1 RELEAST

SM-47007 VS fr iy T MAY 1969

MCDONAELL DOUGLAS ASTRONAUTICS COMPANY

P,

Vd

MCDONNELL DOUGLAS N

CORPORATION




SATURN S-IVvB-504N STAGE
FLIGHT EVALUATION REPORT

AR Samn > & -

SM-47007
MAY 1969

PREPARED BY:
SATURN S=IvB TEST PLANNING AND

EVALUATION COMMITTEE AND
COORDINATED BY: D. J. KATZ

PROJECT OFFICE « TEST

HUNTINGTON BEACH DEVELOPMENT ENGINEERING

PREPARED FOR:

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

UNDER NASA CONTRACT NAS7-101

APPROVED BY: A. P. O’'NEAL
HUNTINGTON BEACH DEVELOPMENT ENGINEERING DIRECTOR
SATURN/APOLLO & APOLLO APRLICATIONS PROGRAMS

MCDOINNE!L DOUGILAS ASTRONAUTICS COMPANY

WESTERN DIVISION

5301 Bolsa Avenue, Huntington Beach, California 92647 (714) 8970311




ABSTRACT

This report presents the evaluation results of the
prelaunch countdown, powered flight, and orbital
phases of the S-IVB-504N stage which was launched
3 March 1969 as the third stage of the Saturn
AS~504 vehicle.

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 August 1968,

Revision B. It was prepared by the Saturn S-IVB Test
Planning and Evaluation Committee ard coordinated by
the Saturn S-IVB Project Office of tche McDonnell

Douglas Astronautics Company -~ Western Division.

DESCRIPTC"S

Data Evaluation S-IVB-504N
Flight Test Saturn AS-504 Vehicle

Saturn V Countdown




PREFACE

The purpose of this report is to present the
evaluation results of the prelaunch countdown,
powered flight, and orbital phases of the S-IVB-504N
stage which was launched on 3 March 1969 as the third
stage of the Sa:turn AS-504 vehicle.

This report was prepared in compliance with the
National Aeronauvtics and Space Administration
Contract NAS7-101. 1It is published in accordance
with NASA Report MSFC-DRL-021, Contract Data
Requirements, Saturn S-IVB Stage and GSE, dated

1 August 1968, Revision B, which delineates the
data required from the McDonnell Douglas Astronautics

Company.

This document was prepared by the Saturn S-IVB Test
Planning and Evaluation Committee and coordinated by
tiie Saturn S-IVB Project Office of the McDonnell

Douglas Astronautics ( ympany - Western Division.




Section

1.

2.

5.

TAXLE OF

INTRODUCTION « « ¢ ¢ ¢ o ¢ ¢ ¢ o o & o

1.1
1.2

Ganeral .+ . ¢ ¢ s ¢ 40w e s
HIBLOTY ¢ & ¢ ¢ ¢ o o o v o s

stY . L] . . . - . . . . . L] . . .

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25

Flight Description . . . . . . &
Mission Objectives . . . . . . .
Test Gperations . . . . . . . .
Cost Plus Inzentive Fee . . . .
Trajeccory . « ¢« o« o o ¢ o o o o
Mass Charactecistics . . . . . .
Engine System . . . . . . « . &
Solid Rockets . . . . . . « . «
Oxygen-Hydrogen Burner System .
Oxidizer System . . . . . . . .

Fuel System . . . ¢« . « « « « &

Auxiliary Propulsion System (APS)

e * e 8 o ¢ o s o o @

Pneumatic Control and Purge System . . . . . . « . . .

Propellant Utilization . . . . .
S-II/S-IVB Separation . . . . .
Data Acquisition System . . . .
Electrical System . . . . . . .
Range Safety System . . . . . .
Flight Control . . « « « . « + &
Hydraulic Syatem . . . . . . . .
Aero/Thermo Enviromment . . . .
Stage Structure and Enviromment

Explosive Ordnance Equipment . .
Forward Skirt Thermcconditioning
Stage Safing « .« . + . . ¢ . .

TEST CONFIGURATION . . . + « « « o ¢ &

3.1

General . . ¢ 4 ¢ ¢ s s ¢ 0 s s .

SEQUENCE OF EVENTS . . . « « + & ¢« « &

4.1
4.2
4.3
4.4
4.5
4.6

Predicted Times . . . . . . . .
Monitored Times . . . . . . . .
Time Bases . . « + « « ¢ « ¢ « &
Data Omissions . . . « « . . . &
Comments8 . « « ¢ o ¢ ¢ o ¢ & o &
Ground Sequence of Events . . .

TEST OPERATIONS . . « o &+ v o & o « »

5.1
5.2
5.3
5.4
5.5
5.6

Launch Vehicle Tests . . . . . «
AS-504 Launch Countdown . . . .
Redline Limits . . + « « + ¢« o &
Countdown Prcblems . . « . « « .
Environmental Control Systems .
Atrospheric Conditions . . . . .

e & & & 8 ® e & 8 o »

¢ ° & & s ¢ & &« & o @

e ¢ 4 s e v e s s e o

e ® s & 4 * 2 s e &

NG PACE

ALANK NOT

Pagc

P 05 |
P O
e Lo §

e o s e 2=
e e e e 221
s e e s e 2-4
e s s s s 2=5
« e e e 25
P 2

e s . 26
Y

c e e 0. 2-6
R 2

v e e 277
e e 27

e e e s 2=7
e s 0. 2-8

v e .. 2-8

e v e . s 2-8
e e v e s 2-8
e e e s 2-9
c e v e 2-10
e e e e 2-10

« v 2-10
e v e . 2-11
e e . 2-12
« e e 2-11
.« e e 212
A0 ¥

e s e e 31

e e e e e 3-1

e e v e &1
e 2!
e e ee b=2
e oo b-2
e o e . 43
« v o0 s &3
N

e v e e 5=

- 1
A
R

N ]
e o v e 5=6
e v e 0 5=7

I~ VA




Section

6.

10.

11.

12,

13.

14,

15.

TABLE OF CONTENTS (Continued)

COST PLUS INCENTIVE FEE . . . . . . .

6.1
6.2

Flight Mission Accomplishment

Telemetry Performance ., . . .

TRAJECTORY ¢ . ¢« v v ¢ ¢« v o 0 o v o

7.1
7.2

Comparison Between Actual and Preflight Predicted Trajectories .
Powered Flight Simulated Trajectory Evaluation .

MASS CHARACTERISTICS . . . . . . . . .

8.1
8.2

P )

Mass Property Uncertainties Analysis . . . .

Best Estimate Ignition and Cutoff Masses . .

ENGINE SYSTEM . . . « . « ¢« ¢« v v ¢ &

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8

SOLID
10.1
10.2

Modifications . . . . . . . . .
Sequence of Events . . . . . . .
Engine Chilldown Conditioning .

Start System Performance . . .

Engine Control Sphere Performance

Engine Performance . . . . . . .
Trajectory Simulation Analysis .

Component Operation . . . . . .

ROCKEIS . ¢ ¢« v v o o « o o &
Retrockets . . « « + « + & & o .

Ullage Rockets . . . . . .

OXIDIZER SYSTEM . . . . . . . .

11.1
11.2
11.3
11.4

LOX Tank Pressurization Control
Pressurization System Conditions
LOX Pump Chilldown . . . . .
Engine LOX Supply . . . . .

FUEL SYSTEM . . . . . . . . .

12.1
12.2
12.3
12.4

LH2 Tank Pressurization . . . .
Pressurization System Conditions
LH2 Pump Chilldown . . . . . . .
Engine LH2 Supply . . . . . . .

OXYGEN-HYDROGEN BURN SYSTEM . . . .

13.1
13.2
13.3

Burner Performance . . . . . . .
LH2 Tank Repressurization . . .
Cold Helium Supply . . . . . . .

AUXILIARY PROPULSION SYSTEM . . . . .

14.1
14,2
14.3

APS Flight Operation . . . . . .
APS System Operation . . . . . .

Engine Performance . . . . . .

PNEUMATIC CONTROL AND PURGE SYSTEM . .

15.1
15.2

Pneumatic Control . . . . . .
Ambient Helium Purges . . . . .

During Coast




Section

16.

17,

18.

19.

20.

21.

22.

23.

24,

25.

Appendix

1.

TABLE OF CONTENTS (Continued)

PROPELLANT UTILIZATION . . . . . .
16.1 PU Mass Sensor Calibration .
16.2 Propellant Mass History . .
16.3 PU System Response . . . . .
16.4 Anomalies . . . .. .. ..

S-I1/S-IVB STAGE SEPARATION . ., .
17.1 S-11/S-IVB Separation Dynamic

DATA ACQUISITION SYSTEM . . . . .
18.1 Data Acquisition System Objec
18.2 Summary of Performance . . .

tive . . . . . .

18.3 Instrumentation System Performance . . . . . .

18.4 Telemetry System Performance

ELECTRICAL POWER AND CONTROL SYSTEM
19.1 Power System . . . . . . . .
19.2 Electrical Control System .

RANGE SAFETY SYSTEM PERFORMANCE .
20.1 Contrcllers . . . . . . . .
20.2 Firing Unit Monitors . . . .

20.3 Receivers Signal Strength . .

FLIGHT CONTROL . . « « + - « « « &
21.1 S-IVB Powered Flight Control
21.2 Attitude Control-Orbit . . .

HYDRAULIC SYSTEM . . . . . . . . .
22.1 Hydraulic System Operation .

FORWARD SKIRT THERMOCONDITIONING SY
23,1 Temperature . . . ¢ « « + &
23,2 Pressure . « .+ ¢ ¢ o o oo oo s
23.3 Flowrate ¢« . . « ¢ « o « + &

AERO/THERMODYNAMIC ENVIRONMENT . .
24,1 Compartment Venting . . .
24.2 Thermodynamic Enviromnment .

STAGE SAFING . + . & & o o s o o &
25.1 Propellant Dump . . . . . .
25.2 High-Pressure Sphere Passivat

¢ o o s ¢ s e o o

s e & e 4 s e s+ =

System Evaluation .

¢ e 4 o 4 s s b

STEM .. .. ..

¢ & & s s 2 e s o
e s a2 s s + o s »

L T S T S ST S
e & 3 ¢ & s s s

ion . ¢ ¢ . o 4 s

APPENDICES

GLOSSARY AND ABBREVIATIONS . . . .

DISTRIBUTION LIST

s & o o e s o & @

Page
16-1
16-1
16-2
16-5
16-6

17-1
17-1

18-1
18-1
18-1
18-2
18-2

19-1
19-1
19-5

20-1
20-1
20-1
20-1

21-1
21-1
21-6

22-1
22-1

23-1
23-1
23-1
23-1
24-1
24-1
24-1
25-1
25-1
25-1

AP 1-1




Table

3-1

4-1
4-2
4=3
4-4
4-5
5-1
5-2
5-3
5-4
5-5
6-1
6-2
6-3
64
7-1
7-2
7-3
-4
7-5
1-5
-7
7-8
7-9
7-10
7-11
71-12
7-13
7-14
8-1
9-1

9-3
9-4
9-5
9-6
-7
9-8
9-9
9-10
9-11
9-12

9-13
9-14
9-15

LIST OF TABLES

S-IVB-504N Stage and GSE Flight Jdrifices . . . . . . « « «
S-1VB-504N Stage Pressure Switch Data . . . . . . . . . .

A4$~504D Post Flight Sequence of Events . . . « + o + « « ¢ o ¢« &

Ground Commands .« « « 4 4 4 ¢ 4 4 2o s o4 s 4 s s s e e e s

Data Omissions (Reasons) . . v « ¢ & ¢ ¢ ¢ & o = o « & & o o o &

Data Omissions (Times) . . . « « ¢ v v ¢ ¢« ¢ v ¢ o v 0 o
Ground Sequence of Events . . « . « + v ¢ ¢ 4 o o 0 .
S-IVB-504N Stage Propellant Loading Data . . « . « . « ¢« « . .
APS Loading Data . « v v & 4 o o o s o 5 s 6 4 8 e s e s oa s
Sphere Pressurization Data . . « . . . . . . 0 0 00 00 0.
AS-504N Terminal Countdown Sequence . . « « & ¢ ¢« v « « o & o
Atmospheric Conditions During AS-504 Launch . . . . . .
S-IVB-504 Preconditions of Flight (PCF) (S~II/S-IVB Separation
S~IVB-504 End Conditions of Flight (ECF) MDAC-WD Position
S~IVB End Conditions of Flight (ECF) MSFC Position . . . . .
Flight Telemetry Performance Summary . . . . . . « « « « « .« &
AS-504 Conditions at Maximum Dynamic Pressure . . . . . . . .
AS-504 Conditions at S-IC/S-I1 Separation Command . . . . .
AS-504 Conditions at S-II/S-IVB Separation Command . . .
AS-504 Conditions at S-IVB First Guidence Cutoff Command . . .
AS-504 Conditions at Parking Orbit Insertion . . . . . . .
AS-504 Condition at SC/LV Final Separation . . . + . « . .
AS-504 Conditions at Time Base 6 . . . + « « v v « « « . &
AS-504 Conditions at S~IVB Second Engine Start Command .
AS-504 Conditions at S-IVB Second Cutoff Command . .

AS-504 Conditions at Intermediate Orbit Insertion . . . . . .
AS-504 Conditions at Time Base 8 . . . . . . . . . ¢« « . . .
AS-504 Conditions at S~IVB Ground Commanded Third Engine Start
AS-504 Conditions at S-IVB Third Cutoff Comrand . . . . . .

. »
L R Y

L Y T Y

Command)

Command .

.

AS-504 Conditions at Escape Orbit Injection . . . + + « « + + . .

AS-504 Third Flight Stage Final Eval. Mass Summary . . . . . .
Engine Sequence (504-First Burn) . . « « + o &+ o o o o o« o &
Engine Sequence (504-Second Burn) . . +« . « 4 ¢« 4 4 0 o« o .
Engine Sequence (504-Third Burn) . . . + + ¢ v & o & o o &
Fuel Lead Coiditions . . « v v 4 v ¢ v 0 v v v 0 0 v 0 s 4
Engine Start Sphere Data . . . . . . . . . ¢ oo ..
Control Sphere Data . . « . . . & ¢« ¢ ¢ ¢ v v ¢ v o o 4 .o
Start Bottle Refill Performance . . + « ¢ ¢ ¢ ¢ v o s o « & &
J-2 Engine Steady Performance Compared to Predicted (STDV +2.5
Data Inputs to Computer Programs . . « ¢« « + ¢ ¢« « ¢ o & o o &
J-2 Engine Start Tramsients . . . . . . . « + « . o+ ¢« &

S~1IVB Total J-2 Propulsion Performance . . . . . « « « + « . .

S-IVB Steady State Ferformance (STDV +60 Second Time Slice at Standard
Altitude Conditions . . . « &+ ¢ ¢ v v v v v 4 4 ¢ ¢ 4 e s s e e

S§-IVB-504 Third Burn Anomaly . . & &+ ¢ ¢ ¢+ v o ¢ & o s o o o

J-2 Engine Cutoff Transients . . . . « ¢ ¢ o o ¢ & ¢ & o » o« o &

AS-504 S-IVB Cutoff Impulse . . . « « o ¢ o « s o o o o o s &

« s e e

SEC to ECO)

4-52
4-54
4-54
4-55
5-8

5~9

5-10
5-11
5-12
6-2

6-3

6-5

6-7

7-6

7-7

7-8

7-9

7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19
8-3

9-25
9-31
4-37
9-43
9-44
9-45
9-46
9-47
9-48
9-52
9-53

9-54
9-55
9-56
9-57

LY



Table

ilel
11-2
11-3
11-4
11-5
11-6
11-7
12-1
12-2
12-3
12-4
12-5
12-6
13-1
14-1
14-2
15-1
16~1
17-1
18-1
18-2
18-3
18-4
18-5
21-1
21-2
21-3
21-4
25-1
AP 1-1

LIST OF TABLES

(Coatinued)

LOX ‘fank Prepressuriszation Dats . . . .
LOX Tank Pressurization Data . . . . . .
Cold Helium Supply Data . . . . . . . .
J=2 Heat Exchanger Performance Data . .
LOX Chilldown System Performance Data .
LOX Chilldown Sequence - Third Buran . .
LOX Pump Inlet Condition Data . . . . .
LH2 Tank Prepressurization Data . . . .
LH2 Tank Pressurization Data . . . . . .
LH2 Tank Repressurization Data . . . . .
LH2 Chilldown System Performance Data .
LH2 Chilldown - Third Burn . . . . . . .
LH2 Pump Inlet Condition Data . . . . .
02-H2 Burner Performance Data . . . . .
Helium Bottle Conditions . . . . . . . .
§-IVB~504N APS Propellant Consumption .
Ppneumatic Control and Purge System Data
Propellant Mass History . . . . . . . .
AS~504 Separation Events . . . . . . . .
Measurement Status . . « ¢« « + ¢ 4 s . 9
Deleted Measurements . . . « + . « ¢ « o
Measurement Failures . . . . . . . . . .
Measurement Anomalies . . . . . . . . .

RF System Performance . . . . . . . ..

s e s s s &

Maximum Control Parameters During First Burn . . , .

Maximum Control Parameters During Second Burn . . .
Maximum Control Parameters During S-IVB ThirA Burm .
"D" Mission Attitude Timeline Nominal Mission . . .

High-Pressure Sphere Passivation . . . .
Glossary and Abbreviations . . . . . . .

« s s 2 e s

Puge
11-11
11-12
11-13
11-14
11-15
11-18
11-19
12-10
12-11
12-12
12-13
12-16
12-17
13-3
14-7
14-8
15-4
16-7
17-2
18-6
18-9
18-10
18-16
18-20
21-8
21-9
21-10
21-11
25-3
AP 1-1




Figure

1-1
3-1
7-1
7-2
T
7-4
7-5
7-6

S-1VB-504
Schematic
S-1¢/s-11

LIST OF ILLUSTRATIONS

Stage Checkout and Test History . . . . . . . . « . .
S-IVB/V Propulsion System Complete . . . . « « + + + .« &
Stage Altitude HiStory . « « « ¢« v v « v v ¢« o v o &

S-IC/S-II Stage Ground Range HiStory . . . « « « & v ¢ & o o o o &
S-1C/S-1I1 Stage Crossrange Position History . . . « « « ¢ « « &« « o
S§-IC/S-1I1 Stage Crossrange Velocity History . . . . . . . . . . . .
S-IC/S-1I Stage Inertial Velocity HiSstory. . « « « v ¢ o+ v o« o« o« &
S-IC/S-11 Stage Axial Acceleration History . . . « v o & « & & + o
§-IC/S-II Stage Inertial Flight Path Elevation Angle History . . .
S-1C/S-1I Stage Inertial Flight Path Azimuth Angle History . . . .
S-IC/S-I1 Stage Mach Number History . . « « ¢« ¢ + + ¢« ¢ ¢ v & « &
§-1C Staze Dynamic Pressure History . . ¢ . ¢« ¢« ¢ ¢ v v v v v o v W

S-IC Stage Pitch Angle of Attack History . « . v « v v v v « « « &

S-IC Stage Yaw Angle of Attack History . . . . . ¢« v « v « o+ &

S-IC Stage Total Angle of Attack History . . « « . « & & « . &

Boost
Boost
Boost
S-1VB
S-IVB
S-IVB
S-IVB
S5-IVB
S-IVB
S-~IVB
S-1VB
S~IVB
S~IVB
S-1VB
S-IVB
S-JVB
S-I7B
S~IVB
S-IVB
S-IVB
S-IVB
S-IVB
S5-1IVB
S-IVB
S-IVB
S-1VB
S-IVB
S-IVB
$-1IVB
S-IVB
S-IVB

Phase
Phase
Phase
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage

Pitch .':titude Angle History . . . . . « « « ¢« « &« « « .

Yaw At

titude Angle History . . « « . ¢« ¢« ¢ ¢ v v ¢ v o &

Roll Attitude Angle History . . . . . . . . . . .

First
First
First
First
First
First
First
First
Second
Second
Second
Second
Second
Second
Second
Second

Second

Burn Altitude History . . . « ¢« ¢ ¢ ¢« v v ¢ ¢« o &
Burn Ground Range History . . . . . . . « . . .
Burn Crossrange Position History . . . . . . . .
Burn Crossrange Velocity History . . . .
Burn Inertial Velocity History . . . . . . . .
Burn Axial Acceleration History . . . . . . ..
Burn Inertial Flight Path Elevation Angle History
Burn Inertial Flight Path Azimuth Angle History
Burn Altitude History . . . . « . « « + ¢« ¢« o o &
Burn Ground Range History « « « & ¢« v & & & o o
Burn Crossrange Position History . . . . . . ..
Burn Crossrange Velocity Histoxry . . . .
Burn Inertial Velocity History . . . . . . . ..
Burn Axial Acceleration History . . . . . . . . .

Burn Inertial Flight Path Elevation Angle History .

Burr Inertial Flight Path Azimuth Angle History .
Burn Pitch Attitude Angle History . . . . .

Second Burn Yaw Attitude Angle History . . . . . . . . . . .

Stage
Stage
Stage
Third
Stage
Stage
Stage
Third
Stage

Stage

Second
Third
Third
Burn I
Third
Third
Third
Burn P
Third
Third

Burn Roll Attjtude Angle History . . . . . . . .
Burn Altitude History . . . . . . . . « . . .
Burn Ground Range History . . . . . . « . « « .
nertial Velocity History . . . . ¢« + « ¢ v « « + &
Burn Axial Acceleration History . . . . . . . .
Burn Inertial Flight Path Elevation Angle History
Burn Inertial Flight Path Azimuth History . . . .
itch Attitude Angle History . . . . . + . . .
Burn Yaw Attitude Angle History . . . . . . . ..
Burn Roll Attitude Angle History . . . . . . . . .

¥




8-9

8-10
8-11
8-12
8-13
8-14
8-15
9-1

9-2

9-3

9-4

9~5

9-6

9-7

9-8

9-9

9+10
9-11
9-12
9-13
9-14
3-15
9-16
9-17
9-18
9-19
9-20
9-21
9~22
9-23
9-24
9-25
9-26
9-27
9-28
9-29

LIST OF ILLUSTRATIONS (Comtinued)

Trajectory Simulation Deviations From Obsarved Trajectory ~ First Burn .

Trajsctory Simulation Deviations From Observed Trajectory - Second Burn

Trajectory Simulation Deviations ¥rom Observed Trajectory - Third Burn

Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
Third Flight
AS-504 Thi .1
AS-504 Third
AS=504 Third

Stage Vehicle Masa (First Burm) . « & o ¢« o ¢ s s & o o &
Stage Vehicle Mass (Second Burn) . . « ¢ + o o ¢ ¢ ¢ & o
Stage Vehicle Mass (Third Burn) + « « ¢ o + ¢ o ¢ ¢ o« o o
Stage Vahicla Horizontal Center of Gravity (First Burn) .
Stags Vehicle Horizontal Cenier of Gravity (Sscond Burn)
Stage Vehicle Horizontal Center of Gravity (Third Burn) .
Stage Vehicle Roll Moment of Inertia (First Burn) . . . .
Stage Vehicle Roll Moment of Inertis (Second Burm) . . .
Stage Vehicle Roll Moment of Inertia (Third Burm) . . . .
Stage Vehicle Pitch Moment of Inertia (First Burn) . . .
Stage Vehicle Pitch Moment of Inertia (Second Burm) . . .
Stage Vehicle Pitch Moment of Inertia (Third Burn) . . .
Flight Stage Best Estimate Masses - First Burn . . . . .
Fligh> Stage Best Estimate Masses - Second Burn . . . . .
Flight Stage Best Estimate Magsses ~ Third Burn . . . . .

J-2 Engine System and Instrumntatien . . o ¢ ¢ ¢ 4 4 4 4 0 e 0o .o

First Burn Tag Values . . « . .o ¢ « « o o = & o o 2 o ¢ s o s s o o

Second and Third Burn Tag valuea . « o o ¢ o o ¢ o o o o o o o o s & s

Engine Start
Engine Start
Engine Start

Sequence — First Burm . . o . + « ¢ ¢ ¢ o 4 6 04 e e s
Sequence ~ Second Burn . . . . . s e 0 e s s e s e s e

Sequence ~ Third Burn . « o « s o + ¢ ¢ ¢ o o ¢ ¢« 4 o o .

Significant Events - Secord and Third Burns . « . + « ¢« ¢ ¢ ¢ ¢ ¢ o «
Oxidizer Pump Discharge Pressu.e Versus Temperature . . . . . « : .+ .
Thrust Chamber Chilldown -~ First Buin . « « ¢ ¢ « ¢ o ¢ o s o o s o s

Fuel Lead -~ FIrst Burn . + 4 + ¢ ¢ ¢ ¢ o o o o o o ¢ ¢ s s s o ¢ s s o

Fuel Lead = Second Burn . . +» & « v 4 & o s o s o o o 6 « s s 4 s e s
Fuel Lead ~ Third Buxn . . ¢ « o ¢ o o ¢ o o o o o o 2 o o « s o s o s
GH2 Start Sphere Critical Limits at Liftoff . . « o ¢« ¢« ¢ 4 & o o o »
Engine Start Sphere Performance — First Burn . . « « « v ¢ ¢ o o + o o

Bngine Coutrol Sphere Performance - First Burh . . + « « ¢ ¢ o « ¢ o o

Start Spghere Refil]l PerfOrmance . . « « « « « ¢ s o ¢ ¢ o o o s o o ¢

Start sphere Conditions ~ Earth Orbit . ¢ ¢ o ¢« ¢« o - ¢« 4 o o o o o &«

Start cphere Conditions durding Coast . + ¢ + ¢ ¢ ¢ ¢ 4 o ¢« o o ¢ ¢ o &

‘tart Sphcre Refill . 0 ¢ ¢ o ¢ v o o o ¢ 6 6 6 4 0 0 6 8 8 8 a0 4 s
Start Tank s.fiﬂa (504“) e e 9 & 8 e 8 = & ¥ 4 & e € B e 0 e 6 s s
Control Sphere Performanse . « o « 4 s o ¢ ¢ o o ¢ ¢ ¢ o o o ¢ ¢ ¢ o ¢

Control Sphere Condition8 . « o o o o ¢ ¢ o o o o o o ¢ ¢ ¢ s ¢ o o o

Enginc Regulator Outlet Pressure . .« . o« « o« « s s s s ¢ o o ¢ o ¢ o o

Control Sphere Performance during Coast . + + « ¢ ¢ o« o ¢ o ¢ o o o o

Control Sphere Pressure -~ Fagsivation . . « & o ¢ ¢ o ¢ ¢« o v ¢ o o &

Fuel Lead Churacteristics — First Burn . . . ., « o ¢ o o s o + s o o
Puyel Lead Chavacteristice -~ Second Burn . « « ¢« « + ¢ « ¢ ¢ s ¢ s o ¢ -
Fuel Lead Characteristics = Third Burn 4 « + « ¢ ¢ ¢ ¢ ¢ o ¢ s ¢ ¢ ¢ @
Engine Stact Transient Characteristics . . ¢ ¢ s ¢ ¢ ¢ s o ¢ ¢ ¢ s o &

Page
7-64
7-65
7-66
8-6
8-7
8-8
8-9
8-10
8-11
8-12
8-13
8-14
8-15
8-16
8-17
8-18
8-19
8-20
9-58
9-59
9-61
9-63
9-64
9-65
9-66
9-67
9-68
9-69
9-70
I~71
9-72
9-73
9-74
9-75
9-78
9-79
9-80
9-83
9-84
987
9-90
9-93
9-04
9~95
9-97
9-99
9101




LIST OF ILLUSTRATIONS (Continued)

LOX~LH2 Ccnsumption during Burn Start Transient .,
LOX and LH2 Fump Performance . . . . « e e e e
J-2 Engine Chamber Pressure . . . « . . ¢« « o « &
PU Valve Operation . . « & v v ¢ ¢ ¢ 4 4 o o o o &
J-2 Engine Flowrates . « . « . ¢ ¢« « ¢ ¢ o o o & &
J-2 Engine Punp Operating Characteristics . . . .
J-2 Engine Injector Supply Conditions . . . . . .
Turbine Operating Conditions . . . . + « « + « . .
Engine Steady-State Performance - First Burn . . .
Engine Steady-State Performance - Second Burn

Engine Steady-State Performance - Third Burm . .

. .

.

.

Third Burn Anomaly Data - Fuel Turbine Inl¢: [emperature .

Third Burn Anomaly Data - Oxidizer Turbine Inlet Temperature

Third Burn Anomaly Data - GG Valve Position . . . . . . . .

S-1VB-504 Third Burn Sequence of Events . . . + « ¢« . « . .
S-IVB-504 Third Burn Anomaly Summary . . . . ¢« ¢« + = + « &

Third Burn Anomaly Data - Valve Positions . . . .

Third Burn ..nomaly Data - Thrust Structures and ECA Temperatures . . . . . . .

Third Burn Anomaly Data - GG Fuel Bleed Valve “‘emperature

Third Burn Anomaly Data - Engine Area Ambient femperature

Engine Cutoff Transient Characteristics . . . . .

AS-504 S-IVB Change in Velocity due to Cutoff Impulse

LH2 Pump Performance durirg Engine Start . . . . .
Gas Generator Performance . . . . . . ¢« « . « . .

Gas Generator Chamber Pressure - Third Burm . . .

.

Schematic, LOX Tank Pressurization and Repressurization System

LOX Tank Conditions Juring Prepressurization . . . . . . . . .

L(.. [ank Pressurization System Performance - First Burn

Cotd Helium Supply - Boost and First Burm . . . . . .

J-2 Heat Exchanger Performance - First Burn . . .

LOX Tank Pressurization System Performance - Second Burn

Cold Helium Suppiy ~ Second Burm . . . . . . . . . . . .

J~2 Heat Exchanger Performance - Second Burn . . . . . .

LOX Tank Pressurization System Performance - Third Burn

Cold Helium Supply -~ Third Burn . . . « . . « .+ &

J-2 Heat Exchanger Performance - Third Burn . . .

LUX Tank Conditions - Earth Orbit and Solar Orbit Imsertion

-

e % o & o e o =

LOX Tank Ullage Pressure - Earth Orbit and Solar Orbit Insertion . . . . . . .

LCX Nonpropulsive Vent System Performance - Solar Orbit Insertion . . . . . .
Cold Helium Sphece Conditions - Earth Orbit . . . . . .
Cold Helium Conditions - Intermediate Ortit and Dump . . . .

e s * o &+ w + e o o

LOX Pump Chilldown System Operatlr - Bnost and First Burm .

IOX Pump Chilldown System Performance - Boost and First Burm

10X Pump Chilldown System Operation - Second Burn
10X Pump Chilldown System Performance - Second Burn

Page

9-104
9-107
9-11¢C
9-113
9-116
9-~120
9-123
9-126
9~-129
9-132
9-135
9-138
9-139
9-140
9-141
9-143
9-146
9-147
9-148
9--149
9-150
9-153
9-156
$-159
9-162
11-21
11-22
11-24
11-26
11-27
11-29
11-31
11~32
11-34
11-36
11-37
11-39
11-43
11-45
11-46
11-48
11-49
11-51
11-53
11-55



LIST CF ILLUSTPATIONS (Continued)

Schematic, LCX Fill and FPeed System . . . & « 4 4 ¢ o o o o « ¢ o o .

LOX Pump Inlet Conditions = FA:8t BUTD & .+ & ¢ ¢ & ¢ o o o o ¢ ¢ & &
LOX Pump Inlet Conditions dring Piring - Pirst Burn . . ., . . . . ,
Bffect of LOX Mass Lavel on LOX Piup Inlet Temperature . . . « . . .
10X Pump Inlet Conditions - Second Burn . « o+ & « ¢ o ¢ » o 5> & «
LOX Pump Inlet Conditions during Piring - Second Burmm . . . . . . .
LOX Prmp Inlet Ccnditions - Third Burn . . &« ¢ ¢ ¢ ¢ o o o o o &
10X Supply Conditions duri: g Extended Fuel Lead ~ Third Burn . . . .
LOX Pump Inlet Conditions during Firing ~ Third Burn . . + . . . . .
Schematic, LH2 Tank Pressurigzation and Repress System . . . . . . .
LH2 Tank Prepressurization Syst m Performance . . . . . . « . . « .
LH2 Tank Pressurization System Performance - First Burm . . . . . .
1H2 Tank Ullaga Preasure during 02-3., Barner Repressurization . . .

LH2 Tank Pressurization System Performance - Second Burn . . . . « » «
LH2 Tank Ambient Helium Repressurization System Performaace - Third Burm
LH2 Tank Pressurization System Performance - Third Burn . . . . « « . .

Nonpropulsive Vert System Opera:zion - Solar Orbit Insertion . . . .
LH? Zank Continuous Vent System Performance - Earth Orbic . . . . .
LH2 Tank Continuous Vent System Operation ~ Earth Orbit . . . . . .
LH2 Tank Conticuous Vent System Perlormance - Intermediaste Orbse . .
LH2 Tank Continuous Vent Syatem Uperation - Intermediate Orbit . . .
LH2 Tank Continuous Veat System Performance - Solar Orbit Insertion
LH2 Tank Continuous Vent Sys_em Operation - Solar Orbit Insertion .
LH2 Pump Chilldown Performance — First Burn . . . « « ¢ ¢« ¢ o o « &«
IH2 Pump Chilldown -~ FIrst Burn . . . o « « s ¢ o ¢ o ¢ 5 o ¢ « o »
LH2 Pump Chilldown System Performance - Second Burn . . « . « . .« &
1H2 Pump Chilldowm - Second BUTTL & ¢ & ¢ « o o o ¢ o ¢ o 0 ¢ ¢ o = &
Schematic, LH2 Fil]l and Feed System ., . . « 4 2 ¢ 2 s s s ¢ o ¢ o o
1H2 Pump Inlet Conditione = “1r8t BUXd . « « « ¢ ¢ o o ¢ o o ¢ o o »
LH2 Pump Inlet Conditions auring Firing — First Burn . . « « « « « «
Effect of LH2 Mass Level on LR2 Pump inlet Temperature . . . . « . «
LH2 Pump Inlet Conditions -~ Second Burn . . . ¢« ¢« o« s ¢ ¢ o o ¢ o &
LH2 Pump Inlet Conditions during Firing - Second Burn . . . . « . &
LH2 Supplr Conditions during Extended Fuel Lead - Third Burm ., . . .
LH2 Pump Inlet Conditions — Third Burln . . « + o « o o o s » o o o «
IH2 Pump Inlet Conditions during Firing - Third Burn . . . . « + + &
Schematic, Oxvgen Hydrogen Burner . . o « « « o ¢ « ¢ o s s s o o o
Oz—ﬂz Burner Oreration - First Restart Preparation . . . . . . « . .
oz-nz Burner Operation - Second Reatart Preparation . . . . « ¢« « o
1H2 Tank Burner Repressurigation . « « o o« o ¢ ¢ o ¢ ¢ ¢ s o o o o o
Cold Helium Sphere Conditions during 02-82 Burner Ogeration . . . .
System Schematic Auxiliary Propulsion Bladder System . . « « « ¢« .
APS Module 1 Helium Bottle Temperature . « . + o« ¢ o o ¢ s ¢ o ¢ o
APS Module 1 Helium Bottle Pressur® . . . « « o« o « o s ¢ ¢ s o o o
APS Module 2 Helium Bottle Temperatur® . . . + « « ¢ + o » o ¢ o « ¢
APS Module 2 Holfum BOtule Prassure . . o « ¢ ¢ o + o s o o o s o o
APS Helium Ma#S . o . o ¢ ¢ o ¢ o o ¢ 0 0 6 6 06 0 0 200 o s 00 a2

Page

11-57
11-58
11-60
11-61
11-62
13-64
11-65
11-67
11-68
12-19
12-20
12-21
12-23
12-24
12-26
12-28
12-30
12-31
12-35
12-39
12-40
12-41
12-42
12-43
12-45
12-47
12-49

12-51
12-53
12-54
12-55
12-57
12-58
12-59%
12-61
13-4

13-5

13-7

13-10
14-9

14-10
14-11
14-12
14-13
14-14




11ST OF ILLUSTRATIONS (Continued)

APS Module No. 2 Helium Leakage . . . . . . « « + . « + .
APS Module No. 1 Propellant Temperatures . . . . « « .+ .

APS Module 1 Propellant MasseS « « o« o « = o o o ¢ s o o &«
APS Module 2 Propellant Temperatures . . . « « « =« « « o &
APS Mod:le 2 Propellant Masses . . « « ¢ « = o« « « o+ & .
AP> Total Impulse (Module 1 Attitude Control Engines) . .
APS Total Impulse (Module 2 Atritude Control tngines) . .
APS Total Impulse Per Pulse (Module 1) . . . . . . . . . .
APS Total Impulse Per Pulse (Module 2) . . -« « ¢« « ¢ « o« &
APS Thrust (Module 1) .« ¢« ¢ ¢ o ¢ ¢ o« o« o « ¢ o o « o« o »
APS Thrust (Module I) . ¢ ¢ v 4 ¢ v @ ¢ s s o s o v« o &
Schematic, SV Pneumatic Control System . « . « + v & &+ « &

Pneumatic Control and Purge System Performance - Boost and

First

Pneumatic Control and Purge System Performance - Earth Orbit . .

Fneumatic Control and Purge System Performance - Second Burn .

Pneumatic Control and Purge System Performance — Intermediate Orbit

Pneumatic Control and Purge Systew Performance - Third Burn . .

.

Pneumatic Control and Purge System Performance - Solar Orbit Insertion

LOX Chilldown Pump Motor Container Purge Performance - First Burn

LOX Chilldown Pump Motor Container Purge Performance - fecond and Thiird Burn

LOX S-IVB-504N 3tage Total Volumetric Flight PU Mass Correction

LH2 S-IVB-504N Stage Total Volumetric Flight PU Mass Correction

LOX Mass Sensor Nonlinearity (Flow Integrsl Method) . . .
LH2 Mass Sensor Nonlinearity (Flow Integral Method) . . .
PU Valve Position History . . . . . . . . . . . . .. ..
Longitudinal Acceleration . . . . « ¢« . ¢ & 4 ¢ o . o . W
Arngular Velocity . . . o v v v v v v 0 v v v 4t e v 4 e .
Ground Station Signal Strength - Tel 4 RH Boost Phase . .
Ground Station Signal Strength - GBI RH Boost Phase . . .
Ground Station Signal Strength - GBI - TH . . . .. . ..
Tex — RH Pev 3 PCM . . .
Tex ~LH Rev 3 . . . ..

Ground Station Signal Strength

Ground Station Signal Strength
Forward Battery No. 1 Performance . . . . + & « « + & « &
Forward Battery No. 2 Performance . ., . . . . . . . . « &
Aft Battery No. 1 Performance . . ¢ ¢ ¢ ¢ v « ¢ ¢« o o « »
Aft Battery No. 2 Performance . . . « ¢« ¢« ¢« ¢ ¢ « ¢« ¢ & .
Pitch Attitude Control during S-IVB First Burm . . . . . .
Yaw Attitude Control during S-IVB First Burn . . . « + . .
Roll At.itude Control during S-IVB First Burn . . . . . .
S~IVB Slosh Frequence and Height for LOX during First Burn
Pitch Attitude Control during "~IVB Second Burm . . . . .
Yaw Attitude Control during S~IVB Second Burm . . ., . . .
holl Attitude Control during S-IVB Second Burm . . . . . .
S~1VB Slosh Frequencies and Height during Second Burn . .
Pitch Attitude Control during S-IVB Third Burn . . . . . .
Yaw Attivude Control during S~IVB Third Burm . . . . . . .
Roll Attitude Control during $-IVB Third Burm . . . . . .
Commanded and Actual Yaw Actuator Position . . . . . . . .

