishment of its
time base in the LVDC. Listed below are the seven time ".ases with their

respective originating e--ents.

a. Tine base one, TBl - IU umbilical disconnect

b. Time base two, 1B2 - S-JC inboard engine cutoff
2. Jime base three, TL3 - S-IC outboard engines cutoff
d. Time base four, TB4 -~ 8-II J-2 enginer cutoff

e. Time Lase five, TB5 - First S-IVB engine cutoff

f. Time base six, TBb - Begin restart preparations

(LVDC solves an equation)

g. Tiwe base seven, TB7 - Second S-IVB engine cutoff
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4.3 Ground Commands

Seven sequential series of commznds to the LVDC were initiated from the
ground by flight controller action. These commands were not preplanned
and their purpose was that of closing the S-IVB LH2 continuous vent valves.
Inflight telemetry data available to the flight controllers was inter-
preted by the controllers as indicating that the valves remained open
after onbnard commands had been sent to close the valves. The pre-
programmed series of ground commanded signals issued automatically
following each flight controller attempt to close the valves is listed

below.
a. LH2 Tank Repressurization Control Valve Open OFF
b. LH2 Tank Continuous Vent Valve Close ON
c. LH2 Tank Continuous Vent Valve Close OFF

This series of signals was sent seven times with the second, third and
fourth series (issued from Corpus Christi) being received by the LVDC.
The first and fifth series were sent during handover from Goldstone to
Corpus Christi and from Corpus Christi to Merrit Island, Florida (MILA),
respectively, with transmission, therefore, not being complete and auto-
matically rejected by the IU. The sixth and seventh series were sent

from MILA with an erroneous address and were also rejected by the IU.

4.4 Ground Sequence of Events

Table 4-2 presents the ground sequence of events from approximately
RO -15 min to liftoff. These events are related to the S-IVB-501 stage
and associated ground support equipment and are derived from the digital

events evaluation. No out of sequence events or other anomalies occurred.



Section 4
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TABLE 4-1 (Sheet 1 of 43)
FLIGHT SEQUENCE OF EVENTS

T
PREDICTED TIME % MONITORED TIME »
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
1TEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE DATA | ACCURACY
NO. . SOURCE (ms)
(hr:imin:isec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
1  Guidance Reference -00:00:16.7 N/A el -00:00:17.638 N/A MSFC --
Release (-16.7) (-17.633)
2  8-IC Engine Start -00:00:06.0 N/A v ~00:00:06.688 N/A MSFC --
(-6.0) (-6.6073)
3 First Motion 00:00:00.0 N/A GSE -00:00:00.48 N/A MSFC -
(0) (-0.48)
4  Holddown Arms 00:00:00.0 N/A 1U -00:00:00.41 N/A MSFC -—
Release (0) (~0.41)
5 Range Zero 00:00:00.0 N/A Iy 00:0C:00.0 N/A MSFC -—
(0) 0)
6 Time Base 1 00:00:00.3 TB1 +0.0 Iy 00:00:00,253 TB1 +0.0 MSFC -
AS-501 Liftoff; (0.3) (0.263)
IU Umbilical
Disconnect
7  Yaw Maneuver Start 00:00:01.3 N/A 1y 00:00:00.97y  N/A MSFC -
(1.30) 0.979)
8 Signal from LVDC 00:00:05.3 TB1L +5.0 by 00:00:05.216 TBl +4.953 MSFC -
for: Auto - Abort (5.30) (5.216)
Enable Relays Reset
9 Tower Clearance -- -- - 00:00:09.85 N/A MSFC --
(9.85)
10 Yaw Maneuver Stop 00:00:09.3 N/A v 00:00:10.161 N/A MSFC -
(9.30) (10.161)
11 P11 Maneuver Start 00:00:12.3 N/A IU 00:00:11.063 N/A MSFC -
(12.30) (11.063)
12  Roll Maneuver Start 00:00:12.3 N/A 1y 00:00:11.063 N/A MSFC --
(12.30) (11.063)
13 S13nal from LVDC 00:C0:14.3 TBl +14.0 Iu 00:00:14.213 TB1 +13.950 MSFC -
f r: Multiple En-~ (14.30) 14.213)
ine Cutoff Enable
14 Signal from LVDC 00:00:25.3 TB1 +27.0 I 00:00:25.214 TB1 +24.951 MSFC -
for: S-IC Tele- (25.30) (25.214)
metry Calibrate On
15 Signal from LVDC 00:00:27.3 TBl +77.0 U 00:00:27.234 TB1 +26.971 MSFC - -
for: Telemetry (27.30) (27.234)
Calibrator Inflight
Calibrate On
16 Signal from LVDC 00:00:30.1 TB1 +29.9 Iy 00:00:30.037 TB1 +29.774 MSFC --
for: S-IC Tele- (30.10) (30.037)
metry Calibrate Off
17  Roll Maneuver Stop 00:00:30.3 N/A 1u 00:00:31.990 N/A MSFC --
(30.30) (31.990)
18 Signal from LVDC 00-00:30.3 TBL +30.0 Iu 00:00:30.212 TB1 +29.949 MSFC -—
for: Launch Vehicle (av.3) (30.212)
Engines EDS Cutoff
Enable
19 Signal from LVDC 00:00:32.3 TB1 +32.0 U 00:00:32.223  TBl +31.960 MLFC ——
for: Telemetry (32.3) (32.223)

Calibrator Stop
Inflight Calibrate
off

*See notes at end of table
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TABLE 4~1 (Sheet 2 of 43)
FLIGHT SEQUENCE OF EVFNTS

Section 4
Sequence of Events

PREDICTED [IME*

MONITORED TIME*

TIME FROM TIME FROM SIGNAL TIME FRCM TIME FROM *
1;5” EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE connae | ACCuRacY
: (hr:min:sec) (sec) AT (hr:min:sec) (sec) (ms)
(sec) (sec) sec

20 Signal from LVDC 00:00:49.8  TAL +49.5 1y 00:00:49.721  TBLl +49.458 MSFC -
for: Fuel Pressuri~ (49.8) (49.721)
zing Valve No. 2
Open & Tape Recorder
Record

2. Signal from LVDC 00:01:14.,4  TBL +74.1 Iu 00:01:14.322  TBL +74.059 MSFC -
for: Start Data (74.4) (74,327)
Recorders

22 Maximum Dynamic 00:01:19.1 N/A N/A 00:01:18.0 N/A MSFC -
Procsure (79.1) (78.0)

23 Signal from LVDC 00:01:30.3  TBl +90.0 Iy 00:01:30.225 TBl +89.962 MSFC -
for: Telemetry (90.3) (90.225)
Calibrator Inflight
Calibrate On

24  Signal from LVDC 00:01:35.5  TBl +95.0 U 00:01:25,220  TBl +94,957 MSFC -
for: Telemetry (95.3) (95.220)
Calibrator Inflight
Calibrate Off

25 Signal from LVDC 00:01:35.6 TBl --95.3 i) 00:01.35.518  TBl +95.255 MCFC -
for: Fuel Pressuri- (95.6) (95.518)
zing Valve No. 3
Open

26  Signal from LVDC to  D0:01:45.3 TB1 +105.0 v 00:01:45.214  TBl1 MSFC ——
Flight Control (105.3) (105.214) +104,951
Computer for:
Switch Point No. 1

27 Signal fr-m LVDC 00:01:55.3  TBLI +115.0 )i} 00:01:55.214  TE1 MSFC -—
for: S-IC Telemeter (115.3) (115.214) +11. 950
Calibrate On

28a Signal from LVDC 00:01:59.3  TBl +119.0 1U 00:01:59.236 1Bl MSFC -
for: Special (119.3) (119.236) +118.973
Calibrate Relays
On

28b Signal Received in - - S~IVB 00:01:59.225 N/A DAC(FM) 13
S-IVB for: Special (119.225)
Calibrate Relays Oun

29a Signal from LVDC 00:01:59.5 TB1 +119.2 1y 00:01:59.413 TB1 MSFC -
for: Regular (119.5) (119.413) +119.150
Calibrate Relays
On

29b Signal Received ia - -~ S-1VB 00:01:59.400 N/A DAC(FM) 13
S~IVB for: Regalar (11%.400)
Calibrate Reiays On

30 Signal from *.VDC to: 00:02:00.3 TB1L +120.0 1u 00:02:00.213  TB1 MSFC -
Firighs Control (120.3) (120.213) +119.950
Jomputir ror:
Swivch Point No. 2

34 Sigral from LVDC 00:02:00.5 TBl +120.2 1u 00:02:00.425 TB1 MSFC -
for: S~1C Tele- (120,5) 1220.425) +120.162
meter Calibrate Off

322 Signal fcom LVDC 00:02:04,9 TBl +123.7 1U 00:02:04.425  TB1 MSFC -—
for: Regular Cali~ (124.0) (124.425) +124.162

brate Relays Off

*See notes at end of table

A ———— T A oo o o, v <
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TABLE 4-1 (Sheet 3 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED IIME * MONITORED TIME *
TIME FROM TT™E FROM SIGNAL TIME FROM TIME FROM
ITEM EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO* BASE DATA | ACCURACY*
NO. SOURCE (ms)
(hr:min:sec) (se2) AT (hr:min:sec) (sec)
(sec) - (sec) ¢
32b Signal Received in -— - € TVgy 00:02:04.424 N/A DAC(FM) 13
S-IVB for: Regular (124.424)
Calibrate Relays Off
33a Signal from LVDC 00:02:04.2  TB1 +123.9% U 10:02:04.614  TEl1 MSFC --
for: Special Cali- (124.2) (. 24.614) +124.351
brate Relays Off
33b Signal Received in -- -- S-IVB  00:02:04.599 N/A DAC (FM) 13
S-IVB for: Special (124.599)
Calibrate Relays Off
34 Signal from LVDC 00:02:13.8 TB1 +133.5 U 00:02:13.724 TBl MSFC -
for: Fuel Pressuri- (133.8) (133.724) +133.461
zing Va'.e No. 4
Cpen
35a Signal from LVDC 00:02:14.2 TB1 +133.9 U 00:02:14.114 TBl MSFC -
for: Fast Record On (134.2) (134.114) +133.851
35b Signal Received in - - S-IVB 00:02:14.099 N/A DAC(FM) 13
S~1VB for: Fast (134.099)
Record On
36 Signal from LVDC 00:02:14.3 TB1 +134.0 U 00:02:14.213 TL. MSFC -
for: 1IU Tape (134.3) (134.213) +133.950
Recorder Record On
37 Signal from LVDC 00:02:14.5 TB1l +134.2 Iy 00:02:14.426 TB1 MSFC -
for: S-IC Two En- (134.5) (134.426) +134.163
gine Out Auto-Abort
Inhibit Enable
38 Signal from LVDC 00:02:14.7 TB1l +134.4 Iu 00:02:14.613 TB1 MSFC -
far: S-IC Two En- (134.7) (134.613) +134.350
pine Ovt Auto-Abort
Inhibit
39 Signal from LVDC 00:02:14.9 TB1 +134.6 IU 00:02:14.818  TBl1 MSFC -—
for: Excessive Rate (134.9) (134.818) +134.555
(P, Y & R) Auto-
Abort Inhibit Enable
40 Signal from LVDC 00:02:15.1 TB1 +134.8 IU 00:02:15.035 TB1 MSFC -
for+ Excessive Rate (135.1) (135.035) +134.772
(?, Y & R, Auto-
Abort Iahitit
41  Signal from LVDC 00:02:15.3  TB1 +135.0 JU 00:02:15.213  TBl MSFC -—
for: Two Adjacent (135.3) (135.213) +134.950
Outboard Engines
Out Enavle
42 Time Base 2 00:02:15.5 TB2 +0.0 S-IC 00:02:15.469 TB2 +0.0 MSFC -—
S-IC Inboard Engine (135.5) (135.469)
Cutoff
43 Signal from LVDC 00:02:15.9 TB2 +0.4 S-I1 00:02:15.820 TB2 +0.351 MSFC —-
for: JStart First (135.%) (135.820)
PAM-FM/FM Calibra-
tion
44 Signal from LVDC 00:02:20.9 TB2 +5.4 S-I1 00:02:20.82v TB2 +5.351 MS¥C -
fcr: Stop First (140.9) (140.820)

PAM-FM/FM Calibra-
tion

*See notes at end of table
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A
Section 4
Sequence of Events
TABLYE 4~1 (Sheet 4 of 43)
' FLIGHT SEQUENCE OF EVENTS
PKEDICTZD .IME 4 v JITORED TIME #
TiME FROM | {IME FROM | SiGNAL T ‘= FROM ]’51"5 FROM RACY
;- ITEM EVENT RANGE ZERO | BASE MONITOR:D | RANGE ZERC* ASE DATA | ACCURACY«
‘ NO. : SOURCE (ms)
. (hr:m.n:sec) (sec) AT (hr:min:sec) (se
. (sec) i (sec)
NS 45  Signal from LVDC 00:02:24.4  TB2 +8.9 IU 00:02:24.319  TB’ +8.2>50) MSFC --
P for: S-IT Ordnance  (144.4) (144.319)
%; Arm .
' 46 Signal from LVDC (.,:02:24.6 TB2 5.1 oy 00:02:.4.530  TB2 +9.061 MSFC -—
for: Separation {(las.6 (144.530)
and Retro EBW
“iring Units Arm
47  Stop Pitch Maneuver 00 02:24.7 H/A 1U 00:02..5.068 N A MSFC -
(144.7) (145.068)
8 Signal from LVDC 00:02:24.8 TB2 49.3 v 06:02:24.779 TB2 47,250 MSFC -
for: Q-Ball Power (144.8) (144.719)
(@3
42 Signal from LVDC 00:32:25 0 TB2 49.5 L C0-02:26.929  TB2 49.460 MSFC --
for: Camera Lights (145.0) (144.929)
On
5) Signal from LVDC £0:02:25.2 TB2 +9.7 Ty 00:02:25.120 TB2 +9.65% MSFC -
for: S-IC Tclemetry (145.2) (145.120)
Mearurement Switch
Over
‘1 Signal from LVDC 20:02:25.4 TB2 49.9 v 00:02:22.325 TB2 +9.855 MSFC -
for: Enable Out- (145.4) (145.325)
board Engines Cu.~ff
52 Time Base 3 00:02:32.5 TB3 +0.0 v 00:02:30.769 32 +0.0 ASFC -~
S~[C Outboard En- (152.5) 150.7€9;
gines Cutoff
53 Signal from LVDC 00':02:+2.6 TB3 +0.1 U 00:02:30.848 TB3 +3.079 M3FC -
for: Camera Motor (152.¢) (150.848)
On
54 Signal from LVDC 00:92:32.7 TB? +0.2 v v0:02°50.948  TB3 +(.1jy MSFC -
for: S~II LH2 (152.7) (150.948)
Recirculation Pumps
Off
55 Signal from IV. 7% 00:02:33.0 T83 +0.. I 00:02:21.235 T3y +0.420 MSFC ——
for: S~I1 Uli.ge (153.u) (151.255)
Irigger
56 Signal from LVDC 00:02:33.1 T83 +0.6 U 00:0.:31.33% TR2 +0.566 MsFC -
for: Camera Even. (1,3.1) (151.333)
Mark
57 Signal from LVDC 00:02:33,2 TB3 +0.7 IU 00-02:31.426 B3 4,687 MSFC -
for: S~1C/S-I1 (153.2) (151.4206)
Separation
.8 Signal from LVDC 00:02.33.3 TR, +°.8 i 00:02:31.521 B3 40.752 MSFC --
for: Switen Control (153.3 (15%.521)
“o S-II Enable S-II
Engine Qut and S-II
Second Separation
Indication "A"
59 Signal from LVDC 00:02:33.4 TR3 +0.9 )y J0:02:3%.622 Th3 +0.853 MSFC -
for: S-.I Engines {15 .4) (151.622)

Cutoti Reset

*See nctes at end of table
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Section 4
Sequence of Events

TARLE 4-1 (Sheet 5 of 43)
FLIGHT SEGQUENCE OF EVENTS

PREDICTED TIME * MONITORED TIME %
. TIV.. FROM 1IME FRCM SIGNAL TIME FROM TIME FROM 5
LTEM FVENT RANGE ZERO | BASE MONITORED | RANGE ZERO BASE DATA [ ACCURACY %
Ne. N N SOURCE (ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) ! (sec) ¢

50  Signal frew LVDC 00:02:33.5 TB3 +1.0 Iy -~ - — -
for: Engines Ready (153.5)
Bypass

61 “ignal from LVDC 00:02:33.6 183 +1.1 U - ~-- -~ -~
for: Prevalves (153.6)
Lockout Reset

62 Sigaal from 1VDC 00:02:33.9  1B3 +1.4 Iu 00:02:32.210 Tb3 +1.44" MSFC -
for: S-II Engine (153.9) (152,210)
Start

03 Signal from 1VDC 00:€2:34.0  TL3 +1.5 v - - - -
for+ Canera Event (154.0)
Mark

6 Signal from LVDC 00:02:34.1 TB3 +1.6 1y -- - s -
foi: Znable S-II {154.1)
Engine unt & S-1II
Second Separation
Indication "B"

65 Signal from LVDC 00:02:34.3 TB3 +1.8 ) - - - --
for: Engine Ready (154.3)
Bypass Reset

66 Signal from LVDC 00:02:35,5 TB3 +3.0 U 00:02:33.719  TB? ~2.350 MSFC -
for: S-II Hydraulic (155.5) (153.719)
A7 _umelators Unlock

67 Signal from LVDC 00:02:28.9 TB3 +6.4 U 00:02:37.123  TBJ) +6.354 M>FC -
for: (billdown (158.9) (157.123)
Valves Close

68 Sigral from LVDC 00:02:39.2 TB3 +6.7 IU 00:02:37.419 TB3 +6.650 MSFC -
for: S-I1 Start (159.2) (157.419)
Phase Limiter
Cutoff Arm

69 Siznal from LVDC 00:02:39.4  TB3 +6.9 IU 00:02:37.637 TB3 +6.868 MSFC -
for: Activate PU (159.4) (157.637)
System

7" Signal from LVDC 00:02:40.2  TB3 +7.7 iU 00:02:38,433  TB3 +7.664 MSFC ~-
for: S-II Start (160.2) (158.433)
Phase Limiter Cutoff
Arm Reset

71  Signal from LVDC 00:02:43.6 TB3 +11.1 1U 00:02:41.821 TB3 +11.052 MSFC -
for: IV Tape (163.6) (161.82")
Reccrder Record Off

72 Signal from LVDC 00:02-43.8 TB3 +11.3 iU 00:02:42.037  TB3 +11.268 MSFC -
for: Stop Data (163.8) (162.037)
Recorders

73a Signal frow LVDC 90:07:44.0 TB3 +11.5 1U 00:02:42.219  TB3 +11.450 MSFC -
for: Fast Record (164.0) (162.219)
Off

73b Signal Recejved in - - S-1IVB 095:02:42.197 N/# DAL (FM) 13
S-IVR for: Fast (152.197)
Rec-cd Off

74 signal from LVDC 00:03:00.1  TB3 +27.6 U 00:02:58.318  TB3 +27.549 MSFC --
for: Water Cooiant  (180.1) (178.318)

Valve Open

*See notes at end

. table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 6 of 43)

o ‘ FLIGHT SEQUENCE OF EVENTS
— — -
PREDICTEL TIME * MONLITORED Taibid *
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM R poye
TTEM EVENT RANGE ZERO | BASE MONITGRED | RANGE ZERO BASE DATA | ACCURACY4
NO. SOURCE (ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec) 3
75 Signal from LVDC 00:03:03.2 TB3 +30.7 U 00:03:01.437 TB3 +30.668 MSFC -
for: S-1I Second (183.2) (181.437)
Plane Separation
76 Signal from LVDC 00:03:03.3 TB3 +30.8 IV 00:03:01.534 TB3 +30.765 MSFC -~
. for: Camera Event (183.3) (181.534)
i Mark
:- 17 Signal from LVDC v0:03:04 3 TB3 +31.8 U 00:03:02.533 TB3 +31.764 MSFC -
2 for: Camera Event (184.3) (182.533)
&: Mark
ﬁg 78 Signal from LVDC 00:03:08.9 TB3 +36.4 1U 00:03:07.133 TB3 +36.364 MSFC --
& for: LET Jettison (188.9) (187.133)
:%‘;,. ”A“
}g: 79 Signal from LVDC 00:03:09.1 TB3 +3".6 Iy 00:03:07.319 TB3 +36.550 MSFC -
o for: LET Jettison (129.1) (187.319)
?“ llB"
L.
5%5 80 S+ ,nal from LVDC 00:03:10.5 TB3 +38.0 IU 00:03:08.718  TB3 +37.949 MSFC --
ﬁi- for: Camecra Eject (190.5) (188.718)
¥ No. 1
§§ 81 Signal from LVLC 00:03:11.1 TB3 +38.6 IU 02:03:09.333  TB3 +38,564 MSFC -
s for: Came-a Eject (191.1) (189.333)
‘,' Nv. 2
82 Sigr._ 1 frum LVDC 00:03:11.6 TB3 +39.1 IU 00:03:09.848 TB3 +35.064 MSFC -
for: <Camera Ejact 1161,6) (189,848)
No. 3
83 1Initiate Iterati-—= 90:03:12.4 N/A IU 00:03:10.879 N/A MSFC -
Guiuance Mode (192, ) (190.879)
84 €ignal {:um LVDC to v:03:32 7 Tb3 +61.4 U 00:03:32.132 TB3 +61.363 MSFC -
Flight Cuntrol 7213.9) (212,132)
Compute. for:
Swit~h Point No. J
35 Signal from LVDC 00:04:5. .5 TB3 +125.0 IU 00:04:35.742 TB3 MSFC -
for: Start Second (277.5) (275.742) +124.973
PAN-FM; ¥™ Calibra-
tion
86  signal from LVDC 00:04:42.5 TB3 +130.0 B 00:0. :40.719  TB3 MSFC --
*cs: Stop Second (282.5) (280.719) +129.950
2.:4-FM/FM Caifbtr.-
tion
87 Signal from "VDC to 00:05:43.9 TB3 +191.4 U 00:05:42.120 TB3 MSFC --
Fl#ght Control (342.9) (342.120) +191.351
- Computer for:
® Switch Point No. /
S 88 Sigral from LVDC 00:05:50.1 Tb3 +197.6 v 00:05:48.319 TB3 MSFC -
) fox: Telemetry (350.1) (34%8.319) +197.5%0
% Calibration Intlight
i Calibrate On
89 Signal! fiom LVDC 00:05:55.1 TB3 +2ui.b ju N, -N5:53.329 TB3 MSFC -
for: Tel.metry (355.1) (353.329) +202.550

Calibrator Inflight
Calibrato Off

#*See notey at end of table
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Sectlon 4
Sequence of Events

TASBLE 4-1 (Sheet 7 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDITED TIME * ;1 MON. fORED TIME %
TIME FROM TIME FROM SIGNAL TIME F"'M TIME FROM .
[EM EVENT RANGE ZERO | BASE MON JRED | RANGE 7RO BASE DATA | ACCURACL
NO. SOURCE (ms)
(ur:min:sec) (sec) AT (hr-'min:sec) (s:0)
(sec) (sec) s:¢

90 Sign°l from LVDC 00:06:05,2 TB3 +212.7 U 00:06:03.426  TB3 MSFC -~
for: Measurement (365.2) (363.426) +212.657
Control Switch No, 2
Activate

91 Signal from LVDC 00:06:17.5 TB3 +225.0 1U 00:06:15.720  TB3 MSFC --
for: Sitart Third (377.5) (375.729) +224.951
PAM- "M/*M Clalibra-
tion

92  Signal from LVDC 00:06:22.5 TB, --230.0 i} 00:06:20.720 TB3 MSFC -
for:; Stop Third (382.5) (380.720) +229.951
PAM-FM/Frl Calib.oa-
tion

93  S-I1 Mixture Ratio 20:07:00.6 N/A 1U 00:07:15.692 N/A MSFC --
Shift Sensed (420.0) (425.692)
Guidance

94  Signal from LVD. 00:07:52.> T.3 :320.0 v 00:07:50.718 B3 MSFC -
for:  -I1 LK2 Step (472.5) 1 70.718) +319.949
Pressirizavion

95a Sigral from LVDC 0):07:57.5 TB3 +325.0 IU N0:07:25.729  TB3 MSFC -—
for: Spocial Cali-  (477.5) (L7..729y +324.90C
brate Reiays On

95b Signal Received in - - S-1v° 1-07:55.730 N/A DAC (FM) 13
S-IVe for: CSpecial 75.730)
Calitrate Rel2ys On

9oa Jignas from LVDC 00:07:57.6  TB3 +325,2 TU 00:07:55.919  TB3 MSFC --
for: Regular Cali-  (477.6) (475.919) +325.150
prate Relays On

96b Sign-! Received in -- -— 5-TVB 00:07:55.900 nN/A DAC(FM) 13
S—IVB for: Regular {475.900)
Calibrate Relays On

97 Signal from LVDC 00:07:57.8  IB3 +325.4 U 00:07:56.13u  TB3 ISFC ~-
for: Telemetry (477.8) (476.130) +325.361
Calibra' v Inflight
Calibrate On

98a Signal from LVDC 0n:08:02.5 TB3 +330.0 U 00:08:0C.722 TB3 MSFC -~
for: R~rgular Cali- (482.5) (480.722) +329.953
brate Relays Off

98b Signal Received in -— - S-IVB 00-18:00.725 N/A DAC(FM) 13
S-1VB for: Regular (400.725)
Calibrate Relays Off

99a Signal from LVDC 90:08:02.7 TB3 ~330.2 v 00:08:00.936 Tu3 MSFC -
for: <pecial Cali- (482.7) (480.974) +330.166
brate Rela s Off

99b Signal Received in - - S-1IVB 00:08:00.925 N/A DAC\FM) 13
S-IVB for: Special 7180.925)
Calibrdate Relays Off

100 Sig.al from LVDC 00:08:02.9  TB3 +330.4 U 00:08:01.119  TB3 MSFC ~-
for: Telemetry (482.9) (481.119) +330.350

Calibrator
In-flight
calibrate Off

*See notcr at end of table
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Section 4

Sequence of Events

TABLE 4-1 (Sheet 8 of 43)
’ FLIGHT SEQUENCE OF EVENTS
PREDICTED TIME# MONITORED TIML *
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
1TEM EVENT RANGE ZERO | BASE MONTTORED | RANGE ZERO* BASE DATA ] ACCURACY*
NO. S . SOURCE (s)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
10la Signal from 1VDC 00:08:03.1 TB3 +330.6 1U 00:08:01.325 TB3 MSFC . -
for: Rate Gyro (483.1) (481.325) 4330.556
off
101b Signal Received in - - s-1VB 0C:08:01:325 N/A DAC(FM) 13
S-IVR for: Rate (481.325)
Gy-o Off
102a Signal f-om L'DC 00:78:03.3 TB3 +3.8 Iy 00:08:01.538 TB3 MSFC -
for: Charge Ullage (483.3) (481.538) +330.769
Ignition Or ‘
102b Signal! Recez .ed 1n -— -— S-iVB 00:08:01.575 N/A DAC(FM) 13
S-"VB for: Charge (481.575)
Lilage Ignition On
103  Signal 1r-m _.YDC r":08:013.5 733 +331.0 v 00:08:01.720 TB3 MSFC --
for: S~17/--1VB (+ 3.5) (481.720) +330.951
Ordnance Ar'r
104 Signal from .\DC 00:08:03.7 T2, +331.2 U 00:08:51.929 TB3 MSFC -
for: IU Tap: (4S83.7) (481. 129) +331.160
Recorder Rec.,.d
105a Sign-1 fcom LVDC 00:08:03.9 1B3 +231.4 1)} 00:08:02.119 TB3 MSFC -
for: Fast Rec~rd On  (483.9) (482.119) +331.350
105b Signal Rece‘ved ir -— - S-IVB 00:08:02.100 N/A DAC(FY) 13
S-1VB for: Fast (482.100,
G Record un
e 10¢ Signal from LVDC J0:08:04.1 TB3 +331.6 Iy 00:08:u2.327 TR3 MSFC --
for: Start Record- (484.1> (482.327) +331.558
ers
107 Signal from LVDC o) "8:04.2 83 +331.0 v 00:08:02.518 TB3 MSFC -
for. S-I1 LOX (484.3) (482.518) +331.749
Depletion Sensor
Cutoff Arm
108 Sigaal from LVDC 00:08 . .5 TB3 +332.0 v 00:08:02.725 183 MSFC -—
for: S-~1° LH2 (4b4.>) (482.725) +331.956
Depletion Sensor
Cutoff .rm
169 Time Bece & ¢1:08:36.8 TB4 0.0 U 00:08:39.759 TB4 +0.0 MoFC -
S-11 J-2 Engines (516.8) (539.759)
Cutoff
110  Sagnal from LVD. 30:08:36.9 1B4 0.1 v 00:08:39 936 1B4 +0.177 HSFC -
for: Start kecord- (5i% 9) ¢519.936)
er Timers
1112 Sig.al from LVDC 00:06:37.0 TB3 +0.2 1)) 20:08:40.028  TB4 +0.29 MSFC -
for: Prevalves (517.0; (520.9023)
Closed Off
11ib Signal Received in - - S- 1vB 00:04:40.032  N/A DAC(FM) 135
S-IVB for: Pre- 520.022)
valves Closed Off
112a Signal from LVDC 00:08:37.1 TB4 -+0.3 U 00:08 40.120 TB4 +0.361 MSFC -
for: S-IVB Engine (517.1) (520, 120)
Cutof® Off
112b Signai Received in - - S .v3 U0:08:40.123 N/A DAC(FM) 13
S§~-IVB for: S-I\B (520.125)

Engine Citoff Off

*See notes at end of iable
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Section 4

4,

Sequence of Events

TABLE 4-1 (Sheet 9 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME * MONITORED TIME *
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
ITEN EVENT RANGE ZERO | BASE MONITORED | RANGE ZEROW BASE DA |ACCURACY
NO. SOURCE (ms)
(hr:mia:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

113a Signal from LVDC 00:08:37.3 TB4 +0.5 U 00:08:40.212 TB4 +0.433 MSFC -~
for: Engine Ready (517.3) (520.212)
Bypass

113b Signal Received in - bt S-1VB 00:08:40.214 N/A DAC(FM) T
S-IVB for: Engine (520.214)
Ready Bypass

114a Signal from LVDC 00:08:37.4 TB4 +C.6 ) 4i) 00:08:40.309 TR4 +0.550 MSFC -—
for: LOX Chilldown (517.4) (520.309)
Pump Off .

114b Signal Received in - - S-1VB 00:08:40.312 N/A DAC(FM) 13
S-IVB for: LOX (520.312)
Chilldown Pump Off

115a Signal from LVDC 00:08:37.5 TB4 +0.7 1y 00:08:40.432 T84 +0.673 MSFC -
for: Fire Ullage (517.5) (520.432)
Tgnition On

115 Signal Received in - - S-1VB 00:08:40.435 N/A DAC(FM) 13
S-IVB for: Fire (520.435)
Ullage Ignition On

116 Signal from LVDC 00:08:37.6 TB4 +0.8 v 00:08:40.528  TB4 +0.770 MSFC —-
for: S-I1/S-1VB (517.6) (520.528)
Separation

117 Ullage Thrust - - - 00:08:40.5 N/A DAC -
Buildup to 75 per- (520.5)
cent (Average)

118  S-II Retrorocket - - - 00:08:40,57 N/A MSFC -
Thrust Buildup to (520.57)
1C percent (Average)

119 First Axial Separa- 00:08:37.675 N/A N/A 00:08:40.600 N/A MSFC -
tion Motion (517.675) (520.600)

120 §~II Retrorocket - - - 00:08:40.59 N/A MSFC -
Thrust Buildup (520.59)
to 90 percent
(Average)

121a Signal from LVDC 00:08:37.7 TB4 +0.9 v 00:06:40.620 TB4 +0.861 MSFC -—
for: S-IVB Engine (517.7) (520.620)
Start Interlock
Bypass On

121b Signal Received in - - S-IVB 00:08:40.623 N/A DAC{FM) 13
S-1VB for: S-IVB (520.623)
Engine Start Inter-
lock Bypass On

122a Signal from LVDC 00:08:37.8 TB4 +1.0 L) 00:08:40.713 TB4 40.954 MSFC -
for: S-1IVB Engine (517.8) (520.713)
Start Or

122b Signal Received in - - S-1VB 00:08:40.717 N/A DAC(FM) 13
S-IVB for: S-IVB (520.717)
Engine Start On

*See notes at end of table
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TABLE 4-1 (Sheet 10 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME *

| MONITORED

TIME FROM SIGNAL TIME FROM TIME FROM
I;g“ EVENT RANGE ZERD | BASE MONITORED | RANGE ZERO® BASE sg::gx Acggz?cvu
¢ {hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
122¢ J-2 Engine Start
§e9uence
1. Helium Control - - S~1VB 00:08:40.717 - DAC(PCM) 10
Solenoid Ener- (520.717)
gized (Pickup)
2. Main Fuel Valve - - S-IVB 00:08:40.761 - DAC(PCM) 10
Closed (Dropout) (520.761)
3. Main Fuel Valve - - S-1VB 00:08:40.899 -~ DAC(PCM) 10
Open (Pickup) (520.899)
4. Gas Generatcr -— - S-1VB 00:08:43.997 - DAC(PCM) 10
Valve Closed (523.997)
(Dropout)
5. Gas Generator - - S-IVB 00:08:44.727 - DAC(PCM) 10
Valve Open (524.727)
(Pickup)
6. Main Oxidizer - - S-IVB 00:08:44.197 - DAC(PCM) 10
Valve Leaves (524.197)
Closed Position
(Dropout)
7. Stact Tack - -~ S-1VB 00:18:24.278 - DAC(PCM) 10
Discharge Valve {524.278)
Open (Dropout)
8. Oxidizer Turbine -~ - S-1VB 00:08:24.375 - DAC(PCM) 10
Bypass Valve Open (524.375)
(Dropout)
9. Oxidizer Turbine - - S-IVB 00:08:40.939 - DAC(PCM) 10
Bypass Valve (520.939)
Closed (Drop Out)
10. Mainstage OK - - S-1VB 00:08:45.480 - DAC(PCM) 10
Pressure Switch (525.480)
No. 1 (Drop Out)
11. Hainstage OK -~ - S-IVR 0C:08:45.54C - DAC(PCM) 10
Pressure Switch (525.540)
No. 2 (Pick Up)
12. Main Oxidizer -— - S-IVB 00:06:46.637 - DAC(PCM) 10
Valve Reaches (526.637)
Open Position
(Pick Up)
13. Gas Generator - - S5-1vB 00:08:47.402 - DAC(PCM) 10
Spark System On {527.402)
(Drop Out)
14. Thrust Chamber - —-— S-1IVB 00:08:47.402 - DAC(PCM) 10
Spark System On (527.402)
(Drop Out)
123 Signal from LVDC 00:08:38.0 TB4 +1.2 v 00:08:40.924 TB4 +1.165 MSFC -
for: Flight Control (518.0) (520.924)
Computer S-IVB Burn
Mode On “'a"
124  Signal from LVDC 00:08:38.1 TB4 +1.3 1U 00:08:41.070 TB4 +1.261 MSFC -
for: Flight Control (518.1) (521.020)

Computer S-IVB Burn
Mode On "B"

*See notes at end uf table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 11 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME * MONITORED TIME %
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
oy EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE o ‘Cﬁu“;cy*
‘ (hr:min:sec) (sec) AT (hr:min:sec) (sec) ns
(sec) (sec) sec

125 S-II J-2 Engine 00:08:38.2 TB4 +1.3 N/A 00:08:40.2 N/A MSFC 100
Thrust Decay to (518.2) (520.2)
5 percent
(Average)

126 Signal from LVDC 00:08:38.4 TB4 +1.6 IU 00:08:41.314 TB4 +1.555 MSFC -
for: S-IVB Engine (518.4) (521.314)
Out Indication
Enable "A" On

127 Signal from LVDC 00:08:38.6 TB4 +1.8 Iu 00:08:41.530 TB4 +1.771 MSFC -
for: S-IVB Engine (518.6) (521.530)
Out Ind®-ation
Enable "B" On

128  Separation Complete 00:08:38.66 N/A N/A 00:08:41.572 N/A DAC 10
(217 in. Axial (518.66) (521.572)
Clearance)

129a Signal from LVDC 00:08:39.0 TB4 +2.2 j 1) 00:08:41.914 TB4 +2.155 MSFC -—
for: Fuel Chill- (519.0) (521.914)
down Pump Off

129b Signal Received - - S-IVB 00:08:41.917 N/A DAC (FM) 13
in $-1VB for: Fuel (521.917)
Chilldown Pump Off

130a Signal from LVDC 00:08:40.6 TB4 +3.8 U 00:08:43.514 TB4 +3.755 MSFC --
for: LOX Tank (520.6) (523.514)
Flight Pressure
System On

130b Signal Received in - - S-1VB 00:08:43.518 N/A DAC (FM) 13
S~-IVB for: LOX (523.518)

" Tan . Flight Pressure

System On

13la Signal from LVDC 00:08:40.8 TB4 +4.0 IU 00:08:43.731  TB4 +3,972 MSFC -
for: Fuel Injection (520.8) (523.731)
Temperature OK
Bypass

131b Signal Received in - —_ S-1IVB 00:0%.43.733 N/A DAC(FM) 13
S-IVB for: Fuel {573.733)
Injection Tempera-
ture OK Bypass

132a Signal from LVDC 00:08:41.0 TB4 +4.2 v 00:08:43.911 TB4 +4.152 MSFC -
for: Engine Start (521.0) (523.911)
Of f

132b Signal Received in - - S-1VB 00:08:43.912 N/A DAC(FM) 13
S-1VB for: Engine (523.912)
Start Off

133  J-2 Thrust Buildup - - - N/A 00:08:44.745 N/A DAC 10
10 percent (524.745)

134a Signal from LVDC 00:08:42.6 TB&4 +5.8 IU 00:08:45.509 .34 +5.750 MSFC -
for: First Burn (522.6) (525.509)
Relay On

134b Signal Received in ~- - S-1VB 00:08:45.515 N/A DAC(FM) 13

S-IVB for: First
Burn Relay On

*See notes at end of table
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TABLE 4-1 (Sheet 12 of 43)
FLIGHT SEQUENCE OF EVENTS

Sectior .

Sequence of Events

PREDICTED TIME# MONITQRED TIME %
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
e EVENT RANGE 7SRO | BASE MONITORED | RANGE ZERO* BASE souep [ ACCURACYY
. (hr:min:sec) (sec) AT (hr:min:sec) (sec) (ms)
(sec) (sec) sec
135 Guidance Initiation 00:08:42.8 N/A )] 00:08:47.654 - MSFC -
(522.8) (527.654)
136 Start Artificial 00:08:42.8 N/A v 00:08:47.654 - MSFC -—
Tau Mode (522.8) (527.654)
137  J-2 Thrust Buildup - 00:08:43.3 N/A N/A 00:08:46.229 N/A MSFC -—
90 percent (523.3) (526.229)
138a Signal from LVDC 00:08:44.6 TB4 +7.8 v 00:08:47.521 TB4 +7.762 MSFC -
for: Emcrgency (524.6) (577.5%1)
Playback Enable On
138b Signal Received in - - S-1IVB 0(,:08:47.528 N/A DAC(FM) 13
S-IVB fov: Emergen- (527.528)
cy Playback Enable
On
139a Signal from LVDC 00:08:44.8 TB4 +8.0 IU 00:08:47.708 TB4 +7.949 MSFC --
for: Fast Record (524.8) (527.708)
Off
139b Signal Received in -— - S-IVB 00:08:47.712 N/A DAC(FM) 13
S-IVB for: Fast (527.712)
Reccrd Off
140a Signal from LVDC 00:08:45.8 TB4 +9.0 jU] 00:08:48.709 TB4 +8.950 MSFC -
for: PU Activate On (525.8) (528.709)
140b Signal Received in - - S-IVB 00:08:48.712 N/A DAC(FM) 13
S-IVB for: PU (528.712)
Activate On
l4la Signal from LVDC 00:08:47.1 TB4 +10 1 IV 00:08:50.018 TB4 +10.259 MSFC --
for: Charge Ullage (527.1) (530.018)
Jettison On
141b Signal Received in -— - S~1IVB 00:08:50.022 N/A DAC(FM) 13
S-1VB for: Charge (530.022)
Ullage Jettison On
142a  Signal from LVDC 00:08:49.6 TB4 +12.8 U 00:08:52.525 TB4 +12.766 MSFC -
for: Fire Ullage (529.6) (532.525)
Jettison On
142b Signal Received in - - S~1VB 00:08:52.531 N/A DAC(FM) 13
S~IVB for: Fire (532.531)
Ullage Jettison On
143 Stop Artificial 00:08:49.8 N/A piif 00:08:56.054 N/A MSFC -
Tau Mode (529.8) (536.054)
144a Signal from LVDC 00:08:52.9 TB4 +16.1 Iy 00:08:55.810 TB4 +16.050 MSFC -
for: Ullage (532.9) (535.810)
Charging Reset
144b Signal Received in - - S~1IVB 00:08:55.815 N/A DAC(FM) 13
S-IVB for: Ullage (535.815)
Charging Reset
145a Signal from LVDC 00:08:53.1 TB4 +16.3 1U 00:08:56.024 TB4 +16.264 MSFC --
for: Ullage Firing  (533.1) (536.024)
Reset
145b Signal Received in - - S~IVB 00:08:56.038 N/A DAC (FM) 13

S-IVB for: Ullage
Firing Reset

*See notes at end of table

(536.038)
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 13 of 43)
FLIGHT SEQUENCE GF EVENTS

1TEM
NO.

EVENT

146

147

148a

148b

149

150

151

152a

R 152b

s

153a

153b

ey 154

1558

155b

156

157a

S-1IVB PU Valve
Reaches Hardover
Position

Signal from LVDC
for: IU Tag.
Recorder Record Off

Signal from LVDC
for: Loergency
Playback Enable Off

Signal Received in
S-IVR jor: Emergen-
cy Playback Enable
of ¢

S-IC Impact

Signal from LVDC
for: Telemetry
Calibrator Inflight
Calibrate On

Signal from LVDC
for: Telemetry
Calibrator Inflight
Calibrate Off

Signal from LVDC for:

Regular Calibrate
Relays On

Signal Received in
S-IVB for: Regular
Calibrate Relays On

Signal from LVDC for:
Regular Calibrate
Relays Off

Signal Received in
S-IVB for: Regular
Calibrate Relays Off

Introduction of Chi
Tilde Cuidance Mode

Signal from LVDC for:
Chilldown Shutoff
Pilot Valve Closed On

Signal Received in
S-IVB for: Chilldown
Shutoff Pilot Valve

Freeze Body Attitude
(Chi Freeze)

Signal from LVDC for:
Engine Pump Purge
Control Valve Enable
On

*See notes at end of table

4-16

PREL _TTED TIME* T.__._LNIIQ@ TIME® ]
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROr "
RANGE 22RO FASE MONITORED | RANGE ZERO* BASE SgG;gE AC%::?CY
(hr:min:sec) (sec) AT (hr:min:sec) (sec)

(sec) (sec}
00:03:54.5 N/A N/A 00:08:50.7 N/ DAC 1r.
(534.5) (530.7)
n0:08:55.7 TB4 +18.9 U 00:08:58.611 TB4 +16.85%8 MSFC -
(535.7) (538.611)
00:08:58.1 TB4 +21.3 . 00:09:01.009 TB4 +21,257 MSFU -
(538.1) (541.009)

- -— S-IvR 00:09:03.012 N/A DAC(FM) 13
7541.012
00:08:58.42 N/2 N/A 00:08:56.95 N/A MSFC -
(538.42) (536.95)
00:08:59.. TB4 +22.4 U 00:00:02.111 TB4 +22.352 MSFC -
(539.2) (542.111)
00:09:04.2 TB4 +27.4 IU 00:09:07.110 TB4 +27.351 MSFC -
(540.2) (547.110)
00:09:08. 0 TB4 +31.8 el 00:09:11.509 TB4 +31.750 MSFC -
(548.6) (551.509)
-~ - S-IVB  00:09:11.512 /A DAC(FM) 13
(551.512)
00:09:13.6 TB4 +36.8 v 00:09:16.509 TB& +36.750 MSFC -
(553.6) (556.509)
- - 3=-1IVB 00:09:16.512 N/A DAC (FM) 13
(556.512)
00:10:21.4 N/A U] 00:10:32.25C N/A MSFC -
(621.4) (632.250)
00:10:22,1 TB4 +105.3 v 00:10:25.011 Ts4 MSFC —
(622.1) (625.011) +105.252
- - S-1vB 00:10:25.019 N/A DAC(FM) 13
(625.019
00:10:49.4 N/A i 00:10:57.911  N/A MSFC -
(649.4) (657.911)
00:10:50.5 TBS -7.0 puij 00:10:,3.679 TBS -7.205 MSFC -
(650.5) (658.679)
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TABLE 4-1 (Sheet 14 of ”3)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME = MONITORED TIME *
TIME FROM |TIME FROM JICNAL TIME FROM TIME FROM
I;g“ EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO* BASE sgﬁgéa ACCURACY %
‘ (hr:min:sec) AT (hr:min:ser) ¢ (ms)
(sec) (sec) (sec) (sec)

157b Sigral Received in - - S-1vB 00:10:58.683 N/A DAC(FM) 13
S-IVB for: Engine (658.683)
Pump Purge Control
Valve Enable On

158a Signal from LVDC for: 00:10:566 N/A IU 00:11:05.631  N/A MSFC —
§~IVB Engine Cutoff (656.6) (665.631)
(Guidance Cutoff)

158b Signal Received in -- - S-IVB 00:11:05.639  n/aA DAC (FM) 13
S-IVB for: S~IVB (665.639)
Engine Cutoff
(Guidance Cutoff)

158c Time Base 5 00:10:56.6 TB5 +0.0 IU 00:11:05.884 TB5 +0.0 MSFC -
LVDC Initiates TBS (656.6) (665.884)

1584 LVDC Sends Redundant - - Iu 00:11:05:967 TB5 +0.083 MSFC -
Signal for: S-IVB (665.967)
Engine Cutoff

158e Signal Received in - - S-1vE 00:11:05.974 N/A DAC (FM) 13
S-IVB for: S-IVB (655.974)
Engine Cutoff
(Redundant Signal)

159a Signal from LVDC for: 00:10:56.7 TBS5 40.1 U 00:11:06.060 TBS +0.176 MSFC -
Point Level Sensor (656.7) (666.060)
Disarming

159b Signal Received *n -— - S-IVB 00:11:06.067 N/A DAC (FM) 13
S-1VB for: Point (666.067)
Level Sensor Dis~
arming

160 S-IVB J-2 Thrust De- - N/A N/A 00:11:06.076  N/A DAC 10
cay to 5 Percent (666.076)
(Average)

16la Signal from LVDC for: 00-10:56.9 TBS +0.3 Iu 00:11:06.150 TBS +0.266 MSFC -
S-IVB Ullage Engine (656.9) (666.150)
No. 1 On

161b Signal Received in - - S-IVe 00:11:06.158 N/A DAC(FM) 13
S-IVB for: S-IV® (666.158)
Ullage Engine to. 1
On

162a Signal from LVDC for: 00:10:57.0 TBS +0.4 Iy 00:11:06.271 TBS +0.387 MSFC ~-
S~IVB Ullage Engine (657.0) (666.271)
No. 2 On

162b Signal Received in - - S-1IVB 00:11:06.278 N/A DAC(FM) 13
S~IVB for: S-IVB (666.278)
Ullage Engine No. 2
On

163 Signal from LVDC for: 00:10:57.2 TB5 +0.6 1U 00:11:06.443 TB5 +0.559 MSFC -
Ullage Thrust Present (657.2) (666.443)
On

164a Signal from LVDC for: 00:10:57.3 TB5 +0.7 U 00:11:06.568  TB5 +0.684 MSFC -
ri.3t Burn Relay Off (657.3) (666.568)

164b Signal Received in - S-1VB 00:11:06.575 A DAC (FM) 13
S-IVB for: First (666.575)
Burn Relay Of{

165a Signal from LVDC for: 00:10:57.5 TBS +0.9 v 00:11:06.735 Tus5 +0.851 MSFC .-
PU Activate Off (657.5) (666.7135)

165b Signal Received in -— - S-IVB 00:11:06.742 N/A DAT (FM) 13
S-1IVB for: PU (h66.742)
Activate Off

*See notes at end of table
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Section 4
Sequence of Events

TACLE 4~1 (Sheet 15 of 43)
FLIGHT SEQUENCE OF EVENTS

| PREDICTED .IME & MONITORED TIME*
TIME FROM lTIME FROM SIGNAL TIME FROM TIME FROM N
LTEM EVENT KANGE ZERO | BASE MONLTORED | RANGE ZERO* BASE DATA | ACCURACIA
NO. SOURCE (ms)
(hr:mi :sec) (se~) AT (hr:min:sec) (sec)
(sec) (sec)
166a Signal from LVL™ for: 00:10:57.6 LB5 +1.0 IU 00:11:06.833 TB5 40,949 MSFC -—
Prevalves Clo.es On ‘057.6) (666.833)
166b Signal Received in - - S-1VB v0:11:06.841 N/A DAC (FM) 13
S-IVB for: Prevalves Lbb6.841)
Closed On
167a Signal from LVDC for. 70:10:57.7  TB5 +1.1 IV 00:11:06.934  TB5 +1.050 MSFC -
: LOX Tank Flight Pres- . °57.7) (666.934)
s sur: System Off
; 167b Signal keceived in - -~ S-IVB 00:11:06.941 N/A DAC(FM) 13
; $-IVS for: LOX Tank (666.941)
-t Flight Pressure
‘ System Off
B .g 168a Signal from LVDC fc-: 00:10:57.3  TBS5 +1.3 U 00:11:07 141  TBS +1.257 MSFC -
o Coast Period ™ (657.9) (667.141)
- 168b Signal Received .. - - S-IVE  00:11:07.148 E/A DAC(FM) 13
o4 S-1IVB f¢ Coast (667.148)
. g Period On
: 169a Signul ..~~~ LVDC tor: 00:10:58.1 TS +1.5 Iu 00:11:07.355 TB5 +1.471 MSFC -
Engine auy, - irge (658.1) (667.355)
-3 Cont nl Valve Enable
X On
. o 169b Sigr.' Receivel in - - S-1IVB 00:11:07.361 N/A DAC(FM) i3
. e S-IVL or: Engine (667.361)
imp Purge Control
. .ulve Enable On
- "»...1'* 17Ga ~ignal from LV' . for: 00:10:58,3 TB5 +1.7 IU 0G.11:07.535 TBS5 +1.651 MSFC -
B - J Fuel Boilolf Bias (658.3) (667.535)
i Cutoff On
o 170b Signal Received in - - S-IVB 00:11:07.542 N/A DAC(FM) 13
" S-1VB for: PU Fuel (607.542)
. 3oiloff Bias Cutoff
On
171 Signal from LVDC for: 00:11:59.9 TBS5 +3.3 U 00:11:09.134 TBS +3.250 MSFC -
F' ight Control Com- (659.9) (669.134)
puter S-IVB Burn
Mode Off "B"
172 Signal froo LVDC for. 00:11:00.1 TB5 +3.5 IU 00:11:09.349 TB5 +3.465 MSFC -
Flight Con rol Com- (660.1, (669.349)
puter S-IVB Burn
Mode Off
173a Signal from LVLC for: 00:11:060.3 TB5 +3.7 IU 00:11:09.534 TB5 +3.650 MSFC -—
Aux Hydraulic Pump (660.3) (669.534)
Coast Mcde On
173b Signal Received +n - -~ S-1IVB 00:11:09.542 N/A DAC (M) 13
. $-IVP for: Aux (669.542)
i Lydraulic Pump
Coast Mode On
1,4a Signal crom LVDC for: 00:11:00.5 TBS5 +3.9 U 00:11:09.742  TBS +3.858 MSFC --
Aux Yydraulic Pump (660 .2) (669.742)

Flight Mode Off

*See notes at end of table
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TABLE 4~1 (Sheet 16 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4
Sequence of Events

PREDICTED TIME % HUNITORED TIME *
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM .
1TEM EVENT RANGE ZERO | BASE MONITOREF | RANGE ZFRC* |  BASE DATA | ACCURACY
NC. R SOURCE (ms)
(hr:min:sec) (sec) AT (hr:min:si ) (sec)
(sec) (sec)

174b  Signal Received in -- -- S-1VB 00:11:09.749 N/A DAC (FM) 13
S-1VB for: Aux (669.749)
Hydraulic Pump Flight
Mode Off

175 Signal from LVDC for: 00:11:06.6  TB5 +10.0 IU 00:11:15.855  TB5 +9.971 MSFC -
S-IVB Engine Out (666.6) (675.855)
Indication "A"
Enable Reset

176  Signal from LVDC for: 00:11:06.8 TB5 +10.2 v 00:11:16.036 TB5 +iuv.152 MSFC -
S-IVB Engine Out (666 .8) (676.036)
Indication "B"
Enable Reset

177 Indicate Pitch 00:21:11.6 N/&a Iy 00:11:21.278 N/A MSFC --
Maneuver (end of (671.6) (681.278)
Chi Freeze)

178a Signal from LVDC for: 00:11:18.8  TBS +22.2 IU 00:11:2%.034 TB5 +22.150 MSFC -
SSB Transmitter (678.8) (688. 24,
Group Off

178b Signal Received in - - S-IVB 00:11:28.042 N/A DAC (FM) 13
§-1VB for: SSB (688.042)
Transmitter Group
Of f

