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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
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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



b

Copt e '_:A(Jg"_ -

PR A

ag.

ah.

ai.

aj.

ak.

al.

am.

Section 3
[est Configuration

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.
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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
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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
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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

4-36



e T .

a

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

4=42

(11,897.895)



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




ol Gl Dam b i RGN

"
Yy

#,
, »,

&
&

Section 5
Countdown Operations

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.
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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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5.4.3.2 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
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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




Section 6
Cost Plus Incentive Fee

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
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Figure 7-33. ,-iVB Stage Inertial Flight Path Azimuth Angle History - Second Burn
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Figure 7-35. S-IVB Stace Yaw Attitude Anoles - Second Burn
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Figure 15-15. Thrust Variations
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