Payge

14-15
14-16
14-17
14-18
14-19
14-20
14-21
14-22
14-23
1424
14-25
15-6

15-7

15-8

15-9

15-10
15-11
15-12
15-13
15-14
16-8

16-9

16-10
16-11
l6-12
17-3

17-4

18-21
18-22
18-23
18-24
18-25
19-13
19-16
19-19
19-22
21-12
21-13
21-14
21-15
21-16
21-17
21-18
21-1%
21-20
21-21
21-22
21-23




LIST F ILLUSTRATIONS (Continued)

EEEEEE Page
12-13 Commanded and Actusl Pitch Actuator Position . « « « ¢ ¢ ¢ ¢ v o o ¢ 0 v ¢ v o & o 21-24
21-14 504N Roll Torque = Third BUXNl & & & o 4 & & + & o o & o o o o s « o o o o o o s o 21-25
21-15 S-~IVB Slosh Frequencies and Heights during Third Buorn . e e e e e e e e e s 21-26
21-16 Pitch Attitude Control during TDSE Maneuver . . . . & & &« 4 & ¢« ¢ ¢ o & o & o o« o 21-27
21-17 Yaw Attitude Control during TD&E Maneuver . . . « « & o « = s o o o o o s o o & 21-28
21-18 Roll Attitu’e Coi.trol during TDGE Maneuver . . . « « « ¢ ¢ ¢« & & o o o 2 o « o o o 2 -29
21-19 Pitch Attitude Control during S/C Separatichi . « « v « « & o o o o « o o = o « « o« 21-30
=20 Yaw Attitvde Control during S/C Separation . . « ¢« « ¢« « ¢ ¢ o o o o o o ¢ o o o« « 21-31
21-21 Roll Attituce Control during S/C Separation . . « ¢ & ¢ o o o o« ¢ o o o o o o o« o 21-32
21-22 Pitch Atcitucde Control durag Hard Dock & & v v v & 4 4 o 4 ¢ ¢ ¢« + o ¢ o o s o « 21-33
21-23 Yaw Attatude .ontrol during Hard Dock . . +o & ¢ ¢ + o ¢ o o o o o s o o o o & » o« 21-34
21-24 Roll ¢ -titude Control during Hard Dock . . + ¢ ¢ & & & & o 4+ ¢ ¢ ¢ s o o o « ¢« &« o 2135
21-25 Pitch Attitude Control during LM EXtraction . « ¢ v ¢ o« o o ¢ o o o o s s o o o o« 21-36
21-26 Yaw Attitude Control during LM EXtraction . & « « ¢ & o « o ¢ o o s o o « o o o 21-37
21-27 Roll Attitrde Control during LM Extraction . . ¢« « . . . . . . . . . .. e e . - . 21-38
21-238 Pitch Attitule Control during Alignment of S-IVB to Local

Horizontal p aor to Second Burn . . . . . & . ¢ ¢ 4 4 4 4 s e 4 s v e s e e s« s 21-39
21-29 Yaw Attitade Control during Alignment of S-IVR to Local Horizontal

prior to Second Burn . . . . . . . 0 o 4t v e i e e e e s e s s s e s e s s . . 21-40
21-30 Roll Attitude Control during Alignment of S-IVB to Local

Horizontal prior to Second Burfl . . « ¢ ¢ 4 . 4 ¢ 4 o 4 4 s o s o o e s a s o o s 21-41
22-1 Hydraulic System Functional SeqUeNcCe . . « o + « « s o o o o s o s o « o o s o ¢ o 22=4
22-2 Hydraulic System Line Temperatures . « . « o « « o s o o o o o s o o o o s o o s o« 22=5
22-3 Hydraulic Syste:. Temperatures . . . o« « « : o o « o o o o o o o = o o s o « o o » 22-9
22-4 Hydraulic System - Boost and First Burn . . . . « ¢ & ¢« ¢ o ¢ o & « o o o « o = & 22-13
22-5 Bydraulic System — FIrst Burn . . . . ¢ ¢ ¢ 4 o o o s « o o o s o ¢ o o o o s « o 22-16
22-6 Hydraulic System — Second Burn . . . . & ¢ « ¢ 4 ¢ 4 o ¢ 4 4 s s e o s 4 s e s e o 2217
22-7 Hydraulic System ~ Actuator PoSition . . . . & 4 « & ¢ v 4 o ¢ o o o o o = o + o 22-20
22-8 Hydraulic System - Third Burn . . . . & ¢ v ¢ ¢ o ¢ + o s ¢« s o o s o s o o o o o 22-21
24-1 Saturn V-504N Aft Compartment Internal Pressure Minus Ambient

Pressure Versus Time . . ¢ . & & v v 4 & ¢ v ¢ 4 o o o o o o = 4 s s o o o o « o« o 204-4
24-2 Saturn V-504N Foiward Compartment Internal Prescure Minus

Ambient Pressure Versus Time . . . . ¢ . v ¢ o ¢ ¢ v 4 o s v o o v o s o o 0 o s 24=5
24-3 Saturn V-504N Aft Compartment Internal Pressure Minus

Ambient Pressure Versus Mach Numser . . . . ¢ ¢ ¢ v ¢ ¢ ¢ ¢ o o o s o o o o » = « 24-6
24~4 Saturn V-504N Forward Compartment Internal Pressure Minus

Ambient Pressure Versu. Mach Numoer . . . ¢« & v ¢ v o o v o ¢ o o o o o o o o o o 24=7
24~5 Saturn V Flight Trajectories CompAriSon . « « &+ &+ « o « « o s s o o o« o o ¢ o o o 24-8
24-6 Comparison of Predicted and Ac 1a”. Battery Temperature

History - Forward Battevv Mo. . . & . . & & « 4 & s e e e e s e s e e e e s e 24-9
24-7 Comparison of Prelicted and Actuil Battery Temperature

History ~ Forward Battery No. 2 . & ¢« 4 ¢ ¢ o ¢ o o o o o+ o o s o s o o s o o o » 24-10
24-8 Comparison of Predicted and Actual Battery Temperature

History — Aft Battery Noe 1 . 4 ¢ 4 4 o & + o o o 4« s o o o s ¢ o s o s o o o o o+ 24-11
24-9 Comparison of Predicted and Actual Battery Temperature

History — Aft Battery No. 2 . . & 4 & o ¢ ¢ o o o s s ¢ o s s o o s s a s 4 o ¢ s 24-12
24-10 Temperature Higtories in the Vicinity of the 02-H2 Burner . . . ¢ ¢ ¢ 4 o 4 . 0 . 24-13
24-11 Saturn V-504N Engine Bell Heat Fluxes during Third Engine Burn . . . . . . . . . . 24-14

25-1 Ambient Repressurizaticn Helium Dump « . & & o o ¢ ¢ ¢ ¢ ¢ o ¢ 4o o o o s s o o« o « 25-4




1.

INTRODUCTION

1.1 General

This report presents the results of analyses that were performed by
McDonnell Douglas Astronautics Company - Western Division (MDAC-WD)
personnel on the countdown, launch, and flight of the Saturn S-IVB-504N
stage.

This report is authorized by NASA Contract NAS7-101, and is the final
report or. the S-IVB-304N stage by the MDAC-WD S-IVB Test Planning and
Evaluation Conmittee, Huntington Beach, California.

1.2 History

The S-IVB-504N stage was assembled at MDAC-WD, Huntington Beach,
California. A checkou’ was performed in the vehicle checkout laboratory
(VCL) prior to shipping the stage to Sacramento Test Center (STC). The
stage was delivered to STC on 15 June 1967 and installed at Complex Beta
on test stand I on 7 July 1967. The 5-IVB-504N stage was acceptance
fired on 26 August 1967. No confidence firings of the two auxiliary
propulsion system modules were scheduled. Evaluation and analysis of the
acceptance firing is presented in MDAC~WD Report SM-47460, Satumm
S-1VB-504N Stage Acceptance Firing Report.

The stage was then shipped to Kennedy Space Center, installed in the low
bay of the vehicle assembly building and subjected to post transportation
receiving inspections. After installation of the aft interstage the
stage was installed in the high bay. The S-IVB-504N stage was then mated
to AS-504. The AS-504 was launched from launch complex 39A on 3 March 1969
at 16:00:00,665 GMT. Figure 1-1 presents significant checkout and test
history dates.
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SUMMARY

2.1 Flight Descripticn

2.1.1 Launch Phase

2.1.1.1 S-IC Flight

The AS-504 (Apollo 9) vehicle was launched from Kennedy Space Center (KSC),
complex 39A, from a launch azimuth of 90 deg ca March 3, 1969, at
16:00:00.675 GMI. Guidance Reference Release (GRR) occurred 16.968 sec
before range zero. Umbilical disconnect and the corresponding establish-
ment of time base one (TBl) occurred 0.67 sec after range zero. After
tower clearance a tilt and roll maneuver was initiated to achieve the
flight attitude and proper orientation for the 72 deg flight azimuth.

At 85.5 sec after range zero, the vehicle encountered the maximum dynanic
pressure of 617.9 1bf/ft2, At 134.28 sec after range zero, center engine
cutoff occurred, and time base 2 (TB2) was established. The center engine
cutoff was timed so that the vehicle acceleration did not exceed 4 g's.
$-IC outboard engine cutoff occurred at 162.80 sec after range zero,
establiching time base 3 (TB3). S-IC/S-II separation was commanded

0.653 sec after TB3.

2,1.1.2 S-II Flight

S-II stage engine start command occurred 1.375 sec after TB3. The burn
was characterized by low frequency oscillations similar to those encountered
on AS-503 and were observed on the key center engine parameters on AS-504.
The oscillations began at approximately 500 sec range time and damped at
approximately 530 sec. Crossbeam frequency and engine No. 5 thrust chamber
pressure frequency were coincident from about 505 to 522 sec. The
structural frequency varied from about 16.3 hertz to 19 hertz. Maximum
amplitude of chamber pressure oscillation was 80 psi peak-to-peak at 16.9
hertz occurring at 506 sec. The amplitude observed on AS-504 was greater
than on AS-503, where 60 psi peak-to-peak oscillations were encountered

in the chamber pressures. S-II engine cutoff which established time base 4
(TB4) occurred 536.243 gec after range zero (Ro). S-II1/S-IVB separation
wvas commanded at TB4 +0.923 sec.




2.1.1.3 S-1IVB First Burn Operation

S~IVB first engine start command occurred at 537.264 sec after range zero.
The engine mixture ratio for the S-IVB first burn was 5.5:1. S-IVB

engine cutoff was commanded by guidance at TB4 +128.406 sec (Ro +664.649
sec) with a total burntime of 127.385 sec., Time base 5 (TB5) was
initiated at Ro +664.868 sec. The stage was inserted intc a nearly
circular parking orbit with ah apogee of 100.6 nmi and a perigee of 99.8

nmi.

2,1.2 S-IVB Orbital and Res*art Operations

2,1.2.1 Orbit and Second Burn Operations

Shortly after TB5 was initiated (approximatelv 20 seconds) a maneuver was
initiated which aligned the S-IVB/spacecraft along the local horizontal.
After this maneuver the flight vehicle maintained an orbital rate. LH2
continuous venting was initiated at TB5 +58.96 sec. At 9,240 sec

from RO the S-IVB maneuvered to the transposition and docking attitude.
The transposition and dock attitude was maintained for approximately

105 min. At 9900 sec from Ro the spacecraft command and service module
(CSM) was separated from the S-IVB stage. At 10,928 sec from Ro the CSM
transposed and docked with the S-IVB and lunar module. At 14,885 sec
from Ro SC/LV final separation occurred. During the separation sequence an
inhibit was programmed to prevent the initiation of any attitude maneuvers.
After LM extraction was verified, the attitude inhibit was removed by
ground command and the S-IVB maneuvered to a local horizontal attitude.
When sufficient separation distance between the spacecraft and the S-IVB
was obtained, a ground command removed the restart inhibit on the second
S-IVB burn. Restart preparations (TB6) were initiated at 16,577.326

sec from Ro. The LH2 continuous vent was closed at TB6 +42.157 sec.
Repressurization for second burn was accomplished by the 02-H2 burner.
Second engine start command occurred at TB6 +569.953 sec. The engine
mixture ratio for the S-IVB second burn was 5.0:1 after a start at 4:5.1.
S-1IVB engine cutoff was commanded by guidance at TB6 +640.357 sec with a
total burntime of 70.397 sec. TB7 was established at Ro +17,217.898 sec.
The S-IVB second burn inserted the stage into an elliptical orbit which
had a perigee altitude of 105.8 nautical miles and apogee altitude of
1,671.6 nautical miles.




2.1.2,2 S-IVB Intermediate Orbit and Third Burn Operation

At TB7 40,366 sec the LH2 continuous vent was opened. At TB7 + approxi-
mately 20 sec a maneuver was initiated which aligned the S-IVB along the
local horizontal. After this maneuver the flight vehicle maintained
orbital rate. Restart preparations (time base 8 [TB8]) for the experi-
mental S-IVB third restart were begun at RO +21,581.073 sec. The 0,-H,
burner was restarted and operated for 130 sec but was not used for
repressurization for third burn. Repressurization wae accomplished by
the ambient helium repressurization system. Third burn restart operation
was attempted without the benefit of recirculation chilldown as part of
an experiment to demonstrate Flight Mission Rule 8-11, The second
restart which occurred 80 min after second burn cutoff by ground command
was characterized by a 52 sec fuel lead, 44 sec longer than normal. The
restart was initiated with the PU valve at the low EMR stop (4.5:1)
followed by a shift to the null (5.0:1) position.

Third burn mainstage did not perfonrm as expected. Engine thrust was
approximately 0.7 percent lower than expected during the initial period
of third burn. The engine regulator pressure dropped to zero at

RO +22,089 sec. This shut off the pneumatic supply to the engine valves.
Subsequent suspected leakage caused the following: at STDV +92 sec the
LH2 bleed valve cracked open and a reduction in thrust resulted. At
STDV 4+98.8 sec the LOX bleed valve opened and another corresponding
reduction in thrust occurred. At STDV +141.7 sec the LH2 bleed valve
fully opened wit*h a corresponding further reduction in thrust. The GG
vaive was still slowly closing for the remainder of third burm which
corresponded to the gradual thrust reduction until engine cutoff command
(ECC). Total burn time for third burn was 250.390 sec.

The extended fuel lead resulted in thrust chamber oscillations during
third burn which imposed high vibration levels on the J-2 engine
components and is considered the most probable cause of the third burn
anomaly.

The yaw actuator data during the first 100 sec of third burn showed the

actuator was oscillating at approximately 0.65 cps and reached a maximum
amplitude of approximately 3 deg peak-to-peak. The time of oscillation

on the actuator is that time that the J-2 engine was 0.7 percent low in

thrust. This deviation is probably related to the J-2 engine tanird

burn anomaly.




An unusually high number of pulses on the APS roll engines occurred during
the third S~IVB burn. The APS roll engines were required to fire to

glve alternately clockwise and counterclockwise control at approximately
0.5 sec intervals, The roll disturbance diverged requiring pulses of
increasing duration until the J-2 engine pecrformance loss at which time
the pulses were of 0.5 sec duration. Following S-IVB J-2 performance

loss the APS pulsing requirements decreased to a constant clockwise roll
correction (engines 1-1 and 2-1 firing). This deviation is probably
related to the J-2 engine third burn anomaly. Engine cutoff was initiated
by the instrument unit timer at TB8 +700.34 sec (Ro +22,281.319 sec).

Time base 9 (TB9) was established at Ro +22,281.641 sec. Propellant

dump was not accomplished due to loss of control of the engine valves.

The LH2 CVS and NPV systems were opened to safe tie LH2 tank; the LOX

NPV system was utilized to safe the LOX tank. Stage pneumatics safing

was also accomplished.

The APS ullage engines were fired to propellant depletion and a solar

orbit of the S-IVB-504N stage was achieved.

2.2 Mission Objectives

MDAC-WD considers the MSFC Document I-V-8010.2, Revision A "Saturn
Mission Implementation Plan, AS-504 Mission D/Apollo 9," dated November 8,
1968, as the official document for providing identification and control
of launch vehicle mission requirements. The S-IVR-504N stage mission

objectives are summarized and discussed as follows:

Principle DTO's Objective Accomplishment

Demonstrate S-IVB/IU attitude control Objective Achieved
capabiiity during transposition, docking,
and LM ejection (ID&E) maneuver

Secondary DTO's

Demonstrate S-IVB restart capability Objective Achieved

Demonstrate 02~H2 burner repressurization Objective Achieved

system operation

~/



Secondary DTO's Objective Accomplishment
Demonstrate S~IVB proupellant dump and Objective partially
safin accomplished;
8 1) Propellant dump not

accomplished due
to J-2 engine third
burn anomaly,

2) Stage was safed.

Demonstrate 80 min restart capabil 6ty Objective Achieved
Demonstrate dual repressurivation Objective Achieved
capability

Demonstrate 02-H2 burner restart capability Objective Achieved

2.3 Test Operations

The AS-504 space vehicle was launched March 3, 1969, at 16:00:00 GMT
from Launcn Complex 39A. The overall performance of the S-IVB~504N
stage was satisfactory during all phases of the countdown.

The only significant S-IVB stage problem occurred during the launch
countdown when the pneumatic control aad purge backup system cycled.
MDAC-WD ground support equipment (GSE) sustained no significant damage
during liftoff.

2.4 Cost Plus Incentive Fee

2.4.1 Flight Mission Accomplishment

Performance of the S-IC and S-II stages provided PCF at S-1I/S-IVB
Separation Command, with thes exception of inertial velocity, that were

v  hin allcwazble tolerances. Trajectory ECF, as defined in the MDAC-WD
position and the MSFC position, were within allowable tolerances. Also,
maximum flight values of attitude errors and rates for all phases of S~IVB
operation (i.e., burn phase, parking orbit phase, and intermediate orbit
phase) did not exceed the respective allowable tolerances. It was
concluded for purposes of incentive achievement, therefore, that ali

ECF were achieved.
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2.4,2 Telemetry Performance )

Evaluation of the telemetry performance indicated that the telemetry

system operated at 99.3 percent efficiency during the telcmetry performance
period (TPEP) phace I (liftoff to firsc S-1IVB engine cutoff +10 sec) and
performed at 99.3 percent efficiency during the TFEP phase II {(liftof: to
planned LV/SC separation).

2.5 Trajectory

The AS-504 trajectory showed low periormance during the S-IC/S-II stage
burn phase. S~IVB stage first and second burns were close to predicted.
S-1IVB stage third burn deviated from the predicted approximately 15u sec
after third engine start command when the LOX bl=ed valve failed.
Detailed cumparison of cctual and predicted trajectory parameters at

key events may be found in tables 7-1 through 7-14,

2.6 Mass Characteristics

‘The mass 2f the 15-50%4 vehicle was close to predicted and well within )
the mass tolerance until the end of the rirst burn. BRecause of the

additicnal burntime required (10.. sec more than predicted), to echieve

orbital velocity, the mass of the vehicle was below the three sigma low

tolerance unill thizd éingine start command plu-~ 1° e, at which time

the LOX bleed valve opened reducing the engine flowrate. Subsequent

events caused thr vehicle mass to cross the tclerance band and exceed the

three sigma high tolerance at third burn engine cutoff command.

2.7 Engine System

The J~2 engine operated satisfactorily through first and second burns, and
engine shutdowns were normal. During third burn, engine anomalies occurrea
as a result of the experimental nature of the engine restart. because of
these anomalies, the planned propellant dump through the engine was not

accomplished.

2.8 Solid Rockets

The solid rocket motors on the S-II and S-1IVB stages performed satisfactorily.
The S-1I was separated from the S-I7B stage by the retrorockets, and the :'
S-IVB propellants were settled prior to engine igaition by the nllage rockets.



2.9 Oxygen-dydrogen Burner System

The S-IVB-504N stage utilized the 02-H2 burner as the primary method of
repressurization for the S-IVB second burn; LH2 tank repressurization was
satisfactorily accorplished; LOX tank reprassurization was rot required.

Although the bummer waa reignited prior to third burn and operated for
130 sec to demonstrate its restart capability, it was not used to
repressurize the propellant tanks.

The burner performed satisfactorily and as expected during both periods
of operation.

2.10 Oxidizer System

The oxidizer system performed adequately, supplying LOX to the engine
pump inlet within the specified operating limits throughout J-2 engine
operation. The available NPSP at the LOX pump inlet exceeded the engine
manufacturer's micimum requirement at all times, except for the period
from third engine start to 1.2 sec after third burn STDV. This behavior,

however, was expected.

2.11 Fuel System

The fuel system supplied LH2 to the engine as designed, and the NPSP
exceeded minimum requirements except for three occasions: during second
burn from engine start until STDV; and during third burn from engine
start to ESC3 +2 sec and again after the fuel bleed valve opened.

2.12 Auxiliary Propulsion System (APS)

The APS operation was nominal with the exception of a helium leak in
Module 2. The leak continued from approximately Ro +4.5 hours to Ro +7
hours, but did not affect the ability of the APS to fulfill the attitude
control, maneuvering, and ullaging requirements of the mission.




2.13 Pneumatic Control and Purge System

The pneumatic control and purge system adequately performed the actuaticns
and purges required throughout the flight. The helium supply was adequate

to meet all mission objectives.

The pneumatic control and purge backup system cycled during the countdown
and again during third burn; however, the accomplishment of mission

objectives was in no way endangered.

2.14 Propellant Utilization

The PU system successfully accomplished the requirements associated with
propellant loading and management during burn. The best estimate
propellant mass values at liftoff were 189.745 1lbm LOX and 43,650 lbm
ILH2. These values are well within the required +1.12 percent stage

loading accuracy.

2.15 S-1I/S-IVB Separation

The AS-504 separation analysis was done by a comparison with the AS-501
and AS-503 separation data. The majority of the data compared closely
for all three vehicles. The S-II stage longitudinal acceleration

showed the effect of lighter S-II stage weight.

2,16 Ddata Acquisition System

Data acquisition system performance during the miusion was excellent, and

there were no system malfunctions.

System performance is summarized as follows:

Measurements assigned 299
Measurement inoverative due to stage 1
configuraticn

Checkout measurements
Landline measurements

Measurements deleted prior to flight

Measurements active for flight 285
Phase I measurement failures 2
Phase I measurement efficiency 99.3 percent
Phase II measuremeat failures 2

Phase II measurement efficiency 99.3 percent



Msasurement failures after Phase II 12
Msasurement anomalies 15

The RF System blackout period data loss during S~IC/S-11 separation was
observed at Ro +163.4 for approximately one sec. Flame attenuation
was not observed during S-II/S-IVB separation.

2.17 Electrical System

The electrical control system and the electrical power system perfo.med
satisfactorily from liftoff to third burn. All responses to switch
selector commands were satisfactory and all event measurements verified
that the engine control system had responded properly and occurred in

the proper sequential order. The APS electrical control system performed
within prescribed limitations. All batteries performed within expected
limits. The chilldown inverters performed satisfactorily throughout the
mission. All three 5V excitation modules performed satisfactorily and
the PU Static Inverter-Converter operated within its design limits.

During third burn the Helium Control Solenoid de-energized causing the
regulator outlet pressure to drop to zero. The solenoid also failed to
operate properly during passivation. This failure caused the LOX and
LH2 Main Valves to remein closed during the planned dump. The solenoid
failure is attributed to damaged connectors or cabling from the ECA to
the solenoid.

Third burn data from the Mainstage OK pressure switches, 1f valid,

indicated that an engine cutoff should have been generated by tne ECA.

The problem apparently was caused by a short circuit in the measurement
wiring which caused a diode in the signal line to open. This open diode
caused a false data signal indication of the pressure OK. The short circuit
also fused the pressure switch contacts in the pressurized state which

gave a constant pressure OK indication to the ECA logic. This constant
pressure OK indication prevented an engine cutoff from being initiated

by the ECA and also prevented an Engine Ready signal from being received

after engine cutoff.
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The Engine Pneumatic Vent Solenoid failed to operate properly during
passivation. Battery current data does not show any effect when the
soleroid was commanded open or closed. The engine control helium pressure
did start to decrease when the open command was given, but the decrease
was much slower than if the valve had opened. The decrease in pressure
occurred because the valve opened slightly when the open command was

given or there is a leak in the system,

2.18 Range Safety System

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

called upon to do so.

2.19 Flight Control

The attitude control system performance was adequate during the entire
AS-504 mission. During third burn theie was some anomalous performance

of the yaw actuator detected which may have contributed to the oscillatcry
behavior of the stage; however, after one hundred sec into third burm

the oscillations were damped and attitude control was maintained. Attitude
control capability terminated as a result of the APS ullage motors

having been fired (ground commanded) until depletion of APS propellants.

2.20 Hydraulic System

The hydraulic system performance was within predicted limits and the
system operatad satisfactorily up to third burn. Immediately after 2nd
restart the yaw actuator commenced to limit cycle at a maximum amplitude
3 deg peak-to-peak with a frequency of 0.65 Hz. This oscillatory motion
continued for the first 100 sec of third burn. Cycling ceased soon after
engine thrust degradation occurred during the burn. Hydraulic system
pressure and temperature measurements indicated normal levels during the

burn.




(&

2.21 Aero/Thermo Environment

The mission profile of the AS-504N flight produced nominal thermal
environments for the S-IVB stage components and structure. The boost
trajectory was cooler than the thermal design (maximum heating)
trajectory, being comparable to that of AS-503 and AS-501 and cooler than
that of AS-502. There was no instrumentation from which structural
temperatures coculd be obtained; however, it is apparent that the S-IVB
stage structural temperatures were within the desigr limits.

Anomalous behavior of two J-2 engine calorimeters and a thrust structure

mounted gas probe was noted during the second J-2 engine restart period.

2,22 Stage Structure and Eanvironment

A review of AS-504 flight data revealed no structural anomalies. The
sturctural integrities of the LH2 tank, LOX tank, and common bulkhead
were verified by telemetry pressure data. From the time of LOX tank
loading until the end of tank depressurizations in orbit, the common
bulkhead internal pressure remained at 0.30 psia or less, indicating
sound tulkhead.

After S-1IVB stage third burn, tne maximum reverse differential pressure
of -9.6 psid occurred across the common bulkhead. At this time, the
LOX ullage pressure had decreased to 11.1 psia and the LH2 ullage
pressure had decreased to 20.7 psia. The LOX tank ullage pressure,
however, was not decreased after first and second S-IVB stage burns,
and no reverse pressure differentials occurred on the common bulkhead
at these times.

The maximum measured acceleration during critical first stage launch
was 3.84 g at S-IC OECO. This did not exceed the pradicted axial load
factor of 3.906 g.

2.23 Explosive Ordnance Equipment

All pertinent data has been reviewed to evaluate the performance of
ordnance systems. Ullage Rocket Ignition, Stage Separation, Retrorocket
Ignition, and Ullage ..ocket Jettison occurred in response to commands

from the instrument unit.
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The explosive ordnance portion of the Range Safety System (the
Prcpellant Dispersion System) was not required to function, since it

was not necessary to destroy the stage during this mission.

2.24 Forward Skirt Thermoconditioning

The forward skirt thermoconditioning system operated satisfactorily
throughout launch and powered flight.

2.25 Stage Safing

Due to loss of pneumatic control of the engine valves, the LH2 dump

and the LOX dump could not be accomplished. The 1H2 CVS and NPV systems
were opened after third engine cutoff command, as programmed, to safe the
LH2 tank; the LOX-NPV system was utilized to safe the LOX tank.

Coid helium dump was accomplished by opening the LH2 cryogenic repressur-
ization valves, which allowed the cold helium to flow through the 02-k2
burner into the LH2 tank and out the LH? NPV and CVS systems.

To accomplish LOX and LH2 ambient repressurization helium dump, the LH2
ambient repressurization valve was opened to allow the helium to flow
through the common manifold, into the LH2 tank, and out of the NPV and
Cvs.

The stage pneumatic control helium dump was accomplished by way of the

engine pump purge module and followed predictions very closely.




TEST CONFIGURATION

3.1 General

The S-IVB-504N stage was equipped with a Rocketdyne 230,000 1bf thrust
engine, serial number 2094; additional stage information is presented

in the following documents:

a. MDAC-WD Report No. SM-47460, Saturn S-IVB-504N Stage Acceptance
Firing Report, dated October 1967.

b. MDAC-WD drawing 1B66684, S~IVB-V End Item Test Plan, dated
18 December 1968.

¢. MDAC~WD Report No. DAC-56561, Narrative End Item Report on Saturn
S-IVB-504N (MDAC-WD S/N 1009), dated July 1967.

Table 3-1 presents the S-IVB-504N stage and GSE orifice data and table

3-2 presents the pressure switch checkout data.

Figure 3~1 is a schematic of the S-IVB-504N propulsion system.

3.1.1 Electrical Configuration

The following paragraph delineates significant electrical configuration
differences between S~IVB-503N and S-IVB-504N:

a. Data Acquisition System Changes

S-IVB-504N had an operational TM systen compared to a modified
operational svystem on S-IVB-503N. Assigned measurements on
S-1IVB-504N were 299. S-IVB-503N had a 453 assigned measurements.
All of the measuremen%s on S-IVB-504N were on S~IVB-503N except
measurement DO248-425, Pressure - Cold Helium Spheres. This
measurement is a backup measurement to DO016-425. The backup
measurement to D0016-425 on S-1VB-503N was D0263-425, which was
not on S-IVB-504N,

The following measurement types which were on S-IVB-503N were not
not installed on S-IVB-504N:

1. Acceleration 3., Vibration

2. Acoustic 4, Strain
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In addition, the number of pressure, temperature, event, and

miscellaneous types of measurements were reduced on S-IVB-504N.

Deletion of these measurements resulted in the following TM system

changes on S-1VB-504N:

1.

Deletion of the FM/FM System

Deletion of the SS/FM System

Deletion of 3 Aft 20 Volt Excitation Modules
Deletion of 1 Forward 20 Volt Excitation Module

Routing of strain measurements to the CP1lA0 multiplexer

not required.

The S-IVB-504N stage had one PCM/FM system for data acquisition.




TABLE 3-1 (Sheet 1 of 4)
S-IVB-50L4N STAGE AND GSE FLIGHT ORIFICES

Orifice Size or Coefficient Effective
Descripticn Nominal Flowrate | of ilscharge | Area (in2)
S-IVB-50LN Stage
LH2 chilldown valve purge 14 sefm with - Sintered
3,000 psid
Continuous vent bypass valve 300 scim witlh - Sintered
bellows purge 3,200 psid
Continuous vent bypass valve 15 seim with - Sintered
switch cavity purge 3,200 psid
Continuous vent No. 1 1.090 in, dia - 0.92
Continuous vent No. 2 1.090 in. dias - 0.92
Continuous vent purge 1 sefm with - Sintered
3,200 psid
LH2 f£ill and drain valve 15 scim with - Sintered
purge 3,200 psid
LOX £i11 and drain valve 15 scim with - Sintered
purge 3,200 psid
LOX tank pressurization 0.219 in. dia 0.87 0.03294
module, heat exchanger
primary
LOX tank pressurization 0.1849 in. dia 0.85 0.02266
module, heat exchanger
bypass
TH2 tank pressurization 0.2055 in. dia* 0.85 0.11L3w#
module (Overcontrol -
second burn)
LH2 tank pressurization 0.3552 in. dia 0.86 0.0854%#
module (Undercontrol)
LH2 tank pressurization 0.2055 in. dia* 0.84 0.1123%#
module control (Overcontrol -
first burn)
IH2 tank repressurization 0.3185 in. dia 0.82 0.065

module outlet

%Indicates diameter of overcontrol or step orifice only.

##Discharge coefficient and effective area are calculated for overcontrol

or step orifices in combination with the undercontrol orifice.
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TABLE 3-1

(Sheet 2 of L)

S-IVB-50LN STAGE AND GSE FLIGHT ORIFICES

Description

Orifice Size or

Nominal Flowrate

Coefficient
of Discharge

Effective
Ares (in2)

LH2 tank nonpropulsive
vent purge

LH2 tenk nonpropulsive
vent No. 1

LH2 tenk nonpropulsive
vent No. 2

LOX chilldown pump purge
supply

LOX chilldown pump purge
vent

LOX sensing line purge

Burner LH2 tank press.
coil outlet

LOX tank vent and relief
valve

Burner LH2 tank press.
coil helium inlet balance

Burner LOX tank press.
ccil outlet

LOX tank ambient
repressurization

Engine purge control module

Pneumstic Console 432A

Stage 1 regulator dome vent

Stage 1 regulator 3,100 psig
dome loading

APS helium supply and purge
Console 432A GN2 inerting
supply

Majinstage OK pressurc switch
checkout, coarse (used with
A12054)

Mainstage OX pressure switch
checkout, fine

1l scfm with
3,200 psid

2.180 in. dis
2,180 in. dia
200 scim with

LL5 psid

200 scim with
445 psia

1,728 scim with
3,200 psid
0.221 in. dia
65 scefm with
3,200 psid
0.1200 in. dia
0.089 in. dia
0,1109 in, dia
0.0180 in. dia
0.018 in. dia

0.018 in. dise

0.027 in. dia
0.031 in. dia

0.025 in. dia

0.025 in. dia

0.68

0.89

0.91

Sinterad

Sintered
0.03LL
Sintered
0.00985
0.0055k

0.00881




TABLE 3-1 (Sheet 3 of 4)
S-IVB-504N STAGE AND GSE FLIGHT ORIFICES

Description

Orifice Size or
Nominal Flowrate

Coefficient I Effective

of Discharge

Ares, (in<)

LH2 system checkout supply,
fine

LH2 system checkout supﬁ ’
coarse (used with A1182L)

3200 Dome supply orifice

LOX system checkout swupply,
fine

LOX system checkout supply,
coarse (used with 4.1837)

Console L432A stage 1 bleed
Stage 4 regulator vent

Pressure switch checkout,
low pressure, fine

Pressure switeh checkout,
low pressure, coarse (used
with A11793)

Stage 2 regulator vent
750 psia helium purge supply

Pneumatic Console 433A

2000 psig cold purge valve
supply
750 psig cold purge valve
supply

Thrust chamber Jacket purge
and chilldown supply

Engine control helium sphere
supply
10X tank prepressurizstion

supply (located in model 315
aft umdbilical kit)

Cold helium sphere pressur-
ization supply (same orifice
as above)

LOX umbiliical purge supply

0.016 in. dia

0.01€ in., dia

0.013 in. dia
0.016 in. dia

0.016 in. dia

0.025 in. dia

0.015 in. dia

0.062 in. dia

0.072 in. dia

0.12, in. die

0.011k4 in. dia

0.011%4 in. dia

0.305 in, dia

Variable
Variable

Variable
Variaeble

0.00347
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TABLE 3-1

(Sheet L of 4)

S~-IV8-504N STAGE AND GSE FLIGHT ORIFICES

Description

Orifice Size or
Nominal Flowratz

Coefficient
of Discharge

Effective
Area (in2)

Umbilical purge supply vent
Stage regulator inlet

LOX umbilical purge dome
regulator inlet

Stage 3 regulator outlet
bleed

Heat Exchanger L438A

Circuit No. 1 upstream vent
(primary)

Circuit No. 1 downstream vent

(secondary)

LH2 f£ill valve closing
control

LH2 tank prepressurization
supply
GH2 regulator dome bleed

-

0.018 in. dia
0.180 in. dia

0.0022 lbm/min

0.081 in. dia
0.055 in. dia
7.013 in. dia

0.113 in. dis

3 scim at
750 psid

Varieble

Sinvered

0.00853

Sintered
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SEQUENCE OF EVENTS

Table 4-1 presents the AS-504 flight sequence of events. Four types

of items are included in the sequence:

c. LVDC Commands

These items originate from the launch vehicle digital computer (LVDC)

in the instrument urit (IU) and direct vehicle system actions.
> _‘oonses

‘These items are responses to commands that are issued from the IU

and are mcaitored in the S-IVB.
c. Events

These items are monitored occurrences resulting from vehicle per-

formance, e.g., the time of maximum dynamic pressure.

d. Ground Commands

These items are ground initiated changes, i.e., additions or modii?-

cations to the flight cequence of events.

In the sequence, all commands and events are preceded by an item number.
Sequential series of related commands and responses are listed under the

same event number with lower case letters distinguishing separate items.

A separate listing of the ground commands sent during this flight is pre-
sented in table 4-2.

4.1 Predicted Times

Predicted times for events from guidance reference release (GRR) through
time base four, (TB4) were obtained from MSFC's predicted operational
trajectory, AS-504/D Mission Launch Vehicle Operational Trajectory Update,
dated January 23, 1969; MSFC document Modification and Erratum to AS-50%/D
Missiorn Critical Sequence of Events, dated February 25, 1969; and the

flight sequence ICD, Definition of Saturn SA-504 Flight Sequence Frogram,
Saturn Interface Control Document 40M33624D, dated Jaauary 16, 1969. The

remainder of predicted times were obtainel from MDAC-WD predicted traject-
ory simulations, Definition of Saturn SA-504 Flight Sequence Program,
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Saturn Interface Control Document 40M33624D, dated January 16, 1969 and
from MSFC document, Apollo 9 Mission D Launch Vehicle Ground Support Plan,
Report 1-M0-4-69, dated February 1969. Precdicted times for S~IVB command

responses cound not be estimated and therefcre are not shown. Predicted
times for TB5, TB7, and TB9 were derived by adding 0.20 sec to the S-IVB
cutoff times obtained from the MDAC-WD pred.cted trajectory simulation.
Command times were not predicted for nonprojrammed telemetry calibrations
made when passing over ground stations or for scheduled or unscheduled

ground commands.

4,2 Monitored Times

Commands issued from the LVDC to the S-IC, S-II, S-1IVB, and IU were
monitored at the LVDC, Times for these i‘ems were obtained from IBM
document Saturn Instrument Unit S-IU-504 Final Flight Evaluation

Report for Apollo 9'Miss{223 dated May 2, 1969. Commands issued from

*he LVDC to the S-IVB were also monitored at the S-IVB switch selector.

Times for these items were obtained from MDAC-WD, Sequence of Events for

504 Flight Vehicle. Monitored times for guidance parameters, S-IVB

attitude maneuvers, prelaunch events, ground commands, and other special
events were obtained from IBM document, Saturn Instrument Unit S-IU-504
Final Flight EvaluationReport for Apollo 9 Mission, dated May 2, 1969.

The time from range zero is provided for all items. Range zero, which
is be definition the even second prior to liftoff, occurred at 16:00:00.0
GMT,

A time-from-base is given for 211 preprogrammed LVDC commands and for the
monitored S-IVB command responses. A time-from-base is not applicable
(N/A) for events which are not preprogrammed such as maximum dynamic

pressure.

4.3 Time Bases

Nine sequential series of preprogrammed comwaunds were issued from the LVDC.

Each sequential series was initiated by the establishment of its time base

-
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in the LVDC, Listed below are the nine time bases with their respective
originating «vents:

a. Time Base One, TBl - IU umbilical disconnect

b. Time Base Two, TB2 - S~IC inboard engine cutoff

¢. Time Base Three, TB3 - S-IC outboard engine cutoff
d. Time Base Four, TB4 - S-II J-2 engine cutoff

e, Time Base Five, TB5 - First S-IVB engine cutoff

f. Time Base Six, TB6 - Begin restart preparations for second burn

(LVDC solves an equation)
g. Time Base Seven, TB7 - Second S-IVB engine cutoff

h., Time Base Eight, TB8 - Begin restart preparations for third burn
(initiated by timer)

i, Time Base Nine, TB9 - Third S-IVB engine cutoff

4.4 Data Omissions

In the flight sequence table (table 4~1) a dash (~-) has been inserted
for item times which are not available. Monitored times missing for com-
mands can be estimated from the last known time and the programmed time
from base. Some items, such as command responses, had no predicted times.
The S-IVB responses for which monitcred times are missing are tabulated
in table 4-3 with the cause of omission. The item numbers of those

times for command issuance from the LVDC which are missing are listed in
table 4-4. The times for command issuance from the LVDC are supplied

to MDAC-WD by IBM and MSFC, and no explanation is available as to the

cause of omission for these times.

4.5 Comments

The accuracies listed in table 4-1 are related to the telemetry-channel
gampling rates; therefore, the items occurred at the times indicated or
earlier by the amount listed in the accuracy column. The accuracy of
IU signals is not shown since this information is not available. The
IU signal occurrence times were available only to the nearest 10 milli-
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seconds in range zero times, thus making a detailied comparison between )
the time of command issnance Irom the LVDC and time of command receipt in
the S-IVB difficult, These occurence times were available to the nearest
millisecond for time base times and are presented as such although per-
haps they should be considered accurate only to the nearest 10 milliseconds.
The difference between .ime of command receipt in the S~IVB and time of
command from the LVDC varied from -15 milliseconds to +25 milliseconds for
most of the preprogrammed commands in TB4, TB5, TB(, TB7, a.d TB8; however,
these differences are considered within the accuracy tolerances of the

IU and S-IVB telemetry systems. In TB9 a difference of up to 0.9 sec
occurred for some commands, No explanatiors have been given for these

differences.