179a Signal from LVDC for: 00:11:19.0 TB5S +22.4 U 00:11:28.262  TB5 +22.378 MSFC --
SSB Group Off (679.0) (688.262)

179b Signal Received in - - S-1VB 00:11:28.253 N/a DAC (FM) 13
S-1VB for: SSB (688.253)
Group Off

180a Signal from LVDC for: 00:11:55.6  TBS +59.0 U 00:12:04.833  TB5 +58.949 MSFC -
Continuous Vent Pilot (715.6) (724.833)
Valve Oren On

180b Signal Received in -~ - S-1vVB 00:12:04.842 N/A DAC (FM) 13
S-IVB for: Continuous (724.842)
Vent Pilot Valve Oper
On

181 Signal from LVDC for: 00:11:56.2  TBS +59.6 U 00:12:05.434  TB5 +59.550 MSFC -
Telemetry Calibrator (716.2) (725.434)
Inflight Calibrate On

182a Signal from LVDC for: 00:11:57.1  TBS +60.5 L} 50:12:06.338 TB5 +60.454 MSFC -
Prevalves Close Off (717.1) (726.338)

182b Signal Received in - - S-1VB 00:12:06.345 N/A DAC (FM) 13
5-1VB for: Prevalves (726.345)
Closed Off

183a Signal from LVDC for: 00:11:57.3  TBS +60.7 Iy 00:12:06.555  TB5 +60.671 MSFC -
Chilldown Shutoff (717.3) (726.555)
Pilot Valve Close
Of f

183b Signal Received in - - S-1VB 00:12:06.563 N/A DAC (FM) 13
S§-IVB for: Chilldown (726.563)
Shutoff Pilot Valve
Clo-ed Off

184a Signal from LVDC for: 00:11:57.6 TBS 4+61.0 v 00:12:06.852 TB5 +67.968 M5FC --
Continuous Vent Pilot (717.6) (726.852)

Valve Open Off

*See notes at end of table

4~19



Section 4
Sequence of Events

TABLE 4-1 (Sheet 17 of 43)
FLIGHT SEQUENCE OF EVENTS

Ve n s et e b

s

CRES
PR

PREDICTED TIME # MONITORED T1ME*
TIME FROM SIGNAL | TIME FRUM TIME FROM .
oo EVENT { RANGE ZERO MONITORED | RANGE ZERO* BASE souanp | ACCURACH
: (hr:min:sec) AT (hr:min:sec) N ’ (ms)
(sec)
(sec) (sec)
184b Signal Received in - - S-1IVB 00:12:06.861 N/A DAC(FM) 13
S-1VB for: Continuous (726.861)
Vent Pilot Valve Open
of f
185 Signal from LVDC for: 00:12:01.2  TBS +64.6 U 00:12:10.435  TB5 +64.551 MSFC -
Telemetry Calibrator (721.2) (730.435)
Inflight Calibrate
Off
186a Signal from LVDC for: 00:12:24.6  TBS5 +88.0 1 00:12:33.836  TBS +87.952 MSFC -
S-1VB Ullage Engine (744.6) (753.836)
No. 1 Off
186b Signal Received in - - S-1IVB 00:12:33.844 N/A DAC (FM) 13
S-1IVB for: Ullage (753.844)
Engine No. 1 Off
187a Signal from LVDC for: 00:12:24.7  TBS +88.1 IU 00:12:33.936  TBS +88.052 MSFC -—
S-1VB Ullage Engine (744.7) (753.936)
No. 2 Off
187b Signal Received in -— - S-IVB 00:12:33,941 N/A DAC(FM) 13
S-IVB for: S-1IVB (753.941)
Ullage Engine No. 2
off
188 Signal from LVDC for: 00:12:24.9 TBS +88.3 U 00:12:24.143 TBS5 +88.259 MSFC -
$-IVB Ullage Thrust (744.9) (754.143)
Present Off
189a Signal from LVDC for: 00:12:34.9  TB5 +98.3 w 00:12:44.140  TB5 +98.256 MSFC -
Emergency Playback (754.9) (764.140)
Enable On
189b Signal Received in - -—- S-1VB 00:12:44.156 N/A DAC (FM) 13
S-1IVB for: Emergency (764.156)
Playback Enable On
190 Signal from LVDC for: 00:12:39.1 TB5 +102.5 IU 00:12:47,329 TBS5 +102.551 MSFC -
Tape Recorder Play- (759.1) (767.329)
back Reverse On
191 Signal from LVDC for: 00:14:04.1 T35 +187.5 i) -— - - -
Tape Recorder Play- (844.1)
back Reverse Off
192a Signal from LVDC for: 00:14:04.%  TB5 +188 3 4} - - -- -=
Emergency Playback (844.9)
Enable Off
192b Signal Received in - - S-1VB 00:14:14,140 N/A DAC (FM) 13
S-IVB for: Emergency (854.140)
Playback Enable Off
193a Signal from LVDC for: 00:15:44.0 TB5 +288.3 w - - - --
Slow Record On (944.9)
193b Signal Received in - - S-1VB 00:15:54,14C N/A DAC (FM) 13

S-1VB for: Slow
Record On

*See notes at end of table

(954.140)
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TABLE 4-1 (Sheet 18 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME # MONITORED TIME#* [
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM 1 . *
LTEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE | DaTa | ACCURACY
NO. . SCURCE (ms)
(hr:min:sec) AT (hr:min:sec}
' (sec) (sec)
' (sec) (sec)
1948 Signal from LVDC for: 00:15:47.9  TBS +291.3 i} - - - -
Slow Record On (947.9)
194b Sienal Received in - - S-1VB 00:15:57.170 N/A DAC (FM) 13
$-1VB for: Slow (957.130)
Record On
195  S-II Impact 00:19::4.18 N/A N/A 00:20:38.40 N/A MSFC -—
(1154.18) (1238.40)
196a Signal from LVDC for: 00:20:59.2 TB5 +602.6 w 00:21:08.433  TBS MSFC -
Engine Pump Purge (1259.2) (1268.433) +602. 549
Control Valve Enable
of f
196b Cignal Received i - - S-IVB 00:21:08.,440 N/A DAC (FM) 13
S-1IVB for: Engine (1268.440)
Pump Purge Control
Valve Enable Off
197a Signal from LVDC for: 00:37:02.9  TB5 +1566. Ty 00:37:12.134  TBS MSFC -
Slow Record On (2222.9) (2232.134)  +1566.250
1970 Signal Received in -- - S~IVB 00:37:12.130 N/A DAC (FM) 13
S~IVB for: Slow (2232.130)
Record On
198a Signal from LVDC for: 0.:37:34.9  TBS +1598. Iy 00:37:44.134  TBS MSFC -
Slow Record Of% (2254.9) (2264.134)  +1598.250
198b Signal Received in - - S-1VB 00:37:44.150 N/A DAC (FM) 13
S-IVB for: Slow (2264.150)
Rerord Off
199a Signal from LVDC for: 00:37:35.1 TBS +1593. i} 00:37:44.334  TBS MSFC -
Recorder Playback On (2255.1) (2254.334)  +1595.450
199b Signal Received in - - S-IVB 00:37:44.350 N/A DAC (FM) 13
S-1VB for: Recorder (2264.350)
Playback On
200a Signal from LVDC for: 0G:40:2¢.1  TB5 +1763. TU 00:40:29.334 TBS MSFC -
Recorder Playback Of¢  (2420..) (2429.334)  +1763.450
200b Signal Received in - - S5 IVB 00:40:29.350 N/A DAC (FM) 13
$-1VB for: Recorder (2429.350)
Flaybark Off
20la Signal from LVDC for: 00:41:41.9 TBS +1845. Iu 00:41:51.134 TBS M FC -
Slow Record On (2501.9) (2511,134)  +1845.250
201b 3ignal received in - - - S~IVB 00:41:51.140 N/A DAC (FM) 13
S-IVB for: Slow (2511.140)
Record On
202a Signal f. m LVDC for: 00:41:44,9  TBS +1848. 1u 00:41:54.134  TBS MSFC -
3low Record On (2504.5 ) (2514.134)  +1848.250
202b Signal Received in - -- S~1VB 00:41°54.130 N/A DAC (FM) 13
$-IVB for: Slow (2514.130)
Reco~d On
203a Signal from LVDC for: 00:51:46.9  TBS5 +2450. iU 00:51:56.134  TBS MSFC -
Telemetry Calibrator (3106.9) (3116.134)  +2450.250
Inflight Calibrate On
204a Signal from LVDC for: 00:51:47.1  TR> +2450. v 00:51:56.335 TBS MSFC -
Special Calibrate (3107.1) (3116.335)  +2450.451
Relays On
*See notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 19 of 43)
FLIGHY STQUENCE OF EVENTS

PREDICTED TIME» MONITORED TIME *
TIME FROM |TIME FROM SIGNAL TINE FROM 4 .
ITEN EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO® BASE DATA | ACCURACI
e N - SOURCE {ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) - (sec)

204b Signal .eceived in - - S-1ve 00:$1:56.350 N/A DAC (FM) 13
S-IVB for: Special (3116.350)
Calibrate Relays On

205a Signal from LVDC for: 00:51:47.3  TB5 +2450.7 IV 00:51:56.535 TBS MSFC -
Regular Calibrate 3107.3) (3116.535)  +2450.651
Relays On

205b Signal Received in - .- S-1vi 00:51:56.550 N/A DAC (FM) 13
S-IVB for: Regular {3116 530)
Calibrate Relays On

206 Signal from L’DC for: 00:51:52.1 TBS +2455.5 v 00:52:01.334 TBS MSFC -
Telemetry Calibrator (3112.1) (3121.334)  +2455.450
Inflight Calibrate
Cff

207a Sigaal froo LVOC for: 00:51:52.3  TBS +2%>5.7 1IU 00:52:01.534 TBS MSFC -
Regular Calibratc (3112.3) (3121.534)  +2455.650
Relays Off

2075 Signal Recei: i in -- —-— S-IVB 00:52:01.540 N/a DAC(FM) 13
S-IVB for: Ri:guiar (3121.540)
Calibrate Relays
off

208a Sigral from LVDC for: 00:51:52.5 TBS +2455.9 IV 00:32:01.735 TBS MSFC -~
Special Calibrate (3112.5) (3121.735) +2455.851
Relays Off

208b Signal Received in - - S-IVB 00:52:01.730 N/A DAC (P} 13
S-IVB for: Special (3121.730)
Calibrate Relays Off

209 Signal from LVDC for: 01:77:35G.1 TBS +4613.5 iv 01:27:59.334 TBS MSFC -
Telemetry Calibrator {5270.1) (5279.334) +4613.450
Inflight Calibrate On

210s Signal from LVDC for: 01:27:50.3 TBS +4613.7 U 01:27:59.534) TBS MSFC -
Slow Record On (5270.3) 15279 .534) +4613.650

210% Sienal Received in - -- S-IVB  01:27:59.450 N/A DAC(FM) 13
S-.vB for: Slow (5279.450)
Record Om

211a Signal from LVDC for: 01:27:50.5 TB5 +4613.9 IV 01:27:59.734  TBS MSFC -
Special Calibrate (5270.5) (5279.734)  +4613.850
Relays On

211b Signal Received in - - S-IVB 01:27:59.650 N/A DAC{FM) 13
S-IVB for: Special (5279.050)
Calibrate Relays On

212a Signal from LVDC for: 01:27:50.7 TB5 +.Jl4.1 U] 01:27:59.934 TBS MSFC -
Regular Calit:ate (5270.7) (£279.934)  +4614.050
Relays On

212b Signal Received in - - S-IVR 01:27:59.875 N/A DAC(FM: 13
S-1VB for: Regular (5279.875)
Calibrate Relays On

213 Signal from LVDC for: 01:27:55.1 TBS +4618.5 IU 01:28:04.334 TBS MSFC -
Telemetry Calibrator £5275.1) (5284.334) +4618.450
Inflight Calibrate
1133

2l4a Signal frow LVDC for: 01:27:55.7 TBS +4619.1 p1i) 01:28:04.934 TBS MSFC -
Regular Calibrate (5275.7; (5284.934)  +4619.050
Relays Off

*See notes at end of table
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T Section 4
; Sequence of Events
. TABLZ 4-1 (Sheet 20 of 43)
»,
et C FLIGHT SEQUENCE OF EVENTS
K
)
¥ PREDICTED TIME * MONITORED TIME#®
- TIME FROM 'TIHI'. FROM SIGNAL TIME FROM TIME FROM
' 1TEH EVENT RANGE ZERO | BASE MONITORED | RANGE ZERU* BASE DATA | ACCURACYs
NO. A . SOURCE (ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
- 214b Signal Received in - - S-1vBe 01:28:04.625 N/A DAC(FM) 13
S-1VB for: Regulsr (5284.625)
Calibrate Relays Otf
}_ 215a Signal from LVDC for: 01:27:55.9 TBS +4619.3 1t 01:28:04.934 TBS MSFC -
- Special Calibrate (5275.9) (5284.934) +4619.050
Relays Off
215b Signal Received in - - S-1vB 01:28:04.875 N/A DAC (FM) 11
S-IVB for: Special (5284.875)
Calibrate Relays Off
216a Signal from LVDC for: 01:28:22.3 TBS +4645.7 v 01:28:31.53%« TBS MSFC -~
Slow Record Off (5302.3) (5311.534) +4645.550
216b Signal Received in -— - S-1IV3 01:28:31.550 N/A DAC (FM) 13
S-1VB for: Slow (5311.550)
Record Off
217a Signal from LVDC for: 01:28:22.5 TBS +4645.9 jti) 01:28:31.734 TBS MSFC —_—
Recorder Playback On (5302.5) (5311.734) +4645.850
217b Signal Received in - - 5-IVB 01:28:31.780 N/A DAC (FM) 13
S-1VB for: Recorder (5311.780)
Playback On
218a Signal from LVDC for: 01:34:12.7 TBS +4996.1 1IU 01:34:21.934 TBS MSFC -
Reccoder Playback Off  (5652.7) (5661.934;  +4996.050
2184 Signal Received in -— - S-1vs 01:34:21.950 N/A LAC(FM) 13
S-1VB for: Recorder (5661.950)
Playback Off
219a Signal from LVDC for: 21:34:12.9 TR5 +54996.3 IV 01:34:22.134 TBS MSre -
Slow Record On (5652.9) (5662.134)  +4996.250
219b Signal Received in - - S-Ive 01:34:22.150 N/A DAC (FM) 13
S-IVB for: Sluw (5662.150)
Record On
220a Signal from LVDC for: 01:34:15.C  TB5 +4999.3 1 01:34:25.134 TBS MSFL -
Slow Record On (5655.9) (5665.134)  +4999.2°2
220b Signal Received in - - S-1IvVB 01:34:25.160 N/A DAC (FM) 13
S-IVB for: Slow (5665.160)
Record On
221 Signal from LVDC for: Ol:4 .vs.7 TBS +5653.1 jU) 01:45:18.951 TBS MSFC -
Telemetry Calibrator (6309.7) 16318.951)  +5653.067
Inflizht Calibrate On
222a Signal fcom LVDC for: 01:45:09.9  TBS +5653.3 IU 01:45:.,.141  TBS MSFL -
Special Calibrate (6309.9) \0319.141)  +5653.257
Relays On
222b Signa' Received in - - S-IVB 01:45:19.172° N/A D. J(FM) 1s
§-TIB for: Special (6°19.190)
Calibrate Relays On
223a Sigrzl from LVDC for: 01:45:10.1  TB5 +5653.5 IU 01:45:19.354  TBS MSFC -
Regular Calibrate (~310.1) (6319,354)  45653.470
Relays On
223b Signal Recelved in - —- S-1VB 01:45:19.360 N'A DAC (FM) 13
S-IVB for: Regular (6319.300)
Calibrate Relays Om
a . 01:45:> 01:45:23.934 TBS MSFC -
24 Signal from LVDC for: 01:45:14.7 TBS5 +5658.1 U] (6323.934) +5658.050

Telemerry Calibrator ©314.7)
Inflight Calibrate
off

RSee notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 21 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME® ‘ MONITORED TIME#*
TIME FROM |[TIME FROM SIGNAL TIME FROM IME FROM ~
ITEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO= BASE DATA | ACCURACY
NO. SOURCE (ms)
(hr:min:=ec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

22a Signal from LVDC for: 01:45:15.1 TB5 +5658.5 IU °1=Q23§2-§§2) TBS MSFC -
Regular Calibrate (6315.1) : +5658.450
Relays Off

225b Signal Received in - - S-IVB 01:45:24,380 N/A DAC(FNM) 13
S-IVR for: Regular (6324.380)
Calibrate Relays Off

226a Signal from LVIX for: 01:45:15.3 TBS +5658.7 v 01:45:24.534  TBS MSFC -
Special Calibrate (6315.3) (6324.534)  +5658.650
Relays Off

226b Sigaal Received in - - S-IVB 01:45:24.580 N/A DAC(FM) 13
S-IVP for: Spec.zl (6324.580)
Calibrav» Relays Off

227a Signa: from LVDC for: 02:08:43.9 TBS +7067.3 IU - - -— --
Slow Record un (7723.9)

227b Sigual Received in - - S-1IVB - - -— -
S-IVB for: Slow
Record On

22¢a Signal from LVDC for: 02:09:15.3 TBS +7099.3 W -— - - -
Slow Record Off (7755.9)

228b Sigral Received in - - S-1IVB -—- - -— -
S-1VB for: Slow
Record Off

229a Signal from LVDC for: 02:09:16.1 TB5 +7099.5 IU - - - -
Recorder Playback On (7756.1)

229b Signal leceived in - - S-1VB -- -- - -
S-IVB for: Recorder
Playback On

230a Signal from LVDC for: 02:13:19.9 TBS +7343.3 IU 02:13:29.134 TBS MSFC -
Recorder Flayback Off (7999.9) (8009.134) +7343,250

230b Signal Received in - - S-IVB 02:13:29.150 N/A DAC (FM) 13
$~IVB for: Recorder (8009.150)
Playback Off

23la Signal from LVDC for: 02:13:20.1 TBS ~7343.5 IU 02:13:29.334 TBS MSFC -
Slow Record Om (©000.1) (8009.334)  +7343.450

231b Signal Received in _ - S-1VB 02:13:29.350 N/A DAC (FM) 13
S-IVB for: Slow (80G5.35v)
Record On

232a Signal from LVDC for: 02:13:23.1  TB5 +7346.5 Iu 02:13:32.334  TBS MSFC -
Slow Record On ®003.1) (8012.334)  +7346.450

232b Signal Received in - - S-IVB 02:13:32,350 N/A DAC (FM) 13
S-IVB for: Slow (8012.350)
Record Ou

233a Signal from LVDC for: 02:24:35.9  TBS +8019.3 Iy 02:24:45.134  TBS MSFC -
Special Calibrate (8675.9) (C685.134)  +8019.250
Relays On

233b Signal kK efived in - - S-1VB 02:24:45.038 N/A DAC(FM) 13
S-IVB for: Special (8685.0138)
Calibrat: Relays On

224a Signal from LVDC for: 02:24:36.1 TBS +8019.5 IU 02:24:45.334 TBS MSFC -
Regular Calibrate (8676.1) (8685.334)  +8019.450
Felays On

*See n>tes at end of table

4-24



Tty -

R

e

.
-3
>.
=
b3
-,

Ve

o

TABLE 4-1 (Sheet 22 of 43)
FLIGHT SEQUFNCE OF EVENTS

Section 4
Sequence of Events

PREDICTED TIME* MONITORED TIME*
ITEM TIME FROM |TIME FROM SIGNAL TIME FROM TIME FROM DATA ACCURACY#%
NO EVENT RANGE ZERO BASE MONITORED |RANGE ZERO* BASE SOURCE (ms)
‘ hr:min:sec) AT (hr:min:sec)
(sec) (sec)
(sec) g (sec) !
234b Signal Received in - - S-1Ve 02:24:45.213 N/A DAC (FM) 13
S$-1VB for: Regular (8685.213)
Calibrate Relays On
235 Signal fror LVDC for- 02:24:36.2 TBS +8019.7 W 02:24:45.534  TBS MSFC -
Teiemetry Celibrator (8676.3) (8685.534)  +8019.650
Inflight (¢ alivrate On
236a Signal ‘rom .V" for: 02:24:41.1 TBS +8024.5 11U 02:24:50.334 TBS MSFC -
Regular Calahr:ce (8681.1) (8690.334)  +8024.450
Relays Of:
236b Signal Received «n - - S-1VB 02:24:50.213 N/A DAC (FM} 13
S-1VB for: Regulcr (8690.213)
Calibrate Re .ays Off
237a Signal from LVDC for: 02:24:41.3  TB5 +8024.7 IU 02:24:50.534  TES5 MSFC -
Special Cali“rate (8681.3 (8690.53%)  +8024.650
Relays Off
237b Sigmal Recerv i in - - S-IVB  * 0..24:50.413 N/A DAC (FM) 12
S-1VB for: 5 ecial (8690.413)
Calibrate lelays Off
238 Signal from LVDC for: 02:24:41.5  TBS +8024.9 .y 02:24:56.734  TBS MSFC -
Telemetry Calibrator ®681.5) (8690.734)  +8024.850
Inflight Cal<vrate Off
239a Signal from LVDC for: 02:50:15.9  TBS +9559.3 1IU 02:50:25.134  TBS MSFC -—
3low Record On (10,215.9) (19,225.134)  +9559.250
7:3b Signal Received in - - S-IVB 02:50:25.748 N/A DAC (FM) 13
S-IVB for: Slow (10,225.748)
Record On
240a Signal from LVLC for: 02:50:47.9  TBS +9591.3 IU 02:50:57.143 TBS MSF2 --
Slow Record O{f (10,247.9) (10,257.143)  +9559.250
240b Signal Received in - - S-1VB 02:50:57.657 N/A DAC(FM) 13
S-1VB for: Slow (10,257.657)
Record Off
24la Signal from LVDC for: 02:50:48.1  TBS +9591.5 1IU 02:50:57.344  TBS MSFC -
Recorder Pl rback On (10,248.1) (10,257.344)  +9591.460
241b  Signal Received in - - S-1VB 02:50:57.857 N/A DAC (FM) 13
S-IVB for: Recorder (10,257.857)
Playback On
242a Signal from LVDC for: 02:55:32.1  TBS +9875.5 IU 02:55:41.334 TBS MSFC -
Recorder Playback Off (10,532.1) (10,541.334;  +9875.450
242b Signal Received in -~ - S-1VB 02:55:41.488 N/A DAC (FM) 13
S-IVB for: Recorder (10,541.448)
Playback Off
243a Signal from LVDC for: 02:75:32.3 TB5 +9675.7 IU 02:55:41.534  TBS MSFC -
Slow Record On (10,532.3) (10,451.534)  +9875.650
243b Signal Received in - - S-1VB 02:55:42.698 N/A DAC (FM) 13
S~IVB for: Slow (10,541.648)
Record On
244a Signal {rom LVDC for: 02:55:35.3 TBS +9878.7 1u 02:55:44.535  TBS MSFC --
Slow Record On (10,535.3) (10,544.535)  +9878.651
244b Signal Received in -- - S-1VB 02:55:44.647 N/A DAC (FM) 13
5-1VB for: Slow (10,544.647)
Record On
*See notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 23 of 43)
FLIGHT SEQUENCE OF EVENTS

ITEM
NO.

EVENT

PREDICTED TIME*

TIME FROM

RANGE ZERO

(hr:min:sec)
(sec)

TIME FROM
BASE

(sec)

SIGNAL
MONITORED
AT

MONITORED TIME+*

TIME FROM
RANGE ZERO*
(hr:min:sec)

(sec)

TIME FROM

BASE DATA

SOURCE
(sec)

ACCURACY#
(ms)

245

246a

246b

247a

247b

248

249a

249b

250a

250b

25la

251b

2523

252b

253a

253b

Signal from LVDC for:
Telemetry Calibrator
Tnflight Calibrate On

Signal from LVOC for:
Special Calibrate
Relays n

Signal Received in
S-1VB for: Special
Calijbrate Relays On

Signal from LVDC for:
Regular Calibrate
Relays Ou

tignal Received in
S-1IVB for: Regular
Calibrate Relays On

Signal from LVDC for:
Telemetry Calibrator
Inflight Calibrate
Off

Signal from LVDC for:
Regular Calibrate
Relays Off

Signal Received in
LVDC for: Regular
Calibrate Relays Off

Signal from LVDC for:
Special Calibrate
Relays Off

Signal Received in
S-IVB for. Special
Calibrate Relays Off

Signal from LVDC for:
Aux Hydraulic Pump
Flaght Mode On

Signal Received in
S-IVB for: Aux
Hydizwlic Pump
Flight Mode On

Signal from LVDC for:
Aux Hydraulic Pump
Coast Mode Off

Signal Received in
S-IVB for: Aux
Hydraulic Pump
Coast Mode Off

Signal from LVDC for:
Fuel Chilldown Pump
on

Signal Received in
S-IVB for: Fuel
Chilldown Pump On

*kSee
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notes at end of table

03:00:56.7
(10,856.7)

03:00:56.9
(10,856.9)

03:00:57.1
(10,857.1)

03:01:01.7
(10,861. 7

03:01:02.1

(10,862.1)

03:01:02.3
(10,862.3)

03:01:44.6
(10,904.6)

03:01:44.8
(10,904.8)

03:01:49.6
(10,909.6)

TBS
+10,200.1

TB5
410,200.3

TBS
+10,200.5

TBS

+10,205.1

TB5

+10,205.5

TBS
+10,205.7

8BS
+10,248.0

TBS
+10,248.2

TBS
+10,253.0

U

v

S-1VB

1y

S-1VB

v

IU

S-1VB

U

S-1IVB

U

S-IVE

v

S-1IVB

v

S-1VB

03:01:53.950
(10,913.950)

03:01:53.870
(10,913.870)

03:01:54.035
{10,914.035)

03:01:54.060
(10,914.060)

03:01:58,839
(10,918.839)

03:01:58.860
(10,918.860)

TBS MSFC
+10,247.950

N/A DAC(FM)

T8S5 MSFC
+10,248.151

N/A DAC (FM)

TBS MSFC
+10,252.956

N/A DAC(FM)

13

i3

13
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 24 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME* MONITORED TIMEw
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
1TEM EVENT RANGE ZERO |  BASE MONITORED |RANGE ZERO* BASE DATA | ACCURACY»
NO. e SOURCE (ms)
(hr:min:sec ) ( ) AT (hr:min:sec) ¢ )
(sec) sec (sec) sec

254a Signal from LVEC for: 03:01:54.6  TBS w 03:02:03.834 TBS MSFC --
LOX Chilldown Pump On (10,914.6)  +10,258.0 (10,923.834)  +10,257.950

254b Signal Received in - - S-IVB 03:02:03.860 N/A DAC(FM) 13
S-IVB for LOX Chill- (10,923.860)
down Pump On

255a Signal from LVDC for: 03:02:04.6 TBS U 03:02:13.834  TBS MSFC -
Feed Duct Prevalves (10,924.6) +10,268.0 (10,933.834)  +10,267.950
Closed On

255b Signal Received in -- - S~1VB 03:02:13.850 N/A DAC(FM) 13
S-IVB for: Feed Duct (10,933.850)
Prevalves Closed On

256 Time Base 6 03:05:56.6 TB6 +0.0 03:05:59.576  TB6 +0.0 MSFC -
Begin Restart (11,156.6) i} (11,159.576)
Preparations

257a Signal from LVDC for: 03:05:56.8 TB6 +0.2 1U 03:05:59.721  TB6 +0.155 MSFC -~
S-IVB Ullage Engine (11,156.8) (11,159.731)
No. 1 On

257b Signal Received in - - S-1VB 03:05:59.750 N/A DAC(FM) 13
S-IVB for: S-IVB (11,159.750)
Ullage Engine No. 1
On

258a Signal from LVDC for: 03:05:56.9 TB6 +0.3 U 03:05:59.828  TB6 +0.252 MSFC -
S-IVB Ullage Engine (11,156.9) f11,159.828)
No. 2 On

258b Signal Received in ~ - S-IVB 03:05:59.860 N/A DAC (FM) 13
S-1VB for: Ullage (11,159.860)
Engine No. 2 On

253 Initiate Pitch & Yaw 03:05:56.5 N/A U 03:06:00.0 N/A DAC 1000
Maneuver for Restart (11,156.5) (11,160.0)
Attitude Orientation

260 Signal from LVDC for: 03:05:57.1 TB6 +0.5 IU 03:06:00.039 TB6 -).463 MSFC ~~
S-IVB Ullage Thrust (11,157.1) (11,160.039)
Present On

26la Signal from LVDC for: 03:05:57.4 TB6 +0.8 IU 03:06:00.338 TB6 +0.762 MSFC -
LH2 Tank Vent Valve (11,157.4) (11,160.338
Boost Close On

261b Signal Received in - - S-1VB 03:06:00.360 N/A DAC (FM) 13
S-IVB for: LH2 Tank (11,160.360)
Vent Valve Boost
Close On

262a Signal from LVDC for: 03:05:57.6 TB6 +1.0 U 03:06:00.527 TB6 +0.95. MSFC --
LOX Tank Vent Valve (11,157.6) (11,160.527)
Boost Close On

262b Signal Received in - —_ S-1VB 03:06:00.550 N/A DAC(FM) 13
S-IVB for: LOX Tauk (11,160, 550)
Vent Valve Boost
Close On

263a Signal from LVDC for: 03:05:57.8 TB6 +1.2 U 03:06:00.732 TB6 +1.156 MSFC -—
Continuous Vent Pilot (11,157.8) (11,140.732)
Valve Close On

263b Signal Received in - - S-1IVB 03:06:00.760 N/A DAC (FM) 13

S-IVB for: Continuous
Vent Pilot Valve
Close On

*See notes at end of table

(11,160.760)
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Section 4
Sequence oi Events

TABLE 4~1 (Sheet 25 of 43)
FLIGAT SEQUENCE OF EVENTS

PREDICTED TIME * MONITORED TIME *
TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM
e EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO* BASE sonete Aci”R?cy*
‘ (hr:min:sec) AT (hr:min:sec) ms
(sec) (sec) (sec) (sec)

264 Signal from LVDC for: 03:05:58.8 TB6 +2.2 i) 03:06:01.729 TB6 +2.153 MSFC -
LH2 Repress Control  (11,158.8) (11,161.729)
Valve Open On

264b Signal Received in -~ - S-1VB 03:06:01.770 N/A DAC(FNM) 13
S-IVB for: LH2 Re- (11,161.770)
press Control Valve
Open On

265a Signal from LVDC for: 03:05:59.4 TB6 +2.8 U 03:06:02.326 TB6 +2.750 MSFC -
LH2 Tank Vent Valve (11,159.4) (11,162.326)
Boost Close Off

265b Signal Received in -~ - S-IVB 03:06:02. 340 N/A DAC (FM) 13
S~IVB for: LHZ Tank (11,162.340)
Vent Valve Boost
Close Off

266a Signal from LVDC for: 03:05:59.6 TB6 +3.0 IU 03:06:02.531 TB6 +2.955 MSFC -—
LOX Tank Vent Valve (11,159.6) (11,162.531)
Boost Close Off

266b Signal Received in - - S-1VB 03:06:02.570 N/A DAC (FM) 13
S~IVB for: LOX (11,162.570)
Tank Vent Valve Boost
Close Off

267a Signal from LVDC for: 03:05:59.8 TBé +3.2 v 03:06:02.762  TB6 +3.186 MSFC -
Continuous Vent Pilot (11,159.8) (11,162.762)
Valve Close Off

267b Signal Received in - - S-1VB 03:06:02.970 N/A DAC(FM) 13
S-IVB for: Continuous (11,162.970)
Vent Pilot Valve
Close Off

268a Signal from LVDC for: 03:06:02.6 TB6 +6.0 Iu 03:06:05.542  TB6 +5.966 MSFC -
Fuel Chilldown Pump (11,162.6) (11,165.542)
On

268b Signal Received in - - S-1VB 03:06:05.580 N/A DAC (FM) 13
S-1VB for: Fuel (11,165.580)
Chilldown Pump On

269a Signal from LVDC for: 03:06:07.6 TB6 +11.0 v 03:06:10.426 TB6 +10.950 MSFC -
LOX Chilldown Pump On (11,167.6) (11,170.426)

269b Signal Received in - - §~1VB 03:06:10.570 N/A DAC(F™) 13
S-1IVB for: LOY (11,170.570)
Chilldown Pump On

270a Signal from LVDC for: 03:06:17.6 TB6 +21.0 Iy 03:06:20.537 TB6 420.961 MSFC —_
Prevalves Clcse On (11,177.6) (11,180.537)

270b Signal Received in - - S-1VB 03:06:20.580 N/A DAC(FM) 13

S-IVB for:
Close On

Frevalves

*See notes at end of table
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TABLE 4-1 (Sheet 26 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4
Sequence of Events

ITEM
NO.

PREDICTED TIME *

EVENT

TIME FROM |TIME FROM
RANGE ZERO BASE
(hr:min:sec)

(sec) (sec)

SIGNAL
MONITORED
AT

MONITORED TIME#*

TIME FROM
RANGE ZERO*
(hr:min:sec)

(sec)

TIME FROM

BASE

(sec)

DATA
SOURCE

ACCURACY %
(ms)

271

272

273

274

275a

275b

275¢

276a

276b

276¢

277a

Stop Yaw Maneuver

First Ground Inigi-
ated Command Sequence

Signal from Ground
to LVDC for: LH2
Tank Repressuriza-
tion Control Valve
Open Off (Not
Received by LVDC)

5ignal from Ground
to LVDC for: LH2
Tank Continuous Vent
Valve Close On (Not
Rec=ived by LVDC)

Signal from Ground
to LVDC for: LH2
Tank Continuous Vent
Valve Close Off (Not
Received by LVIC)

Second Ground Injti-
ated Comrand Sequence

Signal from Ground
to LVDC for: LH2
Tank Repressuriza-
tion Control Valve
Open Off

Signal from LVDC for:

Lh2 Tank Repressuriza-

tion Control Valve
Open Off

Signal Received in
S-IVB for: Lh2 Tank
Repressurization
Control Valve Open
off

Signal from Ground
to LVDC for: LH2
Tank Continuous
Vent Valve Close
On

Signal from LVDC
for: LH2 Tank
Continuous Vent
Valve Close Om

Signal Received in
S-1VB for: LH2
Tank Continuous
Vent Valve Close
On

Signal from Ground
to LVDC for: LH2
.ank Continuous
Vent Valve Close
off

#See

notes at end of table

U

Ground

Ground

Ground

Ground

IU

S-1VB

Ground

IV

S-1IVB

Ground

03:06:55.0
(11,215.0)

03:06:49
(11,209)

03:07:20.0
(11,240.0)

03:07:21.982
(11,241.982)

03:07:22.650
(11,242.050)

03:07:22.851
(11,242.851)

03:07:22.930
(11,242.930)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

DAC

MSC

MSsC

MSFC

DAC(FM)

MsC

MSFC

DAC(FM)

MSC

1000

1000

1000

13

13
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 27 of 43)
FLIGHT SEQUENCE OF EVENTS

MONITORED TIME#*
SIGNAL TIME FROM TIME FROM
DATA ACCURACY ®
ITEM EVENT MONLTORED |RANCE ZERO* BASE SOURCE (ns)
K0. (hr:min:sec) (sec) AT (hr:min:sec) (sec)
L (sec) (sec)
277b Signal from LVDC fur: - - Iu 03:07:24.612 N/A MSFC -
LH2 Tank Continuous (11,244.612)
Vent Vaive Close Off
277c Signal Received in -— - S-1vB 03:07:24.710 N/A DAC(FM) 13
S-IVB for: LH2 Tank (11,244,710)
Continuous Vent Valve
Close Off
Third Ground Initi-
ated Command Sequence
278a Signal from Ground to - - Ground 03:08:13.0 N/A MSC 1000
LVDC for: LH2 Tank (11,293.0)
Repressurization
Control Valve Open
Off
278b Signal from LVDC for: - - 1u 03:08:15.308 N/A MSFC -
LH2 Tank Repressuriza- (11,295.308)
tion Control Valve
Open Off
278c Signal Received in - - S-1VB 03:08:15.390 N/A DAC(FM) 13
S-IVB for: LH2 Tank (11,295.390)
Repressurization Con-
trol Valve Open Off
279a Signal from Ground to - - Ground - - MSC - -
LVDC for: LH2 Tank )
Continuous Vent Valve -
Close On
279b Signal from LVDC for: - - U 03:08:15.183 N/A MSFC -—
LH2 Tank Continuous (11,296.183)
Vent Valve Close On
279c Signal Received in - - S-1IVB 03:08:16.274 N/a DAC (FM) 13
S-IVB for: LH2 Tank (11,296.274)
Continuous Vent Valve
Close On
230a Signal from Ground to -- - Ground - -- MSC -
LVDC for: LH2 Tank
Continuous Vent
Valve Close Off
280b Signal from LVDC for: - - v 03:08:17.962 N/A MSFC -
LH2 Tank Continuous (11,297.962)
Vent Valve Close Uff
280c Signal Received in - - S-IVB 03:08:18.057 N/A DAC(FM) 13
S-IVB for: LH2 Tank (11,298.057)
Continuous Vent Valve
Close Off
281 Stop Pitch Maneuver - - jti] 03:08:15.0 N/A DAC 1000
(11,295.0)
Fourth Ground Initi-
ated Command Sequence
282a Signal from Ground to - - Ground 03:08:43.0 N/A MSC 1000
LVDC for: LH2 Tank (11,323.0)
Repressurization

Control Valve Open
off

*S2e notes at end of table
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TABLE 4-1 (Sheet 28 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

ITEM
NO.

EVENT

PREDICTED TIME*

TIME FROM
RANGE ZERO
(hr:min:sec)
(sec)

TIME FROM
BASE

(sec)

SIGNAL
MONITORED
AT

[ “TIME rROM

MONITORED

TIME*

RANGE ZERO*
(hoivinisec)

(sec)

TIME FROM
BASE

(sec)

ACCURACY *
(ms)

DATA
SOURCE

282b

282¢

283a

283b

283c¢

284a

284b

284c

285

286

287

Signal from LVDC for:
LH2 Tank Repressuriza-
tion Control Valve
Open Off

Signal Received in
S-1VB for: LH2
Tank Repressuriza-
tion Control Valve
Open Off

Signal from Ground
to LVDC for: LH2
Tank Continuous
Vent Valve Close
On

Signal from LVDC
for: LH2 Tank
Continuous Vent
Valve Cliose On

Signal Received

in S-1IVB for:

LH2 Tank Con~
tinuous Vent Vzlve
Close On

Signal from Ground
to '.WDC for: LH2
Tank Continuous Vent
Valve Close OFF

Signal from LVDC for:
LH2 Tank Continuous
Vent Valve Close OFF

Signal Received in
S-IVB for: LH2
Continuous Vent Valve
Close OFF

Fifth Ground Initiated
Ground Sequence

Signal from Ground to
LVDC for: LH2 Tank
Repressurization Con-
trol Valve Open Off
(Not Received by LVDC)

Signal from Ground co
LVDC for: LH2 Tank
Continuous Vent Valve
Close On

(Not Received by LVDC)

Signal from ground to
LVDC for: LH2 Tank
Continuous Vent Valve
Close Off

(Not Received by LVDC)

#See notes at end of table

1y

Ground

1))

Ground

v

S-1vs

Ground

Ground

Ground

03:08:45.329
(11,325.329)

03:08:45.413
(11,325.413)

03:08:46.2.2
(11,326.212)

03:08:46.296
(11,326.296)

03:08:48:033
(11,328.033)

03:08:48.117
(11,328.117)

03:09:20
(11,360)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

DAC(FM) 13

MSFC

DAC(FM) 13

MSC

MSFC

DAC(FM) 13

1,000

MsC

MSC
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 29 of 43)
FLIGHT SEQUENCE OF EVENTS

ITEM

PREDICT

ED TIME+

EVENT

TIME FROM

RANGE ZERO

(hr:min:sec)
(sec)

TIME FROM
BASE

(sec)

SIGNAL
MONITORED
AT

MONITORED TIMEx

TIME FROM

RANGE ZERO*
(hr:min:sec)
(sec)

TIME FROM
BASE

(sec)

DATA
SOURCE

ACCURACY %
(ms)

288

289

290

1

293

295a

295b

296a

296b

297

298a

Sixth Ground Initiated

Command Sequence

Signal from Ground to
LVDC for LH2 Tank Re-
pressurization Control
Valve Open Off

(Not Received by LVDC)

Signal from Ground to
LVDC for: LH2 Tank
Continuous Vent “'alve
Close On

(No- Received by LVDC)

Signel from Ground to
LVDC *»r: LH2 Tank
Continuous Vent Valve
lo,e uft

(Not Received by LVDC)

Seventh Ground Initiated

Command Sequence

Signal from Ground to
LVDC for: LHZ Tank
Repressurization Con-
trol Valve Open Off
(Not Received by LVDC)

Signal from Ground to
LVDC for: LH2 Tank
Continuous Vent Valve
Close On

(Not Received by LVDC)
Signal from Ground to
LVDC for: LH2 Tank
Continuous Vent Talve
Close Off

(Not Received by LVDC)

Signal from LVDC for:
Telemetry Calibration
Inflight Calibrate On

Signal from LVDC for:
Special Calibrate
Relays On

Signal Receiv ia
5-1VB for: ¢ cial
Calibrate Relays On

Sigral from LVDC for:
Regular Calibrate
Relays On

Signal Received in
S-1V® for: Regular
Calibrate Relays Oa

Signal from LVDC for:
Telemetry Calibrate
Inflight Calibrate Off

Signal from LVDC for:
Regular Calibrate
Relays Off

*See nntes at end of table

4-32

03:09:32.1
(11,372.1)

03:09:32.3
(11,372.3)

03:09:32.5
(11,372.5)

03:09:37.1
(11,377.1)

03.09:37.5
(11,377.3)

TB6 +215.5

TB6 +215.7

TB6 +215.9

TB6 +220.5

TB6 +220.9

Ground

Ground

G-ound

Ground

Ground

Ground

1y

S-1VB

5-1VB

v

)1l)

03:09:40
(11,380)

03:09:35.026
(11,375.026)

03:09:35.231
(11,375.231)

03:09:35.264
(11,375.264)

03:09:35.448
(11,375.448)

03:09:35.481
(11,375.481)

03:09:40.026
(11,380.026)

03:09:40,440
(11,380.440)

N/A

TB6 +215.450

TB6 +215.655

N/A

TB6 +215.872

N/A

TB6 +220.450

TB6 +220.864

MSC

MSC

MsC

MSC

MSC

MSC

MSFC

DAC(FM)

MSFC

DAC(FM)

MSFC

MSFC

1,000

13

13
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TAELE 4-1 (Sheet 30 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME # MONITOREL TI1NC®
TIME FROM TIME FROM SIGNAL TIME TRCM TIME FROM
LTEM EVENT RANGE ZERO | BASE MONITORED |RANGF ZE' ‘* BASE DATA ] ACCURACY*
No. s o e SOURCE (ms)
(hr:min:sec) (cec) AT (heimin:sec) (sec)
(sec) (sec) ¢

298b Signal Received in - -- S-1VB 03:09:40.473 N/A DAC(FM) 13
S-IVB for: Regular (11,380.473)
Calibrate Relays Off

299a Signal from LVDC for: 03:09:37.7 TB6 +221.1 1IU 03:09:40.626 TB6 +221.050 MSFC -
Special Calibrate (11,377.7) {11,380.626)
Relays Off

299b Signal Received by - -~ S-1VE 03:09:40.658 N/A DAC(F\) 13
5-1VB for: Special (11,380.658)
Calibrate Relays Off

3002 Signal from LVDC for: 03:09:37.9 TB6 +221.3 IU 03:09:40.831 TB6 +221.255 MSFC -
SSB/FM Group CN (11,377.9) (11,380.831)

300b Signal Received ia -- - S-1VB 03:09:40.863 N/A DAC(FM) 13
S-1IVB for: SSB/FM (11,35%0.863)
Group ON

30la Signal from LVDC for: 03:0%:38.1 TB6 +221.5 1) 03:09:41.046 1B6 +221.470 MSFC -
SSB/FM Transmitter O¥ (11,378.1) (11,381.046)

301b Signal Received in - -~ S-1VB 03:09:41.078 N/A DAC (FM) 13
S-IVB for: SSB/FM (11,381.078)
Transmitter ON

302a Signal from LvDC 03:10:13.6 TB6 +257.0 11U 03:10:16.527 TB6 +256.951 MSFC -
for: LOX Repress (11,413,6) 711,416.527)
Valve Open ON

302b Signal Recelved fn - - S-1VB 03:10:16.560 N/A DAC(FM) 13
S-1VB for: LOX (11,416.560}
Repress valve Open
ON

303a Signal from LVDC 03:11:03.6 TB6 +307.u Iu 03:11:06.532 TB6 +306.956 MSFC -~
for: PL Activate (11,463.6) (11,466.532)
o1

303b Signal Received - - S-1VB 03:11:06.561 N/A DAC (FM) 13
in S-IVB for: PU . 4€6,561)
Activate ON

3041 Signal from LVDC 03:11:03.8 TB6 +307.2 )8i) 03:1i:0f.747 TB6 +20/.171 MSFC -
for: PU Valve (11,463.8; (11,466.74,)
Hardover Porition
ON

304b Signal Received in -- .- S-1va 03:11:058.775 /A TAC(FY) 13
S-IVB for: PU (11,466.775)
Valve Hardover
Position CN

305a Signal from LVDC 03:11:12.3 TB6 +316.2 1IU 03:11:15.737 Tt +316.161 MSFC -~
{zr: Prevalve (11,472.8) (11.475.73N
Closed OFF

305h Signal Recelved -- -- S-1VE 03:11:15.767 N/A DAC (FM) 13
in S-1IVB for: (11,475.767)
Prevalve Closed
OFF

*See notes at end of table
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Section 4
Sequence of Events

TAS'F 4-1 (Sheet 31 of 43)
FLIGHT SEQUENCE OF EVENTS

| PREDICTED TIME # MONITORED TIME*
' TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM «
ITEM EVENT RANGE ZERO { BASE MONLTORED | RANGE ZERO* BASE DATA | ACCURACY
NO. SOURCE ()
(hr:min:sec) (sec) AT (hr:min:sec) (see)
(sec) (sec; -
306 Signal from LVDC for: 03:11:13.6 TB6 +317.0 ()] 03:11:16,527 TBO6 +316.951 MSFC -
S~-IVB Restart Alert (11,473.6) (11,476.527)
307a Signal from LVLC for: 03:11:22.2 TB6 +325.6 v 03:11:25.126 TB6 +325.550 MSFC -—
Engiune Cutoff Off (11,482.2) (11,485.125)
307b Signal Received in - -— S-1VB 03:11:25.158 N/A DAC(FM) 13
S-IVB for: Engine (11,485.158)
Cutof{ Off
30ba Signal from LVIC 03:11:22.4 TB6 +325.8 U 03:11:25.331 TB6 +325.755 MSFC -
for: Engine ready (11,482.4) {11,485.3231)
Bypass
308b Signal Received in - - S-IvB  03:11:25.362 N/A DAC(FM) 13
S-IVB for: Engine (11,485.362)
Ready Bypass
309a Signal €rom LVDC 03:11:22.6 TB6 +326.0 U 03:11:25.549 TB6 +325.973 MSFC -
for: LH2 Repress (11,482.6) (11,485.549)
Control Valve Open
Ooff
309b Signal Received in - - S-IVB  03:.1:25.58C K/A DAC (FM) 13
S-IVB for: LH2 (11,485.5¢9)
Repress Control
Valve Open Off
310a Signal from LVDC 03:11:22.8 TB6 +326.2 v 03:11:25.720 TB6 326.150 MSFC -
for: Fuel Chill- (11,482.8) (11,485.726)
down Pump Off
310b Signal Receivad in - - S-IVB  03:11:25.758 N/A DAC(F) 13
S$-iVB for: Fuel (11,485.758)
Chilldcwn Pump Off
slla Signal frow LVDC 03:11:23.0 TB6 +326.4 1u 03:11:25.940 TB6 +326.364 MSFC -
for: LOX Chill- (11,483.9) (11,485.940)
down Pump Off
311b Signal Received - - S-IVR 03:11:25.971 N/A DAC(FM) 13
in S~-IVB for: LOX (11,485.971)
Chilldown Pump Off
3l12a Signal from LVDC 03:11:23.4 TB6 +326.8 Iu 03:11:26.325 TB6 +326.749 MSFC _—
for: Repress (11,483.4) (11,486.325)
Control Valve
Open Off
312b Svgnal Received - - S-IVB  03:11:26.355 N/A DAC(FY) 13
in S-IVB for: (11,486.355)
Repress Zontiol
Valve Cpen Off
312a Signa' from LVDC 03:11:23.6 TB6 +327.0 v 03:11:26.536 TB6 +326.960 MSFC -—
wor: Engine Stari (11,483.6) (11,486.536)
On
313b signal Received -- - S-IVE  03:11:26.567 N/A DAC (F™) 13

in S-IVB for:
Engine Start On

*S. . nutes at ead of table

4=34
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Section 4
Cequence of Events
TABLE 5-1 (Sheet 32 of 43)
FLIGHT SEQUENCE OF EVENTS
PREDICTED TIME * MONITORED TIME *
TIME FROM |TIME FROM SIGNAL TIME FROM TIME FROM
ITEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* paSE DATA | ACCURACY
NO. oo SOURCE (ms)
thr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
313c J-2 Engine Start
Suence
1. Helium Control - - S-1vB 03:11:26.567 - DAC 10
Solenoid Energized (11,486.567)
2. Main Fuel Valve - - S-1IVB 03:11:26.567 - DAC 10
Closed (Dropout) (11,486.567)
3. Main Fuel Valve - - S-1Vs 03:11:26.649 -— DAC 10
Open (Pickup) (11,486.649)
4. Gas Generator - -— S-1IVB 03:11:354.917 -— DAC 10
Valve Closed (11,494.917)
(Dropout)
S. Gas Generator _— -— S-IVB 03:11:35.483 - DAC 10
Valve Open (11,495.483)
(Pickup)
6. Main Oxidizer -— - S-1VB 03:11:34.942 - DAC 10
Valve Leaves (11,494.942)
Closed Position
(Dropout)
7. Start Tank - -— S-1Vd 03:11:35.063 - LAC 10
Discharge Valve (11,495.063)
Open (Dropout)
8. Oxidizer Turbine - —_ S-1VB 03:11:35.520 - DAC 10
Bypass Valve Open (11,495.520)
(Dropout)
9. Oxidizer Turbine - - S-1IVB 03:11:35.575 _— DAC 10
Bypass Valve (11,495.575)
Closed (Pickup)
10. Mainstage OK - - S-IVB 03:11:36.29% _— DAC 10
Pressure Switch 1 (11,496.294)
(Dropout)
11. Mainstage OK - -— S-1VB 03:11:36.369 - DAC 10
Pressure Switch 2 (11,496.369)
{Sropout)
12. Main Oxidizer - - S-1VB 03:11:37.436 - DAC 10
Valve Reaches Open (11,497.436)
Positfon (Pickup)
13. Gas Generator -— -_— S-IVB 03:11:38.266 _— DAC 10
Spark System On (11,498.266)
(Dropout)
14, Thrust Chamber - -_— S-1VB 03:11:38.266 - DAC 10
Spark System On (11,498.266)
(Dropout;
314 Simal from LVDC for: 03:1%:24.4 TB6 +327.8 b 03:11-27,326 TB6 +327.750 MSFC -
Out Indication "A" (11,484.4) (11,487.326)
Enable On
315 Signal frou LVDC for: 03:11:26.6 TB6 +328.0 v 03:11:27.544 TB6 +327.968 MSFC —
Out Indication “B" (11,484.6) (11,487.544)

Enable On

#See notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 33 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME * MONITORED TIME %
TIME FROM |TIME FROM SIGNAL TIME FROM TIME FROM
TTEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE DATA | ACCURACY®
NO. SOURCE (ms)
(hr:min:sec) ) AT (hr:min:sec) )
(sec) (sec (sec) (sec

316a Signal from LVDC 03:11:26.6 TB6 +330.0 e} 03:11:29.527 TB6 +329.951 MSFC -
for: Ullage Engine (11,486.6) (11,489.527)
No. 1 Off

316b Signal Received in -~ - S-1VB 03:11:29.558 N/A DAC (FM) 13
S-IVB for: Ullage (11,489.558)
Engine No. 1 Off

317a Signal from LVDC 03:11:26.7 TB6 +330.1 1U 03:11:29.626 TB6 +330.050 MSFC -
for: Ullage Engine (11,486.7) (11,489.626)
No. 2 Off

317b Signal Received in - - S-1IVB 03:11:29.658 N/A DAC(FM) 13
S-1VB for: Ullage (11,489.658)
Engine No. 2 Off

318 Signal from LVDC 03:11:26.9 TB6 +330.3 i) 03:11:29.832 TB6 +330.256 MSFC -
for: Ullage Thrust (11,486.9) (11,489.832)
Present Off

319 Signal from LVDC 03:11:31.2 TB6 +334.6 10 03:11:34.144 1TB6 +334.568 MSFC -
for: Control (11,491.2) (11,494.144)
Computer S-IVB
Burn Mode On "B"

320 Signal from LVDC 03:11:31.4 TB6 +334.8 i} 03:11:34.327 TB6 +334.751 MSFC ~=
for: Compuier (11,491.4) (11,494.327)
S-IVB Burn Mode
on "A"

321 Signal from LVDC 03:11:31.6 TB6 +335.0 puid 03:11:34.541 TB6 +334.965 MSFC -
for: Injection (11,491.6) (11,494.541)
Temperature 0K
Bypass