4.6 Ground Sequence of Events

Table 4-4 presents the ground sequence of events from approximately Ro-20
min to liftoff., These events are related to the S-IVB-~504N and associated

ground support equipment and are derived from the digital events evaluation, ‘:’




TABLE 4-1 (Sheet 1 of 47)
AS=50¢ D POST FLIGHT SEQUENCE QOF EVENTS

PAEDICTED TIME MONITORED TIME
TIME FROM - SIGNAL TIME FROM
ITEM EVENT RANGE 'ERO m;is:‘m MONITORED | RANGE ZERO mnt:s:nw sg:r:éz AC‘(:::?“
Xo. (hr :min: vec) (sec) AT (hr:min:sec) ‘gac)
(sec) s (sec)
1 Guidance Reference -00:00:16..98 N/A U -00:00:16.97 N/A MSFC -
Release (-16.592) (~16.97)
2 S-IC Engine Start N/A N/A U ~00:00:08.89 N/A MSFC -—
Sequence Command (-8.89)
3  Range Zero 00:00:00.0 N/A 84 00:00:00.0 N/A MSFC -
(0.0) (0.0)
4  Holddown Arms Release N/A N/A i} 00:00:00.26 N/A MSFC -
(0.26)
5 First Motion N/A /A GSE 00:00:00.261 N/A MSFC -
(0.261)
6 Time Base 1 06:00:00.652 TBl +0.0 U 00:00:00.67 TBL +0.0 MSFC -
AS-504 Liftoff; IU (0.652) (0.67)
Umbilical Discounnect
7 Start 7aw Maneuver 00:00:01.6 N/ N/A 00:00:01.73 N/A MSFC -
(1.6) N/A (1.73)
8 Signal from LVDC for: 00:00:05.6 TB1 +5.0 jti) 00:00:05.62 TBl +4.952 MSFC -
Sensor Bias ON (5.6) (5.62)
9a Signal from LVDC for: 00:00:06.6 TBlL +6.0 IU 00:00:06.62 TBl +5.953 MSFC -
LOX Tank Pressuriza- (6.6) (6.62)
tion Shutoff Valves
Cloge
9b Signal Received in S~IVB N/A N/A S-1VB 00:00:06.621 TBL +5.956 MDAC 9
for: LOX Tank Pressuriza- (6.621)
tion Shutoff Valves
Close
10 End Yaw Maneuver 00:00:09.6 N/A N/A 00:00:09.69 N/A MSFC -
(9.6) (09.69)
11  Begin Pitch and Roll 00:00:11.8 N/A N/A 00:00:13.26 N/A MSFC -
Maneuver (11.8) (13.26)
12 Signal from LVDC for: 00:00:14.6 TBl +14.Q Iv 00:00:14.65 TB1 +13.977 MSFC -
Multiple Engine Cut- (14.6) (14.65)
off Enable
13 Signal from LVDC for: 00:00;20.4 TB1 +19.8 v 00:00120.43 TB1 +19.752 MSFC -
S-IC Outboard Engines (20.4) (20.43)
Cant On "A"
i4 Signal from LVDC for: 00:00:20.6 TB1 +20.0 IU 00:00:20.64 T3l +19.965 MSFC -
8-IC Outboard Enginms (20.6) (20.64)
Cant On "B"
15 Signal from LVDC for: 00:00:20.8 TB1 +20.2 IU 00:00:25.83 TB1 +20.152 MSFC -
8=IC Outboard Engines (20.8) (20,.83)
Cant On '"C"
16 Signal from LVDC for: 00:00324.6 TB1 +24.0 peif 00:00:24,65 TBL +23.973 MSFC -
Telemeter Calibrate ON (24.6) (24.65)
17 8ignal from LVDC for: 00:00:27.6 TB1 +27.0 IU 00:00:27.64 TBL +26.974 MSFC -

Telematry Calibrator
Inflight Calibrate ON

(27.6)

(27.64)
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TABLE 4-1 (Sheet 2 of 47)
A5-504 D POST FLIGHT SEQUENCE O EVENTS
PREDICTED TIME MONITORED TIME
TIME FROM - | SIGNAL TIME FROM
ITEM EVFNT RANGE ZERO TIME FROM MONITORED | RANGE ZERO TIME FROM | DATA | ACCURACY
NO. BASE BASE SOURCE (ms)
(hr:izin:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

18 Signal from LVDC for: 00:00:29.6 TBl +29.0 Iu 00:00:29.63 TB1 +28.953 MSFC -
Telemeter Calibrate (29.6) (29.63)
OFF

19 Signal from LVDC for: 00:00:30.6 TB1 +30.0 U 00:00:30.63 TBl1 +29.952 MSFC --
Launch Vehicle Engines (30.6) (30.63)
EDS Cutoff Enable

20 Signal from LVDC for: 00:00:32.6 TBL +32.0 v 00:00:32.64 TBl +31.968 MSFC -—
Telemetry Calibrator (32.6) (32.64)
Inflight Calibrate OFF

21 End Roll Maneuver 00:00:30.6 N/A N/A 00:00:32.96 N/A MSFC -

(30.6) (32.96)

22 Signal from . UC for: 00:00:50.1 TBl +49.5 w 00:00:50.15 TBY +49.473 MSFC -—
Fuel Pressurizing (50.1) (50.15)
Valve No. 2 Open

23 Signal from LVDC for: 00:01:14.6 TBl +74.0 w 00:01:14.63 TB1 +73.955 MSFC -
tart Data Recorders (74.6) (74.63)

24 Signal from LVLC for: 00:01:15.6 1Bl +75.0 v 00:01:15.63 TPRi +74.953 MSFC -
Cooling System Elec- (75.6) (75.63)
tronic Assembly Power
OFF

25 Maximum Dynamic 00:01:21.7 N/A N/A 00:01:24.5 N/A MSFC - )
Pressure (81.7) (85.5)

26 Signal from LVDC for: 00:01:30.6 TB1l +50.0 v 00:01:30.63 TBl +89.958 MSFC -—
Telemetry Calibrator (90.6) (90.63)
Inflight Calibrate ON

27 Signal from LVDC for: 00:01:35.6 TBl +95.0 IU 00:01:35.62 TB) +94.953 MSFC -
Telemetry Calibrator (95.6) (95.62)
Inflight Calibrate OFF

28 Signal from LVDC for: 00:01:35.9 TBl +95.3 U 00:01:35.95 TBl +95.278 MSFC -
Fuel Pressurizing (95.9) (95.95)
Valve No. 3 Open

29 Signal from LVDC for: 00:01:45.6 TB1 +105.0 U 00:01:45.63 TB1l +104.956 MSFC -
Flight Control Com- (105.6) (105.63)
puter Switch Foint
No. 1

30 Signal from LVDC for: 00:01:55.7 TBl +115.1 IU 00:01:55.73 TB1 +115.053 MSFC -
Telemeter Calibrate (115.7) (115.73)
ON

31a Signal from LVDC for: 00:01:59.8 TBl +119.2 T 00:01:59.83 TB1 +119.161 MSFC -
T Calibrate ON (119.3) (119.83)

31b Signal Received in S-IV3 N/A N/A S-IVB 00:01:59.823 TB1l +119.158 MDAC 9
for: TM Callbrate ON (119.823)

32 Signal from LVDC for: 00:02:00.7 TB1 +120.1 IU 00:02:00.75 TB1 4+120.075 MSFC -
Telemeter Calibrate OFF (120.7) (120.75)

33a Signal from LVDC for: 00:02:00.8 TB1 +120.2 v 0C:02:00.84 TB1 +120.,172 MSFC -
TM Calibrate OFF (120.8) (120.84)

33b Signal Received in $-IVB N/a N/A $-1VB 00:02:840 IB1 +120.175 MDAC 9 )
for: TM Calibrate OFF (120.840)

4-6
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TABLE 4~1 (Sheet 3 of 47)
AS-504 D PUST FLIGH. SEQUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM TIME FROM
1TEM EVENT Raxge zgro | TUDLFROM | ST ) ance zmro | TTRRTR | pate |accumacy
NO. (hrimin:sec) (sec) AT (hr:mintsec) (sec) SOURCE (me)
(seac) (sec)

34 Signal from LVDC for: 00:02:10.6 TB1 +130.0 v 00:02:10.62 TBl +129.952 MSFC -
Flight Control Com- (130.6) (130.62)
puter Switch Point
No. 2

35 Signal from LVDC for: 00:02:13.0 TB1 +132.4 i} 00:02:13.02 TB1 +132,353 MSFC -
Fuel Pressurizing (133.0) (133.02)
Valve No. 4 Open

36 Signal from LVDC for: 00:02:13.2 TB1 +132.6 i) 00:02:13.22 TB1 +132,.553 MSFC -
S-IC Two Engines Cut (133.2) (133.22)
Auto-Abort Inhibit
Enable

37 Signal from LVDC for: 00:02:13.4 TB1 +132.8 IU 00:02:13.44 TB1 +132.76€ MSFC -
S=IC Two Engines Out (133.4) (133.44)
Auto-Abort Inhibit

38 Signal frouw LVDC for: 00:02:13.6 TB1 +133.0 IL 00:02:13.62 TB1 +132.951 MSFC -
Excess Rate (P,Y,R) (133.6) (132.62)
Auto-Abort Inhibit
Enable

39 Signal from LVDC for: 00:02:13.8 TB1 +133.2 U 00:02:13.82 TB1 +133,151 MSFC -
Excess Rate (P,Y,R) (133.8) (133.82)
Auto-Abort Inhibit &
Switch Rate Gyro SC
Indication "A"

40 Signal from LVDC for: 00:02:14.0 TB1 +133.4 v 00:02:14.03 TB1 +133,.356 MSFC -
Two Adjacent Outboard (134.0) (134.03)
Engines Out Cutoff
Enable

41 Start of Time Base 134.211 TB2 40.0 U 01:02:14.28 TB2 4+0.0 MSFC --
No. 2 (134.28)

42  S-IC Inboard Engine 00:02:14.261 TB2 +0.0 Iy 00:02:14.33 TB2 +0.050 MSFC -
Cutoff and Tape 134.261 (134.33)
Recorder Record

+3 Signal from LVDC for: 00:02:14.4 TB2 +0.2 U 00:02:14.43 TB2 40.152 MSFC -
Inboard Engine Cutoff (134.4) (134.43)
Backup Enable

44  Signal from LVDC for: 00:02:14.6 TB2 +0.4 juid 00:02:14.63 TB2 +0.351 MSFC -—
Start First PAM - PM/ (134.6) (134.63)
FM Calibration ¢

45 Signal from LVDC for: 00:02:14.8 TB2 +0.6 b} 00:02:14.84  TB2 +0.556 MSFC -
Auto-Abort Enable (134.8) (134.84)
Relays Reset

46 Signsl from LVDC for: 00:02:15.0 TB2 +0.8 iil 00:02:15.04 TB2 +0,762 MSFC -
Excessive Rate (Roll) (135.0) (135.04)
Auto-Abort Inhibit
Enable

47 8ignal from LVDC for: 00:02:15.2 TB2 +1.0 v 00:02:15.23 TB2 +0.951 MSFC -
Excessive Rate (Roll) (135.2) (135.23)
Auto=Abort Inhibit &
Switch Rate Gyro SC
Indication "B"

48 84ignal from LVDC for: 00:02:19.6 TB2 5.4 1V 00:02:2Y.64  TB2 +5.361 MSFC -
Stop First PAM - MM/ (139.6) (139.64)

™ Calibration

4=7




TABLE 4-1 (Sheet 4 of 47)

AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTEN TIME MONITORED TIME
TIME FROM TIME FROM
ITEM RANGE zER0 | TTME FROM | SIGNAL | pance ppro | THME FROM | para | accuracy
EVENT ASE MONITORED BASE
NO. (hr:imin:sec) thr:minisec) SOURCE (ms)
(sec) AT (>ec)
| (sec) (sed)

49  Signal from LVDC for: 00:02:28.7 TB2 +14.5 U 00:02:28.75 TB2 +14,458 MSFC -
$-I1 Ordnance Arm (148.7) (148.75)

50 Signal from LVDC for: 00:02:28.9 TB2 +14.7 1 0N1:02:28.94 TB2 +14.,652 MSFC -—
Separation and Retro (148.9) (148.94)
No. 1 EBW Firing
Units Arm

51 Signal from LVDC for: 00:02:29.1 [IB2 +14.9 iU 00:02:29.15 TB? +14.861 MSFC -
Separation and Retro (149.1) (149.15)
No. 2 EBW Firing
Units arm

52  Signal from LVDC for: 00:02:31.5 TIB2 +17.3 i} 00:02:31.54 TB2 417,253 MSFC ~-
Q-Ball Fower OFF (151.5) (151.54)

-3 Signal from LVDC for: 0C:02:31.7 TB2 417.5 IU 00:02:31.74 TB2 +17.466 MSFC -
Telemetry Measurement (151,7) (151.74)
Switchover

54 Signal from LVDC for: 00:02:31.9 TB2 +17.7 U 00:02:31.94 TB2 +17.653 MSFC -
Outboard Engines Cut-— (151.9) (151.94)
off Enable

35 Signal from LVD% for: 00:02:32.1 TBZ +17.9 Iu 00:02:32.15 TBZ +17.269 MSFC -
Outboard Engines Cut- (152.1) (152.15)
off Backup Enable

56 End Pitch Maneuver 90:02:36.8 N/A N/A 00:02:38.00 N/A MSFC -

(156.8) (158.00)

57 Time Base 3 00:02:39.975 TB3 +0.0 U 00:02:42.80 TB3 +0.J MSFC -
S-IC OQutbrard (159.975) (162.80)
Engines Cutoff

58 Signal from LVDC for: 00:02:40.1  TB3 +(.1 jail 00:02:42.88  TB3 +0.081 MSFC -
LH2 Tank High Pres- (160.1) (162.88)
sure Vent Mode

59 Signal from LVDC for: 00:02:40.2 T33 +9.2 v 00:02:42.98 TB3 +0.1.76 MSFC -
S-I1 LH2 Recirculation (160.2) (162.98)
Pumps OFF

60 Signal from LVDC for: 00:02:40.5 TB3 +0.5 Iu 00:02:43.27 TB3 +0.470 MSFC -
S-I11 Ullage Trigger (160.5) (163.27)

61 Signal from LVDC for: 00:02:40.7 B3 +0.7 U 00:02:43.45 TB3 4U.653 MSFC -
S-IC/S-11 Separation (160.7) (163.45)
(No. 1)

62 Signal from LVDC for: 00:02:4(.8 TB3 -0.8 IU 00:02:43.58 TB3 +0.776 MSFC -
S-IC/S-11 Separation (160.8) (167.53)
(No. 2)

63 Signal frem LVDC for: 00:02:49.9 TB3 +0.9 Iy 00:02:43.68 TB3 +0.878 MSFC -
S~I1 Engines Cutoff (160.9) (163.68)
Reszat

64 Signal from LVDC for: 00:02:41.0 Th3 +1.0 v 00:02.43.76 TB3 +0.959 MSTC -
Engines Ready Bypass (161.0) (163.76)

65 Signal from LVDC for: 00:02:41.1 TB3 +1.1 IV 00:02:43.88 TB3 +1.083 - -
Prevalves Lockout (1561.1) (163.88)

4-8
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TABLE 4-1 {Sheet 5 of 47)

AS-504 D POST FLIFHT SEQUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM TIME FROM
ITRM EVENT RANGE zERO | TTRR FROM | SYOAL | rance zERo T | DATA [ Accuracy
NO. (hr:mintsec) (hr:min:sec) SOURCE (ms)
(sec) AT (sec)
(sec) (sec)
65 Signal from LVDC for: 00:02:41.2 Ta3 +1.2 bii] 00:02:43.98 TB3 +1.178 -- -
Suitch Engine Control (161.2) (163.98)
to S-II & S-IC Out-
boerd Engine Cant OFF
IIAII
67 Signal from LVDC for: 00:02:41.3 TB3 +1.3 IU 00:02:44.07 TB3 +1.226 -- -
) S-IC Outboard Ingine (161.2) (164.07)
Cant OFF "B"
68 Signal from LVDC for: 00:02:41.4 TB3 +1.4 IU 00:02:44.17 TB3 +1.371 ~-- -
S=1I Engine Start (161.4) (164.1")
69 S.gnal from LVDC for: 00:02:41.5 TB3 +1.5 iy 00:V2:44.27 TB3 +1.472 - --
S§-II Engine Out Indi- (161.5 (164.27)
cation "A" Enable;
S-I1 Aft Interstage
Separation Indication
"A" Enable
.0 Signal from LVDC for: 00:02:41 7 TB3 +1.7 Iu 00:02:44,47 TB3 +1.670 ~- -—
S-11 Engine Out Indi- (161.7) (164.47)
cation "B" Enable;
S~-II Aft Interstage
Separation Indication
"B" Enable
71  signal frc LVDC for: 00:02:41.9 TB3 +1.9 v 00:.2:44.65 TB3 +1.854 ~- -
Engines Ready Bypass (161.9) {1€4.65)
Reset
72 Signal from LVDC for: 00:02:43,0 TB3 +3.0 IU 00:02:45.76  TB3 +2.900 MSFC -
S-1T Rydraulic Accumu- (163.0) (165.76)
lators Unlock
73  Signal from LVDC for: 00:02:46.4 TB3 +5.4 IU 00:02:49.15 TB3 +6.35". MSFC -
Chilldown Valves Close (166.4) (169.15)
74  Signal from LVDC for: 00:02:46.7 TB3 +6.7 IU 00:02:49.45 TB3 +6.652 MUFC -
§=-II Start Phase (166.7) (169.45)
Limiter Cutoff Arm
75 Signal from LVDC for: 00:02:46.9 TB3 +6.9 IU 00:02:49.6/ TB3 +6.860 MSF(, -
Activate PU System (166.9) .169.66)
76  Signal from LVDC for: 00:02:47.7 TB3 +7.7 iu 00:02:50.46 TB3 +7.652 MSFC -
S=11 Start Phase (167.7) \170.46)
Limiter Cutoff Arm
Reset
77  Signal from LVDC fo-: 00:02:47.8 TB3 +7.8 v 00:02:50.56 TB3 +7.753 MSFC -
Prevalves Close Amm (167.8) (170.56)
78  Signal from LVDC for: 00:02:51.9 TB3 +11.9 U 00:02:54.66 TB3 +11.858 MSFC -
Stop Data Recorders (171.9) (174.66)
79  Signal from LVDC for: 00:03:00.° TB3 +20.7 i) 00:03:03.46 TB3 +20.660 MSFC -
Water Coolant Valve (180.7) (183.46)
Open
80 Signel from LVDC for: 00:03:10.7 TB3 +30.7 v 00:03:13.46 TB3 +30.664 MSFC -
8-11 Aft Interstage (1v0.7) (193.46)
Separation
81 LET Jettison Variable N/A N/A 00:0>.16.30 N/A MSFC -=
1198.30)
4=9
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME

MONITORED TIMF

1

1b

L]

3a

*3b

hb)

TIME FROM . TIME FROM
- RANGE ZERQ +IME FROM SIGNAL RANGE ZERO TIME FROM DATA ACCURACY
EVENT < BASE MONITORED : BASE oy
(hr:min:sed) (hr:min:sec) SOURCE (ms)
) (sec) AT (sec)
(sec) (sec)

Signal from LVDC for: 00:03.41.4 TB3 +61.4 1L 00:02:44.16 TB3 +61.3%51 MSFC -
Fl iht Control Cox- (221.4) (224.16)
puter Switch Point
No. 3
Signal from LVIC for: 00:04:20.0 TB3 +100.0 v 00:04:22.76 TR3 +99.951 MSFC -—
S§-IT1 LOX Scep Pres- (260.0) (262.76)
surizaticn
Signal from LVD. for: 00:04:45.0 TB3 +125.0 jay 00:04:47.76 TB3 +124.958 MSFC --
Start 3econd PAll - FM/ (285 ') (287.7%)
P! Calibration
Signal frem LVDC for: 10:04:50.0 TB3 +130.0 i 00:04:52.78 THB3 +129.972 MSFC -
Sto. Se~cwd PAM -~ FM/ (29C.0) (207 JRY
™ Calibration
5igral from LVDC for: 00:05:51.5 TB3 +191.3 v GUIDS54.1T 5o 41y7 L 373 MSFC -~
Fligkt Controi Com- (351.4) (354.17}
puter Switch Poirt
No.
Signal from LVDC for: 0G:05:52.7 183 +202.7 v 05:0€:05.45 TB3 +202.653 MSFC -
Telemetry Calibrator (362.7) (365.4%)
in-Flight Calibrate ON
Signal from LVDC for: ¢ 7.7 183 +207.7 IU 00:06:10.47 TB3 +207.671 MSFC -~
Telexetry Calibrator 7) (370.47)
In-Flight Calibrate
OFF
Signal from LVDC fer- £0:06:25.0 TB3 +4.25.0 L 00:06:27.77 TB2 +224.968 MSFC -
Start Third 2PAM - M’ (382.0) (327.77)
FM Calibration
Signal from LVDC foi: 06:C6:30.0 TB3 +230.0 v 30:06:32.76 TB3 +229.952 MSFC -
Step Thard PAM -~ B/ (396.0) (392.76)
M Cal® 'ratio
Si1znal frow LVDC for: QC:07:3C.7 TB3 +290.7 v 00:07:33.45 TB3 +292.652 MSFC -
T™ Calib. ate ON 1450.7) (453.45)
Signal Received ln N/& N/A S-1VB 00:07:33.449 TB3 +290.657 MDAC 9
S-IVB fev: TM Cali- (453.449)
brate ON
Signal from iVDC for: 30:07:30.9 TB3 +290.9 U 00:07:33.66 TB3 +290.860 MSFC -—
lelr.etry Calibr itor (450.9) (452.66)
In-Flight Calibrate
ON
Signal frem LVDC for: 09:07:31.7 TB3 =291.7 Iv 00:07:3- .4~ TE3 +291.652 MSFC ~-
TM Cali' rate OFF (451.7) (454.45)
Signal Received 1n N/A N/A s-1VB 00:07:34.449 TB3 +291.657 MDAC 9
“=ivB for TM Cali-~ (454.449)
brate OFF
Signal from LVDC fur: 00:07:35.9 TB3 +295.9 v 0C:07:38.65 TB3 +.95.853 MSFC -—
Telemetry Calibrator (455.9) (458.€5)
In-Flignht Calibrate
OFF
High (5.3) enjine Mix- Variable Variable 1 00:07:43.23 TB3 +300L.428 MSFC --
ture Ratio OFF (463.27)




TASLE 4-1 (Sheet 7 of 47)
AS-504 D POST FLIGHT SEQUENCE OF EVENIS

(9

PREDICTED TIME MONITORED TIME
TIME FROM TIME FROM
IR — naxGe zgno | T TROM ) SIORAL 1 mance zemo | TOE RO | aza | accumacy
0. (hr:uin:sec) (sec) AT (hr:ein:sec) (sec) SOURCE (us)
(sec) (sec)

96 Signal from LVDC for: 00:07:40.0 TA3 +300.0 Y] 00:07:42.76 TB3 +299.960 MSFC -
S$=II LH2 Step (460.0) (462.76)
Pressuris -tion

97 Low (4.5) Engine Mix- Variable Varisble U 00:07:43.23 TB3 +300.428 MSFC ~
ture Ratio ON (458.65)

98a Signal from LVDC for: 00:08:11.2 TB3 +331.2 IU 00:08:13.95 TB3 +331.152 MSFC -~
Charge Ullsge Ignition (491.2) (493.95)
o

98b Signal Received in N/A N/A S-1IVB 00:08:13.948 TB3 +331.156 MDAC 9
S$-IVB for: Charge (493.948)
Ullage Ignition ON

99 Signal from LVDC for: 00:07:11.4 TB3 +331.4 1 00:08:14.16 TB3 4+331.362 MSFC -
S-11/S-IVB Ordnance (491.4) (494.16)
Ara

100a Signal from LVDC for: 00:07:12.0 TB3 +332.0 v 00:08:14.75 TB3 +331.953 MSFC -
LOX Tank Pressurization (492.0) (494.75)
Shutoff Valves Open

100> Signal Received in N/A N/A S-1VB 00:08:14.748 TB3 +331.956 MDAC 9
S~1IVB for: LOX Tank (494.748)
Pressurization Shutoff
Valves Open

101 Signal from LVDC for: 00:08:12.5 TB3 +332.5 IU 00:08:15.25 TB3 +332.452 MSFC _
Start Data Recorders (452.5) (495.25)

102 Signal from LVDC for: 00:18:18.9 TB3 +338.9 IV 00:08:21.56 TB3 +338.863 MSFC -
S-I1 LOX Tepletion (498.9) (501.66)
Sensors Cutoff Arm

103 Signal from LVDC for: 00:08:19.1 TB3 +339.1 U] 00:08:21.88 TB3 +339.075 MSFC -—
S-11 LH2 Depletion (499.1) (501.88)
Sensors Cutoff Arm

104  Begin Chi-~Freeze; 00:08:50.0 N/A N/A 00:08:47.12 N/A MSFC -
End IGM Phase 2 (530.0) (527.12)

105 Time Base & 00:08:51.1 TB4 +0.0 IU 00:08:56.25 TB4 +0.0 MSFC -
S-I1 J-2 Engines (531.1) (536.25)
Cutoff

106 Signal from LVDC fo:: 00:08:51.1 TB4 +0.0 S-11 00:08:56.34  TB4 +0.085 MSFC -
Cutoff S-II J-2 (531.1) (536.34)
Engines

107 Signal from LVDC for: 00:08:51.2 134 +.1 w 00:08:56.43 T4 +0.177 MSPFC -
Start Recorder Timers (531.2) (536.43)

108a Signal from LVDC for; 00:08:51.3 TB4 +0.2 piif 00:08:56.52 TB&4 +0.270 MSFC -
Prevalves Close OFF (531.3) (536.52)

108b Signal Received in N/A WA S-1VB 00°08:56.514 TB4 +(.26 MDAC 9
S-1IVB for: Prevalves (536.514)
Close OFF

109a 3ignal from LVDC for: 00:08:51.4 TB4 +0.3 IU 00:08:56.62 TB4 +0.365 MSFC -
§-1VB Engine Cuioff (531.4) (5.6.62)
OFF

4-11
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED [IME

TIME FROM

MON1TORED TIME

TIME FROM

ITEM . RANGE zERo | TUME FROM | SIGNAL | pyncp zprg | TIME FROM | para | accuracy
EVENT . ASE MONITORED BASE .
NO. (hr:min:sec) (hr:minisec) SOURCE (ms)
.sec) AT (sec)
(sec) (sec)

109b Signal Received in N/A N/A S-IVB 00:08:56.615 TB4 +0.36 MDAC 9
S-IVB fer: S-IVB (536.¢'5)
Engine Cutoff OFF

110a Signal from LVDC for: 00:08:51.5 TB&4 +0.4 v 00:08:56.74  TB4 +0.485 MSFC -
LOX Tank Flight Pres- (531.5) (536.74)
sure System ON

110b Signal Received in N/A N/A S-IVB 00:08:56.731 TB4 +0.48 MDAC 9
S-IVB for: LOX (536.731)
Tank Fiight Pres-
sure System ON

11la Signal from LVDC for: 00:08:51.6 TB4 +0.5 U 00:08:56.84 TB4 +0.580 MSFC -
Engine Ready Byrass (531.86) (536.84)

111b Signal Received ia N/A N/A S-1IVB 00:08:56.831 TB4 +0.58 MDAC 9
S-{VB for: Frugine (536.831)
Ready Bypass

112a Signal from LVDC for: 00:08:51.7 TB4 +0.6 it 00:08:56.96  TB4 +0.706 MSFC -
LOX Chilldown Pump (531.7) (536.96)
OFF

112b Signal Received in N/A N/A S~-IVB 00:08:56.956 TB4 +0.71 MDAC 9
5-IVB for- LOX (236.950)
Chilldown Junp OFF

113a Signal from LVDC for: 00:08:51.8 TBS +C 7 Iv 00:08:57.08 TB4 +0.827 MSFC -=
Fire Ullage Ignition (531.8) (537.08)
ON

113b Signal Received in N/A N/A S-IVB 00:08- 7.072 TB4 +0.82 MDAC 9
S-1VB for: Fire (537.072)
Ullage Ignirtion ON

114 5ignal frow LVDC for: 00:08:51.9  TB+ +0.8 Ul 00:08:57.18  TB4 +0.923 MSFC —--
$-11/S-IVB Separation (531.9) (537.18)

115a Signal from LVDC for: 00:08:52.1  TB4 +1.0 Iu 00:08:57.27  TB4 +1.015 MSFC -
S-IVB Engine Start ON (532.1) (537.27)

115b Signal Received in N/A N/A S-IVB 00:08:37.264 T84 +1.02 MDAC 9
5-IVB for: S§-1IVB (53 .264)
Engine Start ON

116 Signal from LVDC for: 00:08:52.3 TB4 +1.2 IU 00:08:57.40 TB4 +1.152 MSFC -
Flight Control Com- (532.3) (537.40)
puter S-1IVB Burn Mode
ON "A"

117 Signal from LVDC for: 00:08:52.4 TB4 +1.3 IU 00:08:57.50 TB4 +1.252 MSFC --
Flight Control Com- (532.4) (537.50)
puter S-IVB Burn Mode
ON IIBI

118a ¢Signal from LVILX for: 00:08:53.3 TB4 +2.2 1T 00:08:58.41  TB4 +2.161 MSFC -~
Fuel Chilldown Pump (533.3) (533.41)
OFE

118b Signesl Received in N/A N/A S-1VB 00:08:58.406 TB4 +2.16 MDAC 9
S-IVB for: Fuel (538.406)
Chilldown Pump OFF

4-12
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AS-3504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME
TIME FROM . TIME FROM
23l — axGE zzpo | TINETROM | SICHAL | pynce zmmo T ™ | pata | accuracy
NO. (hr:min:sec) (sec) AT (hr:min:eec) (sec) SOURCE (ms)
(mec) (sec)

119 Signal from LVDC for: 00:08:53.6 TB4 +2.5 Ui} 00:08:58.71 TB4 +2.461 MSFC -
§-IVB Engine Out (533.6) (538.71)
Indication "A" Enable

120 Signal from LVDC for: 00:08:53.8 TB4 +2.7 i} 00:08:58.93 TBA +2.674 MSFC -
§~IVB Engine Out (533.8) (538.93)
Indicator "B" Enable

121a Signal from LVDC for: 00:08:55.1 TB4 +4.0 hti) 00:09:00.20 TB4 +3.951 MSFC -
Fuel Injector Tempera- (535.1) (540.20)
ture OK Bypass

121b Signal Received in N/A N/A S-IVB 00:09:00.196 TB4 +3.95 MDAC 9
S-IV3 for: Fuel (540.196)
Injector Temperature
OK Bypass

122a Signal froam LVDC for: 00:08:55.3 TB4 +4.7 b uil 00:09:00.42 TB4 +4.166 MSFC -
S-IVB Engine Start OFF (535.3) (540.62)

122b Signal Received in N/A N/A S-IVB 00:09°00.413 TB4 +4.17 MDAC 9
S-1IVB for: S-IVB (540.413)
Engine Start OFF

123a Signal from LVDC for: 00:08:56.9 TB4 +5.8 v 00:09:02.03 TB4 +5.774 MSFC -
First Burn Relay ON (536.9) (542.03)

123b Signal Received 1ir N/A N/A S-1IV3 00:09:02.021 TBA +5.77 MDAC 9
S-1IVB for: First (542.021)
Burn Relay OGN

124 IGM Inttiation N/A NA N/A 00:09:10.96 N/A MSFC -

(550.96)

125a Signal frea LVDC for: 00:09:00.1 TR +9.0 w 00:09:05.20 TB4 +8.951 MSFC -—
PU Mixture Ratio 5.5 (540.1 (545.20)
ON

125b Signal Received in N/A N/A S-IVB 00:09:05.195 TB4 +8.95 MDAC 9
$-1VB for: PU (545.195)
Mixture Ratio 5.5
ON

126a Signal from LVDC for: 00:09:00.9 TB4 +9.8 v 00:09:06.00 TB4& +9.752 MSFC _—
Charge Ullage Jettison (540.9) (546.00)
ON

126b Signal Received in N/A N/A S-IVB 00:09:05.995 TB4 +9.75 MDAC 9
S~-IVB for: Charge (545.995)
Ullage Jettison ON

127a Signal from LVDC for: 00:09:03.9 TB4 +12.8 v 00:09:09.01 TB4 +12.751 MSFC -—
Fire Ullage Jettison (543.9) (549.01)
oN

127b Signal Received in N/A N/A §-1VB 00:09:09.004 TB4 +12.76 MDAC 9
§~-IVB for: Fire (549.004)
Ullage Jettison ON

128a Signal from LVDC for: 00:09:04.9 TB4 +13.8 v 00:09:10.01 TB4 +12.753 MSFC -
Ullage Charging Reset (544.9) (550.01)

1.,b Signal Received in N/A N/A S~IVB 00:09:10.603 TB4 +13.76 MDAC 9
8-IVBE for: Ullage (550.003)

Charging Reset
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME
TIME FROM TIME FROM
ITEM RANGE zERo | TTME FROM | SIGNAL | povcr zpro | TPME FROM | vy | accuracy
EVENT BASE MONITORED BASE
NO. (hr:min:sec) (hr:min:sec) SOURCE (ms)
(sac) AT (sec)
(sec) (sec)
129a Signal from LVDC for: 00:09:05.1 TB4 +14.0 il 00:09:10.22 TB4 +13.964 MSFC -
Ullage Firing Reset 1545.1) (550.22)
129b Signal Received in N/A N/A S-1VB 00:09:10.211  TB4 +13.96 MDAC 9
S-IVB for: Ullage (550.211)
Firing Reset
130a Signal from LVDC for: 00:09:05.3 TB4 +14.2 i} 00:09:10.40 TB4 +14,152 MSFC -
Fuel Injection Tempera- (545.3) (550.40)
ture OK Bypass Reset
130b Signal Received in N/A N/A S~IVB 00:09:10.395  TB4 +14.15 MDAC 9
S-IVB for: Fuel (550. 395)
Injection Tempera-
ture OK Bypass Reset
131  Signal from LVDC for: 00:09:07.9 TB4 +16.8 U 00:09:13.01 TB4 +16.752 MSFC --
Telemetry Calibrator (547.9) {553.01)
Inflight Calibrate
ON
132 Signal from LVDC for: 00:09:12.9 T34 +21.8 U 00:09:18.02 TB4 +21.771 MSFC -
Telemetry Calibrator (552.9) {358.02)
Inflight Calibrate
OFF
133a Signal from LVDC for: 00:09:15.1 TB4 +24.0 U 00:09:20.20 TB4 +23.951 MSFC -
Heat Exchanger Bypass (555.1) (560.20)
Valve Control Enable
133b Signal Received in N/A N/A S-IVB 00:09:2G.201  TB&4 +23.95 MDAC 9
S-IVE for: Heat (560.201)
Exchanger Bypass
Valve Control Enable
134a Signal from LVDC for: 00:09:17.3 TB4 +26.2 U 00:09:22.42 TBé +26.171 MSFC -
TM Calibrate ON (557.3) (562.47)
134t Signal Received in N/A N/A S-1VB 00:09:22.427  TB4 +26.17 MDAC 9
S-1VB for: T™M (562.417)
Calibrate CN
135a Sigual from LVDC Zor: 00:09:18.3 TB4 +27.2 It 00:09:23.42 TB4 +27.172 MSFC -
™ Calibrate OF¥ (558.3) (5€3.42)
135b Signal Received in N/A N/A S-1VB 00:09:23.417  TB4 +27.17 MDAC 9
S-IVB for: T™M (563.417)
Calibrate OFF
136 Chi Tilde Guidance 00:10:13.4 C.0.-35.0 N/A 00:10:31.42 N/A MSFC -
Mode Initiation (613.4) (631.42)
137a Signal from LVDC for: 00:10:39.4 C.0 -9.0 U 00:i0:56.75 C.0.~7.898 MSFC -
Engine Pump Purge (639.4) (656.75)
Control Valve Enable
ON
137b Signal Received in N/A N/A S-1IVB 00:10:56.750 TB4 +120.50 MDAC 9
$-IVB for: Engine (656.750)
Pump Pu:ge Control
Valve Enable ON
138 Chi Freeze 00:10:40.4 C.0.-8.0 N/A 00:10:57.8 N/A MSFC -
(640.4) (657.8)
139a Signal from LVDC for: N/A U 00:11:04.65 TB4 +128.399 MSFC -

banld

$-IVB Engine Cutoff

(6€4.65)
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AS-504 D POST FLIGHI SEQUENCE OF EVE}TS

M
TIME FROM
ITRM LVENT st Luoromacyy | rAvGe zEro | TR TR® | pary | accuracy
NO. (hriminteec) (sec) AT (hr:min:sec) (sec) SOURCE (ms)
(sec) (sec)

139b Signal Received in N/A N/A S-IVB 00:11:04.649 TB4 +128.40 MDAC 9
§-1VB for: S-IVB (664.649)
Engine Cutoff

140 Time Base 5 00:10:48.551 TB5 +0.0 b2l 00 11:04.87 TBS +0.000 MSFC -
LVDC Initiates TBS (648.551) (664.87;
Following Velocity
Cutoff Signal

l4la Signal from LVDC for: 00:10:48.6 TBS +0.1 1] 00:11:04.9¢ TB5 +0.086 MSFC -
S~IVB Engine Cutoff (648.6) (664.96)

141b Signal Received in N/A N/A S-IVB 00:11:04.95¢ TB5 +0.09 MDAC 9
§-IVB for: S-1IVB (664.958)
Engine Cutoff

142a Signal from LVDC for: 00:10:48.7 TB5 +0.2 w 00:11:05.05 TB5 +0.178 MSFC -~
Polnt Level Sensor (648.7) (665.05)
Disaraing

142b Signal Received in N/A N/A S-IVB 00:11:05.059 TB5 +0.19 MDAC 9
S-IVB for: Point (665.659)
Level Sensor Dis-
arming

143a Signal from LVDC for: 00:10:48.8 TB5 +0.3 uij 00:11:05.15 TB5 +0.272 MSFC -
S-IVB Ullage Engine (648.8) (665.15)
No. 1 ON

143b Signa (eceived in N/A N/A S-IVB 00:11:05.149 TB5 +0.28 MDAC 9
S-IVB for: S-IVB (665.149)
Ullage Engine No. 1
ON

1448 Sigral from LVDC for: 00:10:48.9 TB5 +0.4 v 00:11:05.27 TB5 +0.394 MSFC -
§~IV' Ullage Engine (648.9) (665.27)
No. . ON

144b Signal Received in N/A N/A e o 00:11:05.266 TB5 +0.39 MDAC 9
S-1IVB for: S-IVB (665.266)
Ullage Engine No. 2
ON

145 Signal from LVDC for: 00:10:49.1 TB5 +0.6 v 00:11:05.44 TB5 +0.565 MSFC -
S-IVB Ullage Thrust (649.1) (665.44)
Present Indication ON

146a Signal from LVDC for: 00:10:49.3 TB5 +0.8 biif 00:11:05.63 TB5 +0.752 MSFC -
First Burn Relay (SF (649.3) (665.63)

146b Signal Received in N/A N/A S-1VB 00:11:05.624 TBS +0.75 MDAC 9
S-IVB for: First (665.624)
Burn Relay OFF

147a Signal from LVDC for: 00:10:49,7 TBS +1.2 huij 00:11:00.04 TB5 +1.168 MSFC -
LOX Tenk Flight Pree- (649.7) (660.04)
sura System OFF

1470 Signal Received in N/A N/A S-1VB 00:11:06.040 TB5 +1.17 MDAC 9
8~IVB for: LOX Tank (666.040)
Flight Pressure OFF

148a Signal from LVDC for: 00:10:49.9 TBS +1.4 I 00:11:06.23 TB5 +1.351 MSFC -
LOX Tank Pressuriza- (649.9) 7666.23)

tion Shutoff Valve
Close

L
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME
TIME FROM TIME FROM .
TTEM RANGE zERQ | TTME FROM | SIGNAL | pange zEro | TTE FROM | para | accuracy
EVENT BASE MONIVORED BASE ’
(hr:min:sec) . (hr:min:sec) SOURCE {ms)
N (sec) AT (sec)
(sec) (sec)

148b Signal Received in N/A N/A S-1Ivh 00:11:06.223 TB5 +1.35 MDAC 9
§-IVB for: LOX Tank (666.223)
Pressurization Shutoff
Valves Clnse

1493 Signal from LVDC tor: 00:12:50.1 TBS5 +1.6 v 00:11:06.44  TB5 +1.562 MSFC ~
Engine Pump Purge (650.1) (666.44)
Control Valve Enable
ON

149> Signal Rece’ved in N/A N/A 5-1VB 00:11:06.440 TB5 +1.57 MDAC 9
S-IVB for: Engine (666.440)
Pump Purge Control
Valve Enable ON

150a Signal from LVDC for: 00:10:50.3 TB5 +1.8 |8 00:11:06.64 TB5 +1.769 MSFC -
PU Programmed Mixture (650.3) (666.64)
Ratio OFF

150b Signal Received in N/A N/A S-1V3 00:11:06.640 TBS +1.77 MDAC 9
S-1IVB for: PU (666.040)
Programmed Mixture
Ratio OFF

151la Signal from LVDC for: 00:10:50.5 TBS +2.0 IU 00:11:06.83 TBS +1.951 MSFC -
PU Fuel Boiloff Bias (650.5) (666.83)
Cutoff ON

151b Signal Received in N/A N/a S-1VB 00:11:06.823 TB5 +1.95 MDAC 9
S-1IVB for: PU Fuel (666.823)
Boiloff Bias Cutoff
ON

152 Signal from LVDC for: 00:10:52.0 TBS +3.5 U 00:11:08.35  TB5 +3.474 MSFC -
Flight Control Com-~ (652.0) (668.35)
puter S-IVB Burn
Mode OFF "A"

153 Signal from LVDC for: 00:10:52.2 TBS +3.7 IU 00:11:08.53 TBS +3.651 MSFC -
Flight Control Com- (652.2) (668.53)
puter S-IVB Burn Mode
OFF IIBII

154a Signal from LVDC for: 00:10:52.6  TB5 +4.1 U 00:11:08.95 TB5 +4.074 MSFC -
Aux. Hydraulic Pump (652.6) (668.95)
Flight Mode OFF

154b Signal Received in N/& N/A S-1VB 00:11:08.948 TBS +4.08 MDAC 9
S~IVE for: Aux. (668.948)
ti"iraulic Pump
F. ight Mode OFF

155 Signal from LVDC 00:10:52.7  TBS +4.? I 00:11:09.05  TES +-..170 MSFC -
Telemetry Calibrator (652.7) (669.05)
Inflight Calibrate ON

156a Signal from LVDC for: 00:10:53.1  TB5 +4.6 U 00:11:09.43  TB5 +4.552 MSFC --
T Calibrate ON (653.1) (669.43)

156b Signal Received in N/A N/A 5-1VB 00:11:09.423 TB5 +4.35 MDAC 9
S-IVB for: TM Cali~ (669.423)
brate ON

157 Signal from LVDC for: 00:10:53.5 ThS +5.0 v 00:11:09.84  TB5 +4.969 MSFC -
SC Control of Saturn (653.5) (669.84)

Enable
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A8-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME v
TIME FROM TIME FROM
ITEM EVENT RANGE zERO | TEIF FROM MonorarEn | RANGE ZERO e ™ | oA |Accuracy
NO. (hr:zin:sec) (sec) AT (hr:mintsec) (sec) SOURCE (ms)
(sec) (sec)
158a Signal from LVDC for: 00:10:54.1 ™B5 +5.6 bei) 00:11:10.44  TB5 +5,558 MSFC -~
™ Calibrate OFF (654.1) (670.44)
158b Signal Received 1in N/A 1.4 S-1VB 00:11:10.432 TB5 +5.57 MDAC 9
S-IVB for: TM (670.432)
Calibrate OFF
159 Signal from LVDC for: 00:10:57.7 TB5 +9.2 i 00:11:14.03  TBS +9,152 MSFC -
Telemetry Calibration (657.7) (674.03)
Inflight Calibrate OFF
160 Maneuver to Local 0U:11:08.5 TBS +20.0 N/A 00:11:25.0 TBS +20.2 MSFC -
Horizontal and Hold (668.5) (585.0)
16la Sig.aal from LVDC for: 00:11:47.5 TBS +59.0 Iu 00:12:03.83 TB5 +58.952 MSFC -
LH2 Tank Continuous (707.5) (723.83)
Vent Orifice Shutoff
Valve Open ON
161b Signal Received in N/A N/A S-"YB 00:12:03.831 TBS +58.96 MDAC 9
S-IVB for: LH2 Tank (723.831)
Continuocus Vent
Orifice Shutoff Valve
Open ON
162a Signal from LVDC for: 00:11:47.6 TB5 +59.1 U 00:12:03.96 TBS +59.078 MSFC -
LH2 Tank Centinuous (707.6) (723.96)
Vent Relief Override
Shutoff Valve Open ON
162a Signia) received in N/A N/A S-1VB 00.12:03.955 TB5 +59.08 MDAC 9
S-IVB for: LH2 Tank (723.95%)
Continuous Vent Relief
Override Shutoff Valve
Open ON
163a Signal from LVDC for: 00:11:49.5 TB5 +61.0 U 00:12:05.85 TBS5 +60.973 MSFC -
LH2 Tank Continucus (709.5) (725.85)
Vent Orifice Shuteff
Valve Open OFF
163b Signal Received in N/A N/A S-1VB 00:12:05.847 TB5 +60.97 MDAC 9
S-1V3 fer: LH2 Tank (725.847)
Continuous Vent Orifice
Shutoff Valve Open OFF
164a Signal from LVDC for: 00:11:49.6 TB5 +61.1 U 00:12:05.95 7TB5 +61.071 MSFC -
LHZ Tank Continuous (709.6) (725.95)
Vent Relief Override
Shutoff Valve Open
OFF
164b Signal Received in N/A N/A S-IVB 00:12:05.947 TBS5 +61.07 MDAC 9
8-1VB rfor: LH2 Tank (725.947)
Continuous Vent Relief
Override Shitoff Valve
Open OFF
165a Signal from LVDC for: 00:12:15.5 TB5 +87.0 U 00:12:31,83 TB5 +86.953 MSFC -
8-1VB Ullage Engine (735.5) (751.83)
No. 1 OFF
165b Signal Received in N/A N/A S~IVB 00:12:31,826 TB5 +86.95 MDAC 9

§=1VB ;or: 8-IVB
Ullage Engine No. 1
orn

(751.626)
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME !
TIME FROM TIME FROM
ITEM RANGE zgRo | TIME FROM | SIGNAL | pyncp gppo | TTME FROM | pyra | accuracy
EVENT BASE MONITORED BASE
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec) SOURCE (ms)
(sec) (sec) l

166a Signal from LVDC for: 00:12:15.6 TBS +87.1 Iy 00:12:31.96 TBS +87.081 MSKC -
S-IVB Ullage Engine (735.6) (751.96)
No., 2 OFF

166b Signal Received in N/A N/A S-1VB 00:12:31.958  TBS5 +87.09 MDAC 9
S-IVB for: S-IVB (751.958)
Ullage Engine No. 2
OFF

167 Signal from LVDC for: 00:12:15.7 TBS +87.2 U 00:12:32.05 TB5 +87.175 MSFC --
S-IVB Ullage Thrust (735.7) (752.05)
Present Indication
OFF

168a Signal from LVDC for: 00:15:48.5 TB5 +300.0 U -- TBS + MSFC -
PU Inverter and DC (948.5)
Power OFF

168b Signal Received in N/A N/A S~-IVB 00:16:04.822 TB5 +299.95 MDAC 9
S-1VB for: PU (964.822)
Inverter and DC
rower OFF

169a Signal irom LVDC for: 00:20:51.1 TB5 4+602.6 U 00:21:07.42 TBS5 +602.55 - --
Engine Pump Purge (1,251.1) (1,267.42)
Control Valve Enable
OFr

169b Signal Received in N/A N/A S-IVB 00:21:07.419 TB5 +602.55 MDAC 9
S-1VB for: Engine (1,267.419)
Pump Purge Control
Valve Euab! OFF

170 Signal from LVDC tor: N/A N/A 17 00:38:06.23 TB5+1621.369 MSFC --
Telemetry Calibrate (2,286.23)
Inflight Calibrate ON

171a Signal from LVDC for: N/A N/A Iy 00:38:06.43 TB5+1621.570 MSFC --
TM Calibrate ON (2,286.43)

171b Signal Received in N/A N/A S-1VB 00:3¢:6.436 185 +1621.57 MDAC 9
S-IVB for: TM Cali- (2,2¢2.436)
brate ON

172a Signal from LVDC for: N/A N/ U 00:38:07.43 TB5+1622.570 MSFC -
TM Calibrate OFF (2,287.43)

172b Signal Received in N/A N/A S-1IVB 00:38:07.437 TBS +1622.57 MDAC 9
S-TVB for: TM Cali- (2,287.437)
brate OFF

173  Signal from LVDC for: N/A N/A i N0:38:11.23 TB5+1626.370 MSFC -
Telemetry Calibrate (2,291.23)
Inflight Calibrate OFF

174  Signal f.om LVDC for: N/A N/A IU 00:53:18.15 TB5+2533.290 MSFC -
Telemetry Calibrate (3,198.15)
Inflight Calibrate ON

175a Signal from LVDC for: N/A N/A U 00:53:18.35 TB5+2533.490 MSFC -
TM Calibrate ON (3,198.35)

175b Signal Received in N/A N/A S-IVB 00:53.18.348 TB5 +2533.48 MDAC 9

S-IVB for:
brate ON

™ Cali-

(3,198.348)




@

TABLE 4-1 (Sheet 15 of 47)

AS-504 D POST FLIGHT SEJUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM TiME FROM
ey RANGE ZERO | TIME FROM | SIGNAL | pyoyep zgro | TTME FROM | pyra | accuracy
EVENT BASE MONITORED BASE
(hr:mir.:sec) (sac) AT (hr:min:sec) (sec) SOURCE (ms)
(eec) (sec)

176a Signal from LVDC for: N/A N/A 10 00:53:19.35 TB5+2534.491 MSFC -
™ Calibrate OFF (3,199.35)

176> Signal Received in N/A N/A S-1VB 00:53:19.356 IB5 +2534.49 MDAC 9
8-IVB for: TM Cali- (3,199.356)
brate OFF

177 Signal from LVDC for: N/A N/A 1y 00:53:23.14 TBS5+2538,289 MSFC -
Telametry Calibrate (3,203.14)
Inflight Calibrate OFF

178e Signal from LVDC for: 00:54:08.5 TB5+2600.0 o)) 00:54:2%.81 TB5+2599.952 MSFC -
Auxiliary Hydraulic (3,248.5) (3,264.81)
Pump Flight Mode ON

178b Signal Received in N/A N/A sS-IVa 00:54:24.808 TB5 +2599.94 MDAC 9
S-IVB for: Auxiliery (3,264.808)
Hydraulic Pump Flight
Mode ON

179a Signal from LVDC for: 00::4:56.5 TB5+2648.0 ) 00:55:12.81 TB3542547.952 MSFC -
Auxiliary Rydraulic (3,296.5) (3.312.81)
Pump Flight Mode OFF

179b Signal Received in YA N/A S~IVB 01:55:12.807 TBS - 2647.94 MDAC 9
S-IVB for: ‘uxiliary (3,312.807)
Hydraulic Pump Flight
Mode OFF )

180 Signal from LVDC for: N/A N/A paij 01:25.26.13 TB5+4701.284 MSFC -~
Telemetry Calibrate (5,366.13)
Inflight Calibrate ON

18la Signal from LVDC for: N/A N/A L 01:29:26.33 TB5+4701.485 MSFC -
T Calibrate ON (5,366.33)

181b Signal Received in N/A N/A S~1IVB 01:29:26,334 TES +4701.46 MDAC 9
$~IVB for: TM Cali- (5,366.334)
brate ON

182a Signal from LVIC for: N/A N/A v 01:29:27.33 TB5+4702,484 MSFC -
™ Calibrate OFF (5,367.33)

182b Signal Received in N/A N/A S~IVB 01:29:27.333 TB5 +4702.46 MDAC 9
S§-IVB for: TM Cali- (5,367.333)
brate OFF

183 Signal from LVDC for: N/A N/A &) 01:29:31.13 TB5+4706.286 MSFC -
Telemetry Calibrate (5,371.13)
Inflight Calibrate OFF

1842 Signal from LVDC for: 01:40:48.5 TB5+5400.0 i) 01:41:04.80 TB5+5399.949 MSFC -
Auxiliary Hydraullc (6,048.5) (6,064.80)
Pump Flight Mode ON

184b Signal Received in N/A N/A §-1IVB 01:41:04.7¢. TB5 +5399.93 MDAC 9
8-1VB for: Auxiliary (6,064.795)
Hydraulic Pump Flight
Mode ON

185a 8ignal from LVDC for: 01:41:36.5 TB5+544F .0 il 01:41:52.80 TB5+5447.952 MSFC -

Auxilisry Hydraulic
Pump Flight Mode OFF

(6,096.3)

(6,112.80)

4=19
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM TIME FROM
ITEM RANGE ZERO | TUE FROM ) SIGNAL ) pynce zpro | TTME FROM | pata | accuracy
EVENT BASE MONITORED BASE
NO. (hr:min:sec) (hr:min:sec) SOURCE (ms)
(sec) AT (sec)
(sec) (3ec)

185b Signal Receiv: 1 in N/A N/A S-1VB 01:41:52.794 TBS +5447.93 MDAC 9
>~IVB for: ..uxiliary (6,112.794)
lydraulic Pump Flight
Mode OFF

186  Signal from LVDC for: N/A N/A IU 02:10:22.18 TB5+7157.349 MSFC ~-
Telemetry Calibrate (7,822.18)
Inflight Calibrate ON

187a Signal from LVDC for: N/A N/A 1U 02:10:22,38 TB5+7157.550 MSFC ~--
TM Celibrate ON (7,822.28)

187b Signal Received in N/A N/A S-1VB 02:10:22.384 TB5 +7157.51 MDAC 9
S§~1VB for: TM Cali~- (7,822.384)
brate ON

188a Signal from LVDC for: N/A N/A 1V 02:10:23.38 TB5+7158.550 MSFC -
TM Calibrate OFF (7,823.38)

188b BS5ignal Received in N/A N/A S-IVB 02:10:23.384 TB5 +7158.51 MDAC 9
S-IVB for: TM Cali- (7,823.384)
brate CFF

189 Signal from LVDC for: N/A i/A 1U 02:10:27.18 TB5+7162.350 MSFC -
Telemetry Calibrate (7,827.18)
Inflight Calibrate OFF

190 Signal from LVIC for: N/a N/A U 02:26:30.13 TB5+8125.299 MSFC -
Telemetcy Calibra.e (8,790.13)
Inflight Calibrate ON

191a Signal from LVDC for: N/A N/A IU 02.26:30,33 TB5+8125.499 MSFC -—
T Calibrate ON (8,790.33)

191b Signal Received in N/A N/A S-TVB 02:26:30,332 TBD> <1R125.46 MDAC 9
S-IVB for: TM Cali- (8,790.332)
brate ON

177a Signal from LVDC for: N/A N/A U 02:26:31.33 TB5+8126.500 MSFC -
TM Calibrate OFF (8,791.33)

192b Signal Received in N/A N/A S-IVB 02:26:31.332 TBS +8126.46 MDA~ °
S-IVB for: TM Cali~ (8,791.332)
brate OFF

13 Signal from LVDC for. N/A N/A U 02:26:35.13 TB5+8130.299 MS¥" -
Telemetry Calibrate (8,795.13)
inflight Calibrate OFF

1 % Signal from LVDC for: N/A N/A jei) 02:26:35.61 N/A MSFC -
EDS Cutoff No. 1 Disable (8,795.61}

195 Signal from LVDC for: 02:39:08.5 TB5+8900.0 U 02:39:24.79 TB5+8899,952 MSrC -
IU Command System (9,548.5) (9,564.79)
Enabje

196 CSM Separation 02:45:00 N/A -- 02:07:56 N/A MSFC -

(9780) (9,676.0)

197 Signal from LVDC for: N/A N/A IU 02:51:38.13 TB5+9653.311 MSFC --
Telemetry Calibrate (10,318.13)
Inflight Calibrate ON

‘98a :1is.al from LVDC for: N/A N/A 1U 02:51:58.33 TB5+9623.512 MSF. —--
.M Calibrate ON (10,318,33)

4-20




TABLE 4-1 (Shest 17 of 47)
AS5-504 D POST FLICHT SEQUENCE OF EVENTS

PR.DICTED TIME MONITORED TIME v
|
TIME FROM | ) TIME FROX | .
ITEM EVENT RANGE zERO | TToR FROF | BISTAL | mawce e | TEIR FEOM | pata | accuracy
NO. (hr:min:sec) (sec) AT ‘hr:min:cec) T..c) SOURCE (ms)
(eec) ! (sec) '
s
198b 8Signal Receivad in N/A N/A S=IVE  02:51:58.331 TBS5 +9653.46 MDaC 9
S-IVB for: 1TM Cali- (10,318.331)
brate 0N
199a Signal from LVDC for: N/A N/A i} 02:51:59.34 TB5 +9654.516 MSFC -
T™ Calibrate OFF (10,319.34)
199b Signal Rece:vec in N/A N/A S-IVB  02:51:59.339 TBS +9654.47 MDAC 9
§~1VB for: TM Cali- (10,319.239)
brate OFF
200 Signal from LVDC for: N/A N/A IU 02:52:03.13 TB5 +9658.310 MSFC -
Telemetry Calibrate (10,323.13)
Inflight Calibrate OFF
201  CSM Dcecking 03:00:00 N/A - 03:02:08 N/A MSFC -
(10,800) (10,928)
202 Signal frca LYDC for: N/a N/A v 03:62-38. "4 TB310293.323 MSFC -
Teleme'ry Calibrate (1¢  :.14)
Inflight Calitrate ON
203a Sigaal from LVDC for: N/A N/A U 03:72.3G.34 IBE5+10293.523 MSFC --
T Calibrate ON (10,953.3¢)
203b JSignal Received in N/A N/A S-1VB .8.343 TBS5 +10293.47 MDAC 9
S-IVB for: 1M Cali- (10,958.343)
brate "N
20+a Signal from LVDC foi: N/A N/A Iy 03:02:39.34 TBE+10294.524 MSFL -
TM Calibrate OFF (10,959.34)
204b Signal Received in N/A N/A S-IVB  03:02:39.342 TBS5 +10294.47 MDAC 9
S-IVB for: TM Culi- (10,959.1342)
brate OFF
205 Signal from LVDC for:. N/A N/A I 03:02:43.14 TB5+102%0.324 MSFC -
Telemetry Calibra.e (10,943.14)
Inflight Calibrate OFF
206a Signal from LVDC for: 03:05:48.5 TR5+10500.0 v 02 A:04.76 TB5+104499.951 MS¥C -
Auxiliary Hyaraulic (1.,148.5) (11,104.76)
Pump Fliglit Mode ON
206b Signal Received in N/A N/A S~-IVB 02:06:04,770 TB5 +10499.997 MDAC 9
§-IVB for: Auxiliary (11,1€4.770)
Hydraulic Pump Flight
Mode ON
207a Signal from LVDC foc: 03:13:48.5 IB5+109R0.0 v (3:14:04.77 TB5+10979.950 MSFC -
Auxiiiary Hydraulic (11,628.%) 11,644.77)
Pump Flight Mo”e OFF
207b 8igral Received in N/i. N/A c-fVB  03:14:04.762 TBS +10979.%9 MDAC 9
8-IVE for: Auxiliary 11,G44.762)
Hydrauiic Pump Flight
Mode OFF
208 Signal from LVDC for: N/A N/A v -= TD5+ MSFC -
Telemet.y Calibrate
Inflight Calibrate ON
2(9a Signal :ixom LVDC for: N/A N/A i) -= TB5+ MSFC -

™ Calibrate ON

4-21
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIM:

MONITORED TIME

S-IVB for:
brate OFF

™ Cali-

(15,871.282)

TIME FROM TIME FROM
ITEM RANGE ZERO | TLNE FROM | SIGNAL | pyecr zEro | TTME FROM | fira {accuracy
EVENT BASE MONITORED BASE
NO. (hr:min:sec) (hr:min:sec) SOURCE (ms)
i (sec) AT N (sec)
(sec) {sec)
L
209b Signal Received in N/A N/A S-I1VB  03:29:18.338 TBS +11893.47 MDAC 9
S~IVB for: TM Cali-~ (12,558.338)
brate ON
210a Sigral from LVDC for: N/A N/A 1 -- TBS + MSFC -
T™ Calibrate OFT
<10b Signal Received in N/A N/A S-IVBE  02:29-19.338 TB5 +11894.47 MDAC 9
S-1IVB for: T¥ Cali- {12,,59.338)
brate OFF
211 Signal from LVDC for: N/A N/A v -~ TBS + MSFC -
Telemetry Calibrate
Inflight Calibrate OFF
Zi2a Signal from LVDC for: 03:40:48.5 TB5+12600.0 iv -~ TB5 + MSFC -
PU Iaverter and DC (13,248.5)
Power ON
212b Signal Received in N/A N/A S-1VB -- TBS + MDAC 9
S-1VB for: PU
Inverter and DC
Tower ON
213 Signal from LVDC for: N/A N/A 1t 03:59:34.09 TB5+13709.293 MSFC -
Telemetry Calibrate {14,374.09)
Inflight Calibrate CN
2l4a Signal from LVDC for: MA N/A U 03:59:34.29 TB5+12709.493 MSFC -
T™ Calibrate ON (14,374.29)
214b Signal Received in N/A N/A S-IVB  03:59:34.295 TB5 +13709.50 MDAC 9
S-IVB for: TM Cali- (14,374.295)
trate ON
215a Signal from LVDC for: N/A N/A til 03:59:35 30 TB5+13710.503 MSFC -
T™ Calibrate OFF (4,375.30)
2150 signal Received in N/A N/A S-IVB  03:59:35.295 TBS +13710.50 MDAC 9
S~IVB for: TM Cali- (14,375.295)
brate OFF
216 Signal from LVDC for: N/A N/A v 03:59:39.09 TB5+13714.292 MSFC -
Telemetry Calibrate (14,379.09)
Inflight Calibrate OFF
217 SC/LV Final Separation 04:09:00 N/A - 04:08:05 N/A MSTC ~--
(14,940) (14,88%)
218 Signal from LVDC for: N/A N/A U 04:24:30.07 TB5+15205.283 MSFC 9
Telemetry Calibrate (15,870.07)
Inflight Caiibrate ON
219a Signal from LVDC for: N/A N/A IU 04:24:30.27 TB5+15205.483 MSFC 9
T™ Calibrate ON 12,870.27)
219b Signal Received in N/A N/A S-IVB  04:24:30.273 TB5 +15205.40 MDAC -
S-1VB for: 1M Cali- (15,870.273)
brate ON
220a Signal from LVDC for: N/A N/A 1U 04:24:31.28 TB5+15206.492 MSFC 9
TM Calibrate OFF (15,871.28)
220b Signal Received in N/A N/A S-IVB  04:24:31.282 TBS +15206.41 MDAC -
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AS-504 D POST FLIGHT SEQUENCER OF EVENTS

PREDICTED TIME

TIME FROM

MONITORED TIME

TIME FROM

TR EST BANGE zERo | TOIR TR | BKERAL | maver zemo | THEE PR | pata |accuracy
NO. (br:min:sec) (sec) AT (hr.min:sec) (sac) SOURCE (ms)
(sec) (sac) ‘

221 Sigual from LVDC for: N/A N/A I 04:24:35.07 TBS +15210.20 MSFC 9
Teleetry Calibrate (15,875.07)
Inflight Calibrate OFF

222 Signasl frox LVDC for: u/A N/A h¢i] 06:34:11 N/A MSFC -
S$-IVB Restart Enable (16,451)

223 Signal from LVDC for: N/A N/A w -~ TB5 + MSFC 9
‘‘elenetry Calibrate
Inllight Calibrate ON

224a Signal from LVDC for: N/A N/A v -- TBS + MSFC 9
™ Calibrate ON

224b Signal Received ia N/A N/A S=-IVB  04:36:14.369 TBS +15909.49 MDAC -
S-1IVB for: T Cali- (16,574.360)
brate ON

225a Signal from LVLC for: N/A N/A 10 04:36:15.38 TB5+15910.594 MSFC 9
T™ Calibrate OFF (16,575.38)

225b Signal Received in N/A N/A S-IVR  04:36:15.376 TBS +15910.51 MDAC -—-
S-1VB for: T™ Cali- (16,575.376)
brate OFF

226  Signal from LVDC for N/A N/A 10 -- TBS + MSFC 9
Telemetry Calibrate
Inflight Calibrate OFF

227 Time Base 6 04:36:09.261 TB6 +0.0 - 04:36:17.24 TB6 +0.000 MSFC -
Begin Restart (16,569.261) (16,577.24)
Preparations

228 Signal from LVDC for: 04:36:09.5 TB6 +0.2 Iy - TB6 + MSFC -
SC Control of Saturn (16,569.5)
Dischble

229 Signal from LVDC for: 04+36:09.7 TB6 +0.4 i} 44:36:17.59 TB6 +0.353 MSFC -
EDS Cutoff Wo. 1 (16,569.7) (16,577.59)
Disable

230a Signal from LVDC for: 04:36:09.9 TB5 +0.6 o] 04:36:17.81 TB6é +0.566 MSFC -
EDS Cutoff NO. 2 (16,569.9) (16,577.81)
Disable

230b 3ignal Received in N/A N/& 3-IVB  04:36:17.810 TB6 +0.57 MDAC 9
S-IVB for: EDS (16,577.810)
Cutoff KNo. 2 Disable

231 Signal from LVDC for: 04:36:10.3 TBé +1.0 U 04:36:18.19 TB6 +0.951 MSFC -
Telemetry Calibration (16,570.3) (16,578.19)
Inflight Calibrate ON

232a Signal from LVDC for: 04:36:10.5 TB6 +1.2 U 04:36:18,40 TB6 +1.164 MSFC -
TM Calibrate ON (16,570.5) (16,578.40,

232b Signal Received in N/A N/A S-IVB  04:36:18.409 TB6 +1.74 MDAC 9
S-1VB for: TM Cali- (16,578.409)
brate ON

233a Signal from LVDC for: 04:36:11.5 TB6 +2.2 v 04:36:19.41 TB6 +2.165 MSFC -
™ Calibrate OFF (16,571.5) (16,579.41)

233b Signal Receivad in N/A N/A S-IVB  04:36:19.409 TB6 +2.17 MDAC 9

§~1IVB for:
brate OFF

™ Cali-

(16,579.409)
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AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME
TIME FROM TIME FROM .
1TEM RANGE zgRo | TUME FROM | SIGNAL | pyncp zpro | THME FROM | parp | accuracy
EVENT BASE MONITORED BASE
NO. (hr:min:sec) (hr:min:sec) SOURCE (ms)
(sec) AT (sec)
(sec) (sec)

234  Signal from LVDC for: 04:36:15.3 TB6 +6.0 U 04:36:23.19 TB6 +5.953 MSFC -
Telemetry Calibration (16,575.3) (16,583.19)
Inflight Calibrate OFF

235a Signal from LVDL for: 04:36:19.3 TB6 +10.0 U 06:36:27.19 TB6 +9.952 MSFC -
S-1VB Engine Citoff (16,579.3) (16,587.19)
OFl

235b Signal Received in N/A N/A S-1VB 04:36:27.190 T86 +9.95 MDAC 9
S-1IVB for: 3-IVB (16,587.190)
Engine Cutoff OFF

236a Signal fron LVDC for: 04:36:45.6 TB6 +36.3 It 04:36:53.52 TB6 +36.275 MSFC -
LH2 Tank Vent and (16,605.6) (16,673.52)
Latching Relief Valve
Boost Cicse ON

236b Signal Feceived in N/A N/A S-IVB 04:36:53.519  TB6 +36.28 MDAC 9
S-IVB for: LH2 Tank (16,613.519)
Vent and Latching
Relief Valve Boost
Close ON

237a Sigrzl from LVDC for: 04:36:45.8 TB6 +36.5 Iu 04:36:53.69 TB6 +36.451 MSFC -
LOX Tank Vent and NFV {16,605.8) (16,613.69)
Valves Boost Close ON

237b Signal Received in N/A N/A S-1VB 04:36:53.714  TBe6 +36.47 MDAC 9
S-IVB for: LOX Tank (16,613.71
Vent and NPV Valves
Boost Close ON

238a Signal from LVDC for: 04:36:47.6 TB6 +38.3 Iy 04:36:55.5 TB6 +38.26 MSFC -
LH2 Tank Vent and (16,607.6) (16,615.50)
Latching Relief Valve
Boost Close OFF

238b fignal Received in N/A N/A $-IVi 04:36:55.502 TB6 +38.262 MDAC 9
C-1IVB for: LH2 Tank (16,615.502)
Vent and Latching
Relief Valve Boost
Close OFF

239a Signal from LVDC for: 04:36:47.8 TB6 +38.5 1y 04:36:55.69  TB6 +38.45 MSFC -
LY9X Tank Vent NPV (16,607.8) (16,615.69)
Valves Boost Close OFF

239b Signal Received in N/A N/A S-1VB 04:36:55.694 TB6 +38.45 MDAC 9
$~IVB for: LOX Tank (16,615.694)
Vent and NPV Valves
Boost Close OFF

240a Signal from LVDC for: 04:36:50.4 TB6 +41.1 1u 04:36:58.29 TB6 +41.052 MSFC -
Repressurization (16,610.4) (16,618.29)
System Mode Selector
OFF (AMB)

240b Signal Received in N/A N/A S- VB 04:36:58.293 TB6 +41.052 MDAC 9
S~-IVB for: Repres- (16,618.293)
surization System Mode
Select - OFF (AMB)

241a Signal from LVDC for: 04:36:50.6 TB6 +41.3 14 04:36:58.51 TB6 +41.272 MSFC ~-
Burner LH2 Propellant (16,610.6) (16,618.51)

Valve Open ON
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241b Signal received in N/A N/A S-IVB 04:36:58.518 TB6 +41.28 MDAC 9
S-1VB for: Burner (16,618.518)
LH2 Propellant Valve
Open ON

242a Signal from LVDC for: 04:36:50.9 TB6 +41.6 It 04:36:58.81 TB6 +41.570 MSFC -
Burner Exciters ON (16,610.9) (16,618.81)

242b Signal received in N/A N/A S~IVB 04:36:58.810 TB6 +41,570 MDAC 9
S-~IVB for: Burner (16,618.310)
Exciters ON

243a Signal from LVDC for: 04:36:51.3 TB6 +42.0 jLi) 04:36:59.20 TB6 +41.955 MSFC -
Burner LOX Shutdown (16,611.3) (16,319.20)
Valve Open ON

243b Signal received in N/A N/A S~IVB  04:36:59.201 TB6 +41.96 MDAC 9
S~IVB for: Burner (16,619.201)
LOX Shutdown Valve
Open ON

244a Signal from LVDC for: 04:36:51.5 TB6 +42.2 v 04:36:59,40 TBS +42.157 MSFC -
LH2 Tank Continuous (16,611.5) (16,619.40)
Vent Valve Close ON

244b Signal received in /A N/A S-IVB  04:36:59.409 TB6 +42.17 MDAC 9
S~IVB for: LH2 Tank (16,619.409)
Continuous Vent Valve
Close ON

245a Signal from LVDC for: 04:36:52.1 TB6 +42.8 IU 04:37:00,00 TB6 +42.759 MSFC
Burner LH2 Propellant (16,612.1) (16,620.00)
Valve Open OFF

245b Signal received in N/A N/A S-IVB  04:37:00.001 TB6 +42.76 MDAC 9
S-IVB for: Burner (16,620.001)
LH2 Propellant Valve
Open OFF

246a Signal from LVDC for: 04:36:52.8 TB6 +43.5 v 04:37:00.71 TB6 +43.473 MSFC -—
Burner LOX Shutdown (16,612.8) (16,620.71)
Vaive Open OFF

246b Signal received in N/A N/A S-IVB 04:37:00.718 TB6 +43.48 MDAC 9
S-1IVB for: Burner (16,620.718)
LOX Shutdown Valve
Open OFF

2474 Signal from LVDC for: 04:36:53.5 TB6 +44.2 Iv 04:37:01.39 TB6 +44%.153 MSFC -
LH2 Tank Continuous (16,613.5) (16,621.39)
Vent Valve Close OFF

247> 8ignal received in N/A N/A S-IVB  04:37:01.392 TB6 +44.15 MDAC 9
8~-IVB for: LH2 Tank (16,621.392)
Continuous Vent Valve .
Close OFF

248a Signal from LVDC for: 04336:54.5 TBO +45.2 1) 04:37:02.39 TB6 +45.153 MSFC -—
Second Burn Relay ON (16,614.5) (16,622,39)

248b 8ignal received in N/A N/A S-1VB 04:37:02.392 TB6 +45.15 MDAC 9
§=JVB for: Second (16,622.392)
Burn Relay ON

249a 8ignal from LVDC for: 04336:54.7 TB6 +45.4 i) 04:37:02.60 TBS +45.363 MSFC -
Buraer Exciters OFF (16,614.7) (16,622.60)
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24yb  Signal received in N/A N/A S-IVB 04:37:02.608 TB6 +45.37 MDAC 9
S-IVB for: Burner (16,622.608)
Cxciters OFF

250a Signal frux LVDC for: 04:36:57.3 TB6 +48.0 i 04:37:05.20 TB6 +47.958 MSFC -
Burner Automati. Cut- (16,617.3) (16,625.20)
off System Arm

250b Signal received in N/A N/A S~IVB 04:37:05.200 TB6 +47.96 MDAC B
S-IVB for: Burner (16 ~25.200)
Automatic Cutoff
System Arm

25la Signal from LVDC for: 04:36:57.4 TB6 +38.1 U 04:37:05.33 TB6 +48.089 MSFC -
LH2 Tank Repressuri- (16,617.4) (16.625.33)
zation Control Valve
Open ON

251b Signal received in N/A A/N S-IVB 04:37:05.333 TB6 +48.089 MDAC 9
§-IVB for: LH2 Tank (16,625.333)
Repressurization
Control Valve Open
ON

252a Signal from LVDC for: 04:36:57.6 TB6 +48.3 1u 04:37:05.50 TB6 +48.260 MSFC -
LOX Tark Repressuriza- (16,617.6) \16,625.50)
tion Coatrol Valve Open
ON

252b Signal received in N/A N/A S-IVB 04:37:05.500 TB6 +48.26 MDAC 9
€-1VB for: LOX Tank (16,625.500)
Repressurization
Control valve Open
ON

253a Signal from LVDC for: 046:39:48.3 TB6 +219.0 il 04:39:56.19 TB6 +218.952 MSFC -
Auxiliary Hydraulic (16,788.3) (16,796.19)
Pump Flight Mode ON

253b Signal received in N/A N/A S-IVB 04:39:56.193 1B6 +218.95 MDAC 9
S~IVB for: Auxili- (16,796.193)
ary Hydraulic Pump
Flight Mode ON

254a Signal from LVDC for: 04:40:08.3 TB6 +239.0 IU 04:49:16.20 TB6 +238.964 MSFC -
Chilldown Shutoff Valve (16,808.3) (16,816.20)
Close UFF

254b Signal Received in N/A N/A S-IVBE 04:40:16:206 TB6 +235.96 MDAC 9
S-IVB for: Chilldown (16,816.206)
Shutoff Valve Close
OFF

255a Signal from LVDC for: 04:40:18,.3 TB6 +249.0 U 04:40:26,18 TB6 +248.351 MSFC -
LOX Chilidown Pump ON (16,818.3) (16,826.18)

255b Signal received in N/A N/A S-1VB 04:40:26.187 TB6 +248.95 MDAC 9
S~IVB for: LOX (16,826.187)
Chilldown Pump ON

256a Signal from LVDC for: 04:40:23.3 TB6 +254.0 IU 04:40:31.19 36 +253.952 MSFC -
Fuel Chilldown Pump ON {16,823.3) (16,831.,19)

256b Signal received in N/A N/A S-1VB 04:40:31.1946 TB6 +253.95 MDAC 9

§-IVB for: Fuel
Chilldown Pump ON

(16,831.194)
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257a Signal from LVDC for: 04:40:28.3 TB6 +259.0 Iu 04:40:36.20 TB6 +258.960 MSFC -
Prevalves Closse ON (16,828.3) (16,836.20)

257b Signal received in N/A N/A S-IVB 04:40:36.202 TB6 +258.96 MDAC 9
S-1VB for: Prevalves (16,836.202)
Close ON

258 Signal from LVDC for: 04:42:49.3 TB6 +400.0 4] 04:42:57.20 TB6 +399.952 MSFC -
Telemetry Calibration (16,969.3) (16,977.20)
Inflight Calibrate ON

259a Signal from LVDC for: 04:42:49.5 186 +400.2 v 04:42:57.41 TB6 +400.163 MSFC -
TM Calibrate ON (16,969.5) (16,977.41)

259a Signal received in N/A N/A S-IVB 04:42:57.406 TB6 +400.163 ——- -
S§-IVB for: T™ (16,977.406)
Calibrat= ON

260a Signal frem LVDC for: 04:42:50.5 TB6 +401.2 IU 04:42:58.41 TB6 +401.161 MSFC -
T™ Calibrave OFF (16,970.5) (16,978.41)

260b Signal received in N/A N/A S-1VB 04:42:58.406 TB6 +401.16 --- -
S-IVB for: T™ (16,978.406)
Calibrate OFF

261  Signal from LVDC for: 04:42:54.3 TB6 +405.0 U 04:43:02.21 TB6 +404,962 MSFC -
Telemetry Calibration (16,974.3) (16,982.21)
Inflight Calibrate OFF

A}

262a Signal from LVDC for: 04:43:39.5 TB6 +450.2 il 04:43:47.40 TB6 +450.152 MSFC -
PU Mixture Ratio 4.5 (17,019.5) (17,027.40)
ON

262b Signal received in N/A N/A S-IVB 04:43:47.397 TB6 +450.15 MDAC 9
S-1VB for: PU Mix- (17,027.397)
ture Ratio 4.5 ON

263a Signal from LVDC for: 04:44:25.6 TB6 +496.3 IU 04:44:53,50 TB6 +496.252 MSFC -
S-IVB Ullage Engine No. 1 (17,065.6) (17,073.50)
ON

263b Signal received in N/A N/A $~1VB 04:44:33.495 TB6 +496.25 MDAC 9
S-1vV3 for: S-1VB (17,073.495)
Ullage Engine No. 1
ON

264a Signal from LVDC for: 04:44:25.7 TB6 +496.4 IU 04:44:53,.60 TB6 +496.351 MSFC -
S=1VB Ullage Engine (17,065.7) (17,073,60)
No. 2 ON

264b Signal received in N/A N/Aa S~IVB 04:44:33.595 TB6 +496.35 MDAC 9
8-1IVB for: S-IVB (17,073.595)
Ullage Engine No. 2
ON

265a 8ignal from LVDC for: 04:44:25.9 TB6 +496.6 hui} 04344:33,81 TB6 +496.561 MSFC -
10X Tank Repressuriza- (17,065.9) (17,073.81)

tion Control Valve
Open OFF
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265b Signal received in N/A N/A S-IVB 04:44:33.803 TB6 +496.56 MDAC 9
S-IVB for: LOX Tank (17,073.803)
Repressurication Control
Valve Open OFF
266a Signal from LVDC for: 04:44:26.0 TB6 +496.7 IU 04:44:33,93 TB6 +495.687 MSFC -
LH2 Tank Repressuriza- (17,065.0) (17.,073.53)
tion Control Valve Open
OFF
266b Signal received in N/A N/& S-1VB 04:44:33.928 TB6 +496.69 MDAC 9
S-1VB for: LH2 Tank (17,073.928)
Repressurization
Control Valve Open OFF
267a Signal from LVDC for: 04:44:26.1 TB6 +496.8 1 04:44:34.03 TB6 +496.783 MSFC -
Burner LHZ Propellant (17,066.1) (17,074.03)
Valve Close ON
267t Signal received in N/A N/A S-IVB 04:44:34.028 TB6 +496.78 MDAC 9
S~IVB fusr: Burner (17,074.028)
LH2 Propellant Valve
Close ON
268a Signal from LVDC for: 04:44:26.3 TB6 +497.0 U 04:464:34.20 TB6 +496.954 MSFC -
Burner Automatic Cut~ (17,066.3) (17,074.20)
off System Disarm
268b Signal received in N/A N/A S-IVB 04:44:34.,196 TB6 +496.95 MDAC 9
S-IVB for: Burner (17,074.196)
Automatic Cuteff
System Disarm
269a Signal from LVDC for: 04:44:26.5 TB6 +497.2 w 04:44:34.41 TB6 +497.164 MSFC -
LH2 Tank Continuous (17,066.5) (17,074,41)
Vent Valve Close ON
269b Signal received in N/A N/A S-IVB 04:44:34,403 TB6 +497.25 MDAC 9
S-IVB for: LH2 Tank (17,074.403)
Continuous Vent Valve
Close ON
270a Signal from LVDC for: 04:44:26.9 TB6 +497.6 1U 04:44:34.80 TB6 +497.553 MSFC -
Repressurization System (17,7066.9 (17,074.80)
Mode Selector ON (AMB)
270b Signal received in N/A N/A S-1VB 04:44:34,795 TB6 +497.55 MDAC 9
S-IVB for: Repressuri- (17,074.795)
zation system Mode
Selector ON (AMB)
27la Signal from LVDC for: 04:44:28.5 TB6 +499.2 U 0::44:36.40 TB6 +499.,158 MSFC -
LH2 Tank Continuous (17,068.5) (17,076.40)
Vent Valve Close OFF
271b Signal received in N/A N/A S-IVB 04:44:36.403 TB6 +439.16 MDAC 9
§~1VB tor: LH2 Tank (17,076.403)
Continuous Vent Valve
Close OFF
272a Signal from LVDC for: 04:44:29.1 TB6 +499.8 v 04:44:37.00 TB6 +499.752 MSFC -

Burner LH2 Propellant
Valve Close OFF

(17,0.9.1)

(17,077.00)
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272b Signal received in N/A N/A S-IVB 04:44:36.995 TB6 +499.75 MDAC 9
§-IVB for: Burner (17,076.995)
LE2 Propellant Valve
Close OFF
273a Signal from LVDC for: 04:44:29.3 TB6 +500.0 i 04:44:37.21 TB6 +499.967 MSFC -
LOX Tank Repressuri- (17,069.3) (17,077.21)
zation Control Valve
Open ON
273b Signal received in N/A N/ 5-1VB 04:44:37.212 TB6 +499.97 g
S-1VB for: LOX Tank (17,077.212)
Repressurization
Contrel Valve Open ON
274a Signal from LVDC for: 04:44:30.6 TR6 +501.3 Iy 04:44:38.50 TB6 +501.253 MSFC -
Burner LOX Shutdown (17,070.6) (17,078.50)
Valve Close ON
274b Signal received in N/A N/A S-IVB 04:44:38.494 TB6 +501.25 MTAC 9
S-IVB for: Surner (17,078.494)
LOX Shutdown Valve
Close ON
275a Signal from LVDC for: 04:44:33.6 TB6 +504.3 i) 04:44:41,50 TB6 +504.254 MSFC -
Burner LOX Shutdown (17,073.6) (17,081.50)
Valve Close OFF
275b Signal received in N/A N/A S-IVB 04:44:61.494 TB6 +504.25 MDAC 9
S-IVB for: Burner (17,081.494)
LOX Shutdown Valve
Close OFF
276a Signal from LVDC for: 04:44:99.3 TB6 +520.0 IV 04:44:57.21 TB6 +519.963 MSFC -
LH2 Tank Repressuri- (17,089.3) (17,097.21)
zation Control Valve
Open ON
276b Signal received in N/A N/A S-IVB 04:44:57.208 TB6 +519.96 MDAC 9
§-IVB for: LH2 Tank (17,097.208)
Repressurization
Control Valve Open
ON
277a Signal from LVDC for: 04:45:28.7 TB6 +559.4 v 04:45:36.59 TB6 +559.352 MSFC -
Prevalves Close OFF (17,128.7) (17,136.59)
277b Signal received in N/A N/A S-1VB 04:45:36.592 TB6 +559.35 MDAC 9
S-IVB for: Prevalves (17,136.592)
Close OFF
278a Signal from LVDC for: 04:45:37.9 TB6 +568.6 8] 04:45:45.82 TBS +568.574 MSFC -
Engine Ready Bypass (17,137.9) (17,145.82)
278b Signal received in N/A N/A S-1VB 04:45:45.815 TB6 +568.58 MDAC 9
§-IVB for: Engine (17,145.815)
Ready Bypass
279a Signal from LVOC fer: 04:45.38.7 TB6 +569.4 v 04:45:46.61 TB6 +569.366 MSFC
Fuel Chilléown Pump (17,138.7) (17,146.61)
OFF
279b 8ignal receivad in N/A N/A 8=-IVB 04:45:46.607 TB6 +569.37 MDAC 9

8-1IVB for: Fusl
Chilldown Pump Off

(17,146.607)
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280a Signal from LVDC for: 04:45:38.,9 TB6 +569.6 1U 064:45:46.82 TB6 +569.570 MSFC -
LOX Chilldown Pump OFF (17,138.9) (17,146.82)

280b Signal received in N/A N/A S-IVB 04:45:46.815 TB6 +569.57 MDAC 9
S§-1VB for: LOX Chill- (17,146.815)
down Pump OFF

28la Signal from LVDC for: 04:45:39,3 TB6 +570.0 i} 04:45:47.20 TB6 +569.95. SFC -
S-1VB Engine Start ON (17,139.3) (17,147.20)

281b Signal received in N/A N/A S-1IVB 04:45:47.199 TE6 +569.95 MDAC 9
S-1Vb for: S-IVB (17,147.199)
Engine Start ON

282a Signal from LVLC for: 04:45:42.3 TB6 +573.0 1U 04:45:50.20 TB6 +572.955 MSFC -
S-IVB Ullage Engine (17,142.3) (17,150.20)
No. 1 OFF

282b Signal received in N/A N/A S~1IVB 04:45:50.19 TB6 +572.96 MDAC 9
§-1VB for: S-IVB (17,150.198)
Ullage Engine No. 1
OFF

283a Signal from LVDC for: 04:45:42.4 TB6 +573.1 IU 04:45:50.30 TB6 +573.053 MSKC )
S-IVB Ullage Engine (17,142.4) (17,150.30)
No. 2 OFF

283b Signal received in N/A N/A S~IVR 04:45:50.298 TB6 +573.05 MLAC 9
S-1VHE for: S-IVB (17,150.298)
Ullage Engine No. 2
OFF *

284a Signal from LVDC for: 04:45:46.3 TBe +577.0 U 04145:54.22 TB6 +576.98 MSFC -
Flight Control Computer (17,146.3) (17,154.22)
Switch Point No. 5

285a Signal from LVDC for: 04:45:4€.6 TB6 +577.3 IV —memmmememee TB6 +--———- MSFC -
LOX Tank Repressuriza- (17,146.6)
tion Control Valve Open
OFF

285b Signal received in N/A N/A S-1VB 04:45:54.507 TB6 +577.27 MDAC 9
$-1VB for: LOX Tank (17,154,507)
Repressurization
Control Valve Open
OFF

286a Signal from LVDC for: 04:45:46.8 TB6 +577.5 IU  —emmmmmmeme— TB6 +~--== MSFC -
LH2 Tank Repressuriza- (17,146.8)
tion Control Valve
Open OFY