322 Signal Received in - - S~IVB 03:11:34.572 N/A DAC (FM) 13
S-1IVB for: Injection (11,494,572)
Temperature OK Bypass

323a Signal from LVDC for: 03:11:31.8 TB6 +335.2 Iu 03:11:34.726 TB6 +335.150 MSFC _—
LOX Tank Flight (11,491.8) (11,494.726)
Press System Om

323b Signal Received in -— - S~1VB 03:11:34.758 N/A DAC(FM) 13
S-IVB for: Tank (11,494.758)
Flight Press System
On

324a Signal from LVDC 03:11:32.0 TB6 +335.4 IU 03:11:34.933 TB6 +335.357 MSFC -
for: Coast Period (11,492.0) (11,494.933)
Of £

324b Signal Received in - -_— S~IVB 03:11:34.964 N/A DAC (FM) 13
S-1VB for: Coast (11,494.964)
Period Off

325a Signal from LVDC 03:11:32.2 TB6 +335.6 i} 03:11:35.126 TB6 +335.550 MSFC -
for: Engine Start (11,492.2) (11,495.126)
off

325b Signal Received in - - S~IVB 03:11:35.157 N/A DAC(FM) 13
S-IVB for: Engine (11,495.157)
Start Off

326 J-2 Thrust Buildup - N/A N/A 03:11:35.511 N/A DAC 10
(10%) ’71,495.511)

327 J-2 Thrust Buildup 03:11:34.0 N/a N/A 03-11:37.001 N/A MSFC -—
(992) (11,494.0) (11,497.061)

%*See notes at end of table
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Section 4
Sequence of Lvents

TABLE 4-1 (Sheet 34 of 43)
FLIGHT SEQUENCE OF EVENTS

F g

L 47T B

PREDICTED TIME® MONTTORED TIME#
A Gl ¥ r *|
LTEM TIME FROM |TIME FROM SIGNAL TIME TROM TIME FROM DATA ACTURACY
NO EVENT RANGE ZERO BASE MONITOREL: } RANGE ZERO* BASE SOURCE (ms)
. (hr:min:sec) (sec) AT (hr:min:sec) (sec) ns
(sec) (sec) 4J7
328a Signal from LVDC for: 03:11:34.2 TB6 +337.6 U 03:11:37.143 iB: +337.569 MSFC -
Second Burn Relay (11,494.2) (21,497.145)
. oN :
328b Signal Received in -— - S-1VB 03:11:37.175 N/A DAC(FX) 13
N S-1VB for: Sccond (11,497.175)
s Burn Relay ON
LY
: 329a Signal from LVDC 03:11:36.6 TB6 +340.0 v 03:11:39.531 TB6 +339.955 MSFC -
t for: PU Valve Hard- (11,496.6) (11,499.531)
e over Position Off
329b Signal Received in -- - S-1VL 03:11:39.560 N/A DAC(FM) 13
: S-IVB for: PU Valve (11,499.560)
&, Hardover Position OFF
= 33C  Guidance Initiation  03:11:36.5 N/A 1V 03:11:39.992 N/A MSFC -
I (11,496.5) (11,499.992)
A 331 Start Artificial 03:11:36.5 N/A 1U 03:11:39.992 N/A MSFC -
s Tau Mode (11,496.5) (11,499.992)
s 332 Stop Artificial 03:11:43.5 N/A U 03:11:41.541 N/A MSFC -
3 Tau Mode (11,503.5) (11,501.541)
i 333 PU Valve Reaches -— N/A N/A 03:11:51.8 N/A DAC 100
B Hardover Position (11,511.8)
N 334 PU Valve Cutback - N/A N/A 03:12:30.1 N/A DAC 100
. (11,550.1)
' G 335 Start Artificial 03:12:26.5 N/A jii) 03:12:31.3 N/A MSFC -
3 Tau Mode (11,546.5) (11,551.3)
" 336 Stop Artificial 03:12:56.5 N/A 1V 03:12:49.8 N/A MSFC -
B Tau Mode (11,576.5) (11,569.8)
-R 327 Engine Mixture - N/A N/A 03:12:51.5 N/A DAC 100
5 Ratio Cutback (11,371.5)
338a Signal from LVDC 03:15:49.1 TB6 +592.5 IU 03:15:52.035 TB6 +592.459 MSFC --
: for: SSB/FM (11,749.1) (11,752.035)
: Transmitter OFF
" 338 Signal Received - - S-1VB 03:15:52.070 N/A DAC (FM) 13
in S-IVB for: (11,752.070)
: SSB/FM Transmitter
; OFF
: 339a Signzl from LVDC 03:15:49.3 TB6 +592.7 1U 03:15:52.227 TB6 +592.651 MSFC -
£ for: SSB/FM (11,749.3) (11,752.227)
Group OFF
i 3396 Signal Received - - S-1VB 03:15:52.261 N/A DAC(FM) 13
4 in S-1VB for: (11,752.261)
SSB/FM Group

* OFF

*See notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 35 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME » MONITORED TIME %
TIME FROM |TIME FROM SIGNAL TIME EROM TIME FROM
TTEM EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE DATA | ACCURACYx
NO. . SOURCE (ms)
(hr:min:sec). (sec) AT (hr:min:sec) (sec)
(sec) (sec)
340 Signal from LVDC 03:15:53.6 TB6 +597.0 IU 03:15:56.526 TB6 +596.950 MSFC --
for: Flight (11,753.6) (11,756.526)
Control Computer
Switch Point No. 5
341 Signal from LVDC for: 03:15:55.2 TB6 +598.6 2] 03:15:58.132 TB6 +598.556 MSFC -
Telemetry Calibrate (11,755.2) (11,758.132)
Inflight Calibrate
ON
342a Signal from LVDC for: 03:15:55.4 TB6 +598.8 IU 03:15:58.327 TB6 +598.751 MSFC -
Special Calibrate (11,755.4) (11,758.327)
Relays ON
342b Signal Received in - -~ S-1VB 03:15:58.361 N/A DAC(FM) 13
S-IVB for: Special (11,7>8.361)
Calibrate Relays ON
343a Signal from LVDC 03:15:55.6 TBb +599.0 IU 03:15r58.533 TB6 +598.957 MSFC ~-
for: Regular (11,755.6) (11,758.533)
Calibrate Relays
ON
343b Signal Received in ~ -— S-IVB 03:15:58.565 N/A DAC(FM) 13
S-IVB for: (11,758.565)
Regular Calibrate
Relays ON
344 Signal from LVDC 03:16:00.2 TB6 +603.6 IU 03:16:03.134 TB6 +603.558 MSFC ~--
for: Telemetry (11,760.2) (11,763.134)
Calibrate Inflight
Calibrate OFF
345a Signal from LVDC 03:16:00.6 TB6 +604.0 IU 03:16:03.526 TB6 +603.950 MSFC -
for: Regular (11,760.6) (11,763.526)
Calibrate Relays
OFF
345b Signal Received - - S-1VB 03:16:03.561 N/A DAC(FM) 13
in S-IVB for: (11,763.561)
Regular Calibrate
Relays OFF
346a Signal from LVDC 03:16:00.8 TB6 +604.2 Iu 03:16:03.742 TB6 +604.166 MSFC -
for: Special (11,760.8) (11,763.742)
Calibrate Relays
OFF
346b Signal Received in - - S-1IVB 03:16:03,778 N/A DAC(FM) 13
S-1V3 for: Special (11,763.778)
Calitrate Relays
OFF
347 Introduction of 03:16:12.0 N/A U 03:15:58.18 N/A MSFC -
Chi Tilde Guidance (11,772.0) (11,758.18)
Mode
348 Signal from LVDC 03:16:24.0 TB6 +627.4 11U Not Issued -- MSFC -
for: Chilldown (11,784.0)
Shutoff Pilot
Valve Closed ON
*See notes at end of table
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TABLE 4-1 (Sheet 36 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME#S MONITORED TIME
TIME FROM SIGNAL TIME FROM TIME FROM
o EVENT RANGE ZERO | BASE MONITORED { RANGE ZERO* BASE sonaes Ac%un§ct
: (hr:min:sec) (sec) AT (hr:min:sec) s
(sec) sec (sec) (sec)

349 Signal from LVDC 03:16:34.4 N/A Iu 03:16:21.0 N/A DAC 100
for: Freeze (11,794.4) (11,781.0)
Body Attitude
(Chi Freeze)

350 Signal from 03:16:49.2 TB6 +652.6 IV Not lssued -- MSFC -
LVDC for: (11,809.2
Point Level
Sensor Arming

35la LVDC Sends 03:16:40.1 N/A U 03:16:26.228 N/A MSFC -
Signal for: (11,800.1) (11,786.228)
Cutoff S-IVB
Engine
(Guidance
Cutoff)

351b S-IVB Receives - - S-1VB 03:16:26.265 N/A DAC(FM) 13
Signal for: (11,786.265)
Cutoff S-IVB
Engine
(Guidance
Cutoff)

351c Time Base 7 03:16:40.1 TB7 +0.0 i) 03:16:26.479 TB7 +0.0 MSFC -
LVDC Initiates (11,800.1) (11,786.479)
Time Base 7

351d LVDC Sends Redundant 03:16:40.1 N/A i) 03:16:26.561 TB7 +0.082 MSFC -
Signal for: Cutoff (11,800.1) (11,786.561)
S-1VB Engine

35le Signal Received in - - S-1VB 03:16:26.599 N/A DAC(FM) 13
S-IVB for: Cutoff (11,786.599)
S-1VB Engine
(Redundant Signal)

352a Signal from LVDC 03:16:40.3 TB7 +0.2 v 03:16:26.653 TB7 +0.174 MSFC -
for: LOX Tank (11,800.3) (11,786.653)
Vent Valve Open
ON

352b Signal Received - -- S-1IVB 03:16:26.691 N/A DAC(FM) 13
in S-1VB for: (11,786.691)
LOX Tank Vent
Valve Open

353 S~IVB J-2 Thrust Decay - N/A N/A 03:16:26.702 - DAC 10
to 5 percent (Average) (11,786.702)

354a Signal from 03:16:40.4 TB7 +0.3 IU 03:16:26.744 TB7 +0.265 MSFC -
LVDC for: Point (11,800.4) (11,786.744)
Level Sensors
Disarming

#See notes at end of table
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 37 of 43)
FLIGHT SEQUENCF OF EVENTS

PREDICTED TIME % MONITORED TIME#*
TIME FROM | TIME FROM SIGNAL TIME FROM TIME FROM
ITEH EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO BASE DATA 1 ACCURACY
NO. o s o= o SQURCE (ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
{sec) (sec)
354b Signal Received - - S~IVB 03:16:26.781 N/A DAC(FM) 13
in $-1VB for: (11,786.781)
Point Level Sensors
Disarming
355a Signal from LVDC 03:16:40.5 TB7 +0.4 1U 03:16:26.841 TB7 +0.362 MSFC -
for: LH2 Tank (11,€00.5) (11,786.841)
Vent Valve Open
ON
355b Signal Received - - S-IVB 03:16:26.880 N/A DAC(FM) 13
in S-IVB for: (11,786.880)
LH2 Tank Vent
Valve Open ON
356a Signal from LVDC U3:16:40.9 TB7 +0.8 U 03:16:27.228 TB7 +0.749 MSFC -
for: Second (11,800.9) (11,787.228)
Burn Relay
OFF
356b Signal Received - - S-1VB 03:16:27.268 N/A DAC(FM) 13
in S-IVB for: (11,787.268)
Second Burn Relay
OFF
357a Signal from LVDC 03:16:41.1 TB7 +1.0 Iu 03:16:27.433 TB7 +0.954 MSFC --
for: LOX Tank (11,801.1) (11,787.433)
Flight Press
System OFF
357b Signal Received in - - S-1VB 03:16:27.473 N/A DAC(FM) 13
S-1VB for: (11,787.473)
LOX Tank Flight
Press System OFF
358a Signal from LVDC 03:16:41.2 TB7 +1.1 Iy 03:16:27.532 TB7 +1.053 MSFC --
for: Prevalves (11,801.2) (11,787.532)
Closed ON
358b Signal Received in -— - S-1VB 03:16:27.572 N/A DAC(FM) 13
S~IVB for: (11,787.572)
Prevalves Clc:ed
ON
359a Signal from LVDC 03:16:41.3 TB7 +1.2 U 03:16:27.629 TB. +1.150 MSFC --
for: Coast Period (11,801.3) (11,787.629)
ON
359b Signal Received in - - S-1VB 03:16:27.668 N/A DAC(FM) 13
S~IVB for: (11,787.668)
Coast Period ON
360a Signal from LVDC 03:16:41.5 TB? 1.4 1v 03:16:27.833 TB7 +1.354 MSFC -
for: PU Activate (11,801.5) (11,737.833)
OFF
360b Signal Received -— - S-IVB 03:16:27.871 N/A DAC(FM) 13

in S-IVB for:
PU Activate OFF

*See notes at end of table
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Section 4
Sequence of Events

TABLE 4~1 (Sheet 38 of 43)
FLIGHT SEQUENCE OF EVENTS

ro,

BERECE R T

PREDICTED TIME # MONITORED TIME#®
TIME FROM [TIME FROM SIGNAL TIME FROM IME FROM
1o EVENT RANGE ZERO | BASE MONITORED | RANGE ZERO* BASE Somene “ngf‘)‘c"
‘ (hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
36la Signal from LVDC 03:16:41.6 TB7 +1.5 U 03:16:27.935 T87 +1.456 MSFC -
for: PU Inverter (11,801.6) (11,787.935)
and DC Power OFF
361b Signal Received -~ - S-1VB 03:16:27.975 N/A DAC(FM) 13
in S-1IVB for: (11,787.975)
PU Inverter and
DC Power OFF
362a Signal from LVDC 03:16:41.7 TB7 +1.6 Iu 03:16:28.029 TB7 +1.550 MSFC -
for: LOX Chill- (11,801.7) (11,788.029)
down Pump Purge
Control Valve Open
OFF
362 Signal Received in - - S-IVB 03:16:28.070 N/A DAC(FY) 13
S~-IVB for: LOX (11,788.070)
Chilldown Pump
Purge Control Valve
Open OFF
363 Signal from LVDC 03:16:43.4 TB7 +3.3 IU 03:16:29.729 TB7 +3.250 MSFC -
for: Flight Control (11,803.4) (11,789.729)
Computer S-IVB Burn
Mode Off "B"
366 Signal from LVDC 03:16:43.6 TB? #3.5 i} 03:16:29.935 TB7 +3.456 MSFC -
for: Flight (11,803.6) (11,789.935)
Control Computer S-1IVB
Burn Mode Off "A"
3658 Signal from LVDC for: 03:16:43.8 TB7 +3.7 1 03:16:30.128 TB7 +3.650 MSFC -
Auxiliary Hydraulic  (11,503.8) (11,790.128)
Pump Flight Mode OFF
365b Signal Received in - - S-1VB 03:16:30.167 N/A DAC(FM) 13
S-IVB for: Auxiliary (11,790.167)
Hydraulic Pump
Flight Mode OFF
366a Signal from LVDC 03:16:50.1 TB7 +10.0 IU 03:16:36.429 TB7 +9.950 MSFC -
for: LOX Tank (11,810.1) (11,796.429)
Vent Valve Close
366b Signal Received - -~ S-1IVB 03:16:36.467 N/A DAC(FM) 13
in S-IVB for: LOX (11,796.467)
Tank Vent Valve
Close
367a Signal from LVDC for: 03:16:53.1 TB7 +13.0 Iu 03:16:39.429 TB7 +12.950 MSFC -
LOX Tank Vent Valve (11,813.1) (11,799.429)
Boost Close ON
367b Signal Received in - - S~IVB 03:16:39.469 N/A DAC(FM) 13
S-1VB for: LOX (11,799.459)
Tank Vent Boost
Close ON
168a Signal from LVDC 03:16:55,1 TB7 +15.0 uil 03:16:41.429 TB7 +14,950 MSFC -
for: LOX Tank (11,815.1) (11,801.429)
Vent Valve Boost
Close OFF
“See notes at end of table
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Section 4
Sequence of Events

TABLF 4-1 (Sheet 39 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME % MONITORED TIME %
TIME FROM |TIME FPOM SIGNAL TIME FROM TIME FROM *
ITEM EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO BASE DATA | ACCURACY
NO. . . SOURCE (ms)
(hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec) ec
368b Signal Received in - - S-1VB 03:16:41.468 N/A DAC(FM) 13
S-1VB for: LOX (11,801.468)
Tank Vent Valve
Boost Close OFF
369 Initiate Maneuver to v3:16:50.1 N/A IU 03:16:45.0 N/A DAC 1,000
Attain Separation (11,810.1) (11,805.0)
Inertial Attitude
(End of Chi Freeze)
370 Signal from LVDC - - 1U 03:16:49.573 N/A MSFC --
for: C-Band (11,809.573)
Transponder No. 1
and No. 2 ON
371 Signal from LVDC -— - i 03:16:49.664 N/A MSFC -
for: C-Band (11,809.654)
Transponder No. 1
UFF
372a Signal from LVDC 03:17:40.6 TB7 +60.5 v 03:17:26.929 TB7 +60.450 MSFC -
for: Prevalves (11,860.6) (11,846.929)
Closed OFF
372b Signal Received in - - S~IVB 03:17:26.940 N/A DAC (FM) 13
$-1VB for: (11,846.940)
Prevalves Closed
OFF
373a Signal from LVDC 03:17:40.8 TB? +60.7 1u 03:17:27.129 TB7 +60.650 MSFC -
for: Chilldown (11,860.8) (11,847.129)
Shutoff Pilot
Closed OFF
373b Signal Received in -— - S-1IVB 03:17:27.140 N/A DAC(FM) 13
S-1VB for: (11,847.140)
Chilldown Shutoff
Pilot Valve Closed
OFF
374  Stop Pitch Maneuver - - - 03:18:00.0 N/A DAC 1,000
for CSM Separation (11,880.0)
Attitude
375 Signal from LVDC for: - - 1u 03:18:01.479 N/A MSTC -
C-Band Transponder (11,881.479)
No. 1 and No. 2 ON
376 Signal from LVDC - - 1u 03:18:01.550 N/A MSFC -
for: C-Band (11,881.550)
Transponder No. 2
OFF
377 Signal from LVDC - - Iy 03:18:09.675 N/A MSFC -
for: C-Band (11,889.675)
Transponder No. 1
and No. 2 ON
378 Signal from LVDC - - Iy 03:18:09.753 N/A MSFC -
for: C-Band (11,88¢.753)
Transponder No., 1
OFF
379 Signal from LVDC - - i) 03:18:17.895 N/A MSFC -

for: C-Band
Transponder No. 1
and No. 2 ON

#*See notes at end of table
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TABLE 4-1 (Siicet 40 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4

Sequence of Events

PREDICTED TIME® MONITORED TIME # 147
TIME FROM |TIME FROM SIGNAL TIME FROM TIME FROM W
ITEM EVENT RANGE ZERO | BASE MONI1ORED |RANGE ZERO* BASE sgﬁiéz ‘cfg§?°y
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)
380 Signal from LVDC -~ - Iy 03:18:17.974 N/A MSFC -
for: C-Band (11,897.974)
Transponder No. 2
OFF
38la Signal from LVDC 03:18:40.1 TB7 +120.0 1U 03:18:26.429 TB7 +119.950 MSFC -—
for: LH2 Tank (11,920.1) (11,906.429)
: Vent Valve
v Close
; 381b Signal Received in - - S-1VB 03:18:26.450 N/A DAC(PM) 13
W S-IVB for: LH2 (11,906.457)
t’ Tank Vent Valve
R} Close
f? 362 Signal from LVDC - - o)) 03:18:26.507 N/A MSFC -
? for: C-Band (11,906.507)
3 Transponder No. 1
¥ and No, 2 ON
¥ 383  Signal from LVDC - - U 03:18:26.578 N/A MSFC -
% for: C-Band (11,906.578)
3 Transponder No. 1
= OFF
7: 384a Signal from LVDC 03:18:43.1 TB7 +123.0 1IU 03:18:29.428 TB7 +122,949 MSFC -
< for: LH2 Tank (11,923.1) (11,909.428)
s Vent Valve Boost
;{ C, Close ON
£ - 384b Signal Received in - - S-1VB 03:18:29.440 N/A DAC(FM) 13
& S-IVB for: LH2 (11,909. 440)
o Tank Vent Valve
: Boost Close ON
4 385a Signal from LVDC 03:18:45,1 TB7 +125.0 11U G3:18:31.429 TB7 +124.950 MSFC -
% for: LH2 Tank (11,925.1) (11,911.,429)
Vent Valve Boost
Close OFF
385b Signal Received in - - S-IVB 03:18:31.460 N/A DAC(FM) 13
S-1VB for: 1H2 (11,911.460)
Tank Vent Valve
Boost Close OFF
386 Signal from LVDC - - Iv 03:18:49.632 N/A MSFC -
3 for: C-Band (12,929.632)
Transponder No. 1
3 and No. 2 ON
3 387 Signal from LVDC - - v 03:18:49.702 N/A MSFC -
- for: C-Band (11,929.702)
. Transponder No. 2
OFF
388 Stop Roll Maneuver - - - 03:18:50.0 N/A DAC 1,000
. for CSM Separation (11,930.0)
Attitude
i 389 Signal from LVDC for: - - IU 03:22:09.825 N/A MSFC -
i C-Band Transponder (12,129.825)
No. 1 and No. 2 ON
390 Signal fr~m LVDC for: -~ - pui 03:22:09.896 N/A MSFC -

C-Band Transponder
No. 1 OFF

Ages peton ot and of tadle

(12,129.896)
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Section 4
Sequence of Events

TABLE 4-1 (Sheet 41 of 43)
FLIGHT SEQUENCE OF EVENTS

PREDJICTED TIME » MONITORED TIME*
ITEM TIME FRUM TIME FROM STGNAL TIME FROM TIME FROM DATA ACCURACY#
EVENT RANGF ZERO JASE MONITORED |RANGE ZERO* BASE SOURCE ms®
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec) A
(sec) (sec)
391 Signal from LVDC for: - - 1U 03:25:06.222 N/A MSFC -
C-Band Transponder (12,306,222)
No. 1 and No. 2 ON
392 Signal from LVDC for: - - 1U 03:25:06.293 N/A MSFC -
C-Band Transponder (12,306.293)
No. 2 OFF
393 LV/SC Separation 03:26:40.1 TB7 +600.0 IU 03:26:26.429 TB7 +599.950 MSFC -
Sequence Start (12,400.1) (12,386.429)
394 Initiate Maneuver - -- - 03:28:05.0 N/A DAC 1,000
to Attain Vehicle (12,485.0)
Alignment for
Ascension Island
Communications
(Pitch, Yaw, and
Roll Maneuver)
395 Signal from LVDC for: - - 1U 03:28:50.514 N/A ..C -
C-Band Transponder (12,530.514)
No. 1 and No. 2 ON
396 Signal from LVDC for: - - v 03:28:50,585 N/A MSFC -
C-Band Transponder (12,530.585)
No. 1 OFF
397 Signal from LVDC for: - - 1U 03:30:57.561 N/A MSFC -
C-Band Transponder (12,657.561)
No. 1 and No. 2 ON
398 Signal from LVDC for: - - 1U 03:30:57.632 N/A MSFC --
C-Band Transponder (12,657.632)
No. 2 OFF
399 Stop Yaw Maneuver - - - 03:29:00.0 -— DAC 1,000
(12,540.0)
400 Stop Pitch Maneuver - - - 03:31:10.0 - DAC 1,000
(12,670.0)
401 Stop Roll Maneuver - - -— 03:31:35.0 - DAC 1,000
(12,695.0)
402 Nominal CSM 03:26:41.8 N/A - - - - -
Separation (12,401.8)
403 SPS (CSM) First 03:28:20.1 N/A — - - - _—
Ignition (12,500.1)
404  Signal from LVDC 03:45:33.4 TB7 +1,733.3 -- 03:45:19.289  TB7 MSFC -
for: Switch PCM (13,533.4) (13,519.768) +1733.289
to Luw Gain Antenna
(Fail Safe)
405 Signal from LVDC 03:45:33.6 TB7 +1,733.5 -- 03:45:19.490  TB7 MSFC -
for: Switch CCS (13,533.6) (13,519.969) +1733.490
to Low Gain Antenna
406 Signal from LVDC for: 03:55:38.2 TB7 +2,338.1 IU 03:55:24,539 TB7 MSFC --
Telemetry Calibrator (14,138,2) (14,124.539) +2,338.060

Inflight Calibrate ON

*See notes at end of table
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TABLE 4-1 (Sheet 42 of 43)
FLIGHT SEQUENCE OF EVENTS

Section 4
Sequence of Events

r PREDICTED TIME#
TIME FROM |TIME FROM SIGNAL e
ITEM EVENT RANGE ZERO | BASE MONITORED |RANGE ZERO* BASE il (m:?c‘i
NO. (hr:win:sec) (sec) Al (hr:min:sez) (sec) :
(sec) (sec)
407a Signal from LVOC for: 03-55:38.4 TBY IU 03:55:24.740 TB?7 MSFC -
Special Calibrate (14,138.4) +2,338.3 (14,124.740) +2,338.261
Relays ON
407b Signal Received in - - S~1VB 03:55:24,810 N/A DAC(PM) 13
S$~IVB for: Special (14,124.810)
Calibrate Relays N
408a Signal from LVDC 03:55:38.6 TB? IU 03:55:24.940 TB? MSFC -
for: Regular (14,138.6) 42,338.5 (14,124,940) +2,338.4u1
Calibrate Relays ON
408b Signal Received in - - S~IvB 03:55:25.000 N/A DAC(FM) 13
S-IVB for: Regular (14,125.00V)
Calibrate Relays ON
409 Signal from LVDC 03:55:43.2 TB7 v 03:55:22,528 TB? MSFC -
for: Telemetry (14,143.2) +42,343.1 (14,129.528) +2,343.049
Calibrator Inflight
Calibrate OFF
410a Signal from LVDC for: 03:55:43.6 TB7 Iv 03:55:29.929 Th? MSFC -
Regular Calibrate (14,143.6) +2,343.5 (164,129.929) 42,343,450
Relays OFF
410b Signal Received in - - 3-1IVB 03:55:30 000 N/A DAC(FM) 13
S-IVB for: Regulas (14,130.000)
Calibrate Relays OFF
411a Signal from LVDC for: 03:55:43.8 TB7 Iv 03:55:30,.130 TB7 ASFC -
Special Calibzrate (14,143.8) +2,343.7 (14,130.130) +2,243.651
Relays OFF
411b Signal Received in - -— S-IVB 93:55:30.200 N/A DAC(FM) 13
S-IVB for: Special * (14,130.200)
Calibrate Relays OFT
412 Signal from LVDC for: 04:28:33.4 TB7 U 04:28:19,730 TB7 MSFC -
Switch PCM to High (16,133.4) +4,313.3 (16,099.730)  +4313.250
Gain Antenna
413  Signai from LV'C for: 04:28:33.6 TB7 U 04:28:19,957 TBY Mere —
Switch CC3 to High (16,133.6) +4,313.5 (16,099.957)  +4312 4J8
Gain Antenna (Fail .
Safe)
414 3ignal from LVDC for: 05:23:33.4 TB7 w 05:23:19.731 TR7? MSFC -
Switch PCM to Low (19,413.4) +7,613.3 (19,399.731) +7,613.252
Gain Antenna (Fail
Safe)
415 Signal from LVDC for: 05:23:35.4 TB? U 05:23:14.932 TB7? MSFC -
Switch CCS to Low (19,415.4) +7,013.5 (19,399.932) +7,613.453
Gain Antenna
416 Signal from LVDC for: 05:26:42.1 N/A IU - - - -
Maneuver to Align (19,602.1)
S-IVB/CSM+X Axis with
Local Horizontal
417 Signal from LVDC for: 05:36:40.1 TB7 4] 05:36:26.479  TB7 MSFC -
CCS Transmitter (20,200.1) +48,400.0 (20,186.479)  +8399.950
Inhibit OFF
418 Signal from LVDC 07:28:33.4 TB? i} 07:28:15.729 TB7 MSFC -
for: Switch PCM (26,913.4) +15,113.3 (26,£79.729) +15113.250
to OMNI Antenna
419 . gnal from LVDC 07:28:33.6 TB7 U 07:28:19.929 1B7 MSFC -
for: Switch CCS (26,923.6) +15,113.5 (26,899.929) +1:113.450
to OMNT Antenna
#Sea notes at end of table
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NOTES:

TABLE 4-1 (Sheet 43 of 43)
FLIGHT SEQUENCE OF EVENTS

Predicted Time: 3lank spacve in column indicates that time
signal was received in S- VB, cannot be

predicted.

Monitored Time: Blank space in column indicates that no data

was received.
Time From Raage Zero: 1200:01.0 (GMT)

Accuracy: No accuracy data received from MSFC



TABLE 4-2 (Shee’
GROUND SEQUENCE

TIME
INDICATION EVENT

MIN SEC

-14 3.028 off Heat Exchanger Fill Valve Open

-14 1.452 On Level Sensor High

-13 59.874 On Heat Exchanger Fill Valve Close

-13 38.988 Off Level Sensor High

-13 40,246 On Level Sensor Low

-13 39.156 off Level Sensur Low

-11 45.574 On Heat Exchanger Fill Valve Open

-11 43,842 Off Heat Exchanger Fill Valve Open
-11 36.264 On S-IVB Aft All Test and Vent Valve Open
-11 35.370 On S-IVB Forward All Test aand Vent Valve Open
-11 35.270 On S-1IVB Forward Hydraulic Standby Hydraulic

System Check
-11 34,896 off S-IVB Forward Hydraulic Standby Hydraulic
System Check

-11 29.628 Off S-IVB Aft All Test and Vent Valve Open
-11 26.876 On Status S-IVB Aft Arm Ready
-11 22,602 On Heat Exchanger Fill Valve Open
-11 21.268 off Heat Exchanger Fill Valve Open

-10 38.028 On Heat Exchanger Fill Valve Open

-10 34.976 On Heat Exchanger Fill Valve Close

-9 6.908 On Heat Exchanger Fill Valve Open

-9 4.344 On Heat Exchanger Fill Valve Close

-8 3.118 On Engine Contrcl Power On

-7 59.464 On S-IVB Engine Cutoff

-7 41,422 On Auxiliary Hydraulic Pump Power On

-7 38.234 On Auxiliary Hydraulic Pump Coast Reset
-6 44,922 On S-IC Stage Inhibit

-6 44.410 On S-1IV Stage Inhibit

-6 43.206 On S-11 Stage Inhibit

-6 3.238 off LOX Vent Open

-6 3.076 On LOX Vent Ciocsed

-6 1.688 off LOX Vent Closed

FOLDOUT FRAME \
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TABLE 4-2 (Sheet 1 of 2)
GROUND SEQUENCE OF EVENTS

Section 4
Sequence of Events

—————
TIME
INDICATION EVENT
MIN SEC
S—
-6 1.656 On LOX Vent Open
~5 5.176 On All Stages Ready Power Transfer
-5 18. 340 On Status safe and Arm armed
-5 2,836 On LH2 Chilldown Pump Inverter Power On
-4 52.062 On Engine Start Tank Vent Valve Onen
~4 48,306 On Engine Control Bottle Supply Valve Closed
~4 44,288 On Engine Control Bottle Supply Vent Valve
Open
-4 38.854 On LOX Chilldown Pump Inverter Power On
Ipen -4 32.614 On LH2 Prevalve Closed
iic -4 32.490 On T0X Prevalve Closer
-4 28,230 On S-IVB Stage Inhibit
lic -3 52.128 On APS 1 Engine Valve Power On
-3 52.116 On APS 2 Engine Valve Power On
-3 52,108 On S-1VB Preparations Complete
-3 33.700 On Heat Exchanger Fill Valve Open
-3 29.564 On Heat Exchanger Fill Valve Close
-3 29.462 On Cold Helium Transfer Valve Closed
-3 6.996 On T -187 sec Sequencer Start
-2 59.768 On Heat Exchanger Fill Valve Open
-2 57.788 On Heat Exchanger Fill Valve Close
-2 46.656 On LOX Venc Closed
=2 32.350 On LOX Tank Pressurized Command
-2 31.030 On 10X Fill & Drain Valve Closed
-2 30.226 On GN2 10X Utbilical Purge Supply Open
=2 24.856 On LOX Minimum Liftofl Press OK
-2 24 686 On Heat Exchanger Fill Valve Cpen
-2 18.552 On Heat Exctanger Fill Valve Close
-2 10.572 On LOX Minimum Liftoff Press OK
-1 36.764% off LH2 Tank Vent Valve Open
-1 36.506 On LH? Tank Vent Valve Closed

FOLDOUT FRAME R
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TIME
INDICATION EVENT
MIN SEC
-1 33.428 On Heat Exchanger Fill Valve Open
-1 30.216 On lleat Exchanger Fill Valve Close
-1 22.910 On LH2 100 Percent Mass
-1 20.980 Un LH2 Fill & Drain Valve Closed
-1 17.790 o L¥2 Umbilical Purge Supply Open
-1 15.104 LH2 Tank Pressurized
-1 15.036 On LH2 Tank Ground Prepressurization Shutoff
Valve Closed
-1 1.354 On Heat Exchanger Fill Valve Open
-50.266 On Heat Exchanger Fill Valve Close
-49.916 On Forward Power On Interaal
-49.914 On Aft Bus 1 On Internal
~-49.914 Or Aft Bus 2 On Intermal
-49.914 M Stagaz on External Power
-49.910 On Stage On Internal Power
-49.572 On Power Transfer Complete
-29.976 On
-26.764 On LHZ Directional Vent irn Flight Position
-26.756 On S~-IVB Ready for Launch
~3.886 Cn Start Ignition Sequence
-8.826 On LH2 Tank Ground Prepressurization Shutoff
Valve Open
-8.808 Off Engine Thrust Chamber Chilldown Supply
Valve Open
-8.784 On Cold Helium Bottle Supply Close
-8.706 On Cold Helium Bottle Supply Line Valve Open
-8.536 On 3,000 psi Helium Supply Closed
-8.470 On LH2 Ground Control Repressurization Close
-0.308 On S~IVB Forward Hydraulic Standby Hydraulic
System Check

FOLDOUT FRAME I
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GROUND SEQUENCE OF EVENTS



BLE 4-2 (Sheet 2 of 2)
OUND SEQUENCE OF EVENTS

TIME
INDICATION EVENT
MIN SEC
-0.232 off S-1IVB Forward Hydraulic Standby Hydraulic
System Check
+0.352 On S-IC Commit (T-3)
+0.364 Off Auxiliary Hydraulic Pump Power On
+0.364 off LOX Chilldown Valve Open
+0.364 Off LH2 Chilldown Valve Open
+0.364 off LOX Chilldown Pump Inverter Power On
+0.364 off LH2 Chilldown Pump Inverter Power On
+0.364 Off IH2 Tank Control Vent Orifice Bypass Close
+0.364 off LH2 Tank Control Vent Relief Orifice Close
+0.364 off Cold Helium Backup PS Enable
+0.364 off Single Side Band Group On
+0.364 off Engine Control Power On
+0.364 off Eungine Ignition Power On
+0.364 off LOX Cutoff Sensor 1 Wet
+0.364 Off LOX Cutoff Sensor 2 Wet
+0.364 Ooff LOX Cutoff Sensor 3 Wet
+0. 364 off LOX Prevalve Closed
+0.364 off LH2 Prevalve Closed
+0.368 Off S-IVB Ready for Launch
+0.370 off 4D30 On
+0.370 Off 4D20 On
+0.370 off 4D10 On
+0.370 Of f 4D40 On
+0.370 Off Ready for Launch
+0.438 Off iH2 Nozzle Purge Supply Open
+0.440 On LH2 Nozzle Purge Supply Closed
+0.590 off GN2 LOX Umbilical Purge Supply Open
+0.596 On GN2 LCX Umbilical Purge Supply Close
1.258 On Liftoff Irlication

FOLDOUT FRAME L
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Section 5
Countdown Operations

COUNTDOWN OPERATIONS

The AS-501 vehicle was lcunched at 1200:01 GMT (0700:01 EST) from
Launch Complex 39A on 9 November 1967. The overall performance of

the S-IVB-501 stage was satisfactory during all phases of the countdown.

No significant S-IVB stage or equipment problems occurred during the
countdown activity, and Douglas ground support equipment (GSE) sustained
no significant damage during liftoff. The precountdown and countdown
activities are reviewed and evaluated in the following paragraphs which
include discussions of the prelaunch checkouts, purges, propellant and
pneumatic loading, and the terminal countdown. Significant events

occurred at the following times:

Event Time
Liftoff 1200:01. 263 GMT
LOX loading initiated 0513:55 GMT
LH2 loading initiated 1013:58 GMT
Cold helium loading initiated 1039:22 GMT
Terminal countdown initiated 1130:01 GMT

5.1 Propulsion Systei: Checkouts

Preflight checkouts of the S-IVB-501 stage were conducted in accordance
with handling and checkout requirements drawings listed in Douglas Report

SM-53184, Narrative End Item Report on Saturn S-IVB-S01 (Douglas

S/N 1005), dated August 1966.

5.2 Launch Vehicle Tests

After the S-IVB-501 stage was instalied on the S-II spacer in the vehicle
assembly building (VAB), it was subjected to launch vehicle tests to
determine that switch selector, power transfers, etc. were functional
for launch. After the S-IVB stage was mated with the S-II stage, the

tests were rerun as presentzd in table 5-1.
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5.2.1 Countdown Demonstration Test

The AS-501 vehicle countdown demonstration test (CDDT) was initiated at
0030 GMT on 27 September 1967 with the count at RO -83 hr 30 min. The
planned cutoff at RO -8.9 sec occurred at approximately 2043:12 GMT on
13 October 1967. The test was performed in accordance with NASA
procedure V-20016-SA501, Revision 004. The Douglas preparation and
securing steps were conducted in accordance with Douglas procedure
1B62289. Four runs were necessary to complete Part III (RO -13 hr to
RO -0) of the CDDT.

Run 1 (4 October) was scrubbed at 0102 GMT while in a hold at RO -30 min
because of propellant system computer problems and launch crew fatigue.
LOX and LH2 aboard the S-IVB stage were .rained without incident. During
cold helium sphere pressurization, the pressure drop in the 6,000-psi
helium supply was higher than normal because of a restriction at the
inlet to the DSV-432A console. The restriction was the result of a
valve malfunction--either the 6,000-psi helium inlet solenoid valve or
the 6,000 psi helium inlet hand valve. Siuce no instrumentation existed
to permit isolation of the problem to ore or the other valve, both valves

were removed and replaced.

Run 2 (10 October) was scrubbed (with the count at RO -5 hr 5 min) because
of S-IC helium system facilities problems. Back pressure throughout the
GH2 vent system caused an S-IVB stage LH2 tank ullage pressure of 17 psia
during normal repler.ish operations. (It was 16.7 psia during run 1 on

4 October.) For the AS-501 launch the launch mission rules were changed
to accept this excessive back pressure, and the maximum allowable pressure

was changed from 16.7 psia to 17.4 psia.

Run 3 (11 October) was scrubbed (with the count at RO -3 hr 25 min) necause
of S-II battery problems., LOX was loaded on this day and the subs:quent

drain was completed without any problems.

Run 4 (12 October) was initiated at 2400 GMT (with the count at RO -13 hr).
The first terminal count sequence was terminated at RO -16.7 sec because

S-1C failed to prepressurize the LOX tank. This S-IC problem was traced
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to a partially closed valve in the launch unbilical tower. The second
terminal count sequence was successfully completed at approximately
2043:12 GMT on 13 October. After LH2 drain and just prior to S-IVB
LOX drain, D0016-245 (cold helium sphere pressure) was erroneous and
indicating abnormally high. Although the cause of the difference
between the actual and the indicated pressure was not established,

the transducer was removed and replaced.

5.2.2 Flight Readiness Test

The AS-501 flight readiness test was conducted on 25 October in order to
verify the compatibility between, and the proper operation of, all launch
vehicle and GSE systams prior to launch. This test was conducted in

accordance with procedure V20017 with no apparent abnormalities.

The APS dry fire was conducted at RO -1 hr 30 min without difficulty,
and all data stations reported good rasults. This test verified that
the APS firing program and all data stations were ready for the AP>

hot firing.

Because of computer problems in the plus count of the flight readiness
test, simulated repressurization of the LOX and LH2 tanks for second
burn was impossible, but this simulation was not required for satisfactory

completion of the test. No S-IVB stage problems occurred during this test.

5.3 APS Preparations

5.3.1 APS Loading

APS module propellant loading preparations were started on 26 October and
satisfactorily completed on 2 Novemher. The loading data are presented

in table 5-2, During loading the following problems were encouvutered:

a. The 3,000 psi tube assembly on module 1 was discovered to be

damaged and was replaced.

b. The propellant bladder within the oxidize: tank on module 2 was

overpressurized, and the oxidizer tank was replaced.




R R W R RO

L T Y

s
|
|

Section 5
Countdown Operations

c. The 750 psi facility GN2 system that suppiied gas for APS
checkout was discovered to be wet during module 2 purge and
moisture sampling. An alternate source of GN2 was established,
and module 2 was purged until the moisture content was below

the required 200 ppm.

d. During module 1 oxidizer loading, the maximum differential
pressure observed on the model 1875 pressure instrumentation
kit was 19 psid instead of the desired 15 psid, Since the
maximum allowable deita P is 20 psid, no corrective action was

required.

e. During module 2 loading, the propellant flowrate decreased to
9 gpm, Module loading was terminated, and the controls on the
propellant servicer were readjusted. Module loading was then

reinitiated and completed satisfactorily.

5.3.2 APS Gas Removal

Gas removal from APS modules 1 and 2 was satisfactorily accomplished
during the AS-501 launch countdown. No problems were encountered during
the module 2 operation, but an excess of 110 cu in. of oxidizer was
removed from module 1 because of a false level indication in the sight
glass. This same problem occurred during gas removal from module 2
before the APS test firing. Since the module 1 oxidizer tank contained
approximately 580 cu in. of excess propellant, no corrective action was

taken.

Leakage was found at the inlet sight glass of one oxidizer and one fuel
gas removal assembly. These assemblies were removed, and the operation

was completed with the remaining set of assemblies.

5.3.3 APS Test Firing

The APS test firing was accomplished in accordance with NASA procedure
V-25303-5-1VB1l, The attitude control engines were fired in a sequence
that consisted of one 250-ms clearing pulse and two 65-ms pulses with
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a 750-ms delay between each pulse; the ullage engines were each fired

for one pulse. The firing sequence was as follows:
a. Minus pitch - engine 2-2
b. Minus roll - engines 1-1 and 2-1
¢. Ullage engine No. 1 - one pulse 433 ms
d. Plus pitch - engine 1-2
e. Plus roll - engines 1-3 and 2-3
f. Ullage engine No. 2 - one pulse 430 ms

Analysis of tne data from these firings indicated that the systems were
acceptable for flight. The only irre~ularities were erratic data for a
period of 1 hr 46 min from measurement D0036-415, which later recovered
and indicated normally, and measurement D0032-415 which responded

sluggishly to pressure changes during the test. The latter measurement

had responded normally during confidence firing at STC.

5.4 Launch Countdown

The 104-hr countdown began at 1700 GMT (1200 EST) on 4 November and
continued without interruption (except for preplanned built-in holds

of 11 hr) to vehicle launch on 9 November 1967. Major Douglas activities
began on 5 and 6 November for precount tasks and continued according to
schedule into 7 November for mid-count operations. The final portion of
the count, including LOX and LH2 loading of the launch vehicle began

8 November and progressed in accordance with the schedule to AS-501 liftoff.

5.4.1 Prelaunch Preparations and Purges

The prelaunch preparations and purges were accomplished in accordance with

Douglas procedures 1B62289, S-IVB Countdown Procedure for AS-501, and

1B61615, Pneumatic Console and Heat Exchanger Operating Instructions.

During the preparations the systems were leak checked, purges and valve
actuations were verified, and the helium supply was analyzed for purity

and moisture content.
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The LOX and LH2 tank purges consisted of propellant tank pressurization
and vent cycles until the helium concentration in the tanks exceeded
99 percent. Maximum pressure in the LOX and LH2 tanks did not exceed

30 and 25 psia, respectively, and bulkhead differential pressure limits

were not exceeded.

The LH2 feed duct and engine start sphere were purged by a continuous
flow of helium for several minutes. The engine purges required by
Rocketdyne were accomplished just prior to LOX loading during LOX

transfer chilldown,

5.4.2 Loading Operaticns

5.4.2.1 LOX Loading

S-IVB stage LOX loading was conducted in accordance with procedure
V-35007-5A501 and was initiated at 0514 GMT by the start of LOX replenish

line chilldown. Transition from slow to fast fill was smooth with no

e e Ayt

abrupt pressure spike:, Fast fill - 1s terminated at the 96 percent

[T RN

level and slow fill was initiated to the 99 percent level. LOX loading
was uninterrupted and required 26 min to complete. Pressures, temperatures,

and flowrates are presented in table 5-3.

5.4.2,2 LH2 Loading

S-1IVB stage LH2 tank loading was started when the S-II stage achieved
100 percent LH2 mass. The loading was uninterrupted and required a

total of 34 min to complete. Pressures, temperatures, and flowrates

NP ARG i v < s L

are presented in table 5-3.

5.4.,2,3 Helium and GHZ Loading

e ¢

Final pressurization of all S-~IVB stage nelium spheras, both cold and

ambient, was accomplished without difficulty; pressurization of the APS
helium tanks from blanket to full pressure was accomplished in one step
at RO -34 min. Pressurization of the engine control sphere from ambient
to full pressure was accomplished in two steps approximately 5 min apart

to limit the temperature rise.
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Start sphere chilldown was initiated at RO -18 min instead of RO -14 min
3 sec. This sequence will be used on all future stages. J=-2 engine
start sphere pressurization was initiated by closing the start sphere
vent valve at RO -5 min 30 sec after approximately 12,5 min of chilldown.
The sphere pressure was 1,080 psia at the initiation of pressu-ization
and 1,255 psia after pressurization. The start sphere pressure increased
40 psia from RO -5 min to liftoff because of ambient heating. Sphere

pressurization data are presented in table 5-4.

LOX and LH2 tank prepressurization, thrust chamber chilldown, and helium
and GH2 sphere loading were all satisfactorily accomplished. Date are

presented in figures 5-1 through 5-4.

5.4.3 Terminal Count

The launch terminal count was initiated at RO -30 min ard, like the rest
ot the countdown, was completed without any significant problem. During
this period, final engine and stage conditioning were accomplished.

Table 5~5 presents the sequence of terminal countdown events.

5.4.3.1 Engine Conditioning

J-2 engine conditioning was initiated at RO -23 min with a 50-psi helium
purge of the engine start sphere. At RO -20 min, a 50-psi helium purge
was initiated to the thrust chamber ijacket. At RO -18 min, tae enginc
start sphere purge was terminated, and chilldown was initiated with

cold GH2 flowing through circuit No. 1 of the heat exchanger. At

RO -15 min, the thrust chamter jacket purge was terminated, and chilldown
was initiated witin cold helium flowing t! ‘ough circuite No. 2 and 3 of

the heat exchanger.

The engine start sphere pressure was 1,270 psia at the initiation of
the automatic sequence (IAS) and 1,295 psia at RO -19 sec. This was
slightly higher than expected but still within limits. The thruet
chamber jacket temperature was 225 deg R at IAS and 214 deg R at

RO -19 sec, thus well below the 265 deg R liftoff limit.

The engine control sphere was warmer than the GH2 start sphere with a
temperature differential of 13 deg R at IAS and 8 deg R at RO -19 sec.

The maximum allowable temperature differential at thesa times is 30 deg R.

5-7
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5-8

5.4.3.2 Stage Conditioning

LOX turbopump chilldown was initiated manually at RO -4 min 39 sec.
The LOX flowrate was 35 g¢pm, unpressurized, and 37.5 gpm, pressurized,
which was slightly l-~wer than expected but well within the required
32 to 50 gpm limits. The LOX pump inlet temperature at RO -~19 sec
was 164.7 deg R,

LH2 turiopump chilldown was initiated manually at RO -5 min 3 sec and was
normal in every respect. The LH2 flowrate was 118 gpm, unpressurized,
and 146 gpm, pressurized; the required flowrate was 130 to 160 gpm

while pressurized. The LH2 pump inlet temperature at RO -19 sec was
38.5 deg R. ‘

LOX tank prepressurization was initiated at RO -2 min 47 sec and was
completed in 15 sec. Twc LOX tank ullage pressure makeup cycles were

accomplished. The ullage pressure at liftoff was 42.4 psia.

LH2 tank prepressurization was initiated at RO -1 min 36 sec and was
completed in 21.5 -ec, which was considerably less time then expected
because the he'’ + temperature at the LH2 tank inlet was higher than

expected, The ..a. tank ullage pressure at liftoff wzas 35.9 psia.

The stage pneumatic syste.. functioned normally during stage conditioning.
Regulator discharge pressure rras 540 to 550 psia during periods of low

demand.

5.5 Environmental Control Systems

5.5.1 Thermoconditionirg and Purge System

The atft interstage thermoconditioning and purge system functioned
properly duriag the countdown, maintaining an APS temperature within
the design limits of 87 +5 deg F. At liftoff, the oxidizer temperature
in APS rodule 1 was 92 deg F and the oxidizer temperature in APS

module 2 was 87 deg F.

5.5.2 Commou Bulkhead Evacuation

Common bull! 1l evacuation commenced at 1618 GMT on 8 November. The

vacuum supply valves (VS-15 and VS-16), which are located on the
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model DSV-4-303 vacuum monitor console, failed to open on command.
Simultaneously, the light indications on the bulkhead vacuum monitor
panel in the Launch Control Center (LCC) went out. Irnvestigation
determined that a shorted diode, CR3, was the problem, and that it had
been caused by corrosion of the washers isolating the diode from the

chassis mount. The washers were replaced, and the system retested.

After the problem was corrected, the model DSV-4-303 vacuum mcnitor
console supply valves were opened at 1920 GMT with a lockecd~up common
bulkhead internal pressure of 2.55 psia. A gas sample was taken which

indicated a satisfactory (inert) atmosphere in the bulkhead as follows:

Argon 57.9% He 0.009%
N2 37.2% CO2 1.7%
02 3.2% Other 0.004%
H2 0.011%

The bulkhead was pumped until 0588 GMT. Following LOX and LH2 loading,
the bulkhead internal pressure was 0.5 psia, which was the value at
liftoff. The bulkhead internal pressure remained below 1 psia throughout

the flight.

Currently the model DSV-4-303 vacunm monitor console transducer and the
D0545-407 common bulkhead transducer are hardwired to the LCC firing

room bulkhead vacuum monitor panel to indicate the bulkhead status.
However, at the present time, no sa*isfactory and expeditious means exist
for obtaining bulkhead samples and initiating bulkhead pumpdown shouid

the RCA 110 computer cease to support checkout operations. A change
request is being iritiated to hardwire the LCC firing room bulkhead vacuum

monitor panel in its entirety.

5.6 Redline Limits

The redline limits for launch vehicle parameters are presented in the

Apollo/Saturn V Launch Mission Rules - Apullo 4 (AS-501), dated

12 September 1967; in Douglas Report SM 46998B, Saturn S-IVB-501 Stage
Flight Test Plan, revised November 1967; ar”® in *he FTC Redline Mon.toring

Brief. All redlines were satisfied before the launch; however, several
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limits were changed fr~m the values given for the CDDT. The mas.imum
allowable LH2 tank ullage pressure prior to prepressurization and the
minimum allowable LOX recirculation flowrate redline values were
revised because the CDDT had ‘emonstrated that the original limits

could not necessarily be satisfied.

5.7 Countdown Problems

Although tue countdown was conducted with no holds other than those that

were built intuv the program, several problems were encountered.

5.7.1 APS Bubble Removal

During the bubble re-ioval operation, 150 cu in. of oxiaizer were removed
from APS module 1. Although the maximum allowable quantity to be removed
was 40 cu in., the remaining quantity was well in excess or that required

for flight and was, therefore, considered acceptable for launch.

5.7.2 LOX Chilldown Shutoff Valve Closed Indication

The LOx chilldown shutoff valve closed indicacion did not pick up when the
valve was commanded closed for LH2 loading. Althcugh the anomaly was
reported and verified, the hardwire talkback from the measurement in the
launch control :omplex indicated that the valve was closed. Deletion of

the measurement before launch was recommended; the measurement did not

function properly during flight, (see section 17).

5.7.3 LHZ Tank Vent Quick Disconnect Leak

Vapor formed at the LH2 tank vent quick disconnect during LH2 loading
and persisted through the remainder of the launch countdown. A hydrogen
sensor in the area picked up one indication that a small leak may have
existed ot the seal between the ground and the vehicle halves of the
quick disconnect. The condition was not considered to be hazardouis, and

the countdown was continued.

A plan to modify both the vehicle half and the ground half of the quick

disconnect was ot accomplished because the new parts had not compieted

5-10
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Section 5
Councdown Operations

qualification testing in time for launch. These modifications were
aimed at providing a better seal at the disconnect and will be

accomplished before the next launch.

5.8 Atmospheric Conditions

The atmospheric conditions for the AS-501 launch on 9 November 1967

were as follows:

Time (GMT) 1200 (Liftoff)
Ambient temperature* (deg F) 63
Dew point* (deg F) 46
Relative humidity* (percent) 52
Total cloud cover (percent) 0.4
Wind direction** (degrees East of North) 70
Wind velocityt (knots) 20
Sea level pressure (in. of mercury) 30.31

*Ambient temperature, dew point, and relative humidity from ground
level NASA industrial area

**From Launch Umbilical Tower No. 1, 60-foot level

+From Launch Umbilical Tower No. 1, 390-foot level

5-11
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: Countdown Operations
3
& TABLE 5-2
% APS LOADING DATA
[N
N
o VOLUME TEMPERATURE
g. ITEM (in.3) (deg R)
F* Module 1 AAT
Oxidizer System
Loaded 4,102 541
Cffloaded 372 536
;~ Removed with bubble bleed 28 547
i during burp firing
i Removed with bubktle bleed 150 547
§ during countdown
3; Fuel System
i Loaded 4,102 544
Offloaded 88 537
Removed during countdown 20 547
Module 2
Oxidizer System
Loaded 4,102 541
0ffloaded 372 539
Removed with bubble bleed 70 547
durinz Hurp firing
Removed with bubble bleed , 20 547
during countdown
Fuel System
Loadad 4,102 544
Offloaded 88 S44
Removed with bubble bleed 25 547
during coun_down

5-13
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Countdown Operaticns

TABLE 5-3
S~IVB STAGE PROPELLANT LOADING DATA
PARAMETER UNITS LOX LH2
rrChilldown initiated GMT 0513:55 1013:58
Slow fill
Levels percent 0 to5 0tob
Initiation time GMT 0549 1015
Flowrate gpm 575 582
Maximum swing arm pressure psia 52 47
Maximum ullage pressure psia 22.3 22.2
i Fast fill
'i Levels percent 5 to 96 5 to 98
? Initiation time GMT 0552:20 1021:48
: Flowrate gpm 900 2,600
% Swing arm pressure
3 Maximum psia 45 31
? Stabilized psia 39 te 40 30.5
; Maximum ullage pressure psia 23.4 18.3

Final slow fill

S o Level at initiation percent 96 S8
- Initiation time GMT 0612:55 1046:52
Flowrate gpm 225 440

Swing arm pressure psia 22 19

Maximum ullage pressure psia 17 17.95

Total ti: » - :quired min 26 34
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Section 6
Cost Plus Incent_ ve Fee

COST PLUS INCENTIVE FEE

The incenci-e evaluation .f the S-IVB-501 flight performance ircludes
flighc mission accomplishment ond telemetry performance. ™arformance
cf the 3-1VB stage was within the incentive criteria p "esented in

Douglas Report No. SM-4699€B, S5-IVB-501 Stage Flight Test Plan.

6.1 Friight Mission Acccmplishnent

Flight data o -raluated to establish preconditions of flight (PCF) and end
conditions of flight (ECF) were obtained from observed trajectory and
attitude data transmitted by magnetic tape and printout :to MDC from

MSFC -~s requested in Douglas Report No. DAC-56334A, Douglas S-IV3 Srage

Data Acycisitior: Requirements Document fur Saturn V Flights, September

1967 revision, DAC items 820, 922, 1010, and 10l14. Tables 6-1 and 6-2

compsre actual and allowable values of PCF 2. 7 ECr, respectively.

Performcnce of the S-1C and S-II1 stages provided PCEF ot S-II/S--IVB
Separation Command that were within allowable tolerances. Trajectory
ECF ar waiting orbi: insertion were within tolerance; also maximum
flight values o7 attitude errors and rates ifor all phases of S-I'B

oper tion (i...., burn phase, wait-ng orbit phase, ard parking orbit
vhase) ¢7J not exceed the respective sllowable tolerances. All received
command signals were recognized, and all ead condition commanc signals
were given. It was concluded for p-rposes of incer%ive achievement,

thercfore, that all PCF and ECF were achieved.

6.2 Telemetry Performance

Evaluation c¥ the telemetry performance indicated that the telecaetry
system cperated at 99.1 percent efficiency during the telemetry perfor-
mance evaluatio. period (TPEP) phase I (liftoff [L0] to first S-IVFP
engine cutoff plus 10 sec) and performed at 97.6 prrcent efficiency
during the TPEP phase II (liftoff to pla.uned LV/SC separation as defined

in NA3SA draw:ng 40M27621 Interface Cont:iol Document Definition of

Saturn SA-,01 Flight Sequence Zrogram).

The results of the tel>metry performance analysis are shown in tablec 6-3.
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Cost Plus Incerncivz Fee

TABLE 6--1
MISSION ATCOMPLISYMENT - PCF
- . - ALLOWABLE ACTUAL
PARAMETERS UNITS NOMINAL ACTUAL DEVIATION* DEVIATION

Range km 1,£76.8 1,481.9 +48.38 +5.1
-56.4

Crossrange km 9.2 | 38.8 +3.4 ~1.4
=2.5

Alcitude km 189.8 | 192.4 +4.0 2.6
-4.2

Velocity vector m/sec 6,857.4 6,816.5 +98.3 -40.9
wmagnitude -97 1

Velocity vector deg 0.52 0.63 +0.36 +0.11
2levation or -0.36

direction

Picch attitude deg -9(.8 -94.8 +4.5 +2.9
-5.0

Pitch rate deg/sec 0 0 +1.5 0
-1.5

Yaw attitude deg 0.5 -0.09 +3.6 -0.57
-3.6

Yaw rate | deg/sec 0 0.08 +1.5 +0 08
-1.5

Roll attitude deg 0 1.2 +4.0 +1.2
-4.0

Roll rate deg/sec 0 0..3 +1.5 +0.13
-1.5

NOTE: PCF are evaluated at the instant »f Separation Commana.

*Deviations consist of allowable error pius evaiuatioa uncertainty.

wr
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TABLE 6-2
MISSION ACCOMPLISHMENT - ECF

Section 6
Ccst Plus Incentive Fee

P eabions | unIs NOMINAL ACTUAL ot Bty el
Inclination deg 30.275 30.302 +0.129 +0.027
-0.119
Node deg 135.428 135.435 40,226 +0.007
-0.232
Energy (C3) m2/sec2 -26,734,367 | -26,672,329 +698,246 +62,038
-615,952
Eccentricity | - 0.57834 0.57888 +0.00956 +0.00054
1 -0.00854
ATTITUDE CONTROL UNITS ALLOWABLE MAXIMUM FLIGHT
PARAMETERS ENVELOPE* VALUE
S-IVB Burn rhascs:
Pitch attitude error deg +6 +2.2
Yaw attitude error deg +6 -2.4
Roll attitude error deg +6 +2.5
Pitch rate deg/sec +3 +1.4, -1.4
Yaw rate deg/sec +3 +1.4
Roll rate deg/sec +1.5 -0.5
Parking Orbit:
Pitch rate deg/sec +1 +0.40
Yaw rate deg/sec +1 -0.31
Roll rate deg/sec +1.5 -0.19
Waiting Orbit (to CSM separat .on)
Pitch rate deg/sec +1 -0.5%
Yaw rate deg/sec +1 +0.44
Roll rate deg/sec +1.5 -1.15 )
NOTE: Trajectory ECF are ..valuated at waiting orbit injection (10 sec after

second S-IVB Engine Cutoff Commaad).

*Deviations consist of alliuwable error plus evaluation uncertainty.

6-3



Section 6
Cost Plus Incentive Fee

TABLE 6~3 (Sheet 1 of 3)
FLIGHT TELEMETRY PERFORMANCE SUMMARY

launch sequence, or became inoperative prior to start of
automatic iraunch sequence:

The function of the following medasurements is to monitor
the output voltage of exploding bridgewires (EBW) by mcans
of pulse sensors during checkout. The p'lse sensors are
removed prior tc launch, thus naking tie measurements
‘noperative during Slight.

K0141--411 Event - R/¢ 1 Pulse Sensor

K0142-41i Fvent - R/S 2 Pulise Sensor

K0149-404 Event - Ullage Jottison 1 P/S

K0150-404 Event - Ullage Jettison 2 P/S

K0169-404 Lven: - EBW Pulse Sensor Off Indication
KO17€--404 Event - Ullage Rocket Ignition P/S 1 Ind.
K7177-404 Event - Ullage Rocket Ignition P/S 2 Ind.

The following measurement was listed in the IP&CL and the
capability to make the measurement existed on the stage.
MSFC did not require the associated rate gyro installation,
ttorefore, the measurement is inoperative.

K0152-404 Event - Rate Gyro Wheel Speed OK Ind.

The following measurement is used for checkout only. The
IU flight sequencing tape is not punched to activate this
measurement in flight. Therefore, it is inoperative.

K0168-404 Event - Switch Selector Register Test

ITEM DESCRIPTION TOTAL
1. Total number of measurements listed in the S-IVB-501 Instrumen-| 592
tation Program and Components List, Douglas Drawing 1B43566,
AT Change.
2. Measurements listed in the IP&CL which are not wholly on the 7
S-IVB-501 Stage:
Measurements transmitted by the S-II telemetry system:
D0153-423 Press ~ Chamber Retrorocket Posit IV-I
D01546-421 Press ~ Chamber Retrorocket Posit II-III
D0155-420 Press - Chamber Retrorocket Posit I-II
DC156-422 Press ~ Chamber Retrorocket Posit III-IV
Measuremeats wholly transmitted landline to the Launch
Ccatrol Center (LCC):
D0545-40/ Press - Common Bulkhead Internal - H/V
D0576-4056 1Yress - Fuel Tank Ullage Umbilical - ../W
D0577- 406 Press - Oxid Tank Ullage Umbilical - H/W
3. Measurements known to be iroperati—-e at start of automatic 10
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TABLE 6-3 (Sheec 2 of 3)
FLIGHT TELEMETRY PERFORMANCE SUMMARY

ITEM DESCRIPTION TOTAL
A measurement malfunctioned and became inoperative prior to
the start of automatic sequence.

K0139-424 Event - Oxidizer Shutoff Valve, Chill
System-Closed
4, Measurements previously deleted from the incentive baseline by 27
NASA direction in NASA letter I-CO-S-IVB-906, dated
16 August 1967. These forward skirt measurements were hampered
to a greater or lesser degree by the inclusion of the forward
skirt anti-flutter kit afte- he transducer installations had
been made on the forward ski.c area.
C0081-426 Temp - Forward Skirt - 1
C0082-426 Temp - Forward Skirt - 2
C0083-426 Temp - Forward Skirt - 3
C0084-426 Temp - Forward Skirt - 4
C0108-426 Temp - Forward Skirt - 5
C0109-426 Temp - Forward Skirt ~ 6
C0110-426 Temp - Forward Skirt - 7
C0111-426 Temp - Forward Skirt - 8
€0112-426 Temp - Forward Skirt - 9
C0239-426 Temp - Forward Skirt - 10
C0240-426 Temp - Forward Skirt - 11
S0054-426 Strain - Axial, Fwd Skirt Loc 10A
S0055-426 Strain - Axial, Fwd Skirt Loc 10B
50056-426 Strain - Axial, Fwd Skirt Loc 1llA
S0057-426 Strain - Axial, Fwd Skirt Loc 11B
S50058-426 Strain - Axial, Fwd Skirt Loc 12A
S0059-426 Strain - Axial, Fwd Skirt Loc 12B
S0060-426 Strain - Axial, Fwd Skirt Loc 13A
S0061-426 Strain - Axial, Fwd Skirt Loc 13B
$0062-426 Strain - Axial, Fwd Skirt Loc 14A
S0063-426 Strain - Axial, Fwd Skirt Loc 14B
S0064-426 Strain - Axial, Fwd Skirt Loc 15A
S0065-426 Strain - Axial, rwd Skirt Loc 15B
S0066-426 Strain - Axial, Fwd Skirt Loc 16A
S0067-426 Strain - Axial, Fwd Skirt Loc 16B
S0068-426 Strain - Axial, Fwd Skirt Loc 174
50069-426 Strain - Axial, Fwd Skirt Loc 17B
5. Measuremants from which Douglas could not obtain data due to 0
noise from unknown sources, and measurements which were
degraded or prevented from being transmitted.
6. The total number of measurements to be evaluated for incentive 548

performance for both TPEP phase I and phase II is item 1 minus
the sum of items 2, 3, 4, and 5.

6
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TABLE 6-3 (Sheet 3 of 3)
FLIGHT TELEMETRY PERFORMANCE SUMMARY

[}TEM DESCRIPTION TOTAL
7. | Measurements which were failures during TPEP phase I (Liftoff 5
to first S~IVB engine cutoff plus 10 sec). Details regarding
these measurement failures may be obtained in section 17 of
this report.
C0121-419 Temp - Aft Interstage - 4
C0151-401 Temp - Engine LOX Pump Surface
D0195-419 Press - Ext Aft Inte:stage 17
D0196-419 Press - Ext Aft Interstage 18
D0210-402 Press - Interstage Internal 6
8. | Measurements which were failures during TPEP phase Il (Liftoff 13

to planned LV/SC separation as defined in NASA drawing 40M33621
Interface Control Document Definition of Saturn SA-5081 Flight
Sequence Program). Details regarding these measurement
failures may be obtained in section 17 of this report.

All measurements which were failures during TPEP phase I are
included as phase II failures because phase I1 encompasses
phise I. These five measurements are shown in item 7 above.

In addition to those measurements which were failures during
TPEP phase I, the following eight measurements were failures
during phase II.

C0075-409 Temp
C0077-409 Temp
C0078-409 Temp
C0079-409 Teuwp

|
~N VW

Fuel Tank External
Fuel Tank External
Fuel Tank External
Fuel Tank External
C0106-409 Temp - Fuel Tank External -
C0217-401 Temp - Main Hydraulic Pump Flange

D0181-409 Press - Fuel Tank, Continuous Vent 1
D0182-409 Press - Fuel Tank, Continuous Vent 2

Calculation of phase I performance:

Item 6 minus item 7, divided by item 6, multiplied by 100, and
rounded off to the nearest one-tenth of one percent.

STl'fgi X 100 = 99.1 percent

Calculation of phase Il performance:

Item 6 minus item 8, divided by item 6, multiplied by 100, and
rounded off to the nearest one-tenth of one percent.

548-13

S48 X 100 = 97.6 percent
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Section 7
Trajectory

TRAJECTORY

This seccion presents a discussion of the AS-501 trajectory. Comparisons
are made between the actual observed trajectory and the preflight and
postflight predicted trajectories; also, results of a simulation of the
actuzl trajectory are presented. Observed trajectory deviations from
predicted are explained in terms of S-IVB and lower stage system per-
formance deviations, in addition to the qualitative evaluation of the

accuracy of the observed mass-point trajectory.

Presented also in this section is the parking orbit continuous vent
system thrust determined from trajectory analysis. A comparison of

this thrust with predicted is presented.

As an area of interest, a discussion is included of the significant
~vansient in attitude commands given by the iterative guidance mode
during S-IVB second burn. Causes of this transient and its effect upon

the actual trajectory are discussed.

7.1 Comparison Between Actual and Preflight Predicted Trajectories

A comparison is made between the actual trajectory (based on tracking
and telemetry data) and the Douglas preflight predicted trajectory.
The predicted trajectory, during S-IC and S-II stage burns, is the same

as that presented in the Boeing Company dccument SSR 155, AS-501 Launch

Vehicle Operational Trajectory Flown in Winter Winds, dated 6 October

1967. The S-1VB stage portion of the predicted trajectory is presented
in Douglas Report No. SM-46998B, S-IVB-501 Stage Flight Test Plan, dated
2 November 1967. Figures 7-1 through 7-36 and table 7-1 compare the

actual and predicted values of altitude, ground range, crossrange
position, crossrange velocity, inertial velocity, axial acceleration,
commanded and actual attitude angles, inertial flight path elevation
angle, and inertial flight path azimuth angle for the S$-IC/S-II burn,
S-IVB first burn, parking orbit, and S-IVB second burn phases of the
flight. Appendix 3 presents a detailed tabulation of the observed

trajectory.
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The actual trajectory of the AS-501 flight was close to that predicted.
The burntime of the S-IC stage was 1.73 sec less than predicted. The
burntime of the S-II stage was 4.6 sec longer than predicted. At
S-I1/S-IVB separation, the trajectory was characterized as slow, high,
long, and south of the intended path. This can be seen in table 7-1.

The slower than predicted velority a. S-II/S-IVB separation was the
primary cause of the longer than predicted burntime for the S-IVB

stage first burn. The first burntime was 6.1 sec longer than predicted
of which 5 sec was due to low trajectory conditions at S-II/S-IVB
separation. Trajectory conditicns at first burn Engine Cutoff Command
are presented in table 7-1. The differences in S-IVB first burn velocity
and acceleration are shown in figures 7-15 and 7-16, respectively. Low
S-IVB thrust contributed slightly to the longer burntime. The observed
trajectory indicates that the S-IVB altitude was higier than pradicted
as shown in figure 7-11. The S-IVB first burn trajectory can be
summarized as slow, high, and long. Figures 7-19, 7-20, and 7-21 show
the pitch, yaw, and roll commanded and actual attitude angles. A
summary of trajectory conditions and orbit elements at parking orbit

insertion is presented in table 7-1.

The parking orbit phase of the flight was very close to that predicted.
A slightly higher than predicted vent thrust did not have a significant
effect on the trajectory., At S-IVB restart, the actual trajectory was

slower, higher and further downrange than predicted.

The S-IVB second burn engine cutoff occurred 13.83 sec earlier than it
had been predicted. This early cutoff was mainly caused by a l:cte
propellant mixture ratio shift and corresponding high S-IVB thrust
early in flight which in turn caused a higher than predicted velocity
and acceleration, as shown in figures 7-30 and 7-31, respectively.
Altitude and ground range were quite close to their predicted values.
There was a difference in crossrange velocity during second burn as
shown in figure 7-29, This was caused by the yaw attitude transient
shown in figure 7-35 which resulted from the thrust cutback. The two
minor transients, at RO +11,520 and RO +11,680 sec, were also produced

by the yaw steering command transients associated with the high stop
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thrust operation. At S-IVB second burn engine cutoff conditions were
fast, low, and short but nearly exactly on the desired orbit. A summary
of conditions and orbit elements at waiting orbit injection is presented
in table 7-1. These S-IVB stage end condlitions of flight were well
within the preflight determined three-sigma tolerances. The observed
deviations in the waiting orbit elements are less than one-sigma

deviations from predicted.

S-1VB stage impact occurred at a longitude of 1©1.2 deg West and a
latitude of 23.4 deg North. Range time at impac’ was 8 hr, 3 min,

7 sec.

7.2 Postflight Predicted Trajectory Evaluation

To assist in the isolation of S-IVE performance deviations which
contributed to trajectory deviations, a postflight S-IVB stage pre-
dicted trajectory was generated. This trajectory was generated using
predicted S-IVB stage performarce characteristics zna actual S-II/S-IVB
separation trajectory conditions. Trajectory dev. ations between the
actual and the postflight predicted are due to S-IVBE stage performance
deviations, observed trajectory evaluation errors, aad instr ment unit

navigation or guidance errors.

To support this evaluation, a set of parameters were selected which
define the S-IVB stage trajectu.y. Tuese parameters are inertial
velocity, altitude, ground raage, and crossrange velocity. They are
presented in figures 7-37 through 7-40 for the period from S-II/S-IVB
separation to waiting orbit insertion. As can be seen in these figures,
the S-IVB first burn postflight predicted trajectory is nearly identical
to the actual with the exception of the altitude and crossrange velocity
history. Results of the trajectory simulation, which are discussed in
paragraph 7.3.1, indicate that the observed trajectory first burn alti-
tude and crossrange velocity histories are probably in error. The

S-1VB first burn thrust and weight flow were slightly lower than pre-
dicted, which yielded a slower thar. predicted velocity history. S-IVB
first burn engine performance contributed 1 sec to the 6.1 sec longer

than predicted first burncime. The postflight predicted parking orbit
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was higher and slower than actual. Trajectory simulation results show
that the altitude deviations which accumulate in the parking orbit can
be explained by a 4.8 percent higher than predicted continuous vent
system (CVS) thrust as discussed in paragraph 7.3.2.

At the beginning of the second burn, the postflight predicted and actual
trajectory conditions were near predicted. Due to the in-tank propellant
ratio at restart (excess LOX), the propellant utilization system caused

a hardover high engine mixture ratio (EMR) operation (5.5/1.0 EMR),

with thrust cutback to the reference mixture ratio (RMR) occurring
approximately 83 sec after Engine Start Command. This thrust profile
caused a higher and faster observed trajectory than was predicted and

by itself -vould have caused an 18 sec shorter than predicted second
burntime (see paragraph 7.3.1). The actual burntime was 16.8 sec

shorter than predicted. The guidance system response to the thrust
cutback resulted in attitude commands causing a nose down and to the
right (south). This attitude excursion resulted in noticeable changes

in the inertial velocity and crossrange velocity at approximately

RO +11,580 sec. The nose—down pitch command reduced gravity losses
considerably and produced an increase in inertial velocity from the
predicted inertial velocity history. The excursion had no effect on

the accomplishment of the desired end-conditions of flight. A discussion

of the guidance transient is presented in paragraph 7.4.

7.2.1 Powered Flight Simulated Trajectory Evaluation

Using a five-degrees-of-freedom trajectory simulation program, propulsion
system parameter histories were adjusted so that an S-IVB trajectrr~
could be generated to closely match the observed trajectory (appe 3,
Observed Trajectory). The simulation program employed for first -

second burns uses a differential correction technique which determines
the necessary adjustments to thrust and weight flow from the engine
analysis (section 9) and pitch and yaw engine thrust misalignment angles
from the control system analysis to match the observed trajectory.

These adjustments were determined for first burn by minimizing in a

least-squares sense :he differences in altitude, earth-fixed velocity,
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earth-fixed velocity azimuth angle, and longitudinal acceleration

between the observed and simulated trajectories.
adjustments were determined by minimizing in a like manner differences

in altitude, earth-fixed velocity, earth-fixed velocity azimuth angie,

and earth-fixed downrange position.

Differences between the observed ar. similated first and second burn

For second burn the

trajectories are presented in figures 7-41 and 7-42, respectively.

The

average and maximum deviations between the actual and simulated trajec-

tories are:

First Burn

Parameter

Altitude (ft)
Earth-fixed velocity (ft/sec)
Earth~fixed veloczity azimuth angle (deg)

Lengitudinal accelcration (ft/secz)
Second Burn

Altitude (ft)

Earth-fixed velocity (ft/sec)
Earth-fixed velocity azimuth angle (deg)
Earth-fixed downrange position (ft)

The maximum and average deviations are small, indicating cowpatibility
between the shapes of the propulsion parameter histories, determined

by engine analysii, and the observed trajectory.

Average Maximum
Deviation Deviation

6.9 10.7
0.844 1.890
0.00752 0.019
0.0726 0.185
79.8 130
0.90 1.90
0.009 0.038
54.6 105

However, to obtain

a match of the observed trajectory, thrust and weight flow during first

burn were 0.71 percent and 0,5€ percent,

determined by engine analysis; during second burn the simulated actual

-espectively, higher than

thrust and weight flow were increased by 0.81 percent and 0.67 pcrcent,

respectively, over engine analysis values.

Fngine analysis specific

impulse was correspondingly increased by 0.14 percent during first Surn

and increased by 0,02 percent during seccnd burn,

Histories of the

4
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predicted and simulated thrust and weight flow are presented in figures
7-43 and 7-44 for fir * and second burn, respectively. The average

values for these paiameters are:

First Burn

Parameter Predicted Actual
Average thrust (1b) 225,343 233,852
Average weight flow (lb/sec) 532.33 528.68
Avera_ ' specific impulse {sec) 423.3 423.4

Secornd Burn

Total average thrust (1b) 201,110 205,300
Total average weight flow (lb/sec) 471.3 48l.%
Total average specific impulse (sec) 426.7 426.0
Average th.ust at high mixture ratio (ib) - 226,090
Average weight flow at high mixture - 535.51
ratio {i%/sec)

Average specific impulse at high - £22.20
mixture ratio (sec)

Average thrust at reference mixture 207,119 197,381
ratio (1b)

Average weight flow at reference 471.3 461.40

mixture ratio (1b/sec)

Average specific impulse at reference 4+26.7 427.7%
mixture ratio (sec)

These results ind‘cale a 0.7 perc.nt lcwer thrust and weight flow than
predicted for first burn. During second bur.. the actual thrust and
weight flow during the RMk cpevation (after mixture ratio shift) were
lower than predicted by 1.8 percent and 2.1 percent, respectively,
vhile the actual specific impulse i e R during operation was 0.26
percent higher tiian predi:-ed.

The maximum inaccuracies in the simulated propulsion parameters due to

the cbserved trajectory and simulation uncertainties are escimated to

be V.2 perzent for “tru.* and weight flow and 0.3 percent for syzcific

N
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impulse. An additional inaccuracy is added by the uncertainty in the
ignition and cutoff weight. As a result, the total inaccuracy ir thrust,

weight flow, and specific impulse is 0.3 percent in each.

The pitch znd yaw thrust misalignment angles for first burn, as deter-
mincd from the flight simulation, were unrealistic and not consistent
with miralignment angles indicated by control and guidance parameters.
It was concluded that considerable inaccuracy exists in both altitude
and crossrange data in the observed trajectory for first S-IVB burn.
This was probably due to limited vehicle tracking coverage during

S-IVB first burn. Only one tracking site, Bermuda, was available
during most of the first burn. The pitch and yaw thrust misalignment
angles for second burn, as established by control system and trajectory

analysis, compare favorably. The values obtained are given below.

Second Burn

Control Analysis Simulated
Parameter
_— Value Value
Pitch thrust misalignment (deg) 0.25 0.25
Yaw thrust misalignment (deg) 0.36 0.69

A positive pitch misalignment produces a nose—above-commanded attitude,
and a positive yaw misalignment produces a nose-left-of commanded

attitude (looking downrange).

The steady--..ate thrust vector was located relative to the vehicle

during second burn as shown below:

fa e

PITCH PLANE YAW PLANE
— POSITION
VEHICLE CENTERLINE
PLANE III "'_

]
|
|
[ r——t+—-—-—
|__VEHICLE POSITION POSITION
: CENTERLINE PLANE 11 PLANE IV
i

STEADY-STATE L STEADY-STATE

THRUST VECTOR POSITION THRUST VECTOR I 0.69°

PLANE I
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The simulated S-IVB stage weights and predicted values are:

First Burn Second Burn
Predicted Simulated Predicted Simulated
Engine Start Command 352,015 353,050 277,741 275,790
Engine Cutoff Ccmmand 280,408 278,581 133,282 136,070

These weights were derived from the composite best estimate ignition and
cutoff weight. The weights were determined by finding the point on the
trajectory reconstruction line statistically closest to the composite
best estimate point. T.e first burn simulated masses presented above

we e determined using a best estimate ignition and cutoff mass established
prior to the solution presented in section 8. The discrepancy introduced
in mass is less than 0.1 percent. This percentage wculd have negligible

effect on the analysis.

The flaght simulation verifies the 6.1 and 16.8 sec differences between
predicted and actual guidance cutoff time for first and second burn,
respectively. Components of the long first burn time and short second

burn time are:

First Burn

. Burntime Component
Coatributor

(sec)
Slow S-II/S-IVB separation velocity 6.1
High S-II/S-1IVB separation altitude -1.1
Low S~-IVB thrust 0.4
High S-IVB initial propellant weight 0.6
Total 6.0
Second Burn
Contributor Burntime Component
lbutor (sec)
Slow S-I1/S-1IVB separation velocity =5.0
High S-11/S-1IVB separation altitude 0.3
High CVS thrust -0.3
High-stop engine operation -18.0
Low thrust and weight flow at RMR 7.0
Total -16.0
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The t-tal of these components is in close agreement with the difference

observed for each S-IVB burn.

7.2.2 Orbital Simulated Trajectory Evaluation

The AS-501 mission was sensitive to parking orbit CVS thrus. from two
standpoints: (1) waiting orbit injection accuracy and (2) launch

vehicle (LV) performance capability. Prior to the flight, it was known
that higher or lower than predicted CVS thrust would produce onboard
1?vigation errors which wculd directly affect LV accuracy capability.
Also, it was known that lower than predicted orbital boiloff could create
a performance problem by requiring low step (4.5 EMR) operation cf the
J-2 engine to remove the excess hydrogen onbouard 2t the start of second
burn. For each pound of lower than predicted boiloff, 13 lbm of reserve

propellant would have to be used to achieve guidance cutoff.

Using the actual parking orbit trajectory determined from guidance
accelerometer and tracking data, the time history of CVS thrust was
determined which produced a close fit of the observed trajectory. This
actual CVS thrust history compared with the predicted CVS thrust history

is presented in figure 7-45.

Figure 7-46 compares the difference between the observed altitude during
parking orbtit and the altitude as calculated using both actual and

predicted CVS thrust.

Figure 7-45 shows that the actual CVS thrust was within tolerance except
early in the first orbit and late in the second orbit. The actual CVS
thrust history yields a total impulse 4.8 percent lLigher than predicted
which indicates higher than predicted orbit boiloff.

These results are in good agreem=nt with results obtained from the PU
syster and onb ird temperature and pressure instrument evaluation.

Since the boiloff was higher than predicted, this contributed to the PU
system causing a Figh stop (5.5 EMR) operation early during second burn.
The high boiloff actually enhanced LV performance capability since high
LR was more optimum *han low or nominal EMR operation for the AS-501

mission.
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7-10

Since the actual CVS thrust was very close to predicted, even though it
was greater than the maximum expected CVS thrust during certain regions

of flight, the effect in injection errors was negligible.

7.3 Analysis of Special Areas of Concern

The transient in the commanded angles which occurred approximately

80 sec after Engine Start Command was investigated to determine the
cause for the transient and whether or not it was normal response of the
guidance system to the actual second burn S-IVB stage performance. To
accomplish this, a five-degree-of-freedom trajectory simulation was
conducted using actual S-IVB stage engine performance data and actual

iterative guidance mode presettings.

The results of this simulation are shown in figure 7-47. The close
agreement between actual and simulated guidance commands shows that
the cause of the guidance transient was due to the thrust cutback and

that guidance response to this shift was normal.

The transient in the guidance command angles resulted from the guidance
system changing from calculating steering commands, based on the
artificial tau mode acceleration level, to the actual inflight accelera-
tion level at RO +11,565 sec. The artificial tau mode acceleration
level was preprogrammed for a 5.0/1.0 EMR engine operation. At the end
of the artificial tau mode the actual vehicle acceleration was much
higher than the preprogrammed value due to the actual high thrust engine
operation. This introduced a step function of acceleration into the
guidance equations and resulted in a large change in the guidance
commands. Shortly after the end of the artificial tau mode the filtered
acceleration, used by guidance, responded to the thrust cutback and

the guidance commands began to recover to nearly the values previous

to the artificial tau mode period. On AS-501, the artificial tau mode
was forced to occur and end at a fixed time in flight and the selected
time did not provide protection against the effects of actual thrust

cutback.
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Figure 7-18. S-IVB Stage Inertial Flight Path Azimuth Angle History - First Burn




Section 7

Trajectory
-60 T
|
5 | |
THETA (M) | |
-70 + 1 |
~ l N S'II/S-IVB" ]
§ SEPARATION S-IVB |
& | | ENGINE )y
: | | CUTOFF
S |
= g0 } | 4
o
' l CHI SB P \ | |
g | | l
g n i !
2 + Ny } 0
w g S-IC/S-11
3 |‘ SEPARATION \ ! :
£ ! I [
-100 } t +
' R |
1 | ===
| LN T
-110 1 | 1
100 200 300 400 500 600 700
TIME FROM RANGE ZERO (SEC)
Ficure 7-19. S-II/S-1vB Stage Pitch Attitude Angles - First Burmn
1 T 1 | 1
S-1C/S-11 S-11/5-1VB S-IVB |
SEPARATION SEPARATION %) ENGINE [y
CHI SB Y CUTOFF * |
|
@ |
&
e |
z A {
S AN LJ ]
1 7 }
M '
g |
" } \i
é | i\
- | |
= -1
« | o
| g
| o i
| I
! ]
| |
| |
- | |
100 200 300 400 500 600 700
TIME FROM RANGE ZERO (SEC)
Figure 7-20. S-II/S-IVB Stage Yaw Attitude Angles - First Burn
1-83

- -t

e R S RN WORGm



Section 7
Trajectory

W

\-PHI )

ATTITUDE ANGLES - ROLL (DEG)

0 e b d 'A o e vaana be
| \ | l
1 CHI SB R 1 |
-1 1 | !
| 1 T
) 1 S-1vB |
S~1C/5-11 S-11/5-1v8 ENGINE )y
-2 ¥ SEPARATION SEPARATION CUTOFF
100 200 300 400 500 600 700
TIME FROM RANGE ZERO (SEC)
Figure 7-21. S-1I/S-IVB Stage Roll Attitude Angles - First Burn )
ACTUAL
6 ~ = ~ PREDICTED
1
| &
MIPARKING ORBIT INSERTION /,\{
66 t Y
1 / |
I /01
S
~ 65— 7
T | / \\\ (
o i Py |
S pup—t \ rany, 1
S ‘\ I
g | / \
= ol \\ !
W S ~J~ \Sr !
s i !\ /\\/ \\J/ |
SR B AN [
z | \\ f |
1| \N A |
'\ \ vl
61—} I/ }
| ~ $-1vB RESTART
sol_| | 1
1 2 4 5 6 7 8 9 10 11 12
TIME FROM RANGE ZERO (1000 SEC)
)
Figure 7-22. Parking Orbit Altitude History

1-24



Section 7
Trajectory

INERTIAL VELOCITY, Vl (i0 FT/SEC)

2570

ACTUAL
= == o= PKEDICTED

2565

T

\

PARKING: ORBIT INSERTION

2560

2555

—t-—t =g

2550

2545

2540

—————————1-U

S-1V8 RESTARTIM

—
N
W

4 5 6

TIME FROM RANGE ZERO (1000 SEC)

7

8

9

10 11 12

INERTIAL FLIGHT PATH ELEVATION ANGLE, Yll' (DEG)

0.8

0.6

0.4

0.2

Figure 7-23. Parking Orbit Inertial Velocity History

ACTUAL
— — — PREDICTED

| |
I PARKING ORBIT INSERTION |
} i
1 |
! |
4 e
v |
! I
! |
| |
i |

HaL.#('&‘ 1
| |
) |
} |
| |
! ~ '
| S-IVB RESTARTH]
! 1

0 1 2 3 4 5 6 7 8 9 10 11 12

TIME FROM RANGE ZERO 1000 SEC)

Figure 7-24.

Parking Orbit Inertial Flight Path Elevation Angle History

1-25



uJang puodas - A403IstH apn313ly 3ubily 8bels gar-s  r9z-/ sunbiy £u03sLy 21buy yInwizy yied 3ubLi4 LeLIABU] 31QU0 Bulted -gz-7 aunbiy

(03S) O¥3Z MWV WONS FWIL
(935 0001) OXIZ 39NVY WO¥J FIL
0081 0S£°TT  00£°I1  0S9°IT  009°T1  0§5‘IT  00S‘lI om:.ﬁ 21 1L ol 6 8 ] 9 s 4 € z 1 0
L L) T [ 0s
| “ _ |
l
— JLT 9 “ Py aN oo
| - | \ !
| |
— 4 8 “ +—{oz
| | 2
[ | - “ |
“ /. o1 m . \ \ |_]og
_ _ : |
_ _ > _
! a2 |
H 4 i 3 06
| Y ] > _
! | g l
“ L-l hi H m + 001
| \ I ~ | / _
|/ | _ \ _
7 t 91 i +—ot1
1¥v1S3d 9AI-S | l ETRRGELY] |
I any YLV |
: 81 _ ozt
4 _0&98 ] T A\ AN |
INTONT -
. - ¥ ori-s _ M LevLS38 @Al NOILY3SNI L1680 uzca&t
. : [ Lo (] N i My N /1
A31710d = — — — —
/ TNLIY
~&
e
o u
-
e
(23]
@
v

(930) , 194 “T1OoNV HLWIZY HLVd LHOITd WILYNI

1-26

L R T




uang puodas - A403sLH uoi3Lsod 3buesssoud Jubii4 9beIS gAI-S gz-f Bunb}4 udng puodas - Auo3siy cbuey punoug ubi|g 3beas gal-s " £2-L 3unbid

1-27

~ >
i
o O
[ Y]
- O
o
o
QU ©
(70 )
[
(93S) O¥IZ FONVY WOUd FWIL (03S) OYAZ FONVY WO¥d IWIL
s s L4 L4 £ 4
008 :_ cmn.: 0011 059711 00911 0SS‘T1 005711 _ om:.wwu 00BIT  0SL°IT  00Z°TT  0S9°II  009°IT  OSS‘ITI  COS‘IT  OSHIT
440LN) b
¥ NIona | | N
| BAI-S X \ | |
N v S1- 1 | z
| v i |
_ . = _
/ . & I o
_ Z t 01-% | | 2
; \ { £ _ — g
) 7 4 | m | |
] 7 T 3 | ! :
Z a ] 2
— \\ _ u “ — h ~
| |, 2 _ _ .
“ 4 7 | m “ | ,.“
! / X = | I 5
s ° 3
i ! < _ | S
i I g ! | 3
I [ _
| _ |
| |
| | _ i £
] 1 5t | (20100 wisH aal-s il
L ENENE! 1NLS
_ LAvVISTY m>T_m 0“ _ m>Um _T “
pepm—— 8
a3 1a3ud 0z Q319 10Td = = — — =
iy ——— LY




Section 7
Trajectory
ACTUAL
oo - == PREDICTED
110 —‘| l
| - /\ |
109 y, = {“ S
N
i \\/ \ !
| \\ \ |
% | \ I
= l y |
S l \ |
w l \ |
o~
>—
ot 104 1 '
2 ' ) 7
8 I r\ \ '/l
g L N\ 3
105 \ VA
% kS-IVB RESTART \\L /’ :
Pl
@ 102 +- e '
S |
S I
© |
101 1 s-1ve ]
| UNGINE M
100 1 CQTOFF |
11,450 11,500 11,550 11,600 11,650 11,700 11,750 11,800
TIME FROM RANGE ZERQ (SEC)
Figure 7-29. S-IVB Stage Flight Crossrange Velocity History - Second Burn

7-28

- e »



vection 7
Trajectory

ACTUAL
= e = <= PRET [CTED
310 : T
% . 305 + A—/—'
. | /
. 300 | 2
¢ M |
: A \§ s-1vs restart / /
3 S 295 | A7
i 2 | 7
¢ £ | /1
; < | / / [
& -~ 285——t T t
i - | / / '
. £ 280 L ' 7 +
¥ g ! / A !
3 = 27+ ] g 7 |
2 /
S I / L/
- . ] I
E 270 | + T s-1vE
4 : 2 ENGINE :
s
265 " AL ___ CUTOFF
] ”
| - |
260 + —- I
| /
255 ' l I
1,450 11,500 11,550 11,600 11,650 11,700 11,750 11,807
vl (T . TIME FROM RANCE ZERO (SEC)
Figure 7-30. S-IVB Stage Flight Inertial Velocity History - Second Burn
o ACTUAL
U € . — ~ = PREDICTED
» >
SR ® 1 l | | [
R |4 5-1vB RESTART
3 | |
|
SR 40 |——+ Vo }
- 0O | / |
’ (8]
w l / l
v
= |
-
: g ) I
_ 30 } I
: <& I
H 2 .- |
£ I |
g 20— i
w ' |
5] [} I
Q
< I
g |
z I |
2 10 }—i
|| :
S-1vB
I ENGINE Y
|L ! CUToFF )
u
o 11,450 11,500 11,550 11,600  11,€%0 11,700 11,750 11,800
~of TIME FROM RANGE ZERC (SEC)

Figure 7-31. S-IVB Staie Flignt Axial Acceleration History - Second Burn

1-:9




R RS

Secti n 7

Irajectory

ACTUAL
~ ~ — — PREDICTED
o 20
& l ! ' |
S |‘s—1vs RESTART
- ' |
R | |
o 15—

] | |
z | |
S i

0 1 |
g 10— }
z 1 |
3 ! P l
<

a 1 |
- }

g s t 4
my |
- i

< | s-ive |
v 1 encine Pl
£ o L1 CUTOFF " |

11,450 11,500 11,550 11,600 11,650 11,703 11,750 11,800
TIME FROM RANGE ZERND (SEC)

Figure 7-32. S-IvB Stage Inertial Flight Path Elevaticn Angle History - Second Burn

—— ACTUAL
— — — PREDIZTED

= 110 T 4 .

4 M S-1VB RTSTART |

Z | |

E 105 4 t

2 | 1
~ =

£ 100 S _;__”.—g-—a- - | l

- T= | M

£ & 22 i

3 ~ i |

s 95 1 i i

|

z | S-1vB

S ) smneﬂ

g 90 1 L __CuToFF |

11,450 11,500 11,550 11,600 11,650 11,700 11,750 11,800
TIM: FROM RANGE ZERC (SEC)

1-30

Figure 7-33. ,-iVB Stage Inertial Flight Path Azimuth Angle History - Second Burn
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Mags Characteristics

MASS CHARACTERISTICS

8.1 Mass Characteristics Summary

The AS=-501 third flight stage (S-IVB-501, IU, and payload) mass summary
presented in table 8-1, and the mass characteristics presented in

appendix 1 are best estimate values.

8.2 Mass Properties Dispersion Analysis

Figures 8-1 through 8-8 present a comparison of the predicted vehicle
mass characteristics and three-sigma dispersions, versus the postflight
vehicle mass characteristics for the AS-501 third flight stage during
S-1VB first and second burns. The figures show the postflight mass

properties were within the } -edicted three-sigma dispersion bands.

The predicted dispersions were determined from a statistical analysis
of component mass properties uncertainties and are referenced relative

to time from Engine Start Command rather than event.

8.3 Third Flight Stage Best Estimate Ignition and Cutcff Masses

The best estimate method is a three dimensional statistical analysis
of data from five mass measurement systems. This method develops a joint
probability density function from which the most probable values and

accuracies for ignition and cutoff masses are determined.

Three measurement systems provide unique values for ignition and cutoff
mass while two ecystems provide a linear relationship between them. The
best estimate method combines the unique values with the linear re-
lationships to compute the most probable value for ignition and cutoff
mass. This technique provides the optimum stacistical evaluation of
flight vehicle ignition and cutoff mass by constraining each measurement

system to its intrinsic evaluation capability.

The ‘ive measurement systems used in determining the best estimate masses
are: (1) PU volumetric, (2) PU indicated (corrected), (3) 1level
sensors, (4) flow integral, and (5) trajectory reconstruction. A brief

description of these measurement systems is as follows:
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a. The PU volumetric system measures propellant mass from raw PU
probe output data reduced according to volumetric calibration

slopes and volumetric flight nonlinearities.

b. The PU indicated corrected system measures propellant mass
from PU probe output reduced according to the preflighc cali-
braticn slope and adjusted for flight flow integral non-

linearities.

c. ‘The level sensor system measures propellant mass at sensor

activation and this mass is extrapolated to ignition or cutoff

':ﬂ.

mass from .light flow integral data. This stage has level

Lo,

iy

mass was 279,038 +404 1lbm. For second burn, the third flight stage

i

§ s .sors located throughout the length of the propellant tanks.
S
) d. The trajectory reconstruction method provides the linear

relationship between ignition and cutoff mass which satisfies
: the observed trajectory.
4
e. The flow integral method provides a linear relationship between

f} ‘gnition and c. .off mass which represents propellant consump-
3% tion derived by integrating propellant flowrates as a function
~i;§ of time.
©o4
{f? Figures 8-9 and 8-10 show a graphical presentation of the best estimate
R

1§ analysis for first and second burns, respectively. TFor first burn, the
;é third flight stage ignition mass was 353,145 +460 lbm, and the cutoff

k]

ignition mass was 275,730 +438 1lbm, and the cutoff mass was
136,365 +279 1lbm.

Figures 8-9 and 8-10 show the trajectory reconstruction and flow
integral linear relationships intersect at a conciderably lower ignition
and cutoff mass than the bes” estimate values. These data indicate a
bias exists between the linear relationships and the unique measurement
systems. An error in total mass of payload, IU, and S-IVB dry stage
affects the ignition and cutoff mass values from each unique system

Ca equally for both first and second burns. Consequently, if the actual
mass valuz of payload, IU, and S-IVB dry stage were less than provided,
the resulting best estimate would more closely agree with the linear

relationships intersection.
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8.3.1 Best Estimate Program Input

Table 8-2 presents a summary of the values used in determining the best
estimnate ignition and cutoff mass. For the unique measurement systems,
the LOX, LH2, and non-propellant mass values and their predicted dis-
persions are shown in addition to the total 1ass value and dispr.rsion
used for comjutation. The linear relationship values are presentad as

utilized for best estimate analysis.
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TABLE 6-1
MASS SUMMARY (1bm)
ITEM S-1C S-11/S-1VB S-1VB END QOF:::EENT S-IVB S-1vB RESTART
LIFTOFF | SEPARATION | FIRST ESC | FUEL LEAD THRUST FIRST ECC | FIRST ETD*! PREPARATIONS
Launch Es.ape 8,710 e 0 0 0 0 0
Frost 300 0 0 G 0 0 c 0
Separation Pkg 52 0 0 0 0 0 0
Ullage Rkt Grn 117 114 108 iy 0 9 V) 0
Ullage Rkt CSE 131 151 131 131 131 0 0 0
Command Module 11,951 11,991 11,991 11,991 11,991 11,991 11,991 11,991
Service Mc "1l2 9,596 9,596 9,596 9,596 9,596 9,596 9,596 9,596
SM Propellants 30,075 30,075 30,075 10,075 30,075 30,075 30,075 30,075
Adapter Ring 91 91 91 91 91 91 91 91
Adapter (SLA) 3,790 3,790 3,790 3,790 3,790 3,790 3,790 3,790
LEM Test Artcl 29,500 29,500 29,500 29,500 29,509 29,500 29,500 29,500
Veh Inst Unit 4,756 4,756 4,756 4,756 4,756 4,756 4,756 4,756
S-IVB-5C1 Dry Stg 26,326 26,326 26,326 26,326 26,326 26,326 26,326 26,326
LOX in Tank 24,028 194,028 194,028 194,028 193,648 131,424 131,267 131,133
LOX Ullage Gas 15 35 35 39 42 234 234 375
LOX Below T=uk 367 367 367 367 397 397 367 367
LH2 in Tank 41,125 41,095 41,095 41,083 40,956 29,607 29,577 26,669
LH2 Ullage Gas 78 108 108 108 103 141 142 338
LH2 Below Tank 43 48 48 53 58 58 48 48
Cold Helium 319 319 319 319 318 272 272 272
APS Prop + He 622 622 622 622 622 622 620 520
GH2 in Start Trk S 5 5 5 1 7 7 7
Hel? :m Repress 78 78 78 78 78 7o 78 78
Service Items 30 30 30 30 30 30 30 30
£nv Cont riuid %3 43 43 43 s3 43 43 43
TOTAL MASS 362,214 353,149 353,143 353,053 352,549 279,038 278,810 276,015
'f::lc-:)mou RINGE ZERO 0.263 520.5 520.7 523.7 526.2 665.6 667.3 11,159.6

*End of thrust decay

FOLDOUT FRAN.

8-4




BLE 8-1
JMMARY (1bm)
R RESTART S-1VB END QOSgggggNT PU VALVE S-1IVB S-1VB CSM END
PREPARATIONS | SECOND ESC | FUEL LEAD THRUST CUTBACK | SECOND ECC | SECUMD min*| SEPARATION
0 0 0 0 0 0 0 0
0 0 0 0 0 0 U 0
0 D] 0 0 0 0 0 0 0
0 0 0 J 0 0 0 0 0
0 0 0 0 0 0 0 0 0
11,991 11,991 11,991 11,991 11,991 11,991 11,991 0 0
9,596 9,596 9,596 9,596 9,596 9,596 9,596 0 0
30,075 30,075 30,075 30,075 30,075 30,075 30,075 0 0
91 91 91 91 91 91 91 0 0
3,790 3,79C 3,790 3,790 3,790 3,790 3,790 3,790 3,790
29, 500 29,500 29,500 29,500 29,500 29,500 29,500 29,500 29,500
4,756 4,756 4,756 4 756 4,756 4,756 6,756 4,756 4,756
26,326 26,326 26,326 26,326 26,326 26,326 26,326 26,326 26,326
131,133 131,129 131,129 130,817 107,519 14,540 14,412 14,342 14,342
375 380 383 385 410 522 522 459 459
367 307 367 397 397 397 367 3€7 367
26,669 26,579 26,547 26,394 22,204 3,631 3,603 2,941 2,941
338 390 392 393 411 492 493 940 940
48 48 55 58 58 58 48 438 48
272 272 269 268 251 177 177 177 177
529 335 333 333 329 310 310 289 235
7 7 7 1 7 7 7 7 7
78 26 26 26 26 26 26 26 26
30 30 30 30 30 30 30 30 30
43 43 43 &3 43 43 43 43 43
276,015 275,731 275,709 275,271 247,811 136,364 136,162 84,041 83,937
11,159.6 11,486.6 11,494.5 11,497.1 11,550.1 11,786.2 11,787.7 12,386.4 25,000.0

o FRME )




uy
© o
g - &
o &
- 0
ST LT8* 0 978970°2 uo3oni3suEday A1030afeag Nng
o 8 258F TLO*6ET 01 Te1823u] MOTJ aNodas
m 650°T+ 4 p) 61€L92°T uctioniisuoday Linydelelry Nnang
& 95+ 50 YL 0°1 Tead2a3ul ro14 1S¥1d
0
& . - WALSXS
8 (waT) do¥¥E (WqT) L1dSO¥EINI 4d01S LNIWAEASYER INIAT
SJdIHSNOIIVITY UVANI'T
(p@3o91102)
995+ 189°9¢T onZ+ | €ELLTT zeT+ | sIs’e S6h+ €ET CT Po3IBdTPUI nd
8.9+ L0V 9€T ove+ | €eLLTT SLT+ | S6S°t 609+ 6L0°ST losuag TaA] 3d
996+ LTS9€ET onZ+ | €eL/TT ZeT+ | seL'e S6Y+ 650°ST 9Fa32un[op Nd 7003
(p@30a1a02)
z66+ _ | €9v°sLe 8ET+ | LO9YLTT (ze¥ | TLL'9T | 986+ _ | SBO°TET P238dTPUI Nd
%90°T+ | %95°S’T geT+ | L09fLTT L9T+ | 96%°9Z | €20‘T+ | T97°'T€T | ~08UdS TPAIT 34
LLL+ SH9°SLT 8eZ+ | L09°LTT TeZ+ | £S9°9T | 60L+ T8E°TET dFa3sunIop nd zosa
(p@3091302)
966+ L95°8L7 €€+ | TSSeLTL LyT+ | 799°67 | 9te* €SE°T1ET Pa38ITPUI Nd
£6.+ zsL'6Lt €7+ | TSSLTT 66T+ | vi8°6T | TE€L+ 92€2ET | Iotudg TAAdT 34
LLL+ 608°8.7 €ET+ | TSSLTT 6T+ | LSS‘6C 80L+ 00L“TET dF133WNTOA nd 1003
(pe3091102)
9T+ | zzo‘zse T€T+ | £L09°LTT EVEF | LOT‘TY | O0BE'T+ | 80E‘E6T P23BITPUT nd
LTO'T+ | S8LESE €T+ | L09°LTT 99Z+ | 80v" (7 | 696+ 0LL°96T | 3Iosusg 12437 34
LTO°T+  T06°TSE TET+ | L09°LT1 99Z+ | v66°cY | 696+ 00€ ‘761 oFa3suntop nd 1053
Il
¥oyyd (147 Jowyd anva ¥ouyd ANTVA youya ANTVA
WALSXS
(uqr) IN3AT
w
(wa1) 1ViOL INVTI043-NON (uqT) ZH1 (wqT) X01 | INIRTINSVAN
SWALSAS INIWIUNSVIW INDINA
SANTVA LNANI WV¥O0¥d FIVWILST 1sdd
z-8 A14VL
® ‘ o Ty
. e’ s’

L el P

fo st S A AN B e RO TR . - R
e el e o ORI ket i : N S




Mass Characteristics

Scetion 8

udng pucdas - ssey tojyap I6ers 3ybi(d Pyl 2-8 a4nbiy UINg 3Sd}d ~ SSBY 3|OLYap 36015 3uB 4 PALYL “|-C 2unBL4
(24S) CNYWWOD L¥VLS INIONT WONd FWIL CI35) ONVWWOD L¥VLS INIYNI WO¥4 WIL
LZ¢ 00E 08. 092 04z 0ZZ 002 081 091 OhT 021 001 08 09 0% .z _0O 091 041 0zt 001 08 09 04 0z 0
Yozt 04z
— ..1. _ —
051 L
S LN
7 - 0+.1 082
SN a \
v.l'/ .I”/7 — —oet 4 / .
I
N //// L / AN
Y / 091 /[/4 062
/L/ //. N
. \ 01
ﬁ 7 NS ////
= 3 / 081 : /; 00€
N A—NOIS¥3d" 10 NIW z N\ | ——NO1S¥3dS1a NIW
ARl o6t YN //\
h ~
N /474/ =1 // N W
< N ooz 8] 5 0zs &
| D Y ~
& N TYNIWON -~
YN TIWON = \
~ // _ 02z N ozs B
/f Jf/ / N // <
— Lo P // ——one : NN 05§
/ AN w/ sz ﬁ ’ ///
NO1SH¥3dS1d XYW L:\ AN N NOIS¥3dSIA XWW //// R
N 14 ,/ ong
N - /
\ \,
A 0l N\
N R // \
/ "~ N
082 DA\ W 4
| 062 f
CaLIIqTd— — = —
1 0
vNLoY 43[0103d = = — — 9t
WLV

8-6

e s e - ., R A T tacad
. .,



e

#

52
-

Section 8
Mrss Characteristics

o\

e

om—— ACTUAL

e ,;ﬁ';';,'%‘" ‘I v
AR PN

o= = = - - PREDICTED
510 I I Y
R T/T
.‘&' /
: 30 . 7
8 v d -
3 MAX DISPERSION—\| P/ /
§ 1 ~F r
99 P z
é« M ” -, /
¥ L~ 3 -,

480

HORIZONTAL CENTER OF GRAV.TY (IN.)