236b Signal received in N/A N/A S-IVB 04:45:54.698 TB6 +577.46 MDAC 9
S$-IVB for: LHZ Tank (17,154,698)
Repressurization
Control Valve Open
OFF

287 Signal from LVDC for: 04345:46.9 TB6 +577.6 I  memmemeeeee TB6 +==--=~- MSFC -
Flight Control Computer (17,146.9)
$-IVB Burn Mode ON "A"

288  Signal from LVD for: 04:45:47.1 TB6 ~577.8 IV 04:45:55.08 TB6 +577.836 MSFC -—

Flight Control Cumputer

S-1VB Burn Mode ON "B"

(17,147.1)

(17,155.08)
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28%a B8ignal from LVDC for: 04:45:47.3 TB6 +578.0 ot 04:45:55.20 TB6 +577.952 MSFC -
Fuel Injection (17,147.3) (17,155.20)
Temperature OK Bypass

289b Signal received in N/A N/A §-IVB 04:45:55.197 TB6 +577.95 MDAC 9
8=1VB for: Fuel (17,155.197}
Injection Tempera-
ture OK Bypass

290a Signal from LVDC for: 04:45:47.5 TB6 +578.2 U 04:45:55.41 TB6 +578.164 MSFC -
LOX Tank Flight Pres- (17,142.5) (17,155.41)
sure Syatem ON

290b Signal received in N/A N/A S-IVB 04:45:55.405 TB6 +578.17 MDAC 9
S-IVB for: LOX Tank (17,155.405)
Flight Preas ure System
ON

291a Signal from LVDC for: 04:45:47.7 TB6 +578.4 hei] 04:45:55.60 TB6 +578.353 MSFC -
LOX Tank Pressurization (17,147.7) (17,155.60)
Shutoff Valves OPEN

291b Signal received in N/A N/A S~IVB 04:45:55.597 TB6 +578.35 MDAC 9
S-IVB for: LOX Tank (17,155.597)
Pressurization Shut-
off Valves Open

292a Signal from LVDC £or: 04:45:47.9 TB6 +578.6 IU 04:45:55.81 TB6 +578.562 MSFC -
§-IVB Engine Start OFF (17,147.9) (17,155.81)

292b Signal received in N/A N/A S~IVB 04:45:55.805 TB6 +578.57 MDAC 9
S-IVB for: S-1VB (17,155.805)
Engine Start OFF

293a Signal from LVDC for: 04:45:52.3 TB6 +583.0 IU 04:45:00.20 TB6 +582.961 MSFC -
PU Programmed Mixture (17,152.3) (17,160.20)
Ratio OFF

293b Signal received in N/A N/A S-1VB 04:46:00 127 TB6 +582.96 MDAC 9
§-1VB for: PU Pro- (17,160.197)
grammed Mixture Ratio
OFF

294a Signal from LVDC for: 04:45:57.3 TB6 +588.0 U 04:46:05.21 TBb +587.959 MePC -
Fuel injection Tempera- (17,157.3) (17,165.21)
ture OK Bypass Reset

294b Signal received in N/A N/& S-IVB 04:46:05.205 TB6 +5£7.97 ¥ 9
S-IVB for: Fuel (17,165.202)
Injection Temperature
OK Bypass Reset

295a Signal from LVDC for: 04:46:42,7 TBb +633.4 IU 04:46:50.62 TB6 +633.372 MSFC -
Engine Pump Purge {17,202.7) (17,210.62)
Control Valve Enable
ON

295b Signal Received in N/A N/A §-iVB 04:46:50.614 TB6 +633.37 MDAC 9
§~1IVB for: Engine (17,210.¢14)
Pump Purge Control
Valve Enable ON

296a Signal trom LVDC for: 064:46:49.7 TB6 +690.4 I-IVB 04:46:57.60 TB6 +640,36 MSFC -
S-IVB Eagine Cutoff (17,209.7) (17,217.60)
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PREDICTED TIME MONITORED TIME
TIME FROM SIGNAL TIME FROM B
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296b Signal received in N/A N/A S-IVB 04:46:57.596 TB6 +640.3b MDAC 9
S-IVB for: S~IVB (17,217 _96)
Engine Cutoff
297a Signal from LVDC for: (G4347:99.7 TBE +660.4 i TB6 + MSFC -
Point Level Sensor {17,229.7)
Arming
297b Signal received in N/A N/A S-1VB TB6 + MDAC 9
S-IVB for: Poin.
Level Sensor Arming
298 Time Base 7 04:46:49.661 TB7 +0.0 U 04:46:57:82 TB7 +0.0 MSFC -
LVDC initiates TE7 {17,209.661) (17,217.82)
follcsing Timer
Cutoff Signal
299a Signal from LVDC for: 04:46:49.8 TB7 +0.1 1y 04:46:57.91 TB7 +£.086 MSFC -
S-IVR Engine Cutoff (17,209.8) (17,217.91)
299u Signal received in N/A N/A $~-IVB 04:46:57;904 TR7 +0,08 MDAC 9
S-1VB for: S~IVB (17,217.904)
Engine Cutoff
300a Signal from LVDC for: 04:46:49.9 TB7 +0.2 v 04:46:58.00 +87 +0.179 MSFC -
S-IVB Ullage Engine (17,209.9) (17,218.00)
No. 1 ON
300b Signal received in N/A N/A S-1VB 04:46:57,996 T87 +0.18 MDAC 9
S-1VB for: S-IVB (17,217.996)
Ullage Engine No. 1 ON
30la Signal from LVDC for: 04:46:50.0 TB7 40,3 U N4:46:58.09  TB7 +0.273 MSFC -
S-1VB Ullage Eogine (17,210.0) (17,218.09)
No. 2 ON
30lb Signal received in N/A N/A S-IVE 04:46:58,088 TB7 +U.27 MDAC 9
S-IVB for: S-IVB Ullage (17,218.088)
Engine No. 2 ON
302a Signal from LVDC for: 04:46°50.1 TB7 +0.4 Iu 04:46:58.18  TB? +0.366 MSFC -—
LH2 Tank Continuous (17,210.1) (17,218.18)
Vent Orifice Shutoff
Val.e Open ON
302b Signal received in N/A N/A S-IVB 04:46:58.179 TB7 +0.36 MDAC 9
S-1VB for: LH2 Tank (17,218.179)
Continuous Vent
Orifice Shutoff
Valve Open (N
303a Signal from LVDC for: 04:46:50.2 TB7 +0.5 U 04:46:58.28 TB7 +0.46C MSFC -—
LH2 Tank Coatinuous (17,210.2) (17,218.28)
Veni Relief u.ifice
Shutc “f Valve Open ON
303b Signal received in N/A N/A S-1IVB 04:46:.53.270 TB7 40.45 MDAC 9
S-IVB for: LH2 Tank (17,218.270)
Continuous Vent Relief
Override Shutoff Valve
Open ON
304a Signal from LVDC for: N4:46:50.4  TB7 +0.7 IU 04:46:58.49  TB7 $0.674 MSFC -
Point Level Sensor (17,2.0.4) (17,218.49)
Disarming
304b Signal received in N/A N/A $-1VB 04:46:58.487 TB7 +C.67 MOAC 9

§~IVB for: Point
Level Sensor
Disarming

(17,218.487)

(¢
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PREDICTED TIME MONITORED TIME
TIME FROM SIGMAL TIME FROM
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305s Signal from LVDC for: 04:46:50.5 TB? + 0.8 1v 04:46:58.61 TB7 + 0.800 MSPC --
Second Burn Relay OFF (17,210.5) (17,218.69)
305b Signai received in N/A N/A S-IVB 04:46:53.612 TB7 + 0.79 MDAC 9
S-IVB for: Second (17,218.612)
Burn Relay OFF
306a Signal froa LVDC for: 04:46:50.7 TB7 + 1.0 U] 04:46:58.79 TR7 + 0.973 MSFC -~
LOX Tank Flight Pres- (17,210.7) (17,218.79)
sure System OFF
306b Sigpal received in N/a R/A S-IVB 04:46:58.787 T87 + 0.97 MDAC 9
S-1VB for: LOX Tank (17,218.787)
Flight Pressure
System OFF
307a Signal from LVDC for: 04:46:51.1 TB7-+ 1.4 Iy 04:46:59.17 TB7 + 1.351 MSFC -—
LOX Tank Pressuriza- {17,211.1) (17,219.17)
tion Shutoff Valves
Close
3070 Signal received in N/A R/A S-IVB 04:46:59.171 TB7 + 1.35 MDAC 9
S-1VB for: LCX Tank (17,219.171)
Pressurisstion Skut-
off Close
308s Signal from LVOC for: 04:46:51.3 TBY + 1.6 IU 04:46:59.38 TB7 + 1.562 MSFC -
Engine Pump Purge (17,211.3) (17,219.38)
Control Valve Enable
OR
308b Signsl received in N/A /A S-IVB 04:46:59.378 TB7 + 1.56 MDAC 9
S-IVB for: Engine (17,219.378)
Pump Purge Control
Valve Enable ON
309a Signal rom LVDC for: 04:46:52.1 TB7 + 2.4 10 04:47:00.17 TB + 2.357 MSFC -
LH2 Continuous Vent (17,212.1) (17,220.17)
Orifice Shutoff Valve
COpen OFF
309b Signal received in K/A N/A S-IVB 04:47:00.171 TB7 + 2.35 MDAC 9
S-IVB for: LH2 Tank (17,220.171)
Continuous Vent Ori-
fice Shutoff Valve
Open OFF
310a Signal from LVDC for: 04:46:52.2 TB? + 2.5 v 04:47:00.27 TB7 + 2.456 MSFC -
LH2 Tenk Continuous (17,212.2) (17,220.27)
Yent Relief Override
Shutoff Valve Open
GFF
310b Signal received in N/A N/A S-IVB 04:47:00.270 TB7 + 2.45 MDAC 9
S~IVB for: LH2 Tank (17,220.270)
Continuous Vent
Belief Override Shut-
off Valve Open OFF
311 Signal from LVDC for- G4:46:53.2 TB7 + 3.5 1u 04:47:01.27 TB7 + 3.452 MSPFC -

Flight Control fie=
puter S-IV® surn
Mode MZr "A"

{17,213.2)

(17,221.27)
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PREDICTED TIME

MONITORED TIME

TIME FROM SIGNAL TIME FROM
ITEM EVENT RancE zero | 1TE FROM [ oo ReD | Rance zpmo | TIME FROM | DATA | ACCURACY
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312 Signal from LVDC for: N/A N/A v 04:47:01.50 N/A MSFC -
§/C Control of (17,221.50)
Spacecraft Enable
313 Signal from LVDC for: 04:46:53.5 TB? + 3.7 it} 04:47:01,47 TB7 + 3.654 MSFC -
Flight Control Com— (17,213.5) (17,221.47)
puter S-IVB Burn
Mode OFF "B"
3l4a Signal from LVDC for: 04:46:53.9 TB7 + 4.1 v 04:47:01.88 TB7? + 4.064 MSFC -
Auxiliary Hydraulic (17,213.9) (17,221.88)
Pump Flight Mode OFF
314b Signal received in N/A N/A S-1VB 04:47:01.878 TB7 + 4.07 MDAC 9
S-IVB for: Auxiliary (17,221.878)
Hydraulic Pump Flight
Mode OFF
215a Signal from LVDC for: 04:47:08.7 TB7 + 19.0 IU 04:47:16.79 TB7+18.973  MSFC -
S-IVB Ullage Engine (17,228.7) (17,236.79)
No. 1 OFF
315b Signal received in N/A N/A S-IVB 04:47:16.785 TB7 + 18.96 MDAC 9
$-IVB for: S-IVB (17,23€.785)
Ullage Engine No. 1
OFF
316a Signal from LVDC for: 04:47:08.8 TB7 + 19.1 IU 04:45:16.89 TB7+19.068  MSFC -
S-1VB Ullage Engine (17,228.8) (17,236.89)
No. 2 OFF
316b Signal received in N/A N/A S-IVB 04:45:16.885 TB7 + 19.06 MDAC 9
S-IVB for: S-1VB (17,236.885)
Ullage Engine No. 2
OFF
317 Maneuver to Local 04:47:09.7 TB7 + 20.0 - 04:47:17.82 N/A MSC -
Horizontal (17,229.7) (17,237.82)
318 Signal from LVDC for: N/A N/A 1U 04:48:34.28 N/A MSFC -
Water Coolant Valve (17,314.28)
Open
319a Signal from LVDC for: 04:56:51.7 TB7 + 602.6 U - TB7 + -—~ MSFC -
Engine Pump Purge (17,811.7)
Control Valve Enable
OFF
319b Signal received in N/A N/A S~1VB - TB7 + === MDAC 9
S~1IVB for: Engine
Pump Purge Control
Valve Enable OFF
320 Signal from LVDC for: N/A r/A U 04:53:35.76 N/A MSFC -
Water Coolant Valve (17,615.76)
Closed
321  S-~IVB Restart Enable N/A N/A IU 05:40:16 N/A MSFC -
(20,416)
322 Signal from LVDC for: N/A N/A 10 05:58:46.86 N/A MSFC -

Water Coolant Valve
Gpen

(21,526.86)
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323 Signal from LVDC for: 05:59:32.261 TB8 + .0 hoi) 05:59:40.98 TB8 + 0.000 MSFC -
Bagin Second Restart (21,572.261) (21,580.98)
Preparations-Start of
Time Base 8 (T8)

324 Signal from LVDC for: 05:59:33.3 TB8 + 1:0 it 05:59:41.93 TB8 + 0.951 MSFC -
Telemetry Calibrator (21,573.3) (21,581.93)
In-Flight Calibrate ON

325a Signal from LVDC for: 05:59:33.5 TH8 + 1.2 U 05:59:42.14 TB8 _ 1.162 MSFC -
TM Calibrate ON (21,573.5) (21,582.14)

325b Signal received in N/A N/A S~1VB 05:59:42.142 TB8 + 1.16 MDAC 9
¢-IVB for: TM (21,582.142)
Calibrate ON

326a Signal from LVDC for: 05:59:34.5 TB8 + 2.2 U 05:59:43.13 TB8 + 2.153 MSFC -
TM Calibdrate OFF (21,574.5) (21,583.13)

326b Signal received in N/A N/A S-IVB 05:59:43.133 TB8 + 2.15 MDAC 9
S-IVB for: Tit (21,583.133)
Calibrate OFF

327 Signal for LVDC for: 05:59:38.3 TB8 + 6.0 IC 05:59:46.93 TB + 5,952 MSFC -
Telemetry Calibrator (21,578.3) (21,586.93)
In-Flight Calibrate OFF

328a Signal from LVDC ficr: 06:00:10.3 TB8 + 38.0 U 06:00:18.95 TB8+37.976  MSFC -
LH2 Tank Vent and {21,610.3) (21,618.95)
Latching Relief Valve
Boost Close ON

328b Signal received in N/A N/A S-1VB 06:00:18.951 TB8 + 37.97 MDAC 9
S-1VB for: LH2 Tank (21,618.151)
V nt and Latching
Relief Valve Boost
Close ON

329a Signal from LVDC for: 06:00:10.5 TB8 + 38.2 IV 06:00:19.3 TB8+38.153  MSFC -
LOX Tank Vant and NPV (21,610.5) (21,619.13)
Valves Boost Close ON

329b Signal received in N/A N/A S-IVB 06:00:19,.135 TB8 + 38.15 MDAC 9
S-IVB for: LOX Tank - (21,619.135)
Vent and KPV Valves
Boost Close ON

330a Signal from LVDC for: 06:00:12.3 TB8 + 40.0 IU 06:00:20.94 TB8+39.961 MSFC -
LH2 Tank Vent and (21,612.3) (21,620.94)
Latching Relief Valve
Boost Close OFF

330b Signal received in N/A N/A S~IVB 06:00:20.943 TP3 + 39,96 MDAC 9
S-1VB for: LH2 Tank (21,620.943)
Vent and Latching
R-..ief Valve Boost
Closs OFF

331a Signal from LVDC for: 06:00:12.5 TB8 + 40.2 v 06:00:21.13 TB8+40.152 MSFC -
LOX Tank Vent and NPV \21,612.5) (21,621.13)
Valves Boost Close OFF

331b Signal received in N/A N/A S~1vB 06:00:21.135 TB8 + 40.15 MDAC 9
§-1VB for: L0 Tamk (21,621,135)

Vent and NPV Valves
Boost Close OFF

4-35
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332s Signal from LVDC fo.: 06:00:17.5 TB8 + 45.2 1y 06:00:26.14 TB8+45.165 MSFC --
Second Burn Relay ON (21,617.5) (21,626.14)

32’0 Signal received i. N/A N/A S-1V3 06:00:26.142 TB8 + 45.16 MDAC 9
S-1VB for: Second (21,626.142)
Burn Relay ON

333a Signal from LVD" for- 06:01:11.3 TB8 + 99.0 IU 06:01:19.93 TB8+98.954 MSFC ~=
fux Hydraulic Pump (21,671.3) (21,679.93
Flight Mode O.

333b Signal reccived in N/A N/A S-1VB (6:01:19.931 TB8 + 98.95 MDAC 9
S-IVB for: Aux (21,679.931)
Hydrairlic Pump Flight

334a Signal from LVDC for: 06:01:36.3 TB8 + 124.0 1U 0€:01:44.94 TE8+123.965 MSFC
Chilldown Shutoff Valve (21,696.3) $21,796.94)
Close OFF

334b Signal recaived in N/A N/A S-1VB 06:01-44,944 TB8+123.96 MDAC 9
S-IVB for: Thilldown (21,704.944)
Shutoff Valve Close OFF

335a Signal from LVDC ror: N/A N/A jtij 06:01:50.02 TB8 + N/A MSFC -
Chilldown Shutoff Valve (21,710.02)
Close ON

335b Signal received in N/A N/A S-IVB 06:01:50.026 TB8 + N/A MDAC 9
S-1VB for: Chilldown (21,710.026)
Shutoff Valve Close ON

336a Signal from LVDC for: 06:01:41.3 TB8 + 129.0 IU 06:01:49.93 TB8+128.952 MSFC -
LOX Chilldown Pump ON (21,701.3) (21,709.93)

336b Signal reccived in N/A N/A S-1VB 06:01:49.926 TB8+128,95 MDAC 9
S~IVB for: LOX Chill- (21,709.926)
down Pump ON

337a Signal from LVDC for: 06:01:46.3 TB8 + 134.0 1U 06:01:54.93 TB8+133.952 MSFC -
Fuel Chilldown Pump ON (2.,706.3) (21,714.93)

337b Signal received in N/A N/A S-1VB 06:01:54.933 TB8+133.95 MDAC 9
S-IVB for: Fuel Chill- (21,714.933)
down Pump ON

338a Signal from LVDC for: 06:01:51.3 TB8 + 139.0 jtil 06:01:59.95 TB8+138.969 MSFC -
Prevalves Close ON (21,711.3) (21,719.95)

338b Signil received in N/A N/A S~I1VB 06:01:59.949 TB8+138,97 MDAC 9
S-IVB for: Prevalves (21,719.949)
Clzse O

339a Signal from LVDC for: N/A N/A v 06:02:09.16 TB8 + N/A MSFC -
Fuel Chilldown Pump GFF (21,729.16)

339b Signal received in N/A /o S-1VB 06:02:09.166 TB8 + N/A MDAC 9
S-IVB for: Fuel Chil’= (21,729.166)
down Pump OFF

340a Signal from LVDC for: N/A N/A Iu 06:02:09.96 TB8 + N/A MSFC -
LOX Chilldown Putp OFF (21,729.96)

340b Signal received i N/A N/A S-1VR 06:02:09.966 TB8 + N/A MDAC 9

S-IVB for: LOX Chi’.-
down Punp OFF

(21,729.966)
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341a Signal from LVDC for: 06:02:52.6 TB8 + 200.2 U 06:03:01.15 TB8+200.168 MSFC -~
PU Mixture Ratio 4.5 ON (21,781.15)

341b  Signal received in N/A N/A S~IVB 06:03:01.146 TB8+200.17 MDAC 9
S-IVB for: PU Mixture (21,781.146)
Ratio 4.5 ON

342a Signal from LVDC for: 06:03:38.3 TB8 + 246.0 ti) 06:03:46.93 TB8+245.952 MSFC -
Burner LH2 Propellant (21,818.3) (21,826.93)
Valve Open ON

342b Signal received in N/A N/A S~IVB 06:03:46.929 TBB8+245.95 MDAC 9
S§-1VB for: Burner LH2 (21,826.929)
Propellant Valve Open
ON

343a Signal from LVDC for: 06:03:38.6 TB8 + 246.3 Iu 06:03:47.23 TB8+246.253 MSFC -
Burner Exciters ON (21,818.6) (21,827.23)

343b Signal received in N/A N/a S-IVB 06:03:47.229 TB8+245.25 MDAC 9
S-IVB for: Burner (21,827.229)
Exciters ON

344a Signal from LVDC for: 06:03:39.0 TB8 + 246.7 v 06:03:47.63 TB8+246.654 MSFC -
Burner LOX Shutdown (21,819.0) (21,827.63)
Valve Open ON

344b Signal received in N/A N/A S5~IVB 06:03:47.630 TBB4+246.65 MDAC 9
S~IVB for: Burner LOX (21,827.630)
Shutdown Valve Open ON

345a Signal from LVDC for: 06:03:39.8 TBB + 247.5 htif 06:03:48.45 TB84+247.472 MSFC -—
Burner LH2 Propellant (21,819.8) (21,828.45)
Valve Open OFF

345b Signal received in N/A N/A S-IVB 06:03:48.446 TB8+247.472 MDAC 9
S-IVB for: Burner LH2 (21,828.446)
Propellant Valve Open OFF

346 Signal from LVDC for: N/A N/A v 06:03:48.55 N/A
Water Coolant Valve (21,825.55)
Closed

347a Signal from LYDC for: 06:03:40.5 TB8 + 248.2 v 06:03:49.14 TB8+248.159 MSFC -—
Burner LOX Shutdown (21,820.5) (21,829.14)
Valve Open OFF

347b Signal received in N/A N/A S-IVB 06:03:49.137 TB8+248.16 MDAC 9
§-IVB for: Burner LOX (21,829.137)
Shutdown Valve Open OFF

348a Signal from LVDC for: 06:03:42.4 TB8 + 250.1 IU 06:03:51.03 TB8+250.056 MSFC -
Burner Exciters OFF (21,822.4) (21,831.03)

348b Signal received in N/A N/A S-IVB 06:03:51,028 TB8+250.05 MDAC 9
§-1IVB for: Burner (21,831.028)
Exciters OFF

349a Sifnal from LVDC for: 06:03:44.9 TBB + 252.6 v 06:03:53.54 TB8+252.561 MSFC ~
Burner Automatic Cutoff (21,824.9) (21,833,56)
System Arm

349> Signal received in N/A N/A S-IVB  06:03:53.536 TB8+252.56 MDAC 9

8=-IVB for: Burner
Automatic Cutoff
System Arm

(21,833.536)
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350a Signal from LVDC for: N/A N/A U 06:05:52.75 TB8 + N/A MSFC -
Chilldown Shutoff Valve (21,952.75)
Close OFF

350b Signal received in N/A N/A S-IVB 06:05:52.752 TBS + N/A MDAC 9
S$-IVB for: Chill- (21,952.752)
down Shutoff Valve
Close OFF

35la Signal from LVDC for: N/A N/A 1U 06:05:53.53 TBB + N/A MSFC -
Prevalves Close OFF (21,953.53)

351b Signal received in N/A N/A S-1IVB 06:05:53.535 TB8 + N/A MDAC 9
S-IVB for: Prevalves (21,953.535)
Close OFF

352a Signal from LVDC for: N/A N/A U 06:05:54.32 TB8 + N/A MSFC -
S=IVB Engine Cutoff OFF (21,954.32)

352b Signal received in N/A N/A S-IVB 06:05:54.318 TR8 + N/A MDAC 9
$-IVB for. S-IVB (21,954.318)
Engine Cutoff OFF

353a Signal from LVDC for: N/A N/A IU 06:05:55.10 TB8 + N/A MSFC --
Engire Ready Bypass (21,955.10)

353b Signal received in N/A N/A S-1VB 06:05:55.102 TB8 + N/A MDAC 9
S-1VB for: Engine (21,955.102)
Ready Bypass

354a Signal from LVDC for: 06:05:48.3 TB8 + 376.0 IU 06:05:56.95 TB8+375.972 MSFC -
S-1VB Ullage Engine (21,948.3) (21,956.95)
No. 1 ON

354b Signal received in N/A N/A S-1VB 06:05:56.951 TB8+375.9  MDAC 9
S-1VB for: S~IVB (21,956.951)
Ullage Engine No. 1
ON

355a Signal from LVDC for: 06:05:48.,4 TB8 + 376.1 pRi) 06:05:57.04 TB8+376.068 MSFC -
S-1VB Ullage Engine (21,948.4) (21,957.04)

355b Signal received in N/A N/A S~IVB 06:05:57.042 TB8+376,07 MDAC 9
S-IVB for: S-IVB (21,957.042)
Ullage Engine No. 2
ON

356a Signal from LVDC for: 06:05:48.8 TB8 + 376.5 10 06:05:57.42 TB8+376.465 MSFC -
Burner LH2 Propellant (21,948.8) (21,957.42)
Valve Close ON

356b Signal received in N/A N/a S-1VB 06:05:57.426  TB8+376.47 MDAC 9
S-IVB for: Burner LH2 (21,957.426)
Propellant Valve
Close ON

357a Signal from LVDC for: 06:05:49.0 TB8 + 376.7 1U 06:05:57.63 TB8+376.661 MSFC -
Burner Automatic Cut- (21,949.0) (21,957.63)
off System Disarm

357b Signal received in N/A N/A S-IVB 06:05:57.634 TB8+376.66 MDAC 9

S-1VB for: Burner
Automatic Cutoff
System Disarm

(21,957.634)
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358s Signal from LVDC for: 06:05:51.8 TBS + 379.5 i} 06:06:00.44 TB8+379.466  MSFC ~--
Burner LH2 Propellant (21,951.8; (21,960.44)
Valve Close OFF
358b Signal received in N/A N/A S-IVB 06:06:00.442 TB84379.47 MDAC 9
S~-IVB for: Burner LH2 (21,960.442)
Propellant Valve
Close OFF
359a Signal from LVDC for: 06:05:52.3 TB8 + 380.2 U 06:06:00.94 TB8+379.967  MSFC -
LOX Tank Repressuriza- (21,952.3) (21,960.94)
tion Control Valve
Open ON
3591 Signal received in N/A N/A S~IVB 06:06:00.941 TB8+379.97 MDAC 9
S-1IVB for: LOX Tank (21,960.941)
Repressurizatior. Con-
trol Valve Open ON
360a Signal from LVDL for: 06:05:53.3 7TB8 + 381.0 U 06:06:01.95 TB8+380.969 MSFC -
Burner LOX Shutdown (21,953.3) (21,961.95)
Vaive Close ON
360b Signal received in N/A N/A S-1VB 06:06:01.950 TB8+380.97 MDAC 9
S-IVB for: Burner (21,961.950)
LOX Shutdown Valve
Close ON
36la Signal from LVDC for: 06:05:56.3 TB8 + 384.0 U 06:06:04.93 TB8+383.952 MSFC -
Burn-r LOX Shutdown (21,956.3) (21,964.93)
Valve Close OFF
361b Signal received in N/A N/A S-1VB 06:06:04.925 TB8+383.95 MDAC 9
S-1VB for: Burmer (21,964.525)
LOX Shutdown Valve
Close OFF
362a Signal from LVDC for: 06:05:56.7 TB8 + 384.4 U 06:06:05.33 TB8+384.355 MSFC -
LH2 Tank Continuous (21,956.7) (21,965.33)
Vent Valve Close ON
362b Signal received in N/A N/A S-1VB 06:06:05.334 TB8+384.36 MDAC 9
S-1VB for: LH2 Tank (21,965.334)
Continuous Vent Valve
Close ON
363a Signal from LVDC for: 06:05:58.7 TES + 386.4 U 06:06:07.33 TB8+386.352 MSFC -
LH2 Tank Coatinuocus (21,958.7) (21,967.33)
Vent Valve Close OFF
363b Signal received in N/A N/A S-1VB 06:06:07.333 TB8+386.35 MDAC 9
S-IVB for: LH2 Tank (21,967.333)
Continuous Vent Valve
Close OFF
364a Signal from LVDC for: 06:06:12.3 TB8 + 400.0 IU 06:06:20.93 TB8+399,952 MSFC -
LH2 Tank Repressuriza- (21,972.3) (21,980.93)
tion Control Valve
Open ON
364b Signal received in N/A N/A S~-IVB 06:06:20.930 TB8+399.95 MDAC 9
S-IVB for: LE2 Tank (21,980.930)

Repressurization Con-
trol Valve Open ON

4-39
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AS-504 D POST FLIGHT SFQUENCE OF EVENTS

TIME FROM | 1ypp pgoy | SIGNAL | TIME FROM [ rryp prow | pATA |AccURACY
ITEM RANGE ZERO MONITORED RANGE ZERO
EVENT . BASE BASE SOURCE (ms)
NO. (hrimin:sec) AT (hr:min:sec)
(sec) (sec) (sec) (sec)
365 Signal from LVDC for: 06:06:13.3 TBB + 401.0 i} 06:06:21.93 TB8+400.952 MSFC -
Telemetry Calibrator (21,973.3) (21,987.93)
In-Flight Calibrate ON
366a Signal from LVDC for: 06:06:13.5 TB8 + 401.2 Iu 06:06:22.15 TB8+401.166 MSFC -
TM Calibrate ON (21,973.5) (21,982.15)
366b Signal received in N/A N/A S-1vB 06:06:22.147 TB8+401.17 MDAC 9
S-IVB for: ™ (21,982.147)
Calibrate ON
367a Signal from LVDC for: 06:06:14.5 TB8 + 402.2 U] 06:06:23.13 TB8+402.154  MSFC -
TM Calibrate OFF (21,974.5) (21,983.13)
367b Signal received in N/A N/A S-1VB 06:06:23,.130 TBH+402..5 MDAC 9
S-IVB for: TM Cali- (21,983.130)
brate OFF
368 Signal from LVDC for: 06:06:18.5 TB8 + 406.0 U 06:06:26.93 TB8+405.955 MSFC -
Telemetry Calibrator (21,978.3) (21,986.93)
Inflight Calibrate OFF
369a Signal from LVDC for: N/A N/A iU 06:06:27.34 TB8 + N/A  MSFC -
Engine Start ON (21,987.34)
369b Signal received in N/A N/A S-IVB 06:06:27.338 TB8 + N/A  MDAC 9
S-1VE for: Engine (21,987.338)
Start ON
370a Signal from LVDC for: 06:06-51.7 TB8 + 439.4 IU 06:07:00.35 TB8+439.375 MSFC --
Prevalves Close OFF (22,011.7) (22,020.35)
370b Signal ~eceived in N/A N/A S-1VB 06:07:00.349 TB8+439.37 MDAC 9
S-1IVB for: Prevalves (22,020.349)
Close OFF
371a Signal froms LVDC for: 06:07:00.7 TB8 + 448.4 il 06:07:29.33 TB8+448.352 MSFC -~
S-IVB Engine Cutoff OFF (22,020.7) (22,029.33)
371b Signal received in N/A N/A S-IVB 06:07:09.331 TB8+448.35 MDAC 9
S-1VB for: S-IVB Engine (22,029.331)
Cutoff OFF
372a Signal from LVDC for: 06:07:00.9 TB8 + 448.6 10 06:07:03.54 TBB+448.362  MSFC -—
Engine Ready Bypass (22,020.9) (22,029.54)
372b Signal received in N/A N/A S~IVB 06:07:09.539 TBB+448.56 MDAC 9
S-1VB for: Engine (22,029,539)
ready Bypass
373a Signal from LVDC for: 06:07:01.7 TB8 + 449.4 U 06:07:10.33 TB8+449.353 MSFC -
Fuel Chilldown Puup (22,021.7) (22,030.33)
OFZ?
373b Signal received in N/A N/A S~IVB 06:07:10.330 TR8+449.35 MDAC 9
S-1IVB for: Fuel (22,030.330)
Chilldown Pump OFF
374a Sign-' from LVDC for: 06:07:01.9 TB8 + 449.6 U 06:07:10.55 TB8+449.571  MSFC -
LOX unilldown Pump (22,021.9) (22,030.55)
OFF
374b Signal received in N/A N/A S-1VB 06:07:10,546 TEB8+449.57 MDAC 9

S-IVB for: LOX
Chilldown Pump OFF

(22,030.546)
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| ERERICIZD IIME
JIME YROM | pryp ppow [ SIGNAL | TDME FROM | iy mow| pata |sccuracy
ITEM EVENT RANGE 22RO BASE MONITORED | RANGE ZERO BASE SOURCE (ms)
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(nec) (sac)
375a Signal from LVDC for: 06:07:02.3 TB8 + 450.0 i} 06:07:10.93 TB8+449.952 MSFC -
8-IVB Engine Start ON (22,022,3) (22,030.93)
375b Signal receivad in N/A N/A S-IVB 06:07:10.929 TB8+449.95 MDAC 9
8=-1IVB for: S-IVB (22,030.929)
Engine Start ON
376a Signal from LVDC for: 06:07:05.3 TB8 + 453.0 U 06:07:13.93 TB8+452.955 MSFC -
S-1VB Ullage Engine (22,025.3) (22,033.93)
No. 1 OFF
376b Signal received in N/A N/A S-IVE 06:07:13.929 TB8+452.96 MDAC 9
§-1VB for: S-IVB (22,033.929)
Ullage Engine No. 1
OFF
377a Signal from LVDC for: 06:07:05.4 TB8 + 453.1 U 06:07:14,03 TB8+453.055 MSFC -
S-1VB Ullage Engine (22,025.4) (22,034.03)
No. 2 OFF
377b Signal received in N/A N/A S-IVB 06:07:14.029 TB8+453.05 MDAC 9
S-1IVB for: S-IVB (22,034.029)
Ullage Engine No. 2
OFF
378a Signal from LVDC for: 06:07:09.6 TB8 + 457.3 U 06:07:18.23 TB8+457.254  MSFC -
LOX Tank Repressuriza- (22,029.6) (22,038.23)
tion Control Valve
Open OFF
378b Signal received in N/A N/A S-IVB 06:07:18.228 TB8+457.25 MDAC 9
$=-IVB for: LOX Tank (22,038.228)
Repressurization
Control Valve Open
OFF
379a Signal from LVDC for:, 06:07:09.8 TB8 + 457.5 v 06:07:18.44 TB8+457.469 MSFC -
LH2 Tank Repressuriza- (22,029.8) (22,038.44)
tion Control Valve
Open OFF
379> Signal received in N/A N/A S~IVB 06:07:18.445 TB8+457.469 MDAC S
S=-1IVB for: LH2 Tank (22,038.445)
Repressurization
Control Valve Open
OFF
380 Signal from LVDC for: 06:07:09.9 TB8 + 457.6 U 06:07:18.54 TB8+457.566  MSFC .-
Flight Control Computer (22,029.9) (22,038.54)
S-IVB Burn Mode ON "A"
381 Signal from LVDC for: 06:07:10.1 TB8 + 457.8 U 06:07:13.73 TB8+457,753 MSFC -
Flight Contrnl Computer (22,030.1) (22,038.73)
S-IVB Burn Mode ON "B"
382a Signal from LVDC for: 06:07:10.3 TB8 + 458.0 v 06:07:18.93 TB8+457.952 MSFC -
Fuel Injection Temper- (22,030.3) (22,038.93)
ature OK Bypass
382b Signal received in N/A N/A S-1VB 06:07:18.928 TBB+457.95 MDAC 9

S-IVB for: Fuel
Injection Tempera-
ture OK Bypass

(22,038.928)

badil
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PREDICTED TIME

MONITORED TIME

TIME FROM SIGNAL TIME FROM
ITEM RANGE ZERO TIME FROM MONITORED RANGE ZERO TIME FROM DATA. ACCURéCY
EVENT BASF BASE SOURCE {ms,
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

383a Signal from LVDC for: 06:07:10.5 TB8 + 458.2 U 06:07:19.14 TB8+458.156  MSFC -
LOX Tank Flight Pres- (22,030.5) (22,039.14)
sure System ON

383b Signal received in N/A N/A S-7 7B 06:07:19.137 TB8+458.16 MDAC 9
S-I1VB for: LOX Tank (22,039.137)
Flight Pressure
System ON

384a Signal from LVDC for: 06:07:10.7 TB8 + 458.4 U 06:07:19.35 TB8+458.373  MSFC --
LOX Tank Pressuriza- (22,030.7) (22,039.35)
tion Shutoff Valves
Open

384b Signal received in N/A N/A S-1IVB 06:07:19.354 TB8+458.37 MDAC 9
S-IVB for: LOX Tank (22,039.354)
Pressurization
Shutoff Valves Open

38%a Signal from LVDC for: 06:07:10.9 TB8 + 458.6 U 06:07:19.53 TB8+458.553 MSFC -
S-IVB Engine Start OFF (22,030.9) {22,039.53)

385b Signal received in N/A N/A S-1VB 06:07:19.528 TB8+458.55 MDAC 9
S-1VB for: S-IVB (22,039.528)
Engine Start OFF

386a Signal from LVDC for: 06:07:15.2 TB8 + 463.0 IU 06:07:23.93 TB8+462.953 MSFC -
PU Programmed Mixture (22,035.3) (22,043.93)
Ratio OFF

386b Signal received in N/A N/A S-1VB 06:07:23.927 TB8+462.95 MDAC 9
§~IVB for: PU (22,043.927)
Programmed Mixture
Ratic OFF

387a Signal from LVDC for: 06:07:20.3 TB8 + 468.0 U 06:07:28.93 TBB+467.952 MSFC -
Fuel Injection Tempera- (22,040.3) (22,048.93)
ture OK Bypass Reset

387b Signal received in N/A N/A S-1VB 06:07:28,920 TB8+467.94  MDAC 9
S~IVB for: Fuel (22,048.920)
Inuvection lemperature
OK Bypass Reset

388a Signal from LVDC for: 06:11:12.7 TB8 + 700.4 IU 06:11:21.32 TB8+700.34 MSFC -
S-IVB Engine Cutoff (22,272.7) (22,281.32)

388b Signal received in N/A N/A S-1VB 06:11:21.319 TB8+700.34 MDAC 9
S-IVB for: S-IVB (22,281.319)
Engine Cutoff

389a Signal from LVDC for: 06:11:12.9 TB8 + 700.6 U 06:11:21.54 TB8+700.573 MSFC -
Point Level Sensor (22,272.9) (22,281.54)
Arming

389b Signal received in N/A N/A S~1VB —-—- TB8 + ~-—-  MDAC 9
S-IV3 for: Point
Level Sensor Arming

390a Signal from LVnT for: 06:12:12.661 TB9 + 0.0 1U 06:11:21.53 TB9+0.000 MSFC -
Start of Time Base (22,272.661) (22,281.53)
No. 9 (1B9)

39la Signal from LVDC for: 06:11:12.8 TB9 + 0.1 10 06:11:21.62 TB9+0.086 MSFC -
S-IVB Engine Cutoff (22,272.8) (22,281.62)
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A8-504 D POST PLIGHT SEOUENCE OF EVENTS
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SIGNAL
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391b Signul received in N/A N/a S-1VB 06:11:21.019 TB9 + 0.09 MDAC 9
S-1VB for: S-IVB (22,281.619)
Engine Cutoff

392a Signal from LVDC for: 06:11:12.9 TB9 + 0.2 IU 06:11:21.74 TB9+0.209 MSFC -
LH2 Tank Continuous (22,272.9) (22,281.74)
Vent Orifice Shutoff
Valve Open ON

392b Signal received in Jt N/A S-IVB 06:11:21.744 TB9 + 0.21 MDAC 9
S-1VB for: LH2 Tank (22,281.744)
Continucus Vent
Orifice Shutoff Valve
Opern. ON

393a Signal from LVDC for: 06:11:13.0 TB9 + 0.3 U .6:111:21.83 TB9+0.302 MSFC -
LH2 Tank Continuous (22,273.0) (22,281.83)
Vent Relief Override
Shutoff Valve Open ON

393b Signal received in N/A N/A S-IVB 0%:11:21.836 TBY9 + 0.31 MDAC 9
S-IVB for: LH2 Tank (22,281.836)
Continuous Vent Relief
Override Shutoff Valve
Open ON

394a Signal from LVDC for: 06:11:13.1 TB9 + 0.4 w 06:11:21.93 TBY + 0.41 MSFC -
Point Level Sensor (22,273.1) {22,281.93)
Lisarming

394b Signal received in N/A N/A S-1VB 06:11:21.927 TB9 + G.41 MDAC 9
S-IVB for: Point (22,281.927)
Level Sensor Disarming

395a Signal from LVDC for: 06:11:13.2 TB9 + 0.5 v 06:11:22.05 TB9+0.517 MSFC -
Aux Hydraulic Pump (22,273.2) (22,282.05)
Flight Mode ON

395b Signal received in N/A N/A S-1VB 06:11:22.053 TBY9 + 0.52 MDAC 9
S-IVD for: Aux Hydraulic (22,282.053)
Pump Flight Mode ON

396a Signal from LVDC for: 06:11:13.5 TB9 + 0.8 i)} 06:11:22.30 TB9+0.772 MSFC -
Second Burn Relay OFF (22,273.5) (22,282.30)

396b Signal received in N/A N/A S-1VB 06:11:22.303 TB9 + 0.77 MDAC 9
S~1IVB for: Second (22,282.303)
Burn Relav JFF

397a Signal from LVDC for: 06:11:13.7 TB9 + 1.0 i) 06:11:22.48 TB94+0.952 MSFC -
LOX Tank Flight Pres-~ (22,273.7) (22,282.48)
sure System OFF

397b Signal received in N/A N/A S-1VB 06:11:22.486 TB9 + 0.96 MDAC 9
S$=-1VB for: LOX Tank (22,282.486)
Flight Pressure
System OFF