£
U

)

\

\A
\x

X
\L
\

/
.——f"” = ~
A - — MIN DISPERSION
4+~ /" A
NI - "
e L~ r’
M -’-
ol 1
u60b. et l . |
o 10 20 30 %0 50 60 76 80 90 100 110 120 130 140 150

TIME FROM ENGINE START COMMAND (SEC)

Figure 8 3. Third Flight Stage Vehicle Horizontal Center of Gravity - First Burn

ACTUAL

850 — = — — PREDICTED

800 7

l 7
~
2 750H— ,/ —A—
" v
S MAX DISPERSION / /a
g 700 I 7//
w | ,y Y L
=} i PR
o 650 >
= 7 4
& " =
é -’/ % /',
_; 600 - e
4 =g 2
= p”
: |1 =1 _1-1C
S — 1 MIN DISPERSION
% = =
b 4 - -
‘AK "/_q/’/‘r ol /r' — NOMINAL
500—=<f ==
Y5030 R0 60 CO0 100 120 140 160 180 200 220 240 260 280 300 320

TIME FROM ENGINE START COMMAND (SEC)

Figure 8-4. T[hird Flight Stage Vehicle Horizontal Center of Gravity - Second Burn




[OPR

DER RS XA

[UERE R

. w

PRI\ B

A e Lk

Section 8
Mass Characteristics

—— =~ACTUAL

= == - PREDICTED
& L7 T ]
T X FMAX DISPERSION
-4

§ | S TSP (. P -— bl Badiie KN AT R N [y S
. 1.45
(=]
o
=
2
> 143k
« a—— = MOMINAL
£ ) /]
o« -— R e Ry Jap § e e e it T Sup S I
[ r : I I - -L

1.41
&
_
2 —MIN DISPERSION
g | 1
€ 1.39 g l
-
al | R " R ————r— -k—--——————L——--————--
of

1.37 J

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

TIME FROM ENGINE START COMMAND (SEC)

Figure 8-5. Third Flight Stage Vehicle Roll Moment of Inertia - First Burn

ACTUAL
- = — — PREDICTED

1.45 N DISPERSIG

ﬁ - DISPERSION

| _ 1 S . A ‘.T_J.____
1.43
I—»—NOMINAL

1.41 '

N O Y O

P e e e —

e

f MIN DISPERSION

= — = — L]

P — e

ROLL MOMENT OF INERTIA (100,000 SLUG FT2)

s

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
TIME FROM ENGINE START COMMAND (SEC)

Figure 8-6. Third Flight Stage Vehicle Roll Moment of Inertia - Second Burr



T ]

-

¥ dmBd Fa

LR Y

RN

Section 8
Mass Characteristics

ACTUAL
= = = = PREDICTED
10.0
e —— = [MAX DISPERSION
T 9.0 T
g s _— 1
O ~-§->
(2] -~ L.
8.8 =
2 -
o
= ¥ ==
S 8.6
= B4 [/ ﬁl\
] | _ NOMINAL =
['Y] -~ — e Y h -~
= 5.2 Bt 298 | Y=
O -~ +~~1 |~ MIN DISPERSION
= it SV ¢
o 8.0 ™= -
2 [~ <~
T ~. -
2 7.8 = - —
o N ~<
7.6 i
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
TIME FROM ENGINE START COMMAND (SEC)
Figure 8-7. Third Flight Stage Vehicle Pitch Moment of Inertia - First surn
ACTUAL
= = — — PREDICTED
10
LT — e J
¢ pd-t-1 7Tt~
E MAX DISPERSION— T~+~L
g 8 =
@ =~ = — NOMINAL
2 S~ .y
S >~ s
|
S I \\
3 6 ~+ .~
— ~J T
~ 1 — - \~\ N
< | ™~ \ ~
3 ~1 AN
In] MIN DISPERSION1 ~d \\
z [~
4
5 N
= ~
¢ )
§ N
: N
2 S
E N\
a AN
N\
0 i
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
TIME FROM ENGINE START COMMAND (SEC)
Figure 8-8. Third Flight Stage Vehicle Pitch Moment of Inertia - Second Burn



Section 8

Mass Characteristics

- m o
udng puodas - SISuBW 3ewils3 3sag [euld abels ybi(4 paul -0(-8 unBL4 udng 3s414 - sassey d3ew)sy 3sag |eury dbeis .4 paLyy “6-g adnbiy
(W81 0001) SSVW 440LND 3NIN3 (W1 0001) 430LND INIINI
81 et 9T L1 082 62 842 Lz
| K €31
IVHITINT MO ey /
| 7
S3ISSYW YOSN3S \\\
J3ATT IN1Od S3ISSW
_ _ (a3.53%400)
SI5SYW / Q3LVIIONI Nd
J1¥LIWNTOA Nd I/
q _ = Y 5Lz : ~ 74 27
S3ISSYW (Q3LITWIOD) / /
G3LVIINI Nd / 3d013AN3 I
|/u / 3LWILS3 /
S3g —\
v \h’ 1 \
N - /
NOI LINYLSNOITY 3 / —TY¥93IN] =
L AYOLO3MVYL g / MOT4 ; =
~ 942 4 g5 2
\. & /4 z
S3ISSYW &
3LWWILST 1538 o) : SISSWW o
S /4 JTYLINNTIOA N 2
S / o o
7 1
N 3d0713ANI 2 N\, N %
A 31VWILS3 1538 S /] S3SSW S
31VWILS3 1S3g
q\ 112 . NOT LN LSNODIA
\ N 7 A¥OLI3MVYL nse
/ \XI S3SSYW HOSNES
\\ / 73A31 INIOd
7 —
WaT 64ZF S9E‘9ET  :dJOLND Lv W1 hoht BEC6LZ  1d440LND LV
W8T 8EH+ 0£L°S/Z  NOILINOI 1V WA 094% SHI‘E5C  INOILINSI 1V
S3SSW IUWLIST 1538 SISSYW SIYWILSI 1538
8.2 L L 1114

8-10



. % et

Section 9
Engine System

ENGINE SYSTEM

The main propulsion system c¢f the S-IVB stage of the AS-501 launch
vehicle consisted of a Rocketdyne J-2 engine (S/N J-2031) shown
schematically in figure 9-1, associated propelliant ducting, and suffi-
cient condicioning systems. The engine .ras rated at 225,000 1bf thrust
and analysis of the engine and stage acceptance tests .esulited in the

establishment of the following "60 sec tag values" for the engine.

Thrust (F) 225,144 1bf
Engine mixture ratio (EMR) 5.562
Specific impulse (Isyp) 423.4 sec

These tag values weve established with the following engine constants:

LOX Flowmeter 5.5868 cycles/gal
LH2 Flowmeter 1.9098 cycles/gal
LOX Boot: Strap Orifice 0.259 in.2
LH2 Boot Strap Orifice 0.455 in.2
10X Turbine Bypass Nozzle 1.190 in.2

The engine was equipped with a 0.640 sec start tank discharge valve
(STDV) timer in the engine control circuit, however, actuation of the
STDV, which determines the fuel lead duration, was controlled from the
stage through the fuel injection temperature bypass circuit. With such
contvol, the fuel leads w..re nominalily 3 and 8 sec for the first and
second burns, respectively. The engine was modified to juarantee a
satisfactory start trans.eutr for the second burn. .hese modifications
consisted of retiming the main LCY valve (MOV) opening rate, reducing
the augrentea spark ign’ter (ASI) LOX orifice and painting tliz crossover
duct. A modification was made tc the stage »ropellant utilization (PU)
system which allowed the engine to pe started with thz PU valve in the
fully open pcsition for second burn start reliability. The start sphere
vent ard reliei valve was also changed becaise of & leakage problem and
as a result the relief setting of the sphere was reduced to 1,290 psia.

This reduction also inc> 1sed the second burn start reliability.
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Significant engine events during the S~IVB powered flight phase of the

AS-501 mission were as follows:

TIME
EVENT
RO* ESC PRED DEVIATION
¥irst Burn Engine Start 520.717 0 517.8 +2.917
Command (ESC1)
First Burn Engine Cutoff 665.541 | 144.924 £56.6 +9.041
Coumand (ECC1)
Second Burn Engine Start 11,486.567 0 11,483.6 +2.967
Command (ESC2)
Second Furn Engine Cutoff 11,786.265 299.698 11,200.. -13.835
Command (ECC2;

*RU = Range Zero

Comparisons are made to the predictec engine burntimes as pubiished in
Douglas Report No. 3M-4699RB, S-IVB-501 Stage Flight Test Plan, dated

2 November 1967, Revision D,

9.1 Engine Chilldown aad Cunditionipg

9.2.1 Jurboprump Cl.illdown

Chilldown of the engine LOX and LH2 turbupumps was adequate to provide
the condit.ons required for proper engine start during both burns.
Figure 9-2 shows the condition of the LOX pump and figure 9-3 shows the
relative condition of both pumps as they affect the restartable probe.
Turbopump perfecim-.nce is discussed in pavagraph 9.5.2. The analysis

oi the chilldown operarion is presented in paragraphs 11.3 and 12.3.

9.1.2 Thrust Chamber Chill dcwn

9.1.2.1 First Burn

Thrust chmber chilldown .'as initiated at RO -15 min and terminated at

liftoff with a thrust chamber jacket temperature (C0199) of 214 deg R,



Section 9
Engine System

AL

-

Lo 2N

A

L

i,

-2

L

thus satisfying the maximum zllowable redlin. limit of 265 deg R. At

S-IVB first burn Engine Start Command the temperature was 261 deg R

(figure 5-4), which is below the requirement of 330 +50 deg R. The

failure to meet the minimvm requirement at Engine Start Command is the

result of lower than predicted thrust chamber heating during boost.

The thrust chamber chilldown procedures have been re-evaluated in crder

to meet jacket temperature requirements on subsequent Saturn V flights.

The correction will be a shorter chilldown period and a corresponding

revision in the redlire limits at liftoff., The lower tnan predicted

thrust chamber chilldown temperature (figure 5-4) was a result of the

reduced boost heating as discussed above. This deviation was not

detrimental to the start transient. The fuel lead, which is used to

condition the thrust chamber prior to mainstage was 3.008 sec for the

first burn as compared to the required time of 3.0 +0.050 sec (figure 9-4).

9.1.2.2 Second Burn

-_——

The second burn thrust chamber conditioning is performad totally Ly the

fuel lead. The second burn fuel lead duration was 7.962 :c

(8.0 +0.050 sec required) and resulted in satisfactory chilldown of the

engine thrust chamber,

from 524 to 435 deg K and the LH2 iajeclor temperature increased from

305 to 410 deg R then decreased to 162 deg R (figure 9-5). Fuel lea?

performance is further discussed in paragraph 9.4.1.

9.1.3 Engine Start Sphere Chilldown and Loading

The thrust chamber jacket temperature decreased

chilldown and loading of the engine GH2 start sphere met the requirements

for liftoff (figure 9-6).

burn cutoff are presented in figure 9-7.

mance, during start spliere chilldown and loading, is describad in

Start sphere data from loading through first

The GH2 supply system perfor-

section 5. The sphere warmup rate from sphere pressurization to blowdown

was 0.9 deg R/min.

This low warmup rate was due to a revised chilldown

sequence (paragraph 5.4.2.3).

9.1.4 Engine Control Sphere Chilldown and Loading

The engire control sphere conditioning was adcquate and all objectives

were accomplished.

The engine start requirements (2,975 +475 psia and

9-3
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+20 deg R of start sphere temperature) were met. Control sphere data i)
from loading through €irst burn cutoff are presented in figure 9-7.
Significant control sphere performance data from f’'ve previous S-IVB

stage firings are compared in table 9-1.

9.2 Start Sphere Performance

9.2,1 First Burn

lhe J-2 engine start sphere conditions at S-IVB first burn Engine Start
Command during the AS-501 fiight were 1,270 psin pressure and 266.2 deg R
temperature with a mass of 3.62 1lbin as compared to predicted values of
1,270 psia pressure, 285 deg R temperature, ard 3.39 lbm mass

(figure 9-8). The deviations were due to the lack of sufficient data
from the revised chilldown sejuence (paragraph 5.4.2.3) to update the
prediction. This minor temperature deviatic -epizsexted a negligible
increase in the spin potential of the start sphiere for the first bum.
The start tank discharge valve (STDV) was commanced cpen at

ESC1 +3.008 sec and the pressure decay in.. ..ed at ESCl '3.19 sec. )
The blowdown was terminated by the STDV closure at ESC1 +3.805 sec. )
Approximately 2.9%5 1bm of GH2 w-+2 discharged during the 0.61 sec
blowdown with terminal conditions as shown on figure 9-8. 71he start
sphere began to refill with hydrogen from the fuel ii.jection manifoid

and pump discharge immediately upon STV closure. The 1ate of pressure
increase was controlled by the orifices in the refill lines from the

fuel pump discharge and ir ‘ecror. The sta:t sphere precsure increased

to 820 psia at ESCl1l +10 sec vh’'ch equalled the fuel injection pressure
terminating the gas pcrtion cf the refill as shown in figuce 9-9. At
that time topping waz initiated which involves tho flow only from

the fuel pu.p discharge to the start spher: and is characterizec by
increasi.ig pressure due to mass addition an? Jecreasing temperatuve due
to mixing as shown in figure 9-8, The recharge capability of the -=tart
sphere, as defined by Rocketdyne  was satisfactorily demonstrated during
the first burn (figure 9-10) at STDV +60 sec. ihe topping process was
te-minated at ECCl +64.37 sec when the start sphere pres.uure and punp

discharge pressure were in equilil -ium. The pressure level was \
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approximately 1,100 psia at this time which can be seen on figures 9-8
and 9-9, At this time the start sphere temperature was 177 deg R
(figure 9-8) with no further mass increase in the sphere, Heat input
from the system caused a temperature increase and a corresponding
pressure increase along a constant mass line as shown in figure 9-5.

At cutoff the start sphere pressure and tempevature were 1,174 psia and
186 deg R, respectively. As can be seen in figure 9-8 the cutoff
conditions were not within the safe engine restart envelope but were

within the expected performance conditions.

9.2.2 Orbital Coast

Figures 9-8 and 9-11 show a relatively large temperature change at
Engine Cutoff Command with essentially no pressure change; whichk is
impossible without a corresponding mass change. Leakage -vould be a
possible explanation for such a deviation from the constant mass line,
but there is no plausibvle explanation for the reversal of the deviation
as shown by the data. A similar deviation was noted during the AS-203
orbital coast (figure 9-11) and the resultant analysis concluded that,
in the zero-g environment, heat transfer becomes a very localized
phenonenon because of the lack of convection effects. Therefore, the
location, the instzallation technique., and the type of transducer,
effect the acquisition of reliable start sphere bulk temperature

data during orbital coast.

The anticipated temperature rise rate during orbital coast was

0.34 deg R/min with a correspnnding 2 psi/min pressure rise rate.

With such rates the relief settirg (1,290 psia) of the vent and relief
valve would be reached at ECC1l +56 min. fhe actual relief time was

ECC1 +47.24 min resulting from a mean pressure rise rate of 2.46 psi/min,
which corresponds to an isochoric te:perature rise rate of 0.39 deg R/min

compared to the indicited temperature rise rave of 1.08 deg R/min.

The start bottle conditions were wi‘+hin the required restart envelope

at ECC1l +10 min at a pressure of 1,200 psia.
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After reaching the relief setting the temperature continued to rise
until second burn Engine Start Command. The relief pressure level
characteristically drnps with increasing environment temperature. As
mentioned previously, accurate values for this temperature rise are not
available in the low gravity environment. As during the S-IVB-203
analysis, an attempt was made to determine the true temperature based
on the rise of the control sphere temperature and pressure. However,
the control sphere was apparently leaking, thereby complicating the
relationship with an unknown mass flowrate. This resulted in a constant
control sphere pressuare in orbit as discussed in paragraph 9.3. The
first temperature data point during the second burn blowdown was
considered accurate because of the forced convection induced by the
blowdown flow. Extrapolations based on this data were used to determine
a corrected curve shown in figure 9-11. Figure 9-11 compares the

] orbital coast data from the S-IVB~203 and S-IVB-501 missions. During
5;’ tue S-IVB-501 orbital coast (130 min) an estimated 0,85 lbm of GH2 was
vented through the relief valve to maintain the pressure as indicated

o in figure 9-11.

9.2.3 Second Burn

. e #4 tamd ot -

The J-2 engine start sphere conditions at S-IVB second burn Engine Start

e YrSaal

Command, were within the safe start envelope at a pressure of 1,280 psia
and a temperature of 247 deg R. The mass was 3.96 1lbm (figure 9-12)

» which represents a 9.4 percent increase in spin potential compared to
£ the first burn. The STDV was commanded open at ESC2 +8.014 sec and the
L pressure decay initiated at ESC2 +8.170 sec. The blowdown was terminated
. by the STDV closure at ESC2 +8.886 sec. Approximately 3.29 1bm of GH2
were discharged during the 0.716 sec blowdown with terminal conditions
as shown in figure 9-13. The greater mass discharged during the second
burn blowdcwn (as a result of the lower temperature) was calculated to
have contributed approximately 3 psi of the 63 psi increase in LOX pump
discharge pressure sp: ke during the second burn start transient as
compared to the first burn (figures 9-14 and 9-15). The start sphere
began to refill, repeating the first burn process with the lower initial

temperature resulting in a colder refill. The ionger burm duration
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resulted in start sphere conditions (1,19) psia pressure, 171 deg R
temperature) mucn closer to the safe start region (figure 9-13). However,
as shown in figure 9-10 the second burn refill was not within the
calculated performance region. As after the first burn, the start sphere
~ressure increased due to the heat iuput and reached the relief setting
at ECC2 +53.5 min. Although within the safe start envel pe, further
study is necessary before guaranteeing a reliable additional engine

start because of the deviation from the calculated performance region.

The second recharge was not a requirement for the AS-501 mission.

9.3 Engine Contiol Sphere Performance

9.3.1 First Burn

The results of the AS-501 flight J-2 engine control sphere analysis
indicate that there was adequate heliua supply on board to perform all

necessary pneumatic functions.

The engine control sphere was loaded within the nominal requirement of
2,800 to 3,200 psia and within 10 deg of start sphere temperature
(figure 9-7). The pressure and temperature at liftoff were 3,013 psia
and 270 deg R (start sphere temperature was 262 deg R). The helium mass
was 2,070 1bm. The pressure and ramperature at first buru Engine Start
Command were 3,075 psia and 275 d. g R (start sphere temperature was

267 deg R) (figure 9-7). The in icated temperature and pressure data at
liftoff and ESCl were adjusted t¢ eliminate the indicated mass increase
duving this period (tables 9-1, 9-2, and 9-3). Although the fuel lead
time for the first burn start was 3.008 sec, the ignition phase control
timer (0.450 4+0.03 sec) ext2nded the period of high helium usage
associated with the fuel lead to 3.452 sec which was normal. However,
an additional extension of ar least 0.348 sec was experienced due to the
delay in the purge control valve :losing. Rocketdyne has experienced as
much as 0.7 sec delay in the closure of this valve. As a result of this
extension the control sphere [ :essure drop associated with the fuel lead
was 650 psi as compared to the predicted value of 500 psi (figure 9-16).
The indicated pressure drop ~f 1,240 psi from ESC to ECO +1 sec was

ad*usted t> 520 psi, when the .empcrature was corrected to 290 deg R,

9-7
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and was within the required maximum AP of 800 psi. The periormance
durine tue first burn is shown in figure 9-17. The mass usage during
first burn was 0.412 lbm leaving 1.558 1lbm in the bottle at orbital

insertion.

9.3.2 Orbital Coast

The measured gas temperature of 204 deg R, at the end of the post
cutof f{ l-sec LOX dome purge for the first burn, was below the adiabatic
blowdown temperature, but above the choked flow static temperature
(table 5-2). Since the transducer was located inside the sphere near
the gas outlet, the localized temperature after blowdown could be
approaching the static choked flow temperature. The measured temperature
of 204 deg R indicates that high velocity gas flow existed across the
transducer. The actual gas temperature at the start of ti : coast
period was determined to be 224 deg R from extrapolations of orbital
ccast data as shown in figure 9-18. This temperature and the measured
pressure were used to establish the helium m2ss in the control spher-:

foliowing engine cutoff.

In a system where convective heat transfer is dominant, the measured
temperature near the wall from a cold gas sphere in a low-g field could
be higher than the actual gas temperature. In 2 long coast period the
low convective effect.could be rinimized by conductivity and radiation
which are independent of gravitational constant. (The low-g heat
transfer investigation of the ccntrol sphere is presently being conducted
by Rocketdyne.) In considering the long coast period and the small size
of the control sphere, the recorded temperature at the second burn Engine

Start Command was used without corirections in the present analysis.

It should be noted that the apparent recovery from 204 to 224 deg R after
cutoff may have been caused by the combined effects of lack of thermal
convection inside the start and control bottles combined with high
radiation heat transfer from the adjacent engine turbine hardware. If
this were the case more mass would be consumed as leakage in orbit;
however, the total flight helium consumption would remain unchanged.

The steady-state temperature and pressure prior to second burn

engine start and several data points during coast were used to determine
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the system leakage rate. The average system leakage rate in the 3-hr
coast period was calculated to be 0.026 lbm/hr or 0.078 1lbm total which
is comparable to S-IVB-203 flight data.

9.3.3 Second Burn

The high helium consumption associated with the fuel lead was experienced
for 8.6 sec as compared to the 8.458 sec between second burn Engine
Start Command and ignition phase control timer expiration. The 0.142
deviation was due to closing time of the purge control valve. Comparing
temperatures at the end c¢f the fi t and second burn fuel leads

(figures 9-4 and 9-5) provides an indication that the injection area was
colder for the first burn. This lower temperature is a possible
explanation for the difference in purge valve closing rates. A further
investigation is in process as helium consumption may become critical on
some future missions. The measured control sphere temperature at the
end of the 8.6 sec fuel iead blowdown was 5.1 deg higher than the
adiabatic temperature of 185.5 deg R. The start sphere temperature has
been cooler than the control sphere following each engine start
permitting scme heat flow between the two spheres. The measured control
sphere temperature of 190.6 deg R at the start cf the second burn
mainstage is 56 deg lower than the measured temperature of 246 deg R at
first burn mainstage due to the longer fuel lead time. The lower blow-
down temperature at the start of the second burn mainstage enabled the
control sphere to recover at a higher rate than the first burn. It is
illustrated as temperature rise in the first 60 sec of the second burn
in figures 9-12, 9-16, and 9-17. The measured temperature at second
burn engine cutoff was considered accurate because of the low helium
usage in a relatively long 300-sec burn. The total helium consumption
during second burn was 0.680 lbm. Considering the longer second burn
fuel lead gas consumption the burn usage was close to the shorter
145-sec first burn indicating that the helium used in purging the
oxidizer turbopump intermediate seal may have been low. Most of the
helium usage would be attributed to the valve controls. The measured
control sphere temperature at the end of the post cutoff l-sec blowdown
was again below the adiabatic temperaturz. The regulator outlet pres-

sure of 408 psia and injector temperature of 200 deg R were similar to
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the respective pressure and temperature of 404 psia and 210 deg R at the
first engine cutoff. Therefore, tne helium flow in the two l-sec blow-
downs is assumed to be the same. The effective gas temperature in the

sphere wac calculatcd at 183 deg R pricr to rurther orbital heatup.

The mass i:. the contrel sphere was 0 800 1lbm at a pressure of 735 psia.
There were no further demands on the control helium sphere during the
remainder of the missior. The total helium usage was 1.27 lbm compared
to 1.46 1bm predicted. The resulting 13 percent deviation is within

acceptable tolerances.

A summary of helium consumption during the mission and details of the

control sphere performance are given in table 9-3,

9.4 Engine Performance

9.4,1 Fuel Lead - First and Second Burn

The results of the first and second burn fuel 1lc¢ 3ds which provided
inflight conditioning of the thrust chamber are presented in table 9-4.
The thrust chamber bulk temperature, presented in the table, is defined
as the average of three thrust chamber temperature measurements: jacket
temperature C0199 and exit skin temperatures C0385 and C0386., Fuel lead
flowrates presented in the table were obtained from three flight
measurements: fuel injector pressure D0004, main injector fuel tempera-
ture C0200, and fuel flowmeter FO002, Flow through the injector was
calculated from injector pressure and temperature measurements using
theoretical flow characteristics. Weight flow through the main fuel
valve (MFV) was calculated from measured flowmeter data using a

constant estimated fuel density. Fuel flowrates calculated by these
methods are also presented in figures 9-4 and 9-5., Some question also
exists regarding flowmeter readings at the e.tremely low end of their
operating range. The data received appears to correlate to some extent
with predicted flowrates and flowrates calculated from injector tempera-
ture and pressure. The flowmeter (F0002) measures volume; therefore,
the mass flowrates presented in figures 9-4 and 9-5 are also subject to

any error in the density used to convert volumetric flowrates to mass
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flowrates as well as in the calibration constants of the flowmeters.

It was assumed that the flowing fluid at the flowmeter was 100 perceat
liquid. The greatest question in this respect occurs in the 0 to 1 sec
time period. The initial surge in flow shown in figures 9-4 and 9-5
could be due to some amount of vapor flashoff as well as an initially
high flowrate required to charge the system. Specific impulse during
fuel lead was calculated using injector temperature (C0200) .ud assuming
theoretical nozzle performance. Since the ASI was operating du:r.ng this
period, the temperature of the fluid was actvally higher in the combus-
tion chamber than in the injector. Also, since the ASI bypasses the
injector, the mass flow through the thrust chamber nozzle was greater

than trrough the injector.

During mainstage operation the totzl mass flow through the ASI was in the
order of 1.08 lbm,sec. When converted to the pressures and temperatures
existing during fuel lead, the flowrate through the ASI during fuel lead
was in the order of 0.03 lbm/sec. A weight flow of this magnitude at an
assumed temperature of 2,460 deg R has been analyzed through a range of
injector flowrates and temperatures. This analysis determined that the
net effect of the AS1 on thrust and total impulse is in the order of

10 percent. This effect is not included in figures 9-4 and 9-5. Fuel
lead during first start was apparently fully effective and the charac-
teristics were n good agreement with previous flight and ground test
datz. The principle variance encountered in the second start fuel lead
ie that it was not as effective as expected. At the end of the 8 sec
fuel lead period, injector fuel temperature (C0200) had dropped only to
165 deg R, and fuel flowrate had increased only to the 3 to 4 lbm/sec
range, From earlier flight simulation tests a temperature of 40 deg R
and a flowrate of 6 to 8 lbm/sec would be expected with the thrust
chamber temperatures apparently existing at the start of the 8 sec fuel

lead.

A simuiated flight test has been conducted at Tullahoma with an initial
thrust chamber bulk temperature of approximately 500 deg R. This is
somewhat higher than the inicial temperature (443 deg R) at fuel lead
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start in the AS-501 flight second start. However, even with a somewhat
warmer starting condition, the simulated flight test achieved an
injector temperature of 40 deg R and a flowrate of 7 lbm/sec in 6.9 sec.
This compares to 165 deg R and 3 lbm/sec at .he end of 8 sec in the
AS-501 operation,

Several possible influences were examined in attempting to isclate the
cause of this apparent departure from predicted chilldown characteristics.
The principle areas examined were: (1) the possibility of high residual
assymetrical heat, (2) low tank pressure in combination with low NPSP,
(3) ullage motor exhaust plume heating, and (4) difference of thrust
level between first and secoad burn. Figures 9-19 and 9-20 show the
composite axial thrust on the S-IVB during the first and second burn
start periods. It is noted that a significantly lower level of thrust
is provided during the second burn period by the APS ullaging. None of
the conditions investigated could be conclusively substantiated by
demonstrated sensitivity factors as being the cause of the low chilldown
rate. Both start transients were successfully accomplished and there

were apparently no detrimental effects.

9.4,2 J-2 Engine Performance Analysis Methods and Instrumentation

Engine performance for the powered flight portion of the S-IVB-501
mission was calculaced by use of computer programs AA89 and G105-1, The
average of the results of the two programs, which is considered to be
the best current estimate of engine performance was calculated by
computer program PA49, Revised tag values based on flight data were
generated by computer program G307 and used in AA89. The results of

the PA49 pregram were used in determining the best estimate of stage
propellant consumption. Computer program PA52 utilizing revised techniques
and the latest Rocketdyne correlations, was used to compute start and
cutoff transient performance, Computer program Ul23-A was used to
calculate internal engine performance parameters and operating charac-
teristics. A description of the operation and a comparison of the
results of each program is presented in table 9-5. Data inputs to the

computer programs with the applicable biases are shown in table 9-6.



ARTE TP

Section 9
Engine System

9.4,3 Start Transients - Fiist and Second Burn

The J-2 engine performence during both first and second burn start
transients were satisfactory, .he eng’‘ne performance during start

transients is summarized in table 9-7.

First burn thrust buildup occurred at a null PU valve nosition after a
3-sec fuel lead, while second burn thrust buildup occurred with the PU
valve in the fully open position (maximum bypass) with an 8-sec fuel lead.
During both starts the fuel lexzd, PU valve position, and main oxidizer
valve operction were satisfactory -nd good starts were obtained.
Restarting the engine at PU valve full open and 1etiming of the main
oxidizer valve (MOV) were apparently successful in overcoming the "hot

crossover duct" problem and obtaining a successful restart,

Thrust buildup to the 9C percent performance level (STDV command +2.5 sec)
was within the maximum and minimum thrust limits for both burns as snown
ir figures 9-21 and 9-22. At the end ot the second buirn iransient, the
thrust was necr a minimum limit, which was expected sir.ce start occurred
at a full open PU valve while the limits were establiched for a null PU

valve position at start.

Thrust buildup was faster during flight than during the acceptance tests
for both burns. This was due largrly to the shorter MOV first siage
plateau time during flight. As a result LOX flowrate to the thrust
chamber was higher during the early phases of thrust buildup during
flight. Alsc the second stage ramp times were slightly shorter during
filight, which caused the thriust buildup to be slightly faster during the

later phases of the start transient.

The thrust and total impulse at the 90 percent performance level agreed
well with the log book values for first burn, but were considerably
higher than the corresponding acceptance test values due to the faster
opening MOV on flight. For second burn, the thrust and total impulse
at the 90 percent performance level was less than the log book values
due to the Jow EMR start (log book values are for a null PU start),

but were greater than the acceptance test values due to the faster

opering MOV.
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The second burn thrust buildup was faster than first burn. This was
shown by the thrust histories and by the approximately 2,000 lbm/sec
greater total impulse during second L.vn starc (from STDV command to
the 90 percent performance level) even though the thrust at 90 percent
performance was less due tu the low CMR start. This faster buildup
during second burn was also exhibited v tire two acceptance test burns
and could possibly be due to residual latent heat in the angine after
first burn (paragraph 9.7). Figures 9-21 and 9-22 show the thrust
chamber pressure, the thrust buildup, and total impulse during the
start transients. Figures 9-23 and 9-24 show the measured flowrate and

pump speeds for first and second burn start transients.

9.4.4 J-2 Engine Steady-State Performance

The S-IVB stage J-2 engine met all objectives during the 501 mission.
Plots of selected data showing engine characteristics are presented in
figures 9-25 through 9-36 for first and second burns. The engine

propellant inlet conditions are discussed in sections 11 and 12.

The standard altitude engine performance level at STDV +60 sec as

determined by computer program G307 (PAST - 641 deck) was as follows:

R Stage
Flight Acceptance Engine Maximum Th?ee
p t —_— Accent Run-to- Sigma
arameter First Second First Second P Run Dif- Run~to-
Burn Burn Burn Burn ference Run

Thrust 221,861 223,795 223,578 223,529 221,826 1,969 42,901

(1bf)
FMR 5,491 5.603 5.560 5.548 5.54 0.112 +0.
Isp (sec) 422.5 421.6 422.9 423.0 423.0 1.4 +2..

All values were within the three-sigma run-to-run deviations except for
the EMR deviation between first and second burn of the flight which was
caused by a gas generator (GG) performance shift as explained in

paragraph 9.4.4.2,

The composite values for standard altitude steady-state performance with a

a comparison to the predicted are shown in figure 9-37.
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The stage maneuvering inducred some high slosh waves causing PU valve
motion with resultant periormance variations, There were alsc apparent
GG performance shifts other than that mentioned abovs  Flow integral
mass analysis indicated the following propellant consumptions by the
J-2 engine during mainstage opera+-ion (the time from the 90 percent

performance level, STDV +2.5 sec by def 1ition, to Engine Cutoff Command):

T0X LH2

First Burn 62,202 11,389

Second Burn 116,007 22,797
Total 7f;§:ii; -SZ:IEE_

The overall engine average mainstage performance for both burns is
presented in table 9-8, The variacvion of the "site" (data calculated
at actual cperating conditons) specific impulse with mixture ratio is
shown in figure 9-38 while the variation of the 'tag" (data corrected
to standard altitude conditions) Isp and "tag" thrust with "tag" EMR is

shown in figure 9-39.

Table 9-8 presents the total impulse generated during mainstage operation
for first and second burn. The engine impulse provided sufficient
velocity gain tc complete orbital insertion, and provided the necessary
velocity to place the payload in the desired trajectory during second
burn., Extrapolation of the statistically weighted average of propellant
residuals (15,071 1lbm LOX and 3,651 1bm LH2) at cutoff indicates that

an essentially simultaneous depletion would have cccurred at ECC +37.6 sec.
T2 that time an additional 7.36 x 106 lbf-sec of impulse would have been
¢enerated makirg the total for both burns through depletiun

97.63 x 106 lbf-sec as compared to the predi-ted value of

97.97 x 106 lbf-sec. The 0.34 percent deviation is within the prediction
accuracy of approximately 1 percent. The 2,696 sec difference between

the actual and predicted depletion time 1s also within the prediction

accuracy.

Q-15%
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9.4.4.1 First Burn

Satisfactory performance of tuc J-2 e.gine was olbserved chroughcut the
first burn period. Flots of selected da.: used as input values to the
engine performance computer pvograms are presented in figures 9-25
through 9-30. Engine iurbopump irlet couditicrs are presenteu in
paragraphs 11.3 arnd 12.3. (urputed engine pcrformance parameters are
stown in figure 9-40. The enginc -ixture raiLio was maintaired at the
5.3:1 level by the iU system from first burn cngine Start Command 10 sec

until first buin Engine Cutoft Cowwaend, s discussed in paragrap™ 7.5 ..

No engine per ormarce shiits occurved curing the first bur» period,
however, the overail level of performcnce was approximarely 1.5 percent
lower than the predicted performaic: level, as shown in table '+ X, inis
lower peri>rmaice 1.wcl ."as observed to be a result of an approxima.e
1-i/2 percent iuver thzn precicted LOX tlowr-te. Ti:%s 'ower tlc rate
<op2ars tov have beern idused by a higher tha:» predicred gas gemn.rator

LO{ feediline resivtance. The increased resista-ce thereby resulited in
c2rfcrmance degradacion similar t.. the perfovmance shift obs.:rved during
the S-TVE-501 zcceptance tes:. The S-IV3-501 acceptance test performance
shift was :onsidered to he due to a shift in eirther PU valve or gas

venerztor line resistance.

Table 9-9 contains the S-1.Vi-501 fli.s.* prediction values as originally
published (revizZor ') and as w=ihs~>quently updated by iater R/NAA
rerised data., These revised Jata werc:*

3. As updated for R/NAA revised influence coefficients to reflect

npdazed heiium flowrate hect transfer effects.

v. As further updatec for ongine performance versus PU valve

excursion characte-istics, as necessitated by revised R/NAA

PU valve calibratior data.
The differences between the origina. .light prediction values and those
of item a and item b are relatively small (approximately 0.25 percent).
The thrust oscillations during the last 70 sec of first burn are <hewn in
figure 9-41 and compared tc the Contract End Item (CEl) specification in
table 9-10, All parameters were within the specified limits and are

tabulated in table 9-10,

-
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9,4.4,2 Second Burn

Satisfactory performance of the J-2 angine was .bserved diring the
second burn period. Plots of selected data used as input values to the
engine perfiormance computer programs are presented in figures 9-31
through 9-36. Engine turbopump inlc¢t conditions are praseated in
paragraphs 1i-3 and 12-3. Computed engine performance parameters are

shown in figure 9-42.

The EMR was maintained at the 5.5:1 levcl from ESC2 +20 sec to

ESC2 +85 sec by the PU system. This high EMR period was not ncainally
predicted; nowever, the high EMR pevriod was; within the predicted pe: Tor-
mance dispe-sion band. It was the result of the ccmbined 2ffe-ts of
initiai propellant loading, firs. burn engine performance, and propeilant
loss variations during orbital coast. Jiscussion of the PU system
dispersions ‘s contained in section 15. The data contained in table (-8
shows that the engine , :rformance level durirg this hardover EMR period
was approximately 0.6 percent higher than the hardover level during the
first burn period, a'd alsc was approximately 0.8 percent lower than the
predicted first burn 5.5:1 performcace level. This hardover performance
level was observed to be at a lower gas generator LOX line resistance
value, which woulu explain the higher gas generator and engine propel’ant

flowr-ates.

It was also not.:. that the performcnce level after PU valve cutback, at
the reference wixcure ra-io (RMR), was approximately 2.6 percent lower
than the pred::ted value, as shown in table 9-8. This was partly due
to a lower than predicted PU valve position following PU - itback
(reference section 15). Table 9-9 contains second turn flight perfor-
mance prediction data as originaily published (revision 2) and as

subsequently updated by later R/NAA revised data.

The C i -pacification limit for tbrust rate of change ras exceeded at
two pcints, ¥SC2 +55 s2c and ESC2 +296 £-c. At E3CI +Z% sec . tarust
slope of +850 1lbf/sec was observcd at which time the heiium flowrate

for LOX tank pressurization was increased from under tc over ~oitrol.

It is noted that a similar helium stcep increase also occurced at
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E5C2 +]105 sec aud at ESC2 +215 sec. However, the thrust increase slopes )
at these timex did not exceed 300 lof/sec. This Jeviation is undergoing

further analysis.

Two performance perturbations were noted during second burn and are
illustrated in figure 9-42. These perturbations occurred at ESC2 +105 sec
and LSC2 +296 sec when significant~pr6péiiant sloshing occurred because

of large vehicle attitude changes (section 15).

The deviacion in performance at ESC +105 sec did not exceed thrust
variation lirits since it occurred during perfoiimance cutback. The
engine performance shift which occurred at ESC r296 sec, immediately
prior to second burn cutoff, was of greater interest., The PU valve
position was observed to move in response to a propellant slosh
disturbance. However, the magnitude of the observe! performance shift
was twice as large as that which coulu bef attributec to the PU valve
position movement., Also, the direction of the performance shift
reversed, while the PU valve position movement did not. Since the rate
of change in performance was greater than could directly be evplained :)
by measured PU valve mcvement, the magnitude of the increased rate of
<nange and the reversal in performance was attributed to a Pu bypass
syst-m resistance shift. Of course it is p ssible that a coincident
gas generator pevr ormance shift could also have occurred at this time
and hased or ":ast periormance of thic engine, this possibility shou’d

not be discounted.

Detailed expanded data plots during the final 4 sec of second burr ar~
presented in figures 9-43 and 9-44. It may be seen that a definite
reversal in chamber pressure, flowrates and fuel turbine inlet temperature
occurred. The expanded data of measured PU valve position indicates a
definite lack of revers-l in valve movement. At ESC2 +296 sec, when the
pr .viously described propellant slosh and engine performance shift
occuried, a thrust slope of -2,400 1bf/sec was observed. The CEI
specification limit auring this period of -750 1bf/sec was exceeded
however the specifications exclude shilts caused by internal engine
performance changes, The estimated rate of change in thrust caused by

the slosh is ~450 1bf/sec which is within the CEI specification limits. ’)
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The thrus: uscillations during second burn hardover operation are shcwn
in figure 9-41, and are compared to tune CLI specification limits in
table 9-10. Thrust variations foliowing PU valve cutback are primarily

causced b the PU system effects and are discussel iu section 15

9.4,5 Cutoff Transients

Tha2 J-2 erngine performance during both first and second burr cuicff
rraus 2nts was satisfactory. The time lapse betwcen engine cutcff, as
receivad at the J-2 engine, and thrust decrease to 11,250 1bf {5 percent
of riated thrust) was within the maximum allowable %ime of 800 miili-
seconds (ms) in both cases., Engine performan._e Jduring wane cutoff

transients is shown in table 9-11.

The thrust decrease times during fllgsht were greater than the 1>g Look
value. This was probably due tc 2 colder moin oxidizer valve (MOV)
during flight vhich -esulteud ain longer valve closing times. First buin
cutoff occurred with the PU —alve in the closed position (high "MR),
while se-zon.: burn cutoff occurred witi. the PU valve near the uull

position,

The cutoff thrus:. and total impulse caliculation method has peen
considerably rmodified since the S-IVB-201 acceptance firing. Therefore.
comparisons with the acceptance firing thrust and impulse are not
meaningful. However, a comparison of acceptance and tlight chamber
pressures during cutoff shows that during fiight, the chamber pressure
decayed slightly slower than during the acceptznce test. This was
probably due to a colder MOV and, hence, a longer closing time during
flight, The .light to:al impulses can be compared tou the “og bcok v.lue
by adjusting the flight values to standard cunditions (null FJ valve
position and 46C de R MV actuator temperature). The adjusted flight
total impulses fcr first and second burn were in reasonably good agree-

ment with the log bouk value and were in good agreement with each other.

The cutoff impulse to zero thrust from enzine thrust data was
54,949 1bf/sec for first burn and 48,330 lbf/sec for second burn

computed from engine thrust data. The first and second burn .utoff
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impulse detevmined from inertial platform guidance acceleration data
was 52,289 1bf/sec and 47,318 lbf/sec respectively (table 9-11) and

is in good agreement with that determined from engine analysis.

Figures 9-45 and 9-46 present a comparison of predicted and actual
impulse velocity histories based on engine and trajectory data. Data
from both trajeciory analysis and engine analysis indicate a higher-than-
predicted cutoff impulse for both first and second burns, but deviations
from predicted were within the expected three-sigma tolerance of

+,,000 1bf/sec. Figures 9-47 and 9-48 show the thrust chamber pressure,
:L.a :zhrust decrease, and total impulse during the cutoff transients.
Figure 9-49 shows a composite of the axial thrust during first and

second burn cutoffs.

3.5 Component Operation

9.5.1 Main LOX Valve

The main LOX valve opened and closed satisfactorily during both burnms.

The main I.0X valve onening time data were as follows:

S-IVB-501 S—IVB-501
Acceptance .
Firing Flight
Item Nominal
1st 2nd 1st 2nd
Burn Burn Burn Burn
First stage travel 50 +20 80 70 100* 242
(ms)
First stage plateau 415 499 560 570 420%* 421
(ms)
Second stage travel 1,600 +75 1,970 2,010 1,925 1,819
(ms)
Total time (ms) 2,065 +190 2,610 2,650 2,445% 2,482

*Maximum possible value. Actual value may be slightly less.
**Minimum possible value. Actual value may be slightly greater,
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These values were taken from 10 sample-per-sec data, which somewhat
affected the accuracy of the reported times., However, with careful
interpretation of the data, reasonably good accuracy was obtained.
Retiming of the valve resulted in a shorter first stage plateau time
during flight than during the acceptance test. The above table shows
that the first stage plateau times were approximately 145 ms shorter
during flight than during the acceptance test. Because of this change,

along with the low EMR start, restart was successful (paragraph 9.4.3).

First and second stage travel times, as well as total times, were longer
than the nominal values. All times were shorter during flight than
during the acceptance test except for the first stage travel times.
These longer than nominal first stage travel times had no detrimental
effect on engine start. The total opening times during flight were
approximately 165 ms less than during acceptance. Figure 9-50 compares
MOV travel of S-IVB-501 flight during first burn with previous flights
and the S-IVB-501 acceptance firing first burn. Figure 9-51 compares
MOV travel of the S-IVB-501 flight second burn with the S-IVB-501

acceptance firing second burn and shows the effects of the retimed MOV.

The valve closing times were 319 and 261 ms for first and second burns,
respectively. These long closing times were ca.sed by the cold tempera-
tures of the main LOX valve actuator which was 3'4.9 deg R and

299.3 deg R at first and second burn cutoff, respectively.

9.5.2 Pumps and Turbines

The LH2 pump performance was satisfactory during the start transients of
both first and second engine start transient with no indication of

stall (figure 9-52). The data indicate that the thrust chamber chill-
down was adequate to prevent excessive fuel pump backpressure. Further
information on the chilldown operation and GSE supply system is

presented in section 5.

The performance of the LH2 and LOX pumps and turbines was satisfactory
during both burns. The pump speeds and discharge pressures and
temperatures responded to PU system cutback and perturbations and also

to engine inlet conditions. The pressure and temperature increases
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across the pumps were satisfactory. Temperatures and pressures for both )

turbines responded as expected to PU svstem cutback and perturbations.

The higher gas generator (GG) performance during second burn

(paragraph 9.5.4) was reflected in the higher engine LOX flowrate. The
increase in LOX flowrate was closely proportional to the increase in GG
performance. However, the engine LH2 flowrate decreased slightly from
first to second burn instead of showing the expected increase due to
increased GG performance. This, along with the increased LOX flowrate,
resulted in the higher engine mixture ratio otserved auring second burn
high EMR operation. The decrease in LH2 flowirate was probably due to an
observed small decrease in LH2 turbine efficiency from first to second
burn. LOX pump efficiency was essentially the same during toth burns.
Apparently the increased energy available to the LK2 turbine due o
higher GG performance during second burn was more than offset by the
decrease in fuel turbine efficiency. LH2 ard LOX pump and turbine data
are shown in figures 9-28, 9-30, 9-34 and 9-36.

9.5.3 PU Valve j)

The PU valve performance was as expected during both burns with the ex-
ception of the flow resistance shift observed just prior to ECC2. The
resistance shift resulted in a thrust performance shift which exceeded
CEI specification limits. This type of shift, huwever, is specifically
excluded from the specification limits. The performance shift did not
adversely effect mission accomplishment. Valve performance data is shown
in figures 9-26 and 9-32. The analysis of PU valve perrormance is pro-
vided in section 15.

9.5.4 Gas Generator

The gas generator (GG) performance was adequat: during both burns, but

shifted from first to second burn high EMR operation. During second

burn the GG LOX flowrate was higher than during first burn due to a

resistance decrease in the LOX GG supply line. This resulted in a

higher GG mixture ratio and GG total flowrate during second burn which

resulted in higher engine performance during second burn. The higher

GG performance caused higher GG chamber pressure and higher fuel turbine 'j
inlet temperature during second burn high EMR operation. Tne small

oscillations in GG chamber pressure and fuel turbine inlet temperature
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after EMR cutback were the result of the changes in LH2 and LOX discharge
rressures and flowrates due to changing engine performance. Plots of

GG performance are shown in figures 9-53 and 9-54.

9.5.5 Engine Drive Hydraulic Pump

The engine-driven hydraulic pump performed satisfactorily during both

burns. The average power requirec by the pump was 4.67 horsepower.

9.6 Engine Sequencing

The start and cutoff sequences were satisfactory in providing smooth
transient operation. The exact times of certain of the events were
difficult to pinpoint. The times at which closed dropout and open

pickup occur for a value may be determined either by the open and closed
microswitches on the valve or by the position indicating potentiometer

on the valve. It was decided to take the opening and closing times from
the position potentiometer traces, as they depend less on microswitch
adjustment, and are a more dependable indication of the actual operation
of the valves. Because of these possible errors or differences in method
of interpretation, there are some apparent inconsistencies in the sequence

times.

An attempt was made to obtain accurate values for valve actuation times
by choosing channels which give consistent opening and closing times.
As in the acceptance tests, certain of the valve actuation times differ
from the nominal bench valves because of the presence of liquids in the
lines, temperature differences, etc., Figure 9-14 and 9-15 show the
significant time events during the start transient. Tables 9-12 and
9-13 list all available J-2 engine events during the first and second

burn.

9.7 Flight Simulation Analysis

A five-deg-of-freedom trajectory simulation analysis was conducted to
adjust propulsion parameter histories so that an S-IVB trajectory could
be generated to closely match the observed trajectory [appendix 5,
Observed Trajectory). A detailed discussion of this analysis is

presented in section 7.
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“esults of the flight simulation indicate compatibility between the
shapes of the propulsion parameter histories as establisned by engine
analysis and the observed trajectory. To match the observed trajectory,
however, first burn thrust and weight flow were increased by 0.71 percent
and 0.56 percent, respectively, over engine analysis values. For second
burn, engine analysis values of thrust and weight flow were increased

by 0.81 percent and 0.67 percent, respectively. The corresponding
changes in specific impulse were an increase of 0.14 percent over the
engine analysis value for first burn and an increase of 0.02 percent for

second burn., Average values for these parameters are:

First Bumn

Parameter Predicted Actual
Average Thrust (1bf) 225,343 223,822
Average Weight Flow (lbm/sec) 532.33 528.68
Average Specific Impulse (sec) 423.3 423.4

Second Burn

Total Average Thrust (1bf) 201,110 205,300
Total Average Weight Flow (lbm/sec) 471.3 481.5
Total Average Specific Impulse (sec) 426.7 426.0
Average Thrust at High Mixture Ratio (1bf) - 226,090
Average Weight Flow at High Mixture Ratio (lbm/sec) -— 535.51
Average Specific Impulse at High Mixture Ratio (sec) - 422,20
Average Thrust at Reference Mixture Ratio (1bf) 201,110 197,381
Average Weight Flow at Reference Mixture 471.3 461,40
Ratio (lbm/sec)

Average Specific Impulse at Reference Mixture 426.7 427,79
Ratio (sec)

Figures 7-43 and 7-44 present flight simulated thrust and weight flow for

first and second burns, respectively.
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TABLE 9-1
CONTROL SPHERE
TEMPERATURE (Jeg R) PRESSURE (psia) MASS (lbm)
PARAMETER 501 501 502 501 501 502 501 501 502
FiléHT ACCEFTANCE] ACCEPTAINCE FLIGHI ACCEPTANCE| ACCEPTANCE FLIGHT ACCEPTANCE | ACCEPTANCE
FIRING FIRING ! FIRING FIRING ’ FIRING FIRING
Required at 262 jjo*[7271 +30% | 260 +30% 2,800 to 3,200 psia - - -
lifroff
Actual at liftoff 271 287 28 13,010 3,095 3,260 2.01 1.96 2.07
Be ‘ore first burn 271 291 266 13,075 3,193 3,345 2.03 1.99 2.11
engine start
After first burn 216 249 246 1,989 2,348 2,450 1.56 1.75 1.79
engine cutoff
Before second 239 258 276 1,878 2,301 2,764 1.48 1.67 1.84
burn engine start
After second burn 172 221 236 735 1,680 1,925 0.80 1.41 1.52
engine cutoff
Mass used - first - - - ~- -~ - 0.51 0.24 0.32
burn
Mass used - - -~ - - - - 0.68 0.26 0.32
second burn l
*Actual requirement is start sphere temperature +30 deg R.
TABLE 9-2
ENGINE CONTROL SPHERE TEMPERATURE DATA
MEASURED | ADIABATIC | THEORETICAL o oo
TIME SLICE DATA BLOWDOWN @M=1.0 CONDITION
(deg R®) (deg R) (deg ™) CALCULATIONS
(deg R)
Liftoff 270 - - 270 Steady-state
lst ESC 272 - - 272 Steady-state
1st Burn Start 252 248 204 250 Start bottle cooler, average
(end of 3.8 sec of adiabatic and measured
blowdown)
lst ECC 215.2 - - 226 'orking back from leakage
during coast
Start of coast 204 215 170 224 From 1 sec blowdown usage
(end of 1 sec
blowdown)
2nd ESC 240.3 - - 240 Steady-state
2nd burn start 190.6 185.5 180 188 Average of adiabatic and
(end o1 8.6 sec measured
blowdown)
2nd ECC 181.7 - - 182 Control bottle and start
bottie temperature steady out
End of 1 sec 172.1 173 137 181 From 1 sec blowdown usage
blowdown
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TABLE 9-3
ENGINE CONTROL SPHERE HELIVM MASS SUMMARY
—
He MASS A MASS . PRESS TEMP
TIME SLICE (1bm) (1bm) W (psia) | (deg R)
Liftoff 2.070 3,050 270 |
Engine Start Command 2.070 3,075 272
3.8 sec fuel lead u.28 0.0736
lbm/sec
First burn start (145 sec) 1.790 2,427 250
First bu-n usage 0.120
First Engine Cutoff Command 1.670 1,991 226
1 cec blowdown 0.112
Star~ of coast 1.558 1,840 224
Leakage (3 hrs) 0.078 (0.926 1b/hr)
Second Engine Start Command 1.480 1,875 240.3
8.6 sec fuel lead 0.46 0.0535
1bm/sec
Second burn start 1.020 976 188
Second burn usage (300 sec) 0.11
Second Engine Cutoff Command G.5.10 825 182
1 sec blowdown 0.11
Mass remaining 0.800 735 181
TABLE 9-4
FUEL LEAD CONDITIONS
FIRST SECOND
CONDITION START START
Estimated thrust chamber bulk temperature at fuel 242 443
iead start (deg R)
Fuel lead duration (sec) 3 8
Fuel tem . -ature at the injector at the end of 40 165
fuel lea. (deg R)
Fuel passing through MFV during fuel lead (lbm) 15 25
Fuel between injector and MFV at the end of fuel 4 8
lead (1bm)
Fuel passing through injector during fuel lead (1lbm) 11 17
Total effective impulse during fuel lead (lbf-gec) 1,400 3,200

Reference paragraph 9.4.1
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TABLE 9-6
DATA 1INPUTS TO COMPUTER PROGRAMS
PARAMETER PROGRAM Sv: "CTION BIAS [ REASON
Chanber Pressure G105-1 LU “TM/FM) -~ wosi ' \Rocketdyne es’ imation of P, purge
effect)
PAS3 L0y (TM/FM) 98.1 percent Agrece witt -15 psi steady-state vias
LH2 Pump Disch Press | Gius-1 DOOO8 (- >CM)
LH2 Pump Disch Temp G105-1 C1134 (TM/rCM) 0
119X Pump Disch Press | G105-1 DO0O09 (" Y/PCM) o
w). Pump Disch Temp GlCs5-1 0133 (T™M/PCM) 0
LH: clowrate Gl0:-2 FOOL2 (TM/FM) 0
LOX Flowrite G105-1 FO001 (TM/PM) 0
LH2 Pump Inlet Press | AA89 D0O002 (TM/PCM +1.38 1st ~.ra ' Dynamic n2ad adjustment
1.23 2nd bumn
LE2 Pugp >alet Temp | AA89 70003 (TH/PCM)
LOX Pump Iniet Press | .A89 DO003 (TM/PCM)
LOX Pump Inlet Tewp AABY C0004 (TM/PCM) +2.6 lst burn | Dynam:c heat ad’ stment
2.1 2nd burn
PU Valve Pos l AABY GOMLO (TM/PCM) o
™M = 1 «setry, M = Frequenc. “odulated, PCM = Pulse Code Moduleted
TABLF 9-7

J-2 ENGINE START TRANSIENTS

J-. INGINE LOG BOOK | <-IVB-501 FLIGHT | S-IVB-501 ACCEPT

PARAMETTR -
FIRST SECOND FIRST | SECOND FIRST | SECOND

Time of STDV Command (sec from ESC) 1.0 1.0 3.008 7.998 0.645 0.645
Thrust at 9C perzent performance level (1bf) 185.599% | 1£5,599% | 183,125 166,364 | 148,000] 155,500

Total impulse from Engine Start Command to - -— 186,864 | 192,634 - -_
30 percent performance level®* (1lbf-gec)

Total impulse from STOV Command to “0 percent | 183,576% | 183,576* ) 87,464 ) 189,444 | 123,004 | 151,004
performance level®* (lbf-sec)

2

*Baged on stabilised ~hrust at null P. and st.~lard altitude conditions
*2Defined as STDV Command +2.5 se
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TABLE 9-12 (Sheet 1 of 2)

501 FLIGHT ENGINE SEQUENCE - FIRST BURN

CONTRO* EVENTS CONTINGENT EVENTS ACT?:?)TIHE
NOMINAL TIME FROM
SPECIFIED REFERENCE FROM
Hess EVENT AND COMMENT o EVENT AND COMMENT P |spECtFIED
) - REFERENCE
K0021 |#Engine Start Command P/U} 0 )
(K0021)
K0007 |Helium Control Solemoid Within 10 ms of K0021 0 0
Enrg P/U
K0010 }Thrust Chamber 3park on Within 10 ms of K0021 2 2
P/U
K001l |Gas Generator Spark on P/U|Within 10 ms of K002l 2
K0006 |Ignition Phase Control Within 20 ms of K0021 2
Solenoid Enrg P/U
K0126 JLOX Bleed Valve Closed P/UjWithin 130 ws of K0007 152 152
K0127 |LH2 Bleed Valve Closed P/UjWithin 130 ms of K0007 68 68
K0020 JASI LOX Valve Open P/U Within 20 ms of K0006 103 101
KO119 |Hain Fuel Valve Closed D/0}60 +30 ms from K0J06 54 52
KO0l48 |Main Fuel Valve Open P/U |80 +50 ms from K0119 182 128
K0021 [**Engine Start D/O Approx 200 wms from 3,198| 3,198
K0021 P/U
K0096 |***Start Tank Disc 3,000 +40 ms from 3,008 3,008
Control Solenoid Enrg ¥X0021 P/U
K0123 |Start Tank Disc Valve 100 +20 ms from K0096 | 3,136 128
(G0009) | Closed D/O
K0122 |Start Tank Disc Valve 105 +20 ms from KO123 | 3,310 174
C0009) |Open P/U
K0005 [Mainstage Control 450 +30 ms from K0096 | 3,452 444
Solenoid Enrg
K0096 }Start Tank Disc Con.rol 450 +30 ms from K0O096 | 3,452 444
Solenoid Enrg D/O P/U
K0121 |Main LOX Valve Closed D/O |50 +20 ms from K0005 | 3,480 28
KO116 |Gas Generator Valve Closed|140 +10 ms from K0005 } 3,280 -117
KG0005) |D/O
K0122 |Start Tank Disc Valve 95 +20 ms from K0096 | 3,561 109
(G0009) | Open D/O D/o
KO117 |Gas Generator Valve Open |50 +30 ms from KO11l6 | 4,010 730
GOO05)|P/U
K0124 | LOX Turbine Bypass Valve 3,658
FGOOOB) Open D/O
LOX Turbine Bypass Valve +150 4 €
80 Closed 400 ~50 1S from K0O122f 3,94¢€ 385

(KOXXX) Actual number from acceptance firing event recorder.

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

executed.

tank discharge solenoid valve (K0096).
**This signal drops out after a time sufficient to lock in the engine electrical.

**%xAn indication of fuel injection t
this command will be executed.

start of malastage.

P/U = Pickup
D/O = Dropout

9-32

This command also actuates a 640 +30 ms timer which controls energizing of the start

'nerature of 310 +40 deg R (or simulation) is required before
Tnis command also actuates a 450 +30 ms timer which controls the
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TABLE 9-12 (Steet 2 of 2)
501 FLIGHT ENGINE SEQUENCE - FIRST BURN

——— ——
CONIROL EVENTS CUW1INGENT EVENTS ACT?:E)TIME
NOMINAL TIME FROM
- SPECIFIED REFERENCE FROM
HEAS EVENT AND COMMENT HEeS EVENT AND COMMENT FRoe |spECIFIED
e : REFERENCE
K0123 {Start Tank Disc Valve 250 +40 ms from K0122 | 3,891 330
(G0009) [ C1osed P/U
K0125 |*LOX Turbine Bypass Valve 4,020
Closed P/U
K0158 [Mainstage Press Switch 4,763
#1 Depress D/O
K0O159 [Mainstage Press Switch 4,823
#t2 Depress D/O
K0120 |Main LOX Valve Open P/U 2,605 +150 ms from 5,920 2,468
(G0003) K0005
KO0010 | Thrust Chamber Spark On 3,300 +200 ms from 6,685 3,233
D/0 K0005 P/U
K001l |Gas Generator Spark On D/0} 3,300 +200 ms from 6,685 3,233
K0005 P/U

K0507 [PU Activate Switch P/U

K0O13 |Engine Cutoff P/U 4] 0 0
(K0522) ) (New time reference)

K000S ]|Mainstage Control Solenoid]Within 10 ms of KOO13 4 4
Enrg D/O
K0006 |Ignition Phase Control Within 10 ms of KO0013 2 2
Solenoid Enrg D/O
K0020 {ASI LOX Valve Open D/O 95
K0120 |Main Oxidizer Valve Open |50 +15 ms from K005 33 29
(G0003) {p/0
K0117 |Gas Generator Valve Open 75 +25 ms from KOOO6 86 84
D/0 -35
K0118 [Main Fuel Valve Open D/O [90 +25 ms from K0006 32 30
(G000 4)
K0121 [Main Oxidizer Valve Closed}120 +15 ms from K0120 348 315
(G0003){r/U
K0116 |Gas Generator Valve Closed|500 ms from K0006 430 428
(G0005) 1 P/U
KO119 |Main Fuel Valve Closed P/U|225 +25 ms from K0118 451 419
(G0004)
K0158 | **Mainstage Press Switch 211
A Depress P/U
K0159 {Mainstage Press Switch B 211
Depress P/U
K00Q7 {Helium Control Solenoid 1,000 +110 ms from 975 975
Enrg D/O K0013
K0125 |Oxidfzer Turbine Bypass 222
(G0008) |Vaive Closed D/O
K0124 |Oxidizer Turbine Bypass 10,000 ms from K00O5 875 871
(G0008) |valve Open P/U
K0126 |LOX Bleed Valve Closed 30,000 ms from KOOO5 {2,468 | 2,464
D/o
K0127 |LH2 Bleed Valve Closed 30,000 ms from KOOGS 4,217 | 4,213
D/o
o (KOXXX) Actual numt .r from acceptance firing event recorder.

*Within 5,000 ms of KO005 (Normally = 500 ms)
**Signal drops out when pressure reaches 425 +25 psig.
P/U = Pickup
D/O = D opout

9-33
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9-34

TABLE 9-13 (Sheet 1 of 2)

AS-501 FLIGHT ENGINE SEQUENCE - SECOND BURN

[ CONTROL EVENTS CONTINGENT EVENTS AC'I‘I.(;i)TIHE
N NOMINAL TIME FROM
SPECIFIED REFERENCE FROM
o EVENT AND COMMENT Hs EVENT AND COMMENT F o |sPECTFIED
. ° REFEREMCE
K0021 +Engine Start Command 0 0 0
P/U
K0007 « Helium Control Solenoid Within 10 ms of K0021 0 0
Enrg P/U
KO010 | Thrust Chamber Spark On Within 10 ms of K002l 0 0
P/U
i X0011 | Gas Generator Spark On P/U|Within 10 ms of K002l 0
{ K0006 | Ignition Phase Control Within 20 ms of K002l 0
Solenoid Enrg P/U !
KO126 | LOX Bleed Valve Closed P/U|[Within 130 ms of K0007 84 8 |
" K0127 t LH2 Bleed Valve Closed P/U{Within 130 ms of K0007. 84 84 '
‘ K0020 | AST LOX Valve Open P/U  |Within 20 ms of KOO0 39 3 !
KO119 Main Fuel Valve Closed 60 +30 ms from K0OO6 0 0 .
! (G0004). ‘
; KO118 Main Fuel Valve Open P/U (80 +50 ms from KO119 182 182
i (G0004) ]
) ‘ j
‘1 K0021 | *Engine Start D/O : Approx 200 ms from 8,589 8,589 !
| K0021 P/U l
{ K0OO96 | **Start Tank Disc | 8,000 +40 from 8,014 14
. Control Solenoid Enrg ! K0021
! | !
! ' K0123 | Start Tank Disc Valve 100 +20 ms from K0096 | 8,081 67 !
i ;(00009)1 Closed D/O |
’ !
i K0122 | Start Tank Disc Valve Open 105 +20 ms from K0123 | 8,322 241 \
1(G0009)| P/U
K0005 | Mainstage Control 450 +30 ms from KOO96 | 8,458 444
Solenoid Enrg
K0096 | Start Tank Disc Control 450 +30 ms from KOO96 | 8,458 444
| Solenoid Enrg D/O
K0121 | Main LOX Valve Closed D/O |50 +2J ms from K0OO5 8,375 -83
KO0116 | Gas Generator Valve Closed {140 +10 ms from K0O005 | 8,350 -108
(G0005)| D/O
0122 | Start Tank Disc Valve Open[95 +20 ms from KO096 8,496 38
(G0009)| b/0
K0117 | Gas Generator Valve Open |50 +30 ms from KO1l6 8,916 566
(G0005)| P/U
K0124 | LOX Turbine Bypass Valve 8,953
(G0008)| Open D/O
(G0008)| LOX Turbine Bypass Valve +150
802 Closed 400 Z50 ™ from K0122| 8,884 388

fEngine ready and stage separation signals (or simulation) are required before this command

will be executed.

of the start tank discharge solenoid valve (KOu96).
*This signal drops out after a time sufficient to lock in the engine electrical.

This command also actuates a 640 +30 ms timer which controls energizing

*%An indication of fuel injection temperature of 310 +40 deg R (or simulation} is required

before this command will be executed.

which controls the start of mainstage.

P/U = Pickup

D/0 = Dropout

(KOXXX) Actual number from acceptance firing event recorder.

This command also actuates a 450 +30 ms timer
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TABLE 9-13 (Sheet 2 of 2)

AS~-501 FLIGHT ENGINE SEQUENCL - SECOND BURN

Section 9
Engine System

CONTROL EVENTS CONTINGENT EVENTS ACT‘:ﬁt)TIME
NOMINAL TIME FROM I
SPECIFIED REFERENCE i  FROM
HEAS EVENT AND COMMENT oy EVENT AND COMMENT P SPECIFIED
’ - |REFERENCE
K0123 |Start Tank Disc Valve 250 440 ms from K0122 8,886 390
(G0009){Closed P/U
K0125 |*LOX Turbine Bypass Valve 9,008
(G0008)| Closed P/U
KO158 {Mainstag. Press Switch 9,727
#1 Depr:ss D/O
KO159 |Main tage Press _witch 9,802
#2 Depress D/2
K0120 |Main LOX V:-lve Open P/U 2,605 +145 ms from 10,869 2,411
(G0003) K0005
K0010 |Thrust Cuamber Spark On 3,300 +200 vs from 11,699 3,241
DU KO0005 P/U
K0011 {Gas Generator Spark On D/0| 3,300 +200 ms from 11,699] 3,241
K0005 P/U
K0013 ]|Engine Cutoff P/U ] 0 4]
(New time ref~rence)
K0005 |Mainstage Control Solencid{Within 10 ms of K00.3 -20 =20
Enrg D/O
K0006 |Ignition Phase Control Within 10 m< of KO0O13 -4 -4
(K0535)|Solenoid Enrg D/O
K0020 [ASI LOX Valve Open D/O 73
(K0622)
K0120 {Main Oxidizer Valve Open |50 +15 ms from K0005 3 23
(G0003) Ip/o
(égéé;) §7: Generator Valve Open 75 th ms frem KOO06 -88 -84
KO'.8 |Main Fuei Valve Open D/O0 |90 +25 ms from K0006 7 11
(G0004)
K0121 |Main Oxidizer Valve Closed]|120 +15 ms from K012y 307 304
(G0003) jp/y
K0116 |Gas Generator Valve Ciosed{500 ms from K0006 390 394
(G0005) lp/u
K0119 |Main Fuel Valve Closed P/U}225 +25 ms from K0118 410 403
(G0004)
K0007 | Helium Control Solenoid 1,000 +110 ms from 78 78
Enrg D/O K0013
K0125 | 0-idizer Turbine Bypass 179
( 0008)| Valve Closed D/O
K0124 | Oxidizer Turbine Bypass 10,000 ms from K00O5 716 736
(G0008)| Valve Open P/
K0126 | LOX Bleed Valve Closed 30,000 ms from K0005 2,764] 2,784
D/0
KO0127 | LH2 Bleed Valve Closed 30,000 ms from KOOO5 4,014 4,034
D/0
*Within 5,000 ms of K0OOS (normally = 500 ms)
(KOXXX) Actual number from acceptance firing event recorder.

P/U = Pickup

D/0 = Dropout

PP
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 — et TEMPERATURE (°R) PRESSURE (PSIA) MASS (LBM)
ARAVETER 501 501 502 501 s01 502 501 501 502
FLIGHT | ACCPT | ACCPT| FLIGHT | ACCPT | ACCPT | FLIGHT | AcCPT | ACCPY
LIFTOF< 262 ria! 260 1296 1265 1270 3.65 3.41 | 3.64
LIFTOFF ReQu IREMENT SEE LIFTORF BOK SEE LIFYOPFF BOK SEE LIFYOPF BOX
FIRST ENGINE START COMMAND 266 285 272 1270 1278 1338 3.53 3.33 3.64
AFTER FIRST START SPHERE BLOWDOWN 171 196 180 100 135 150 0.49 0.57 .66
FIRSY ENGINE CUTOFF COMMAND 187 232 225 1166 1206 1255 “. 7% 3.89 4.18
TOTalL Gﬂz USAGE DURING FIRST START -— -— - -— - -— 3.04 2.76 2.98
SECOND ENGINE START COMMAND 206 268 263 1286 1294 1320 3.8 3.84 5.70
AFTER SECOND START SPHERE BLOWDOWN 170 170 178 140 200 165 0.68 0.95 0.73
SECOND ENGINE CUTOFF CreMAND 170 219 227 1185 1250 1286 5.37 4,26 4.21
TOTAL GH2 USAGE DURING SECOND START - - — —_ —_ —_— 3.16 2.89 2.97
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Figure 9-6. GH2 Start Sphere Critical Limits at Liftoff
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Section 10
Solid Rockets

(_' 10. SOLID ROCKETS

The solid rocket motors on the S-II and S-IVB stages performed satisfac-

bt St st ok - It

torily and accomplished their intended purpose. The S-II was separated
from the S-IVB stage by the retrorockets, and the S-IVB propellants were

settled pricr to first burn engine ignition by the ullage rockets.

10.1 Retrorockets

The four retrorockets mounted on the S-II stage performed satisfactorily
and separated the S-II and S-IVE stages. The ignition command was given

at RO +520.528 and pressure buildup for all four retrorockets began

o - = ST e e .

within 0.02 sec of each other at RO +520.57 sec. The chamber pressure

EPT AR

profiles for the four rockets were very similar and the maximum difference

in burntimes was 0.10 sec.

Table 10-1 presents significant data for the individual rocket motors.
All performance parameters were ciose to their nominal values. The
average chamber pressure was slightly higher than nominal and the average
;1 (Z) burntime was slightly shorter. The chamber pr=ssure,integrated over the
burntime,was slightly greater than nominal. These parametevs indicate
ftli siigntly higher than nominal wmotor performance. Available information

was insufficient for calculating thrust from the chamher pressure data.

‘:“‘ As a result, total impulse covld not be computed. Chamber pressure

profiles for the retrorockets are shown in .igure 10-1.

10.2 Ullage Rc._kets

Ullage rocket performance was satisfactory. The Ullage Rocket Ignition
Command was given at RO +520.432 s=c, with the jettison command at

0 +532.525 sec. These times, relative to Engine Start Command, were
very close to predicted. Table 10-2 presents the individual rocket
motor perfcimance parameters as defined in the Thiokol Chemical Co.
model specification, S$P-544A, dé;ed 2% November 1965. A comparison of
these data with nominal performance limits indicates that both motors

7? performed within design specificaticns, Figure 10-2 presents the thrust

Q

profiles during firing.

Lo 10-1
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The solid rocket motors on the S-II and S-IVB stages performed satisfac-
torily and accomplished their intended purpose. The S-II was separated
from the S-1IVB stage by the retrorockets, and tha S-IVB propellants were

settled prior to first burn engine ignition by the ullage rockets
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Section 11
Oxidizer System

OXIDIZER SYSTEM

The oxidizer system performed satisfactorily, supplying LOX to the engine
pump inlet within the specified operating limits throughout both periods
of J-2 engine operation. The available net positive suction pressure
(NPSP) at the LOX pump inlet exceeded the engine manufacturer's minimum

requirement at all times.

11.1 Pressurization Control

The LOX tank pressurization system (figure 11-1) satisfactorily
maintained pressure in the LOX tank during both perieds of S-IVB powered
flight. The cold helium supply was adequate; howevar, cold helium supply
pressure decreased during the first and waiting orbit, The repressuriza-

tion system was not required to repressurize the LOX tank for second

burn.
11.1.1 First Burn

11.1.1.1 Prepressurization and Boost

LOX tank prepressurization started at R0 -167 sec and increased the LOX
tank ullage pressure from ambient to 40.5 psia within 15 sec

(figure 11-2). Two makeup cycles were required to maintain the LOX
tank ullage pressure before the ullage temperature stabilized. The
pressurization control pressure switch controlled the pressure between
39 and 40.5 psia. At RO -97 sec, the ullage pressure increased from

40 to 42.6 psia because of LH2 tank prepressurization, with a minor
contribution from the LOX vent valve purge and the LOX pressure sense
line purge. Table 11-1 compares prepressurization data from the

S-IVB-501 and 502 acceptance firings to that from S-IVB-501 flight.

During the first 10 sec of S-IC boost, the ullage pressure decreased

1.2 psia (from 42.4 to 41.2 psia). The pressure continued to decrease
to a minimum of 39.9 psia after 100 sec of boost, then increased to

40.5 psia by S-IC cutoff. The pressure was relatively stable at 40 psia
during S-II boost, increasing slightly to 40.2 psia by S-IVB first bumm
Engine Start Command (ESCl).

11-1
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11-2

The initial ullage pressure decrease after liftoff may have been caused
by LOX slosh, which tends to chiil the ullage, The chilling continued
through 5-IC boost, as shown by the ullage temperatures in figure 11-2.
The pressure was relatively stable during S-~II boost because the g force

was lower and the ullage collapse was less than it was during S-IC boost.

11.1.1.2 Pressurization

The LOX tank ullage pressure and temperature and the pressurant flowrate
are shown in figure 11-3. The ullage pressure was 40.2 psia at first
burn Engine Start Command, satisfying the engine start requirements, and
was sufficient throughout S-IVB powered flight to meet the minimum NPSP
requirement., During the scart transient, the ullage pressure decreased
to a minimum of 35.8 psia before the pressurant flowrate became large
enough to increase the ullage pressure., During first burn the ullage
pressure cycled three more times than predicted because the ullage pres-
sure decrease during the start transient was 1 psia more than predicted

nd the control band was smaller than that used for the predictions.

The ullage pressure increased slightly during the first few seconds after
first burn Engine Start Command because the pressurization system was
activated at first engine start and allowed the pressurant to flow during

the 3-sec fuel lead.

The LOX tank pressurant flowrate varied from 0,38 to 0.42 lbm/sec during
overcontrol system operation, and from 0.25 to 0.3 lbm/sec during under-
control. This variation is normal because the heat exchanger bypass
orifice inlet temperature changes as the system chills down. During
S-IVB first burn, 47 lbm of helium were used; 332 1lbm had been loaded.
Table 11-2 compares the pressurization system data from S-IVB-501 and 502
acceptance firings to that from S-IVB-501 flight.

11.1.1.3 Cold Helium Supply

The cold helium supply was more than adequate to meet flight requirements.
The cold helium supply system data are presented in table 11-3 and

figure 11-4., The values quoted for mass calculations were based upon

\J
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sphere temperatures and pressures at the indicated times. The results
of these mass calculations disagree with the results obtained by flow
integration and are considered inferior to them because the spheres are
at different temperatures and the compressibility factor cannot be

exactly determined.

11.1.1.4 J-2 Engine Heat Exchanger

The J-2 engine heat exchanger performance data are presented in

figure ]1-5 and compared to S-IVB-501 and 502 acceptance firing data

in table 11-4. The heat exchanger outlet temperature increased to

925 deg R by the end of 50 sec of engine operation. The temperature
continued to increase to a maximum o. 1,000 deg R at 9 sec prior to

first burn Engine Cutoff Command (ECCl). The flowrate through the heater

was relatively constant at the values given in the table.
11.1.2 Second Burn

11.1.,2,1 Repressurization

The repressurization system was not required since the LOX tank ullage
pressure at repressurizatjon initiation was above the repressurization
upper pressure limit. The LOX tank ullage conditions during the intended
repressurization period are shown in figure 11-6. A discussion of the
events that led to the high LOX tank ullage pressure at the initiation

of repressurization is given in paragraph 11.2.1.

11.1.2.,2 Pressurization

At second burn Engine Start Command (ESC2), the LOX tank ullage pressure
(figure 11-7) was 42.6 psia, thus satisfying the engine start requirement.
During second burn the ullage pressure cycled between 39 and 40,2 psia
three times, which waeg one cycle less than predicted. The number of
cycles was fewer than predicted and the ullage collapse waz less than
predicted. Throughout second burn the ullage pressure was sufficient

to meet the minimum NPSP requirements.

11-3



g—,
!
5
i
4
¥
¥
1,
3
;—;

K R S

e

Section 11
Oxidizer System

11-4

The pressurant flowrate varied from 0.28 to 0.33 lbm/sec during under- _)
control svstem operation, and from 0.4 to 0.46 lbm/sec during overcontrol.

Based on flow integration, 95 lbm of helium were used during the second

period of S-IVB powered flight. The pressurization system performance

during second burn is compared to that of S-IVB-501 and 502 st#_o« during

acceptance firing in table 11-2,

11.1.2.3 Cold Helium Supply

The cold helium supply during second burn was adequate. Existing data
indicate that, after second burn engine cutoff, the pressure remained
essentially constant at approximately 800 psia. (It slowly increased to
830 psizs, then d~creased to 800,) Significant data are presented in
table 11-3 and figure 11~8. This system is further discussed in
paragraph 11.1.1.3.

11.1.2,4 J-2 Engine Heat Exchanger

The J-2 engine heat exchanger performance data during second burn are )
presented in figure 11-9 and compared to S-IVB-501 and 502 acceptance )
firing data in table 11-4.

11.2 Pressurization System Conditions During Orbit

11.2.1 LOX Tank Conditions

The LOX ullage gas temperatures and liquid temperatures during the first
and second orbits are shcown in figure 11-10. During this period, the
temperature probes indicated liquid temperatures, which suggests that
liquid was dispersed throughout the ullage. The validity of this
contention is doubtful as the acceleration provided by the continuous
vent is sufficient to settle the liquid to the bottom of tF: tank;
however, due to the J-2 engine shutdown transients and a pitchdown ma-
neuver after first burn, a liquid spray may have been Jispersed into the
ullage. A few drops of the spray apparently settled on the gas tempera-
ture probes (C0029 and C0059). At the same time temperature probes C0099,
C0100, and CO101 indicated that the liquid was creeping up the instrumen-
tation probe, thereby filling the probe and temperature canisters.

“~—’
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(:} Because of the low g condition, the liquid remained in the canisters
until some time after second burn Engine Start Command. This theory is

supported by the data in figure 11-7, which show the 101, 100, and 80 per-

N i &t S # LR S

cent liquid level probe temperatures taking their characteristic drop as
though the probes were emerging from the liquid. Therefore, even though
the liquid level at second burn Engine Start Command is below 80 percent,

the ullage gas temperature during orbit cannot be determined.

During orbital coast, the ai. end of the tank became quite warm as indi-
cated by the position 1 an. " probes and by the 1 percent gas probe
(figure 11-10). During the same period, the ullage became very cold as
indicated by the diffuser temperature and the 101 and 100 percent gas
probes. The actual temperature of the ullage was not determined for the

reasons previou:ly stated.

The LOX tank ullage pressure (figure 11-11) decreased from 40.5 to

U T T AP 7§ H G P IR~

39.15 psia by the end of the first orbit. The pressure increased during
the second orbit and was 39.9 psia when a yaw and pitch maneuver took
place in preparation for second burn. At this time the ullage pressure

increased sharply to 42.6 psia where it stabilized until second burn

S
.

Engine Start Command.

At one time during orbitai coast, the .evel and the relative stability
of the tank pressure support the cold helium leak theory discussed in
#; paragraph 11.2.2. That is, the leakage indicated by the mass calcula-
. tions passed the LOX pressurization control module shutoff valves and

RS entered the tank. Analysis showed that a helium leakage rate of

0.0028 lbm/sec into an ull-ge at 200 deg R could ir fact cause the

pressure stability This approach, however, was discredited; analysis

PR .

indicated that, with a stab’e ullage pressure, the energy loss from the
ullage would have to be approximately three times the predicced. This
would indicate a loss of vacuum in the common bulkhead, which did not
occur. In addition, the shutoff valves would have to fail in such a

way as to allow a leakage of 0.0028 lbm/sec. A review of the development

11-5
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and testing of the module reveals that leakage past the shutofr valves

has never been observed. Also, the cold helium dump module wihich is

PRI R

equipped with an identical poppet arrangement has never been observed to

leak, It is, therefore, highly improbable that a leak past the cold
helium shutoff vsives did cccur,

With the leakage theory uncorroborated, the tank conditions during orbit
were examined to formulate a more feasible theory for the ullage pressure

stability and increase prior to repiessurization.

i As indicated by the tank temperatures shown in figur= 11-10, a warm
% layer of liquid and gas formed in the aft end of the tank during orbit.
.g This theory is supported by the liquid position 1 temperature, which
_; went off-scale-high at 173 deg R, and the 1 percert gas probe, which
% indicated temperatvres in excess of 170 deg R. The LOX above the warm
;i layer and gis pocket must have been pushed into the ullage as the pocket
‘§ enlarged during orbit. This would tend to stzbilize the ullage pressure
j" and even cause the pressure to increase when the vehicle was .n the sun
or decrease when the vehicle was in the earth shadow.
This theory was applied to the tank _rbital pressure analysis and the
'.33 results agreed favorably with the flight data. It was found that a LOX

boiloff rate of 0.014 lbm/sec, causing GOX hut“'es o form in the bottom

of the tank, gives an ullage pressure proii.. ...y similar to the flight

data, When the mass of GOX in the bubble was added to the gases in the
tank ullage during restart operations, the analysis indicated the ullage

pressure would increase 2.8 ,si and the mean ullage temperature would

VDRI VE I AR — e |

increase approximately 5 deg., This pressure risc agrees favorably with
the 2.7 psi ullage pressure increase observed when the vehicle was

maneuvering prior to second burn.

11.2.2 LOX Tank Venting During Third Orbit

After S-IVB second burn Engine Cutoff Command, the ullage pressure

|

(figure 11-12) remained momentarily at 39.2 psia. Then a 10 sec pro-
grammed LOX vent at RO +11,786 sec decreased the ullage pressure to
29,2 psia. By RO +12,000 sec, the pressure had increased to 33 psia

due to vaporization of the LOX residual and ullage heaving. Between

11-6
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RO +12,386 sec and RO +12,550 sec, the tank pressure increased from
34.0 to 35,7 psia, The sudden increase in pressure was probably due to
a substantial increase in boiloff and ullagze gas heating causzd by the

agitation tou the residuals created during spacecraft separation.

After LV/SC separation, the ullage pressure continued to increase to
41.9 psia at RO +19,120 sec. At this time an oscillation developed in
the ullage pressure indication, of approximately 1 cps frequency and
building to an amplitude of 4.5 psi peak-to-peak (p-p) by RO +19,240 sec.
The null point of the oscillations at this time was 42.4 psia. At

kO +19,660 sec, the pressure responded to a tank vent dropping to a null

value of 42.0 psiz with 3.6 psi p-p amplitude.

The cscillation then gradually decayed to 2.5 psi p—-p amplitude about

a 41.9 psia null by RO +20,500 sec when a ccmpound oscillation developed
with an irregular 0.067 cps superimposed on a steady 1 cps. A maximum
cnplitude of 6.5 psi p-p was noted before the secondary oscillation
becai.e erratic and began to break down at approximately RO +20,670 sec.
The osci.lation then decayed steadily to 0.5 psi p-p about the -wll
point of 42.1 psia at 0.8 cps frequency by RO +21,300 sec when data was
temporarily lost. Althcugh data thereafter is sketchy, the oscillatious
appear to have built up *o 2.6 psi p-p at 1.0 cps about = null of

42.3 psia by RO +22,400 sec and to have then decreased to 1.8 psi p-p

at 1.1 cps about 42.8 psia by loss cf data at RO +25,000 sec.

The data first availsble indicated that the oscillations were due to a
cycling of the vert and relief valve which cracks and reseats at
approximately the upper and lower levels of the oscillation. The tank
pressure, however, was 41.9 psia when the oscillations started, and the
vent vaive shovld not have opened. Absence of LOX relief operation is
not supported by tank ullage temperature data, (figure 11-13), which
indicated no temperature change that would be characteristic of venting,
or by the APS system, which indicated no response to venting. At

first glance, the oscillations appear to have the same characteristics

as those which hav: been noted on some previous stages during several

11-7
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11-8

tests, both at STC and KSC, However, an evaluation reveals that the
mechanism known to exist in these previous occurrences is dependent
upon some acceleration level for continuvous oscillation, and therefore,
should not exist in orbit. Further investigation of both the data and
the stage configuration revealed the following information and yielded

the mechanism of oscillation presented below.

When oscillations were noted on the S~IVB-501 stage during the CDDT at
a time when the ground supplied sense line purge was turned off, steps
were taken to prevent a recurrence during the boost and burn period of
flight. The sense line purge supply was moved from ground supplied
helium to the stage ambient helium system through a 200 scim sintered
orifice, This new supply line was not provided with a check valve.
When the stage ambient helium system developed a leak in orbit, and the
helium pressure decayed below the level of the LOX ullage pressure
(helium regulator discharge pressure dropped below 42 psia at

RO +17,000 sec), the sense line purge not only ceased, but a reverse
flow, from the tank ullage, through the sense line and purge line and
out the leak, was initiated. This reverse flow carried entrained LOX
through the sense line and outside the confines of the LOX tank, where
it flashed off. This evaporation generated gas faster than the leakage
rate could carry it off and a high pressure developed. This pressure
forced the LOX back up the sense line to a point where the line was
surrounded by LOX, and the evaporation ceased. The continuing leakage
now reduced the pressure, and the resulting delta pressure along the
length of the sense line once again drove the LOX in the line outside of
the tank, causing evaporation. This cycle would continue as long as
there was sufficient LOX in the ullage gas to generate gas by evaporating
faster than the leakage rate. The magnitude and frequency of the
oscillation are dependent upon the mass of LOX in the sense line and

the heat source outside of the LOX tank.

The compound oscillation noted at RO +20,500 sec may be explained by the
interaction of the previously described phenomenon operating on not

one, but two masses of condensed LOX in the sense line, separated by
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a gas column of some length. The entrained LOX in the sense line could

quite easily have coalesced into two separate masses due to the vibratory

motion of the gases.

It is obvious from the preceding discussions that the oscillations are
caused by the problem in the stage pneuratic system in conjunction with
the particular sense line purge configuration. Since this purge config-
uration is not effective on later stages, this particular oscillation

mechanism should not be seen again.

11.2.3 Cold Helium Supply During Orbit

During first and second orbit, the cold helium supply pressure
(figure 11-14) decreased from 1,570 to 1,430 psia - a 140-psi drop in
10,8290 sec of orbital coast. Such a decrease was not indicated during

the wa ting orbit.

Whether the pressure decrease was a helium leak or bad data is question-
able, but a search into the pressure transducer background revealed
nothing that would indicate a discrepancy in the data. The sensor was
tested to 140 deg R. From past calculations, the lowest temperature tane
transducer is expected to experience during any Saturn flight is

180 deg R after 4 1/2 hr in flight. The inside tunnel wall and the LH2
tank external wall temperatures recordecd on S-IVB-501 indicate the
transducer was well above 180 deg R. No discrepancies were found on
this transducer. Some total supply mass calculations using maximum and
minimum individual sphere temperatures were compared to the mass using
average temperatures. A wide range of second burn masses can be calcu-

lated, depending on the temperature used, as shown in the following table:

Time Maximum Individual Average Minimum Individual
Sphere Temperature Temperature Sphere Temperature

Liftoff 332 1bm 332 1bm 332 1bm

ESC1 332 1bm 332 lbm 332 1bm

ECC1 294 1bm 294 1bm 294 1bm

ESC2 234 1lbm 252 1bm 257 1bm

ECC2 168 1bm 190 lbm 2935 1bm

11-9
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11.3 LOX Pump Chilldown

11.3.1 First Burn

The LOX pump chilldown system performed adequately. At Engine Start
Command, the pump inlet conditions of 40.2 psia and 164.5 deg R were
sufficient to produce an NPSP of 23.8 psi, satisfying the requirement of
i2.8 psi minimum (table 11-5).

Rectirculation chilldown was started at RO -275.9 sec and continued until
RO +520.9 sec when the prevalve started to open with the chilldown pump
still running. The prevalve-full-open signal was received at

RO +522.5 sec. The chilldown pump was cut off and the shutoff valve

closed approximately 0.4 sec before first burn Engine Start Command.

During chilldown the pump inlet and return line pressures increased and

decreased with acceleration until the prevalve was opened and the
chilldown pump developed head was lost. The pump inlet pressure then
decreased to equal the ullage pressure. The chilldown system fluid

temperatures decreased during the first minute of chilldown, then
remained relatively constant until prepressurization (figures 11-15 and
11-16). The engine pump inlet pressure was constructed for the periods
from RO +30 to RO +150 sec and from RO +440 to RO +519.8 sec because
DO003 was off-scale high.

During pressurized chilldown, the LOX was subcooled throughout the
recirculation system. The chilldown flowrate was 33.5 gpm prior to
prepressurization and 35 gpm after, with a frictional pressure drop of
11.0 psi through the system. The flow coefficient, a measure of the
flow resistance, was calculated from this flowrate and pressure drop

data. During pressurized chilldown, it was found to be 25 sec2/in.2 ft3.

The NPSP at the engine pump inlet was nominal at 23.6 psi at first

burn Engine Start Command.

The heat input rates from the tank of the turbopump inlet (section 1),
from the pump inlet to the bleed valve (section 2), and from the bleed
valve to the tank inlet (section 3) decreased rapidly during the first
minute of chilldown. Prepressurization caused another decrease, and
S-I acceleration buildup caused still another. The heat input rates

remained relatively constant during the subsequent chilldown process.

11-10
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(:} 11.3.2 Second Burn

The LOX pump chilldown for second burn was different from that for first

burn in that it started with a dry chilldown system. A special unpres-

‘ surized LOX pump chilldown test was initiated 4 min prior to the

% initiation of restart preparations with the prevalve closed. The purpose
: of this test was to determine chilldown effectiveness at a lower g level

than nocmal with the ullage engines on.

The LOX pump recirculation chilldown system performed satisfactorily
(figures 11-17 and 11-18). At second burn Engine Start Command, the pump

inlet pressure of 42.6 psia and temperature of 165.75 deg R were within

] the engine start requirements. The NPSP at second burn engine start was

1 25 psi, satisfying the minimum acceptable limit of 12.8 psi. Signifi-

cant data are presented in table 11-5.

After approximately 40 sec of chilldown, the chilldown pump differential
pressure, flowrate, and engine LOX pump pressure and temperature reached
steady conditions. The chilldown system temperatures were subcooled

(?9 after 60 sec and remained subcooled until the end of chilldown. After
that time (ESC2 -503 sec), subcooled LOX was flowing through the entire

chilldown system. The LOX tank ullage pressure was constant at 40 psia

from some time before chilldown initiation until restart preparations
(end of chilldown test) at ESC2 -326.0 sec. During this period, the
chilldown pump differential pressure was 10.5 psid, the flowrate was
e approximately 36 gpm, and the engine pump inlet pressure and temperature
T o were 48.5 psia and 1(5.9 deg R. However, chilldown was not complete

because the bleed valve and chilldown return line temperatures and the

heat inpuc rate of section 2 were still decreasing. The LOX pump NPSP

was 30.5 psi.

H At ESC2 -282 sec, a 20-sec perturbation occurred in the LOX chilldown
: system-~the chilldown pump differential pressure and flowrate dropped
from nominal to near zero and recovered three times (figure 11-19)
because GOX bubbles had formed on the bottom of the tank. The GOX

bubble formation is attributed to heat leaks through the aft LOX dome

11~11
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during coast. aPS ullage acceleration forces, beginning at

ESC2 -327.8 sec, resulted in displacement of the formatior from the tank
bottom to the liquid surface. As a result of the APS ullage pitch and
yaw maneuvers at ESC2 -326 sec, the formation slowly rose from the bottom
of the tank and passed the chilldown pump inlet. During this displace-
ment, some of the bubbles entered the LOX chilldown system. Since the
chilldown pump recovered to its previous level of performance, this two-

phase flow disruption did not degrade the chilldown.

The LOX tank ullage pressure started an increase of 2.5 psia at restart
initiation (paragraph 11.2), thus causing a small shift in data. Wuen
the prevalve was opened at ESC2 -9.8 sec, the engine LOX pump inlet
pressure dropped from 52.0 to 43.0 psia (the same value as the ullage
pressure), and the pump inlet temparature was constant at 165.6 deg R.
The heat input of section 2 remained constant at 4,000 Btu/hr until
second burn Engine Start Command. The LOX system chilldown was complete
because all parameters had stabilized long before second burn Engine

Start Command.

11.4 Engine LOX Supply

The engine LOX supply system (figure 11-20) delivered the necessary
quantity of LOX to the engine pump inlet throughout both firings.

11.4.1 First Burn

The NPSP at the engine interface (figure 11-21) was calculated to be
23.8 psi at first burn Engine Start Command. The NPSP decreased after
first engine start and reached a minimum of 22.5 psi after 20 sec of
powered flight, which was 1.9 psi above the 20.6 psi required at that
time. During the remainder of the burn, the NPSP remained betwesen
27.4 and 24.8 psi as it followed the ullage pressure. At the end of
first burn, the NPSP was 26 psi which was 6.35 psi above the required.

The interface static pressure and temperature are shown in figure 11-21.
The interface pressure was 40.2 psia at first burn Engine Start Command

and reached a minimum of 36.5 psia after 20 sec of engine operation.

11-12
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The pressure increased to 41 psia then cycled between 39 and 40 psia as
it followed the ullage pressure. The interface pressure at Engine Cutoff
Command was 40 psia; the temperature was 164.5 deg R at first burn Engine

Start Command and at first burn Engine Cutoff Command.

When the LOX pump interface pressure and temperature were plotted in the
engine LOX pump operating region (figure 11-22), they indicated that

the engine LOX pump interface conditions were met satisfactorily through-
out the first period of powered flight. The pump iuterface temperatire,
as plotted against the mass remaining in the LOX tank during engine
operation is shown in figure 11-23. Table 11-6 compares the LOX supnly

parameters to those of S-IVB-501 and 502 acceptance firings.

11.4.2 Second Burn

The NPSP at the engine interface, shown in figure 11-24, was calculated
to be 25 psi at second burn Engine Start Command. At the end of fuel
lead the LOX pump NPSP increased rapidly to 28 psi then decreased to
24.2 psi and cycled from this value to 26 psi. At second burn Engine
Cutoff Command, the NPSP was 24.2 psi which was 10.75 psi above the

required.

The LOX pump static interface pressure (figure 11-24) followed the cyclic
trends of the LOX tank ullage pressure. At second burn Engine Start

Command and at the end of fuel lead, the interface pressure was 42.6 psia.
During engine operation, the pressure cycled from 38.5 to 40 psia; it was

39 psia at second burn Engine Cutoff Command.

The interface temperature at second burn Engine Start Command and at the
end of fuel lead was 165.75 deg R. It decreased to 165.5 deg R by
5 sec after start tank discharge then increased to 165.75 deg R by second

burn engine cutoff.

When the LOX pump interface pressure and temperature were plotted in the
engine LOX pump operating region (figure 11-25), they indicated that the

engine LOX pump interface conditions were met satisfactorily throughout

11-13
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: the second period of powered flight. The pump interface temperature was i)
. plotted against the mass remaining in the LOX tank during engine opera-
A tion and is shcwn in figure 11-23., The flight data are compared to the

S§~1VB-501 and 502 acceptance firing data in table 11-6.
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{ , TABLE 11-1 ,
3 & LOX TANK PREPRESSURIZATION DATA
§
i $-1VB-501| SIVB-501 [S-1VB-502
. PARAMETER UNIT FLIGHT ACCEPTANCE | ACCEPTANCE
! FIRING FIRING
Prepressurization duration sec 15 9 19
Number of makeup cycles 2 1 1
.2 Prepressurization helium
Flowrate lbm/sec| 0.26 0.8 | 0.321
‘é Mass added to LOX tank during lbm 3.7 7.52 6.1
§ prepressurization
- Mass added to LOX tank during |1bm 0.39 0.98 0.57
i makeup cycles
1
}
é Ullage pressure
'i C?ﬁ At prepressurization initiation |psia 15.1 14.7 14,7
: At prepressurization termination|psia 40.5 40.8 40.3
K At liftoff* psia 42.4
E At Engine Start Command psia 40.2 36.8
:ﬁ Events (sec from liftoff*)
zif Prepressurization initiation -167 -158.5 -163
pE
T Prepressurization termination -152 -149.5 -144
Engine Start Command 520.7 512.5 511.0

*Liftoff is simulated during acceptance firing.
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TABLE 11-4
J-2 HEAT EY.CHANGER PERFORMANCE DATA
. S~IVB-501 5-1VB~502
S-1vB-501 ACCEPTANCE ACCEPTANCE
FLIGHT FIRING FI*™ "G
PARAMETF.R UNIT T
FIRST SECOND FIRST SECOND FIRST SECOND
BURN BURN BURN BURN BURN BURN

Flowrate through heat exchanger

During overcontrol 1bm/sec 0.2 0.22 0.2¢ 9.20 0.20 0.21

During underconirol lbm/sec 0.073 0.074 0.075 0.075 0.075 0.075
Heat exchanger inlet temperature

During overcontrol deg R 50 50 70 70 75 70

During undercontrol deg R 60 63 85 89 100 49

Minimum deg R 45 39 65 70 70 75
Heat exchanger outlet temperature

At end of 50-sec tramsieng deg R 925 940 965 935 960 940

During overcontrol deg R * 930 985 860 985 915

During undercontrol deg R * 985 1,000 890 1,000 940

At Engine Cutoff Command deg R 990 985 992 890 995 950
Heat exchanger outlet pressure

During overcontrol psia 350 3A0 370 350 360 350

Duzirg undercontrol psia 410 418 425 415 420 420
Average LOX vent inlet pressure

During overcontrol psia 67 65 67 65 64 64

Nuring undercontrol psia 52 50 48 46 47 47
Maximum LOX vent inlet deg R 4958 420 542 555 550 540
temperature

*Temperature did not stabilize,

11-18




-~

Section 11
Oxidizer System

TABLE 11-5
LOX CHILLDOWN SYSTEM PERFORMANCE DATA
Tt | e | s
PARAMETER ONIT
FIRSY SECOND FIRST SECOND FIRST SECUND
BURN BURN BURN BURN BURM BURN

NPS?

At Emgine Start Cosmand psi 23.8 25 26.8 25.1 27.6 22.8

Manimm vequired at engine srart psi 12.8 12.8 12.8 12.8 12.8 ‘2.8

At opening of prevalve psi 45.5 34.9 35.2 -- 3.0 31.5
Pump inlet conagitions

Pressure at Engine Start Commar.d psia 0.2 42.6 44.3 42.8 44.8 40.2

Temperature at Engine Start Command deg ~ 164.5 165.75 1€s.6 165.8 165.4 165.4
Avecage flow coefficient -::gzlin.z 25.0 3.01 13.6] -- 4.6 | 13.27
Heat ahsorption rate

Section 1| ((ank to pumg inlet) Btu/hr 500 500 | 5,500 - 2,900 | 4,110

Sectioa 2 (pumy inlet to bleed valve) |Btu/hr 3,500 4,000 |19,00C - 13,600 24,570

Section ) (I ed valve to tank Btu/hr 3,500 2,00 | 1,500 -= 4,400 | &,120

inler)

Total Btu/hr 7,500 | 6,500 |26,000 - 20,900 |34,800
Chilldowm flowrate

Unpressurized gpa 33.5 - 38.5 119 - 35 38.7 38.6

Pressurized gpm 35.0 37.0 Py 42 30.9 40.9
Chilldowm system pressure d.op

Unpressuriz.d psi 9.2 - 7.4 - 6.6 0.6

Pressurized psi 11.0 10.5 8.5 - 8.3 1.7
Ewr its&®

Chi:ldowa initiation sec -278.9 -562.7 |-202.9 | -715.4 } -203.8 |-719.7

Prevalve closed sec -272.5 -552.0 -- - -= -

“repressuiization iritiation sec -166.7 -32%.0 |-158.5 | -472.3|-159.5 |-700.4

frevalve open command sec 520.0 -10.8 | 509.4 -3.1]509.37 } -3.14

Prevalve closed sigral dropout sec 520.9 -9.8 | 510.1 -2.3{510.31 | -2.12

Presalve open signal pickup sec 522.5 -7.9 | 511.4 -0.9 | 511.59 | -0.91

Delay between prevalve open command 2.503 2.89 2.0 2.2 2.22 2.23

and pickup of open signal sec

Chilldown shutoff valve closed sec 625.298t Not sent | 512.0 -0.4 | 51i.1 -1.7

Engine Start Command sec 520.7 0 | 512.5 0] 511.9 [}

*During acceptance firing, liltoff is simulated.

%A1l first burn data are referenced to liftoff (or simulated liftoff); all second

referenced to second Engine Start Command.

burn data are

tLOX chilldmwm valve closed switch (K0139) failed before liftoff (open dropout used).
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TABLE 11-6
TLOX PUMP INLET CONDITION DATA
. S-IVB-501 S-1VB-502
: S-1vB-501 ACCEPTANCE ACCEPTANCE
: FLIGHT FIRING FIRING
‘i_ PARAMETER UNIT
FIRST SECOND FIRST SECOND FIRST SECOND
ot
t BURN BURN BURN BURN BURN BURN
}
i Punp inlet conditions
3 Static pressure at engine start psia 40.2 42.6 44.3 42.8 44.8 ' 40,2
Temperature at engine start deg R 164.5 165.75 165.6 165.8 165.4 165.4
s Temperature at engine cutoff deg R 164.5 165.75 165.0 169.7 165.0 169.2
NPSP requirements
Minimum at Engine Start Command psi 12.8 12.8 12.8 12.8 12.8 12.8
x
At high EMR psi 20.8 20.8 20.8 20.8 20.8 20.8
After EMR cutback psi N/A 14.95 14.95 14,95 14.95 14 Q5
NPSP available '
S At Engine Start Command psi 23.8 25.0 26.8 25.1 27.6 22.8
j At start tank discharge valve psi 23.6 25.0 28.0 25 29.0 23.5
N open command
Maximum during firing psi 27.5 28 28 26 29 25
) Time of maximum (sec from ESC) 15 8.5 3 3 4 118
-] Minimum during firing psi 22.5 24.2 25.1 18.9 20.2 17.5
B Time of miniwum (sec from ESC) 20 ECC ECC ECC ECC ECC
zii At Engine Cutoff Command psi 26 24.2 5.1 18.9 20.2 17.5
‘ H LOX feed duct
. |
. At high EMR
) Pressure drop psi 1.9 1.8 2.5 2.8 2.6 2.3
Al
Flowrate 1lba/sec 448 453 459 455 462 462
After EMR cutback
Pressure drop psi N/A 1.8 N/A |0.9-1.9 N/A 1.6
Flowrate lbm/sec N/A 38l N/A 363 N/A 400 B

N/A = Not applicable

.
g
3
-2
-
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Section 12
Fuel System

FUEL SYSTEM

The fuel system supplied LH2 to the eagine, as designed, with the avail-
able net positive suctiorn pressure (NPSP) exceeding the engine manu-
facturer's requirements t).rough both burns, except at second burn

Engine Start Command.

12.1 Pressurization Control

The LH2 tank pressurization system (figure 12-1) satisfactorily accomplished
prepressurization and first burn GH2 pressurization. The LH2 tank pressures
during repressurization and second burn GH2 pressurization were below the
expected values. The system performance, however, was adequate during

second burn mainstage.
12.1.1 First Burn

12.1.1.1 Prepressurization

The LH2 tank conditions prior to prepressurization were 37.6 deg R and
17.5 psia, and the LH2 bulk was saturated. The LH2 Prepressurization
Command was received at T -96.5 sec, and the LH2 tank pressurized signal
was received 21.5 sec later when the LH2 tank ullag- pressure reached

33.8 psia. The uilage pressure continued to increase as the ullage warmed,
reaching the relief setting of 35.9 psia by liftoff, The ullage pressure

remained at thiz level during boost.

Approximately 8.8 1lbm of helium were 2dded during prepressurization. The
comparatively small mass of helium required for pressurization was the
result of the high temperature (the tark inlet temperature, C0015, did

not drop below its upper range limit of 300 deg R) and the correspondingly
high energy of the pressurant gas. The high pressurant gas temperature
was produced by environmental heating ‘'n the helium supply line. Co di-
tions from prepressurization to first burn Engine Start Command are
summarized in figure 12-2 and compared witn S-IVB-501 and 502 acceptance
firing data in table 12-1.

12.1.1.2 Pressurization

At first burn Engine Start Command (ESCl), the LH2 tank ullage pressure

was 35.9 psia. Between first burn engine start (which occurred at

12-1
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RO +520.7 sec) and approximately ESC1l +4.8 sec, the primary, control,

and step pressurization orifices were open to provide a high GH2 pressurant

flowrate to the LH2 tank during engine start., From ESCl +4.8 sec until
first burn Engine Cutoff Command (ECCl) at ESCl +144.9 sec, the control

and step pressurization orifices were closed, thus limiting the pressuri-
zation flow to the primary orifice. The ullage pressure decreased normally
and reached 29.0 psia at first burn Engine Cutoff Command., The actual
pressure profile, although slightly lower than predicted, was satisfactory.
LH2 venting did not cecur duriag first burn.

The GH2 pressurization flowrate was approxima. .y 0.50 lbm/sec, providing
a first burn total flow of 70.1 1bm. The first burn collapse factor was
similar to that during S-IVB-501 acceptance firing first burn. Conditions

¢
:
:
i

during first burn LH2 tank pressurization are summarized in figure 12-3

and compared with S-IVB-501 and 502 acceptance firing data in table 12-2.

i

12,1.2 Second Burn

12.1.2.1 Repressurization

;g The LH2 tank was repressurized with ambient helium from seven repressur-
ization spheres (4.5 cu ft each). Repressurization was initiated at second
burn Engine Start Command (ESC2) -325 sac (approximately RO +11,162 sec)

and was terminated prematurely from the ground approximately 80 sec

later. The LH2 tank was pressurized from 19.7 psia to 32.0 psia. The
ullage pressure subsequently decreased to 27.8 psia by second burn Engine

Start Command. Approximatley 47 1lbm of ambient helium were used in the

repressurization operation; approximately 14 1bm remained in the spheres.
’ The residual helium would have provided less than 1 psi of additional
pressure. Conditions during repressurization are summarized in figure 12-4

and compared with S-IVB-501 and 502 acceptance firing data in table 12-3.