398a Signal from LVDC for: 06:11:14,1 TB9 + 1.4 jaij 06:11:22,90 TB9+1.366 MSFC -
LOX Tank Pressurization (22,274.1) (22,282.90)
Shutoff Valves Close

398b Signal received in N/A N/A S-1VB 06:11::2.902 TBY9 + 1.37 MDAC 9

8-IVB for: LOX Tank
Pressurization Shutoff
Valves Close

(22,282.902)

4-413

~n
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ITEM A oy | TIME FRoM | stonaL | TS FXOM | qyur peow | DATA | Accuracy
g EVENY BASE MONITORED " BASE SOURCE (ms)
NO. (hr:min:sec) (hr:min:sec)
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(sec) (sec)
399a Signal from LVLC for: 06:11:14,3 TB9 - 1.6 1U 06:14:23,08 TB9+1.553 MSFC -~
Repressurization System (22,274.3) (22.283.08)
Mode Selactor OFF (AMB)
399b Signal received in N/A N/A S-1VB 06:11:23.085 TB9 + 1,52 MDAC 9
S-IVB fo': Repressur- (22,783,085
ization System Mode
Selector OFF (AMB)
400a Signal from LVDC for: 06:11:14.4 TBY + 2.0 IU 06:11:23.49  T39+1.957  MSFC --
F issivation Enable (22,274.4) (22,283.49)
400b Sicnal received in N/A N/A S-1VB 06:11:23.493 TBY9 + 1.96 MDAC 9
S-1VB for: Passivatiorn (22,283.493)
Enable
401  Signal from LVDC for: Ob:l1:14.6 TBY + 2.2 U 06:11:23.71 TB9+2.173  MSFC -
LH2 Tark Continuous (22 274.6) (22.283.71)
Vent Jrifice Shutoff
Valve Open OFF
401b Signal received in N/A N/A S-IVB 06:11:23.7i0 TBY + 2.18 MDAC 9
S~-1VB for: LH2 Tank (22,283.710)
Continuous Vent Orifice
Shutoff Valve Open OFF
402a Signal from LVDC fer: 06:11:14.7 TBY9 + 2.3 IU 06:11:23.80 TB9+2.271  MSFC -
LH2 Tank Continuous Jent (22,274.7) (22,285.80)
Relie{ Override Shutoff
valve Open OTF
402b Signal received in N/A N/A S-IvB 06:11:23.802 TRY9 + .27 MDAC 9
S~IVe [or: LH2 Tank (22,283.802)
Continuous Vent Relief
Override Shutoff Valve
Open OFF
403a Signal from LVNC for: 06:11:15.4% T39 + 3.0 1y 09:11:24.48  TE9+2.95¢. MSFC -
LHZ Tank Rep:iessuri- (22,275.4) (22,284.48)
zation Control Valve
Open ON
403b  Signal received in N/A N/A 5-1VB 06:11:24,485 TB9 + 2.96  MDAC 9
S-IYB for: LH¥2 Tank (22,284,485)
Repressurization Contrcl
Valve Open ON
404  Signal from LVDC for: 06:11:16.9 TB9 + 4.5 1U 06:11:26.30 TB9+4.,469  MSFC -
Flight Control Compute~ {22,276.9) (22,286.00)
$-1IVB Burn Mode OFF "A"
405 Signal from LVDC for: 06:11:17.0 TBY9 + 4.6 1u $6:11:26,10 TB9+4.565  MSFC -
Flight Control Computer (22,277.0) (22,236.10)
$-1IVB Burn Mode OFF "B"
406 Signal from LVDC for: 06:11:32.7 TR9 + 20.0 jai) 06:11:41.53 N/A  MSFC --
Maneuver to Local (22,292.7) (22,301.53)
Horizontal
407a Signal from LVDC for: 06:12:12.7 TBY9 + 60.0 U 06:12:21.48  TB9+59.95 MSEKC -
Start Bot.le Vent (22,332.7) (22,341.48)

Control Valve Open ON

?!!
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PREDICTED TIME

| wowzzorks sne
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ITEM EVENT RANGE 2ZXRO BASE MONITORED | RANGE ZERO BASE SOURCE (ns)
NO. (hrimin:sec) | 00 AT (hr:ain:sec) (sac) el
(sec) (sec)
407b Signal received in N/A N/A S-1vs 06:12:21.483 TB9+59.95 MDAC 9
S-IVB for: Start (22,341.483)
Bottle Vent Control
Velve Oper ON
408a Signal from LVDC for: 06:12:42.7 TBY9 + 90.0 v 06:12:51.50 TB9489.97 NMSFC -
Engine Mairstage Con- (22.362.7) (22,371.50)
trol Valve Open OX
408b Signal received in N/A N/A S-IVB 06:12:51.503 TB9+89.97 MDAC 9
S-1VB for: Engine Main- (22,371.503)
astage Control Valve
Open ON
409a Signal from LVDC for: 06:12:42.9 TB9 + 90.2 v 06:12:51.69 TA94+90.16 MSFC -
Engine Helium Contrel (22,362.3) (22,371.69)
Valve Open ON
409b Signal received in N/A N/A S-1vVBs 06:12:51.694 7TB9%4+90.16 MDAC 9
S-1V3 for: Engine (22,371.694)
Helium Control Valve
Open ON
410a Signal from LVIC for: 06:14:42.7 TBY + 233.0 aid 06:14:51.48 TB9+209.95 MSFC -
Start Bottle Vent (22,482.7) (22,491.48)
Control Valve Open OFF
410b Signal received in N/A N/A S-IVB 06:14:51.483 TB9+209.95 MDAC 9
S~IVB for: Start (22,491.433)
Bottle Vent Control
Valve Open OFF
41la Signal from LVDC for: G6:16:12.7 TBY + 300.0 Iv 06:16:21.48 TB9+299.95 MSFC -
Engine Pump Purge (22,572.7) (22,581.48)
Control Valve Enable
ON
411b Signal received in N/A N/A S-IVB 06:16:21.484 TB9+299.95 MDAC 9
S~1VB for: Engine (22,581.484)
Puap Purge Comtrol
Valve Ensble ON
412 Sipgnal from LVDC fer: B/A N/A U 06:18:18.05 Tb944£16.52 MSFC -
Telemetry Calibrate (22,698.05)
Inflight Calibrate ON
413a Sigoal from LVDC for: N/A N/A 1U 06:18:18,25 TB9+416.72 MSFC -
TM Calibrate OR (22,698.25)
413b Signal received in N/A N/A S-IVB 06:18:18.249 TB34416.72 MDAC 9
S-IVB for: TM Calibrate (22,698.249)
ON
414a Signal from LVDC for: N/A R/A pid 06:18:19.25 TB94417.72 MSFC -
TS Calibrate OFPF (22,699.25)
414b Signal received in N/A N/A S-IVB 06:18:19.249 TB9+417.72 MDAC 9
S-IVB for: TM Calibrate (22,699.249)
orr
415 Signal from LVDC for: N/A N/A Iv 06:18:23.05 TB9+421.52 MSFC -

Telematry Calibrate
Inllight Celibrate OFF

(22,703.05)

4=45
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AS-504 D POST FLIGHT SEOUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM TIME FROM SIGNAL TIME FROM TIME FROM DATA ACCURACY
ITEM " RANGE Z2YRO MONITORED RANGE ZERO
EVENT . BASE BASE SUURCE (ms)
NO. (hr:min:sec) (sac) AT (hr:min:sec) (sec)
(sec) . (sec)

416a Signal from LVDC for: N/A N/A U 06:22:56.89 TB9 + N/JA  MSFC -
Engine Mainstage (22,976.89)
Control Valve Open OFF

416b Signal received in S~IVB N/A N/A S-IVB 06:22:56.782 TBY + N/A  MDAC 9
for: Engine Mainstage (22,976.782)
Control Valve Open OFF

417a Signal from LVDC for: N/A N/A hei] 06:22:57.71 TBY9 + N/A MSTC -
Engine He Control Valve (22,977.71)
Open OFF

417b Signal received in N/A N/A S-1VB 06:22:57.607 TBY9 + N/A  MDAC 9
S~-IVB for: Engine He (22,977.607)
Control Valve Cpen OFF

418a Signal from LVDC for: N/A N/A U 06:23:13.64 TB9 + N/A  MSFC -
Pagsivation Enable (22,993.64)

~18b Signal received in N/A N/A S-1V8 06:23:13,538 TB9 + N/A  MDAC 9
S-1VB for: Passiva- (22,493.538)
tion Znable

419a Signal from LVDC for: N/A N/A juif 06:23:14.42 TBY + N/A  MSFC -
Engine Mainstage Control (22,994.92)
Valve Open ON

419b Signal received in N/A N/A S-IVB 06:23:14.313 TB9 + N/a MDAC 9
S-1VB for: Engine main~ (22,994.313)
stage Control Valve
Open ON

420a Signal from LVDC for: N/A N/A U 06:23:13.21 TBY + N/A  MSFC -—
Engine He Control (22,993.21)
Valve Open ON

420b Signal received in N/A N/A S-1vB 06:23:15.130 TB9 + N/A  MDAC 9
S-1VB for: Engine He (22,995.130)
Control Valve Open ON

42la Signal from LVDC for: ¢6:23:52.5 TB9 + 759.8 v 06:24:01.29 TB9+759.76 MSFC -—
Engine Mainstage (23,032.5) (23,041.29)
Control Valve Open OFF

421b Signal received in N/A N/A S-1VB 06:24:01.290 TB9+759.76 MDAC 9
S-IVB for: Engine Mair- (23,041.290)
stage control Valve
Open OFF

422a Signal from LVDC for: 06:23:52.7 TB9 + 760.0 v 06:24:01.49 .89+759.957 MSFC -~
Engine Helium Control (23,032.7) (23,041.49)
Valve Open OFF

422b Signal received in N/A N/A S-IVB 06:24:01.498 TB9+759.97 MDAC 9
S-1VB for: Engine (23,041.498)
Heliun Control Valve
Open OFF

423a Signal from LVDC for: 06:23:52.9 TBY + 760.2 U 06:24:01.69 TB9+760.16 MSFC --
LOX Tank NPV Valve (23,032.,9) (23,041.69)
Open ON

423b Signal receivaed in N/A N/A S-1VB 06:24:01.698 TB9+760.17 MDAC 9
S-1VB for: LOX Tank (23,041.698)

4=46

NPV Valve Open ON




4

TABLE 4-1 (Sheet 43 of 47)

AS-3504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIMR
TIME FRON | ryvp prow | SIONAL | TIME FROM |y ppon | paTA | Accuracy
11X EVENT RANGE ZERO BASE MONITORED | RANGE ZERO BASE SOURCE] (us)
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

4243 S13aal from LVDC for: 06:23:54.9 TBY9 + 762.2 U] 06:23:43.69 TB9+762.16 MSFC -
LOX Tank NPV Valve (23,034.9) (23,043.69)
Latch Open ON

424b Signal received in N/A N/A S-IVB 06:24:03.689 TB9+762.16 MDAC 9
S-IVB for: LOX Tans (23,043.689)
NPV Valve Latch Open ON

425a S!gnal from LVIC fou: 06:23:55.9 TBY9 + 763.2 hii] 06:24:04.69 TB9+763.17 MSFC -
LCX Tank NPV Valve (23,035.9) (23,044.69)
Open OFF

425b Signal received in N/A N/A S-1IVB 06:24:04.689 TB9+763.17 MDAC 9
S-1VB for: LOX Tank (23,044.689)
NPV Valve Open OFF

426a Signal from LVIC for: 06:23:56.9 TB9 + 764.2 huij 06:24:05.69 TBH764.170 MSFC -
LOX Tank NPV Valve (23,036.9) (23,045.69)
Latch Open OFF

426b Signel received in N/A N/A S-IVB 06:24:05.689 TB94764.17 MDAC 9
S-IVB tor: LOX Tank (23,045.689)
NPV Valve Latch Open
OFF

427a Signal from LVDC for: 06:24°02.5 TBY9 + 765.8 Iu 06:24:11.29 TB94+769.75 MSFC -
Engine Ignition Phage (23,042.5) (23,051.29)
Control Valve Open ON

427b Signal received imn N/A N/A S-1VB 06:24:11.288 TB94769.76 MDAC 9
S-1VB for: Engine (23,051.288)
Ignition Phagse Control
Valve Open ON

428a Signal from LVDC for: 06:24:02.7 TBY9 + 770.0 1w 06:24:11.49 TB9+769.96 MSFC -
Engine Helium Control (23,042.7) (23,051.49)
Valve Open ON

428b Signal received in H/A N/A S-IVB 06:24:11.488 TB94+769.96 MDAC 9
S-IVB for: Engine {23,051.488)
Helium Control Valve
Open ON

429a Signal from LVDC for: N/A N/A 1 U] 06:25:56.23 TB9 + N/A MSFC 9
Engine Ignition Phase (23,156.23)
Control Valve Open OFF

429b Signal received in N/A N/A 1U G6:25:56.132 TB9 + N/A MDAC -
S-IVB for: Engine (23,156.132)
Ignition Phase Control
Valve Open OFF

430a Signal from LVDC for: N/A N/A U 06:25:57.05 TBY9 + N/A MSFC 9
Engine He Control Valve (23,157.05)
Open OFF

430b Signal received in N/A N/A S~-1VB 06:25:56.947 TBY + N/A MDAC -
S-IVB for: Engine (23,156.947)
He Control Valve
Open OFF

43la Signal from LVDC for: N/A N/A hui] 06:26:12.49 TBY9 + N/A MSFC 9
Passivation Enable (23,172.49)

431b Signal received in N/A N/A S=-1VB 06:26:12.395 TBY + N-A MDAC -
8-1IVB for: Passiva- (23,172.395)

tion Enable
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TABLE 4-1 (Sheet 44 of 47)

AS-504 D POST FLIGHT SEOUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

ITEM ;i:nggggo TIME FROM| SIGNAL ;;ﬁnggg:o TIME FROM DATA ACCURACY
EVENT BASE MONTTORED BASE SOURCE (ms)
NO. (hr:rin:sec) (sec) AT (hr:min:sec) (sec)
(sec) s (sec)

432a Signal from LVDC for: N/A N/A v 06:26:13.24 TB9 + N/A  MSFC 9
Engine Ignition Phase (23,173.24)
control Valve Open ON

432b Signal received in N/& N/A S-1VB 06:26:14.145 TBS + N/A  MDAC -
S-IVB for: Engine (23,174.145)
Ignition Phase Control
Valve Open ON

433a Signal from LVDC for: N/A N/A 1y 06:26:15.06 TB9 + N/A  MSFC -
Engine He Control Valve (23,175.06)
Open ON

433b Signal received in N/A N/A S-1VB 06:26:14.961 TB9 + N/A MDAC -
S-IVB for: Engine (23,174.961)
HE Contrel Valve
Open ON

434a Signal from LVDC for: N/A N/A i) -— TB9 + N/A  MSFC -
Engine Ignition Phase
Control Valve Open OFF

434b Signal received in N/A N/A S-1VB 06:41:25.854 TBY9 + NJA  MDAC 9
S-IVE for: Engine (24,075.854)
Ignition Phase Control
Valve Open OFF

435a Signal from LVDC for: N/A N/A U -— TB9 + N/A  MSFC -- )
Engine HE Control Valve
Open OFF

435b Signal received in N/A N/A S-1VB 06:41:26.762 TBY9 + N/A MDAC 9
S-1VB for: Engine (24,076.762)
HE Control Valve
Open OFF

436a Signal from LVDC for: N/A N/A v —— TB9 + N/A  MSFC -
Passivation Enable

436b Signal veceived in N/A N/A S-1VB 06:41:44.558 TB9 + N/A  MDAC E
S-IVB for: Passiva- (24,094.558)
tion Enable

437a Signal from LVDC for: N/A N/A U - TB9 + N/JA  MSFC -—
Engine Ignition Phase
Cuntrol Valve Open ON

437b Signal received in N/A N/A S-IVB 06:41:45.466 TB9 + N/A  MDiC 9
S~IVB for: Engine (24,095.466)
Ignition Phase Control
Valve Jpen ON

438a Signal from LVDC for: N/& N/A U —-— TBY9 + N/A  MSFC --
Engine He Control Valve
Open ON

438b Signal Received in N/A N/A S-IVB 06:41:46,366 TB® + N/A  MDAC 9
S-IVB for: Engine He (24,096.366)
Control Valve Open ON

439a Signal from LVDC for: 06:42:17.7 TB9+1865.0 U — TBY + --- MSFC -~
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Engine Ignition Phase
Control Valve Open OFF
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TABLE 4-1 (Sheet 45 of 47)

AS8-504 D POST FLIGHT SEQUENCE OF EVENTS

S-IVB for: LH2 Tank
Latching Relief Valve
Latch OFF

(24,1564.524)

PREDICTED TIME MONITORED TIME
TIME FROM | pryp pop | SIGNAL | TIME FROM 1 1yup ppom | DaTA | ACCURACY
ITEM EVENT RANGE ZERO BASE MONITORED | RANGE ZERO BASE SOURCE (as)
NO. (hr:min:sec) (sec) AT (hr:min:sac) (sec) :
| (sec) (sec)
439b Signal Received in N/A N/A S-1IVB 06:42:26.501 TB9+1864.97 MDAC 9
S$-IVB for: Engine (24,146.501)
Ignition Phase Control
Valve Opan OFF
440a Signal from LVDC for: 06:42:17.9 TB9+1865.2 U -—— TBY + ===~ MSFC -
Engine Helium Control (24,137.9)
Valve Open OFF
440b Signal Received in N/A N/A S-1IVB 06:42:26.700 TB9+1865.17 MDAC 9
S-IVB for: Engine (24,146.700)
Helium Control Valve
Open OFF
441a Signal from LVDC for: 06:42:18.7 TB9+1866.0 IU -— TBY + === MSFC -
Aux. Hydraulic Pump (24,138.7)
Flight Mode OFF
441b Signal Received in N/A N/A S-IVB 06:42:27.501 TB9+1865.97 MDAC 9
S-1VB for: Aux (24,147.501)
Hydraulic Pump Flight
Mode OFF
4428 Signal from LVDC for: 06:42:19.7 TB9+1867.0 (i) -— TB9 + ~-— MSFC -
Passivation Disable (26,139.7)
442b Signal Received in N/A N/A S-1VB 06:42:28.501 TB9+1866.97 MDAC 9
S-1VB for: Passiva- (24,148.501)
tion Disable
643a Signal from LVDC for: 06:42:21.7 TB9+1869.0 w -— T29 + —~  MSFC -
LH2 Tank Latching (24,141.7)
Relief Valve Open ON
L43b Signal Received ina N/A N/A S-1VB 06:42:30.500 TB9+1868.97 MDAC 9
S-1VB for: LH2 Tank (24,150.500)
Latching Relief Valve
Open ON
444a Signal from LVDC for: 06:42:23.7 TB9+1871.0 U — TB9 + --- MSFC -
LH2 Tank Latching (24,143.7)
Lelief Valve Latch ON
444b S gnal received in N/A N/A S-1VB 06:42:32.508 TB9+1870.98 MDAC 9
S-IVE for: LH2 Tank (24,152.508)
Latching Relief Valve
Latch ON
445a Signal from LVDC for: 06:42:24.7 TB9+1872.0 I — TB9 + --- MSFC -
LH2 Tank Latching Relief (24,144.7)
Valve Open OFF
445b Signal Received in N/A N/A S-1IVB 06:42:33.508 TB9+1872.32 MDAC 9
8-1IVB for: LH2 Tank (24,153.508)
Latching Relief Valve
Open OFF
446a Signal from LVDC for: 06:42:25,7 TB9+1873.C U] -— TB9 + -—  MSFC -
LH2 Tank Latching (24,145.7)
Relief Valve Latch OFF
446b Signal received in N/A N/A $-1VB 06:42:34.524 TB9+1872.99 MDAC 9
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TABLE 4-1 (Sheet 46 of 47)

AS-504 D POST FLIGHT SEOUENCE OF EVENTS

PREDICTED TIME

MONITORED TIME

TIME FROM | oy prom | SINAL | TIME FROM I yrup ppom | Data | accuracy
FTEH RANGE ZERO MONITORED] RANGE 2ERO
EVENT BASE BASE SOURCE (ms)
NO. (hr:min:sec) (sec) AT (hr:imin:sec) (sec)
(sec) (sec)
447a Signal from LVDC for: 06:42:25.9 TB9+1873.2 U - TB9 + -~--  MSFC -~
PJ Inverter and D.C. (24,145.9)
rower OFF
447b Signal Received in N/A N/A S-1VB 06:42:34.716 TB9+1873.19 MDAC 9
S-IVB for: PU Inverter (24,154.716)
and D.C. Power OFF
448a Signal from LVDC for: 06:42:27.7 TB%1875.0 1y -— TB9 + —- MSFC -
Repressurization (24,147.7)
System Mode Selector
ON (AMB)
448b Signal Received in N/A N/A S-1IVB 06:42:36.507 TB9+1874.98  MDAC 3
S-1VB for: Repressuri- (24,156.507)
zation System Mode
Selector ON (AMB)
449a Signal from LVDC for: 06:42:28.7 TB9+1876.0 1u - TB9 + -~—  MSFC -
Engine Pneumatic (24,148.7)
System Vent Open
449b Signal Received in N/A N/a 3-1VB 06:42:37.507 TB9+1875.98 MDAC 9
S-1VB for: Engine (24,157.507)
Pneumatic System
Vent Open
450a Sigual from LVDC for: N/A N/A Iy -—- TB9 + N/A MSFC -
Passivation Enable
450b Signal Received in N/A N/A S~IVB 06:45:28.853 TB9 + N/A  MDAC 9
S-1VB for: Passiva- (24,328.853)
tion Enable
45la Signal from LVDC for: N/A N/A 1y - TB9 + N/a  MSFC -
Engine HE Control
Valve Open ON
451b Signal Received in N/A N/A 06:45:29.770 TB9 + N/A  MDAC 9
S-IVB for: Engine (24,329.770)
He Control Valve
Open ON
452a Signal from LVDC for: 06:45:47.7  TB9+2075.0 1y - TB9 + ~—-  MSFC -—
Repressurization (24,347.7)
System Mode Selector
OFF (AMB)
452b Signal Received in N/A N/A S-1VB 06:47:36.507 TB9+2074.98  WAC 9
S-IVB for: Repres- (24,356.507)
surization System
Mode Selector OfF
453a Signal from LVDC for: N/A N/A v 06:52:37.50 TB9 + N/A  MSFC -
Engine Pneumatic (24,757.50)
Syziem Vent Close
453b Signal Received in N/A N/A S~IVB 06:52:37.508 TBY + N/JA  MDAC 9
S-IVB for: Engine (24,757.508)
Pneumatic System Vent
Clost
454a Signal from LVDC for: N/A N/A U 06:52:49.97 TB9 + N/A  MSFC -
S-1VB Engine Cutoff (24,769.97)

— 450

OFF
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TABLE 4-1 (Sheet 47 of 47)

AS-504 D POST FLIGHT SEQUENCE OF EVENTS

PREDICTED TIME MONITORED TIME
TIME FROM {7y ppom [ SIGNAL | TIME ¥ROM |.;\p prom | DaTA {AccURACY
ITEM EVENT RANGE ZERO BASE |MONITORED | TANGE ZERO BASE SOURCE| (ms)
NO. (hr:min:sec) (sec) AT (hr:min:sec) (sec)
(sec) (sec)

454b Signal Received in N/A N/A §-1IVB 06:52:49.973 TB9 + N/A  MDAC 9
S~IVB for: S-IVB (264,769.973)
Engine Cutoff OFF

455a Signal from LVDC for: N/A N/A IU 06:52:50.93 TBY + N/A  MSFC -
Engine Ready Bypass (24,770.93)

455b Signal Received in N/A N/A S~IVB 26:52:50.931 TBY9 + N/A MDAC 9
S-IVB for: Eng'ne (26,770.931)
Ready Bypass

456a Signal from LVDC for: N/A N/A It 06:52:51.88 TB9 + N/A  MSFC -
Prevalves Close OFF (24,771.88)

456b Signal Received in N/A N/A S-1IVB 06:52:51.882 TB9 + N/A  MDAC 9
S-IVB for: Prevalves (24,771.882)
Close OFF

457a Signal from LVDCfor: N/A N/A U 06:52:52.83 TBY9 + N/A MSFC -
S-IVB Engine Start ON (24,772.83)

457b Signal Received in N/A N/A S-IVB 06:52:52.831 TBY9 + N/A  MDAC 9
S-1VB for: S-IVB (24,772.831)
Engine Start ON

458 Signal from LVDC for: N/A N/A o] 06:54:43.43 TBY9 + N/A  MSFC -
Water Coolant Valve Open (24,833.43)

459 Signal from LVDC for: N/A N/A v 06:58:54.94 TBY9 + N/A  MSFC el
Water Ccolant Valve Close (25,134.94)

460a Signal from LVDC for: 07:14:35.9 TB9+3803.2 v 07:14:44.72 TB9+3803.157 MSFC -
LH2 Tank Repressuriration (26,075.9) (26,084.72)
Control Valve Open OFF

460b Signal Received in S-IVB N/A N/A S-IVB 07:14:44.721 TB9+3803.16 MDAC "
for: LH2 Tank Repressuri- (26,084.721)
zation Control Valve Open OFF

46la Signal from LVDC for: 07:14:52.9 TB9+3820.2 i) 07:15:00.72 TB9+3820.162 MSFC -
Engine Pump Purge Con- (26,092.9) (26,101.72)
trol Valve Enable OFF

461b Signal Received in S-IVB N/A N/A S~-IVB 07:15:00.728 TB9+3820.17 MDAC 9
for: Engine Pump Purge (26,101.728)
Control Valve Enable OFF

462a Signal from LVDC for: N/A N/A IU 07:34:04.62 TBY + N/A  MSFC -
S-IVB Ullage Engine (27,244.62)
No. 1 ON

462b Signal Received in N/A N/A S-1VB 07:34:04.626 TBY9 + N/A MDAC 9
S~IVB for: S-IVB Ullage (27,244.626)
Engine No. 1 ON

463a Signal from LVDC for: N/A N/A IU 07:34:05.76 TBY9 + N/A  MSFC -
S~IVB Ullage Engine (27,245.76)
No. 2 ON

463b Signal Received in N/A N/A S-1VB 07:34:05.768 TBY + N/A  MDAC 9

S-IVB for: S-IVB
Ullage Engine No. 2
ON

(27,245.768)
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452

Item No.

194
318

321
322
335
339
340

350
351

352
353
369

416

417
418

419

420

429

430
431

432

TABLE 4-2 (Sheet 1 of 2)

GROUND COMMANDS

Time from
Range Zero

8,795.61%
17,315,19%
20,416  *
21,326.86%
21,710,02

21,729.16

21,729.96%
21,952.75%
21,953,53%
21,354.32%
21,955,10%
21,987.34%

22,976.89%

22,977.71%
22,993.64

22,994, 42%

22,994.10%

23,156,23%

23,157.05%
23,172,49%

23,173,24%

Event

EDS Cutoff No. 1 Disable

Water Coolant Valve Open

S-IVB Restart Enable

Water Coolant Valve Open
Chilldown Shutoff Valve Close ON
Fuel Chilldown Pump OFF

LOX Chilldown Pump OFF

Chilldown Shutoff Valve Close OFF
Prevalves Close OFF

S-IVB Engine Cutoff OFF

Engine Ready Bypass

Engine Start ON

Engine Mainstage Control Valve
Open OFF

Engine He Control Valve Open OFF
Passivation Enable

Engine Mainstage Control Valve
Open ON

Engine He Control Valve Open ON

Er.,ine Ignition Phase Control
Valve Open OFF

Engine He Control Valve Open OFF
Passivation Enable

Engine Ignition Phase Control
Valve Open ON

)
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Item No.

433

434

435
436
437

438
450
451
453

454
455
456
4517
458
459
462
463

TABLE 4-2 (Sheet 2 of 2)

GROUND COMMANDS

Time from
Range Zero

23,175.06%

24,075.854%%

24,076.762%%
24,094, 553%%

24,095, 466%%

24,096.366%%
24,328,853
24,329, 770%*

24,757.50%

24,769,97%
24,770,93%
24,771.88%
24,772.83%
24,833, 43%
25,134,94*%
27,244,62%

27,245.76%

* Time of command issuance from LVDC.

** Time of command receipt in S-IVB.

Event
Engine He Control Valve Open ON

Engine Ignition Phase Control
Valve Open OFF

Engine He Control Valve Open OFF
Passivation Enable

Engine Ignition Phase Control
Vavle Open ON

Engine He Control Valve Open ON
Passivation Enable
Engine He Control Valve Open ON

Engine Pneumatic System Vent
Close

S-IVB Engine Cutoff OFF
Engine Ready Bypass
Prevalves Close OFF

S-IVB Engine Start ON

Water Coolant Valve Open
Water Coolant Valve Close
S-IVB Ullage Engine No, 1 ON

S~IVB Ullage Engine No, 2 ON
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Predicted
Time from
Base (Sec)
1B5 +12,660.0
TB6 +660.4

TB7 +602.6

IB8 +700.6

TABLE 4-3

DATA OMISSIONS (REASONS)

Commands

PU Inverter and DC
Power ON (Item 212)

Point Level Sensor
Arming (Item 297)

Eugine Pump Purge
Control Valve Enable
OFF (Item 319)

Point Level Sensor
Arming (Item 387)

Reason for Loss of Monitored Times

Monitored by insertion ship and data
is not available.

TB7 was initiated bef»re this command
was scheduled to be sent.

Event occurred between ground station

coverage.

TB9 was initiated before this command
was scheduled to be sent.

TABLE 4-4

DATA OMTSSIONS (TIMFS)

Item numbers for missing times for command issuance from the LVDC.

168%*
208%*%%
209%
210%*
211%%*
212%%
223k%*
224%
206%%%

228k*%
285%
286%
287 k&%
297%%
319%%
434 %
435%
436%

437 % 446 %
438 % 447 %
439 * 448%
440 * 449 %
441 * 450%
442 * 451%
443 % 452%
444 *

L5 *

* - Signal was received in S-IVE.

*% - Signal was not received in S-IVB,

*%% - IU command only.
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Min Sec

-19:58,27C
58.266
18,564

~18:20.340

-17:50.338

-14:59.380
59.314
29.166
29.158
28,518
28,514

-11:01,425
01.253

-10:55.694
55.430
54.798

-9:59.570
59.570
58,758
58.754

-5:43,106
43,088
43,080
35.992

=4:59.458
58,272
58.268
58.222
58:218
57.428
57.412

TABLE 4-5 (Sheet 1 of 3)

GROUND SEQUENCE OF EVENTS

Event

Eng. St Tk Purge Sup V1v Close
Eng. St Tk Purge Sup Vlv Open
Prelaunch C/0 Grp Pwr ON
Prelaunch C/0 Grp Pwr OFF
Aux Hyd Pump Pwr ON

TC Purge Sup V1v Open

TC Purge Sup V1v Close

Eng St Tk Furge Sup Vlv Cpen
Eng. St Tk Purge Sup Vlv Close
St Tk Supply Vlv Open

St Tk Supply V1v Close

LOX Vent Close

LOX Vent Open

1H2 Tk Vent V1v Open

LH2 Tk Veat Vlv Close

1H2 Tk Vent V1lv Open

TC Purge Sup V1v Close

TC Purge Sup Vlv Open

TC Chilldown Sup V1v Close
TC Chilldown Sup Vlv Open
Safe and Amm Safe

€ and A Armed

Ordnance OK Ind

S~IVB DC Pwr Sup Commit

LH2 Chilldown Pump ON

St Tk Sup Vlv Open

St Tk Sup V1v Close

St Tk Sup Vent V1v Close

St Tk Vent Vl1v Open

Cont Bot Sup Vlv Clese

Cont Bot Sup Vlv Open

4 -55




‘o

TABLE 4-5 (Sheet 2 of 23)

GROUND SEQUENCE uF EVENTS

Min Sec Events
-4:57.346 Cont Bot Sup Vent V1v Close
57.344 Cont Bot Sup Vent V1v Open
49,304 LCX Chilldown Pump ON
44,096 1H2 Prevalve Open
44,080 LOX Prevalve Open
43.846 1H2 Prevalve Clos-
43,794 LOX Prevalve Close
35,714 APS No. 2 Eng Vlv Pwr ON
35,710 APS No. 1 Eng Vlv Pwr ON
35.704 S-1VB Prep Complete
29.458 Cold He XOver Vl1v Open
29.456 Cold He XOver Vlv Close
05.996 Firing Command (T-186) :;
05.592 LH2 Fill & Drain Vlv Open
05.428 LOX Fill & Drain V1v Open
05.098 1H2 Fill & Drain Vlv Close
04.724 LOX ¥ill & Drain Viv Clos~
-3:03.938 Gn LOX Umb Purg Sup Close
U3.c34 Gn LOCX Umb Purg Sup Open
~2:46,562 LOX Vent Close
46,554 LOX Tk Press Cmd
31.990 Time for LOX Press + 15 sec
25.286 LOX Tk Pressurized
25,2806 LOX Min Liftoff Press ON
-1:36.324 LH2 Tk Vent Vlv Close
36.320 LH2 Tk Press Cmd
36,238 ILH2 Tk Prepress SV CTlose
36,20 1H2 Tk Gnd Prepress SV Open
26,290 LH2 Min Liftoff Press OK
23,990 LH2 Tk Pressurized i)
23.922 LH? Tk Gnd ®.epress SV Open
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Min Sec

23.914
21.990
-1:19.766
-00:49.912
49.512
39.848
39.786
39.780
08.832
08,888
08.836
08,832
08.820
08.816
08.796
08.794
08.704
08.662
08.554
08.538
01,350
+00:00.006
00,091
00.091
00.631
01,212
01.646

TABLE 4-5 (Sheet 3 of 3)

GROUND SEQUENCE OF EVENTS

Events

LH2 Tk Prepress SV Close
Time for LiZ Press + 15 sec
LH2 100 PC Flight Mass

Stage ON Internal Power
Power Transfer Complete

LH2 Directional Vent Gnd Pos
LH2 Directioral Vent Flt Pos
S-IVB Ready for Launch
Start Ignition Sequence
Status T - 8.9 sec Ign Cmd
TH2 Tk Prepress Sup Vent Cl
LH2 Tk Gnd Prepress Slv Open
TC Chilldown Sup V1v Open
TC Chilldown Sup V1v Close
Cold He Bottle Sup Open
Cold He Bottle Sup Close

Cold He Bottle Sup Line V Open

Cold He Bottle Sup Vent Close
L3i2 Gnd Cont Repress Sup Open
LH2 Gnd Cont Repress Close
All Engines Running

Time for Commit

LH2 Nozz Prg Sup Open

LH2 Nozz Prg Sup Close
LIFTOFF

IH2 Debris V1v Close

LOX Debris Vlv Close
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TEST OPERATIONS

The AS-504 space vehicle was launched at 16:00:00 GMT on 3 March 1969
from Launch Complex 39A, Although the launch was delayed for T2 hours
because of Tlight crew health problems, the overall performanc~ of the

S-IVB-50LN stage was satisfactory during all phases of the countdown.

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

occurred at the following times:

Event Time
LOX loading initlated 07:41:00 GMT
LH2 loading initiated 11:15:00 GMT
Terminal countdown initiated 15:30:00 GMT
Liftoff 16:00:00 GMT

5.1 Launch Vehicle Tests

The S-IVB-504 stage was subjected to launch vehicle tests to determine
that switch selector, interfaces, etc. were functionel for launch., The
two major tests, Flight Readiness and Countdcwn Demonstration, are

discussed in the following parsgraphs.

5.1.1 Flight Readiness Test

The space vehicle Flight Readiness Test was accomplished at launch
complex 39A in accordance with KSC procedure V-20017, revision 009. The
testing was started on 21 January, and initial MDAC activities included
power up operations and functional testing. During the S-~IVB prepare-
tions complete test, an abnormal shutdown of the LOX chilldown pump

5-1
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inverter was noted. After investigation, the inverter was replaced on )
a non-interference basis during EDS testing, after which a short hold

was called to complete S-IVB retest activities. Several other holds of

non-MDAC origin were called, and the test was terminated at the start

of Time Base No. 1, with T-hours plus count time still to be accom-

plished. The test was rerun on 22 January.

5.1.2 Countdown Demonstration Test

The Countdown Demonstration Test (Wet) was initiated at 0930 GMT on

12 Februery with a count of T -130 hours. Because of numerous space-
craft problems, all the built-in hold time was absorbed, and the final
rortion of the test was rescheduled. Although another hold was built in,
additional problems delayed cutoff to approximately 2151 GMT on

18 February. !

The CDDT (Dry) began at 1115 GMT on 19 February with a count of

T -4 hours 45 minutes. Temporary loss of range support because of an

ETR launch necessitated a hold at T -5 minutes; T -0 occurred at :}
1654 GMT on 19 February.

The following S-IVB problems were encountered during the CDDT:

a. The 3200 psi helium supply increased from 1400 to 1600 psi in
5 minutes. The 1A66985-509 dome regulator in the pneumatic
console was removed and replaced.

b. During flight battery activation, battery 1A59T41-507N, S/N Ll

falled to pass the case isolation check and was replaced with
S/N L3,

c. A wet indication from the LH2 tank overfill sensor executed a
revert to the PTCS uuring slow fill at approximately
100 percent <light mass. This was attributed to LH2
sloshing.

d. Several erratic and off-scale vehicle measurements were
observed.

5.2 AS-504 Leunch Countdown

The launch countdown activities began on 22 February 1969 with a count j)

of T -130 hours and continued without interruption until T -15 hours

ST T i ' - ) W
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30 minutes on 27 February when tiie test was scrubbed, and the launch
delayed T2 hours because »f launch crew health prnblems. The launch vas
rescheduled for 1600 GMT on 3 March and the countdown was recycled to

T -42 hours with the courc pickup at 0730 GMT on 1 March.

The concluding portiun of the countdown began at 0TO0 GMT on

3 March 1969. Af‘er LOX loading was completed, the 1A58345-523
pneumatic power control module failed to regulate control helium pres-
st properly. The decision was made to leave the unit installed for

; - laht .

The final portion of the countdown progressed without incident to space
vehicle launch which occurred exactly on time at 1600:00 GMT.

5.2.1 Prelaunch Preparations and Purges

The prelaunch preparations consisted of leak checks, verification of
purges end valve actuations, and analysis of the helium supply for
purity end moisture content. The preparations and purgas were accéa~
plished in accordance with MDAC countdown procedure V-30539 and LOX/LH2
preloading tank purge procedure V-35015.

5.2.2 lLoading Operations

Propellent tank and APS module loading and prepressurization, thrust
chamber chilldown, and helium and GH2 sphLere loading were all satis-

factorily accompliched.

5.2.2.1 Propellant Loading

S-IVB stage LOX and LH2 loaiings were uninterrupted and smoothly accom-
plished. Pressures, temperptures, and flowrates at significant times

are rresented in table 5-1..
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5.2.2.2 APS Loading

The APS propellant loading was completed on 8 February; helium pressuriza-
tion for the lesk check was completed the same day. No major problems or

anomalies occurred. Loading data are presented in table 5-2,

5.2.2.3 Helium and GH2 Loading

Final pressurization of all S-IVB stage spheres, both cold and ambient,
was accomplished without difficulty. Sphere pressurization data are

presented in table 5-3.

5.2.3 Terminal Count

The terminal count was initiated at T -30 minutes and was completed
witnout any significant problems. During this period, final engine and
stage conditioning were accomplished. The sequence of terminal count

events is presented in table 5-k.

5.2.3.1 Engine Conditioning

The J~2 engine conditioning was initiated at T -20 minutes with a
5C-psig ambient helium purge through the start sphere. After the purge
was terminated, the start sphere was chilled and pressurized with cold
GH2. The engine control sphere was also pressurized to meet redlines
at liftoff. No problems occurred during start and control sphere

conditioning for leunch.

The J-2 engine thrust chamber jacket conditioning was initiated at

T -15 minutes with a 50-psig ambient helium purge. Th: purge was
terminated at T -10 minutes, and thrust chamber chilldown was initiated.
Fuel injection temperature (CJ200) was used as the redline criteria

in place of thrust chamber jacket temperature (C0199) because of erratic
behavior seen on C0199 earlier in the count. However, both transducers

were well within redline lianits at liftoff,




5.2,3.2 Stage Conditioning

LOX turbopump chilldown was performed with a LOX flowrate of 40.0 gpm
unpressurized and 42.5 gpm pressurized. LH2 turbopump chilldown was
performed at an LH2 flowrate of 98 gpm unpressurized and 138 gpm pres-
surized. The chilldowns were normal and provided satisfactory pump
inlet conditions for launch. Chilldown is further discussed in
sections 11 and 12,

LOX and LH2 tank prepressurization were normal, but LOX prepressuri-
zation was longer than usual because of the low LOX load; however, the
tank ullage pressures were sgatisfactory at liftoff. Three LOX tank
ullage pressure makeup cycles were accomplished between T -143 and T -113

geconds.

The stage pneumatic power ccunirol module was replaced after the count-
down scrub., During the final countdown the regulator in the new
module failed after LOX loading, and the backup pressure switch
terminated flow.

5.3 Redline Linits

All redlines were satisfied for launch; however, two were changed

before the launch, Because of the erratic nature of C0199-501, thrust
chamber temperature, it was replaced by C0200-501, fuel injection
temperature, In addition, the maximum redline for stage contrcl

helium regulator dircharge pressure was raised from 585 psia to 630
psia to allow for system operation in the backup mode, As a result

of the relaxation of the regulator redline and in light of existing
regulator performance, the backup pressure switch not picked up function
was removed from the terminal count logic.

The redline limit~ for launch vehicle parameters are presented in report
K-V~05,10/4: Apo:lo/Saturn V Launch Mission Rules Apollo 9 (SA-504/CSM~
103) Final, dated 3 February 1969 with revisions in the A4) Redline
Monitoring Rrief,
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5.4 Countdown Problems :}

The only hold other than those built into the countdown sequence was
called because of flight crew health; however, the foilowing S-IVB

problems occurred.

a. During recjualification of the pneumatic power control module
on 28 February, the 6000 psi dome regulstor failed and was
replaced. The new regulator failed after two cycles, and the
3200 psi ambient helium relief valve failed at the same time.
The new regulator ond the relief valve were removed and
replaced. The seat material of the replacement regulator was
nylon in lieu of Kel-F in the original.

t. During final propulsion prevnarations at T -23 hours, the sole-
noid valve in the stage p': iatic power control module that
controls the start tank ve... apper.ed siuggish. The module
was removed and replaced after the prep rations were complete.