The ullage pressure of 27.5 psia was lower than the minimum predicted
value of 31 psia. The lower-than-predicted pressure can be attributed
to the premature termination of the ambient repressurization operation,

to a cooler-than-expected blowdown of the repressurization spheres (lower

~/‘
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heating of the pressurant gas bv heat transfer from the spheres during
blowdown resulted in a lover energy input into the ullage), and to an
energy loss of approximately 12,000 Btu from the ullage gas resulting
probably from a combination of boiloff at the liquid-gas interface and
condensation of GH2 bubbles in the liquid bulk. Boiloff may have resulted
from slosh induced by the attitude change maneuver at the initiation of
restart preparations (ESC2 -327 sec). The presence of slosh was suk~
stantiated by liquid and temperature measurements. The condensation of
GH2 bubbles in the liquid bulk would have resulted in an increase in the
main ullage volume and a corresponding drop in ullage pressure. The
presence of bubbles was substantiated by the apparent drop in liquiau
surface level of approximately 4 ft during the period between initiation

of repressurization and second burn Engine Start Command.

The causes of the low repressurization system performance will be reduced
on the S-IVB~502 stage flight by delaying the initiation of ambient
repressurization command to ESC2 -127 se-. This delay will provide an
additional 200 sec of APS ullaging for bubble removal prior to repressur-
ization and shorten the period of possible ullage pressure decay following
repressurization. In addition, the repressurization flowrate will be
decreased by changing the size of the repressurization orifice, thus

reducing mixing in the ullage.

12.1.2.2 Pressurization

At =2cond burn Engine Start Command (ESC2), the LH2 tank ullage pressure
was 27.8 psia, which is lower than the minimum predicted pressure of

31 psia. Between second burn Engine Start Command and ESC2 +10.6 sec,
the primary, control, and step pressurization orifices were open. The
control orifice was subsequently closed and the primary and step valves
remained open (second burn overcontrcl mode) until second burn Engine
Cutoff Command (ECC2) at ESC +299.70 sec. LH2 tank ullage pressure and
pressure rise rate were both lower than anticipated. Preflight pre-
dictions indicated cyclic operation within the 31 to 34 psia control

band. The maximum pressure, which occurred at ECC2, was 31.9 psia.

The low pressurization performance during second burn can be attributed

to an energy loss from the pressurization system and/or the ullage. Since

12-3
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the data show no tank leakage from active tank penetrations (such as vent
systems) and indicate normal pressurant flow conditions at the tank inlet,
the most likely cause of the lower-than-predicted performance is pure
ullage collapse (heat transfer frcm the ullage). Most of the energy loss
from the ullage (approximately 5,000 Btu) can be explained by heat transfer
to the tank walls, which had been chilled by sloshing to liquid tempera-
ture prior to second burn Engine Start Command. The amount of boiloff

(or condensation) during second burn appears to be minor. The pressur-
ization performance will be improved on the S-IVB-502 flight by the
utilization of a larger primary orifice (0.07300 in.2 on S-IVB-502 flight
versus 0.0606 in.2 on S-IVB-501 flight). This will provide a higher

pressurization rate during both burns.

The GH2 pressurization flowrate during second burn ranged from 0.70 to
0.75 lbm/sec, providing a total flow of 206 1lbm of GH2. Conditions during
second burn LH2 tank pressurization are summarized in figure 12-5 and

compared with S-IVB-501 and 502 acceptance firing data in table 12-2.

12.2 Pressurization System Conditions During Orbit

12.2.1 1LH2 Tank Nonpropulsive Vent and Relief Valve Operation

The nonpropulsive vent (NPV) and relief valve operated satisfactorily,
maintaining the ullage pressure below the maximum limit. After LH2

tank prepressurization, the ullage pressure increased to 35.9 psia; the
vent and relief valve cracked and then feathered until engine start
(figure 12-2). After second burn cutoff the valve was opened for 120 sec,
dropping the ullage pressure from 31.7 psia to 19.0 psia (figure 12-6).
The LH2 tank then self-pressurized until the valve cracked at 36.2 psia.

Relieving at this pressure continued until loss of telemetry coverage.

12.2.2 1LH2 Tank Continuous Vent System Performance

The continuous vent system (CVS) performed satisfactorily, maintaining
the LH2 tank ullage pressure at an average level of 19.5 psia and

providing an average acceleration of 5 x 10- g for propellant settling
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during coast. The only problem arose when the continuous vent nozzle
pressure data erroneously indicated positive pressures (and, hence, flow)

during restart repressurization (paragraph 12.2.3).

Continuous venting was initiated at RO +723 sec, as evidenced by the almost
instantaneous increase in nozzle pressures, the decrease in nozzle tempera-
tures, and the rapid decay of ullage pressure (figure 12-7). Shortly
afterward, the nozzle pressure data began to diverge; by RO +3,000 sec

this discrepancy was a constant 2 to 3 psi, with nozzle 1 (DO181) data
higher than nozzle 2 (D0182) data., D018l was assumed to be indicating

the correct pressure level, based on flowrate calculations and the observed
pressure levels. At approximately RO +4,510 sec the main poppet of the
continuous vent regulator reseated, as shown by the decrease in nozzle 1
pressure to the normal level for bypass orifice flow only. From this time
until the termination of continuous venting at RO +11,161 sec the main
poppet periodically cracked and reseated. This periodic opening and
closing of the main poppet of the CVS regulator resulted in irregular
thrust and acceleration levels (figure 12-8), which may have affected

propellant conditions during coast (paragraph 12.2.4).

The calculated values shown in figure 12-8 are only approximate; exact
calculations could not be performed because of the possible error in the

CVS nozzle 1 pressure.

12.2.3 Continuous Vent System Anomalies

Following termination of continuous venting prior to s=2cond burn, the
continucus vent nozzle pressure transducers displayed abnormal (positive)
pressure levels (figure 12-6). These data were mistakenly interpreted

as indicative of flow through the CVS, and corrective measures were taken.

Further investigation has revealed the following:

a, LH2 tank ullage pressure data fror the termination of ambient
repressurization to second burn engine cutoff indicated either
a flow out of the tank or thermal collapse of ‘he incoming
pressurant geses. Analyses indicated that the latter agrees

more closely with the data (paragraph 12.1.2.1).

12-5
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b. It was discovcred that the CVS nozzle pressure transducers
(DO0181 and DO1R2) were mounted directly on the vent line and,
hence, were subjected to the extremely cold (40 deg R) GH2
temperature; they had been qualified only as lcw as 140 deg R.
Analyses to reveal what effect this temperature would have on

these transducers have been inconclusive.

c. The closed talkbacks from both the relief override valve and
the bypass orifice shutoff valve were received at the prepoar

time.

d. At the moment of CVS termination both nozzle temperatures (C0256
and C0257) began sharp upward trends indicative of normal warm-up

and a no-flow condition (figure 12-6).

e. During second burn, no inflections of either nozzle pressure or

temperature were seen, indicating no flow.

The conclusion of this investigation is that the continuous venrt rer:liator

ciosed as planned prior to restart.

During the coast period of S~IVB-501 flight, the main poppet was ieseated

for periods up to 450 sec. On S-IVB-203 the main poppet never completely
reseated during periods of similar operation. Apparently the continuous
vent regulator used on S5-IVB-501 was somewhat less sensitive; also, the
GH2 vented on S-IVB-501 was 20 to 30 deg R colder, resulting in a greater

mass flowrate at the same ullage pressure.

12.2.4 LH2 Tank Conditions During Orbital Coast

LH2 tank conditions during orbital coast are shown in figure 12-7. The
ullage temperatures were much colder than anticipated. Except for the

101 percent probe (CON39), the temperature probes irndicated an environ-
ment which could have been either gaseous or liquid during most of the
coast period. The total boiloff during orbit was not calculated because
(1) the ullage volume at continuous venting termination could not be
determined, and (2) the to:al mass vented calculation was only approximate.
However, boiloff was determined firom PU data (section 15), which is

presencly the most valid data available for this consideration.

"
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12.3 LH2 Pump Chilldown

12.3.1 First Burn

The LH2 pump chilldown system performed adequately. The LH2 chilldown
was initiated at RO -302.8 sec and was continuous until RO +520.9 sec
when the prevalve opened. The chilldown pump was turned off at

RO +521.9 sec. The engine pump inlet pressure and t.mperatire were

43.89 psia and 38.9 deg R at first burn Engine Start Command, resulting
in an NPSP of 21.5 psi, which was above the 6.3 psi required. Table 12-4
compares significant LH2 chilldown system performance data with S-IVB-501
and 502 acceptance firing data.

Chilldown system pressures, temperatures, flowrates, and calculated

performance are presented in figures 12-9 and 12-10.

The chilldown flowrate stabilized at 115 gpm after start transients and
prevalve closing. After pressurization the flowrate was 143 gpm until
first burn engine start. The heat input rate into section 1 (tank to

pump inlet) during the unpressurized portion was lower than during the
acceptance firing. All heat inputs during pressurized chilldown were

lower in flight than during acceptance firing. The total rate was constant
at 13,600 Btu/hr for 250 sec before first burn engine start as compared

to 50,000 Btu/hr during acceptance firing. The lower heat input rates
during flight did not degrade chilldown. The data fluctuations at about

132 and 150 sec were caused by S-I shutdown transients.

During unpressurized chilldown, the LH2 pump inlet was slightly s.t-
cooled; immediately following pressurization, the temperature reased
to 38.8 deg R as the flowrate increased. The temperature thc: wly
increased as the LH2 bulk warmed and, by first burn Engine Start Command,
was 38,7 deg R. All chilldown system temperatures reflected the LHZ
bulk warming.

17 7
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The bleed valve and i1eturn line temperatuves increased sharply at the
initiation of prepressurization because all of the heat input vent into
heating the pressurized fluid and no vaporization occurred. The LHZ
entered the system sufficiently subcooled to absorb all the heat input

to the system without reaching saturation temper=ture. After pressuriza-
tion, the ullage pressure was constant but the pump i: et pressure
increased and decreased with acceleration until the prevalve was opened
and allowed essentially all of the flow to return to the LH2 tank through
the prevalve with no flow through the chilldown system. The pump inlet
pressure then decreased (because of loss of chilldown pump heat) to

34.2 psia. The prevalve was sequenced as follows:

Event Time
Open command received ESCl -0.690 sec
Valve left closed position ESC1 +0.164 sec
Valve reached open posizion ESC1 +2.063 sec

The NPSP at the pump inlet followed the ullage pressure during pressuriza-
tion and reached a maximum of 27.3 psi when maximum acceleration was
reached at S-I cutoff. The NPSP dropped at S-I cutoff and increased
with S-1I1 acceleration, then decreased to 14,6 psi when the prevalve

was opened because of the loss of pump pressure.

The flow coefiicient was calculated from flowrate and chilldown system

3, which was withiu the range

pressure drop data to be 16.5 sec2/in.2ft
calculated for previous S-IVB stages. The coefficient was used to
compute average fluid quality during the wnpressurized phase of the

chilldown.

Prior to prepressurization, two-phase flow existed ia section 2 (pump
inlet to blzed valve) and in section 3 (tleed valve t{o tank); and the
average fuel quality was 0.021 1b gas/lb mixture. This quality decreased
to zero during prepressurization when the fluid in the system became

subcooled.

The LH2 chilldown system pressure drop was relatively steady at 8.8 and
1.4 psi, respectively, during the unpressurized and pressurized portions

of the LH2 chilldown operation.

N
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12.3.2 Second Bury

The LH2 pump wnilldown fo~ secoid burn differed from that for first burn
in that it started with a dry chilldown system. A special unpressurized
LH2 pump chilldown test was initiated &4 min prior to initiation ~f restart
preparations with the prevazlve closed. The purpose of this test was to
determine chilldown effectiveness at a lower g level than normal chilldown

with the ullage engines oa.

The recirculation chilldeur system performed satisfactorily. At second
burn engine start, the pump inlet pressure and temperature of 28.0 psia
and 40.7 deg R were wlthi: the engine start requirements. The pump inlet
NPSP at second burn engine start was 0.17 psi, which is below the minimum

acceptable limit of 6.3 psi (figures 12-11 and 12-12).

The LH2 chilldown pump wo5 started at ESC2 -567.7 sec with the LH2 tank
unpressurizel; the tank was pressurized at ESC2 -326.2 sec. The Prevalve
Open Command was issued at ESC2 -10.803 sec with the valve starting to
open at ESC2 -9.823 sec. The full open position was attained at

ESC2 -7.159 sec.

Belore tank pressurization, chilldown was marked by small pressure and
flow fluctuations caused by the rapid vaporization of LH2 as i: entered
the s,stem and came in contact with the warm hardware. This cycling is
reflected throughout the system in the pressure and temperature data.

Tu::e magnitude of the cycling decreased with tiwe during the unpressurized
chilldown period as the system hardware was cooled. After the LHZ tank
was pressurized, the cyclic action of tne system flowrate, pressures, and
temperatures stopped; and the system gradually approached steady-state as
engine start was approached. Just before the prevalve was opened, the
chilldovn flowrate was steady at 143 gpm. The pump inlet temperature and
chilldown syster pressure drop were also steady indicating that steady-
state conditions had been obtained an= chilldown was complete before it

was stopped at prevalve opening.

During the 9.823 =ec between the start of prevalve opening and second
burn engire start, the pump inlet temperature increased from 39.7 to

40,7 deg R. This corvresponds to a heatup rate of 6.1 deg/min, which

12-9



ARE TTWA

‘, PN
S L PR AR
2

ol

« AN v IR WO, AN T T St ¢

< P AR ol e A MmN B S,

. aer

mmﬂv’ww». .

Section 12
Fuel System

falls within the range of data obtained during acceptance testing
(10 deg/min) and ii.dicates that the fuel pump was adequately chilled.

At the end of the special 4-min LH2 chilldown test, the engine pump

inlet temperature was still at saturation temperatuve, indicating
chilldown was not complete. The gas generator inlet wall and the LH2
pump outlet wall were chilled to steady-state temperatures early in

the unpressurized chilldown test. This is not indicative of all hardware

temperatures because these walls are thin compared to the LH2 pump body.

Normally chilldowa would be started only a few seconds before repressuriza-
tion; therefore, at repressurization during this flight, considerable
chilldown was already accomplished. During rressurization, the LH2 pump
inlet temperature dropped rapidly from 40.5 to 39.3 deg R. The LHZ pump
outlet temperature also dropped and was almost stable during the remzinder
of chilldown. The system pressure drop and chilldown flowraie also
increased and stabilized after pressurization. The pump NPSP reached

a high of 16.5 psi cduring pressurization.

After pressurization, the LH2 tank ullage pressure decreased continuously
until second burn Engine Start Commard. Engine pump inlet pressure also
decreased from a wmaximum of 39.0 to 34.5 psia at prevalve opening, while
NPSP decreased from lv.5 to 9.8 psi, The chil'down return line temp=rature
showed a decreasing profile that was similar to the ullage pressure profile.
The bleed valve temperature led the ullage pressure decrease profile,
indicating subcooled liguid. ine engine pump inlet temperature slowly

increased from 39.3 to 39.7 deg R during the ullage pressure decrease.

The LHZ pump inlet and outlet temperatures were subcooled within 30 sec
aftzr start of pressurization, but heat was still being removed from the
engine and return hardware because the heat input rate into sections 2 and
3 was still decreasing rapidly. Section 1 was chilled prior to pressuriza-
tion because the heat input rate was almost constant at 3,500 Btu/hr. The
heat input rate to the LE2 stabilized at ESC2 -135 sec, indicating that

the hardvare temperature was about as low as it would get. The total

heat input rate stabilized at approximately 17,000 Btu/hr.

12-10
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Chilldown was terminated at ESC2 -9.823 sec when the prevalve started to
open. The engine pump inlet temperature increased 1 deg R, but pump
outlet temperature remained constant indicating little or no heatup of
the eagine LH2 pump during the 9.9 sec before fuel lead flow started.
The chilldown system pressure drop decreased from 7.7 to 3.2 psi, pump
inlet pressure dropped to equal the ullage pressure (from 34.5 to

28.0 psia). As a result, NPSP dropped from 10 to 1.5 psi. When the
chilldown pump was turned off at ESC2 -0.8 sec, flowrate and system
pressure drop decreased to zero, and NPSP dropped to 0.17 psi with an
ullage pre-sure of 28.0 psia. The low LH2 tank ullage pressure is
discussed in paragraph 12.1.2.2.

Figures 12-13, -14, and -15 compare S-IVB-501 second start chilldown with
S-IVB-203 first and second orbital LH2 chilldown tests. The S-IVB-501
LH2 unpressurized chilldown and S-IVB-203 second orbit unpressurized
~nilldown are similar. The S-IVB-501 unpressurized chilldown test data
were superimposed on S-IVB-203 second orbit unpressurized chilldown data
because the g level was 4 x 10—5 which was almost the same as the

3.6 x 10-5 g during the S-IVB-501 special 4-min chilldown test; the time

between chilldown pump on and prevalve closed was the same.

Figure 12-13 shows S~IVB-203 second orbit data superimposed on S-IVB-501
data starting when the chilldown pumps were turned on. This comparison
ends at ESC2 -327 sec, just before S-IVB-501 LH2 prepressurization. The
system hardware temperatures decreased at approximately the same rate on
5-IVB-501 as on S-1VB-203. The S-1IVB-501 temperatures and flowrates
followed those of S-IVB-203 quite closely. Heat input rate comparisons
are not available during orbital unpressurized chilldown for either
§-IVB-203 or 501. (For S-IVB-502, unpressurized chilldown is scheduled
to be 495 sec.)

The S-IVB~501 pressurized chilldown data were superimposed on S-IVB-203
first orbit pressurized chilldown data because S-IVB-203 first orbit g
level was approximetely 4 x 10_4 which compared to the g level of

5.2 x 107 during S-IVB-501 pressuiized chilldown.

The pressurized chilldown parameters start at ESC2 -327 sec with LH2
prepressurization (figure 12-13). The S-IVB-501 system temperatures were

already cold because of unpressurized chilldown; however, the values at

12-11



. v

Section 12
Fuel System

prevalve opening indicate approximately the same conditions for the two

& ’ﬁ’ LA/ el g

flights. The tempevatures during the initial transient of S-IVB-203

first orbital chilldown were about the same ags during S-IVB-203 second
orbit and S~IVB-501 cailldown initiation. The heat input rates were

almost constant during the last 135 sec of S-IVB~501 pressurized chilldow:.
. The S-IVB-203 first orbital chilldown heat input rates were almost constant
i during the last 80 sec of chilldown (figure 12-14). The average S-IVB/V

REECAL 52 A

S

L

heat input rate for sectica 2 during acceptance firing second burn chill-
down was 17,50CG Btu/hr (ranging from 10,000 to 25,000 Btu/hr). Using the
average of 17,500 Btu/hr, section 2 chilldown on S-IVB-501 was accomplished

T by AR s

104 sec after the start of pressurized chilldown. The heat input rates to
sections 1 and 3 stabilized before those of section 2. The S-IVB-203 first

orbit heat irput rates are also shown for comparison.

“vinm-

The mass of LH2 entering the chilldown sy:;tem with respect to time, refer-
enced to the start of chilldown, is shown in figure 12-15. Since 4 min of
unpressurizea chilldown and 135 sec of pressurized chilldown were required
for the S-IVB-501 section 2 heat input rate to reach 17,500 Btu/hr,
approximately 30C 1bm of LH2 were required to pass through the system to
properly chill the LH2 pump. This 300 1lbm compares closely with the

325 1bm of LH2 required during the 285 sec of pressurized chilldown on

the S-1VB-203 first orbit, For S~IVB-502 second burn, 127 sec of pressur-
ized chilldown are scheduled in addition to 495 sec of unpressurized chill-
down. The S-1IVB-203 orbital chilldown test and the S~IVB-501 second burn

.
P T e T

chilldown indicate that these times will be sufficient to meet engine

start requirements.

[ S SN

12.4 Engine LH2 Supply

12.4.1 First Burn

The LH2 supply system (figure 12-i¢) delivered the necessary quantity of
LH2 to the engine pump inlet “hroughout first burn and maintained the
pressure and temperature within a range that provided an LH2 pump NPSP
that was at least i.1 psi above the minimum requirement. The data and
13;;;: calculated performance are piesented in figure 12-17. Table 12-5

i{.{ compares the S-IVB-501 stage flight data with that from previous stages.

12-12
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The LH2 pump inlet temperature and pressure, at selected times during
engine operation, were plotted in the engine operating region (figure
12-18) and showed that conditions were met satisfactorily throughout

first burn.

Figure 12-19 is a plot of the pump inlet temperature as a function of the
propellant mass remaining within the LH2 tank and includes previous stage
data for comparison. As the figure shows, the data from the thrce tests

agree closely.

12.4.2 Second Burn

The NPSP, LH2 pump interface total pressure, and LH2 pump interface
temperature during second burn are shown in figure 12-20., The NPSP at
second burn Engine Start Command was 6.13 psi below the minimum required
and, when the start tank discharge valve opened, it was 0.5 psi below the
required. After the start tank discharge valve opened, the NPSP in-
creased rapidly and was above the minimum required level during engine

operation.

The fuel pump inlet pressure and temperature were plotted in the engine
operating region (figure 12-21) and indicated that the engine fuel pump
inlet conditions were satisfactorily met. The pump inlet temperature
plotted against the mass remaining in the LH2 tank during second burn is
shown in figure 12-19, Table 12-5 compares the LH2 supply data with that
from S-IVB-501 and 502 acceptance firing data.

12-13
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> TABLE 12-1
2 LH2 TANK PREPRESSURIZATION DATA
S-IVB-501 S-IVB-501 | S-IVB-502
PARAMETER UNITS FLIGHT ACCEPTANCE | ACCEPTANCE
FIRING FIRING
Prepressurization duration sec 21.5 34.5 41.0
Helium mass added lbm 8.8 21.7 17.4
; Ullage pressure
; At prepressurization psia 17.5 15.0 15.3
H initiation
% At prepressurization psia 33.8 33.2 33.6
? termination
. At liftoff# psia 35.9 34.0 35.0
At Engine Start Command psia 35.9 35.0 36.0
{ Rate of increase after psi/min 1.0 0.9 1.3
£ prepressurization
] Events (sec from liftoff#*)
Prepressurization initiation -96.5 -110.1 -114.0
Prepressurization termination =75.0 -75.6 -73.0
Engine Start Command 520.7 512.5 511

*During acceptance firing, liftoff is simulated.
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TABLE 12-3

LH2 TANK REPRESSURUZATION DATA

S-IVB-501 S-1VB~501 |} S~IVB-502%*
PARAMETER UNITS FLIGHT ACCEPTANCE | ACCEPTANCE
FIRING FIRING
Repressurization duration sec 80 94 279
Helium usage from repressurization | lbm 47 53 40.5
spheres during repressurization
Ullage
Volume cu ft 4,260 4,782 4,780
Pressure at repressurization | psia 19.7 15.8 15.5
initiation
Pressure at repressurization psia 32.0 33.0 32.9
termination
Events (sec from second burn
Engine Start Command)
Repressurization initiation =325 -325 -322
Repressurization termination -245 -231 =43

*The repressurization system was supplemented by the auxiliary pressurization

system.

12-16
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TABLE 12-4
LH2 CHILLDOWN SYSTEM PERFORMANCE DATA
(“i S-1VE-501 s-1vs-s01" s-1v8-502"
- FLIGHT ACCEPTANCE ACCEPTANCE
PARAMETER UNIT | FIRING FIRING
FIRST SECOND FIRST SECOND FIRST SECOND
BURN BURN BURN BURN BURN BURN
NPSP
At Engine Start Command psi 21.5% 0.17 14.4 10.6 14.3 10.5
Minimum required at engine start psi 6.3 6.3 6.3 6.3 6.3 6.3
Maximum during chilldown psi 21.3 16.5 22.5 -— 25.6 18.6
Average Flow Coefficient sec2/ 16.5 l6.5 14.6 - 18.8 18.8
in.2f¢3
Fuel Quality in Sections** 2 and 3 1b gas/
1b mix-
ture
Maximum during unpressurized 0.023 -— 0.052 - 0.049 0.29
chilldown
At prepressurization 0.020 ~- 0.044 - 0.042 | 0.065
Fuel Pump Inlet Conditions
Static pressure at Engine Start psi 43.89* 28.0 36.3 35.7 38.2 35.1
Command
Temperature at Engine Start Command | deg R 38.9 40.7 39.2 40.0 39.6 39.8
Amount of subcooling at engine start] deg R 3.6 3.0 3.5 2.6 3.7 2.7
Heat Absorption Rate During Unpressurized
Chilldown
Section 1x% Btu/hr 8,200 - 18,000 - 19,000 | 21,000
Sections 2 and 3** Btu/hr 27,500 -- | 30,000 - 25,000 | 35,000
Total Btu/hr 35,700 -- {48,000 - 44,000 | 56,000
Heat Absorption Rate During Pressurized
Chilldown
Section 1*#* Btu/hr 100 3,500 | 13,000 - 13,500 | 19,000
Section 2%* Btu/hr 12,000 27,500 - 18,000 | 21,000
Section 3%* Btu/hr 1,500 11,500 13,500 - |a4,500 | 15,000
. Total Beu/hr 13,600 | 15,000 | 50,000 - 56,000 | 55,000
Chilldown Flowrate
Unpressurized gpa 115 32-95 100 |varied 91 82
Pressurized 8pm 143 143 147 132 135 133
Chilldown Pump Pressure Differential
Unpressurized psi 8.7 | 2-16.5 9.2 9.6 8.8 9.1
Pressurized psi 1.4 7.8 6.9 8.3 7.5 7.3
Events, sec1Nr
Chilldown initiation -302.8 | -567.7 |-199.8 |-699.6 |-200.7 | -716.9
Prevalve closed -272.8 | -551.9 {-196.1 |-970.7 |-197.0 | ~744.5
Prepressurization -96.5 | -326.2 |-112.7 |-323.2 |-111,5 | -323.3
Prevalve opened 520.9 -9.8 | 511.7 -0.7 511.3 -0.8
Chilldown pump off 521.9 -0.8 | 511.5 -0.9 510.9 -0.9
Chilldown shutoff valve closed 625.5 Not | 512.0 =0.4 511.5 -0.5
Sent
Engine Start Command 520.7 0} 512.5 0 511.9 0

*The NPSP and pump inlet pressure are high at this time as the prevalves were slow in opening. The pump
inlet pressure and NPSP with the prevalves open would have been 35.8 psia and 13.41 psi,

(\ **Section 1 is tank to pump inlet; section 2 is pump inlet to bleed valve; section 3 is bleed valve to tank.
1.l)\n.'ing acceptance firing, 1iftoff is simulated.

1“"All first burn data are referencec to liftoff (or simulated 1iftoff); all second burn data are referenced

to second burn Engine Start Command.
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TABLE 12-5
LH2 PUMP INLET CONDITION DA™
S-1vB-501 §-1VB-502
S;i¥g;i°1 ACCEPTANCE ACCEPTANCE
PARAMETER UNIT FIRING FIRING
FIRST SECOND FIRST SECOND FiR5: SECOND
BURN BURN BURN BURN BURN BURN
Pump Inlet Conditions
Static pressure at engine start psia 43.89% 28.0 36.3 35.7 38.2 25.1
Static pressure at engine cutolf psia 27.5 31.0 26.7 30.5 27.0 30.8
Temperature at engine start deg R 38.9 40.7 39.2 40.0 39.6 39.8
Temperature at engine cutoff deg R 38.8 39.45 37.8 38.9 38.0 39.0
NPSP Requirements
Minimum at Engine Start Command psi 6.3 6.3 6.3 6.3 6.3 6.3
At high EMR psi 6.3 6.3 6.3 - 6.3 -
After EMR cutback psi N/A 5.8 5.8 5.8 5.8 5.8
NPSP Available
At Engine Start Command psi 21.5% 0.17 14.5 10.6 15.0 10.5
At Start Tank Discharge Valve Open psi 15.1 5.8 17.5 16.9 17.2 16.0
Command
Maximum psi 16.0 11.0 17.8 17.1 17.8 16.0
Minimum psi 7.5 6.0 10 10.5 9.t 5.6
At Engine Cutoff Command psi 7.5 8.75 10 4 9.5 10.0
LH2 Feed Duct
At High EMR
Pressure drop psi 1.0 0.5 1.25 1.25 1.0 1.8
Flowrate lbm/sec 81 80 82,7 81 79.5 78.5
After EMR Cutback
Pressure drop psi N/A 0.5 - 1.0 - 1.7
Flowrate 1bm/sec N/A 77 - 77 - 76 ?

*The NPSP and pump inlet pressure are high at this time because the prevalve: vere slow in opening. The
pressure and NPSP with the prevalves open would have been 35.8 psia and 13.41 psia.

N/A - Not applicable
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Figure 12-9. LH2 Pump Chilldown Characteristics - First Burn
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Figure 12-15. S-IVB-501/203 Mass of LH2 Entering Chilldown System

12-33

r rp—————— ——— W = YRR ST gl W W ]

-



Section 12
Fuel System

© BB L1 e, gy Y, TP D RN VA Y

LH2 TANR
NCTE. TEMPERATURE PROBE
(X) ITEM NUMBERS FROM et
PARTS LIST WEAS  (INCHES FROM
SEE FiGURE 3-1 FOR NO TANK BOY 10
LEGEND
o2 -
o0n
el o
CO08s %
o3 i)
cos 30
0T 3o
0067 13
0% 309
N 0066 03
i cxs? b}
1 NOZ6 P
{ [ m
! "o 218
i 8 na
co06 12
LNZ TANK 203 1w
. PRESURIZATICK €0ca? It
€000 165
: 0620 157
. VENT o2 157
. PRESURE 031 i»
SENSING LIRE o) coou 105
- e #0032 %
.3 conse I3
. . & 1000, Y
o o3 55
PURGE Core: 1000, %5
. cons? 2
.
+
. o
\ FROM AMGIENT
1 WELIUM SYSTEM
. TO A TUATION coom LHZ TANK R
- CONTROL WOIULE \4 |
ST ’
N LN FRL
. ARD an
oraim I
s 0 5PM
. BRX .
T | L
" i s T LOX TANK e
N { WINPROPUL SIVE
¥ vt
R
-4
; .
"
H
- .
0 LOX CHILLDOBN VAL VE S '
M TO LOX PREVALVE Jomemme
J “am
] " ‘ pelo
T3 ACTUATION
CONTROL WODULS .
] TO ENGING
FROW
TNGINE
Figure 12-16. LH2 Supply System
- = - ' N AN I | [~ ]



udng 3suatd - suoL3Lpuo) 3aiuj dung zHJ

*/1-21 34nbry

Section 12
Fuel System

(23S) ONWWWOD LUVIS NI9ONI WONd IIL

(03S) GMMWWOD LUVLS INIONI WONS WL

0St OWI O£T 02T 01! 001 06 08 0L 09 05 o4 Of 0Z O1 no 091 ont 0z1 oul 08 09 0y 0z 0g¢
$°0
2t o€ m
01 m m
L o
' mrns (£0000) IWUVNIMWAL LIINI dwnd ZHT ]
t L T T 0°Z P . L ! 2 B
Y I s st
$'2 m
(0LYINOVI) dO¥O IMNSSIud 4Na Q334 N1 a
. L 1 R Y 1 0°¢ 0z m
2 3 —
~
N N O DU —{ sz 3
(Q3aLVINIIVD) 13WI dWd ZHT LY 3WNSSTUd HOdVA 5
<€ m { L L d | 0§ o
) A - 0%
o &
[ |Ce0000) Funss3ud LTI dwnd z0 > - u s
sh o indzy —
T 0 _
B AB=EQ§Su&ﬁwf.ﬁﬂfﬁimssuNSI/L m —_ 0°0t
1Y i Nu il & LI
f 01 m e - i szt
3 d
~/ st & - : 0°st
(G3LVINIVY) MISSIBS IIWWNAQ LI NI dWd ZHD = ﬁ a
N N 1 L i i 4 L L L 0°'Z “
T Y Y 0z ﬁ - IR
= GNWWWDD 3440iND INiON3 m ONVIWWOD 440LND INIONF
= - 14
] m R B 0-0z
T 0§
i ] P « 3 S TR 1314
i (8£100) FUNSSTUd BYTIN WL 2+ 1., E (QAUYINIIVD) dsa dwnd 2M7
A 4 4 L PO 0h | J | .
0°se
- . -
\ o m:‘ .‘

POV, - -0V RGN W5 XY RS

e

2 i, T I SISy N A NI W YIRS (P v i R i o S B el IR Lt o] ﬂ
. . . . . cr , el

il -

L AR
‘.

“

12-35




uang 3sdid - Bupdid Bupang suop3ppuo) 3afuy dung ZHT *gL-ZL 3unbid

(VISd) 3¥NSSIAd 3DVIYIINI dhnd ZHI

hh 04 9¢ :14 he 02 g1 Z1

41
< \ N \ N N NN RN NN N Nk
AADMMIDMliMHiHIIIIHHIHIHHIHIHIHHNN]
A
9§
\ =
4o ogy mn 5 1s l P " m
1 gle =
1:0°G=¥W3 — Q m
i w
Lig°¢ = W3 xo.%ﬂ% > ’ m
.v)%mm\vw\vw.wﬂaw W_
\ % R 023 . | o
N Sel 9 S
- o
0S £ |mm
sz z
0 1
S |

36

Section 12
Fuel System

-\ Cm trata eeten U R LG e et 2 L Lol TR L [




aunjedadws) 33 u] dwng ZHT UO |dA37 SSEW ZHT 40 399333

"6L-21 a4nbL4

Section 12
Fuel System

(W8T 000T) MNVL ZHT NI ONINIWW3IY SSWW

0 S 01 st 0z sz 0¢ 11 0% Sh
8¢
1H9174 10S-8AI-S
—_—— = \
— “‘l“‘“_. S, 6%
P
P L ~
N\A

N 0h

N / LHOI14 10S ~8AI-S

_ N 2INVLAIDIV Z0S-8AI-S 3DNVLd3DIV Z0S -BAI-S

I / ~ 3INVLJIZIVY 10§ -8AI-S
+ 10

' / TNLVYIANIL 3LVLS-AQYILS TWILINI
FONVLAIIIV 10 ~BAI=S IHOIT4 T0S ~GAI-S OL GALSANQY V.VQ
ONIY¥I4 IINVLJIIOV 20S ONV [0S -8AI-S S3LON
Zh
!
NINg ANCDI3S N¥Ng 1SY1d

| r

(do) IVNUVAIdWIL

LA S A R G ORI S

R S R VT, Sl o N -t

12-37

-t _ =

—pn—y




Section 12

System

Fuel

~ —
udng puodas - suoi3Lpuo) 38(uJ dund gH1 *02-2L a4nbi4
(935) ONWWHOD 1HVLS INIONI WO¥3 1L (935) GHAWWOD LHVLS NION3 WONd 1L
005 082 092 0%Z 02z 00Z 081 091 O4l 0Z1 001 08 09 Oh 0 O oog 052 00z 0st 001 0§
0 % A
50 : o« 3
=
0 X
Wi " g — o A
’ ‘ AN st @ (£0003) IMUVEIMAL LTI dWld ZH1 2
~ — e
o'z 3 o~
52 ° 1 m
(G1VINOTYD) do¥a IwnssIud 10 Q34 ZH og p
0z m
sz ——
3 .
~—0f » M
m (QILYINDIVI) LTI dWd LV FWNSSTUd HOAVA ZH1 z
s — of
~
— on A . 0°s
(20000) 3W1SSIud JLLVLS LTINI SWd ZH1 o oNINdIY Gl
1 T 1 | ) T 7T 0
(CILVINITYI) TWISSIud AVEH LTINE dWnd ZHT~ P
\ 450 @ 0°ot
11, &
b . -~ LA w
¢t & 4
(G3LYINDTVD) FUNSSTUY DIWWNAQ LTI dwid' ZH1 < 0t A
At — 0°e f=——— w02 440100 1N 3
T T T 414 . ~
03N3d0 AQLS —=] 2 sa
sz ¥
=— w0 33017 INIoN3 .. m 0'0z
— g M a!w5>EmIIL
g 2 s'ze
(80100) 3WISSTW IWIIN MWL ZH) z (QILVINOWI) dSaN dind ZH) o
e p—y Q: e e L .

F R ‘n

e J,,efg'-. ‘ .

12-38




udng puodas

- Burutg butang suoijipuo) 3aful dund ZH1 12

-2 aJ4nbi4

Section 12
Fuel System

8h hh

(V1Sd) 3dNSS3dd IWIIN MNVL ZHI

2t

nm

/////// mm

,//////////._M

A

DN

AR

MBS

LI HITTRRY

U\

////H///// 9¢
///%,
// L€
NN
7 N 8¢
' \ vav
W AR I 6c
1:0°6 = 4W3A { .&L‘r \// / 2
,J//\ V2 )
S 04
11,6 = mzm;r/ ‘ //w\wooéw/u
A%
X Ih
N J
. S 03 L "
> 052 g
002 S
081 ] N
: 0ot ¢ ™
NOILY¥31300v I1DIHIA 0 >
aGNvV 73A37 aIndl1 NO ONIAQN3d3Q 8 I
SSINIATLYAYIASNOD SNIAYVA 40 38 MM s
X08 ‘NOILIGNOD 9 0¥3Z NO Q3sSve (23s) 253 WaLI
$3L1ON WOY¥4 W1l
94

(¥o) FUNLIVYIMIL 3DVAYIINI WNd CH

o

¥ SR R AR B

12-39

raw T o
g5\t VORI



R P

Section 13
Auxiliary Propulsion System

(T) 13, AUXILIARY PROPULSION SYSTEM

-

The attitude of the S-IVB stage is controlled by two auxiliary propulsion

R

system (APS) modules (figure 13-1) mounted 180 deg apart on the aft
skirt of the stage. Each module is a self contained unit composed of
four basic systems: (1) The oxidizer system; (2) the fuel system;

(3) the helium prescurization system; and (4) the engines. The instru-
mentation unit, mounted above the S-IVB stage, provides signals for

operation of the APS modules.

Each module contains two 150 1bf thrust engines which provide roll
control during S-IVB powered flight, and yaw and roll control during the
coast periods. A third 150 1lbf thrust engine in each module provides
pitch control during the coast periods. Each module also contains a

72 1bf thrust engine to provide thrust for LOX and LH2 tank ullage

control after first burn and during restart preparations.

at i T T R e T e I L

13.1 APS Flight Operation

; (gﬁ Examination of the APS flight data indicates that the operation of the
two APS modules was adequate to fulfill the attitude control, maneuver-
ing, and ullaging requirements of the mission. With the exception of
the roll/yaw engines of module 1, the APS performance was as expected.

The anomalies of the module 1 engines are discussed in paragraph 13-4.

13.1.1 APS Flight Objectives

s . e Y
mw bt b oSy e

All objectives of the S-IVB-501 flight with respect to the APS modules

were accomplished. These were as follows:

-

a. To evaluate APS operation under actual flight conditions
b. To better substantiate APS requirements

c. To evaluate the ability of the APS to respond to the attitude

control, firing command, and ullage commands.

1

@,

13-1
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13.1.2 APS Flight Description

Approximately 1 sec after S-II engine cutoff, the APS was activated
to provide roll control during S-IVB J-2 first burn.

Following S-IVB J~2 engine cutoff, APS pitch and yaw control was activated
to maintain the vehicle in the desired attitude. The APS ullage engines
fired for 88 sec following J-2 engine first burn to provide slosh control

and propellant settling.

Approximately 330 sec prior to restart the APS ullage engines were again
ignited to provide ullage control during restart preparations. The
ullage engines were shut off 3 sec after second burn J-2 Engine Start

Command.

After second burn J-2 engine start, the APS pitch and yaw control was
deactivated, and the APS provided only roll control during J-2 engine
burn. After the second J-2 engine cutoff, the APS pitch and yaw control
was reactivated and the APS provided pitch, yaw, and roll control to

maintain the stage in the desired attitude for the remzinder of the mission.

13.2 APS Module No. 1

The operation of the helium pressurization system of module No. 1 was as
expected. The propellant supply system pressure levels were as expected;
however, the recorded propellant temperatures were higher than anticipated
during the third orbit. The performance of engine 1-2 was near nominal
throughout the mission. Engines 1-1 and 1-3 were approximately

15 percent low in performance at the start of the mission, and engine

1-3 was approximately 45 percent low at the end of the flight.

13.2.1 Helium Pressurization System (Module No. 1)

The module No. 1 helium pressurization system operation was normal with
no problems encountered throughout the flight. Prior to APS activation,
the helium bottle pressure was 2,960 psia and the temperature was 550 deg R

yielding an initial mass in the bottle of 0.984 1bm.
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Tigure 13-2 shows the helium temperature, pressure, and mass as a

function of mission time. The nominal and three-sigma predictions are
included for comparison. The mass of helium remaining in the bottle
25,000 sec after liftoff was 0.658 lbm. This corresponds to a helium
temperature of 578 deg R and a pressure of 2,010 psia. Figure 13-2 shows
that the helium usage was near the nominal for all portions of tlLe mission
except the period from restart preparations through spacecraft separation,
when propellant consumption was less than predicted. The regulator outlet
pressure was steady at 196 psia throughout APS operation. The propellant
tank ullage pressures were 188 to 132 psia. These values are within the

expected range of 188 to 203 psia.

13.2.2 APS Oxidizer System (Module ][

The oxidizer manifold supply pressure of module No. 1 was as expected
during the flight. The pressure was approximately 190 psia during APS
operation. The oxidizer temperature (measured at the propellant control
module) was higher than expected, exceeding the tramsducer range of
591.7 deg R during the waiting orbit (figure 13-3). Evaluation of the
data indicates that the oxidizer bulk temperature (in the tank)

remained near the liftoff value of 550 deg R; therefore, this value was

used for propellant consumption determination.

The oxidizer remaining in the APS as a function of mission time is shown
in figure 13-3. The nominal and three-sigma predictions are included for
comparison. The initial oxidizer load of module No. 1 was 182 lbm.

This was less than the nominal 188 1bm due to the excess removed during
gas bubble removal. The oxidizer consumption during the first two orbits
was near the three-sigma maximum; however, during the restart preparations
and through spacecraft separation, the consumption was less than predicted.
After spacecraft separation, the consumption was near the predicted valve.
Table 13-1 shows the propellant consumption during significant periods of
the flight. There were 70 lbm of oxidizer remaining in module No. 1

at 25,000 sec after liftoff. Therefore, 112 lbm or 62 percent of

the oxidizer in module No. 1 was consumed during the flight.

13-3
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13.2.3 APS Fuel System (Module No. 1)

The fuel system of module No. 1 performed as expected during the flight.
The fuel manifold supply pressure remained at approximately 190 psia.
The fuel temperature measured at the propellan: control module remained
between 548 and 564 deg R. Again, the data indicates that the fuel
bulk temperature remained near the liftoff value of 550 deg R

(figure 13-3). Therefore, this value was used to determine propellant

consumption.

The fuel remaining in module No. 1 during the mission is shown in

figure 13-3. The liftoff value was nominal at 125 lbm. As with the
oxidizer, the consu ,tion during the first two orbits was greater than
the nominal prediction, but within the three-sigma prediction. The usage
during the period from restart preparaticns to spacecraft separation was
less than predicted. After spacecraft separation, the fuel consumption
was unear the predicted valve. At RO 425,000 sec, 46 1lbm of

fuel remained in module No. 1. Thus the fuel consumption during the
mission was 79 1lbn or 63 percent. The fuel consumption during

significant portions of the fiight is shown in table 13-1.

13.3 APS Module No._g

All systems of APS module No. 2 performed as expected. The engine 2-3
chamber pressure problem encountered during burp firing remained during

the flight but became less proncunced near the end of the mission.

13.3.1 Helium Pressurization System (Module No. 2)

The module No. 2 helium pressurization system operation was normal with
no problems encountered throughout the flight. Prior to APS activation,
the helium bottle pressure was 2,980 nsia and the temperature was

547 deg R. The mass of helium in the bottle was 0.994 1lbm. Figure 13-/
shows the helium temperature, pressure, and mass as a function of mission

time. The nominal and three-sigma predictions are included for comparison.

] P eme e e e e e
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Figure 13-2 shows that the APS module No. 2 helium usage was near the
nominal predicted values except during the period from restart prepara-
tions through sficecraft separation when the propellant consumption was
less than predicted, The mass of helium in the bottle at RO +25,000 sec
was 0.662 lbm. This corresponds to a helium temperature of 513 deg R

and a pressure of 1,800 psia.

The regulator outlet pressure remained steady at 196 psia throughout APS
operation. The propellant tank ullage pressures were 188 to 92 psia.

Thelr values are within the expected range of 188 to 203 psia.

13.3.2 APS Oxidizer System (Module No. 2)

The oxidizer system of module No. 2 performed as expected during the
flight., The manifold supply pressure was approximately 190 psia. The
«xidizer temperature (measured at the propellant control mcdule) ranged
from 538 to 556 deg R. As with module No. 1, the data indicate that
the oxidizer bulk temperature (in the tank) remained nearer 550 deg R.

Therefore tiiis value was utilized for propellant consumption calculations.

Figure 13-3 shows the oxidizer remaining in the APS as a fu .ction of
mission time. The nominal and three-sigma predictions are included for
comparison. The initial oxidizer load for module No. 2 was 187 lbm,

The difference between this and the aominal load of 188 1lbm is due

to the excess oxidizer removed during gas bubble removal operations.

The oxidizer cousumption during the mission was near the predicted
nominal except during the period from restart preparations to spacecraft
separ~-ion. During this period, the consumption wus less than expected.
Table 13-1 shows the propellant consumption during significant vortions
of the flight. At RO +25,000 sec, 72 lbm [ oxidizer remai-ed

in the APS; therefore 115 1bm or 62 percent of the oxidizer in module
No. 2 was consumed during the flight.

13.3.3 APS Fuel System (Modulz No. 2)

The fuel system of module Nc. 2 performed as expected during the flight.
The fuel manifold supply pressure was approximately 190 psia throughout

13-5
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13-6

the flight., The fuel temperatur: measured at the propellan‘. control
module ranged from 546 deg R at lif off to 5566 deg R n:ar apogee of
the waiting orbit. The lata indicate that the bulk temperature
remained near 350 deg . throughout the flight. Therefore, this

value was used to calculate propellant consumption.

The fuel ~ema‘ning in module No. 2 during the mission is shown in
figure 12-3. The liftoff load was nominai at 125 lbm. Fuel :onsump-
tion during the mission was near nominzl except during the period from
restart prrparations to spacecraft separation. During tnis period, the
consunption was less than predic.ed. At RO +25,00C sec, %44 lbm of

fuel r2ma._ned in module No. 2. Thus, 81 lbm or 65 percent of the fuel
was corsumes. Juring the mission. Fuel cconsumption is shcsn in

cable 3-° for rignificant periods of the wmission.

13.4 FEngine Performance

Although the APS operated adequately to fuifill the mission requirements,
the performance of the roli/yaw ergives of module Mo. 1 was low. Engine
1-1 chamber pre » oscillated abnormally for a period, and engine 1-3
chamber pressure inaicated significant loss of performance near the end
of the miscion. The iodul~ No. 1 ullage engine chamber pressure cecay
was excessively long at terminaticn of ullage engine firing. Module

No. 2 performed as expected.

since the minimum impulse bit duraticn of the APS engines is 0.065 sec,
d..ca used in the evaluation of engine performance must be recorded coatin-
uously. The only APS engine data from the S-IVB-501 flight meeting this
requirement were the engine chamber pressures. By integrating the chambe:
pressure and multipiying the integral by the thrust coefficient (CF) and
the throzl area (At), the total impul .e for each pulse was determined.

By dividing the total impulse by the pulse duration, the average thrust
auring each pulse was calculated. Due tc the inaccuracies associated
with the propellant consumption czlculations, the specific impulse of

the engines wias not determined.

~~ne”
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13.4.1 Engine Anomalies

The following anomalies were noted from the APS engine chamber pressure

traces:

a. Low chamber pressure (85 psia) exhibited by engines 1-1 and 1-3

froe. the start of the mission

b. Approximately 400 cps oscillations (55 to 9 rsia) in engine 1-1
chamber pressure from RO +17,000 to RO +23,000 sec

<. Ergine 1-3 chamber pressure decreased to 55 psia near the end

of the mission

d. Excessive "tail-off" of the chamber pressure of module No. 1

ullage engine.

The chamber pressure levels of the module No. 1 engines are shown in
figure 13~4. The propellant temperatures (measured at the propellant
control modules) and the engine injector temperatures are included for
comparison of trends. The oscillations of engine 1-1 chamber pressure
and the greatest decline of engine 1-3 chamber pressure occurred at the
period of high oxidizer temperature. The Jip in propellant and injector
temperztures at approximately RO +19,600 sec is due to multiple firings
of the engines which bring cooler propellant from the tank past the
temperature probe. The APS engine thrust levels calculated from the
chamber pressuves are shown in figure 13-5 which shows that the module
No. 1 engine thrusts follow the chambe:x pressure curves of figure 13-4
very well. The thrust levels of the module No. 2 engines improved

slightly as the mission progressed.

Figure 13-6 shows typical pulses of engines 1-1, 1-3, 2-3, and the start

and cutoff transients of the ullages engines.

Figure 13-7 shows the total impulse -ersus pulse width for pulses less
than 0.300 sec. The TRW two-sigma liwits are shown for comparison.
The flight data agreed well with the TRW data except for the low

performance of engine 1i-3.

13-7
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13-8

The following are considered possible causes of the APS chamber pressure

anomalies.
a. Valve failures
b. Loss of throat
c. Nitrogen tetroxide (NTO) freezing
d. NTO vaporization
e. Helium liberation
f. Contamination
g. NTO flow decay
h, Injector tube rupture
i. Teflon valve seat swelling

j.- Instrumentation

13.4.1.1 Valve Failures

The results of Douglas and TRW testing show that a single oxidizer valve
failure decreases the chamber 1 -“2ssure by approximately 6 percent. A
single fuel valve failure has little affect on chamber pressure. TRW
testing indicated that multiple valve failures could result in as much

as 40 percent decrease in total impulse oblained from a minimum impulse
bit. This decrease resulted when two downstream oxidizer valves were
failed open and one upstream oxidizer valve was failed closed. In light
of the wmultiple failures reaquired te decrease the chamber pressure to

the level noted on engine 1-3, valve failures are not comnsicered a likely

cause for the S-IVB-501 ancmalies.

13.4.1.2 Throat Loss

The failure mode for loss of the engine throat is the heating and erosion
of the silicon-tungsten coating of the throat insert followed by eroc.on
of the muiybdenum insert itself. Since the duty cycle during the

5-1va-501 flight was much less severe than ground test duty cycles, loss

of the engiue throat is not considered a cause for the chamber pressure
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anowalies. Also, if the throat was enlarged or lost, the engine thrust

level would increase. Attitude data have confirmed a decrease in thrust

level.

13.4.1.3 NTO Freezing

Evaluation of the APS modules temperatures indicate that they were well
above the freezing point of NTO. In fact, the oxidizer temperature of
module No. 1, measured at the propellant control module, exceeded the
transducer range maximum of 592 deg R. The injector wall temperatures

were around 600 deg R.

13.4.1.4 NTO Vaporization

The temperatures noted in the APS are conducive to vaporization of the
oxidizer in the injectors. The vapor pressure of NTO at 590 deg R is

60 psia; at 610 deg R it is 90 psia. Since the recorded chamber pressure
of engines 1-1 and 1-3 were 85 psia Jduring the early part of the mission
with engine 1-2 decreasing to 55 psia during the latter portion of the
mission, it is possible that the oxidizer vaporized in the injectors.

TRW testing indicated a performance loss of 15 percent with the oxidizer
at 575 to 590 deg R and the fuel at 555 to 565 deg R. However, the
injector wall temperature of engine 1-2 was 620 deg R during this period
and this engine performed very well. Also, the vaporization of NTO in
the injectors would tend to yjield erratic and intermitrent loss of per-
formance, whereas thec performance degradatiors noted during S-IVB-501
flight were consistent and repeatable. Therefore, although the propellant
temperatures may have contributed to the performance degradation, the

NT0 vaporization affect is of a cecondary nature anc not the primary cause
of the chamber pressure degradation. The NTO vaporization could be the

cause of the chamber pressure oscillations noted on engina 1-1.

13.4.1.2 Heljum Liberation

The liberation of hclium from the propellants due to temperature and
pressure transients would affect the engine performance in essentially
the same manner as NTO vaporization. Again, this is not considevred the
primary cause of the performance degradation; however, helium liberation

could have contributed to the oscillations noted on engine 1-1.

13-9
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13.4.1.6 Contamination

The susceptibility of the injector valves and injector tubes to contami-
nation is evident by an examination of the passage sizes. The injector
valves stroke is 0.040 in., and the clearance between the solenoid
plunger and the case is 0.0025 +0.0010 in. The injector tubes are
0.0349 to 0.0358 in. for oxidizer and 0.0279 to 0.0287 in. for fuel.

The inlet to the valves is protected by a 140 micron filter.