¢. After LOX loading, the regulator ia tne stage oneumstic puwer
control module discussed in item bt. raiied toc regulate properly.
The engine pump purge was erabled to put a demand on the system
and lower the regulator discharge pressure until T -5 minutes
33 seconds. The decision was made to leave the unit installed
for launch and rely upon the backup pressure switch to prevent T}
regulator discharge overpressure. -

5.5 Environmental Control Systems

5.5.1 Aft Interstage Thermoconditioning and Purge System

The thermoconditioning and purge system functioned properly during
countdown, maintaining the APS fuel and oxidizer temperatures constant
up to liftoff within the design limits of 87 + 5°F. The module 1
oxidizer and module 2 fuel temperatures were maintained at 91,5°F, and
the module 1 fuel and module 2 oxidizer temperatures were constant

at 88°F,

5.5,2 Common Bulkhead Vacuum Monitor System

At 0702 GMT on 27 February a gas sample of the comnmon bulkhead was

taken., The sample gas composition (listed below) indicated a satis-

factory internal atmosphere., The vacuum supply valves were opened

ot 1.5 pasia. Evacuation of the bulkhead continued until 1630 GMT,

at which time the vacuum supply valves were closed because of a scrub ‘i)

in the count. Evacuation of the bulkhead was resumed at 0715




on 2 March, at which time the internal pressure was 1.50 psia,

and continued until the start of LOX loading (0815 on 3 March)

when the vacuum supply valves were closed with an internal pressure
of 0.3 psia, At the completion of LH2 loading, the internal pressure
was 0.2 psia; and at 1liftoff the pressure was essentially zero

(0,05 psia). |

Gas Sample Composition

02 2.2%
Ar 85.12
co2 0.7%2
H2 None
He 0.014%
N2 11.92

5.6 Atmospheric Conditions

")

The atmospheric conditions for the AS~504 launch on 3 March are
presented in table 5-3,
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TABLE 5-1
S-IVB-504N STAGE PROPELLANT LOANING DATA
Parameter LOX LH2

Chiildown initiated (GMT) 0741 1115
Slow fill

Levels (percent) 0to5 0 to5

Initiation time (GMT) 0815: 50 1205225

Maximum swing arm pressure (psia) L8.0 52.0

Maximum ullage pressure (psia) 22,7 20.0
Fast fill

Levr s (percent) 5 to 96 5 to 96

Initiation time {(GMT) 0816:40 1212:24

Flowrate (gpm) 900 to 950 2,500 to 3,000

Swing arm pressure

Maximum (psia) 50.0 37.0
Stabilized (psia) 50,0 31.0

Maximum ul.age pressure (psia) 17.¢C 17.0
Final slow fill

Level at initiation (percent) 96 94

Initiation time (GMT) 0836:21 1236:15

Swing arm pressure (psia) 25.0 18,0

Maximum ullage pressure (psia) 16.4 16.0
Total time required (min) 22 38
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TABLE 5-2
APS LOADING DATA

Item Volume (in3) Temperature (deg R)
Module 1
Oxifizer system
Loaded 4,102 536
0..f loaded 280 536
Final mass (1lbm) 198 —
Fuel system
Loaded 4,102 534
Offloaded 100 534
Final mass (1lbm) 125.5 ———
Module 2
Oxidizer system
Loaded 4,102 536
0ffloaded 280 536
Final mass (lbm) 198 —
Fuel system
Loaded 4,102 530
Offloaded 100 530
Final mass (1bm) 126,2 —

5~9




™ ~ ~
- T -
098 ¢ 088 0Of
GG g Gle Q0€°T 092°T L21¢1t | xoaddy ut §- fee 3I89S ZHD duTrduy
70°'¢e 182 00T‘E 050°€E ST9‘T | 285 Ot1 say L- I gL5"0 ToI3uoy surdug
T0°T 644 090°¢ G662 09 uta ¢ §IY L- GES O ¢ STNpon
201 gns 0L0°€E S66¢2 0g utu ¢ say )- I GEG°0 T oTnpon
UMTTSH SdY
6LE 0°6€ 00T‘E 060°f, 0LEST | uTw 6T ZHT %nlk S TIE mITey PTOD
8¢ ges 0go°g G20°¢ 09G°¢T | utm g sIy L~ g, Gy ToI3u0)
265 LLy oTT e 0£0°E 0g6°T | utwm g9 say L- I 0°Le ssaaday yusl 2HI
T°02 oLy A RS Geo‘e 09G‘T | uTW 9 sIy L= I, 0°6 ssaadey jue], XOT
UMTTSH JUSTquUy
(wqr) (4 3ap) (Brsd) (etTsd) (ersd) Elish STy,
JIONTI | JIOHITT 3% 3Jo3IT] smssalyg | samssaidg| psamboy |uorgeratur | (E3F) axaudg
SUMTOA
e ssBj | sangexodwag, | 48 sanssoag TeUuTq TBTITUT | UOTYBZTINSSSIJ TBUTJI

VIV NOILVZIMNSSHYd HUFHAS
€=6 AT9VL

5-10




TABLE 5k
AS-50LN TERMINAL COUNTDOWN SEQUENCE

]

Ti?;tz;;m Sequence

-1198.3 Engine start sphere purge initiated

-899.4 Engine thrust chamber purge initiated

-869.2 Engine start syhere purge terminated

-868.5 Engine start sphere chilldown initiated

-599.6 Engine thrust chamber purge terminated

-598.€ Engine thrust chamber chilldown initiated

-299.5 LH2 chilldown initiated

-298. 4 Engine start sphere fill terminaced

-297.4 Engine control sphere supply closed

-281.3 LOX chilldown initiatec

-28k.1 LH2 prevalve closed

-28k,1 LOX prevalve closed

-269.5 Cold helium crossover valve closed

-185.1 LH2 f£ill and drain valve closed

-18k4.7 LOX fill and drain valve closed

-166.6 LOX tank vent clo<ed

-166.6 LOX tenk prepressurization Znttiated

-145.3 LOX tank prepressurization terminated
-96.6 LH2 tank vent closed
-96.2 LHT tank prepressurization initiated
-8k4.0 LH2 tank prepressurization terminated
-39.8 LH2 directional vent to flight position
-8.8 Engine thrust charber ch’lldown terminated

0 Commit and liftoff (16:00:00 GMT)
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6.0 COST PLUS_INCENTIVE FEE

6.1 Flight Mission Accomplishment

Flight data evaluated 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 MDAC-WD
from MSFC as requested in Douglas Report DAC-56334B, Douglas S-IVB Stage

Data Acquisition Requirements Document for Saturn V Flights, June 1968

revision.

AS-504 predicted and actual PCF are presented in table 6-1. All PCF with

the exception of inertial velocity were within allowable tclerances.
lables 6~2 and 6-3 compare actual End Conditions of Flight (7CF) with

allowable tolerances as defined for the MDAC-WD position (Parking orbit
injection) and MSFC position (Intermediate orbit injection). All ECF

parameters are within the allowable tolerances of both positions.

6.2 Telemetry Performance

Evaluation of the telemetry performance indicated that the telemetry
svstem operated at 99.3 percent efficiency during the telemetry per-
formance evaluation period (TPEP) phase 1 (liftoff to first S-IVB engine
cutoff plus 10 sec) and phase II (liftoff to planned LV/SC separation).

The results of the telemetry performance analysis are shown in tai’e 6-4.




TABLE 6-1

S~IVB-504 PRECONDITIONS OF FLIGHT (PCF)
(S-11/S~-1VB SEPARATION COMMAND)

ALLOWABLE AZTUAL

PARAMETER UNITS NOMINAL ACTUAL DEVIATION DEVLATION

Range KM 1,544.0 1,544.2 +59.8 0.2
"71. 3

Crossrange KM 24,0 24,45 +3.1 0.45
‘-ﬁa 5

Altitude KM 189,2 186,67 +4.6 -2.53
-4- 8

Velocity Vector M/S 7,022,0 6,937.9 +53.6 -84,1%

Magnitude -72,5

Velc:ity Vector deg 0.46 0.906 +0.55 0.446

Direction (Path -0.45

Angle from Local

Horizontal) ’)

Velocity Vector deg 81.90 81.907 +0.43 0.007

Direction (deading -0.50

Azimuth from True

North)

Pitch Attitude deg =99.3 -96.3 +6.0 3.0

Pitch Rate deg/sec 0.0 0.0 +1.5 e.0

Yaw Attitude deg 0.2 0.1 +5.0 -0.1

Yaw Rate deg/sec 0.0 0.0 +1.5 0.0

Roll Attitude deg 0.0 ~0,04 +5.0 -0.,04

Roll Rate deg/sec 0.0 0.0 +1.5 .0

% Qut of Tolerance PCF Parameter,
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TABLE 6~2 (Shcet 1 of 2)

S=-IVB=504 END CONDITONS.OF FLIGHT (ECY)
MDAC-WD POSITION

A. Trajectory Parameters (Evaluated at Parking Orbit Insertion)

ALT.OWABLE ACTUAL

PARAMETER UNITS NOMINAL ACTUAL DEVIATION DREVIATION

Velocity Vector M/S 7,793,059 7,793,933 +4,331 0.874

Magnitude -4,723

Velocity Vector deg -0,0009 «0,0058 +0.0704 ~0.0049

Direction (Path -0.0686

Angle from Local

Eorizontal)

Altitude KM 191.362 191,047 +1,418 -0,.315

Node deg 123.1742 123,1416 +0.0935 =0.0326
-0.0953

Inclination deg 32,5611 32,5517 +0.0607 -0,0094
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TABLE 6~2 (Sheet 2 of 2)

S-IVB-504 END CONDITIONS OF FLIGHT
MDAC-WD POSITION

B. Attitude Control Parameters

ALLOWABLE MAXIMUM

PARAMETER UNITS ENVELOPE FLIGHT VALUE
S~IVB First Burn Phase

Pitch Attitude Error deg +7.0 2.1

Yaw Attitude Error deg +7.0 -1l.1

Roll Attitude Error deg +5.0 0.9

Pitch Attitude Rate deg/sec +3.0 -1.25

Yaw Attitude Rate deg/sec +3.0 0.35

Roll Attitude Rate deg/sec +1.5 0.1

Orbital Phase from GCS to LM Physical Separation

Pitch Attitude Error deg +4.C 2.74
Yaw Attitude Error deg +4.0 -2.28
Roll Aititude Error deg +5.0 1.06
Pitch Attitude Rate deg/sec +1.5 0.34
Yaw Attitude Rate deg/sec +1.5 0.32
Roll Attitude Rate deg/sec +1.5 0.24
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TABLE 6-3 (Sheet 1 of 2)

S=-IVB END CONDITIONS OF FLIGHT (®CF)

MSFC POSITION

A. Trajectory Parameters (Evaluated at Intermediate Orbit Injection)

PARAMETER UNITS NOMINAL ACTUAL

Inclination deg 32,490 32,302
Node deg 121,875 122,261
cy u2/s? 19,978,997 49,676,548
Eccentricity 0.1757 0.1807

ALLOWABLE

DEVIATION

+0.378
-0 . 371‘

+0.885
-0, 876

+718,011
~648,541

+0,01183
-0.01065

ACTUAL
DEVIATTON

-0..88

0.386

302,449

0.0050
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S-1VB-504 END COMDITIONS OF FLIGHT (ECF)

TABLE 6-3 (theet 2 of 2)

MSFC POSITION

B. Attitude Control Parameters
PARAMETERS UNITS
S-1IVB First Burn Phase
Pitch Attitude Error deg
Yaw Attitude Error deg
Roll Actitude Error deg
Pitch Attitude Rate deg/sec
Yaw Attitude Rate deg/sec
Roll Attitude Rate deg/sec

Parking and Intermediate Orbit Coast Phases (to Time Base 8)

Pitch Attitude Error
Yaw Attitude Error
Roll Attitude Error
Pitch Attitude Rate
Yaw Attitude Rate

Roll Attitude Rate

S-IVB Second Burn Phase

6-6

Pitch Attitude Error
Yaw Atticude Error
Roll Att. .de Error
Pitch Attitude Rate
Yaw Attitude Raie

Roll Attitude Rate

deg
deg
deg
deg/sec
deg/sec

deg/sec

deg
deg
deg
deg/sec
deg/sec

deg/sec

ALLOWABLE

ENVELOPE

+7.0
+7.0
+5.0
43,0
#3.0

il‘s

+4,0
+4,0
45,0
+1.5
+1.5

+1,5

+11,0
+11.0
+2.5
+3.5
+3.5

+1.5

MAXTMUM

FLIGHT VALUE

-1.25
0.35

Oll

2,79
2.74
1.24
0.34
-0,38

0,24
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TABLE 6l (Sheet 1 of 3)

FLIGHT TELEMETRY PERFORMANCE SUMMARY

DPS8CRIPTION

Total number of measuramenta listed in the S=IVB-50L 299
Instrumentation Program and C.mponents List, Drawing

1843570, "AK" Change.

Meagsurements known to he inoperative at start of

automatic launch sequence.

The function of the following measurewments is

to monitor the output voltege of exploding bridge-
wires (EBW) by means of pulse sensors during
checkout, The pulse sensors are removed prior to
launch, thus making the measurements inoperative

during flight.

KO1hl-h411
KO142-L411
K0149=b40k
K0150=LOkL
K0169-434

K0176-40k

KOL1TT~k4Ok

Event = R/S 1 Pulse Sensor
Event - R/S 2 Pulse Sensor
Event ~ Ullage Jettison 1 P/S

Event -« Ullage Jettison 2 P/S

Event « EBW Pulsze Sensor OFF
Indication

Event -« Ullage Rocket Ignition

P/S 1 Ind.

Event ~ Ullage Rocket Ignition P/S Ind.

The following measurement ~as listed in the IP&CL,
and the cepebility to make the measurements existed

on the stage.

MSFC did not require the associated

rate gyro installation; thereiore, the measurement

is inoperative,

K0i52<kobh

Event - Rate Gyro Wheel Speed OK Ind.

TOTAL
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TABLE 6-4 (Sheet 2 of 3)

FLIGHT TELEMETRY PERFORMANCE SUMMARY

DESCRIPTION TOTAL
Measurement failures prior tc start of Automatic z

Launch Sequence,

C0001~401 Temp ~ LH2 Turbine Inlet
€0007-401 Temp - Fngine Control Helium
C0159~424 Temp -~ LOX Circ Rtn Line Tank
Inlet
. ents wholly transmitted landline to the 3
L: ... control Center (LCC):
D0545-407 Press ~ Common Bulkhead Internal

H/W
D0576~408 Press - Fuel Tank Ullage Umbilical
H/W
LO577-406 Press -~ Oxid Tank Ullage Umbilical
H/W
The total number of measuremeuts to be evaluated for T)
incentive performance for beth TPEP phase I and phase

I is item 1 minus the sum of items 2, 3, and 4,

Measurenents which were fallures during TPEP phase I 2
(Liftoff tc first S-IVB engine cutoff plus 10 sec).
Details regarding these measurement failures may be
obtained in section 18 of this report.

€0133-401 Temp -~ LOX Pump Discharge
K0005-~401 Event - Mai..-tage Control Solenoid

Measurements which were failures during TPEP phase 11 2
(Liftoff to planned LY/SC separation).

Both measurements which were failures during TPEP phase
I are included as phase II failures because phase II
encompasses phase I,

Calculation of phase I performance:

Item 5 minus item 6, divided by item 5, multiplied
by 100, and rounded off to the nearest one-tenth
of one percent.

285~2
285

X 100 = 99,3 percent




TABLE 6-4 (Sheet 3 of 3)

FLIGHT TELEMETRY PERRORMANCE SUMMARY

ITEM DESCRIPTION
7. {continued)
Calculation of phase II performance:

Item 5 minus item 7, divided by item 5, multiplied
by 100, and rounded off to the nea:est one-tenth
of one percent,

E%%%& X 100 = 99,3 percent

8. In addition to the failures noted above, a tntal of
twelve measurements failed after the end of phase II.
Nine of these failures occurred during third bura.

€0010-403 Temp ~ Engine Area Ambient
£0199-401 Temp -~ Thrust Chamber Jazket
C0200~401 Temp ~ Fuel Injection
0392-403 Temp ~ Helium Heacer Support 1

]

TOTAL

C2015-401 Temp -~ Crossover Duct Externa' Wall #1
C2016~401 Temp ~ Crossover Duct External Wall #2

D0003-403 Press - Oxidizer Pump Inlet
D0104~403 Presc - LH2 Press Module Inlet
G0003-401 Posit - Main Oxidizer Valve
G0004~401 Posit -~ Main Fuel Valve
K0157-401 Event - Mainstage OK Press Sw 2

KG159-401 Event - Mainstage OK Press Sw 2 Depress
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7.

TRAJECTORY

7.1 Comparison Retween Actual and Preflight Predicted Trajectories

This section presents a comparison between the actual trajectory ‘based
on tracking and telemetry data) and the preflight predicted trajectory.
The predicted trajectory for the S-~IC and S~II stages is the same as
that presented in the Boeing launch vehicle operational trajectory.

The S-IVB stage portion of the predicted trajector is the same as that
presented in the MDAC-WD final predicted trajectory (Memorandum No.
A3-250-KACA-M-31), Tables 7-1 through 7-14 present a comparison of
conditions at certain significant event times. Figures are presznted
comparing the actual and predicted values of attitude, aurface range,
crossrange position, crossrange velocity, inertial velocity, axial
acceleration, intertial flight path evaluation angle, and inertial
flight path azimuth angle for *he S~IC/S-Il, S~-IVB first burn, S-IVB
second burn, and S~IVB third burn phases of the mission, Figures 7-1
through 7-44 compare the actual and predicted histories for each

trajectoury parameter.

The AS-504 D mission actual trajectory showed low performance during

the S-IC/S-II stage burns. At S-II/S~IV? geparation command the
trajectory can be characterized as being low, short, slow, anu to the
right, as presented in table 7-3. The lower-~than-predicted S-IC and
S-1I stage performance caused the S-IVB stage to burn 11.24 sec longer
than ~:redicted in order to obtain the desired parking orbit. Trajectory
conu.tions at parking orbit insertion ¢. =2 presented in table 7-5. SC/LV
final sepsration occurred 97.5 sec earlier than predicted. Table 7-6
presents the conditions at SC/LV final separation. The comparison of
conditions at S-IVB second engine start command and S-IVB second cutoff
command are presented in tables 7-8 and 7-9, respectively. Conditions
at 8-IVB third eugine start command are presented in table 7-12,
Approximately 150 sec after S-IVB third engine start command the S-IVB
stage L.OX bleed valve failed to the open position, wich resulted in a
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partial loss of thrust for the remainder of the third bvrn. A
correspnnding failure of the LH2 bleed valve 4t approximately 193

sec after S-IVB third engine sta.t command further deteriorated S-IVB
stage engine performance for the duration of third burm. However,

the chird burn impulse was sufficient to accelerate the S-IVB to es.ape
velocity and to inject the stage onto the desired solar orbit.
Conditions at S-IVB third cutoff command are presented irn table 7-13,

3
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7.2 Powered Flight Simulated Trajectory Evaluation

A five-degrees-of-freedom trajectory simulation program employing a
differential correction technique was used to find control parameter
adjustments which would yield a trajectory simulation most closely
fitting the observed trajectory in the least squares sense. The control
parameters selected were engine thrust and weight flow data obtained from

the engine system analysis and pitch and yaw thrust misaligmment angles.

The deviations between the observed and simulated trajectories are shown
in figures 7-45, 7-46, and 7-47 for first, second, and third burns,
respectively, Thrust from the propulsion tape was increased by 0.54
percent for the first burn and by 1.26 percent for the second burn. For
both first and second burns weight flow was constrained to ratch the
propellant consumption of the best estimate mass simulation Listed below
is a table of predicted and actual thrust, weight flow, and specific

impulse averages for all three burns.

Predicted* Simulated*
First Burn Average Value Average Value
Thrust (1bf) 230,620 232,441
Weight Flow (lbm/sec) 541.02 546.46
Specific Impulse (sec) 426.44 425,45
Second Burn
Thrust (1bf) 201,535 202,421
Weight Flow (1bm/sec) 469,25 474.31
Specific Impulse (sec) 429,59 427.05
Third Burn
Thruast (1bf) 203,451 155,125
Weight Flow (1lbm/sec) 474,00 373.09
Specific Impulse (sec) 429,25 414,30

*Averages from 90 percent thrust to cutoff.

As can be seen from the above tsble, there are large deviations between
predicted and actual thrust and weight flow during the third burn. These
deviations were caused primarily by a large drop in thrust and weight flow




at the time of LOX bleed valve failure. The following table presents
the average values of thrust, weight flow, and specific impulse for the
periods of 90 percent thrust to LOX bleed valve failure and from 10X

bleed valve failure to cutoff.

Before LOX Bleed After LOX Bleed

Valve Failure Valve Failure
Third Burn
Thrust (1bf) 199,483 129,142
Weight Flow (lbm/sec) 470.61 315.97
Specific Impulse (sec) 424,57 408,31

Due to the shape of the third burn thrust and weight flow profile, a
uaique solution for weight flow was not determined. The trajectory
simclation analysis determined the level of third burn thrust before

and after LOX bleed valve failure which most closely matched the observed
trajectory using the shape of the flowrate profile as determined by engine
analysis., The initial and final vehicle weights were constrained to
best-estimate values. Thrust from the propulsion tape was increased by
1.63 percent before LOX bleed valve failure and decreased by 0.29

percent after LOX bleed valve failure, Weight flow from the propulsion

tape was increased by 0.54 percent throughout the third burn,

The pitch and yaw thrust misalignment angles established by control system

and trajectory analyses are shown below.

Control System Trajectory

Analysis Simulation
First Burn
Pitch Thrust Misalignment (deg) .30 -0.03
Yaw Thrust Misalignment (deg) 0.48 0.55
Second Burn
Pitch Thrust Misalignment (deg) 0.26 0.01
Yaw Thrust Misalignment (deg) 0.55 0.67
Third Burn
Pitch Thrust Misalignment (deg) 0.41 0.18

Yaw Thrust Misalignment (deg) 0.40 0.20



A positive thrust vector misalignment in the pitch plane causes a
nose-above-commanded attitude, and a positive misalignment in the yaw
plane causes a nose-left-of-commanded attitude, looking downrange.

The total vehicle weights as determined by trajectory best estimate mass
simulation are compared with predicted at engine start command and engine

cutoff command in the following table.

Predicted Simulated*

First Burn
Engine Start Command 358,047 1lbm 359,306 1bm
Engine Cutoff Command 297,540 1bm 292,249 1bm

Second Burn
Engine Start Command 199,745 1lbm 194,685 1bm
Engine Cutoff Command 171,158 1bm 166,129 1lbm

Third Burn
Engine Start Command 169,664 1bm 164,889 1bm
Engine Cutoff Command 55,328 1lbm 75,411 1bm

*Best estimate mass

The results of the postflight trajectory simulation can be applied to
explain the deviation from predicted :n the duration of the first burnm.
The table below itemizes the contriv.tions of the various performance

parameter deviations to the observec deviation of 11.24 sec in burn time,

Contribution to

Parameter Burn Time Deviation (sec)
Lower Stage Performance 10.0
Vehicle Weight at S-II/3-IVB Separation 1.8
S-IVB Engine Performance -0.7
Total Explained 11.1
Total Unexplained 0.1
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CONDITIONS AT

Parameter

Time from Range Zero ()
Dynamic Pressure (q)
Altitude (h)
Earth-Fixed Velocity (VE)
Mach Number M)
Ambient Pressure (Pa)

Pitch Angle of Attack (a)
Yaw Angle of Attack (8)

TABLE 7-1
AS=504

MAXIMUM DYNAMIC PRESSURE

Unit Predicted Actual Deviation
sec 85.5 +4.11
1bf/ft? 617.9 -68.3
ft 45,137 +1,436
ft/sec 1,737.7 +71.6
- 1.68 +0.02
1bf/ £ 314.4 ~40.0
deg -0.91 -1.62
deg 4.52 +4.47



TABLE 7-2
AS-504

CONDITIONS AT S-IC/S-I1 SEPARATION COMMANL

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Earth-Fixed Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

Dynamic Pressure
Pitch Angle of Attack
Yaw Angle of Attack

(t)
(n)
(s)
(Yp)
(¥p)
)
v

(YII)

(YZI)

(q)
(a)
(8)

Unit Predicted Actual
sec 160.66 163.45
ft 223,145 213,540
ft 312,246 318,452
ft 755 1,431
ft/sec 24.8 32.6
ft/sec 7,929.4 7837.9
ft/sec 9,142,0 9059.3
deg 19.508 18.449
deg 75.268 75.337
1bf /£ 7.1 9.8
deg 0.20 1.19
deg 0.01 1.41

Laviation

+2.79
-9,605
+6,206
+676
+7.8
-91.5
-82.7
-1.059

+0.069

+2.7
+0.99
+1.40




TABLE 7-3
AS-504

CONDITIONS AT S-II/S-IVB SEPARATION COMMAND

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Earth-Fixed Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

()
<h)
(s)
v)
(Yp)
()
V)
()

(Yél)

Unit Predicted Actual Deviation
sec 531.95 537.18 +5.23
ft 520,681 612,430 -8,251
ft 5,071,310 5,066,230 -5,080
ft 78,901 80,231 +1,330
ft/sec 561.3 555.9 =5.4
ft/sec  21,715.6  21,440.5 -275.1
ft/sec 23,037.9 22,762.3 -275.6
deg 0.457 .906 +0.449
deg 81.901 81.907 +0.006
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CONDITIONS AT S-IVB FIRST GUIDANCE CUTOFF COMMAND

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

(t)
(h)
(s)
(Yg)
(Yg)
v,)
(v1g)

(vyp)

TABLE 7-4
AS-504

Unit Predicted
sec 648,31
ft 627,468
ft 7,652,996
ft 158,678
ft/sec 822.5
ft/se~ 25,561.4
deg -0.001
deg 86.531

Actual Deviation
664,66 +16.35
626,776 -692
7,875,354 +226,358
169,219 +10,541
853.4 +30.9
25,564.0 +2.6
0.000 +0.001
86.979 +0.448




TABLE 7-5
AS-504

CONDITIONS AT PARKING ORBIT INSERTION

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

Apogee Altitude*
Perigee Altitude*
Apogee Velocity
Perigee Velocity
Eccentricity
Inclination
Period
Descending Node

Orbit Energy

Unit Predicted Actual
(t) sec 658.31 €74.66
(h) ft 627,509 626,775
(s) ft 7,888,348 8,114,746
(Y ft 166,989 177,836
(?E) ft/sec 839.7 870.6

(v.) ft/se= 25,566.6 25,569.8

(v;,) deg -0.001 0.000
(YéI) deg 86.963 87.412
(h)  nmi 99.9 100.6
(hp) nmi 99.1 99.8
(Va) ft/sec 25,572.4 25563.9
(Vp) ft/sec 25,569.3 25570.1
(e) - 0,0001 0.0001
(1)  deg 32,561 32,552
(P) min 88.18 88.20
(6_) d;g ) 123,174 123.142
(C3) m /sec”-60,738,898 -60,727,984

*Measured with respect to mean earth radius of 3,443.94 nmi.

Deviation

+16.35
-734
+226,398
+10,847
+30.9
+3.2
+0.001

+0.449

+0.7
+0.7
-8.5
+0.8
0.0000
-0.009
+0.02
-0.032
+10,914

K



TABLE 7-6
AS-504

CONDITION AT SC/LV FINAL SEPARATION

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

Apogee Altitude*®
Perigee Altitude*
Apogee Velocity
Perigee Velocity
Eccentricity
Inclination
Period
Descending Node
Orbit Energy

*Measured with respect to a mean earth radius of 3,443.94 nmi.

Unit
(t) sec
(h) ft
(s) ft
(YE) ft

(fE) ft/sec
(VI) ft/sec
(YiI) deg

(vyp) deg

(ha} nmi

(hp) nmi

(Va) ft/sec
(Vp) ft/sec
(e)
(1) deg
(P) min

(en) deg

Predicted Actual
14,982.51 14,885.00
628,544 639,416
49,801,593 52,409,752
-8,333,890 -7,126,402
-10,525.6  -11,529.7
25,573.7 25,565.0
0.042 0.028
58.948 63.373
113.3 112.5
102.4 104.1
25,500.1 25,507.5
25,579.0 25,568.0
0.0015 0.0011
32.597 32.584
88.49 88.51
121.887 121.860

(cy) u?/sec? -60,597,422 -60,589,118

Deviation

-97.5
+10,872
+2,608,159
+1,207,488
~-1,004.1
-8.9
~-0.014

+1.425

-0.8
1.7
+7.4
-11.0
~0.0004
-0.013
+0.02
-0.017
+8,304

7-11
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TABLE 7-7
A5-504
CONDITIONS AT TIME BASE 6

Parameter Unit Predicted Actual Deviation
Time from Range Zero (t) sec 16,569.26 16,577.24 +7.98
Altitude (h) ft 664,842 663,829 ~-1,013
Surface Range (s) ft 12,498,040 12,638,627 +140,587
Crossrange Distance (YE) ft -6,960,697 -7,032,176 -71,479
Crossrange Velocity (?E) ft/sec 12,390.0 12,348.7 -41.3
Inertial Velocity (VI) ft/sec 25,544.,3 25,549.1 +4.8
Inertiél Flight Path (in) deg 0.006 0.000 -0.006
Elevation Angle

Inertial Flight Path (v} ) deg 88.834 88.623 ~0.211
Azimuth Angle

Apogee Altitude* (ha) nmi 106.1 107.2 +1.1
Perigee Altitude* (hp) nmi 105.2 106.0 +0.8
Apogee Velocity (Va) ft/sec 25,544.5 25,539.4 -5.1
Perigee Velocity (Vp) ft/sec 25,550.6 25,548.3 -2.3
Eccentricity (e) - 0.0001 0.0002 +0.0001
Inclination (1) deg 32.560 32,551 -0.009
Period (P) min 88.41 88.44 +0.0n2
Descending Node (6n) deg 121.774 121.743 -0.03:
Orbit Energy (C3) m2/sec2 -60,¢35,348 -60,618,132 +17,71

*Measured with respect to a mean earth radius of 3,443.94 nmi.
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TABLE 7-8

AS-504

CONDITIONS AT S-~IVB SECOND ENGINE STAKT COMMAND

Parc-meter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevatior. Angle

Inertial Flight Path
Azimuth Angle

(t)

(h)

(s)
(¥p)
Y
vy
(vqp

(v7q)

Unit

sec
ft
ft

ft/sec
ft/sec
dag

deg

Predicted

17,139.26
657,463
1,216,358
1,236,598
15,351.9
25,551.8
-0.006

110.999

Actual Deviation
17,147.20 +7.94
655,100 -2,363
1,126,045 -90,313
1.158,293 -78,305
15,367.5 +15.6
25,556.1 +4.3
0.000 +0.00%
110, 846 -0.153




TABLE 7-

AS-504

9

CONDITIONS AT S-IVB SECOND CUTOFF COMMAND

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Tnertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Seimuth Angle

(v)
(h)
()
(g
(Y.)
v
ip

(Ygl)

ft/sec
ft/sec

deg

deg

Predicted

17,209.66
660,180
2,753,585
2,351,431
16¢,508.7
27,666.9
0.476

112.894

Actual Deviation
17,217.60 +7.94
057,154 -3,026
2,627,188 -126,397
2,271,265 -80,166
16,489.7 -19.0
27,742.0 +65.1
0.384 -0.093
112.544 -0.35¢



TABLE 7-10

AS-504

CONDITIONS AT INTERMEDIATE ORBIT INSERTION

Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Evaluation Angle

Inertial Flight Path
Angle

Apogee Altitude*
Perigee Altitude*
Apogee Velocity
Perigee Velocity
Eccentricity
Inclination
Period
Descending Node
Orbit Energy

(t)
(h)
(s)
(Yp)
(1)
v
(vip)
v§p)
(h,)
(hp)
v)
(Vp)
(e)
(1)
™
\9)

(C,)

Unit

sec

ft

ft

ft
ft/sec
ft/sec

nei
ft/sec
ft/sec
deg
min
deg

Predicted

17,219.66
662,490
2,999,019
2,516,469
16,494.7
27,672.3
0.586

113.188

1,602.4
106.0
19,472.4
27,680.6
0.1741
32.446
117.80
121.975

Actual Deviation
17,227.60 +7.94
659,066 -3,424
2,871,915 -127,104
2,436,419 -80,050
16,480.3 ~-13.8
27,753.6 +81.3
0.498 -0.088
112.841 -0.347
1,671.6 +69.2
105.8 -0.2
19,262.4 -210.0
27,759.4 +78.8
0.1807 +0.0066
32.302 -0.144
119.22 +1.42
122,261 +0.286
+399,571

n?/sec? 50,075,375 -49,676,548

*Measured with respect to a mean earth radius of 3,445.94 nmi.

7=-15
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TABLE 7-11
AS-504
CONDITIONS AT TIME BASE 8

Parameter Unit Predicted
Time from Range Zero (t) sec 21,572.26
Altitude (h) ft 8,757,508
Surface Raige (S) ft 57,103,119
Crossrange Distance (YE) ft -11,028,921
Crossrange Velocity (YE) ft/sec -11,315.2
Inertial Velocity (VI) ft/sec 20,246,5
Inertial Flight Path (y{I) deg -6.202
Elevation Angle

Tnertial Flight Path (*.«2’1) deg 58,946
Azimuth Angle

Apogee Altitude* (ha) nmi 1,600.7
Perigee Altitude* (hp) nmi 114.2
Apogee Velocity (Va) ft/sec 19,490.7
Perigee Velocity (Vp) ft/sec 27,633.6
Fecentricity (e) -— 0.1728
Inclination (i) deg 32,457
reriod (») rin 117.93
NDescending Node (On) deg 121,806
Orbit Energy (C3) mzlsec2 -50,037,363

Actual Deviation
21,580.98 +8.72
9,280,532 +523,023

57,915,574 +812,455
-10,395,223 +633,698
-11,432.9 -117.7
19,944.4 -302.1

-6,018 +0.184

59.507 +0.561

1,670.0 +69.3

113.6 -0.6
19,279.7 -211.0
27,714.6 +81.0

0.1795 +0.0067

32,312 -0.145

119,35 +1.42

122.086 +0.280

-49,640,805 +396,558

*Measured with respect to a mean earth radius of 3,443.94 nmi.

7-16
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TABLE 7-12
AS-504

CONDITIONS AT S~IVB GROUND COMMANDED THIRD

Parameter

Time from Range Zeio
Altitude

Surface Range
Crossrange Distasance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Pata
Azimuth Angle

(t)
(h)
()
Xy
(tp)
vy

(71’1)

ENGINE START COMMAND

Unit Predicted
sec 21,977.26
ft 7,686,331
ft 51,863,336
ft -15,143,254
ft/sec -8,820.9
ft/sec 21,106.4
deg ~8.357
deg 57.565

Actual Deviation
21,987.35 +10.09
8,235,624 +549,293

52,890,589 +1,027,253
~14,627,274 +515,980

-9,203.8 -382.9

20,766.0 ~340,4

~-8.353 +0.004
57.817 +0.252
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Parameteg

Time ‘rum Range /Jero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

7-18

TABLE 7-13
AS-504
CONDITIONS AT S~IVB THIRD CUTOFF COMMAND

Unit

sec

Predicted

22,272.66
6,995.993
46,560,168
~18,165,730
-14,294.9
36,620.1
1.323

56.574

Actual Deviation

22,281.32 +8.66
7,491,466  +495,473
47,969,707 +1,409,539
-17,701,064  -+464,666
-12,738.6 -1,556.3
31,589.2 -5,030.9
-1.007 -2.330

56.509 -0.065



Parameter

Time from Range Zero
Altitude

Surface Range
Crossrange Distance
Crossrange Velocity
Inertial Velocity

Inertial Flight Path
Elevation Angle

Inertial Flight Path
Azimuth Angle

Perigee Altitude*
Perigee Velocity
Geocentric Radius
Eccentricity
Inclination
Descending Node
Orbit Energy

(t)
(h)
(s)
x)
(x
(VE)
1y

()

(hp)
(Vp)
(rc)
(e)

(1)

©,)
{C

TABLE 7-14
AS-304
CONDITIONS AT ESCAPE ORBIT INJECTION

Unit Predicted
sec 22,282.66
ft 7,006,124
ft 46,301,711
ft -18,308,318
ft/sec -14,211.9
ft/sec 36,635.8
deg 1.799
deg 56.654
nmi 1,149.2
ft/sec 36,646,7
ft 27,930,611
-— 1.6626
deg 34,116
deg 122,176
w’/sec? 31,050,142

Actual

22,291.32
7,485,441
47,753,602

~17,826,894

-12,665.3
31,619.8
-0.678

56.555

1,231.2
31,622.0
28,410,561
1.0179
33.825
122.228
824,685

*Measured with respect to a mean earth radius of 3,443,94 pmi.

Deviation

+8.66
+479,317
+1,451,891
+481,424
~-1,546,.6
5,016.1
-2.477

-0.099

+82.0
-5,024,7
+479,950
~0.6447
-0.291
+0.052

-30,225,457
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8.

MASS CHARACTERISTICS

The AS=504 Third Flight Stage (S=IVB-504, I,U. and Payload) mass characteristics

presented in table 8-1 are "best estimate" values.

8,1 Mass Property Uncertainties Analysis

Figures 8-1 through 8-12 present a comparison of tie predicted vehicle mass
characteristics and tliree sigma uncertainties versus the actual flight mass
characteristics during S-IVB nowered flight. The predicted uncertainties
were determined from a statistical analysis of component mass properties
uncertainties and are referenced relative to time from S=IVB Engine Start

Command,

The mass of the vehicle was close to predicted and well within the mass
tolerance until the end of the first burn, Because of the additional

(10.5 sec) burntime required to achieve orbital velocity, the mass of

the vehicle was below the three sigmea low tolerance until third engine start
command plus 150 sec, at which time the LOX bleed valve opened

reducing the engine flow rate, Subsequent events caused tne vehicle mass

to cross the tolerance band and exceed the three sigme high tolerance at

third burn engine cutoff command.,

8.2 Besgt Estimate Ignition and Cutoff Masses

The "best estimate method" is a three dimensional statistical analysis of
data from various measurement systems, This method develops a joint probebility
density function for each of the three burns from which the most probable

ignition and cutoff masses and their associated accuracies are determined.

For all three burns, three measurement systems were utilized to compute the

best estimate masses:

1. Flow Integral Propellant Consumption
2, Volumetric P,U, Ignition and Cutoff Masses
3, P,U, Indicated (Corrected) Ignition and Cutoff masses.

8-1




8,2 Best Estimate Ignition and Cutoff Masses (continued)

Two other data sources, usually utilized, were not available for this analysis.
The trajectory reconstruction ratio of ignition mass over cutoff mass was not
used because the short burn time (for the first two burns) and the anomolies
(on the third burn) rendered the accuracy of the trajectory reconstruction
insufficient to be of value for the best estimate analysis.

Level Sensor Data was not available because of the large residusl propellants,
A brief description of the various measurement systems is presented in Section 16,

Figures 8~13 through 8-15 show graphical presentations of the best estimate
analyais for first, second, and third burns re«pectively,
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G 9, ENGINE SYSTEM

The main propulsion system of the S-IVB stage of the AS-504 launch
vehicle consisted of a Rocketdyne J-2 engine (S/N J-2094), shown sche-
matically in figure 9-1, and the associated propellant ducting and
conditioning systems. The engine was rated to operate at <30,000 1bf
thrust. As a result of the analysis of the engine and stage acceptance
tests, a set cf variable tags (figures 9-2 and 9-3) were established

using the following engine constants:

Engine Constants

LOX flowmeter 5.5384 cycles/gal
LH2 flowmeter 1.8504 cycles/gal
LOX bootstrap orifice 0.275 in.2

LH2 bootstrap orifice 0.486 in.2
Oxidizer turbine bypass 1.347 in.2

nozzl:

The engine was equipped with a 1.0-sec start tank discharge valve (STDV)
‘:; timer in the engine control circuit; however, actuation of the STDV,
which determines the fuel lead duration, was controlled from the stage
through the fuel injection temperature bypass circuit. Using this
control, the fuel leads were 2.924, 8.007, and 51.588 sec for the first,

second, and third burns, respectively.

X M, 4 g o . i e 1 .r
Lt R IR b et S RO

9.1 Modifications

The engine was modified to improve restart capability. These modifica-
tions included retiming the main oxidizer valve (MOV) opening rate,
reducing the augmented spark ignitor (ASI) LOX orifice size, and paint-
ing the crossover duct black. The stage PU syster was modified to

provide for a second burn engine start with the PU valve full open.

g
-4

The engine control bottle was connected with the stage ambient repressuri-
zation bottles (figure 3-1). The ASI system was modified by removing

the bellows in the fuel and LOX ASI feedlines and replacing them with
rigid tubular lines as in 503N flight stage.

g

The PU valve was modified to reduce engine performance shifts. Other
' modifications were made involving instrumentation, but are not discussed
here as they do not affect performance. Details of these modifications

are presented in the Rocketdyne configuration report (R-5788).
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9.2 Sequence of Events T’

The engine start and cutoff sequences were satisfactory in providing
smooth transient operation and were compatible with the engine logic.
The opening and closing times for the valves were obtained from potenti-
omete readings as there were no closed microswitch indications for the
main engine valves on S-IVB-504N. The mainstage control solenoid
energized time was not available on any burn due to erroneous signals.
There were no major deviations from specifications at any engine events

in the first two burns.

Third burn had significant deviations from nominal. As discussed in
paragraph 9.6.4, an extended fuel lead initiated by Houston command was
used rather than the normal 8-sec fuel lead. The LOX bleed valve fully
opened 98.802 sec from STDV and the LH2 bleed vaive opened fully

141.735 sec from STDV. From STDV +66.740 to STDV +67.845 sec both main-
stage pressure switches dropped out for short periods but not long

enough to cause IU cutoff. This condition should have initiated
electrical control assembly (ECA) engine cutoff. However, it is believed
that mainstage pressure switch No. 2 remained fused in the yes position :)
to the ECA package, thereby not allowing engine cutoff. This would

also account for the absence of the engine ready signal at engine cutoff.
Engine\ready requires both pressure switches in the depressed position
with the ECA package. At Engine Cutoff Command mainstage No. 1 was
indicating OK and mainstage No. 2 was indicating both OK and NOT OK.

The gas generator (GG) started to close at 92.564 sec from STDV and at
Engine Cutoff Command was approximately 52 percent open. These occur-
rences are attributed to the reduction in engine pneumatic pressure as

discussed in paragraph 9.5.

At third engine cutoff the main valves took longer than nominal to
begin closing, but once started,their closing times were faster than
normal. This was due to low pneumatic pressure and also lower overall

flow resistance.

Significant engine events during the start transients are shown in
figures 9~4, 9-5, and 9-6. Figure 3-7 shows a comparison of significant
events between second and third burn cutoff. Tables 9-1, 9-2, and 9-3 j)

list the engine events for each burn.
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9.3 Engine Chilldown Conditioning

9.3.1 Turbopump Chilldown

Chilldown in conjunction with the fuel lead adequately conditioned the
LOX and LH2 turbopumpi for a proper engine start for both firet and
second burns., For third burn restart, there was no chilldown condition-
ing of the turbopumps. Fuel lead was used to condition the LH2 turbo-
pump., Figure 9-8 shows the condition of the LOX pump.

9.3.2 Thrust Chamber Chilldown

9.3.2.1 Ground Conditioning and Boost

Thrust chamber chilldown was initiated at kv -~611 sec and terminated

at RO -8.8 sec (figure 9-9) with a main fule injector temperature
(C0200) that satisfied the maximum allowabie redline limits of 340 deg R
at liftoff. The temperature rise rate just prior to Engine Start Command
was calculated to be 2.3 deg/min for S-IVB-504N flight and 0.7 deg/min
for S-1VB-503N flight, whereas the average temperature rise rate during
boost was 11.8 deg R/min for S-IVB-504N flight and 10.0 deg R/min for
§-1VB~503N flight.

Engine start requirements for C0200 were obtained by adding the average
difference between the thrust chamber jacket temperature (C0199) and
C0200 (8l deg R) to CO199 engine start requirements. CO0199 was a
questionable measurement and hence was not used.

9.3.2.2 Inflight Conditioning

Inflight conditioning of the thrust chamber was accomplished by the fuel
lead which allowed hydrogen to flow through the thrust chamber jacket
prior to mainstage operation. The time used for this fuel lead period
is defined as the tims between Engine Start Command and STDV solenoid
energize.

Fuel lead times were 2,924 and 8.007 sec, cespectively, for the first
and second burns. The conditions and characteristics of these fuel lead
operations are summarized in table 9-4. Flight messurements are pre-
sented in figures 9-10, 9-11, and 9-12.

Both fuel leac operations (first and second burns) were setisfaciory.
Engine performance during the fuel lead periods is presented in paragraphs
9.6.2, 9.6.3, and 9.6,4. Third burmn fuel lead is discussed in paragraph
$.6.4.,

9-3
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9.3.3 Engine Start Sphere Chilldown and Loading )

Start sphere liftotf requirements are shown in figure 9-13 along with
the actual. Sphere conditions at liftoff are compared to S-IVB-502 and
S-IVB-503N flight conditions in table 9-5. The sphere warmup rate from
sphere pressurization to blowdown was 1.3 deg/min; the S-IVB-503N warmup
rate was also 1.3 deg/min. The difference between the GH2 start sphere
and engine control helium sphere temperatures on S-IVB-503N and
S-1VB-504N after pressurization was 30 deg R and 25 deg R, respectively.
At liftoff, the respective differences had decreased to 10 and 4 deg R.
The S-IVB-503N and S-IVB-504N warmup rates from pressurization to lift-

off were 2.4 deg/min. From liftoff to sphere blowdown, the respective
warmup rates were 0.6 anrd 0.7 deg/min. These warmup rates reflect the

temperature differences before and after liftoff and are within the

previous band of experience (figure 9-14).
9.3.4 Engine Control Sphere Chilldown and Loading

Control sphere performance data during loading are presented in figure

9-15. Control sphere conditions at liftoff are compared with S-IVB-502

and S-IVB-503N flight conditions in table 9-6. The increase in pressure :’
during boost is the result of boost-induced heating; similar pressure

!ncreases occurred during the boost periods of previous flights. The

engine control sphere temperature (C0007) became erratic. Prior to

liftoff, CO007 was ccastructed during its period of erratic behavior

(figure 9-15).

9.4 Start System Performance

9.4.1 First Burn

The J-2 engine start system performed as expected during the first burnm.
The refill conditions are shown in table 9-7 and figure 9-16. The

times for topping initiation and completion of 504N first burn were

similar to those of S-IVB-502 first burn, which were also at an EMR of 5.5.

Following topping, heat input from the system environment caused a
temperature increase and a corresponding pressure increase as shown
in figure 9~16.
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9.4.2 Orbital Coast

It was predicted that the relief setting would be reached by first burn
cutoff. However, the pressure at cutoff was 1259 psia and the relief
setting was actually reached at ECCl +73 min resulting in a mean pressure
rise rate of 1.18 psi/min. The expected relief and cutoff pressure was
1320 psi. The actual cutoff pressure was lower because topping completion
occurred at a lower pressure than expected so that the normal heatup
during the remainder of burn was not sufficient to raise the pressure to
the relief setting. The low topping completion pressure was due to a

44 psi difference between the start tank pressure and fuel pump discharge
pressure at topping completion. This was the AP required across the

check valve to maintain flow.

Also, the relief pressure was 1346 psi instead of the expected 1320 psi
and it required more time to reach the higher pressure after engine
cutoff. The start bottle conditions were within the required restart
envelope at ESCl +65.7 sec at a pressure of 1200 psia. As noted on

all previous flights, the measured temperature during the orbital coast
is invalid. Corrected temperature data are compared to 502 and 503

data in figure 9-17,

9.4.3 Second Burn

The J-2 engine start system also performed as expected during second burn.
The refill conditions are shown in table 9-7 and figure 9-16, Following
topping, heat input from the system again caused the expected temper.ture

and pressure increases shown in figure 9-16.

9.4.4 Second Coast Period

During second coast the start tank pressure never reached the relief
setting due to the short burn and resulting low cutoff pressure and the
relatively short coasi: period. However, the start tank conditions

were within the required restart envelope at ECCZ +40 min. Pressure and

temperature data are compared to first coast data in figure 9-18.




9.4,5 Third Burn and Safing 3

The start system performance was again as expected. The start tank con-
ditions are shown in table 9-7 and figure 9-16. At ESC3 +8.004 sec STDV
Command Open was given and the pressure decay initiated at ESC3 +8,245 sec.
STDV closure occurred at ESC3 +8.865 sec. Approximately 3.33 1bm of
hydrogen was discharged during blowdown. The gaseous portion of refill
was completed when the start tank pressure reached 806 psia at ESC3

+17.6 sec. Topping was completed with a start tank pressure of 1080 psia
at ESC3 +68.4 sec. Refill and topping is shown in figure 9-19 for all

three burns.

At the beginning of topping, the same temperature reversal conditiorn was

noted during third burn as was seen on 503 flight.

This condition is believed to be a characteristic of the start tank
temperature transducer and its environment at this time and the data is

considered misleading during these excursions.

At engine cutoff the pressure had risen to 1176 psi as shown in table 9-7
due to environmental heating. :)

The start tank was saied at approximately ECC3 460 sec. The pressure
decrease is shown in figure 9-20. At the last receipt of S-IVB data
at ECC3 425,739 sec, the start bottle pressure DO0l7 was reading 46 psia.

9.5 Engine Control Sphere Performance

9.5.1 First Burn

During the AS-504 flight, the J-2 engine helium control sphere was
connected to the eight stage ambient helium repress bottles. Two check
valves between the control sphere and repress bottles insure that the

direction of helium flow was always into the control sphere.

Table 9-6 shows pressure and temperature data and calculated mass for

significant times throughout the mission. Iuring both burns the ambeint

repress spheres replenished the control sphere. Figure 9-21 is a plot

of bottle pressure versus temperature. Pressure and temperature versus

time during the burn is shown in figure 9-22. A drop in temperature due

to heat transfer with the start bottle caused more mass to flow into the “)
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control bottle resulting in a slight increase in mass and pressure at
first Engine Cutoff Command. A slight pressure deacrease was noted in
the ambient bottles due to the intermediate seal cavity purge during
mainstage. The usage was within required limits. Pressure during the
burn was within the band but slightly higher than the nominal prediction
due to a high repress sphere pressure. The predicted value was 2935
+180 psia.

Due to friction in the lines, check valve flow resistance and spring
forces, the pressure difference between the ambient bottles and the

control bottle was approximately 45 psi.

Helium usage was estimated from purge flowrates and buratimes. The fuel
lead time for the first burn engine start was 2.929 sec, but the ignition
phase control timer extended the period of high helium usage asscciated
with the fuel lead to 2.929 +(0.450 +0.03) sec which was normal.

Approximately 0.350 1lbm was consumed during first burn.

Figure 9-23 is a plot of regulator outlet pressure during the burn.

9.5.2 First Orbital Coast

Pressure buildup due to heatup was as expected during the coast period.

Figure 9-24 is a plot of pressure versus time during the coast.

9.5.3 Second Burn

The pressure during the burn was higher than the nominal prediction due
to higher than anticipated pressure in the repressurization spaeres.
Orbital heating effects were not included in the predictions of repress
sphere pressure; therefore, the control sphere pressure approaches

the maximum predicted for second burn. Figure 9-21 is a plot of bottle
pressure versus temperature for second burn. Pressure and temperature
versus time during second burn are shown in figure 9-22. A slight normal
decrease in pressure in the repressurization spheres was again noted

due to the intermediate seal cavity purge.

The ignition phase control timer extended the period of high helium usage
from 7.999 sec associated with fuel lead to 7.999 +(0.430 +0.03) sec.

The mass usage during the burn was estimated from flowrates and was
approximately 0,168 lbm. The temperature and pressure agreed with the
prediction. Engine regulator outlet pressure is shown in figure 9-23,

9-7
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9.5,4 Second Orbital Coast :’

Pressure buildup due to heatup was within required limits during the
coast period. Figure 9-24 is a plot of pressure varsus time during

the coast perilod.

9.5.5 Third Burn

Prior to the initiation of the extended fuel lead for third burn, the
stage ambient repress bottles were used to repressurize the fuel tank.
There was sufficient helium for the repressurization and fuel lead.
At STDV the engine regulator outlet pressure experienc~d a shift down-
ward of 10 psi. It recovered 5 psi during the following 36 sec and
then experienced a second shift downward of 10 psi(l) at STDV +50 sec.

Control sphere pressure dropped rapidly until the pressure was
low enough for flow to once again occur between the ambient spheres
and the control bottle. No further pressure decay was noted in the

control sphere after the regulator outlet pressure dropped to zero.

The regulator outlet pressure dropped to zero and remained there through- :)
out the remainder of the burn.(2) Accumulator pressure should have main-

tained the valves in their proper positions. There was an indication of

a loss in accumulator pressure when the bleed valves came open and the

GG valve started to close. Figure 9-23 is a plot of regulator outlet

pressure and estimated accumulator pressure based on the valve closing

pressure levels.(3) Accumulator pressure would be lost through the

intermediate seal cavity purge if the check valve failed to remain closed

or floated due to vibrations. Additional sources of possible leakage

within the accumulator system include the purge control, fast shutdown,

and low pressure relief valves.

(1) Such shifts have occurred during vibration tests made by Rocketdyne.
(2) Since the helium control solenoid could not be energized during the
planned passivation sequence, the indication is an electrical failure.
(3) The closing pressure band for the GG valve is 220 +50 psig; for the
ASI LOX valve it is 210 +50 psia; for the LOX bleed valve it is
245 450 psia; for the LH2 bleed valve it is 210 450 psia; for the :)
purge control valve it is 200 to 225 psia, and for the fast shutdown
valve it is 200 psia.
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Figure 9-21 is a plot of control bottle pressure versus temperature for
third burn. Pressure and temperature versus time are plotted in figure
9-22 .

Approximately 2.1 1lbm was consumed during the burn.

9.5.6 Passivation

The programmed propellant dumps did not occur due to a failure of the
helium control solenoid to energize. A slignt decrease in control bottle
pressure was noticed at the initiation of the repress sphere dump and

the sequenced control bottle dump through the helium vent solenoid. Repress
sphere dumping occurred at ECC +1875 sec and control sphere dumping

occurred at EC. +1876 sec. The decay rate was slower than would be
anticipated through the vent solenoid,indicating a possible failure to

open all the way. 4n Engine Start Command signal sent during the planned
10-min dump failed to produce any change in the decay rate. At the end

of the planned dump period, no change in decay rate was noticed indicat-

ing a failure of the helium vent valve to close. Since there was no
indication of an electrical command received by the helium vent solenoid, s
the pressure loss may have been due to leakage. However, there was no

loss in pressure noticed between the third Engine Cutoff Command and

initiation of the bottle dump. Figure 9-25 is a plot of control bottie

pressure after third burn engine cucoff. Figure 9-25 also shows that the

stage ambient repress spheres recovered to a pressure level higher than

the engine control sphere indicating that the pneumatic system leakage

was nct through the stage isolation check valves.

9.6 Engine Performance

9.6.1 J-2 Engine Performance Analysis Methods and Instrumentation

The performance of the engine start tank and helium control sphere was
analyzed by applying thermodynamic relationships to the measured data.
Start and cutoff transient thrust and impulse were determined by computer
program PA53. Flowrates and consumption during the transients were
determined by computer program G105. Computer program UT23A -vas used to
investigate internal engine performance. Third burn steady-state

performance was calculated by use of computer program Gl05. The results
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of G105 program were also used in determining the best estimate of stage :)
propellant consumption. J3teady-state performance and tag values, based

on flight duta, were generated by computer program PA63 (Rocketdyne PAST

641); the results are presented in table 9-8. Data inputs to the cumputer

programs with the applicable biases are shown in table 9-9.

9.6.2 Fuel Lead - First Burn

The S TVB-504N temperature and pressure data are compared with 503 data

in figure 9-10. Data from 501 is also presented where applicable. The 502

data is similar to 501 data and is not presented. The AS-504 first bum

data correlates well with 503 data excent for thrust chamber jacket

temperature (C0199) which is slow to react and tue. injector pressure

(D0004) which is lower than 503. The C0199 anomaly was apparent all

through the flight and is considered an instrumentation error. Injector

pressure is also shown compared to 501 data. The AS-504 DO0OQ4 data

correlates better with 501 data, since conditions for 501 and 504 first

burns were similar. AS-503 starting conditions were hotter than the

other flights thus producing the lower injector pressure. Table 9-4 ‘ﬁ’
shows that total impulse was similar to 501 and 502 due to the similarity ;
presented above. Flowrates, total flow, thrust, and total impulse data

presented in figure 9-26 were calculated using flowmeter, temp=erature,

and pressure data.

9.6.3 Fuel Lead - Second lurn

Temperature and pressure daca from S-IVB-504N flight are compared to
8-303 data and also AS-501 data where applicable.

Data from A5-504 appear to correlare well with AS-503 data except for
thrust chamber jacket temperature (C0199) and fuel injector temperature
(C0200). The C0199 measurement is 3low to react as explained in
parvagraph 9.6.2, The C0200 measurement is shown compared to AS-501
because of its similar starting conditon. The difference between 504
and 503 i3 due to the higher ullage pressure for AS-503.

Table . 4 shows that 504 used more fuel during the fuel leak period than
AS-501, thus producing a higuer impulse. The data shown in figure 9-27 .
of flowrates, total flow, thrust, and total impulse were calculated :)

using the same method as for first *urn anal -sis,




9.6.4 Fuel lLead - Third Burn

In the event of a chilldown pump failure. an extended fuel lead was

to have been used to cool the fuel inlet duct and the thrust chamber to
cryogenic conditions. This particular feiiure was simulated prior

to third burn with a 51.6 sec fuel lead to examine the engine start
achieved with this type of preconditioning.

Although engine startup appeared satisfactory, combustion instability
occurred during burn as a probable result of the long duration fuel lead.
Unsteady conbustion has also been observed in Rocketdyne tests with
similar extended fuel leads.

Figure 9-12 shows the fuel injection temperature along with the thrust
chawber jacket temperature. These temperatures decreased at a slower
rate than normal due to additional heat transferred to the fuel from the
hoc inlet du?t and the fuel turbopump; however, after 16 sec liquid
conditione were reached at the injector. From ESC -25 sec until STDV

a relatively steady flow of low quality liquid existed at approximately
14 lbm/sec, leading to the expulsion of 555 1lbm of LH2 during the fuel
lead (tigure 9-28).

As seen in figure 9-28, during steady-state liquid flow, the pressure
in the system decreased from 29.4 psia at the pump inlet to nearly

0 psia at the engine exit. The fuel, which was subcooled at the pump
inlet, became satrurated at the pump discharge and began to flash so
that a quality of .08 (8 percent gas by mass) occurred at the injector.
As the two phase fluid flowed into the thrust chamber and toward the
nozzle throat, the quality increased until the mixture changed from a
liquid-gas to a solid-gas phase, after which the quality decreased
toward the nozzle exit. A thrust of approximately 480 1bf was realized
from this two phase flow during steady-state, which resulted in a total
impulce of 19,500 1bf/sec

9.6.5 Start Transients

Engine performance during the first and second burn start tansients was
satisfactory. A summary of this performance is presented in table 9-10.
Yirst burn thrust buildup cccurred at a null PU valve position following

a 3 sec fuel lead while second burn thrust buildup occurred with the PU

9-11
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valve fully open after an 8 sec fuel lead. During first and second
starts the PU valve position and MOV operation were satisfactory and

good starts were obtained.

Thrust buildup to the 90 percent performance level (STDV Command +2.5 sec)
was within the maximum and minimum thrust limits for first and second
burns as shown in figure 9-29. Since these limits were established for

a null PU valve position at start and the second start occurred with a
full open PU valve, the thrust approaches the minimum limit near the

end of the second burn start transient.

Third burn start transient performance, also occurring with a full-open
PU valve, was lower than the second start performance, and fell out of
the three sigma start envelope (figure 9-29). Failure to remain within
the envelope may be attributed to two factors. First, the envelope is
for a 5.0 EMR start and the third burn start was at 4.5. And second,
the absence of a LOX system chilldown caused a slight cavitation of the
LOX pump and a reduction of the LOX pump discharge pressure. The lower
than normal pressure against the MOV allowed the latter to open earlier.
Because the gas geueratur bootstraps upstream of the MOV, the early
opening of the MOV starved the gas generator of son2 of its oxidizer,

thus causing a slower than normal buildup of the gas genmerator and engine.

The thrust and total impulse at the 90 percent -furformance level were

very similar to the S~-IVB-501 and 503 flight values for first and

second burns. Third burn start perforumance was lower than second burn

for the reason mentioned above. The total impulse values were greater

than those reported in the log book. Figure 9-29 shows the thrust chamber
pressure, the thrust buildup, and total impulse during the start transients.
Figures 9-30 and 9-31 show the measured flowrates, consumptions and pump

speeds during the three start transients.

9.6.6 J-2 Engine Steady-State Performance

9.6.6.1 First and Second Burns

The S-IVB stage J~2 engine met all objectives during the 504N mission

for the first and second burn. Plots of selected data showing engine

9-12
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characteristics are presented in figures 9-32 through 9-37 for first
and second burns. The engine propellant inlet conditions are discussed
in sections 11 and 12. The average stage performance and propellant
consumption summary is presented in tables 9-8 and 9-11. Computer engine
performance parameters of thrust, ISP, EMR, LOX flow, fuel flow, and

total flow for all burns are shown in figures 9-38 through 9-40.

The standard attitude performance level at approximately STDV +60 sec ,
as determined by computer program PA63 (PAST-641 DECK) is shown in
table 9-12.

Engine tag values for steady-state performance as compared to predicted
are shown in figures 9-2 and 9-3. All tag parameters were within the
three sigma run-to-run deviations except for EMR during first burn. It
should be noted that mixture ratio variation between Rocketdyne engine
acceptance test and MDAC stage acceptance firing was approximately 0.05

at the 60 sec point.

Qatisfactory performance of the J-2 engine was observed throughout the
firec and second burn periods. First bura time was, however, approxi-
mately 11 sec lounger than predicted. This was due to lower performance
of the lower stages. Also, during second burn, the engine did experience
performance shifts of 1500 1bf of thrust caused by 6 psia shifts in gas
generator chamber pressure and 20 deg change in fuel turbine inlet
temperature during second burn. These shifts are attributed to changes

in the gas generator system flow resistance on tne LOX side.

Coordination with the flight dynamics and control section indicates that

the variations were sensed and corrected by the guidance computer.

Table 9-11 shows total impulse generated during mainstage operation.
This provided sufficient velocity gain to complete orbital insertion

during the first bumm.
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9.6.6.2 S-IVB Third-Burn Mainstage Performance

The prooulsion reconstruction analysis indicates that the stage per-
formance during mainstage operaticn was lower than expected prior to

the major power level changes. A comparison of predicted and actual
performance of thrust, total flowrate, specific impulse, and mixture
ratio versus time is shown in figure 9~40. Table 9-12 shows the
specific impulse, flowrates and mixture ratio deviation from the pre-
dicted at -e 60-sec slice. This time slice performance is the standard-
ized ali.iude performance which is comparable to engine logbook data at
the null PU position and second-burn performance. The 60-sec time slice
performance for third-burn thrust was 0.664 percent lower than predicted
and specific impulse performance 0,676 percent lower than predicted.
This level of performance, which was attributed to the presence of thrust
chamber pressure oscillations, was maintained until the loss of pneu-
matics caused the closing of the GG valve and the opening of the LOX and
fuel bleed valves., Figures 9-32, 34 through 37, and 40 through 43 show
the loss in performance due to this abnormal condition., The LOX injec-
tion pressure was approximately 470 psia at cutoff, which was within

the pressure switch dropout points of 410 and 420 from test data had

they been operative.

Table 9-13 is a comparison of AS~504 third-burn results and Rocketdyne
instability tests,

Table 9-8 compares the S~IVB stage flight reconstruction perfornance
with that predicted for third burn.

9.6.6.3 Third-Burn Engine Performance (Anomalies)

Abnormal engine performance was observed throughout third burn.

Figure 9-44 presents a sequence of events during third burn. The
abnormal events in the sequence are attributed to a vibrational problem.
Figure 9-45 1s a flow diagram of the anomalies which occurred during
third burn, Meain chawber pressure exhibited pressure oscillations (up

to I3 psi peak-to-peak) through the start phase and during most of third-

burn operation. The eff-ct of the pressure oscillations was to lower
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main chamber pressure by about 20 psi during the first 93 sec.
According to the reconstructed trajectory, this effect caused only a

small reduction in the actuali thrust performance.

A J-2 firing was conducted at Rocketdyne on 5-8-69 in an attempt to
simulate the sustained vressure oscillations that occurred on the 504
flight third bum.

Results of the test dupiicated most of the flight failures with main-
stage pressure switch cutoff at approximately 120 sec. A PU excursion
test was conducted early in the mainstage with no obvious effects on

the pressure oscillations. A summary of significant events follows:

[ S b

504N FLIGHT ROCKETDYNE J022-5 TEST
Sustained Instability Induced by Induced by bomb at 90
start percent
conditions
Fuel Injector Temp Fails STDV +2 STDV +5
Erratic MOV Trace STDV +17 STDV +18
Erratic MFV Trace STDV +45 (None Noted)
Regulator Pressure Shift STDV +3 STDV +3
Erratic M/S Pressure Switch No. 1 STDV +60 STDV +60
Regulator Failure STDV +51 STDV +17
GG Valve Closing STDV +96 STDV +47
(Reg fail +45) (Reg fail +30)
AST LOX Valve Close Reg fail +46 Reg fail +30
LOX Bleed Valve Open Reg fail +48 Reg fail +56
Fuel Bleed Valve Open Ref fail +90 (Did not fail)

Engine Cutoff

250 sec by IU

Other significant data on the Rocketdyne test:

120 sec by M/S P.S.

a. Following ECC actuation of the helium control solenoid would not

vent che control bottle similar to flight experience.

was vented using the ground vent solenoid.
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b. Several indications of exterual fire were noted around the )
thrust chamber; however, the ASI and gas generator appeared
intact on post test inspection. Possibly caused by old test

instrumentation installations in tubes.

¢. Injector face was 'blue" from overtemp but no obvious damage

was noted.

d. About 80 tubes were split in the thrust chamber avea allowing

GH2 to flow into the chamber.

e. Some external leakage of GHZ occurred near the thrust chamber
skin temperature measurement C0199)
During third burn seven distinct performance shifts occurred as noted.
1. STDV +3- sec - a change in performance occurred (figures 9-34,9-41
and 9-42). This shift in performance is under investigation.

2. STDV +62 sec - a loss in performance occurred (figures 9-34

through 9-36, 9-41 through 9-42). This reduction in performance
is attributed to a reduction in gas generator performance,
During the start phase the observed ignition spike could have T)

caused either a rupture of a GG ignitor or an instrumentation

Y

port, burnthrough of the GG body or damage to the ASI or the

Sy

ignition detection probe. In addition to these possible

] conditions, the LOX bleed valve cracking open would also cause
a reduction in GG performance, As shown in figure 9-43, at
this time the GG valve position exhibits & closing crend.

Localized cooling could cause such 2n instrumentation response.

However, if this was not the case and there was actual valve
movement, it had negligible effect on performance. The GG
valve is designed so that only a negligible change in perform—

ance will occur until the valve is less than 60 percent open.

Also, during this same time period, several measured parameters
shown on figures 9-46 and 9-47 began to react to an increased
vibrational condition or the effect of heating. The main
oxidizer valve position, although indicating the valve was not
fully open which is believed to have little effect on perform-

ance, began to respond to some increased vibrational or heating ~)

9~16
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condition, and the main fuel valve position also responded.
The actuator pitch position which exhibited a response to
vibrations or heating following STDV began to react to a
definite change in its signal command. The reason for the
increased unusual activity during this period correlates only

as an effect and not a cause.

Also, during this period the thrust chamber jacket temperature
(figure 9-36) exhibited a cooling trend, but the electrical
contro)] assembly temperature (figure 9-47) and thrust atructure

temperature (figure 9-~47) both indicated a heating effect.

STDV +92 sec - a grad:al decrease in performance began to occur,
This is caused by th- fuel k'eed valve cracking open, or by a
small crack occurring in the li1¢ ungstream of the valve. This
is substantiated by a typical loss in periormance with an
increase in turbine temperatures and fuel injection temperature
and a decrease in fuel bleed valv2 temperature. See figures
9-32, 9~34 through 9-37, 9-40 through 9-42, and 9-48, Since

tne fuel injector temperature failed shortly after STDV, {1t

was reconstructed using :-he LH2 pressurization module inlet

temperature as shown in figure 12-7,

The slight opening of the fuel bleed valve, if it did occur,
was not sufficient to be picked up by the microswitch,

STDV +99,8 sec ~ a very rapid decrease in performance occurred
when the LOX bleed valve went fully open as indicated by its
microswitch, Turbine temperature and speeds, GG pressure and
main chamber, and flowrates all showed a drop characteristic
of a LiX bleed valve opening fully., See figures 9-32, 9-34
through 9~37, 9-40 through 9-42,

STDV +128 sec -~ A gradual decrease in performance began to
occur similar to that which occurred at STDV 492 sec. This
was caused by the fuel bleed valve opening slightly more or to

an increase in a hole in the line.
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The fuel bleed valve open indication by the microswitch had

still not occurred,
See figures 9-32, 9-34 through 9-37, and 9-40 through 9-42,

6. STDV +141,7 sec ~ a very rapid decrease in performance
occurred when the fuel bleed valve went fully open as indicated
by its microswitch. As shown in figures 9-32, 9-34 through
9-37, and 9-40 through 9-42, the observed drops in pressures,
propellant flows, and turbopump speeds are characteristic of
a fuel bleed valve going full open. The increase in turbine
temperature is also characteristic and caused by reduced fuel
flow to the GG,

7. STDV +170 sec - performance continued to decrease as che GG
valve continued to close., During this time the effective flow
area through the GG valve was controlling the loss in perform-
ance and at cutoff the valve was only 5 percent from closing
the oxidizer poppet portion of the valve. See figures 9-32,
9-34 through 9-39, and 9-40 through 9-43,

Engine Environment

No abnormal heating was observed during first and second burn, During
third burn, however, primary instrumentation package and ECA internal

temperatures increased steadily as shown in figure 9-47,

The GG valve position (figure 9-43) indicator showed the valve to be
opening slowly. This opening trend of the measurement can be correlated
to a localized heating., Subsequent indicated valve closing could be
actual valve motion due to pneumatic loss or localized cooling similar

to 502 results,

Stage mounted engine srea ambient temperature measurement (figure 9-49)
after indicating a slight cooling for a few seconds fellowing STDV,
increased abruptly and failed off-~scale high.

The behavior of these measurements can be attributed to a condition of
hot gases escaping from the gas generator, thrust chamber or ASI, The
last two situatione are not believed because the observed changes in

engine performance do not fully correlate the observed phenomena,
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9.6,7 Cutoff Transients

Engine performance during both first and second burn cutoff transients
was satisfactory. The time lapse between engine cutoff, as received at
the engine, and thrust decrease to 11,500 1bf (5 percent thrust) was
within the maximum allowable time of 800 ms for first and second burns.

Engine performance during the cutoff tranaients is shown in table 9~-14,

The total impulse values determined for the flight were adjusted to
standard conditions (null PU and 460 deg R MOV temperature) to compare
them to the logbook values., Because MOV actuator skin temperature was
not measu:ed on this flight, cutoff impulse was corrected to predicted
temperatures. Tie adjusted first burn cutoff impulse was 5,025 Lbf-sec
lower than the log book value while the second burn impulse was 5,975
Lbf-sec lower. These variations were outside the specified limits since
the total impulse to 5 percent thrust given in the J-2 engine log book
(35,852 Lbf-sec) was incorrect. The log book value was 2,L00 Lbf-sec
high and more than accounts for the leviations between predicted and

actual impulses.

Figure 9~-50 shows the thrust chamber pressure, the thrust decrease,

and total impulse for the first and second cutoff transients, The plot
of cutoff transient thrust for third burn shows two small spikes, A
study of the data for third burn suggests the spikes are the result of
an irregular closing of the main propellant valves, caused by low

pneumatic pressure at cutcff,

The first and second burn cutoff impulses to zero thrust determined from

engine thrust data were 48,952 lbf-sec and 43,652 lbf-sec, respectively,

All deviations from predicted were within the expected three-sigma
tolerance. Figure 9-51 presents a comparison of predicted and actual
change in velocity caused by cutoff impulse based on engine and trajec-
tory data. Table 9-1> presents a comparison of predicted and actual
cutoff impulses for first, second and third burns.

9-19
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Because of the above mentioned mainstage problems (see paragraph 9.6.6), ':’
thrust at third cutoff command was only 102,205 1bf, Also, because of

the low pneumatic pressure available to the valves, the valves began to

close later than normal. Consequently, although the thrust at cutoff

was lower than normal, the delay in closing the valves gave a higher

than normal cutoff impulse to zero thrust of 46,891 lbf-sec., This out-

of-spec value may be attributed entirely to the delay in closing the

main propellant valves. Figure 9~50 thows the chamber pressure, thrust,

and total impulse for the third burn cutoff transient.

The cutoff impulse to zero thrust computed from actual trajectory data
for the S-IVB first burn was 50,094 lb-sec, S-IVB second burn was

64,464 lb-sec, and the S~IVB third burn was 50,859 lb~sec. The first,
second, and third burn cutoff impulse determined from actual engine
thrust data were 48,952 lb-sec, 43,R5? lb-sec, and 46,891 lb-sec
respectively. Table 9-15 presents a comparison of the predicted,

actual engine, and actual trajectory cutoff impulse for all three burns,
First burn cutoff impulse deviation from predicted was within the
expected three-sigma tolerance. A comparison of the predicted actual :)
change in velocity duve to cutoff impulse for the first burn is presented
in figure 9~51. Second buin cutoff impulse derived from the actual
trajectory data was higher than the three~sigma tolerance. Figure 9-51

aresents the comparison of cutoff impulse for the second burn.

Third burn cutoff impulse derived from the actual trajectory data was
higher than the three-sigma tolerance. Due to the reduction in thrust
and propellant flowrate which occurred during third burn the mass at
cutoff was larger than predicted, and with the higher than predicted
cutoff impulse resulted in a change in velocity which appears to place
it within the tolerances for a nominal third burn. Figure 9-51

presents the comparison of change in velocity for the third burn cutoff,
A shift in the trajectory data sequence of 0.13 sec would be required to

place the second and third burn cutoff impulse within tolerances,

Values of cutoff impulse obtained from trajectory analyeis were derived
from IU data transmitted to MDAC-WD from MSFC. Results agree with
those derived by MSFC and IBM through analysis of tne same data., No )
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explanation has been obtained for the differences in second and third
burn cutoff impulse values occurring between engine analysis results

and trajectory an-~'ysis results,

9,7 Trajectory Simulation Analysis

A five-degrees-of~freedom trajectory simulation prcgram was used to
adjust propulsion system parameter histories so thet an S-IVB trajectory
could be generated which closely mat.hed the observed trajectory. To
obtain this match of the observed trajectory a diiferemtial correction
technique was used *o adjust the levels of thrust and weight flow from
thogse determined by engine analysis. These adjustments are summarized

in the table below:

Trird Burn Third Burn
Befcre LOX Bleed After LOX Bleed
First Burn Second Burn Valve Failuie valve Failu..
Thrust 0.54 percent 1.26 percent 1.63 percent -0.25% percent
Weight Flow * * 0.54 percent 0,54 percent

*The weight flow for first and second burns was constrained to match the

propellant consumption of the best estimate mass simulation.

These adjustments minimize, in a least squares sense, the weighted
differences in earth-fixed azimuth angle, altitude, earth-fixed velocity,
and axial acceleration between the observed and simulated trajectories.
Average values of thrust and weight flow for the three burus are

presented in Section 7.

9.8 Component Operation

9. 8. 1 Main LOX Valve

The main LOX valve opened and closed satisfactorily for first and second

burns,
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The valve opening time data were as follows:

S—-TVB-503N ’
Ttem Ambient Dry Flight

Nominal Ist Burn Znd Burn 3rd Burn Acreptance Test

First Stage 50 +25 115 95 80 66
Travel Time

First Stage 510 +70 424 415 340 598
Plateau

Second Stage 1,825 +75 1,763 1,686 1,5¥0 1,913
Travel

e -

- ————

TOTAL 2,385 +170 2.302 2,196 2,000 2,577

The flight data acquisition accuracy is probably responsible for the
deviar.ons in first stage travel and first stage plateau times from the
specification limits. The accuracy level is a resul:c of the 10 sample/

sec data sampling rate,

lae main oxidizer valve opened very quickly during thivd start because
of the low LOX pump discharge pressure. (The discharge pressure tends
o hold the MOV closed.) The low discharge pressure was caused by a

slight cavitation of the LOX pump, resulting from 4l sence cf LOX chill-

down before third burn, :)

9.8.2 Ingine Driven Hydraulic Pump

The engine driven hydraulic pump perrormed satisfactorily during first
and second burn periods., The average power required by the pump was
5.23 hp during tuese periods. These power levels were determined by

hydraulics flight reconstruction computer orogram,

At ©SC +84 sec of third burn the yaw actuator experienced a transitory
cyclic extension and contraction of (.65 cps maximum, lasting 2. sec
and consuming 10,6 hp., The actuation was commanded by the iidance

system,

9.8.5 Pumps and Turbines

The LH2 and LOX pumps and turbines performed satisfactorily during first
and second burns. The _ump speeds, discharge pressures and temperatures
during these burns responded to the engine inlet conditions, changes in

GG bootstrap resistance to flow as described in paragraph 9.8.5 and the ‘)
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opening of both bleed valves. The pressure and temperature drops across
the turbines were nominal, The LH2 and LOI pump and turbine data are
shown in figures 9-34, 9 35, and 9-37, The LH2 pump performance during
all start transients is shown on the H-Q curves (figure 9-52) which
indicates no severe trends toward the stall lines. During third start,
however, there was a slight cavitation of the LOX pump caused by absence
of LOX system chilldown. This resulted in low start LOX pump discharge

pressure, but resulted in no overspin.

9.8.4 PU Valve

The PU valve overall level of performance during both starts and burns
was satisfactory. At first ourn Engine Start Command the PU valve was
at the null (-2 deg) position. The valve was commanded at ESC +8 sec
to the 5.5 PU position for the remainder of first burn. Both restarts
at the full open PU vaive position were successful, At second and
third burn Engine Start Commands -120 sec, the PU valve was commanded
fully open. It responded properly going to the fully opened position
(- :g) where it remained duringz the start transient of both burmns
unti® TSC +13 sec when the full-open command was removed, The valve
was then commanded to the null position [or the remainder of second and
third burm, Ther2 was a slight drifting of the PU valve at null during

both second and third burns as aiscussed in Se~+*ion 16,

9,8,5 Gas Generator

The gas generator performance was satisfactory during first and second
bums. During second burn the gas generator performance resnonded
normally to changes that occurred in GG LOX system resistance, Also,
at about ESCL +28 gec a1 ESC2 +47 sec, a shift ia GG performance
occurred, apparently because of changes in GG LOX system resistance to
flow, The precise mechanism ic not known. Plots of GG performance are

shown in figure 9-53.

A pressure spike can be seen during third start (figure 9-54). This

was caused by a LOY~rich start resulting from a low liquid quality fuel
in GG (Th2 result of no recirculation chilldown). Although figure 9-54
shows the splke tc be 100 psi, it was probably much highe~ and occurred

tco fast t~ be accurately read by the transducer,

9-23
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At approximately 70 sec after ESC3, the GG control valve began to close
due to insufficient pnaumatic pressure, At 100 sec, due to the increased
loss of pneumatic pressure, the GG valve began to close more rapidly,
dropping to 58 percent open at ESC3 +110 sec., When the LOX bleed valve
went full open, the pressure inside the GG control valve bellows dropped
causing <he GG valve to open to 68 percent (a pcsitive pressure in the
bellows tends to stretch bellows, tending to close poppets). From this
point, the drop in pneumatic pressure caused the valve to close further,
until engine cutoff, when the GG valve was 50 percent open. Due to
insufficient pueumatic pressure at ECC the GG controi valve closing

time was out of spec, 2,110 ms to full closed as opposed to the spec
value of 500 ms., See figure 9-43,

At approximately ESC3 +72 sec a shift occurred in the GG performance.
At this time the exact cause is unknown but may have been a hole in the
GG, a leak past the LOX bleed valve, or a leak in the GG LOX bootstrap
line.
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TABLE Q-7
START BOTTL: <REFILL PERFORMANCE

FIRST BURN
Time
From R
ESC Actusl Data Predicted ‘
(sec) | Pressure| Temperature| Mass|Pressure|Temperature|Mass
ESCl 0 1,310 281 3.70} 1,320 273 3.84
End of Blowdown 3.70 130 iwlh 0.56 180 17h 0.97
Tlopping Initistion| 1L.0 909 231 3.12 900 225 3.17
Topring Completion| 89.0 1,232 198 k.95| 1,234 195 5.02
ECCl 127.4 1,259 205 4.87f 1,320 210 L.99
SECOND BURN
Time
F§23 Actual Data Predicted
(sec)|Pressure|Temperature{ Mass|Pressure|Temperature|Mess
ESC2 0] 1,312 280 3.721 1,320 256 L.09
End of Blowdown 8.75 150 191.5 0.62 160 167 0.76
Topping Initiation| 16.6 801.6 230 2.77 750 221 2.69
Toppi 3z Completion| 69.6 1,069 185 k.59 1,095 185 L.T0
E302 T70.4 1,068 186 L.56] 1,110 188 L.68
THIRD BURN
Time
Prom .
ESC L Actual Data Predicted
(sec)|Pressure| Temperature| Mass|Pressure|Temperature|Mass
Esc3 0} 1,262.5 242 4.14| 1,315 224 4.66
End of Rlowdown 9.h0 164 160.% 0.811 160 167 0.76
Topping Initiation| 17.6 806 203 3.15 750 221 2.69
Topping Completion| 68.4 1,080 175.8 L.874]| 1,095 185 L.70
ECC2 29Lk.0 1, ,v 198 L.712] 1,270 191 5.28
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LT WA

J-2 ENGINE

TABLE 9~ 8

(STDV +2.5 SEC TO ECO)

STEADY PERFORMANCE COMPARED TO PREDICTED

Overall Performance

Actual Percent
Parameter Actual Predicted Deviation Deviation
Thrust (1bf)
1st Burn 232,686 230,774 +1912 +0.828
2nd Burn 201,990 200,612 +1378 +0.687
3rd Burn 154,093 203,309 -49,216 24,21
Total Flowrate
(1bm/sec)
1lst Burn 545.59 541.35 +4. 24 +0.783
2nd Burn 470.06 469.Th +0.32 +0.068
3rd Burn 375.28 474.30 -99.02 -20.88
LOX Flowrate
(1bm/sec)
lst Burn L61.k6 457.61 +3.85 +0.8L1
2nd Burn 390.3u 390.81 -0.47 -0.120
3rd Burn 315.64 394.25 -78.61 -19.94
LH2 Flowrate
(1bm/sec)
1st Burn 8k.13 83.7h +0.39 +0.466
2nd Burn T9.72 78.93 +0.79 +1.001
3rd Burn 59.64 80.06 -20.42 -25.5
Engine Mixture Ratio
1lst Bwn 5.484 5.462 +0,022 +0.403
2nd Burn 4.892 4.9kLg -0.057 -1.152
3rd Burn 5.398 4.924 +0.474 +9.63
Specific Impulse
1st Burn 426.56 L2€. 45 +0.11 +0.0258
2