When this module was confidence fired at STC, the engine performance

was nominal. Subsequent to the firing, excessive contamination of the
system occurred. This contamination was a result of cleaning methods.
All engines of module No. 1 were replaced. The manifolding was cleaned,
but not replaced. Therefore, contamination could have existed in the
system before loading for flight. It should be noted that during pre-
launch burp firings, engine performaﬁce was nominal. Another source

of contamination could have peen the KSC GSE. After the S-IVB-501 flight,
the GSE contained greenish deposits that were similar to those found at
STC during Gamma site reactivation. The deposits at Gamna were caused
by propellants attacking the nickel in the VOI-SHAN seals. Since module
No. 1 was loaded first at KSC, the possibility of contamination was

greater than for module No. 2.

Since the roll engines 1-1 and 1-3 were fired during the J-2 engine first
burn and the pitch engine did not fire until after J-2 engine burn, any
contamination present in the system at liftoff would teand to go to the roll
engines., Also, the orientation of the propellant lines to engines 1-1 and
1-3 is such that if contamination existed during ground hold or powered
flignt, it would most likely settle in these lines. It should be noted
that the volume of propellants used during burp firing was very small
(aprroximately 2 in.3 per engine) and would not necessarily move such

contamination to the engines.

Either of the aforementioned types of contamination could have existed in
solution with the propellants. The temperature transients during the
mission and especially at approximately RO +19,000 sec could have

forced this contauination out of solution, thus causing the thrust decay.
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13.4.1.7 NTO Flow Decay

ey L
3
IH!

The NTO flow decay phenomenon is the result of the solution of iron in
- the NTO with subsequent dissolution of an iron nitrate compound in areas
of high pressure drop. The dissolution is enhanced by the NTO undergoing

a temperature drop and by NTO vaporization.

Although this phenomenon does not correlate with the initial performance

loss, the conditions existing at the time of the greater loss of engine

-t
N

20 o A T G R

1-3 performance were conducive to its occurrence. That is, the tempera-

1

ture drop across the module was on the order cf 40 to 50 deg R and the
injector pressure drop was approximately 100 psid during firings. Al-
though these conditions do not exactly match those of the Rocketdyne

tests in which the iron nitrates were formed, they are similar.

13.4.1.8 1Injector Tube Rupture

If one or more of the injecior tubes between the injector valves and

the injector head were to rupture, the propellant flow to the engine

;i.
%

(?} would be reduced. Such a rupture occurred during TRW testing. This

)

i ilure occurred when fuel was left in the thrust chamber as a result

of an attempt to fire the engine with the oxidizer line frozen. After
thawing the oxidizer line, a subsequent attempt to fire the engine
resulted in rupturing of the oxidizer tubes. During the S-IVB-501 flight,
the oxidizer temperatures were wel: ibove the freezing point. Also, the
chamber pressure data did not indicate any excessive pressures. To cause
a pressure decay of the magnitude not :d on engine 1-3, either the fuel

tube or several of the oxidizer tubes would have to rupture; therefore,

this is not considered a liv.y cause for the S-IVB-501 anomalies.

13.4.1.9 Teflon Valve Seat Swelligg

The stroke of the injector valve poppets is 0.040 in. It is possible
that the teflon mating surface of che poppet could swell if exposed to
high temperatures and/or NTQ. However, test data indicate that such
swelling occurs at temperatures greater than 735 deg R. The S-IVB-501
flight data show that the injector head temperatures of engines 1-1 and
‘:) 1-3 did not exceed 610 deg R. The injector temperature of engine 1-2

reached 700 deg R; however, the performance of this engine was good.

13-11
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Also, the duty cycle of the engines was very light. Therefore, solenoid
heating should have been slight. For these reasons, and because of past
experience, teflon swelling is not considered a likely cause of the

S-1VB-501 anomalies.

13.4.1.10 Instrumentation

Instrumentation has been eliminated as a pos-ible cause of the low
chamber pressure values recorded on engines 1-1 and 1-3. This followed
an investigation which correlated the ergine thrust with vehicle roll
rates. The results of this aanalysis are presented in table 13-2 which
shows good correlation between thrust values obtained from the chamber
pressure and those obtained from the vehicle roll rates. The thrust
values of engine 1-3 calculated from the vehicle roll rate demonstrate
the same thrust degradation as the thrust obtained from the chamber

pressure.

13.4.1.11 APS Ullage Engines

The excessive '"tail-off" noted on the module No. 1 ullage engine chamber
pressure has received only cursory examination. The most likely cause
of this anomaly is particulate contamination of the teflon valve seat.
When the valve closed, the particle was forced into the teflon slowly,
thus allowing a "tail-off" flow. When the valve was again opened, the
teflon could have forced the particle to protrude again, so that the

second closing would be similar to the first.

The preceding comments are a result of a preliminary investigation of
the problem. Several avenues of investigation are still being pursued.
Among them are a review of previous flight and test data, an industry

survey of such problems, an perhaps some future testing.
y P Y
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TABLE 13-2
AS-501/S-1VB AUXILIARY PROPULSION SYSTEM (YAW/ROLL)
ENGINE THRUST CHARACTERISTICS

IMPULSE FROM
TIME FROM CHAMBER PRESS DATA ARATE ARATE THRUST THRUST
RANCE 2TRG | ENGINE (1b-sec) USING CHAMBER | FROM ROLL GIMBAL (1bf) (1b£)
(sec) PULSE WIDTH FROM |PRESSURE DATA | ANGLE RATES FROM CHAMBER | FROM ROLL GIMBAL
see CHAMBER PRESS DATA (deg/sec) (deg/sec) PRESS DATA ANGLE KATES
(sec)
14,507 1-3 6.35 0.03277 0.0325 107.56 106.8
0.059
E 14,786 1-3 6.52 0.03365 0.0345 110.59 113.32
é 0.059
é
o 15,014 -3 6.68 0.03447 0.03603 113.17 118.34
0.059
LE
$
i 22,995 i-i 6.12 0 0316 0.0285 i1 100
L3 0.055
4
3
2 23,049 1-3 4.65 0.024 -0.0258 79 85
t 0.059
+ |
P
-3 23,109 1-3 4.83 0.025 -0.0212 72 61
._'3 0.0¢7
o
i 23,118 2-2 7.2 0.0372 +0.0385 131 136
i 0.055
i 23,210 1-3 4.8 0.02:8 -0.0270 76 83
)! 0.063
3 |
l 23,276 1-1 5.95 0.0308 +0.0360 117 136
i 0.651
gt
i 23,325 2-3 7.62 0.0394 -9.0427 129 140
. 0.059
; 4
o 23,376 | 2-1 7.59 0.0392 +0.0426 129 140
| €.059
23,423 1-3 4.22 0.0217 +0.0255 72 84
0.059
23,746 1-2 4.72 0.0242 +0.0245 30 80.7
0.059
23,827 1-1 6.09 0.0314 -0.0355 111 126
; 0.955

13-14
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PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control arnd purge system (figure l4-1) performed satis-
factorily throughout the flight. The helium supply was adequate to
complete all mission requirements and to accomplish all purges. During
orbital coast, however, a system leak developed which eventually resulted
in the depletion of pneumatic supply during the waiting orbit. Since all
pneumatic operations were completed well before this time, the mission was
not affected. Pneumatic control aad purge system data is presented in

table 1l4-1.

14.1 Ambient Helium Supply

The pneumatic supply was adequate, and system operation was normal during
boost and first burn. Significant valve actuations and their respective
demands on the system are shown in figyre 14-2, The first indication of
unusual system demand occurred during the period of prevalve closure
immediately after first burn (RO +667 sec). During this period the mass
loss rate (excluding that which is attributable to J-2 engine pump purge)
was 12.7 scfm; the nivedicted loss rate was 400 scim (0.23 scfm). After
prevalve opening at RO +726 sec, the average mass loss rate was 7.2 scfm,
which agrees closely with the rate predicted for the Jj~2 engine pump

purge.

Following termination of the J-2 engine pump purge, the mass loss rate
was insignificant until approximately RG +8,000 sec (figure 14-3). From
this time until restart preparations, the mass loss rate was essentially

constant at 3.3 scfm.

During the period of prevalve closure for restart chilldown operationms,
the rate was established as 10.4 scfm, approximating the loss rate after

first burn cutoff, which was attributed to prevalve actuation.

Pneumatic system performance during second burn operations is shown in
figure 14-4. Mass usage during this period could not be accurately
determined because the rapidly changing sphere conditions overshadowed
the relatively small mass usage. After second burn, the pneumatic system

leakage continued (figure 14-5), this time at an average rate of 4.3 scfm,

14-1
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14.2 Pneumatic System Leakage ;)

As previously noted, a significant leakage problem arose at approximately
RO +8,000 sec. A review of the control helium regulator discharge

pressure data (D00l4) indicates the leakage was downstream of the pneumatic
power control module. This conclusion is based on two observations.

First, DO0l4 indicated a level below the lockup pressure level observed
during boost (figure 14-5). This difference in level indicates a flowrate
commensurate with the observed leakage rate (based on tests of a similar
regulator). Secondly, as the sphere was depleted below the 500 psia level,
DO014 did not precisely follow the control sphere pressure DO087 (figure
14-5); instead, it showed a pressure drop, which is indicative of flow

through the regulator.

Based upon this review, the flight data, and past experience, three

possible leakage paths have been considered:

a. Pneumatic Power Control Module Calips Pressure Switch

Two pneumatic power control module calips pressure switches :)
(on stages S-IVB-502 and 503) have cracked in the convoluted
area of the calips side diaphragm. Failure evaluation of the
S-1VB-502 switch yielded a leakage rate of approximately

100 scim (0.058 scfm), with 500 psia applied to the system

side of the switch, While this is significantly less than the
leakage observed on S-IVB-501, the switch is capable, based
upon port sizes, of flowing a maximum of approximately 23 scfm.
Since the leakage on S-IVB-501 began during a period of no
pneumatic demand (and hence no force variations on the calips
diaphragm), a diaphragm failure would probably have been

thermally induced, rather than pressure-induced.

On future stages, the calips port on the pneumatic power control
module i1l be capped to preclude this potential leak path until

a permanent remedy is incorporated.

b. LOX and LH2 Prevalve Actuation Control Modules

Analysis of S-IVB~501 data revealed two distinctly different ':)

control helium regulator discharge pressure (D0014) response
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profiles during opening of the prevalves (figure 14-6). The
deviation noted on the lower profile was also found to be
characteristic of the closure of the LOX tank vent valve;
however, the prevalve deviation was of greater amplitude and

duration.

During normal operation, prevalve opening results in the
termination of a constant flow demand. The regulator, however,
does not sense this flow cessation immediately, so it momentarily
continues to flow, causing an increase in the regulator discharge
pressure (DO014), as shown in the upper trace on figure 14-6,

The occurrence of an abnormal trace such as that on the lower
half of figure 14-6 indicates a momentary leak for the duration
of the drop in the regulator discharge pressure. The duration

of this pressure drop (1.1 sec) and the net flow from the system
(0.1 scfm) is suggestive of a slow-moving poppet in the actuation
control module (figure 14~7). The mechanical operation of this
module is such that momentary loss of pneumatic pressure can

occur during slow poppet travel.

The abnormal trace is associated only with longer periods (5 to
10 min) of pneumatic power application; for shorter periods of
application (1 to 2 min), the trace is normal. This indicates
two possible conditions: thermally induced mechanical inter-
ference or seal creepage. Although both of these seem improtable,
no other contributing factors have been found., The failure of
the lower seal of this actuator control module does fulfill a
set of conditions posed prior to second burn. During the
period from RO +8,000 sec to prevalve closure at the beginning
of restart preparations, the average leakage 1ate was 3.3 scfm;
whereas during the prevalve closure period, the ieakage rate was
10.4 scfm. The failure 5f the lower static seal would result
in a flow area change between the prevalve "open" and 'closed"
stete. However, failure of the lower seal during development

testing and operational use has been virtually nonexistent.

17 2
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C.

1.OX and LH2 Prevalves fj)

The high leakage rate during post-first-burn prevalve closure
and pre-second-Lurn prevalve closure rould be attributed to seal
leakage within the prevalves. If this were the cause of the
leakage during prevalve actuation, a separate leakage path must
have opened to produce the leakage rate observed between

RO +8,000 sec and the loss of stage pneumatics.
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Section 15
Propellant Utilization

PROPELLANT UTILIZATION

The propellant utilization system successiully accompiished the require-
ments associated with propellant loading and management during burn.
Loading (omputer indicated full load propellant values at liftoff were
99.96 and 99.85 percent of the desired indicated values for LOX and

LH2, respectively. The actual best estimat2 propellant mass values at
liftoff were 194,395 1bm LCX and 41,173 lbm LH2 as compared to desired
mass values of 193,273 1bm LOX and 41,222 1lbm LH2. These values were

well within required loading dccuracies.

Extrapolation of propellant residuals to depletion indicated that a
simultaneous depletion would have occurred approximately 37.6 sec after
second burn velocity cutoff. This yields a PU efficiency of 100 percent.
Had second burn actually gone to depletion cutoff, PU system non-
linearities would have resulted in an approximately 20 1lbm increase in

LH2 residual and a LOX depletion cutoff.

The PU valve operated at the LOX rich position after activation as
planned during all of first burn. PU operation at the 4.5:1.0 hardover
position for engine restart was satisfactorily accomplished. System
dispersions at the start of second burn then caused the PU valve to move
to the 5.5:1.0 hardover position and remair there until cuthback at
second burn Engine Start Command (ESC2) +63.5 sec. The largest single
dispersion causing this hardover operation was a larger than expected
LH2 boiloff during coast. Orbital boiloff, as determined from LH2 PU
mass sensor data, was 2,871 1bm as compared to the nominal predicted
value of 2,613 1bm. The difference was primarily caused by flashoff
during the blowdown phase following first burn. The greater than nominal
LH2 boiloff plus the fact that all other system dispersions were in the
LOX rich direction, caused the PU valve hardover operation during second

burn.

The rise of the propellants within the sensors due to capillary action
during the low acceleration coast peciod was present as expected. This
capillary action was not removed until ESC2 +15 sec and caused an

erroneous signal to be fed into the PU system. This signal did not
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significantly affect the PU operation during second burn due to the high —)
system dispersions; however, it would have caused a valve excursion of

+9 deg if the other dispersions were not present.

Two large propellant slosh waves were caused by vehicle attitude
transients during second burn. both slosh waves induced a response in
PU system performance which was reflected in engine thrust performance.
The first slosh wave occurred during PU cutback and had no adverse
effects. The secoad slosh wave occurred just prior to second burn
cutoff wher the chi freeze guidance mode was applied. This propellant
disturbance initiated a thrust variation which exceeded the limits
established in the Contract End Item {(CEI) Specification. The observed
thrust variation was the result of an engine performance shift coupled
with the slosh induced PU valve motion. The effect of the PU system
alone did not cause a sufficient thrust variation to exceed the estab-
lished limits. Since engine performance shifts are excluded from CEI

specification .imits, all specification requirements were met.

As a result of the S-IVB-501 flight several PU changes will be made for t)
future flights. The PU simulation model will be revised to provide a N
more accurate presentation of PU valve response. LH2 boiloff predictions

will be revised to reflect a higher facility vent backpressure. Tank

deflection nonlinearity predictions will be revised to reflect new LH2

tank skin temperatures.

15.1 PU System Calibration

The preflight propellant masses at the full calibration points were
determined from the S~IVB-501 acceptance firing full load by the flow
integral analysis method. The capacitance corresponding to the
acceptance firing full load masses were measured values. Due to a

change in engine tag values, the preflight calibration was revised
September 1967 to be consistent with engine flight performance predic-
tions. For this reason the full point calibration nass values for flight
were greater than those reported in the acceptance firing evaluation

report by 1,481 lbm LOX and 379 1lbm LHZ.
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The propellant masses at the lower calibration point were computed from
unique tank volume and predicted propellant density data. The corre-
sponding capacitance was determined by adding the mean deviation between
vendor air capacitance and measured empty capacitance to the S-IVB-501
stage vendor air capacitance. The LOX and LH2 mass sensor calibrations

are listed in the following table:

PU MASS SENSOR MASS (1bm) 44[ CAPACITANCE LOCATION
LOX 188,915 410.03 Full point
1,271 282.26 Empty point
LH2 40,696 1,170.93 Full point
204 973.28 Empty point

15.2 Propellant Mass History

The propellant mass history was determined from a best estimate stage

mass analysis as described in section 8.

The best estimate propellant masses were derived as a part of the best
estimate solution for S-IVB-501 third flight stage ignition and cutoff
masses. Best estimate propbellaat masses were obtained by subtracting
the total third flight stage nonpropellant mass from the total best
estimate mass at ignition and cutoff., The remaining total propellant
mass was then divided into LOX and LH2 according to the prevailing flow

integral mixture ratio at the specific flight event time.

The five measurement systems used in determining the best estimate
masses are: (a) PU vclumetric, (b) level sensors, (c) flow integral,
(d) PU indicated (corrected) and (e) trajectory reconstruction. A

brief description of these measurement systems is as follows:

a. The PU volumetric masses were derived from raw PU probe output
data computed according to volumetric calibration slopes
and volumetric flight nonlinearities. The calibration slopes
(pounds per picofarad [lbm/pf]) were computed from the
capacitance-propellant mass relationships at the upper and

lower probe active element extremities. The propellant mass
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at these extremeties was calculated from unique tank volume i)
determined from tank measurements and propellant density. The

capacitance at the upper active element extremity was computed

from vendor probe calibration data and probe full immersion

tests conducted during stage acceptance firings. The capaci-

tance at the lower active element was obtained from empty

capacitance measurements made during the fast propellant drain

sequence immediately after acceptance firing cutoff.

b. The level sensor system measures propellant mass at sensor
activation and this mass is extrapolated to ignition or cutoff
mass from flight flow integral data. This stage has level

sensors located throughout the length of the propellant tanks.

c. The flow integral method consists of determining the mass flow-
rates of LOX and LH2 and integrating as a function of time to
obtain total consumed mass during firing. Flow integral mass
values were based on the analysis of engine flowmeter data,
thrust chamber pressure, engine influence equations, and engine t)
tag values. The initial full load mass, using the flow integral )
method, is determined by adding the statistically weighted
average propellant residuals at engine cutoff, the fuel pres-
surant added to the ullage, and the propellant lost to boiloff,

to the total mass consumed.

d. The PU indicated (corrected) system measures propellant mass
from raw PU probe output reduced according to the preflight
flow integral calibration slope and adjusted for flight flow

integral nonlinearities.

e, The trajectory reconstruction method prcvide. the unique
relationship between stage ignition and cutoff mass which

satisfies the observed trajectory (section 7).

Mass sensor data was used for both PU volumetric and PU indicated values.
The difference between the results is due primarily to the calibration

deviations and not to the treatment of data.

i -
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At ESC2, the propellant levels within the LOX and LH2 probes were not
stabilized. Consequently, the PU masses for both methods at second burn
Engine Start Command were determined by extrapolation from a stable

propellant level condition.

The volumetric LOX mass at second burn Engine Start Command was deter-
mined by subtracting the first burn engine thrust decay consumption and
orbital boiloff usage from the indicated mass at first burn Engine
Cutoff Command. The LOX consumption between ECCl and ESC2, including
engine chilldown and the thrust decay consumption, was 319 1lbm. Since
no LOX tank venting occurred during orbit, and since the total LOX
adjustment to the first burn Engine Cutoff Command mass is only 319 1bm,
this procedure provided the most accurate determination of volumetric

mass at second burn Engine Start Command.

The PU indicated (corrected) LOX mass at second burn Engine Start
Command was determined by adding the flow integral LOX consumption

between ESC2 and ESC2 +33.5 sec to the indicated mass at ESC2 +33.5 sec.

Both PU volumetric and PU indicated (corrected) LH2 masses at second
burn Engine Start Command were determined by adding the flow integral
LH2 consumption between ESC? and ESC2 +33.5 sec to the indicated values

at ESC2 +33.5 sec.

The propellant masses obtained from the various measurement systems at

significant flight events are presented in table 15-1.

During first burn, the best estimate total propellant consumption was
2,613 1bm greater than predicted. The flight flow integral PU volu-
metric, and level sensor total propellant consumption values

compared favorably with the best est..nate. The maximum deviation in
consumption between these methods was 114 lbm. The PU indicated cor-
rected total propellant consumption was 692 lbm less than the best

estimate, while the trajectory reconstruction was 322 lbm greater.

During second burn, the best estimate total propellant consumption was
4,993 1bm less than predicted. The maximum deviaticn in total consump-
tion between the flight flow integral, PU volumetric, and levr.l sensor

was 85 lbm. The three techniquers deviated from the best estimate total
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i consumption by an average of -300 Lbm. The PU indicated corrected.
i " total propellant consumption was 623 1lbm less than the best estimate
4

and the trajectory reconstruction was 315 lbm greater.

15.2.1 Propellant Loading

Propellant loading was accomplished automatically by the loading
computer. Table 15-2 is a tabulation of the desired, indicated, and
actual full propellant loads as derived from various analysis methods,

and their deviations at liftoff.

The loading computer values for pressurized full load prior to liftoff

were 99,96 percent of desired lcad for LOX and 99.85 percent for LH2.

fan 2 A e o PR

This compares closely with PU indicated corrected full load values of

99.95 percent and 99.77 percent of desired for LOX and LH2, respectively.

The best estimate to.al liftoff mass was greater than desired total mass
by 1,073 1lbm; LOX mass was 1,122 1lbm greater than desired and LH2 mass
was 49 1bm less than desired. The LOX overload was due primarily to a
calibration error but was well within the guaranteed loading accuracy

of +1.39 percent.

PU indicated mass at liftoff is determined from the preflight flow
integral PU calibration. The PU indicated corrected masses include

adjustments for the effects of total PU system flight nonlinearities.

k% 15.2.2 Orbital Boiloff

LOX usage between first burn Engine Cutoff Command and second burn Engine

Start Command was 319 1lbm including first burn engine thrust decay

consumption, orbital boiloff and second burn erngine chilldown.

The LH2 boiloff between first burn Engine Cutoff Command and second burn
Engine Start Command, as determined by the LH2 PU mass sensor, was

2,871 1bm. This boiloff value was obtained by subtracting 29 1lbm for
first burn engine cutoff transient from the total difference of

2,900 1bm between first burn Engine Cutoff Command and second burn

Engine Start Command. The orbital boiloff is 258 lbm greater than the
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predicted value of 2,613 lbm. This deviation resulted from (1) a
higher than predicted facility vent system backpressure, (2) a lower
than predicted CVS regulitor control prazssure, and (3) a slightly

higher bulk neatirg rate than was usea in the prediction (section 12).

15.2.3 PU Mass Sensor Corrections

The total volumetric inflight mass sensor corrections for LOX and LH2
indicated masses ar _vesented in figure 15-1. The total correction is
the sum of the actua” measured volumetric tank-co-sensor mismacch, cg
offset, and inflight tank deflection correction. Maximum LOX mass
sensor error was 1,375 1lbm at 85,000 total LOX load or approximately
0.70 percent error at the 45 percent level of the tank. The maximum LH2
mass sensor errcr was 330 lbm at 8,000 lbm total LH2 load or approxi-
mately 0.75 percent error at the 20 percent level of the tank. The LOX
total correction computed from postflight data agrees very closely with
the preflight prediction. The actual LH2 total correction deviated from

the preflight prediction primavily due to the inflight tank deflection.

The PU system mass corrections due to tank deflections are caused by
differences in tank skin temperature and differential tenk pre-rsures

from thos= experienced during acceptance firing. Figure 15-2 prescents a
comparison of predicted and actual flight correcticas for tank deflection
for the LOX and LH2 mass sensors. The predicted LOX correction agrees
vary well with the postflight analysis. The irregular correction from
the flight analysis after second engine start was caused by deviations in

tank ullage pressure from predicted.

The actual LH2 mass sensor correction was considerably different from the
preflight prediction. The major cause for this differerce was the LH2
tank skin temperature history. The LH2 tank skin temperature cooled at

a much faster rate than predicted during S-II stage burn resulting in a
net colder actual skin temperature than predicted during fir-t burn.

The actual correction is approximately 100 1bm less than predicted during
this phase. At second burn ignition, the average skin temperature was

warmer than predicted, resulting in 46 1lbm less correction than predicted.
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Only two LH2 tank skin temperature measurements were availwbdle duriag

~’

second burn; one on the shaded side, and one on the partlally shaded
side. The partially shaded sensor was used for the average skin

temperature during second burn.

The cg offset corrections to the PU mass sensor and level sensor pro, el-
lanc masses are caused by tilting of the propellant level due to the
engine thrust vector passing through the third flight stage cg when the
cg is displaced from the longitudinal ceiterline. Figure 15-3 sheus

the predicted and actual flight correction for the LOX and LH2 mass
sersors. Good agreement was obtained between the predicted and actual

cg cffset corrections for both mass sensors.

15.2.4 Comparison of Level Sensor and Volumetric PU Mass at Level

Sensor Activation

Table 15-3 presents the level sensor mass and volumetric PU mass at

each level sensor activation during flight. The level sensor masses

were computed from propellant volume at the level sensor height location

and the computed provellant density at the level sensoi activation time. :)
The propellant temperature and density data used for the level senscr

mass analysis are presented in figures 15-4 and 15-5.

Figure 15-6 shows tne deviations between leve® : =< - and volumetric Fy
mass at level sensor activation times for acceptance {iring, councdown
demonstration te:r cs (CDDT) and flight. In order tc compare the level
sensor data to the PU data for the three tests meationed, the FU mass:s
for the acceptance firing were recomputed based upon the lbm/pf flight
calibration slope. This procedure normalizes the volume data so that
the differences between level sensor and PU mass for the three tests
(acceptance firing, CDDT, and flight) are a measure of system

repeatability.

Investigation and coordination with the field stations indicate the LOX
and LH2 level sensor locations have not changed since S-IVB-501

acceptance firing.
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The LOX data comparison shows good agreement between the CDDT and flight
with the exception of the first level sensor that activated during second
burn. The unusual behavior at this sensor can be attributed to an
uncertainty in the level sensor activation time due to large propellant
slosh during the early part of second burn. 1If a straight line skewed
bias is drawn through the mean of the CDDT and flight data, the deviations
from this line exhibit a trend similar to the deviaticns of the acceptance

firing data about the horizontal.

The magnitude of the skewed bias at first ignition is approximately
620 1bm relative to the lowest level sensor. The cause of this apparent

shift has not been definitely resolved.

The LH2 comparison shows that the deviations during flight first purn
agree with those during the CDDT but, contrary to the LOX analysis, the
deviations during the second burn agreéd with those of the acceptance
firing. The flight deviations during first burn are greater than the
maximum probable deviations between the two systems. At this time there
is insuf’icient data to explain these deviations. The data avr~ilable
from the S-IVB-502 flight will be utilized for comparison anaiysis,

since the level sensor configuration is the same as for S~IVB-501.

15.2.5 Propellan: Residuals

Propellant residuals were computed for both engine burns using point
:zvel sensors and the PU mass sensors. Two level sensors in each tank
were used for computation of first burn residuals, level sensors L0012
and L9011 in the LOX tank and N0O024 and N002S5S in the LH2 tank. Three
level sensors in eacih tank were used for computation of second burn
residuals, level sensors L0009, L0008, and L0006 in the LOX tank and
N0029, NOO30, and NOO3l in the LH2 tank.

[he point level sensor residuals were generated using engine consumption
data to extrapolate from the levei sensor activation to Engine Cutoff
Command. A weighted average residual was then computed for the level
sensors in each propellant tank. The final propellant residual masses

at each engine cutoff are a statistically weighted average of the level

5%
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sensor and PU mass sensor residuals. This method provides a more
accurate residual value for second burn than the stage best estimate
procedure because propellant mass is measured directly without the

error contributed by a higher ratio of nonpropellant mass.

Tabie 15-4 summarizes the propellant residual data determined by the PU

mass :.ensor and the point level sensors.

Total masses at second burn Engine Cutoff Command (ECC2) were 15,071 1bm
LOX and 3,651 lbm LH2. These rotal masses include unusable masses of
530 1bm LOX and 760 1lbm LH2. The usable masses at ECC2 were 14,541 1bm
LOX and 2,891 lbm LH2.

15.2.6 PU Efficiency

The closed-loop PU efficiency is determined by expressing the usable
residual propellant at depletion cutoff as a percentage of the tutal

propellant load. Total stage steady-state propellant consumption rates

[ I AP E YR )

prior to the second burn velocity cutoff were 386.5 lbm/sec LOX and
76.9 lbm/sec LH2. Extrapolation of these flowrates to the theoretical
depletion cutoff results in a simultaneous propellant depletion at

37.6 sec after velocity cutoff and a PU efficiency of 100 percent.

It should be noted that the above extrapolation is based on constant
propellant flowrates for 37.6 sec. Had the stage actually gone to

depletion cutoff, the PU system would have varied the propellant flow-

vt dh s s W

rates for the final period. PU system nonlinearities during the
§ 37.6 sec to depletion wculd have driven the PU valve to an average

-1 deg level thereby increasing the LH2 residual by approximately 20 lbm

and causing a LOX depletion cutoff.

15.3 PU System Response

The PU valve was positioned at null for first burn start and remained at

the null position until PU activate at ESC1l +8 sec. The PU valve was

H
H

commanded to the fully clcsed stop at activation and remained there
throughout first burn. The first burn PU valve position history is

illustrated in figure 15-7. The PU valve reached the stop at

15-10
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(:} ESC1 +10 sec as compared tc the predicted time of ESC1l +13.8 sec. This
deviation between the predicted and actual valve position slope following
first burn activation was due to a difference between the method used to

activate the PU system in the simulation model and the actual implementa-

PR o I

tion of PU activation in flight. This difference was removed in the
3 reconstruction by activating the PU sysiem 3 sec earlier in the simula-
tion model. The difference between the predicted and actual valve

positions on the fully closed stop is due to an error in the prediction

IR T SR

and does not represent a performance deviation.

The PU valve reconstruction for second burn is also presented with the
predicted and actual PU valve histories in figure 15-7. The PU valve
was successfully commanded to the fully opened 4.5:1 EMR position at
ESC2 -20 sec tc satisfy engine restart requirements. The PU valve
remained there until ESC2 +13 sec when the hardover command was removed.

] Tne PU valve then traveled through the null position to +5 deg by

ESC2 +14 sec. The valve travel past the null position to +5 deg was

‘i caused by system overshoot.

Due to system dispersions the PU valve then traveled to the LOX rich

- stop. The PU valve reached the LOX rich stop at ESC2 +25.2 sec and
remained there until PU valve cutback at ESC2 +63.5 sec. After cutback
the average PU valve position was -2.5 deg until second burn engine
cutoff at ESC2 +299.692 sec.

¥ The PU system deviations between predicted and actual performance, which

e

caused the PU valve LOX rich operation during second burn, are listed

in the following table.

DEVIATION DESCRIPTION DEVIATION IN EQUIVALENT LOX (1bm)
1) Loading computer 366
2) LH2 boiloff . 1,277
3) LOX boiloff 98
4) Engine performance 552
5) PU system nonlinearities 200
6) Calibration 285
7) Bridge gain ratio 850
f:) TOTAL 3,628

15-11
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Equivalent LOX listed in the previous table is either the actual LOX

deviation, if the deviation is in LOX, or the LOX deviaticn required to
cause the same deviaticn in the case of LH2 deviations. Equivalent LOX
for LH2 deviations is derived by multiplying the actual LH2 deviation by

the actual PU system bridge gain ratio.

A PU valve history reconstruction reflecting the above system deviations
is presented with the predicted and actual PU valve histories in
figure 15-7 The individual TU valve excursions caused by each indepen-

dent deviation is illustrated in figure 15-8.

The major cause of the high engine mixture ratio (EMR) operation during
second burn was the higher than predicted LH2 boiloff during orbital
coast. Each of the system deviations listed above are discussed in the
following sections. The PU indicated and corrected propellant masses

used for system deviation analysis are tabulated ac follows:

PU FINE MASS

UNADJUSTED PU CORRECTED FOR

E o FLOW INTEGRAL

EVENT FLIGHT

NONLINEARITIES

LoX LH2 LOX LH2
Lifroff 193,179 41,129 193,299 41,344
ESC1 193,048 41,043 193,308 41,107
ECC1 131,953 29,697 131,353 29,662
ESC2 131,965 26,886 131,085 26,771
ECC2 15,803 3,998 15,133 3,815

15.3.1 Indicated Loading Computer Deviations

Indicated loading computer deviations are the difference between the
desired load and the loading computer indicated load at liftoff. The
indicated loading deviations weie -94 1lbm LOX and -93 lbm LH2. The
combined effect of these two deviations is an equivalent LOX overload of
366 lbm. If this deviatior had not been preseat in the system disper-
sions the PU valve would have cutback 7.5 sec earlier. Curve 1 of
‘figure 15-8 shows the singular effect of the loading deviations on the

PU valve.

15-12
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15.3.2 LH2 Boiloff Deviation

The LH2 boiloff during orbit was determined from PU indicated masses
corrected for PU system nonlinearities. Due to capillary action PU mass
data was not valid until ESC2 +15 sec. The PU masses at second burn
Engine Start Command were calculated by taking a valid PU mass and
extrapolating back to ESC using engine flowmeter data. The LH2 orbital
boiloff was 258 lbm higher than predicted. The majority of this devia-
tion was caused by flashoff following first burn Engine Cutoff Command.
This flashoff resulted from a higher than predicted facility LH2 vent
backpressure before liftoff and a lower than predicted CVS regulator
control pressure in orbit. The LH2 boiloff deviation is equivalent to
1,277 1bm of LOX equivalent error. Curve 2 of figure 15-8 shows the
singular effect of this deviation. It should be noted that the LH2 boil-
off deviation is the largest single contributor of the LOX rich operation.
The PU valve would not have reached the LOX rich stop without this

deviation.

15.3.3 LOX Boiloff Deviation

The predicted LOX mass boiloff during coast including engine chilldown
was 240 lbm. The PU corrected masses indicated a LOX boiloff of 108 1lbm
leaving a boiloff deviation of 132 ibm. Curve 3 of figure 15-8 shows
the singular effect of the LOX boiloff error. If this deviation had not
been present in the system dispersions the PU valve would have cutback
2.7 sec earlier. An analysis of the LOX ullage gas conditions indicated
a total LOX boiloff during coast slightly higher than the PU indicated
LOX boiloff. The two methods were in satisfactory agreement and the

difference does rot significantly affect the total system dispersions.

15.3.4 Engine Performance Deviation

The LOX and LH2 flowrates during first burn were lower than predicied.
This lower consumption resulted in an equivalent LOX error of 552 lbm at
second burn Engine Start Command. The singular effect of this deviation
is shown in curve 4 of figure 15-8. If this deviation had nct been
present in the system dispersions, the PU valve would have cutback

approximately 11 sec earlier.

15-13
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15.3.5 PU System Nonlinearity leviat ions )

The PU system total nonlinearities used in PU system response analysis
are based on engine flowmeter analysis normalized to liftoff and second

burn cutoff masses. These nonlinearities are presented in figure 15-9.

Sensor capillary action at the start of second burn and two slosh waves
caused by vehicle attitude transients, during second bura, caused large
variations in the indicated mass data used to determine these non-
linearities. The actual PU system LOX tank-to-sensor nonlinearities with
the sloshing and capillary effects removed compared favorably with the
predicted. The actual LH2 tank-to-sensor nonlinearities also compared
favorably with the predicted values adjusted for the actual inflight tank

geometry variations. The LOX equivalent error, due to the combined

Cmat e e

differences between actual and predicted mismatch, was 200 lbm. Curve 5
: of figure 15-8 shows the singular effect of this deviation. If this

deviation had not been present in the system dispersions, the PU valve

é would have cutback 4 sec earlier.

: The predicted and actual total inflight tank-to-sensor nonlinearities ~)

as determined by the volumetric method for the LOX and LH2 probes are

Ao

presented in figure 15-10. These corrections were normalized to the
flight first burn ignition and second burn cutoff masses foi comparisca
with the flowmeter analysis. Satisfactory agreement was obtained
between the flowmeter-and volumetric nonlinearities for both the LOX and

LH2 mass sensors.

15.3.6 Calibration Deviation

o e Ly A g £ AT AT

Calibration deviations at first buirn Engine Star: Command were

+0.56 percent LOX and +0.09 percent LHZ2, thus causing the initial LGK
mass to be overloaded 1,087 1lbm and the initial LH2 mass to be overloaded
36 lbm. This calibration deviation was determined by comparing best
estimate total masses with corrected PU indicated masses. The calibra-
tion deviation seen by the PU system at second burn Engine Start Command
was 285 1bm LOX equivalent error. Curve 6 of figure 15-8 shows the

singular effect of thLe calibration deviation. If this deviation had not

I Ao s b S

been present in tie system dispersions, the PU valve would have cutback :)

approximately 7 sec earlier.

15-14
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15.3.7 Bridge Gain Ratio Deviation

The desired reference mixture ratio (RMR) for the S-IVB-501 flight was
5.0:1.0. The bridge gain ratio (BGR) was electrically adjusted at
5.0:1.0 to obtain the desired RMR. The RMR obtained from flight data
vhich includes the effects of the sensor calibration deviations, was
4.96:1.0. This indicates that the BGR was actually set at 4.95:1.0
instead of 5.0:1.0 after the sensor calibration deviations were removed.
The ratio of the propellant masses at PU valve cutback time also indi-
cated a BGR of 4.95:1.0. Curve 7 of figure 15-8 shows the singular
effect of changing the BGR. As may be seen from curve 7, the valve
position leveled out approximately 3 deg lower than the loading deviation
curves. If this deviation had not been present in the system dispersions,
the PU valve would have cutback approximately 15 sec earlier and the

mean valve position would have leveled out approximately 3 deg higher.

15.3.8 Capillary Actiun

The rise of propellants within the mass sensors due to capillary action
during the low acceleration coast period was present as expected. This
capillary action experienced before and after ullaging is compared to
the flight data from S-IVB-203 in figure 15-11. In both cases the sensor
readings indicated that the propellants did not rise to the top of the
sensors as was expected while in the low acceleration environment before
ullaging. This implies that there were bubbles or vapor within the
sensors which lowered the capacitance signal and corresponding mass
reading and resulted in an indicated mass level within the sensors that
was lower than the actual level. The indicated mass level decreased
during ullaging as expected. Vehicle maneuvers during ullaging on
S-1VB-501 caused propellant sloshing disturbances which are the most
probable cause for the variations in the mass indications during this
period. There were no maneuvers applied to S-IVB-203 during this period
and, as shown by figure 15-11, there were also no variations in the mass
indications, except for the expected level drop due to ullaging

acceleration.

15-15
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15-16

During fuel lead after second engine start the LH2 mass level contiuaued
to drop; however, the indicated LOX mass level within the sensors
increased by approximately 7,000 lbm. This increase was probably caused
by removing bubbles from the LOX sensor while in the higher acceleration
environment. This resulted in 4 higher sensor capacitance reading. The
indicated LOX propellant increase and the removal of the remaining
capillary effects during mainstage, is illustrated in figure 15-12. This
figure also compares the indicated mass readings with the mass in tank
obtained by extrapolating engine flowmeter consumption during the first
part of burn. Since the propellants were not settled until ESC2 +15 sec,
the capillary action affectad the PU system by ch.rging the forward
shaping network “rom PU hardover command off (ESC2 +13 sec) until

ESC2 +15 sec. The singular effect of the capillary action on the PU
valve is shown in figure 15-13. The error signal resulting from this
capillary action was appruximately +4 v.i This deviation by itself would
cause a peak PU valve excursion of approximately +9 deg. This erroneous
error signal discharged to a negligable value at approximately

ESC2 450 sec. The effect of the capillary action on the error signal
can be determined by comparing the actual error signal with an error
signal derived {rom engine flowmeter data between ESC2 +13 and

ESC2 +15 sec.

Figure 15-14 compares the actual telemetered PU summing point error
signal, the actual error signal with the telemetry bias and high
frequency noise removed, and the PU error signal obtained by using engine
flowmeter derived consumption. A telemetry bias of -0.3 v was present

on the actual error signal. This bias was also present on cthe acceptance
firing data and was confirmed by flight data during restart when the
summing potentiometers were deactivated by applying the 4.5:1.0 hardover

command.

As can be seen from the smoothed telemetry error sigral, the capillary
action at the start of second burn cau.ed an erroneous error signal until

the effects of the capillary action were removed.
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15.3.9 Sloshing

The redesigned forward shaping network (slosh filter) successfully
removed the effects of propellant sloshing on the PU valve. Propellant
sloshing within a 0.2 to 0.6 Hz range was present on the mass signals
and the PU summing point error signcl. However, the added filter
zttenuation removed the slosh effects on the signal fed to the PU valve

Servo.

Vehicle attitude transients resulted in two large low frequency propel-
lant slosh waves. The slosh waves can be seen in the LOX and LH2 mis-
match curves of figure 15-9. The first slosh wave appeared between
ESC2 +100 and ESC2 +120 sec. This slosh wave was set off by a vehicle
attitude transient following the artificial tau mode during PU cutback.
The PU valve position was increased approximately 1 deg by this discur-
bance and resulted in a corresponding shift.in engine performance para-
meters. The second low frequency slosh wave occurred approximately

5 sec before second hurn Engine Cutoff Command. This wave was also
caused by a vehicle attitude transient and occurred at the time the chi
freeze guidance mode was applied. This disturbance resulted in a 1 deg
valve tailoff and corresponding thrust variation which is discussed
further in paragraph 15.4. The effect of these slosh waves on the PU

valve position history may be seen in figure 15-7.

15.3.10 Postflight Reconstruction

The combined effects of all the previously mentioned PU system deviations
on the PU valve position are illustrated by the second burn PU valve
position reconstruction shown in figure 15-7. The reconstruction agrees
favorably with the actual data and, therefore, verifies satisfactory PU
system operations. The postfiring reconstruction deviates from the
actual PU valve history at ESC2 +200 sec and at ESC2 +260 sec. Thess
deviations are due to inaccuracies involved in deriving the LOX and LH2

mismatch.

15.4 PU System Induced Thrust Variations

Thrust variacions fcllowing PU cutback are induced primarily by the PU

system. Figure 15-15 presents thrust variation histories for second burn

15-17
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following PU cutback. Table 15-5 compares the actual thrust variations
observed with thrust variation limits established in the Contract End
Item (CEI) Specification. Thrust variations during hardover PU valve
operation are induced by engine and stage systems variations and are

presented in section 9.

Between ESC2 +140 sec and ESC2 +210 sec a 3 deg PU valve excursion

induced a 4,450 1bf peak-to-peak thrust oscillation. This oscillation

was caused by the LOX PU sensor manufacturing nonlinearity. Manufacturing
nonlinearities also resulted in other smaller variations during the

remainder of the burn.

Thrust variations were within specification limits in the period
following PU cutback until ESC2 +296 sec when the thrust rate and
acceleration limits were exceeded. This variation was initiated by a
vehicle attitude transient which occurred following the initiation of
the chi freeze guidance mode. The attitude transient created a low
frequency slosh wave which resulted in a 1 deg PU valve tailoff. This
tailoff, however, was not sufficient to cause the observed thrust
variation. The total variation was the result of an engine performance
shift coupled with the PU valve tailoff. 1he engine performance shift
was attributed to a PU valve flow resistance shift and is discussed

further in paragraph 9.4.4.2,

To separate the effects of the engine perfcrmance shift from the PU
system performance variation caused by the vehicle attitude transient,

a flow integral simulation was run utilizing the actual PU valve position
data as the primary input. The engine performance shift effects were not
present on the PU valve position data. The resulting engine thrust
response is given in figure 15-16. Thrust variation values were taken
from this curve ani are compared to the actual variations and the CEI
limits in table 15-5, Thrust variations, excluding the effects of the
thrust transient caused by the attitude transient and engine performance
shift are also given in table 15-5., The actual rate of change of thrust

observed was -2,400 lbf/sec. The reconstructed rate of change based on
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PU valve motion was -450 1lbf/sec. It may be seen that the thrust
variations caused by the PU system were within the CEI specification
limits and those caused by the engine performance shift exceeded the
specification limits. Since engine performance shifts are specifically
excluded from CEI specification limits, all thrust variation requirements

for the period following PU cutback were met.
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EVENT

LIFTOFF
RO +0.26

ENGINE START
COMMAND (1st)
RO +520.7

ENGINE CUTOFF
COMMAND (1st)
RO +665.6

PROPELLANT
CONSUMED
(ESC1 TO ECC1)

ENGINE START
COMMAND (2nd)
RO +11,486.6

PU VALVE
CUTBACK TIME
RO +11.550.1

ENGINE CUTOFF
COMMAND /(2nd)
R0 +11,786.3

PROPELLANT
CONSUMED
(ESC2 TO ECC2)

TABLE 15-1
PROPELLAMT MASS HISTCRY
PU INDICATED FLIGHT FLOW PU VOLUMETRI
PRED%?:E? MASS CORRECTED MASS INTEGRAL MASS MASS
m (1bm) (1bm) (1bm)
LH2 | TOTAL LOX | LH2 TOTAL LOX LH2 TOTAL LOX | 1m2
41,222%234,495%| 193,299 41,144 | 234,443 194,103I40,963 235,066|194,289{41,049(2
193,273 | 41,222 h34,495 193,308(41,107)|234,415/ 194,103 40,963 235,066 194, 300 40,994 2
129,844 | 29,703 163,016 |131,353|29, 662 161,015} 131,603]29,476|161,079]131,700| 29,5571 1
63,429 111,510 | 71,479 | 61,955|11,445| 73,400 62,500(11,487( 73,987 62,600(11,437
129,445 (27,055 (159,384 131,085|26,771|157,856|131,335(26,585 157,920|131,381|26,657| -
- ~= - |107,874|22,401)130,275|107,735|22,163| 129,898 108,103|22,208
12,087 | 3,273 15,360 15,133 3,815] 18,948| 15,071] 3,651] 18,722| 15,059] 2,725
117,358 | 23,782 144,524 115,952|22,956|138,908116,264!22,934]132,198)116,281]22,932
]

*Desired

FOLDOUT FRAMEl
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{ASS LISTORY
L
PU VOLUMETRIC LEVEL SENSOR TRAJECTORY BEST ESTIMATE
MASS MASS RECONS fRUCTION MASS
(1bm) (1bm) (1bm) (1bm)
i}
LOX LH2 TOTAL LOX LH2 TOTAL TOTAL LOX LH2 TOTAL
;194,289 41,049|235,338]194,770}41,408| 236,178 235,379 194,395) 41,173 235,568
194,300] 40,541 235,294]194,770]41,408) 236,178 235,443 194,395141,143) 235,538
i
131,700!"9,557|162,257|132,326)29,874] 162,200 161,029 131,791}29,655] 161,446
62,600| 11,437 74,037} 62,444)11,534| 73,978 14,414 62,604]11,488] 74,092
131,381}26,657{158,038{131,461]26,496| 157,957 158,183 131,496126,627]158,123
"108,103)22,2v81130,311|107,831{22,116] 129,947 - 107,886}22,2521129,865
15,059 3,725 18,784| 15,079} 3,595| 18,674 18,337 14,913| 3,679 18,592
+|116,281)22,932{139,213]116,382}22,901}139,283 139,846 116,583122,948|139,531

FOLDOUT FRAME 7/
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TABLE 15-2
PROPELLANT LOADING SUMMARY
. LOX LH2 TOTAL
TTEM (1bm) (1bm) (1bm)
Propellant Load at Liftoff
Desired 193,273 41,222 234,495
PU indicated 153,179 41,129 234,508
PU indicated corrected 193,299 41,144 234,443
Flight flow integral 194,103 40,963 235,066
Volumetric analysis 194,289 41,049 235,338
Level sensor aanalysis 194,770 41,408 236,178
Trajectory reconstruction -— - 235,379
Best estimate 194,395 41,173 235,568
Deviation from Desired
PU indicated -94 -93 -187
(-0.057) (-0.232) (-0.087)
Best estimate 1122 =49 1073
(0.582) (-0.12%) (0.462)
Deviation from Indicated
Best estimate 1216 44 1260
(C.6372) (0.11%) (0.542)
Deviation from Best Estimate
PU indicated corrected ~-1096 =29 -1125
(-0.562) (-0.07%) (-0.48%)
Flight flow integral -292 -z10 -502
(-0.15%) (-0.51%) (-0.21%)
Volumetric analysis ~106 ~124 -230
(-0.05%) (-0.30%) (-0.10%)
Level sensor analysis 375 235 610
(0.19%) (0.57%) (0.26%)
Trajectory reconstruction — -—= -189
—_ — (-0.08%)
15-21
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TABLE 15-3 -
LEVEL SENSOR AND VOLUMETRIC PU MASS )
LEVEL ACTIVATION LEVEL SFNSOR | VOLUMETRIC | DEVIATION LEVEL
SENSOR TIME FROM RO MASS FU MASS SENSOR - PU
(sec) (1bm) (1bm) (1bm}
(LOX)
: L0013 529.7 193,429 192,654 775
L0012 570.4 174,936 174,491 445
, L0011 632.6 147,408 146,621 787
: L0010 11,540.1 112,702 112,731 ~29
; L0009 11,628.6 75,305 74,998 307
; L0008 11,713.0 43,100 42,955 145
N L0006 11,775.8 19,104 18,815 289
E
s (L¥'2)
‘é N0023 527.6 41,249 40.830 419
' NO024 570.0 37,750 37,344 406 '
N0025 618.8 33,682 33,352 330 j)
N0027 11,505.2 25,740 25,772 -32
- N0028 11,553.9 21,879 21,820 59
it
3 N0029 11,603.2 17,855 17,934 -79
p NO030 11,653.2 13,924 14,073 -149
. NOO31 11,705.7 9,902 9,915 -12
‘f;% | N0032 11,753.4 5,986 6,180 -194
g
-
f
)

15-22
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TABLE 15-4
PROPELLANT RESIDUALS SUMMARY
LOX LH2
(1bm) (1bm)
LEVEL ACT;¥3;ION LEVEL SENSOR LEVEL SENSOR
SENSOR (sec) PU MASS{LEVEL RESTDUAL PU MASS] LEVEL RESIDUAL
SENSOR {SENSOR |(EXTRAPOLATED|SENSCR | SENSOR |(EXTRAPOLATED
TO ECC) TO ECC)
L0012 ESC1 +39.7 [174,491{174,936 132,132
L0011 ESC1 +111.9 |146,621(147,408 132,551
N0O24 ES 1 439.3 37,344 | 37,750 29,911
N0O025 ESC1l +58.1 33,352 133,682 29,844
ESC1 +144.926 |131,700 132,326%* 29,557 29,874*
(First Engine (#731) (+199)
Cutoff)
L0009 ESC2 +142.1 ] 74,998 75,305 15,031
L0008 | Esc2 +226.5| 42,955| 43,100 15,037
L0006 ESC2 +289.3 | 18,815]| 19,104 15,109
N00O29 ESC2 +116.7 17,934 17,855 3,592
NO030 | ESC2 +166.7 14,073 13,92Ai 3,554
N0O31 | ESC2 +219.2 9,915 | 9,903 3,624
ESC2 +299.692 | 15,059 15,079%* 3,725 3,595*%
KSeccad Engine (+609) (+175)
Cutoff)
Best Estimate** 132,051 +860 29,776 +234
Residuais~First Burm
Best Estimate®* 15,071 +577 3,651 +160

Residuals~Second Burq

*Statistical average of level sensor residuals.
**Statistical weighted average of level sensor and PU mass sensor residuals.

15-23
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: TABLE 1>-5
THRUST VARIATIONS
.
r - ! THRUST VARIATIONS AFTER CUTBACK
5 (cutback +75 sec to ECC -70 sec)
L3 . RS
¥ PARAMETER CEI
E 501 ACTUAL
LIMITS (COMPUTER PROGRAM PA%9)
(1) Variaticn in wean thrust level (1bf) +7,000 -4,500
-6,000
(2) Oscillations about mean thrust level +7,500 +2,225
(1bf)
(3) a. Rate of change of thrust; all +510 +295
frequencies (1bf/sec) -560 =225
b. Rate of change of thrust; +500 +295
0-0.1 cps (1lbf/sec) -225
(4) a. Thrust acceleration; all +500 <+100
frequencies (1bf/sec/sec)
b. Thrust acceleration; +125 <+100
0-0.1 cps (1bf/sec)
[ THRUST VARIATIONS
(final 76 stz of S-IVB second burn)
ACTUAL I SIMULATION
PARAMETER CEL (COMPUTER PROGRAM PA4Y9) (COMPUTER PROGRAM CA27)
501
LIMITS INCLUDING EXCLUDING INCLUDING EXCLUDING
THRUST TAILOFF | THRUST TAILOFF | THRUST TAILOFF | THRUS:1 TAILOFF
(1) 2 cps thrust varia- | +2,500 +1,000 +650 +700 +700
tion band (1lbf)
(2) Thrust band slope +44 =31 -20 -22 ~18
(1bf/sec) -80
(3) Variation of +58 =31 =20 -22 -18
thrust band slope =50
about nominal
(4} Thrust band cen- +6,500 -4,600 -4,700 -4,700 -4,800
terline variation
at 70 sec before
velocity cutoff
(1bf)
(5) a. Rate of change +650 +400 +400 +175 +175
of thrust; all -750 =2,400 =440 =450 -150
frequencies
(1bf/sec)
b. Rate of change | 4354 +200 +200 +150 +150
of thrust; =440
0~0.1 cps
(1bf/sec)
(6) a. Thrust acceler- +500 +485 +310 +100 +100
ation; all fre- ~1,000 -300 -200
quencies (1bf/
sec/sec)
b. Thrust accaler- *125 +100 +100 +100 +100
ation,
0-0.1 cps (1bf/
sec/sec) {
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Figure 15-1. Total Tank-to-Sensor Correction for Indicated Flight Mass
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